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SCALABLE, MULTI-USER SERVER AND METHOD 
FOR RENDERING IMAGES FROM 

INTERACTIVELY CUSTOMIZABLE SCENE 
INFORMATION 

FIELD OF THE INVENTION 

0001. The invention relates generally to the fields of 
computer graphics and distribution of information in graphi 
cal form, generally in the form of rendered images, over 
networkS Such as the Internet. The invention provides a new 
and improved Scalable, multi-user Server and method for 
rendering images from interactively customizable three 
dimensional Scene information. 

BACKGROUND OF THE INVENTION 

0002 Devices, such as computers, personal digital assis 
tants (PDAs), cellular telephones, and the like, that can 
generate, process, display and otherwise make use of infor 
mation in digital form, are often connected into networks to 
facilitate Sharing of information thereamong. In Some net 
works, So-called local area networks (LANs), the networks 
extend over a relatively Small geographic region, Such as a 
building or group of buildings. Other networks, So-called 
wide area networks (WAN's), the networks extend over 
larger geographical regions, and may include LAN's as parts 
thereof. Some networks are private, maintained by an orga 
nization Such as a corporation, government agency and the 
like, and may be accessed only by, for example, employees 
and other authorized people. On the other hand, Some 
networks, such as the Internet or World Wide Web, are 
public and typically may be accessed by anyone who has 
access to a Suitable digital device and network connection. 
0003) A number of types of paradigms and protocols exist 
for transferring information over a network, such as a WAN 
such as the Internet and World Wide Web (generally, “Inter 
net”), or a LAN (“Intranet'). One paradigm is the so-called 
client/server paradigm, in which Some devices, which are 
referred to as Servers, Store digital information that may be 
retrieved by other devices, which are referred to as clients. 
Several protocols exist for retrieving information, including 
the so-called file-transfer protocol (“FTP) for facilitating 
the retrieval of individual information files for, for example, 
later processing, and the HyperText transfer protocol 
(“HTTP") for facilitating the retrieval of one or more 
information files, at least one of which will be in the 
so-called HyperText Markup Language (“HTML'), all of 
which constitute a Web page. Typically, Web pages include 
textual and graphical information that is to be displayed on 
a display provided by the client device. 
0004 One popular type of program that is often used for 
retrieving and using information files comprising a Web 
page is referred to as a browser. A browser provides a 
convenient mechanism by which a user can identify the 
particular item of information that is to be downloaded, by 
providing a “URL,” or “universal resource locator.” A URL 
is identifies a computer, network domain or Web site (gen 
erally, “web site') from which the item of information is to 
be retrieved, and may also specify a particular item of 
information that is to be retrieved. Typically, URLs are in 
relatively user-friendly form, typically identifying at least 
the Web site by name or a mnemonic of the name of the 
perSon or organization that maintains the Web Site. The 
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browser will convert at least the portion of the URL that 
identifies the web site to a network address, which is 
typically in numerical form, which it uses to contact the Web 
site and establish a “connection” therewith. A browser may 
need to contact another device, referred to as a name Server, 
that maintains a concordance between URLs and network 
addresses, to obtain the network address. After the browser 
has the web site's network address, it can use the network 
address, the identification of the particular item of informa 
tion that is to be retrieved, and possibly other parameters to 
establish a connection with the Web site and initiate retrieval 
of the information item. 

0005. A browser typically retrieves information in the 
form of documents or “Web pages,” which may include text 
and graphical images, and may also include Streaming Video 
and audio information. The textual information is Specified 
in one of a number of document description languages, 
typically in the well-known HyperText Markup Language 
(HTML). If a Web page is to have one or more graphical 
images and/or Video information displayed therewith, the 
HTML description identifies the locations on the Web page 
at which the images or Streaming video information are to be 
displayed and the sizes of regions of the Web page on which 
the respective images or Video information are to be dis 
played. In addition, the HTML description will provide 
URL's for the respective images and Streaming video infor 
mation. Similarly, if the Web page is to be displayed along 
with audio information, the HTML description will specify 
the audio information that is to be played. 
0006. As the browser displays the Web page on the 
computer's video display Screen, it will display the text as 
Specified in the HTML description, in the proceSS reserving 
regions of the displayed Web page on which the respective 
images are to be displayed. In addition, the browser will 
retrieve the graphical images, using the provided URL's 
provided in the HTML description in a manner similar to 
that described above, and display them in the regions on the 
video display screen that were reserved therefor. Further 
more, if Streaming Video information is to be displayed, the 
browser can initiate retrieval of the Streaming Video infor 
mation either while displaying the other elements of the Web 
page or at Some point after the Web page has been displayed. 
The user may need to perform Some action, Such as actuating 
a pushbutton displayed on the Web page. A pushbutton can 
be actuated in any of a number of ways, including clicking 
on it using a pointing device Such as, for example, a mouse, 
pressing on the region of a touch Screen on which the 
pushbutton is displayed by, for example, a Stylus, or any 
other mechanism for actuating a pushbutton displayed on a 
Video display Screen as will be appreciated by those skilled 
in the art. Audio information may be retrieved in a manner 
Similar to the Streaming video information and played 
through an audio reproduction device, Such as a Speaker, 
provided with the computer. 

0007. In addition to text, image, streaming video and 
audio information, a Web page may also be associated with 
programs, termed “applets,” that may be retrieved with the 
other types of information and executed under control of the 
browser. 

0008 Generally, the Web pages that are currently dis 
played by browsers are Static documents. That is, a user, 
through the browser, requests a Web page, and the browser 
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retrieves the information associated with the Web page and 
displays it. Essentially, when the Web site has provided the 
information associated with the Web page, that essentially 
ends the transaction between the browser and the Web site 
in relation to that Web page. If the user wishes to retrieve 
another Web page from the same Web site, he or she may do 
So by, for example, entering another URL or actuating a link 
on the Web page that is currently being displayed, which will 
initiate another transaction. 

0009 Typically, a user cannot modify or customize the 
way a Web page is displayed, unless an image depicts a 
Scene that is to be displayed in three-dimensional form, in, 
for example VRML or X3D format. For such images, by 
actuating controls that may be provided on the Web page, a 
user can enable the three-dimensional Scene to be displayed 
from a number of orientations. While this can be useful in 
Some Situations, there are a number of limitations that make 
it leSS than optimum. For example, the amount of informa 
tion required to define objects in a three-dimensional Scene 
in any significant degree of detail can be quite large, and, 
given bandwidth limitations that are typical in many con 
nections to the World Wide Web, it would require an 
inordinate amount of time to retrieve the information 
required to display the three-dimensional Scene if the Scene 
has any Significant degree of detail. Accordingly, typically 
for three dimensional Scenes, the amount of image informa 
tion will be limited sufficiently so that the three-dimensional 
Scenes have only a few relatively Small objects and textures, 
with an extremely limited range of illumination and Surface 
property effects. In addition, although a user can change the 
Viewpoint from which the Scene is displayed, he or she 
cannot change the orientation or a number of other charac 
teristics of the objects in the Scene. 
0010 Even if the bandwidth were sufficient to enable 
Sufficient three-dimensional Scene information to be 
retrieved within a reasonable amount of time to facilitate 
display of the Scene with a more photo-realistic quality, in a 
number of situations it may be undesirable to transfer the 
information to the user. For example, if a manufacturer uses 
the Web site to provide information about its products for, 
for example, potential customers, it may not wish to make 
information Sufficient to provide photo-realistic three-di 
mensional images available for retrieval, Since information 
that is Sufficiently detailed to generate Such images may also 
be Sufficiently detailed to provide a significant amount of 
design information that may be of interest to competitors. 
This is particularly the case if the information is sufficiently 
detailed to allow a user to modify or customize the Scene. 
For example, if the manufacturer is an automobile manu 
facturer, it may be desirable to allow a user to not only view 
the automobile from user-Selectable orientation, but also to 
modify or customize the Scene, by, for example, changing 
the color and texture of various Surfaces, changing the 
positions of light Sources, enable the automobile to be 
displayed with doors, hood and/or trunk in an open position, 
and the like. The amount of information that would be 
necessary to allow a user to perform Such operations may 
require a significant amount of time to transfer. In addition, 
the amount of information that may be required may con 
Stitute a significant amount of the design information for the 
object(s) in the Scene, which may be confidential. 
0011. Accordingly, it will be desirable to maintain the 
three-dimensional Scene information on the Web site and 
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have the Web Site render two-dimensional images in orien 
tations and with modifications and customizations of the 
Scene as Specified by the user, and transmit the two-dimen 
Sional image information to the user's browser for display. 
However, problems arise since not only will the Web site 
need to retrieve the information from databases on which the 
information is Stored for transmission to the user's browser, 
but need also render the two-dimensional images from 
orientations and with modifications and customizations 
Specified by the user. For example, if a number of users are 
accessing the Web site concurrently, the amount of proceSS 
ing power required to render the images in a reasonable 
amount of time can become quite large. In addition, prob 
lems can arise if a group of users are making use of the same 
Scene, for whom customizations made by any of the users in 
the group are to be incorporated into the Scene as used by all 
of the members of the group, Since all of the customizations 
would need to be transmitted to all of the users and incor 
porated into their respective three-dimensional Scenes. 

SUMMARY OF THE INVENTION 

0012. The invention provides a new and improved scal 
able, multi-user Server and method for rendering images 
from interactively customizable three-dimensional Scene 
information. 

0013 In brief Summary, the invention provides a server 
for use in connection with a network including at least one 
client and a communication link interconnecting the client 
and server. The server comprises an image rendering module 
and an interface. The image rendering module is configured 
to render, from three-dimensional Scene data representing a 
Scene, a two-dimensional image. The interface configured to 
transmit the two-dimensional image over the communica 
tion link to the client. 

0014. The server is also provided with a user interaction 
control module that regulates interactions between the 
Server, in particular the image rendering module, and respec 
tive clients who may be using the Server concurrently to 
control images in which customizations requested by, for 
example, respective clients are rendered. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0015 This invention is pointed out with particularity in 
the appended claims. The above and further advantages of 
this invention may be better understood by referring to the 
following description taken in conjunction with the accom 
panying drawings, in which: 
0016 FIG. 1 is a functional block diagram of an arrange 
ment including a Scalable multi-user Server that provides for 
rendering of images based on Scenes that can be interac 
tively customized by clients, constructed in accordance with 
the invention; 
0017 FIG. 2 is a functional block diagram of the server 
depicted in FIG. 1; and 
0018 FIG. 3 is a flow diagram useful in understanding 
operations performed by a user manager in the Server 
depicted in FIG. 2. 

DETAILED DESCRIPTION OF AN 
ILLUSTRATIVE EMBODIMENT 

0019 FIG. 1 is a functional block diagram of an arrange 
ment 10 including a scalable, multi-user server 11 that 
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provides for rendering of images based on Scenes that can be 
interactively customized by clients, constructed in accor 
dance with the invention. The Server 11 provides web pages, 
including text and images, individual images, Sequences of 
images, Streams of images that provide for the perception of 
continuous motion of rendered Scene elements (generally, 
“streaming video'), and the like to the respective clients. 
With reference to FIG. 1, in addition to the server 11, 
arrangement 10 includes a plurality of client devices 12A, . 
..., 12N (generally identified by reference numeral 12n) that 
can access the server 11 over a network 13. In one embodi 
ment, the network 13 is a wide area network (WAN) such as 
the Internet and World WideWeb, but it will be appreciated 
that an arrangement in accordance with the invention can 
include any form of network, including local area networks 
(LANs). The client devices 11n may be any kind of 
information utilization devices that may receive, utilize and 
display information in digital form, including computers 
Such as personal computers, WorkStations, personal digital 
assistants (PDA's), cellular telephones and the like. The 
Server 11 can be implemented using, for example, a Suitably 
programmed computer. 
0020 Generally, the client devices 12n and server 11 
communicate over the network 13 according to a client/ 
Server communication model. According to that model, a 
client, Such as a client device 12n, generates an information 
retrieval request that requests retrieval of a particular item or 
items of information from the server 11, and transmits it to 
a Server, Such as the Server 11, over the network 13. The 
information retrieval request may be generated in response 
to input provided by an operator, in response to a request 
generated by a program, or in response to other occurrences 
as will be apparent to those skilled in the art. When the 
Server receives an information retrieval request from a 
client, depending on the information whose retrieval is being 
requested, it may obtain the information item(s) from, for 
example, a database that it maintains, and transmit them to 
the client over the network 13. When the client receives the 
information item(s), it can make use of the item(s) in any of 
a number of ways. If, for example, the information item(s) 
comprise a Web page, the client device can display the Web 
page on a display device, Store the Web page in a Storage 
device, provide the web page through a Suitable editor to a 
user to allow him or her to edit the Web page and so forth. 
The uses to which a client device 12n may put other types 
of information item(s) will be apparent to those skilled in the 
art. If a Web page comprises Several components, including 
one or more textual components, images and the like, a 
client device 12n may need to generate multiple information 
retrieval requests each requesting retrieval of one or more of 
the Web page's components. All of the information retrieval 
requests for the various components of the Web page may be 
transmitted to the same Server, Such as Server 11, for 
response. On the other hand, one or more of the information 
retrieval requests for various ones of the components of the 
Web page may be transmitted to other servers (not shown), 
which can provide the respective components. AS the 
respective client 12n that issues the information retrieval 
request(s) receives the requested information, or at Some 
point thereafter, it can make use of the information, and, if 
the requested information is a Web page, display the Web 
page. 

0021. The invention provides an arrangement whereby a 
Server, Such as the Server 11, can provide Web pages to client 
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devices 12n, which Web pages contain two-dimensional 
images that are rendered from three-dimensional Scenes. 
The invention further provides an arrangement whereby a 
Server, Such as the Server 11, can provide images rendered 
from three-dimensional Scenes, which Scenes can, in turn, be 
interactively modified or customized (generally “custom 
ized”) during a session in response to customization input 
from a user who is using a respective client device 12n', or 
a user who is another client device 12n". A number of clients 
12n', 12n", ... may request images of, for example, the same 
Scene contemporaneously, from the Same or different view 
ing directions, and the Server 11 can efficiently render the 
images and transfer them to the respective clients 12n', 12n" 
for use thereby. A client device 12n' can request customi 
Zations to the Scene, and the Server 11 can Selectively enable 
the requested customizations to be depicted only in images, 
Sequences of images, or images comprising Streaming Video, 
that are rendered for that client device 12n'. Alternatively, 
the Server 11 can Selectively enable the customizations 
requested by one client device 12n' to be depicted in images, 
Sequences of images, or images comprising Streaming Video, 
that are rendered for selected ones of the client devices 12n', 
12n", . . . that are contemporaneously engaged in Sessions 
involving the same Scene. As a further alternative, the Server 
11 can enable the customizations requested by one client 
device 12n' to be depicted in images, Sequences of images, 
or images comprising Streaming video, that are rendered for 
all of the client devices 12n', 12n", . . . that are contempo 
raneously engaged in Sessions involving the same Scene. In 
all cases, the imageS provided by the Server 11 may be still 
images, Sequences of images, Streaming Video, or any other 
form or arrangement by which images can be provided to a 
client device. 

0022 Generally, during a session, the user will initially 
initiate retrieval of a Web page from the server 11, which 
Web page will include an image. The Web page also 
provides a Set of tools, which can be displayed as, for 
example, push buttons, dial objects, radio buttons, dialog 
boxes and the like as part of the Web page. During the 
Session, the user, using user input devices provided by his or 
her client device 12n', can manipulate the tools to enable 
customizations to be made to the Scene, customizations to be 
made the viewing direction, and/or types of customizations 
as will be apparent to those skilled in the art, which can be 
made to a Scene and how an image of the Scene is rendered. 
The client device 12n' can transmit indicia indicating the 
customizations that were requested by the user to the Server 
11, which, in turn, can generate a new image reflecting the 
customizations, and transmit the new image to the user's 
client device. As the client device 12n' receives the new 
image, or at Some point thereafter, it can Substitute the new 
image for the previous image in the Web page. These 
operations can be repeated during a Session in response to 
user customization requests. Similarly, if the customizations 
requested by a user using one client device 12n' are to be 
depicted in images rendered for other client devices 12n", . 

... contemporaneously engaged in a Session involving the 
Same Scene, the Server 11 can render new images depicting 
the customizations and transmit them to the other client 
devices 12n", . . . for display. In addition, particularly in the 
case of image Sequences, Streaming video, or the like, the 
Server 11 can provide Sequences of images or Streaming 
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Video to a respective clients without requiring user customi 
Zation requests or other requests therefrom using a So-called 
“push” methodology. 
0023. A server, such as the server 11, can be used in a 
number of environments. For example, the server 11 can be 
used as a Server maintained by a marketer or Seller of a 
product, and can provide Web pages containing images of 
the product. During a Session during which the user may, for 
example, wish to receive information concerning the prod 
uct, the user may wish to request customizations to the 
image, Such as the orientation of the product from which the 
product is displayed in the image, the position of the light 
Source, the color of the product within, for example, a Set of 
colors in which the product is offered, and/or other types of 
customizations and be provided with an image with the 
customizations. If the product is, for example, an automo 
bile, types of customizations may also include changes in 
which the automobile is displayed, including, for example, 
the positions of one or more of the doors, illustratively, open 
or closed, the positions of the hood or trunk. If the automo 
bile has a Sun- or moon-roof or a convertible top, customi 
Zations may also include displaying the roof or top in a 
number of orientations. Since the server 11 has the database 
of the Scene from which the image is rendered, it can readily 
provide a rendered images with the requested customiza 
tions without needing to provide any information from the 
database to the user's client device 12n'. Accordingly, if the 
product is, for example, an automobile, the Scene database 
used by the server 11 can include information from the 
product design database maintained by the manufacturer, 
and, Since neither the Scene database nor the information 
from the product design database is provided to the user's 
client device 12n', trade Secret information that may be 
present in the information contained in the product design 
database will not be transferred to a device that is external 
to the server 11. This also reduces the amount of effort 
required to provide the Scene database for the Server 11, 
Since information from the product design database can be 
used generally directly or with few modifications in the 
Scene database. 

0024. As noted above, the server 11 can be advanta 
geously used in connection with Sessions with multiple 
client devices 12n', 12n", . . . , contemporaneously, in 
connection with requests for images generated for the same 
product and using the same Scene database. The Server 11 
can Selectively provide that customizations requested by a 
user using one client System 12n' not be visible in images 
rendered using the same Scene database for a user using 
another client System 12n" who has not requested Similar 
customizations. Thus, if, for example, only the user using 
client System 12n' has requested a customization in which, 
with reference to the preceding example in which Server 11 
is used to provide images of an automobile, the position of 
the driver's Side door is changed from being closed to being 
open by a Selected amount, the Server 11 will provide an 
image in which the driver's Side door is open only to the 
client System 12n', reflecting the customization requested 
only by him or her, and not to the other client systems 12n", 
..., even in images transmitted to the other client Systems 
12n", ..., Subsequent to the customization requested by the 
user of client System 12n'. Similarly, if the user using client 
System 12n" has requested a customization in which the 
color of the automobile is changed from white to red, the 
server 11 will provide an image in which the color of the 
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automobile is red, reflecting the customization requested 
only by him or her, and not to the other client systems 12n', 
12n", . . . , even in image transmitted to the other client 
Systems 12n', 12n", . . . Subsequent to the customization 
requested by the user of client System 12n". In that case, the 
Server 11 keeps track of changes to the Scene database 
resulting from the requests from the individual client devices 
12n', 12n", . . . , on a client-by-client basis. 
0025. On the other hand, as also noted above, the server 
11 can Selectively provide that customizations requested by 
a user using one client System 12n' are visible in images 
rendered using the same Scene database for users using other 
client Systems 12n", 12n", . . . , concurrently engaged in 
Sessions with the Server 11 in connection with the same 
Scene database, regardless of whether the latter users have 
requested Similar customizations. The customizations may 
be visible in images rendered for all or a subset of the other 
client Systems 12n", 12n", . . . . Thus, in that case, if a user 
using client System 12n' has requested a customization in 
which, with continued reference to the preceding example in 
which Server 11 is used to provide images of an automobile, 
the position of the driver's Side door is changed from being 
closed to being open by a Selected amount, the Server 11 will 
provide an image in which the driver's Side door is open to 
all or a selected Subset of the client systems 12n', 12n", . . 
. . The Server 11 can provide the image with the customi 
zation to the other client systems 12n", 12n", . . . that are 
contemporaneously engaged in a Session with the Server 11 
in connection with the same Scene database in response to a 
request therefor from each respective other client System 
12n", 12n", . . . , which request may also include a request 
for a further customization. Alternatively, the Server 11 can, 
after or contemporaneous with providing the image with the 
customization to the client System 12n' that requested the 
customization, also transmit the image to all or a Selected 
Subset of the other client devices 12n", 12n", . . . that are 
engaged in a Session involving the same Scene database, 
without a request therefor from the other respective client 
devices. In that case, after a client device 12n', 12n", 12n", 
. . . receives the image with the customization, it can 
Substitute the image in the Web page. 
0026 If the server 11 provides images with a customi 
Zation, not only to the client System 12n' that requested the 
customization, but also to all or a Selected Subset of the other 
client devices 12n", 12n", . . . that are engaged in a Session 
involving the same Scene database, without a request there 
for from the other respective client devices, the server 11 can 
also find utility in, for example, managing cooperative or 
competitive efforts by a plurality of users using respective 
ones of the client devices 12n', 12n", . . . . For example, the 
Server 11 can be advantageously used to allow a plurality of 
users, in diverse locations using respective client devices to 
cooperatively design a product. In that case, as the users 
enter customizations to a product, which can include, for 
example, providing an initial design one or more compo 
nents of the product, the Server 11 can enter information 
defining the components in the Scene database. At Some 
point, Some or all of the information in the Scene database 
may be converted to a product design database, which may 
be used in fabricating the product. 

0027. In addition, the server 11 can be used in connection 
with playing of video games over the network 13. In that 
case, the Server 11 can render images of a Scene used in the 
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came from the same orientation for all of users who are 
playing the game, or from unique orientations for ones of the 
users. AS the users play the game over time, the Server 11 can 
render Successive imageS for the various users and transmit 
them to their respective client devices 12n', 12n", . . . for 
display. 

0028 FIG.2 depicts a functional block diagram of server 
11 constructed in accordance with the invention. With ref 
erence to FIG. 2, the server 11 includes a number of 
components including a multiplexer module 20, a web 
Server module 21, a Script execution module 22, a user 
interaction control module 23, a rendering control module 
24, a Script store 25, a model Store 26 and a rendering engine 
27. The multiplexer module 20 connects to the network 13 
and receives information retrieval requests from a user's 
client device 12n. Generally, a user using client device 12n 
will provide input entered through, for example, a user input 
device to input request information to a browser 14, and the 
browser will generate one or more information retrieval 
requests for transmission to the Server 11 requesting retrieval 
of a Web page. The multiplexer 20, in turn, receives infor 
mation retrieval requests, which may be a Web page retrieval 
request or, as will be described below, an image retrieval 
request, from the network 13. When the multiplexer 20 
receives an information retrieval request from the network 
13, it will either respond to the Web page retrieval request 
itself, or it will transfer the request to one of the web server 
21 or the user interaction control module 23. If the infor 
mation retrieval request is the first request from the browser 
for a Session, the multiplexer 20 will generate a response that 
includes a user identification (UID) for the session, and 
transmit the response to the client device 12n for use by the 
browser 14. Subsequent information retrieval requests gen 
erated by the browser 14 for transmission to the image 
rendering device 11 for the session will include the UID, and 
the image rendering device 11 will use the UID to identify 
the Session and keep track of the particular user for which 
images and customizations have been requested during the 
Session. 

0029. After the browser 14 receives the response, includ 
ing the UID, generated by the multiplexer 20 and transmitted 
thereby over the network 13, the browser 14 will generate a 
new Web page retrieval request for transmission by the 
client device 12n to the server 11. The new Web page 
retrieval request will generally correspond to the previous 
Web page retrieval request, except that it will also include 
the UID received in the response that had previously been 
received from the multiplexer 20. When the multiplexer 20 
receives a Web page retrieval request from the client device 
12n that includes a UID, it will provide the Web page 
retrieval request to the web server 21. The web server 21, in 
turn, will provide information from the request to the Script 
execution module 22, which, using one or more Scripts from 
a script store 25 and information provided by the user 
interaction control module 23, will generate at least a portion 
of a Web page for transmission by the multiplexer 20 to the 
client 12n. 

0030 The portion of the Web page that is generated by 
the web server 21 will include at least the textual portion of 
the Web page requested in the Web page retrieval request, 
and in one embodiment will be generated in the well-known 
HyperText Markup Language (HTML). The Web page that 
is generated may include links identifying, for example, one 
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or more images that are to be displayed as part of the Web 
page. The links are augmented to identify the UID that was 
included with the Web page retrieval request. After the web 
Server 21 and Script execution module 22 have generated the 
portion of the Web page to be provided thereby, they can 
provide the Web page to the multiplexer 20 for transmission 
over the network 13 to the client device 12n. 

0031. The script execution module 22 will also provide 
information to the user interaction control module 23, 
including the UID that was received in the Web page 
retrieval request, as well as identification of any customi 
Zations to one or more images that are to be displayed as part 
of the Web page that were requested in the Web page 
retrieval request. Since the Web page retrieval request is the 
first retrieval request for the particular Web page for the 
Session, the Web page retrieval request generally will not 
include any customizations. The user interaction control 
module 23 can perform Some preliminary processing opera 
tions to prepare to render the image(s) when it receives a 
request therefor from the multiplexer 20, as will be 
described below. 

0032. When the client device 12n receives the portion of 
the Web page as generated by the web server 21 and script 
execution module 22 from the Server, it can provide it to the 
browser 14. The browser 14 can display the received por 
tion, and use the links, as augmented to identify the UID for 
the Session, to generate one or more requests, which will 
typically be image retrieval requests, that are associated with 
respective ones of the links, to initiate retrieval of respective 
imageS for display as part of the Web page. Image retrieval 
request(s) generated by the browser 14 for the respective 
images will include both the image identification informa 
tion from the respective links, as well as the UID with which 
the links were augmented, to identify the Session for which 
the server 11 is to render the images. The client device 12n 
transmits the image retrieval requests to the Server 11. 

0033. The image retrieval requests will be received by the 
multiplexer 20 and forwarded directly to the user interaction 
control module 23 for processing, bypassing the Web Server 
21 and Script execution module 22. The user interaction 
control module 23, rendering control module 24 and the 
rendering engine 27, will render the respective images and 
provide them to the multiplexer 20 for forwarding over the 
network 13 to the client device 12n. Generally, the rendering 
control module 24 will control the rendering operations in 
connection with information in a Scene database that it 
maintains. The Scene database contains information useful 
in connection with rendering of an image, including 

0034 (i) a three-dimensional representation of at least 
a portion of a Scene from which a two-dimensional 
image is to be generated, 

0035 (ii) information as to the positions and orienta 
tions of light Source(s) that are used to illuminate the 
object(s) in the Scene, and 

0036 (iii) the position(s) and orientation(s) of cam 
era(s) that are to be simulated in rendering of the image, 
relative to the object(s) in the Scene, as well as infor 
mation as to the optical characteristics of the camera(s), 
Such as, for example, the camera(s) magnification or 
Zoom Settings. 
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If Web page retrieval request received requesting an 
image of a Scene did not include any requests for 
customizations, as will be generally the case for the first 
image retrieval request for a particular Session, the user 
interaction control module 23 will enable the rendering 
control module 24 to render the image with Selected 
characteristics, including, for example, particular por 
tions of the Scene, light Source(s) in particular posi 
tion(s) relative to the Scene, a respective camera in a 
particular position, orientation and with particular opti 
cal characteristics, and the like. The characteristics can 
be default characteristics, the last valid characteristics 
of the Scene as may be Stored in and retrieved from a 
user database, or other characteristics as will be appar 
ent to those skilled in the art. The image(s) can be 
provided in any convenient form including, for 
example, as a bitmap or compressed using any of the 
well-known compression methodologies. The client 
device 12n will provide the image(s) to the browser 14, 
which can display them in regions of the displayed web 
page reserved therefor. 

0037. The Web page displayed by the browser 14 may 
provide tools or other controls that would allow the user to 
request customizations of the Scene represented by the 
image. After the user has manipulated one or more of the 
tools to request one or more customizations, the browser 14 
can generate a Web page retrieval request for the same Web 
page, but with customization information Specified for at 
least one of the images rendered with the scene. The Web 
page retrieval request will identify, for each image for which 
customization information is provided, the particular image, 
as well as the customizations that are to be performed in 
connection with the Scene from which the particular image 
is to be rendered. A number of types of customizations may 
be specified, including, for example 

0038 (i) translation and/or rotation of one or more of 
the objects in the Scene relative to each other or to a 
coordinate System; 

0039 (ii) addition of objects to, or deletion of objects 
in, the Scene, 

0040 (iii) changes to the forms of the objects in the 
Scene, 

0041 (iv) changes of the material characteristics of 
objects in the Scene 

0042 (v) the merging of a plurality of scenes to form 
a new Scene, 

0043 (vi) changes to the positions and orientations of 
light Source(s) that are used to illuminate the object(s) 
in the Scene; 

0044 (vii) changes to the position(s) and orientation(s) 
of camera(s) that are to be simulated in rendering of the 
image, relative to the object(s) in the Scene, as well as 
changes to the optical characteristics of the camera(s), 
Such as, for example, the camera(s) magnification or 
Zoom Settings, 

0045 (viii) high-level compound commands, such as 
“begin driving this car through a city,” and other types 
of customizations as will be apparent to those skilled in 
the art. In addition, the Web page retrieval request will 
include the UID provided by the multiplexer 20 at the 
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beginning of the Session. After the browser 14 has 
generated the Web page retrieval request, the client 
device 12n will transmit the Web page retrieval request 
to the server 11 over the network 13. 

0046) As before, the multiplexer 20 will receive the Web 
page retrieval request and provide it to the Web Server 21. 
The web server 21 and script execution module 22 will 
generate the HTML portion of the requested Web page and 
provide it to the multiplexer 20 for transmission to the client 
12n, which will include links to the image or images that are 
to be displayed on the Web page, which, as before, have 
been augmented with the UID identifying the session for the 
user. In addition, the Web Server 21 and Script execution 
module 22 will provide information to the user interaction 
control module 23 as to 

0047 (i) the scene(s) for which customization(s) that 
have been requested, 

0048 (ii) the particular customizations that were 
requested to the respective Scenes, and 

0049 (iii) the UID identifying the session for which 
the customizations have been requested. It will be 
appreciated that the user interaction control module 23 
can use the UID identifying the session for which the 
customizations have been requested to associate the 
particular Session for which the customizations have 
been requested. After the user interaction control mod 
ule 23 receives the customizations that have been 
requested and the Session for which the customizations 
have been requested, it can perform Some preliminary 
processing operations to prepare to render the image(s) 
with the respective customizations, as will be described 
below. 

0050. After the client device 12n receives the HTML 
portion of the Web page from the server 11, it will provide 
it to the browser 14, which can display that portion of the 
Web page in the same manner as before. In addition, as 
before, the browser 14 will generate one or more image 
retrieval requests to initiate retrieval of the image(s) from 
the Server 11. Further, as before, the image retrieval requests 
will include information from the link(s) that identify the 
particular image(s) that are to be retrieved, as well as the 
UID of the session as provided in the augmented links. The 
image retrieval request(s) will be provided to the client 
device 12n, which, in turn, will transmit the image retrieval 
request(s) to the Server 11. 
0051 AS before, the image retrieval request(s) will be 
received by the multiplexer 20, which will provide them to 
the user interaction control module 23. The user interaction 
control module 23 will enable the rendering control module 
24 to render the image(s) and provide the rendered image(s) 
to the multiplexer 20 for transmission to the client device 
12n. In rendering each image, the user interaction control 
module 23 will enable the rendering control module 24 to 
render the respective image with the customization(s), if 
any, that the user requested in the Web page retrieval request. 
In that operation, if a customization to an image is Such as 
would require customization of the Scene as Stored in the 
Scene database, the user interaction control module 23 will 
provide appropriate customizations to the Scene database. 
Depending on the environment in which the server 11 is 
used, the customization(s) may be Such as to provide that 
they will be used only in connection with the image rendered 
for the Session associated with the particular UID, or, 
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alternatively, in connection with images rendered for all or 
a Subset of the Sessions that are contemporaneously engaged 
in Sessions with the same Scene in the Scene database. In 
addition, if a customization provides a change to the Scene 
database, including, for example, Viewing orientation or the 
position of the light Source(s) illuminating the Scene, addi 
tion of objects to or deletion of objects from the Scene, the 
user interaction control module 23 can provide information 
thereof to the rendering control module 24 for use in 
rendering. If a customization requires an addition of an 
object to the Scene, the user interaction control module 23 
can, for example, enable the rendering control module 24 
retrieve information from the model database 26 describing 
the object to be added to the scene. Thereafter, the user 
interaction control module 23 can enable the rendering 
control module 24 to render an image, which the rendering 
control module 24 will provide to the user interaction 
control module 23. The user interaction control module 23 
will, in turn, provide the image to the multiplexer 20, for 
transmission to the client device 12, for display by the 
browser. These operations can be performed for each of the 
images for which image retrieval requests have been 
received. 

0.052 With this background, the structure and operation 
of the user interaction control module 23 and the rendering 
control module will be described in more detail in connec 
tion with FIG. 2. With continued reference to FIG. 2, the 
user interaction control module 23 includes Several compo 
nents, including a user manager 30, a connection manager 
31, an event manager 32, a model manager 33 and a plurality 
of operators. Generally, in one embodiment, the user inter 
action control module 23 makes use of operators to perform 
operations. One operator is a Socket gateway operator 34, 
which receives UID and customization information from the 
Script execution module and image retrieval requests from 
the multiplexer 20, and provides rendered images to the 
multiplexer 20 for transfer to respective ones of clients 12n. 
To facilitate rendering of an image, the operators can also be 
linked together into a graph 35, with the particular operators 
and Sequence thereof in the operator graph being Selected to 
facilitate generation of the image having the desired char 
acteristics. If, for example, an image is to be generated using 
a Scene, and the user has provided a Web page retrieval 
request in which no customizations have been requested to 
the Scene, an image of which is to be rendered for display on 
the Web page, which may be the case if, for example, the 
Web page retrieval request was the first request for the Web 
page during the respective Session, the operator graph may 
be a default graph for use in rendering images using the 
particular model. 
0053. It will be appreciated that the particular set of 
operators that are provided for the user interaction control 
module 23 will depend on the particular environment in 
which the Server 11 is used. In addition to a Socket operator 
for use as the Socket gateway, operators that may be advan 
tageously used in connection with the user interaction con 
trol module 23 may include Such operators as a operators of 
the object translation operator type, operators of an object 
rotation operator type, operators of a color operator type, 
operators of a timekeeper operator type, and operators of a 
render operator type. An operator of the translation operator 
type can be used to facilitate updating of the model for a 
Scene in the Scene database to translate an object in the Scene 
by a Selected distance in a Selected direction. For example, 
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if the Server 11 is to be used in connection with a game in 
which objects in the Scene are to be moved along a path, an 
operator of the object translation operator type can be used 
to translate an object in the Scene along a path in the Scene. 
The particular object that is moved, as well as the distance 
and direction that the object is moved, can be specified as 
parameters whose values are determined by the image 
customization information. It will be appreciated that the 
extent to which an object can actually be moved may be 
constrained by other features of the Scene, including, for 
example other objects that may be present in the Scene. 

0054 An operator of the rotation operator type can be 
used to facilitate updating of the Scene in the Scene database 
to rotate an object in the Scene by a Selected angle around a 
Selected axis. The particular object that is rotated, as well as 
the angle and direction that the object is rotated, as well as 
possibly the axis of rotation, can be specified as parameters 
whose values are determined by the image customization 
information. For example, if the particular object that is to 
be rotated is an automobile door, the axis of rotation will 
comprise the axis Specified by the door's hinges, which may 
be determined by the model of the automobile as stored in 
the Scene database. The angle that the door is rotated around 
the axis, and the direction of rotation can be specified as 
parameters whose values are determined by the image 
customization. It will be appreciated that the angle that the 
object may be rotated around any particular direction may be 
constrained by other objects in the Scene, including other 
components of the automobile. 

0055 An operator of the color operator type can be used 
to change the color of at least a portion of the Surface of an 
object in the Scene. A color operator can operate by editing 
parameters of Shaders that are provided in the Scene database 
in response to image customization information. 

0056 An operator of the timekeeping operator type can 
be used to provide a time Stamp or value to respective client 
devices 12n. If the server 11 is being used in connection 
with, for example, a game, the time Stamp or value as 
generated by the timekeeping operator can be transmitted to 
the client devices 12n of all of the users who are playing the 
game to provide them with a common time reference. The 
time Stamp or value can identify the particular time as 
determined by the server 11, and can be provided to, for 
example, the Script execution module 22 for use in the 
HTML portion of the Web page when it generates that 
portion for transmission to a client device 12n. 
0057. An operator of the rendering operator type can be 
used to initiate and control rendering of an image by the 
rendering engine 27. 

0.058 Other types of operators useful in the server 11 will 
be appreciated by those skilled in the art. For example, an 
operator type can be provided to control the position, 
angular orientation, Zoom/focal length, aperture Setting, and 
So forth of a camera. In addition, an operator type can be 
provided to control the position, angular orientation, color, 
brightness, and So forth of a light Source. In addition, a 
high-level operator type can build on and utilize operators of 
other operator types to perform compound operations Such 
as moving an object on a motion path controlled by gravity 
or moving a car door between the “open' and “closed” states 
automatically. 
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0059 At least some of the types of operators may also be 
of one of two Subtypes, including a private Subtype and a 
public Subtype. An operator of the private Subtype is used to 
provide a customization that is only visible in the image(s) 
that are to be Subsequently rendered of the particular Scene 
for the particular session identified by the particular UID 
that is associated with the image customization information 
that requested the customization, or for a Selected Subset of 
UIDS that are contemporaneously using the Scene. On the 
other hand, an operator of the public Subtype is used to 
provide a customization that is visible in the image(s) that 
are to be Subsequently rendered of the particular Scene for all 
or possibly a larger Subset of UIDS that are contempora 
neously using the Scene. The Server 11 provides for Several 
privatization levels, So that, for a lower level, a customiza 
tion will be visible in images that are Subsequently rendered 
of the particular Scene for the particular Session identified by 
the selected subset of UID's that are contemporaneously 
using the Scene, and, for a higher level, a customization will 
be visible only in the image(s) that are to be Subsequently 
rendered of the particular Scene for the particular Session 
identified by the particular UID that is associated with the 
image customization information that requested the cus 
tomization. 

0060. The user interaction control module 23, in gener 
ating an operator graph 25 to facilitate rendering of an image 
of a Scene, will instantiate operators of the required types 
and link them together to form the operator graph 35. The 
user interaction control module 23 can perform these opera 
tions after it receives the image customization information 
and UID associated with a Web page retrieval request from 
the script execution module. This will allow the operator 
graph to be ready when an image retrieval request is 
received for the particular image. After the image retrieval 
request, the user interaction control module 23 can initiate 
execution of the various operators in the graph to, in turn, 
initiate rendering of the image. 
0061 The user manager 30 is provided to keep track of 
UID's and converts between UID's and identifiers, referred 
to as RIDS (rendering Session identifiers) that are used to 
keep track of rendering Sessions by the rendering control 
module 24. 

0062) The model manager 33 and connection manager 31 
cooperate to create operator graphs 35 in response to image 
customization information provided by the Script execution 
module 22 in response to Web page retrieval requests from 
the respective client devices 12n. When the model manager 
33 receives image customization information from the Script 
execution module 22 relating to an image that is to be 
rendered, it will determine the operators of the respective 
types that are to be used in the operator graph 35, instantiate 
the operators and determine the topology of the operator 
graph, that is, how the operators are to be linked together to 
form an operator graph 35. The connection manager 31 will 
perform the actual linking. Each operator has at least one 
input and an output, and the model manager 33 will deter 
mine, for each input of each operator, the respective operator 
that is to provide a value or Status information for the 
respective input. The operator that is to provide a value or 
Status information for an input of an operator is upstream of 
that operator, and the operator whose input is to receive the 
value or Status information is downstream of the operator 
that is to provide the value or status information. The 
connection manager 31 will perform the actual linking of the 
operators that have been instantiated by the model manager 
to form the operator graph 35. 
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0063. The model manager 33 can determine the types of 
operators that are to be used from the image customization 
information that is provided by the Script execution module 
22. For example, if the image customization information is 
to enable an object to be translated a predetermined distance 
in a particular direction, the model manager 33 can instan 
tiate an operator of the translation operator type, and provide 
as parameterS Such information as, for example, the identi 
fication of the object that is to be translated, the direction that 
the object is to be translated and the displacement along the 
particular direction. Similarly, if the object is to be rotated 
around an axis, the model manager 33 can instantiate an 
operator of the rotation operator type, and provide as param 
eterS Such information as the identification of the object that 
is to be rotated, the position and orientation of the axis 
around which the object is to be rotated, the direction around 
the axis that the rotation is to take place and the angle 
through which the object is to be rotated. In addition, if the 
color of the object is to be customized from a default color, 
the model manager 33 can instantiate an operator of the 
color operator type, and provide as a parameter the color to 
which the object is to be customized. 

0064. The model manager 33 and connection manager 31 
can instantiate and link corresponding operators for every 
object that is to be translated, rotated and whose color is to 
be customized, and link them into the operator graph that is 
to be used to control the rendering of the image associated 
With the image customization information. The particular 
order in which the operators are connected in an operator 
graph 35 may be determined by Several factors, including 
whether the operators commute, that is, whether, if image 
customization information requires usage of operators of 
two types, the two operators can be applied in any order and 
provide the same result. Generally, for example, if an image 
customization requires operators of the translation operator, 
rotation operator and color operator type, operators of the 
respective type can be applied in any order. Generally, the 
operator of the rendering operator type will be expected to 
be one of the last operators in the operator graph 35, after all 
of the operators instantiated to update the model of the Scene 
in the model database 26. The Socket gateway 34, which, as 
noted above, is also an operator, will be both the first and the 
last operator in the operator graph 35. When the multiplexer 
20 receives an image retrieval request from a client 13n, the 
multiplexer 20 will notify the Socket gateway and provide 
information identifying the UID and an identifier identifying 
the image that is to be rendered to the Socket gateway 34 to 
initiate execution of the operator graph to facilitate updating 
of the model of the Scene in the model database 26, if 
necessary, and rendering of the image. After the image is 
rendered, it will be provided to the socket gateway 34 for 
provision to the multiplexer 20 and transmission to the 
particular client device 12n that issued the image retrieval 
request. 

0065. The event manager 33 controls execution of the 
operators that comprise an operator graph 35 and, in that 
case, manages events that occur during execution. Gener 
ally, the event manager 33 controls execution of the operator 
graph 35 according to a “data flow paradigm, in which an 
operator in an operator graph 35 is executed when all of its 
inputs, which include both values of parameters provided by 
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the image customization information provided in the Web 
page retrieval request and values and/or Status information 
that are provided by operators that are upstream of the 
respective operator in the operator graph 35, have been 
provided with respective values and/or Status information. 
The Status information may merely indicate that an upstream 
operator in the graph has finished execution. Accordingly, if, 
for example an operator graph 35 includes operators of the 
translation operator, rotation operator and color operator 
type, to translate, rotate and change the color of the same 
object, followed by an operator of the rendering operator 
type, the event manager may enable the operators of the 
translation operator, rotation operator and color operator 
type in any order. Before the operator of the rendering 
operator type can be executed, the operators of the transla 
tion operator, rotation operator and color operator types will 
need to provide Status information that indicates that they 
have Successfully finished execution. AS each respective 
operator of the translation operator, rotation operator and 
color operator type is executed, it will update the Scene in the 
Scene database, and will generate Status information to 
indicate when they are finished, which is provided to the 
rendering operator as an input. After all of the operators of 
the translation operator, rotation operator and color operator 
type, as well as operators of other types that may be 
provided, have finished execution, the event manager 33 will 
note that all of the inputs to the rendering operator have 
received Status information indicating that the operators 
upstream thereto had Successfully completed, the event 
manager 32 can enable the operator of the rendering opera 
tor type to be executed. The event manager 32 can enable 
operator graphs comprising instantiated operators of any 
combination of operator types, connected in any of a number 
of topologies, to be executed in a similar manner. 
0.066 The event manager 32 can initiate execution of an 
operator graph 35 at any operator in the operator graph 35. 
As will be described below in more detail, if during execu 
tion of an operator, an input value is needed from another 
operator to allow for continued execution of the operator, 
execution of the one operator can be Suspended, and the 
other operator executed to allow for generation of the input 
value that is needed by the one operator. By allowing for 
execution of operators in this manner, if it turns out that a 
value generated during execution of one operator is not 
needed for another operator, which may occur if, for 
example, rendering of an image is aborted. 
0067. As noted above, the model manager 33, in response 
to image customization information from the Script execu 
tion module 22, initiates creation of an operator graph 35 to 
facilitate rendering of an image of a Scene with the customi 
Zations, if any, requested in a Web page retrieval request. In 
addition, the model manager 33 can enable models of 
objects, that are Stored in the model database 26, and that 
may be needed in the Scene database associated with a Scene, 
to be loaded into the respective Scene database. 
0068 The rendering control module 24, while an opera 
tor graph 35 is being executed to facilitate rendering of an 
image, controls updating of a Scene from which the image is 
to be rendered as represented in the Scene database in 
response to execution of operators of the respective types. In 
addition, the rendering control module 24 controls rendering 
of the image during execution of an respective operator of 
the rendering operator type. The rendering control module 
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24 comprises an API control module 40, a job manager 41, 
a World/Session/transaction manager 42, and one or more 
Scene databases 43. The rendering engine 27 performs actual 
tessellating and rendering operations during execution of an 
operators of the respective operator type. 
0069. The world/session/transaction manager 42 man 
ages “worlds,”“Sessions' and "transactions.” Generally, a 
transaction bounds a set of consistent database operations in 
connection with the Scene database 43. For example, ren 
dering is considered a transaction because rendering requires 
a consistent view of the Scene in the Scene database 43 that 
must not be changed during the rendering operation. Simi 
larly, a modification to a Scene is also a transaction, Since 
typically a modification to the Scene requires incremental 
changes to many Scene data elements in the Scene database 
all of which need to be performed as a unit to ensure that the 
Scene in the Scene database 43 remains consistent. For 
example, generally, an object that is actually present in the 
Scene is represented by an object type and an instance, So 
that, if a Scene contains two objects of the same object type, 
that can be represented in the Scene database 43 by one 
object type and two instances, all of which are Scene data 
elements. If it is necessary to delete an object, represented by 
object type and instance Scene data elements, both the object 
type and instance Scene data elements will need to be deleted 
as a unit. This will ensure that problems do not arise in 
connection with the rendering engine 27, which can occur if, 
for example, during rendering of the Scene, the object type 
Scene data element has been deleted but not the instance 
Scene data element, Since at Some point the rendering engine 
27 will need to attempt to access the deleted object type 
Scene data element. 

0070 A session as managed by the world/session/trans 
action manager 42 generally corresponds to a Session with a 
client device 12n. Worlds are used to disambiguate multiple 
Scenes that may be used for client devices 12n that are 
concurrently engaged in Sessions with the Server 11, and 
particularly may be used to disambiguate Scene data ele 
ments of the respective Scenes that may have Similar names. 
For example, if two different scenes both call their cameras 
“cam, if a customization to the camera is requested for a 
Scene being used for one Session, that customization should 
only be made in that Scene, and not in the other Scene. 
0071. The API control module 40 controls updating of the 
Scene and rendering of an image in one or more jobs, and the 
job manager 41 Schedules the jobs based on Selected criteria. 
In one embodiment, the criteria includes Such issueS as job 
age, whether a job is a prerequisite for a number of other 
jobs, job “cost,” and other criteria as will be described in 
more detail below. The age of a job can be a desirable criteria 
Since delaying processing of a job based on other criteria can 
be undesirable to completion of rendering of the image(s) 
that depend on the delayed job. The job “cost criteria may 
be a function of other criteria including, for example, an 
estimate of the processing time required to execute the job, 
or to finish execution of the job if execution is Suspended, an 
estimate of the amount of various processing resources, Such 
as memory, that may be required, and the like. A job for 
which the estimate of the processing time and/or required 
processing resources is higher will generally have a higher 
cost associated there with than a job for which the estimate 
is lower. In one embodiment, jobs associated with higher 
costs will be processed on a preferential basis over jobs with 
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lower costs, which can increase the likelihood of that the 
jobs relating to rendering of an image, which may be 
processed in parallel, can be completed in less time than 
otherwise. 

0072. As noted above, the rendering engine 27 performs 
the actual rendering operations required to render the image. 
In one embodiment, the rendering engine 27 comprises 
Mental Ray Version 3.0, available from Mental Images, 
G.m.b.H., & Co., KG, Berlin, Germany, although other 
rendering engines, Such as OpenGL can be used. Generally, 
the rendering engine 27 performs tessellation of the Scene 
data elements of a Scene in the Scene database 43 as 
necessary prior to rendering an image of the Scene, and 
thereafter renders an image. The rendering engine 27 need 
not tessellate all of the Scene data elements of a Scene before 
it begins rendering an image; the rendering image 27 can 
instead tessellate a portion of the Scene data elements before 
rendering an image of the portion that has been tessellated, 
and repeat these operations as necessary to render the image 
as desired. It will be appreciated that the rendering engine 27 
need only tessellate portions of those Scene data elements 
that will be depicted in an image that is to be rendered. 
0073. The elements of the rendering control module 24 
will be described in detail in connection with FIG. 2. AS 
noted above, the rendering control module 24 comprises the 
API control module 40, the job manager 41, the world/ 
Session/transaction manager 42 and the Scene database 43. 
The API control module 40 operates as the interface among 
the user interaction control module 23 and the other ele 
ments of the rendering control module 24 and the rendering 
engine 27. In that function, the API control module 40 
receives calls from the user interaction control module 23 
when an operator graph 35 is executed, and provides Status 
information and, while an image is being rendered or after 
the image has been rendered, provide either the portions 
rendered or the entire image to the user interaction control 
module 23. The status information provided by the API 
control module 40 may be used by elements of the user 
interaction control module 23 during execution of an opera 
tor graph 35. For example, as noted above, operators com 
prising an operator graph 35 may be executed in any order 
and, if, in executing an operator, the rendering control 
module 24 determines that it needs an input value from an 
operator that is upstream of the operator being executed, the 
API control module 40 will provide status information to so 
notify the user interaction control module 23. After receiv 
ing the Status information, the user interaction control mod 
ule 23, in particular the event manager 32, can enable the 
operator that is to provide the needed value to be executed. 
Any number of Such Sequences, one per user, may be in 
progreSS Simultaneously 

0.074 Execution of an operator generally entails perform 
ing one or more jobs. For example, loading an object from 
the model store 26 into the Scene database 43 can entail 
Several jobs, including, for example, retrieval of data 
describing the object from the model Store, converting the 
data from, for example, a form that might be used by a 
computer-assisted design (“CAD) system to a form that 
would be useful to the rendering engine 27, and loading the 
converted data into the Scene database 43 and linking it to 
the respective Scene. Each of these operations can be per 
formed as a respective job, or multiple jobs. Similarly, 
rendering an image can entail Several jobs, including ren 
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dering a rectangle, loading a texture, tessellating a Surface, 
and So forth. The job manager 41 manages the jobs that are 
concurrently being executed So they will be executed in an 
efficient manner. This will allow the server 11 to provide 
Web pages and rendered images to a number of clients 12n 
concurrently with minimal delay. The job manager 41 main 
tains a dependency graph 44 of jobs that are to be executed, 
with each of the jobs being annotated with a job cost value 
indicating the respective jobs job cost value as described 
above. When a job of a particular type is first linked into the 
dependency graph 44 of jobs to be executed, it can be 
accompanied by a job cost value that is an initial estimate. 
AS the job manager 41 executes jobs of the respective job 
type, it can keep track of the resources that are used and 
update the job cost value for use when a job of the Same type 
is Subsequently executed. 
0075 AS noted above, operators can be public or private, 
with Several levels of privacy. Scene elements in the Scene 
database 43 can also be public or private, with correspond 
ing levels of privacy. If, for example, a private translation 
operator is provided in an operator graph associated with a 
particular UID to facilitate translation of an object in a 
Scene, the Scene element(s) in the Scene database 43 that 
represents the object as translated will be also be private. In 
addition, jobs are of public and private Subtypes, with 
corresponding levels of privacy, and the job(s) that are 
executed during execution of an operator of the public will 
correspond to the public/private Subtype of the operator for 
which they are executed. 
0076. The job manager 41 enables other modules, such as 
the World/Session/transaction manager 42 and, in particular, 
the rendering engine 27, to perform the individual jobs, and 
in addition controls access to the Scene information in the 
Scene database 43. In one embodiment, the Scene database 
43 is in the form of a cache, in which design information for 
objects that are to in a Scene can be loaded using model 
information from the model store 26. As the amount of data 
in the Scene database 43 increases, the job manager 41 can 
Select data to be removed from the Scene database 43. A 
number of Selection criteria can be used to determine which 
data is to be removed from the scene database 43. One 
embodiment makes use of a pin counter (not shown) asso 
ciated with each element of Screen data. When a module that 
needs to make use of an element of Scene data issues an 
acceSS request for the element, it increments the pin counter, 
and when the module is finished with the element, it 
decrements the pin counter. Each element of Scene data is 
also associated with an acceSS Sequence value, and, when a 
module issues an access request for an element, an integer 
is incremented and provided as the element's access 
Sequence value. Each Scene data element whose associated 
pin counter has the value "Zero' is a Scene data element for 
which all of the modules that needed to use the Scene data 
element concurrently have finished using the Scene data 
element. In that case, the Scene data element can be deleted 
from the scene database 43. It will be appreciated, however, 
that, although no modules are then using the Scene data 
element at that point in time, a module may Subsequently 
need to use the Scene data element. 

0077 Since generally the likelihood that a module will 
Subsequently need to use a Scene data element will decrease 
the longer it has been Since it was last used, the job manager 
41 can Sort the Scene data elements whose pin counterS have 
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the value "Zero” by access Sequence values, it will be 
appreciated that the least recently accessed Scene data ele 
ments will be those for which acceSS Sequence values are 
relatively low and the most recently accessed Scene data 
elements will be those for which access Sequence values are 
relatively high. Preferably, the job manager 41 will select 
one or more Scene data elements for deletion for which 
access Sequence values are relatively low on the Sorted list. 
However, since it will generally not be efficient to simply 
delete the oldest Scene data element, Since that Scene data 
element may be relatively Small, the job manager 41 also 
takes the Size of the respective Scene data elements into 
account when Selecting Scene data elements for deletion, by 
Scaling the Scene data elements' Sizes in relation to their 
relative position on the Sorted list, and Selecting for deletion 
the Scene data elements in order of their Scaled sizes. That 
is, if there are “n” Scene data elements in the Sorted list, i=0, 
1, 2, ..., n-1, where i=0 is the last Scene data element (that 
is, most recently accessed, the Scene data element having the 
highest Sequence value) on the list, and i=n-1 is the first 
Scene data element (that is, least recently accessed, the Scene 
data element having the lowest Sequence value) on the list, 
the job manager 41 will generate Scaled size values accord 
ing to size 

Size; i 
Stéscated 

It will be appreciated that the Scaled size value size." 
for the first (that is, the oldest) scene data element i=n-1 will 
correspond to its size size, the Scaled size value sized 
"f of the second scene data element i=n-2, will correspond 
to one-half its size size, , and So forth, and the Scaled size 
value sizeal" of the last scene data element i=0 will 
correspond to 1/n its size sizeo. After generating the Scaled 
Size values, the job manager 41 will Select one or more Scene 
data elements, from the largest to the Smallest according to 
their scaled size values size for deletion, as may be 
necessary to accommodate Scene data elements that are to be 
loaded into the scene database 43. 

0078. The job manager 41 creates a job for linkage into 
the dependency graph 44 in response to a request therefor 
during execution of operators in an operator graph 35, or 
from a module, Such as rendering engine 27 or world/ 
Session/transaction manager 42, while those modules are 
executing other jobs. When an operator in an operator graph 
35 requests creation of a job, the request is provided to the 
job manager 41 through the API control module 40. Simi 
larly, when the rendering engine 27 or World/Session/trans 
action manager 42 requests creation of a job, the request is 
provided to the job manager 41 through the API control 
module 40. Generally, a job is a request to create a result data 
Set based on values of one or more parameters. The result 
data set will be stored in the Scene database 43. The 
parameters describe the operation to be performed during 
execution of the job and possibly other Scene data elements 
that may be present in the Scene database 43. In response to 
a job creation request, the job manager 41 generates a job 
description data Structure that includes Such information as: 

0079 (i) an operation code that identifies the type of 
operation to be performed during execution of the job; 

Feb. 16, 2006 

0080 (ii) a module identifier identifying the particular 
module that is to execute the job; 

0081 (iii) a status identifier that identifies the status of 
the job; in one embodiment, possible Status identifiers 
include pending, running, Suspended, finished, done, 
flushed and failed; 

0082 (iv) one or more identifiers that identify the 
Scene data element(s) in the Scene database that are to 
be used in executing the job; 

0083 (v) one or more identifiers that identify storage 
locations in the Scene database in which results are to 
be Stored during execution of the job; 

0084 (vi) an estimate of the job cost value; 
0085 (vii) an actual job cost value if the job has 
finished executing and the Status is "done'; 

0.086 (viii) the identification of any prerequisite jobs, 
that is, jobs that need to be executed before this job 
begins execution; and 

0087 (ix) control information such as the identifica 
tion of the particular thread, on a processing platform 
that executeS programs in threads, or similar structure 
(generally, “thread”), that is expected to execute the job 
if the Status is pending, or that is executing the job if the 
job is being executed, caching control information, and 
So forth. 

0088. Items (i), (iv), and (v) can generally be provided as 
parameters in the job creation request. Generally, the job 
cost value estimate (item (vi) above) can be based on a 
number of criteria, including, for example, 

0089 (a) the apparent complexity of the job, which 
may be based on, for example, the number of Vertices 
to tessellate if the job is one to tessellate, the number of 
pixels to render if the job is one to render, the number 
of photons to cast if the job is one to cast photons from 
a light Source, and the like, which may be adjusted by 
options Such as Sampling densities, 

0090 (b) the estimated memory requirements for the 
job; and 

0091 (c) data transfer delays that may be incurred in 
obtaining data to be used in executing the job if the 
prerequisite jobs are executed by different host com 
puters. 

0092. In addition, additional factors can be used in con 
nection with a job cost value estimate, including factorS Such 
as the number of jobs of the same type that are Suspended on 
the thread that is expected to execute the job or that is 
executing the job, and other factors as will be apparent to 
those skilled in the art. It will be appreciated that the job 
manager 41 may update a job's job cost value estimate in 
View of changes in, for example, the additional factors noted 
above. 

0093. The job manager 41 uses a number of criteria in 
Selecting a job for execution, including the number of known 
unresolved prerequisites, that is, jobs that need to be 
executed before the respective job, to provide a value 
therefor, but that have not yet been executed, as well as the 
jobs job cost value estimate. Preferably, the job manager 41 
will select a job with no or relatively few unresolved 
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prerequisites. On the other hand, if a job is a direct or 
indirect prerequisite for a number of other jobs, it will 
preferably be executed before jobs that are prerequisites for 
fewer jobs. In addition, preferably, the job manager will 
preferably select a job with a relatively high job cost value 
estimate for execution, which can improve finalization par 
allelism, as long as respective threads do not exceed a 
particular concurrent aggregate job cost values for jobs 
assigned thereto. Generally, the job manager 41 will assign 
jobs to threads using a number of criteria, including maxi 
mizing data locality, minimizing and balancing the number 
of Suspended jobs on a thread to keep Stacks Small, and other 
criteria as will be apparent to those skilled in the art. In 
addition, if, during execution of a job, it is discovered that 
another job, which was not previously known to be a 
prerequisite, is in fact a prerequisite, the job manager 41 will 
preferably assign the newly-discovered prerequisite to the 
Same thread as the job for which it is a prerequisite, for 
Similar reasons. 

0094 Generally, the job manager 41 executes jobs as they 
are necessary to provide data for other jobs. For example, 
texture image elements are created as placeholders in the 
Scene database 43, but they are empty and have no associ 
ated pixel array. When they are accessed for the first time, 
filing the texture image element necessitates executing an 
asSociated texture load job. A job that is accessing the 
texture image element will be Suspended until a texture load 
job is executed. AS another example, generally, an object 
that has not yet been tessellated may initially be coarsely 
represented in the Scene database 43 by a placeholder in the 
form of a bounding box. Abounding box may be in the form 
of, for example, a geometric object having Surfaces in the 
form of, for example, triangles, quadrilaterals or the like, 
that coarsely bounds the actual object associated therewith. 
When a ray is sent into a Scene, the ray may hit the bounding 
box. A placeholder for the bounding box will already exist 
in the scene database 43, but the placeholder will not contain 
the Scene data for the actual object represented by the 
bounding box. Instead, the placeholder contains a pointer to 
the job description for the job that is provided to generate the 
scene data. When the object represented by the bounding 
box is illuminated, a ray generated to represent the illumi 
nation would hit one of the triangles, quadrilaterals, and So 
forth, that comprises the bounding box in the scene. When 
that occurs, the Scene data representing at least a portion of 
the actual object will be need to be retrieved from the model 
Store 26, tessellated and Stored in the Scene database 43, and 
the job manager 41 will enable respective jobs therefor to be 
executed, and a job that might be accessing the object will 
need to be Suspended until those jobs are executed. The 
bounding box essentially operates as a placeholder for the 
object. The bounding box will not be deleted from the scene 
database 43 when the object is Stored therein, Since, as noted 
above, the object might be deleted from the Scene database 
43. 

0.095 More generally, when a job being executed makes 
an access to a Scene data element in the Scene database 43, 
the following operations are performed: 

0096 (i) a module initiates an access to a scene data 
element in the Scene database 43, 

0097 (ii) if the scene database 43 that contains 
0098 (a) a valid scene data element, that is, a scene 
data element that is not a placeholder, it will provide the 
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Scene data element to the module that initiated the 
access, after which the module can make use of the 
Scene data element, but 

0099 (b) an invalid scene data element, that is, a scene 
data element that is a placeholder for data that has not 
yet been created but that is associated with a job 
description, it will provide a notification thereof to the 
job manager 41; 

0100 (iii) the job manager 41 will update its job 
dependency graph 44 to reflect the job for which it 
received notification from the Scene database 43, 
thereby to enable the job to be executed at some point 
in the future; 

0101 (iv) the job manager 41 also suspends execution 
of the thread containing the module that initiated the 
Scene data element access, 

0102 (v) the job manager 41 selects a new job and 
assigns it to the thread whose execution was Suspended; 
the selection of the job is based on the estimated job 
cost values of the jobs in the dependency graph 44, and, 
accordingly, the Selected job may, but need not, be the 
job that was added to the dependency graph 44 (refer 
ence item (iii) above); and 

0103 (vi) when a job is finished executing, it will 
enable data to be Stored in the placeholder for the Scene 
data element in the Scene database 43 associated there 
with. 

0104. It will be appreciated that the data stored by a job 
in the placeholder may be actual Scene data, or it may merely 
be status information indicating that the job has finished 
executing. 

0105 The job manager 41 makes use of a state machine 
to control execution of each job. The current State of each 
job may be Stored in the respective job's job description 
described above. The job control state machine 50 used by 
the job manager 41 will be described in connection with 
FIG. 3. With reference to FIG. 3, in response to a request to 
create a job, the job control state machine 50 enters a job 
creation state 51. In the job creation state 51, the job 
manager creates a job description, as described above, and, 
in addition, creates a placeholder for the Scene data ele 
ment(s) to be associated with the job in the Scene database 
43. A module that issues a job creation request may notify 
the job manager 41 of prerequisite jobs of which it is aware, 
either as part of the job creation request or Subsequent 
thereto, and the job manager 41 can use that information to 
link the job in the dependency graph 44. In addition, if a job 
identified as a prerequisite is not already in the dependency 
graph 44, the job manager 41 can initiate creation of the job 
by issuing a job creation request for the job, in which case 
the prerequisite job will also be linked into the dependency 
graph 44. After the module that issued the job creation 
request has provided all of the information required for the 
creation of the job initiated by the job creation request, 
including the prerequisites of which it is aware, the module 
can issue a job creation end request, which marks the end of 
the job creation State. At that point, the job enters a dormant 
State 52. 

0106 AS noted above, a job is not executed until a 
request for the Scene data element that would be generated 
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by the job is issued (reference item (ii) directly above). 
Accordingly, a job will remain in the dormant State 52 until 
a request is made for the Scene data element that would be 
generated by the job is issued. At that point, Since the Scene 
data element is represented by a placeholder, a job execute 
request will be generated by the scene database 43 for the 
job associated with the placeholder, at which point the job 
will Sequence to the pending State 53. In the pending State 
53, the job manager 41 will determine whether the jobs 
prerequisite jobs have finished execution, and, if So, the job 
will enter a runnable state 54. While a job is in the runnable 
state 54, the job manager 41 can schedule the job for 
execution, based on the job's estimated job cost value as 
described above. If, while the job is in the runnable state 54, 
the job manager 41 identifies a new prerequisite for the job, 
the job can return to the pending state 53 until the new 
prerequisite has been executed. 
0107 When the job manager 41 assigns the job to a 
thread, the job enters a running State 55. In the running State, 
the job is actually being executed. While a job is being 
executed, a new prerequisite may be discovered, in which 
case the job manager 41 will Sequence the job to a Suspended 
State 56 until the prerequisite can be executed. If, for Some 
reason, an error occurs during execution of the job, the job 
manager 41 will sequence the job to a failed state 57. If a 
Subsequent execution request is issued for the job, it will 
return to the pending state 53. 
0108. On the other hand, if the module that is executing 
the thread in which the job is being executed, determines 
that the job has been Successfully executed and is ready to 
Store results in the Scene database 43, it will issue a job 
finished notification to the job manager 41. In response to 
the job finished notification, the job manager 41 Sequences 
the job to a finished state 58 and issues a notification to the 
module that it can initiate a storage operation to Store the 
results in the Scene database 43. The job manager 41 can 
control issuance of the notification allowing the module to 
initiate the Storage operation So as to control the timing with 
which the module can initiate the Storage operation. This 
may be desirable to maintain consistency of Scene data for 
a Scene in the Scene database 43 if, for example, other jobs 
are using the Scene data for rendering. After the job manager 
41 has issued the notification to the module indicating that 
it can initiate the Storage operation, the module can initiate 
the Storage operation. In one embodiment, the module will 
initiate a storage operation, not to the placeholder(s) for the 
job, but to respective temporary storage location(s) in the 
Scene database 43. After the Storage operation to the tem 
porary Storage location(s) has completed, the module will 
issue a job Storage done request to the job manager 41. In 
response to the job Storage done request, the job manager 41 
will sequence the job to a done state 59. In addition, the job 
manager 41 will enable the information in the temporary 
Storage location(s) to be transferred to the placeholder(s). In 
one embodiment, the transfer is accomplished by means of 
updating pointers from pointing to the Storage locations 
associated with the placeholder(s) to point to the temporary 
Storage location(s). 
0109 After the job manager 41 has sequenced the job to 
the done State 59 and updated the pointers, it can Sequence 
the job to a paging state 60, in which it will enable the job 
descriptor to be transferred from the scene database 43 to, 
for example, a permanent storage arrangement (not shown) 
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Such as a disk Storage device. Following the paging State 60, 
or following the done state 59 if the job is not sequenced to 
the paging State, a garbage collector maintained by the job 
manager 41 can delete the job description from the Scene 
database 43 in the manner described above, at which point 
the job manager 41 Sequences the job to a flushed State 61. 
If the job manager 41 Subsequently receives a job execution 
request requesting Subsequent execution of the job, the job 
manager 41 can return the job to the pending State, at which 
point the operations described above can be repeated. 

0110. The invention provides a number of advantages. In 
particular, the invention provides a Server for use in con 
nection with one or more clients that can render images of 
Scenes for delivery to respective clients. The Server can 
render images of the same Scene for a plurality of the clients, 
and can allow the clients to request customizations of the 
Scene and control those clients for which the customizations 
will be visible in images rendered therefor. In particular, the 
Server can Selectively allow customizations requested by one 
client to be made in a Scene for which images are rendered 
for, for example, only that client, for a Selected group of 
contemporaneously-connected clients, or for all contempo 
raneously-connected clients for which images are to be 
rendered of the Scene. 

0111. By rendering the images itself, instead of providing 
three-dimensional Scene information to the respective cli 
ents, the Server ensures that confidential three-dimensional 
Scene information concerning objects in a Scene is not 
provided to the respective clients. 
0112 In addition, by allowing images of customized 
Scene to be provided, not only to the client that requested the 
customization, but also to all or a Selected Subset of the other 
clients that are engaged in a Session involving the same 
Scene, the Server also manages cooperative or competitive 
efforts by a plurality of users using respective ones of the 
client, allowing, for example, a plurality of users in diverse 
locations using respective client devices to cooperatively 
design a product, a plurality of users in diverse locations to 
play games, and other efforts as will be apparent to those 
skilled in the art. 

0113. In addition, since rendering is performed by the 
Server, and not by the clients, the arrangement allows clients 
to be used that have relatively limited Storage and processing 
capacities, Such as Web pads, personal data assistants 
(PDA's), cellular telephones and the like, and still allow for 
arbitrarily complex manipulation of three-dimensional Scene 
data. 

0114. It will be appreciated that numerous changes and 
modifications may be made to the arrangement as described 
herein. For example, although the Server has been described 
as rendering images in response to image retrieval requests 
issued by respective clients, it will be appreciated that the 
Server can render images in response to other events. For 
example, the Server can transmit an updated image to one 
client in response to an event initiated by another client. This 
can be useful if, for example, users of the respective clients 
are engaged in a collaborative design effort, playing a game, 
or the like. In addition, the Server can Stream updated images 
to one or more clients if the images are to represent, for 
example, Video, using any convenient image transfer or 
Streaming Video transfer protocol. Furthermore, although the 
Server has been described as providing images rendered in 
response to requests issued by browsers in connection with 
links associated with Web pages, it will be appreciated that 
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the image may be rendered and provided in response to 
requests issued by other types of programs executed by the 
client devices, in connection with other types of request 
initiation mechanisms, which need not be associated with a 
Web page. 
0115. It will be appreciated that tools through which a 
user may request customizations to a Scene may be imple 
mented using any type of program. If customizations are 
requested through Web pages, as described above, the tools 
may be efficiently implemented by means of, for example, 
applets provided with the Web pages, which applets may be 
in, for example, the well-known Java programming lan 
guage. 

0116. It will further be appreciated that a server may be 
implemented on a Single processing platform, or on multiple 
processing platforms. The Scene database 43, for example, 
may be implemented as a virtual shared database that is 
distributed acroSS a plurality of processing platforms, and 
various components of the Server may also be distributed 
acroSS the various processing platforms. 
0117. In addition, although specific arrangements have 
been described by which the job manager 41 determines 
which jobs are to be executed, determines job cost values 
and deletes Scene data elements from the Scene database 43, 
it will be appreciated that other arrangements can be used. 
Furthermore, it will be appreciated that, although a specific 
State machine has been described by which the job manager 
controls execution of a job (reference FIG. 3), it will be 
appreciated that other state machines, and arrangements 
other than State machines, may be used instead. 
0118. It will be appreciated that a system in accordance 
with the invention can be constructed in whole or in part 
from Special purpose hardware or a general purpose com 
puter System, or any combination thereof, any portion of 
which may be controlled by a Suitable program. Any pro 
gram may in whole or in part comprise part of or be Stored 
on the System in a conventional manner, or it may in whole 
or in part be provided in to the System over a network or 
other mechanism for transferring information in a conven 
tional manner. In addition, it will be appreciated that the 
System may be operated and/or otherwise controlled by 
means of information provided by a user using user input 
elements (not shown) which may be connected directly to 
the system or which may transfer the information to the 
System over a network or other mechanism for transferring 
information in a conventional manner. 

0119) The foregoing description has been limited to a 
Specific embodiment of this invention. It will be apparent, 
however, that various variations and customizations may be 
made to the invention, with the attainment of Some or all of 
the advantages of the invention. It is the object of the 
appended claims to cover these and Such other variations 
and customizations as come within the true Spirit and Scope 
of the invention. 

What is claimed as new and desired to be secured by Letters 
Patent of the United States is: 

1. A Server for use in connection with a network including 
at least one client and a communication link interconnecting 
the client and Server, the Server comprising: 

A. an image rendering module configured to render, from 
three-dimensional Scene data representing a Scene, a 
two-dimensional image, and 
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B. an interface configured to transmit the two-dimen 
Sional image over the communication link to the client. 

2. A Server as defined in claim 1 further comprising a user 
interaction control module configured to control interactions 
with Said at least one client in connection with rendering of 
the image from the Scene data. 

3. A Server as defined in claim 2 in which the image 
rendering module is configured to render images from Scene 
data representing a plurality of Scenes, the user interaction 
control module being configured to Select Scenes for which 
images are to be rendered. 

4. A server as defined in claim 3 in which the user 
interaction control module is configured to Select Scenes for 
which images are to be rendered in response to requests 
therefor. 

5. A Server as defined in claim 4 in which the requests are 
received from the at least one client. 

6. A Server as defined in claim 4 in which a request can 
contain Scene customization information requesting at least 
one customization to the Scene, the user interaction control 
module being configured to enable the image rendering 
module to render an image of the Scene as customized in 
relation to the customization information. 

7. A server as defined in claim 6 in which the at least one 
customization to the Scene can be represented in images 
rendered for Selected ones of clients, the user interaction 
control module being configured to enable the image ren 
dering module to control ones of the clients for whom 
images are rendered depicting the customization. 

8. A server as defined in claim 2 in which the user 
interaction control module includes: 

A. an operator graph generation module configured to 
generate, when the Server is to render Said image, an 
operator comprising at least one operator, Said at least 
one operator being configured to enable Said image 
rendering module to perform at least one operation in 
connection with rendering of the image, and 

B. an event manager configured to control execution of 
Said at least one operator in response to the occurrence 
of at least one event. 

9. A server as defined in claim 8 in which the operator 
graph generation module comprises: 

A. a user manager module configured to Select operators 
of Selected operator types for use in the operator graph, 
and 

B. a connection manager module configured to connect 
the Selected operators into the operator graph. 

10. A server as defined in claim 9 in which scenes for 
which images are to be rendered are Selected in response to 
requests therefor, and in which a request can include Scene 
customization information requesting at least one customi 
Zation to the Scene, the user manager module being config 
ured to Select operators for use in the operator graph in 
response to the image requested by and Scene customization 
information contained in a request. 

11. A server as defined in claim 8 in which the image 
rendering module comprises: 

A. a Scene database configured to Store Scene data repre 
Senting at least a portion of the Scene for which an 
image is to be rendered 
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B. a customization module configured to customize the 
Scene data contained in the Scene database; 

C. a rendering engine module configured to utilize the 
Scene data in the Scene database in connection with 
rendering at least a portion of an image; and 

D. a job manager module configured to control the 
customization module and the rendering module in 
connection with execution of Said at least one operator 
in the operator graph. 

12. A Server as defined in claim 11 in which, in response 
to execution of Said at least one operator, the job manager 
module is configured to establish at least one job, the at least 
one job being executable by at least one of Said customiza 
tion module or the rendering engine module. 

13. A Server as defined in claim 12 in which, in response 
to execution of Said at least one operator, the job manager 
module is configured to establish a plurality of jobs in a job 
dependency graph, each job being executable by at least one 
of Said customization module or the rendering engine mod 
ule, and Select ones of the jobs in the graph for execution. 

14. A server as defined in claim 13 in which the job 
manager module is configured to Select ones of the jobS for 
execution in relation to respective job cost values associated 
with the respective jobs. 

15. A server as defined in claim 14 in which the job 
manager module is configured to assign respective job cost 
values in relation to an estimate of Server resources used 
during execution of the associated jobs. 

16. A computer program product for use in connection 
with a computer to form a Server for use in a network, the 
network including at least one client and a communication 
link interconnecting the client and Server, the computer 
program product comprising a computer-readable medium 
having encoded thereon: 

A. an image rendering module configured to enable the 
computer to render, from three-dimensional Scene data 
representing a Scene, a two-dimensional image; and 

B. an interface module configured to enable the computer 
to transmit the two-dimensional image over the com 
munication link to the client. 

17. A computer program product as defined in claim 16 
further comprising a user interaction control module con 
figured to enable the computer to control interactions with 
Said at least one client in connection with rendering of the 
image from the Scene data. 

18. A computer program product as defined in claim 17 in 
which the image rendering module is configured to enable 
the computer to render images from Scene data representing 
a plurality of Scenes, the user interaction control module 
being configured to enable the computer to Select Scenes for 
which images are to be rendered. 

19. A computer program product as defined in claim 18 in 
which the user interaction control module is configured to 
enable the computer to Select Scenes for which images are to 
be rendered in response to requests therefor. 

20. A computer program product as defined in claim 19 in 
which the requests are received from the at least one client. 

21. A computer program product as defined in claim 19 in 
which a request can contain Scene customization informa 
tion requesting at least one customization to the Scene, the 
user interaction control module being configured to enable 
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the computer to enable the image rendering module to 
render an image of the Scene as customized in relation to the 
customization information. 

22. A computer program product as defined in claim 21 in 
which the at least one customization to the Scene can be 
represented in images rendered for Selected ones of clients, 
the user interaction control module being configured to 
enable the computer to enable the image rendering module 
to control ones of the clients for whom images are rendered 
depicting the customization. 

23. A computer program product as defined in claim 17 in 
which the user interaction control module includes: 

A. an operator graph generation module configured to 
enable the computer to generate, when the Server is to 
render Said image, an operator comprising at least one 
operator, Said at least one operator being configured to 
enable the computer to enable Said image rendering 
module to perform at least one operation in connection 
with rendering of the image; and 

B. an event manager configured to enable the computer to 
control eXecution of Said at least one operator in 
response to the occurrence of at least one event. 

24. A computer program product as defined in claim 23 in 
which the operator graph generation module comprises: 

A. a user manager module configured to enable the 
computer to Select operators of Selected operator types 
for use in the operator graph, and 

B. a connection manager module configured to enable the 
computer to connect the Selected operators into the 
operator graph. 

25. A computer program product as defined in claim 24 in 
which Scenes for which images are to be rendered are 
Selected in response to requests therefor, and in which a 
request can include Scene customization information 
requesting at least one customization to the Scene, the user 
manager module being configured to enable the computer to 
Select operators for use in the operator graph in response to 
the image requested by and Scene customization information 
contained in a request. 

26. A computer program product as defined in claim 23 in 
which the image rendering module comprises: 

A. a Scene database configured to enable the computer to 
Store Scene data representing at least a portion of the 
Scene for which an image is to be rendered 

B. a customization module configured to enable the 
computer to customize the Scene data contained in the 
Scene database; 

C. a rendering engine module configured to enable the 
computer to utilize the Scene data in the Scene database 
in connection with rendering at least a portion of an 
image; and 

D. a job manager module configured to enable the com 
puter to control the customization module and the 
rendering module in connection with execution of Said 
at least one operator in the operator graph. 

27. A computer program product as defined in claim 26 in 
which, in response to execution of Said at least one operator, 
the job manager module is configured to enable the com 
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puter to establish at least one job, the at least one job being 
executable by at least one of Said customization module or 
the rendering engine module. 

28. A computer program product as defined in claim 27 in 
which, in response to execution of Said at least one operator, 
the job manager module is configured to enable the com 
puter to establish a plurality of jobs in a job dependency 
graph, each job being executable by at least one of Said 
customization module or the rendering engine module, and 
Select ones of the jobs in the graph for execution. 
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29. A computer program product as defined in claim 28 in 
which the job manager module is configured to enable the 
computer to Select ones of the jobs for execution in relation 
to respective job cost values associated with the respective 
jobs. 

30. A computer program product as defined in claim 29 in 
which the job manager module is configured to enable the 
computer to assign respective job cost values in relation to 
an estimate of Server resources used during execution of the 
asSociated jobs. 


