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Methods and systems for detecting a dirty region Within a 
frame encompassing three dimensional graphics and three 
dimensional graphics primitives. The methods and systems 
include executing an application on a local computing 
machine, the application generating three dimensional graph 
ics, and issuing at least one function call. An agent also 
executes on the local computing machine to intercept the 
issued function call; identify, in response to intercepting the 
function call, at least one location Within a frame that contains 
three dimensional graphics commands generated by the 
application, Where the identi?ed location corresponding to a 
draWing region; determine a change in a portion of the three 
dimensional graphics commands associated With the identi 
?ed location; and extract the changed portion. The agent may 
also identify a plurality of locations and a plurality of changed 
three dimensional graphics commands at those locations. 
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METHODS AND SYSTEMS FOR DETECTING 
A DIRTY REGION WITHIN A FRAME 

ENCOMPASSING THREE DIMENSIONAL 
GRAPHICS 

[0001] This US. patent application claims priority to US. 
Provisional Patent Application Ser. No. 61/023,867, ?led on 
Jan. 27, 2008; and claims priority to US. Provisional Patent 
Application Ser. No. 61/108,538, ?led on Oct. 26, 2008. The 
disclosures of these prior applications are considered part of 
the disclosure of this application and are incorporated herein 
by reference in each of their entirety. 

FIELD OF THE INVENTION 

[0002] This invention relates generally to remotely provid 
ing graphics. More speci?cally, this invention relates to 
remotely providing three-dimensional graphics. 

BACKGROUND OF THE INVENTION 

[0003] Remote delivery systems that remotely provide 
applications or desktops having enhanced graphics require 
ments such as those applications and desktops that employ 
three-dimensional graphics; can experience end-user-experi 
ence degradation due to said enhanced graphics require 
ments. For example, When delivering a desktop or application 
that uses three-dimensional graphics to an end-user of Cit 
rix’s XenApp, XenDesktop or XenServer, the end-user may 
be provided With an end-user experience of lesser quality. 
Mitigating this quality degradation caused by the three-di 
mensional graphics can in some embodiments be accom 

plished by altering the Way in Which desktops and applica 
tions are remotely provided to end-users. 

[0004] There currently exists various different methods and 
systems for remotely providing tWo-dimensional graphics. 
For example, such methods and systems typically accomplish 
the remote presentation of tWo dimensional graphics by: ren 
dering graphics on one computing machine and transmitting 
the rendered graphical content to another computing 
machine; determining When rendered graphics are stored on a 
remote computing machine, rendering only those graphics 
not stored on the remote computing machine and transmitting 
the neWly rendered graphics to the remote computing 
machine. The methods and systems for remotely providing 
tWo-dimensional graphics that currently exist, do not take 
into consideration the enhanced graphics requirements of 
three-dimensional graphics. Such enhanced graphics require 
ments can include the increased computing resources needed 
to both render and transmit three-dimensional graphics, the 
complexity of rendering a tWo-dimensional representation of 
a three-dimensional image, and other such requirements. 

[0005] What is needed are methods and systems for 
remotely providing three-dimensional graphics and other 
such graphics that have enhanced graphics requirements 
beyond those needed to render tWo-dimensional graphics. 
These methods and systems Would additionally reduce the 
quality degradation caused by remotely providing three-di 
mensional graphics because these methods and systems 
Would provide the additional graphics requirements needed 
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to successfully remote three-dimensional graphics Without 
degrading the quality of the remotely provided application or 
desktop. 

SUMMARY OF THE INVENTION 

[0006] In its broadest interpretation, this disclosure 
describes methods and systems for remoting three-dimen 
sional graphics. Remoting tWo dimensional graphics often 
does not take into consideration the enhanced graphics 
requirements needed by three-dimensional images and there 
fore may not adequately remote three-dimensional graphics. 
The present disclosure describes methods and systems for 
remoting three-dimensional graphics that interface With 
three-dimensional graphics technologies such that they e?i 
ciently handle the multiple graphics components associated 
With the three-dimensional graphics, that Were not associated 
With tWo dimensional graphics. 
[0007] In one aspect, a method for remoting three-dimen 
sional graphics includes intercepting, by an agent, a plurality 
of graphics commands generated by a three-dimensional 
application executing on a local computing machine. The 
method includes encoding, by the agent, a ?rst portion of the 
plurality of graphics commands With a ?rst codec. The 
method includes encoding, by the agent, a second portion of 
the plurality of graphics commands With a second codec. The 
method includes creating, by the agent, a frame comprising 
the ?rst portion and the second portion of the plurality of 
graphics commands. The method includes compressing the 
frame by the agent. The method includes transmitting, by the 
agent, the frame to a remote computing machine. 
[0008] In one embodiment, the method includes encoding a 
?rst portion of the plurality of graphics commands compris 
ing one of vertex graphics commands, index graphics com 
mands, and texture graphics commands. In another embodi 
ment, the method includes encoding a second portion of the 
plurality of graphics commands comprising one of vertex 
graphics commands, index graphics commands, and texture 
graphics commands. In still another embodiment, the method 
includes encoding a second portion of the plurality of graph 
ics commands different from the ?rst portion of the plurality 
of graphics commands. In yet another embodiment, the 
method includes encoding a second portion of the plurality of 
graphics commands substantially similar to the ?rst portion 
of the plurality of graphics commands. 
[0009] In one embodiment, the method includes intercept 
ing the graphics commands before they are transmitted to a 
three-dimensional graphics driver. In another embodiment, 
the method includes redirecting the graphics commands to a 
proxy three-dimensional graphics driver. In still another 
embodiment, the method includes creating a frame further 
comprises creating a frame comprising graphics primitives. 
In still even another embodiment, the method includes creat 
ing a frame further comprises creating a frame comprising 
DirectX graphics primitives. In still even another embodi 
ment, the method includes creating a frame further comprises 
creating a frame comprising OpenGL graphics primitives. In 
still another embodiment, the method includes creating a 
frame further comprises creating a frame comprising 
Direct3D graphics primitives. 
[0010] In another aspect, a system for remoting three-di 
mensional graphics includes a local computing machine, a 
remote computing machine, and an agent executing on the 
local computing machine. The local computing machine 
executes a three-dimensional application that generates a plu 
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rality graphics commands. The remote computing machine is 
in communication With the local computing machine via a 
remote presentation protocol. The agent intercepts the plural 
ity of graphics commands. The agent encodes a ?rst portion of 
the plurality of graphics commands With a ?rst codec. The 
agent encodes a second portion of the plurality of graphics 
commands With a second codec. The agent creates a frame 
comprising the ?rst portion and the second portion of the 
plurality of graphics commands. The agent compresses the 
frame. The agent transmits the frame to the remote computing 
machine. 

[001 1] Taken another Way in its broadest interpretation, this 
disclosure describes methods and systems for rendering 
three-dimensional graphical data. Graphics command remot 
ing of three-dimensional graphics can be taxing on a local 
computing device’s central processing unit and on netWork 
resources. Similarly, bitmap remoting of three-dimensional 
graphics can also be taxing on a local computing device’s 
central processing unit and on netWork resources. The present 
disclosure describes methods and systems for rendering 
three-dimensional applications either locally or remotely on a 
transactional or application basis. The hybrid rendering 
scheme carried out by the present disclosure can alleviate the 
stress placed on a system by command and bitmap remoting 
by spreading out the rendering requests over a local and 
remote computing machine. 
[0012] In one aspect, a method for rendering three-dimen 
sional graphical data includes intercepting a three-dimen 
sional graphics stream comprising three-dimensional graph 
ics commands generated by an application executing on a ?rst 
computing machine. The method includes analyZing charac 
teristics of a remoting system to determine a location for 
rendering three-dimensional data from the three-dimensional 
graphics commands, the remoting system comprising at least 
the ?rst computing machine having a graphics rendering 
component, a second computing machine having a graphics 
rendering component and a netWork. The method includes 
determining a rendering location based on the remoting sys 
tem analysis. The method includes inducing the application to 
reinitialiZe a context for determining Where to render three 
dimensional data. The method includes rendering three-di 
mensional data from the three-dimensional graphics com 
mands at the rendering location, responsive to the 
inducement. 

[0013] In one embodiment, the method includes inducing a 
reinitialiZation of the context by reporting a device state, 
associated With a device, to the application. In another 
embodiment, the method includes reporting a device state 
indicating that the device is removed. In still another embodi 
ment, the method includes analyZing characteristics associ 
ated With any of an available bandWidth on the netWork, a load 
placed on the ?rst computing machine graphics rendering 
component, a load placed on the second computing machine 
graphics rendering component, the application, and the three 
dimensional graphics commands. In still even another 
embodiment, the method includes analyZing characteristics 
associated With any of an available bandWidth on the netWork, 
a load placed on the ?rst computing machine graphics ren 
dering component, a load placed on the second computing 
machine graphics rendering component, the application, and 
the three-dimensional graphics commands. In yet another 
embodiment the method includes analyZing characteristics 
associated With any of an available bandWidth on the netWork, 
a load placed on the ?rst computing machine graphics ren 
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dering component, a load placed on the second computing 
machine graphics rendering component, the application, and 
the three-dimensional graphics commands. 
[0014] In one embodiment, the method includes intercept 
ing a three-dimensional graphics stream comprising three 
dimensional graphics commands and rendered graphics. In 
another embodiment, the method includes determining the 
rendering location for rendering the three-dimensional data is 
the ?rst computing machine. In still another embodiment, the 
method includes inducing the application to reinitialiZe the 
context to specify the ?rst computing machine as the render 
ing location; rendering, on the ?rst computing machine, the 
three-dimensional data; and transmitting to the second com 
puting machine the rendered three-dimensional data. In yet 
another embodiment, the method includes determining the 
rendering location for rendering the three-dimensional data is 
the second computing machine. 
[0015] In one embodiment, the method includes inducing 
the application to reinitialiZe the context to specify the second 
computing machine as the rendering location; transmitting 
the three-dimensional graphics stream to the second comput 
ing machine; and rendering, on the second computing 
machine, the three-dimensional data. In another embodiment, 
the method includes determining to render a ?rst portion of 
the three-dimensional data on the ?rst computing machine; 
inducing the application to reinitialiZe the context to specify 
the ?rst computing machine as the rendering location for the 
?rst portion of the three-dimensional data; rendering the ?rst 
portion of three-dimensional data on the ?rst computing 
machine; and storing, on the ?rst computing machine, the 
rendered ?rst portion of three-dimensional data as shared 
resources. In still another embodiment, the method includes 
intercepting the three-dimensional graphics stream compris 
ing three-dimensional graphics commands and the shared 
resources; determining to render the three-dimensional data 
on the second computing machine; inducing the application 
to reinitialiZe the context to specify the second computing 
machine as the rendering location; transmitting the three 
dimensional graphics stream to the second computing 
machine; and rendering, on the second computing machine, 
the three-dimensional data from the three-dimensional graph 
ics commands. 
[0016] In another aspect, a system for rendering three-di 
mensional graphical data includes a ?rst computing machine, 
a second computing machine, a remoting system, and a ren 
dering agent. The ?rst computing machine executes an appli 
cation that generates three-dimensional graphics commands. 
The ?rst computing machine has a graphics rendering com 
ponent. The second computing machine, in communication 
With the ?rst computing machine via a netWork, has a graph 
ics rendering component. The remoting system includes the 
?rst computing machine, the second computing machine and 
the netWork. The rendering agent executes on the ?rst com 
puting machine and intercepts a three-dimensional graphics 
stream comprising the three-dimensional graphics com 
mands. The rendering agent analyZes characteristics of the 
remoting system to determine a location for rendering three 
dimensional data from the three-dimensional graphics com 
mands. The rendering agent determines a rendering location 
based on the remoting system analysis. The rendering agent 
induces the application to reinitialiZe a context for determin 
ing Where to render three-dimensional data. 

[0017] In one embodiment, the rendering agent includes 
means for inducing the reinitialiZation of the context by 
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reporting a device state, associated With a device, to the appli 
cation. In another embodiment, the rendering agent includes 
means for reporting a device state that indicates the device is 
removed. 
[0018] In another broad interpretation, this disclosure 
describes methods and systems for computing a hash from a 
three-dimensional data set loaded into a three-dimensional 
resource Where the three-dimensional data set has a variable 
siZe. In most applications little thought is given as to Whether 
graphical processing unit resources are conservatively used 
by applications. For example, many applications load 
resources directly into a driver during the production of each 
frame. Many of these frames are synthetically generated by a 
looping graphics engine in the application, therefore there can 
be quite a bit of redundancy With regard to the graphics 
content of co-joining frames or frames that are only a feW 
frames apart. The present disclosure describes methods and 
systems for mitigating such redundancy by advantageously 
using the transactional nature of loading resources into a 
three-dimensional resource to compute a hash on data gener 
ated during the transaction. By caching based on a data set 
created during a transaction, rather than a byte stream, rep 
etitious data resulting from repetitious transactions can be 
throWn out prior to compression. What results is a e?icient 
compression of the three-dimensional data loaded into the 
resource free of repetitions. 
[0019] In one aspect, described is a method for computing 
a hash from a three-dimensional data set loaded into a three 
dimensional resource, the three-dimensional data set having a 
variable siZe. A determination is ?rst made as to Whether an 
application, executing in a distributed computing environ 
ment, locked a three-dimensional resource. An identi?cation 
is then made of a ?rst three-dimensional data set loaded into 
the three-dimensional resource by the application, the ?rst 
three-dimensional data set having a siZe determined in part by 
a transaction carried out by the application. The method fur 
ther comprises detecting the application performed an opera 
tion on the three-dimensional resource, computing a ?rst hash 
on the loaded ?rst set of three-dimensional data, the ?rst hash 
computed using a hash function, and storing the ?rst hash in 
a repository. 
[0020] In one embodiment, the method further comprises 
eliminating a portion of the ?rst three-dimensional data set 
responsive to detecting the application performed an opera 
tion, the portion of the three-dimensional data set resulting 
from a repetitious transaction. 

[0021] Other embodiments include determining the appli 
cation locked a three-dimensional resource used by the appli 
cation. While still other embodiments include computing the 
has function using an adler-32 hash function. 

[0022] In one embodiment, the three-dimensional resource 
is one of either of a vertex, index, shade, texture, and surface. 
Other embodiments include identifying the ?rst three-dimen 
sional data set further comprises identifying a ?rst three 
dimensional data set having a siZe determined in part by a 
transaction carried out by the application, the transaction 
comprising at least copying three-dimensional data into the 
three-dimensional resource. In such an embodiment, the 
transaction further comprises an end event comprising at least 
unlocking the three-dimensional resource. Still other 
embodiments include identifying the second three-dimen 
sional data set further comprises identifying a second three 
dimensional data set having a siZe determined in part by a 
transaction carried out by the application, the transaction 
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comprising at least copying three-dimensional data into the 
three-dimensional resource. In such embodiments, the trans 
action further comprises an end event comprising at least 
unlocking the three-dimensional resource. 
[0023] In still another embodiment, the ?rst three-dimen 
sional data set has a siZe determined in part by a transaction 
carried out by the application, the siZe representative inpart of 
a period of time spanning from a start event to an end event. 
The start event, in one embodiment, further comprises lock 
ing the three-dimensional resource. The end event, in one 
embodiment, further comprises unlocking the three-dimen 
sional resource. 

[0024] In one embodiment, the ?rst hash is a cache. 
[0025] Still other embodiments include a method further 
comprising identifying a second three-dimensional data set 
loaded into the three-dimensional resource by the applica 
tion, the second three-dimensional data set having a siZe 
different from the siZe of the ?rst three-dimensional data set. 
The method also includes detecting the application per 
formed an operation on the three-dimensional resource, com 
puting a second hash on the loaded second set of three 
dimensional data, the second hash computed using the hash 
function, and storing the second hash in a repository. In 
another embodiment, the second hash is a cache. Still another 
embodiment includes a method further comprising identify 
ing the second three-dimensional data set further comprises 
identifying a second three-dimensional data set having a siZe 
determined in part by a transaction carried out by the appli 
cation, the siZe representative in part of a period of time 
spanning from a start event to an end event. The start event 
can, in some embodiments, comprise locking the three-di 
mensional resource, While the end event can, in some embodi 
ments, comprise unlocking the three-dimensional resource. 
[0026] In yet another broad interpretation, this disclosure 
describes methods and systems for detecting dirty regions 
Within a frame encompassing three-dimensional graphics and 
three-dimensional graphics primitives. A particular three-di 
mensional graphic is, in many cases, transmitted from a local 
computing machine to a remote computing machine once the 
bitmap rendered and saved to a back buffer is displayed by 
?ipping the contents of the back buffer so that a front buffer 
can access the rendered image and display it on the screen. To 
remotely provide a three-dimensional graphic, one Would 
Wait until the rendered three-dimensional graphic is dis 
played on the screen and then transmit the neW bitmap to the 
remote computing machine. This can be a resource intensive 
process that requires a lot of bandWidth. The present disclo 
sure describes methods and systems that can revieW the ren 
dered three-dimensional graphics before they are ?ipped to 
the front buffer for display on the screen. RevieWing the 
rendered image before it is ?ipped to the front buffer alloWs 
for a determination to be made as to What sections of the 
bitmap Were changed. This further alloWs for the extraction of 
changed or dirty regions such that only those regions are 
transmitted to the remote computing machine. Transmitting 
only sections of the rendered three-dimensional graphic 
reduces the amount of bandWidth needed to transmit the 
graphic over a netWork. 

[0027] In one aspect, described is an embodiment of a 
method for detecting a dirty region Within a frame encom 
passing three-dimensional graphics and three-dimensional 
graphics primitives. An agent executing on a local computing 
machine, intercepts a function call issued by an application 
generating three-dimensional graphics. The agent further 
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identi?es, responsive to intercepting the function call, at least 
one location Within a frame containing three-dimensional 
graphics commands generated by the application, the loca 
tion corresponding to a draWing region. The agent further 
determines at least a portion of the three-dimensional graph 
ics commands, associated With the at least one location Within 
the frame, changed. Further the agent extracts the changed 
portion of the three-dimensional graphics commands. 
[0028] In one embodiment, the function call comprises a 
call to set a draWing region, Where a draWing region can in 
some embodiments be a draWing region on a display device. 
[0029] Other embodiments include a method Where the 
three-dimensional graphical data is rendered to a buffer. The 
function call, in some embodiments, can include a call to 
display contents of the buffer. 
[0030] In another embodiment, the frame comprises a 
three-dimensional graphics library, While in other embodi 
ments the at least one location further comprises identifying 
at least one vieWpor‘t. 
[0031] Some embodiments include an agent that further 
identi?es a plurality of locations Within a frame, each location 
containing three-dimensional graphics commands generated 
by the application, the locations corresponding to a draWing 
regions. After identifying the plurality of locations, the agent 
determines portions of the three-dimensional graphics com 
mands, associated With the plurality of locations Within the 
frame, changed. The agent further extracts the changed por 
tions of the three-dimensional graphics commands from the 
plurality of draWing region, and transmits the changed por 
tions to a remote computing machine communicating With 
the local computing machine. 
[0032] In yet another embodiment the method further com 
prises transmitting the changed portion to a remote comput 
ing machine communicating With the local computing 
machine. 
[0033] Other aspects describe a system for detecting a dirty 
region Within a frame encompassing three-dimensional 
graphics and three-dimensional graphics primitives that 
includes a local computing machine executing an application 
generating three-dimensional graphics, and issuing at least 
one function call. The system further comprises an agent 
executing on the local computing machine to: intercept the 
issued at least one function call; identify, responsive to inter 
cepting the function call, at least one location Within a frame 
containing three-dimensional graphics commands generated 
by the application, the location corresponding to a draWing 
region; determine at least a portion of the three-dimensional 
graphics commands, associated With the at least one location 
Within the frame, changed; and extract the changed portion of 
the three-dimensional graphics commands. 
[0034] Sill other aspects describe a computer readable 
medium having instructions executable by a processor to 
detect a dirty region Within a frame encompassing three 
dimensional graphics and three-dimensional graphics primi 
tives. The computer readable medium further comprising 
instructions to intercept, via an agent executing on a local 
computing machine, a function call issued by an application 
generating three-dimensional graphics. Also included are 
instructions to identify, by the agent and responsive to inter 
cepting the function call, at least one location Within a frame 
containing three-dimensional graphics commands generated 
by the application, the location corresponding to a draWing 
region. The computer readable medium further includes 
instructions to determine at least a portion of the three-dimen 
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sional graphics commands, associated With the at least one 
location Within the frame, changed; and instructions to extract 
the changed portion of the three-dimensional graphics com 
mands. 
[0035] In still yet another broad interpretation, this disclo 
sure describes methods and systems for improving resource 
utiliZation When remoting three-dimensional graphics com 
mands generated by an application executing on a local com 
puting machine. In some cases, remoting a tWo dimensional 
or three-dimensional application requires the rendering of all 
frames as received from the application and at a standard 
speed, then transmitting the rendered frames to a remote 
computing machine. Systems and methods that utiliZe this 
process may ?nd that the netWork installed betWeen the 
remote computing machine and local computing machine is 
insuf?cient to transmit data at the same speed as the speed at 
Which the data is rendered. The present disclosure describes 
methods and systems that can prevent the rendering of three 
dimensional graphics until the previous frame is received by 
the remote computing device. Thus, the local computing 
device only renders frames once previous frames have been 
received by the remote computing device. 
[0036] In one aspect, described herein is an embodiment of 
a method for improving resource utiliZation When remoting 
three-dimensional graphics commands generated by an appli 
cation executing on a local computing machine. This method 
can include intercepting, by an agent executing on a local 
computing machine, a ?rst call to a draWing library, the ?rst 
call generated by an application requesting information from 
the draWing library. The agent then transmits the ?rst frame, 
generated by the application, to a remote computing machine, 
and further prevents, upon failing to receive a noti?cation 
indicating the ?rst frame Was rendered, a return of the ?rst call 
to the requesting application. Once the agent receives a noti 
?cation generated by the remote computing machine and 
indicating the ?rst frame Was rendered, the agent permits the 
return of the ?rst call to the requesting application. 
[0037] In one embodiment, the ?rst call is a present call 
requesting to exchange a currently displayed image With an 
image rendered from the ?rst frame. Still other embodiments 
include preventing the return of the ?rst call for a predeter 
mined period of time. The ?rst frame, in some embodiments, 
comprises three-dimensional graphics commands generated 
by the application. 
[0038] Other embodiments include a draWing library that is 
a DirectX library, While other embodiments include a draW 
ing library that is an OpenGL library. 
[0039] Some embodiments include receiving a noti?cation 
that a noti?cation that no further data can be transmitted over 
a netWork used by the local computing machine to commu 
nicate With the remote computing machine, and determining 
based on that information that the netWork is busy. 
[0040] Other embodiments include a method further com 
prising transmitting, by the agent, a second frame generated 
by the application. The agent receives a noti?cation indicat 
ing the second frame Was rendered, and intercepts a second 
call generated by the application requesting information from 
the draWing library. The agent then identi?es an indicator that 
the second frame Was rendered, and permits the second call to 
return to the requesting application. 
[0041] In other aspects, a system for improving resource 
utiliZation When remoting three-dimensional graphics com 
mands generated by an application executing on a local com 
puting machine. The system includes a local computing 
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machine that executes an application Which generates a ?rst 
frame, and generates a ?rst call to a drawing library to request 
information from the draWing library. Also included in an 
agent executing on the local computing machine to do the 
folloWing: intercept the ?rst call to the draWing library; trans 
mit the ?rst frame to a remote computing machine; prevent, 
upon failing to receive noti?cation indicating the ?rst frame 
Was rendered, a return of the ?rst call to the requesting appli 
cation; receive a noti?cation, generated by the remote com 
puting machine, indicating that the ?rst frame Was rendered; 
and permit the return of the ?rst call to the requesting appli 
cation. 

[0042] Still other aspects include a computer readable 
medium having instructions executable by a processor to 
improve resource utiliZation When remoting three-dimen 
sional graphics commands generated by an application 
executing on a local computing machine. The computer read 
able medium includes instructions to intercept, by an agent 
executing on a local computing machine, a ?rst call to a 
draWing library, the ?rst call generated by an application 
requesting information from the draWing library, and instruc 
tions to transmit, by the agent, a ?rst frame, generated by the 
application, to a remote computing machine. Also included 
are instructions to prevent, upon failing to receive a noti?ca 
tion indicating the ?rst frame Was rendered, a return of the 
?rst call to the requesting application; instructions to receive, 
by the agent, a noti?cation, generated by the remote comput 
ing machine, indicating the ?rst frame Was rendered; and 
instructions to permit, by the agent, the return of the ?rst call 
to the requesting application. 

DETAILED DESCRIPTION OF THE DRAWINGS 

[0043] The folloWing ?gures depict certain illustrative 
embodiments of methods and systems for either remotely 
providing three-dimensional graphics, methods and systems 
for the hybrid rendering of such graphics, the use of hash 
based caching to compress three-dimensional graphics, the 
detection of dirty regions Within a three-dimensional draWing 
region, and improving resource utiliZation by delaying the 
rendering of three-dimensional data during remote presenta 
tion of three-dimensional graphics, Where like reference 
numerals refer to like elements. Each depicted embodiment is 
illustrative of the methods and systems and not limiting. 
[0044] FIG. 1A is a block diagram illustrative of an 
embodiment of a remote-access, networked environment 
With a client machine that communicates With a server. 

[0045] FIGS. 1B and 1C are block diagrams illustrative of 
an embodiment of computing machines for practicing the 
methods and systems described herein. 
[0046] FIG. 2 is a block diagram illustrative of an embodi 
ment of a system for remoting three-dimensional graphics. 
[0047] FIG. 3 is a block diagram illustrative of an embodi 
ment of a system for remoting three-dimensional graphics. 
[0048] FIG. 4 is a How diagram illustrative of an embodi 
ment of a method for remotely providing three-dimensional 
graphics. 
[0049] FIGS. 5A-5B are How diagrams illustrative of 
embodiments of methods for remotely providing three-di 
mensional graphics to a client machine. 

[0050] FIGS. 6A-6B are How diagrams illustrative of 
embodiments of methods for rendering three-dimensional 
graphical data. 
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[0051] FIG. 7 is a How diagram illustrative of an embodi 
ment of a method for computing a hash of three-dimensional 
graphical data. 
[0052] FIGS. 8A-8B are block diagrams of a screen dis 
playing an embodiment of a three-dimensional image and the 
vieWport set When that three-dimensional image is changed. 
[0053] FIG. 9 is a How diagram of an embodiment of a 
method for detecting dirty regions generated by an applica 
tion outputting three-dimensional graphics commands. 
[0054] FIG. 10 is a How diagram of an embodiment for 
improving resource utiliZation. 

DETAILED DESCRIPTION 

[0055] FIG. 1A illustrates one embodiment of a computing 
environment 101 that includes one or more client machines 

102A-102N in communication With servers 106A-106N, and 
a netWork 1 04 installed in betWeen the client machines 102A 
102N and the servers 106A-106N. In some embodiments, 
client machines 102A-10N may be referred to as a single 
client machine 102 or a single group of client machines 102, 
While servers may be referred to as a single server 106 or a 
single group of servers 106. One embodiment includes a 
single client machine 1 02 communicating With more than one 
server 106, another embodiment includes a single server 106 
communicating With more than one client machine 1 02, While 
another embodiment includes a single client machine 102 
communicating With a single server 106. 
[0056] A client machine 102 Within the computing envi 
ronment may in some embodiments, be referenced by any one 
of the folloWing terms: client machine(s) 102; client(s); client 
computer(s); client device(s); client computing device(s); cli 
ent node(s); endpoint(s); endpoint node(s); or a second 
machine. The server 106 in some embodiments may be ref 
erenced by any one of the folloWing terms: server(s), server 
farm(s), host computing device(s), or a ?rst machine(s). 
[0057] The client machine 102 can in some embodiments 
execute, operate or otherWise provide an application that can 
be any one of the folloWing: softWare; a program; executable 
instructions; a Web broWser; a Web-based client; a client 
server application; a thin-client computing client; anActiveX 
control; a Java applet; softWare related to voice over intemet 
protocol (VoIP) communications like a soft IP telephone; an 
application for streaming video and/or audio; an application 
for facilitating real-time-data communications; a HTTP cli 
ent; a FTP client; an Oscar client; a Telnet client; or any other 
type and/ or form of executable instructions capable of execut 
ing on client machine 102. Still other embodiments may 
include a computing environment 101 With an application 
that is any of either server-based or remote-based, and an 
application that is executed on the server 106 on behalf of the 
client machine 102. Further embodiments of the computing 
environment 101 include a server 106 con?gured to display 
output graphical data to a client machine 102 using a thin 
client or remote-display protocol, Where the protocol used 
can be any one of the folloWing protocols: the Independent 
Computing Architecture (ICA) protocol manufactured by 
Citrix Systems, Inc. of Ft. Lauderdale, Fla.; or the Remote 
Desktop Protocol (RDP) manufactured by the Microsoft Cor 
poration of Redmond, Wash. 
[0058] In one embodiment, the client machine 102 can be a 
virtual machine 102C such as those manufactured by XenSo 
lutions, Citrix Systems, IBM, VMWare, or any other virtual 
machine able to implement the methods and systems 
described herein. 






























