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mediary computing device may store graphics models in a
model store. A server computing device may generate and
send a compositing flow to the intermediary computing
device. The compositing flow may comprise model identifiers
and model rendering information. The intermediary comput-
ing device may retrieve models identified in the compositing
flow from the model store, and provide the identitied models
and model rendering information to a Graphics Processing
Unit (GPU) for rendering. The GPU may render graphics for
delivery via a network to a client device.
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INTERMEDIARY GRAPHICS RENDITION

BACKGROUND

[0001] Unless otherwise indicated herein, the materials described in this section are not
prior art to the claims in this application and are not admitted to be prior art by inclusion in this
section.

[0002] Graphics rendering typically involves generating images and/or video. For
example, video games generally involve real-time graphics rendering to generate video as a
video game is played. The generated video may reflect, for example, video game objects and
scenery as a player interacts with a video game environment, as well as player actions, actions of
multiple other players in a multi-player game, and/or other actions or events that may occur in
the video game environment. Real-time graphics rendering may also be performed in a wide
variety of other, non-video game applications.

[0003] A large amount of the video currently streamed over the Internet is not rendered
in real-time, or may have been recorded without any graphics rendering at all. For example,
many videos available from websites such as YOUTUBE®, news websites, social network
websites, and a great many other websites, as well as movies and television shows available from
services such as NETFLIX®, include pre-recorded or otherwise previously rendered videos that
may be streamed without real-time graphics rendering operations. Such videos may be streamed
to client devices directly from datacenters that host the websites or services themselves, such as
the datacenters hosting the YOUTUBE® website or the NETFLIX® service, or such videos may
be streamed to client devices from any of multiple distributed Content Delivery Network (CDN)
servers deployed in multiple data centers across the Internet. By storing video files at distributed
CDN servers, network loads and costs associated with data delivery can be reduced.

[0004] Meanwhile, video content that is rendered in real-time or near real-time prior to
streaming is currently limited to streaming from datacenters hosting the website or service that
interacts with the client. For example, a multiplayer video game application may render graphics
at a central datacenter, and may stream real-time rendered video content from the central
datacenter hosting the video game application to the various client devices operated by players of
the video game. Applications that conduct real-time graphics rendering for multiplayer games
are currently unable to leverage CDN servers for delivery of real-time rendered video. One result

is that real-time rendered video content may on average travel longer network distances than pre-
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recorded video content; real-time rendered video content may on average travel across more
expensive network infrastructure than pre-recorded video content; and real-time rendered video
content may on average travel across network infrastructure that is burdened with higher loads

than the network infrastructure carrying pre-recorded video content.

SUMMARY

[0005] The present disclosure generally describes technologies including devices,
methods, and computer readable media relating to intermediary graphics rendition. Some
example methods may comprise rendering graphics by an intermediary computing device.
Example methods may include storing one or more graphics models in a model store; receiving,
via a network, session information from a server computing device, the session information
identifying a client device; receiving, via the network, a compositing flow provided by the
server, wherein the compositing flow may comprise, e.g., model identifiers and model rendering
information, wherein the model rendering information comprises at least model position
information; retrieving models identified in the compositing flow from the model store; and
providing the identified models from the model store and the model rendering information to a
Graphics Processing Unit (GPU) for rendering, thereby causing the GPU to render graphics for
delivery via the network to the client device. The rendered graphics for delivery to the client
device may comprise the identified models from the model store positioned according to the
model rendering information in the compositing flow.

[0006] Some example methods may comprise providing a compositing flow to an
intermediary computing device by a server computing device, wherein the intermediary
computing device is adapted to provide rendered graphics according to the compositing flow.
Example methods may include receiving, via a network, application control instructions from a
client device; sending to the intermediary computing device, via the network, session
information identifying the client device; generating the compositing flow, wherein the
compositing flow may comprise model identifiers and model rendering information as a real-
time graphics application output resulting from processing, by the real-time graphics application,
an input comprising application control instructions from the client device, wherein the
compositing flow optionally does not include one or more models identified by the model
identifiers, and wherein the model rendering information comprises at least model position
information; and sending, via the network, the compositing flow to the intermediary computing
device. Example methods may furthermore include sending models to the intermediary

computing device using any of several model delivery approaches described herein.
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[0007] Computing devices and computer readable media having instructions
implementing the various technologies described herein are also disclosed. Example computer
readable media may comprise non-transitory computer readable storage media having computer
executable instructions executable by a processor, the instructions that, when executed by the
processor, cause the processor to carry out any combination of the various methods provided
herein. Example computing devices may include an intermediary computing device comprising a
processor, a memory, and a graphics rendering intermediary configured to carry out the
intermediary methods described herein, or a server computing device comprising a processor, a
memory, and a real-time graphics application configured to carry out the server methods
described herein.

[0008] The foregoing summary is illustrative only and is not intended to be in any way
limiting. In addition to the illustrative aspects, embodiments, and features described above,
further aspects, embodiments, and features will become apparent by reference to the drawings

and the following detailed description.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] The foregoing and other features of the present disclosure will become more
fully apparent from the following description and appended claims, taken in conjunction with the
accompanying drawings. Understanding that these drawings depict only several embodiments in
accordance with the disclosure and are, therefore, not to be considered limiting of its scope, the
disclosure will be described with additional specificity and detail through use of the
accompanying drawings, in which:

FIG. 1 is a diagram illustrating example server, intermediary, and client devices;

FIG. 2 is a diagram illustrating an example graphics rendering intermediary as may be
configured at an intermediary computing device;

FIG. 3 is a block diagram of a computing device as one example of a server computing
device providing a real-time graphics rendering application;

FIG. 4 is a flow diagram of example methods for providing, by a server computing
device, a compositing flow to an intermediary computing device;

FIG. 5 is a block diagram of a computing device as one example of an intermediary
computing device adapted to provide rendered graphics;

FIG. 6 is a flow diagram of example methods for rendering graphics by an intermediary
computing device; and

FIG. 7 is a diagram illustrating example models, an example compositing flow, and an

example rendered graphics stream,



WO 2015/060835 PCT/US2013/066300

all arranged in accordance with at least some embodiments of the present disclosure.

DETAILED DESCRIPTION

[0010] In the following detailed description, reference is made to the accompanying
drawings, which form a part hereof. In the drawings, similar symbols typically identify similar
components, unless context dictates otherwise. The illustrative embodiments described in the
detailed description, drawings, and claims are not meant to be limiting. Other embodiments may
be utilized, and other changes may be made, without departing from the spirit or scope of the
subject matter presented here. It will be readily understood that the aspects of the present
disclosure, as generally described herein, and illustrated in the Figures, may be arranged,
substituted, combined, and designed in a wide variety of different configurations, all of which
are explicitly contemplated and made part of this disclosure.

[0011] The present disclosure is generally drawn, inter alia, to technologies including
methods, devices, systems and/or computer readable media deployed therein relating to
rendering graphics using an intermediary. In some examples, an intermediary computing device
may store graphics models in a model store. A server computing device may generate and send a
compositing flow to the intermediary computing device. The compositing flow may comprise
model identifiers and model rendering information. The intermediary computing device may
retrieve models identified in the compositing flow from the model store, and provide the
identified models and model rendering information to a GPU for rendering. The GPU may
render graphics for delivery via a network to a client device.

[0012] A video game application is used herein as an example real-time graphics
application which may be equipped for intermediary graphics rendition according to this
disclosure. For example, servers at a data center may host a multiplayer online video game. The
video game may use video game models such as video game objects, video game characters, and
video game scenery elements. Example video game objects include books, vehicles, treasure
chests, clothing, weapons, etc. Example video game characters include characters representing
one or more players of the video game, monsters, opponents, assistants, etc. Example video
game scenery elements include rocks, trees, buildings, etc. In a multiplayer online video game,
model identifiers and model rendering information in compositing flows may be influenced by
the actions of the multiple players of video game. Persons of skill in the art will appreciate that
the technologies described herein may be applied in applications other than video games,
namely, in any applications that deliver real-time rendered graphics to one or more client

devices.
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[0013] In an example use of the intermediary graphics rendition technologies described
herein, a user desiring to play a video game may use a client device, such as a Personal
Computer (PC), mobile phone, tablet, video gaming console, television, or other computing
device, to connect, via a network such as the Internet, to a video game application hosted at one
or more servers in a data center. The video game application and the client device may initially
exchange network address, identity and/or credential information to establish a communication
session.

[0014] Once the client device is connected to the video game application, the user may
control an input device such as a keyboard, mouse, joystick, touch screen, or other device to
interact with the video game application. User inputs to interact with an application are referred
to herein as application control instructions. The client device may transmit received application
control instructions across the network, to the video game application. The video game
application may receive and process the application control instructions.

[0015] The video game application hosted at the data center may be adapted to process
application control instruction inputs received from the client device, and to generate
compositing flow outputs. The compositing flow may comprise model identifiers and model
rendering information. The video game application may send the compositing flow to an
intermediary computing device, to thereby employ the intermediary computing device to render
video game graphics responsive to the application control instructions, and to deliver rendered
graphics to the client device. The client device may receive and display the rendered graphics.
The user may continue to interact with the video game, generating additional application control
instructions which may be similarly sent from the client device to the video game application at
the datacenter. The video game application may continue to receive and process application
control instructions; and the video game application may continue to provide a compositing flow
to the intermediary computing device, to employ the intermediary computing device to render
video game graphics and deliver rendered graphics to the client device.

[0016] FIG. 1 is a diagram illustrating example server, intermediary, and client devices,
arranged in accordance with at least some embodiments of the present disclosure. As depicted,
FIG. 1 includes a server computing device 100, an intermediary computing device 120, and a
client device 130. Server computing device 100 comprises a real-time graphics application 101,
and real-time graphics application 101 comprises a compositing flow generator 102.
Intermediary computing device 120 comprises a model store 121, a graphics rendering
intermediary 122, and a GPU 123.

[0017] Server computing device 100, intermediary computing device 120, and client

device 130 may be coupled via a network comprising wired and/or wireless network

5



WO 2015/060835 PCT/US2013/066300

connections, such as the Internet. In some embodiments, server computing device 100 may be
coupled with intermediary computing device 120 via a “long” network connection 161, and
intermediary computing device 120 may be coupled with client device 130 via a “short” network
connection 162. “Long” and “short” network connections 161 and 162 may comprise portions of
a larger network, such as the Internet, wherein the “long” network connection 161 may be longer
than “short” network connection 162 in the sense of having longer network packet travel times
between endpoints and/or having higher transmission costs, which may, but need not result from
longer physical distance.

[0018] In some embodiments, “Long” network connection 161 may for example
include Tier 1 networks, which may be run at high load factors and may be paid (by money or
peering credits) based on Terabytes (TB) delivered. “Long” network connection 161 may also
include more network hops and/or portions of the larger network subject to higher loads than
“short” network connection 162. For example, when server computing device 100 is a server in
any given datacenter, and a CDN, Metro Area Network (MAN), or other network includes
servers that may be adapted to serve as intermediary computing devices, then intermediary
computing device 120 may comprise a CDN or MAN server that may be selected to render
graphics for client device 130. Server computing device 100 may select intermediary computing
device 120, at least in part, for its relatively short network connection to client device 130.
Meanwhile, server computing device 100 may be coupled with client device 130 via any
combination of network connections 161 and 162, portions thereof, and/or via additional network
segments not shown in FIG. 1.

[0019] In some embodiments, real-time graphics application 101 may be adapted to
send models 151 to intermediary computing device 120 via “long” network connection 161.
Real-time graphics application 101 may be adapted to optionally also send models 151 to any
other intermediary computing devices which real-time graphics application 101 may employ for
graphics rendering and delivery. Each of the models 151 sent to intermediary computing device
120 may be identified by a model identifier (ID), e.g., by a model ID comprising a unique string
of letters, numbers, and/or symbols which may be used to uniquely identify each model.
Intermediary computing device 120 may be adapted to receive models 151 and to store models
151 identified by model IDs in model store 121.

[0020] Models 151 may comprise digital data representing graphical elements
employed by real-time graphics application 101. For example, in the context of a video game
application, models 151 may comprise three dimensional (3D) digital models of objects,
characters, and/or scenery elements encountered by players of the video game. In some

embodiments, models 151 may include, or may be associated with, audio as well as visual
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properties, and/or other properties such as tactile feedback properties, e.g., for controller
vibrations or other tactile feedback which may be applied at client device 130 in connection with
player encounters with a model.

[0021] Real-time graphics application 101 may be adapted to establish a
communication session with client device 130, e.g., in response to a connection request from
client device 130. During the communication session, client device 130 may transmit application
control instructions 152 across a network, such as the Internet, to real-time graphics application
101. In some embodiments, real-time graphics application 101 may also establish
communication sessions multiple other client devices, and may receive application control
instructions from the multiple other client devices, e.g., client devices operated by the multiple
players of a multiplayer online video game.

[0022] Real-time graphics application 101 may be adapted to receive and process
application control instructions 152, optionally along with application control instructions
received from multiple other client devices. Processing application control instructions 152 may
comprise, inter alia, using compositing flow generator 102 to generate compositing flow 154.
Real-time graphics application 101 may be adapted to send compositing flow 154 to
intermediary computing device 120 for graphics rendering and delivery of rendered graphics
stream 158 to client device 130. In some embodiments, real-time graphics application 101 may
optionally be configured to send compositing flow 154 to multiple different intermediary
computing devices for graphics rendering and delivery of identical rendered graphics streams to
each of multiple client devices. In some embodiments, real-time graphics application 101 may
optionally be configured to generate different compositing flows for each of multiple client
devices, and to deliver the different compositing flows to multiple different intermediary
computing devices. The multiple different intermediary computing devices may in turn render
and deliver different rendered graphics streams for each of the multiple client devices.
Compositing flow 154 may comprise model IDs and model rendering data as a real-time
graphics application 101 output resulting from processing, by real-time graphics application 101,
an input comprising application control instructions 152. Compositing flow 154 may optionally
not include some or all models identified by model IDs included in compositing flow 154.

[0023] Compositing flow generator 102 may be arranged to generate compositing flow
154 as a substitute for, or as a lightweight version of, a rendered graphics stream. Real-time
graphics application 101 may or may not generate a rendered graphics stream locally at server
computing device 100 in addition to generating compositing flow 154 for delivery to

intermediary computing device 120.
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[0024] In embodiments adapted to render graphics via a local GPU at server computing
device 100, real-time graphics application 101 may be adapted to send to the local GPU shape
primitives represented using vertexes in 3D space and properties such as colors and textures at
those vertexes. The shape primitives may be sent to the local GPU without compositing
information such as model position information, model orientation information, viewpoint
information, or light source information. Instead, the vertex locations may be in an object
coordinate system that represents a model. Real-time graphics application 101 may apply a
compositing operation in which instructions are sent to the local GPU for, inter alia, the position,
orientation, viewpoint and/or light source of each model. Compositing instructions may be used,
e.g., to position, orient, translate, and rotate each object coordinate system, and/or apply
lighting/shading to the models. A view of the various models composed according to the
compositing operation may comprise a rendered 2D view of a 3D scene.

[0025] Compositing complexities may arise from the fact that models may be very
large and rendering a typical scene may include providing models and information multiple
times per frame, which is one reason why graphics cards generally use high bandwidth
Peripheral Component Interconnect (PCI) communications. Scene compositing techniques may
come in three varieties: sort-first, sort middle, and sort-last. In embodiments adapted to provide
multiple views of unfolding scenes, e.g., in the case of multiplayer video games wherein each
player may view a scene from a different viewpoint, real-time graphics application 101 may
compose each scene by loading appropriate models and positioning the models, and orienting the
models, lighting the models, etc. Real-time graphics application 101 may then render multiple
different views of each scene, e.g., views from the viewpoints of the multiple players. It will be
appreciated with the benefit of this disclosure that such approaches may also be used by some
embodiments to generate multiple compositing flows for delivery to multiple intermediary
computing devices.

[0026] In some embodiments, real-time graphics application 101 may adapted to
generate compositing flow 154 as a substitute for, or in addition to, rendering graphics via a local
GPU as described above. It may be observed that if real-time graphics application 101
interactions with a local GPU at server computing device 100 did not require model delivery,
compositing operations may be limited to providing instructions comprising model IDs and
rendering information such as model orientations and placement, viewpoints, and light source
information. In some cases, certain rendering information may also be limited, e.g., by omitting
light source, positioning, orientation, or other rendering information when such rendering
information remains unchanged from scene to scene. A hypothetical very large memory GPU

with models preloaded, may use, e.g., a few kilobytes (KB) per second of compositing updates
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instead of, e.g., the 8 Gigabytes (GB) per second of 32 lane PCI-express that is currently used for
graphics rendering including model delivery.

[0027] Insome embodiments, compositing flow generator 102 may be arranged to
generate compositing flow 154 by either calculating or extracting compositing operation
instructions substantially similar to the compositing operation instructions that may be sent to the
local GPU at server computing device 100. Compositing flow generator 102 may be adapted to
include the compositing operation instructions in compositing flow 154. In some embodiments,
compositing flow generator 102 may be adapted to modify compositing operation instructions,
e.g., by inserting or modifying model ID numbers. Real-time graphics application 101 may or
may not also generate a rendered graphics stream locally at server computing device 100 as a
byproduct of generating compositing flow 154, or for other reasons.

[0028] Intermediary computing devices such as CDN servers may comprise large
memory model stores such as model store 121, and intermediary computing device 120 may
leverage model store 121 to effectively implement, at intermediary computing device 120, the
hypothetical very large memory graphics card described above for use by real-time graphics
application 101, at least partially allowing the corresponding reduction in network traffic by
separating delivery of models 151 from delivery of compositing flow 154.

[0029] Real-time graphics application 101 may be adapted to employ intermediary
computing device 120 to render graphics and deliver rendered graphics to client device 130 by
sending, via “long” network connection 161, session information 153 and compositing flow 154
to intermediary computing device 120. Real-time graphics application 101 may optionally send
compositing flow 154 to intermediary computing device 120 using high priority channels. Real-
time graphics application 101 may be adapted to employ intermediary computing device 120
and/or other intermediary computing devices to render graphics and deliver rendered graphics to
multiple other client devices.

[0030] Intermediary computing device 120 may be adapted with graphics rendering
intermediary 122, wherein graphics rendering intermediary 122 may be adapted to manage
receiving models 151 at intermediary computing device 120, storing models 151 in model store
121, receiving session information 153 and compositing flow 154 from server computing device
100, graphics rendering by GPU 123, and delivery of rendered graphics stream 158 to client
device 130, on behalf of real-time graphics application 101. In some embodiments, intermediary
computing device 120 may also be adapted to render graphics and supply rendered graphics
streams to multiple other client devices, e.g., by loading multiple instances of graphics rendering
intermediary 122 to serve the multiple client devices. Intermediary computing device 120 may

thereby be adapted to simultaneously generate multiple different rendered graphics streams from
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multiple different received compositing flows. Intermediary computing device 120 may
simultaneously supply each of the different rendered graphics streams to a different client device,
where the client devices may be identified in received session information applicable to each
received compositing flow.

[0031] Graphics rendering intermediary 122 may be adapted to receive and store
models 151 according to one or more different model delivery embodiments. The one or more
different model delivery embodiments may also be implemented at server computing device 100.
In some model delivery embodiments, real-time graphics application 101 may be adapted to send
models 151 to intermediary computing device 120 prior to communication sessions with client
devices. Graphics rendering intermediary 122 may be correspondingly adapted to receive and
store models 151 for use in graphics rendering operations in connection with future potential
communication sessions with client devices.

[0032] In some model delivery embodiments, real-time graphics application 101 may
be adapted to send models 151 to intermediary computing device 120 during a communication
session with client device 130. Graphics rendering intermediary 122 may correspondingly be
adapted to receive and store models 151 for use in graphics rendering operations in connection
with the ongoing communication session with client device 130. Graphics rendering
intermediary 122 may also optionally be adapted to store models 151 for use in graphics
rendering operations in connection with future potential communication sessions with client
devices.

[0033] In some model delivery embodiments, real-time graphics application 101 may
be adapted to send models 151 to intermediary computing device 120 in hybrid fashion, e.g., by
sending some of models 151 prior to communication sessions with client devices, and sending
some of models 151 during the communication session with client device 130. Graphics
rendering intermediary 122 may correspondingly be adapted to receive and store both the
initially and subsequently received models 151 for use in graphics rendering operations.
Graphics rendering intermediary 122 may use the initially and subsequently received models 151
in connection with the ongoing communication session with client device 130. Graphics
rendering intermediary 122 may store the initially and subsequently received models 151 for use
in graphics rendering operations in connection with future potential communication sessions
with client devices.

[0034] In response to receiving session information 153 from server computing device
100, graphics rendering intermediary 122 may be adapted to establish a communication session
with client device 130. In some embodiments, session information 153 may identify client device

130 to intermediary computing device 120. In some embodiments, session information 153 may
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include additional session information, such as a session ID for the communication session
between real-time graphics application 101 and client device 130, to allow intermediary
computing device 120 to send rendered graphics to client device 130 in a manner that integrates
with the session between client device 130 and real-time graphics application 101. In the
communication session with client device 130, intermediary computing device 120 may send
rendered graphics stream 158 to client device 130, for display at client device 130 in connection
with the session between server computing device 100 and client device 130.

[0035] In an example operation according to FIG. 1, compositing flow 154 may
comprise model IDs 155, which may identify models 156 within a larger set of models 151 in
model store 121. Compositing flow 154 may also comprise model rendering data 157 for models
156. Model rendering data 157 may include, e.g., model position information, model orientation
information, viewpoint information, light source information, and/or any other information
specifying how models 156 are to be rendered, e.g., by positioning models 156, orienting models
156, viewing models 156 from one or more viewpoints, and/or lighting (and shading) models
156 according to light source information. Model rendering data 157 may optionally be
accompanied by audio, tactile, or other data specifying additional outputs for playback in
connection with displaying a rendered model.

[0036] In response to receiving compositing flow 154, graphics rendering intermediary
122 may be adapted to retrieve models 156 identified in compositing flow 154. For example,
graphics rendering intermediary 122 may query model store 121 with model IDs 155, and model
store 121 may return corresponding models 156. Graphics rendering intermediary 122 may be
adapted to optionally combine or sequence models 156 and rendering data 157 for GPU 123.
Graphics rendering intermediary 122 may be adapted to provide models 156 and rendering data
157, optionally as a combined or sequenced stream, to GPU 123 for rendering, thereby causing
GPU 123 to render graphics for delivery to client device 130. Models 156 and rendering data 157
may be combined or sequenced according to, e.g., any industry standard graphics format, such as
for example graphics formats used by the various Open Graphics Library (OpenGL) standards.

[0037] In some embodiments, a same GPU, such as GPU 123, may be used to
simultaneously provide rendered graphics to multiple clients according to multiple different
compositing flows. For example, GPU 123 may comprise a virtualized or shared GPU, for
example using VGX virtualization technologies made by NVIDIA®. Such arrangements allow
real-time graphics application 101 and/or multiple different real-time graphics applications
served by different model stores at intermediary computing device 120, to effect delivery of

multiple different rendered graphics streams to different client devices while sharing GPU 123 at
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intermediary computing device 120 as appropriate to the particular demands of each rendered
graphics stream.

[0038] In some embodiments, GPU 123 may comprise a datacenter targeted GPU
graphics card. Current graphics cards include, for example, NVIDIA KEPLER® and AMD
SKY® series graphics cards. The AMD SKY 900 currently has 3,584 stream processors. Thus if
480 stream processors are used for generating HD rendered video graphics streams for cach
client device, an average of 30 end users/client devices could be served by a single intermediary
computing device 120 comprising three AMD SKY 900 cards. Applying a roughly estimated
gain of 2x for virtualization load optimization would serve 60 end users/client devices, again for
a single intermediary computing device 120. A datacenter comprising intermediary computing
device 120 may of course include additional intermediary computing devices as necessary to
meet demand.

[0039] Rendered graphics stream 158 may comprise rendered video graphics from GPU
123, including renderings of models 156 from the model store 121 as identified by model IDs
155 in compositing flow 154, the models 156 positioned and otherwise rendered according to
model position information and/or other data in model rendering data 157 from compositing flow
154. Graphics rendering intermediary 122 may be adapted to deliver rendered graphics stream
158 to client device 130, or to otherwise cause rendered graphics stream 158 to be delivered
from GPU 123 to client device 130, via “short” network connection 162.

[0040] In some embodiments, graphics rendering intermediary 122 may operate
continuously or substantially continuously as an ongoing compositing flow 154 is received. In
other words, compositing flow 154 may comprise a continuous or substantially continuous flow
of different model IDs and model rendering data, which may continue throughout a
communication session between server computing device 100 and client device 130. Graphics
rendering intermediary 122 may continuously or substantially continuously receive the different
model IDs and model rendering data, retrieve identified models from model store 121, supply
models and model rendering data to GPU 123, and deliver rendered graphics stream 158 to client
device 130 as identified in session information 153. When the session between server computing
device 100 and client device 130 is terminated, server computing device 100 may optionally
send a termination notification (not shown in FIG. 1) to intermediary computing device 120, or
server computing device 100 may discontinue compositing flow 154, and intermediary
computing device 120 may discontinue graphics rendering on behalf of server computing device
100 in response to the termination notification or discontinuation of compositing flow 154.

[0041] It will be appreciated that while in some embodiments, intermediary computing

device 120 may receive models 151 from server computing device 100 via network connection
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161, other embodiments may comprise sending models 151 to intermediary computing device
120 by a model delivery server other than server computing device 100. Furthermore, models
151 may be provided to intermediary computing device 120 by shipping a Digital Versatile Disk
(DVD) or other storage medium to operators of intermediary computing device 120, who may
then transfer models 151 from such storage media to model store 121.

[0042] In model delivery embodiments wherein real-time graphics application 101 is
adapted to send models 151 to intermediary computing device 120 prior to communication
sessions with client devices, and graphics rendering intermediary 122 is adapted to receive and
store models 151 for use in graphics rendering operations in connection with future potential
communication sessions with client devices, real-time graphics application 101 may send models
151 in any number of model packages and/or model updates. The model packages and model
updates may identify real-time graphics application 101 so that intermediary computing device
120 may store received models in an appropriate model store 121. In some embodiments,
intermediary computing device 120 may include, or intermediary computing device 120 may
have access to, multiple model stores for use in connection with multiple different real-time
graphics applications.

[0043] In model delivery embodiments wherein real-time graphics application 101 is
adapted to send models 151 to intermediary computing device 120 during a communication
session with client device 130, and graphics rendering intermediary 122 is adapted to receive and
store models 151 for use in graphics rendering operations in connection with the ongoing
communication session with client device 130, real-time graphics application 101 may include
models 151 in compositing flow 154. For example, real-time graphics application 101 may
initially include, in compositing flow 154, models referenced by model IDs such as model IDs
155 which are referenced in compositing flow 154. As compositing flow 154 continues, some of
the referenced models may be new, i.e., may have not been previously included in compositing
flow 154, while other referenced models may have been previously included in compositing flow
154. Real-time graphics application 101 may be adapted to determine which models identified by
the model IDs in compositing flow 154 were previously sent to the intermediary computing
device120. Real-time graphics application 101 may include models not previously sent to
intermediary computing device 120 in compositing flow 154, while not including models
previously sent to intermediary computing device 120 in compositing flow 154. Thus for
example, in some scenarios, as compositing flow 154 continues, real-time graphics application
101 may include fewer models in compositing flow 154.

[0044] Meanwhile, in response to receiving models in compositing flow 154, e.g.,

models not previously stored in model store 121, intermediary computing device 120 may be
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adapted to extract the models from compositing flow 154 and store the extracted models in
model store 121. Storing extracted models in model store 121 may be done simultaneously with
providing models in compositing flow 154 along with model rendering data to GPU 123 for
graphics rendering and delivery of rendered graphics stream 158 to client device 130.

[0045] Example real-time graphics applications may include, e.g., applications such as
those accessible via the GAIKAI®, ONLIVE®, and cloud gaming networks, which may be
modified to incorporate the technologies described herein. An advantage of real-time graphics
applications in general includes the ability to deliver rendered graphics streams to different client
devices in which memory and processing capabilities may be variable. Highly capable desktop
computers or gaming consoles with onboard GPUs may be able to render graphics locally,
however, lower capability tablets, televisions, or smart phones may not have sufficient onboard
graphics processing to render graphics locally. To serve all client devices, regardless of device
capabilities, it may be advantageous to deliver full-fledged video via the network, rather than
rely on local client device capabilities. However, this disclosure appreciates that delivering full-
fledged video over “long” network connection 161 is more costly and lower performance than
delivering full-fledged video over “short” network connection 162.

[0046] This disclosure therefore provides, inter alia, an approach for delivering
relatively lightweight compositing flows over “long” network connection 161, while delivering
full-fledged video over “short” network connection 162. Benefits of such an approach include
removal of large bandwidth video traffic from long haul layers of the network, reducing the
network costs for delivering video to client devices. As a result, users at client devices may
experience more responsive real-time graphics applications, while continuing to receive high
quality video. Because delivered video graphics may not be subject to long haul congestion,
delivered video graphics may also be of higher quality and stability. Real-time graphics
applications providers, meanwhile, may pay less to provide such streamed video. Intermediary
computing device operators may have a meaningful service to offer to real-time graphics
applications, driving some payments into CDNs or other operators of intermediary computing
devices, and in turn the cable and other last mile operators who work with CDNs. Furthermore,
hardware costs associated with GPUs may also be reduced by sharing GPU resources of
intermediary computing devices across multiple real-time graphics applications.

[0047] FIG. 2 is a diagram illustrating an example graphics rendering intermediary as
may be configured at an intermediary computing device, arranged in accordance with at least
some embodiments of the present disclosure. Example graphics rendering intermediary 122

comprises a model copier 201, a real-time rendering manager 210, and a session / delivery
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manager 220. Real-time rendering manager 210 comprises a model extractor 211, a model
retriever 212, and a sequencer 213.

[0048] In FIG. 2, graphics rendering intermediary 122 may be adapted to receive
models in multiple different model delivery modes. Model copier 201 may be adapted to receive
and store model updates in a model store, for use in graphics rendering operations in connection
with future potential communication sessions with client devices. Model extractor 211 may be
adapted to extract models from compositing flow 154, and to store extracted models in the model
store for use in an ongoing communication session with a client device, as well as optionally for
use in graphics rendering operations in connection with future potential communication sessions
with client devices. Graphics rendering intermediary 122 may be adapted receive models via
either or both of model copier 201 and/or model extractor 211.

[0049] Real-time rendering manager 210 may be adapted to receive compositing flow
154; employ model extractor 211 to extract any models included in compositing flow 154 and
store extracted models in the model store; employ model retriever 212 to retrieve, from the
model store, models identified by model IDs in compositing flow 154; and employ sequencer
213 to sequence a stream of models and rendering data, the stream comprising rendering
information from compositing flow 154 and models, wherein the models in the stream may be
extracted from compositing flow 154 and/or retrieved from the model store. Real-time rendering
manager 210 and/or sequencer 213 may be adapted to deliver the sequenced stream of models
and rendering data to the GPU.

[0050] Session / delivery manager 220 may be adapted to receive session info
identifying a client device and/or session ID for a session between a server computing device a
client device; establish communications with the client device in the context of the identified
session; receive a rendered graphics stream from the GPU; and send the rendered graphics
stream to the client device.

[0051] FIG. 3 is a block diagram of a computing device as one example of a server
computing device providing a real-time graphics rendering application, arranged in accordance
with at least some embodiments of the present disclosure. In a very basic configuration 301,
computing device 300 may include one or more processors 310 and system memory 320. A
memory bus 330 may be used for communicating between the processor 310 and the system
memory 320.

[0052] Depending on the desired configuration, processor 310 may be of any type
including but not limited to a microprocessor (uP), a microcontroller (uC), a digital signal
processor (DSP), or any combination thercof. Processor 310 may include one or more levels of

caching, such as a level one cache 311 and a level two cache 312, a processor core 313, and
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registers 314. The processor core 313 may include an arithmetic logic unit (ALU), a floating
point unit (FPU), a digital signal processing core (DSP Core), or any combination thereof. A
memory controller 315 may also be used with the processor 310, or in some implementations the
memory controller 315 may be an internal part of the processor 310.

[0053] Depending on the desired configuration, the system memory 320 may be of any
type including but not limited to volatile memory (such as RAM), non-volatile memory (such as
ROM, flash memory, etc.), or any combination thereof. System memory 320 typically includes
an operating system 321, one or more applications 322, and program data 325. In some
embodiments, operating system 321 may comprise a virtual machine that is managed by a Virtual
Machine Manager (VMM).

[0054] Applications 322 may include, for example, real-time graphics application 101,
compositing flow generator 102, and/ or intermediary selection module(s) 323. Real-time
graphics application 101 and compositing flow generator 102 are introduced above in connection
with FIG. 1. In some embodiments, compositing flow generator 102 may be deployed within
operating system 321. Compositing flow generator 102 may for example be available as an
operating system service available to multiple different real-time graphics applications.
Intermediary selection module(s) 323 may be adapted to select an appropriate intermediary
computing device for each client device that interacts with real-time graphics application 101.
Intermediary selection module(s) 323 may generally use network locations of client devices and
available intermediary computing devices to make intermediary computing device selections.
For example, intermediary selection module(s) 323 may be adapted to select an intermediary
computing device with a shortest network connection to a client device.

[0055] Program data 325 may include models 151 and data 327 that may be used by
applications 322. Data 327 may include, e.g., lists of models that have previously been delivered
to each intermediary computing device. It will be appreciated that real-time graphics applications
may use any of a wide variety of application-specific program data which may be included in
program data 325.

[0056] Computing device 300 may have additional features or functionality, and
additional interfaces to facilitate communications between the basic configuration 301 and any
required devices and interfaces. For example, a bus/interface controller 340 may be used to
facilitate communications between the basic configuration 301 and one or more data storage
devices 350 via a storage interface bus 341. The data storage devices 350 may be removable
storage devices 351, non-removable storage devices 352, or a combination thereof. Examples of
removable storage and non-removable storage devices include magnetic disk devices such as

flexible disk drives and hard-disk drives (HDD), optical disk drives such as compact disk (CD)
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drives or digital versatile disk (DVD) drives, solid state drives (SSD), and tape drives, to name a
few. Example computer storage media may include volatile and nonvolatile, removable and non-
removable media implemented in any method or technology for storage of information, such as
computer readable instructions, data structures, program modules, or other data.

[0057] Level 1 cache 311, level 2 cache 312, system memory 320, removable storage
351, and non-removable storage devices 352 are all examples of computer storage media.
Computer storage media includes, but is not limited to, RAM, ROM, EEPROM, flash memory or
other memory technology, CD-ROM, digital versatile disks (DVD) or other optical storage,
magnetic cassettes, magnetic tape, magnetic disk storage or other magnetic storage devices, or
any other medium that may be used to store the desired information and that may be accessed by
computing device 300. Any such computer storage media may be part of device 300.

[0058] Computing device 300 may also include an interface bus 342 for facilitating
communication from various interface devices (e.g., output interfaces, peripheral interfaces, and
communication interfaces) to the basic configuration 301 via the bus/interface controller 340.
Example output devices 360 include a graphics processing unit 361 and an audio processing unit
362, which may be configured to communicate to various external devices such as a display or
speakers via one or more A/V ports 363. Example peripheral interfaces 370 may include a serial
interface controller 371 or a parallel interface controller 372, which may be configured to
communicate through either wired or wireless connections with external devices such as input
devices (e.g., keyboard, mouse, pen, voice input device, touch input device, etc.) or other
peripheral devices (e.g., printer, scanner, etc.) via one or more I/O ports 373. Other conventional
I/O devices may be connected as well such as a mouse, keyboard, and so forth. An example
communications device 380 includes a network controller 381, which may be arranged to
facilitate communications with one or more other computing devices 390 over a network
communication via one or more communication ports 382.

[0059] The computer storage media may be one example of a communication media.
Communication media may typically be embodied by computer readable instructions, data
structures, program modules, or other data in a modulated data signal, such as a carrier wave or
other transport mechanism, and include any information delivery media. A “modulated data
signal” may be a signal that has one or more of its characteristics set or changed in such a
manner as to encode information in the signal. By way of example, and not limitation,
communication media may include wired media such as a wired network or direct-wired
connection, and wireless media such as acoustic, radio frequency (RF), infrared (IR), and other

wireless media.
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[0060] Computing device 300 may be implemented as a server computing device in a
data center. In some embodiments, the data center may comprise an “open’ data center that
provides computational resources to multiple different customers, including, e.g., an
owner/operator of real-time graphics application 101. In some embodiments, the data center may
comprise a “closed” data center which may be used exclusively by the owner/operator of real-
time graphics application 101, e.g., to run real-time graphics application 101 and optionally other
real-time graphics applications also owned or controlled by the same owner/operator. In some
embodiments, computing device 300 may be implemented as a server computing device at a data
center hosting a multiplayer online video game enabled by real-time graphics application 101,
wherein models 151 may comprise video game models, and wherein model identifiers and model
rendering information in compositing flows generated by compositing flow generator 102 may
be influenced by application control instructions from multiple players of the multiplayer online
video game.

[0061] FIG. 4 is a flow diagram of example methods for providing, by a server
computing device, a compositing flow to an intermediary computing device, arranged in
accordance with at least some embodiments of the present disclosure. The example flow diagram
may include one or more operations/modules as illustrated by blocks 401-406, which represent
operations as may be performed in a method by real-time graphics application 101, functional
modules in a computing device 300, and/or instructions as may be recorded on a computer
readable medium 450. The illustrated blocks 401-406 may interact with intermediary computing
device 120 and client device 130 as shown.

[0062] In FIG. 4, blocks 401-406 are illustrated as including blocks being performed
sequentially, e.g., with block 401 first and block 406 last. It will be appreciated however that
these blocks may be re-arranged as convenient to suit particular embodiments and that these
blocks or portions thereof may be performed concurrently in some embodiments. It will also be
appreciated that in some examples various blocks may be eliminated, divided into additional
blocks, and/or combined with other blocks.

[0063] FIG. 4 illustrates an example method by which computing device 300, arranged
as a server computing device such as server computing device 100 in FIG. 1, may provide, to
intermediary computing device 120, a compositing flow according to application control
instructions received from client device 130, wherein intermediary computing device 120 is
adapted to provide rendered graphics according to the compositing flow to client device 130. In
FIG. 4, a “Model Delivery” block 401 precedes a loop comprising a “Receive Application
Control Instructions” block 402, a “Generate Compositing Flow” block 404 and a “Model

Inclusion” block 405, and a “Send Compositing Flow” block 406. To complete the loop, block
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406 sends a compositing flow to intermediary computing device 120, intermediary computing
device 120 sends a rendered graphics stream to client device 130, and client device 130 sends
additional application control instructions to “Receive Application Control Instructions” block
402. In a first instance of the loop comprising blocks 402, 404/405, and 406, operations pursuant
to a “Select Intermediary / Send Session Information” block 403 may additionally be performed.
Block 403 need not necessarily be performed in subsequent instances of the loop comprising
blocks 402, 404/405, and 406.

[0064] At “Model Delivery” block 401, computing device 300 may send, via a
network, one or more models to intermediary computing device 120. In embodiments wherein
computing device 300 is adapted with block 401, computing device 300 may send models by any
appropriate method. For example, computing device 300 may send models as a model package
comprising substantially all models for use with real-time graphics application 101; computing
device 300 may send an initial model package followed by model update packages; computing
device 300 may send models at night or during periods of low network demand on a long
network connection such as 161; and computing device 300 may optionally employ any
available technologies for transferring large model files to a plurality of intermediary computing
devices. In some embodiments, computing device 300 may select, at block 401, a set of models
for delivery at block 401. The selected set of models may be a subset of the models used by real-
time graphics application 101. Model selection may optionally account for one or more of model
popularity, model size, expected time until model update, statistical probability of use of a
model, previous use of a model by a particular user or user demographic, and/or any number of
other considerations as may be appreciated with the benefit of this disclosure.

[0065] Block 401 may be omitted in some embodiments. For example, models may be
provided to intermediary computing device 120 by a separate model server, other than server
computing device 300; block 401 may be accomplished by physically mailing a DVD or other
computer readable memory to operators of intermediary computing device 120; or computing
device 300 and real-time graphics application 101 may rely on block 405 for model delivery.
Block 401may be followed by block 402, wherein block 402 may occur at any time subsequent
to block 401, in connection with an initiated session between real-time graphics application 101
and client device 130.

[0066] At “Receive Application Control Instructions” block 402, computing device 300
may receive, via the network, application control instructions from client device 130. In
embodiments wherein real-time graphics application 101 supports interactions of multiple users

or players, block 402 may comprise receiving application control instructions from client device
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130 as well as from multiple other devices corresponding to other users or players of the real-
time graphics application 101.

[0067] Real-time graphics application 101 may generally perform any operations in
connection with initiating a session with client device 130, and thereafter providing application
services to client device 130. Specific application services may depend on the purpose for which
real-time graphics application 101 is designed. Example embodiments described herein include
but are not limited to video game services. Application control instructions for a video game
application may comprise, e.g., player movement and other player action commands. Block 402
may be followed by blocks 403 and 404.

[0068] At “Select Intermediary / Send Session Information” block 403, computing
device 300 may send to intermediary computing device 120, via the network, session
information identifying client device 130. Computing device 300 may initially select
intermediary computing device 120 from a plurality of available intermediary computing
devices. For example, computing device 300 may sclect intermediary computing device 120
based on network locations of intermediary computing device 120 and client device 130, so that
a network distance between intermediary computing device 120 and client device 130 is shorter
than a network distance between server computing device 300 and client device 130. In some
embodiments, computing device 300 may select an intermediary computing device from a
plurality of available intermediary computing devices, wherein the selected intermediary
computing device has a shortest network distance to client device 130 as compared to other
available intermediary computing devices. Intermediary computing devices available for
selection at block 403 may comprise, for example, one or more devices in a CDN or a MAN.

[0069] Once computing device 300 selects intermediary computing device 120,
computing device 300 may send session information to intermediary computing device 120. The
session information may identify, to intermediary computing device 120, client device 130
and/or session information regarding the session between computing device 300 and client
device 130. In some embodiments, block 403 may be incorporated into block 404, e.g., by
including client device ID and/or session ID information in the compositing flow sent to
intermediary computing device 120. In some embodiments, block 403 may be performed once
per session with client device 130, and block 403 need not be repeated when subsequently
sending compositing flow information to intermediary computing device 120. Block 403 may be
followed by block 404.

[0070] At “Generate Compositing Flow” block 404, computing device 300 may
generate a compositing flow. The compositing flow may comprise at least model IDs and model

rendering information as a real-time graphics application 101 output resulting from processing,
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by real-time graphics application 101, inputs comprising application control instructions received
from client device 130. The model rendering information may comprise, ¢.g., model position
information, model orientation information, viewpoint information, light source information,
and/or any other information as appropriate for rendering models to produce, e.g., rendered video
graphics. The compositing flow may not include one or more models identified by the model IDs
therein. Models not included in compositing flows may comprise, ¢.g., models previously sent to
the intermediary computing device, e.g., at block 401 or 405.

[0071] Compositing flows may be generated using any hardware or software approach.
For example, in some embodiments, compositing flow generator 102 may intercept a GPU
instruction stream comprising GPU instructions and data, ¢.g., as may be generated for the
purpose of local graphics rendering by a GPU at computing device 300. Compositing flow
generator 102 may modify the intercepted GPU instruction stream as appropriate to include
model IDs and rendering information recognizable by intermediary computing devices, thereby
generating the compositing flow. In some embodiments, real-time graphics application 101may
render graphics with a GPU at computing device 300, and compositing flow generator 102 may
use the locally rendered graphics, optionally in combination with GPU instruction stream
information, to ascertain model IDs and rendering information to include in the compositing
flow. In some embodiments, compositing flow generator 102 may comprise a modified GPU,
which may be adapted to output a compositing flow comprising model IDs and rendering
information instead of rendered graphics. In some embodiments, block 404 may include block
405.

[0072] At “Model Inclusion” block 405, computing device 300 may determine which
models identified by model IDs in the compositing flow were previously sent to intermediary
computing device 120, and computing device 300 may include, in the compositing flow, models
not previously sent to intermediary computing device 120, while not including, in the
compositing flow, some or all models previously sent to intermediary computing device 120. In
embodiments wherein some or all models are not sent to intermediary computing device 120 at
block 401, computing device 300 may include models in compositing flows.

[0073] In an example scenario, a compositing flow may initially reference model IDs
for models A, B, and C, none of which have been previously sent to intermediary computing
device 120. Block 405 may determine that models A, B, and C were not previously sent to
intermediary computing device 120, and computing device 300 may include, in the initial
compositing flow, models A, B, and C. The compositing flow may subsequently reference model
IDs for models B, C, D, and E, wherein models B and C were previously sent to intermediary

computing device 120, but models D and E have not been previously sent to intermediary
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computing device 120. Block 405 may determine that models B and C were previously sent to
intermediary computing device 120 (in this case, models B and C were previously sent in the
initial compositing flow) and that models D and E have not been previously sent to intermediary
computing device 120. Computing device 300 may for example maintain and check a list of
models previously sent to intermediary computing device 120. Computing device 300 may
include, in the subsequent compositing flow, models D and E, while not including, in the
subsequent compositing flow, models B and C. Block 405 may be followed by block 406.

[0074] At “Send Compositing Flow” block 406, computing device 300 may send, via
the network, the compositing flow to intermediary computing device 120. Block 406 may be
followed by graphics rendering at intermediary computing device 120 and delivery of rendered
graphics from intermediary computing device 120 to client device 130. Client device 130 may
send new application control instructions to computing device 300, which new application
control instructions may be received at block 402. The loop comprising blocks 402, 404/405, and
406 may continue for the duration of the session between client device 130 and computing
device 300 / real-time graphics application 101.

[0075] FIG. 5 is a block diagram of a computing device as one example of an
intermediary computing device adapted to provide rendered graphics, arranged in accordance
with at least some embodiments of the present disclosure. Computing device 500 may generally
be arranged with similar device components, connections, and properties as described in
connection with computing device 300 in FIG. 3. Computing device 500 may differ from
computing device 300 at least in part by being configured with different applications, such as
applications 522, and different data, such as data 525. Computing device 500 may also have
different hardware from computing device 300 as needed to support the various operations of an
intermediary computing device, which hardware may be selected as appropriate to support
embodiments of this disclosure.

[0076] In a very basic configuration 501, computing device 500 may include one or
more processors 510 and system memory 520. A memory bus 530 may be used for
communicating between the processor 510 and the system memory 520. Processor 510 may
include one or more levels of caching, such as a level one cache 511 and a level two cache 512, a
processor core 513, and registers 514. A memory controller 515 may also be used with the
processor 510, or in some implementations the memory controller 515 may be an internal part of
the processor 510.

[0077] System memory 520 may include an operating system 521, one or more
applications 522, and program data 525. In some embodiments, operating system 521 may

comprise a virtual machine that is managed by a Virtual Machine Manager (VMM). Applications
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522 may include, for example, graphics rendering intermediary 122. Program data 525 may
include model store 121 and other data 527, such as session information and compositing flow
information comprising model IDs and rendering information that may be used by graphics
rendering intermediary 122.

[0078] Computing device 500 may also include a bus/interface controller 540 to
facilitate communications between the basic configuration 501 and one or more data storage
devices 550 via a storage interface bus 541. The data storage devices 550 may be removable
storage devices 551, non-removable storage devices 552, or a combination thereof. Examples of
removable storage and non-removable storage devices include magnetic disk devices such as
flexible disk drives and HDDs, optical disk drives such as CD drives or DVD drives, SSDs, and
tape drives.

[0079] Computing device 500 may also include an interface bus 542 for facilitating
communication from various interface devices to the basic configuration 501 via the
bus/interface controller 540. Example output devices 560 include GPU 561, which may
implement GPU 123 in FIG. 1 in some embodiments, and an audio processing unit 562, which
may be configured to communicate to various external devices such as a display or speakers via
one or more A/V ports 563. Example peripheral interfaces 570 may include a serial interface
controller 571 or a parallel interface controller 572, which may be configured to communicate
through either wired or wireless connections with external devices such as input devices or other
peripheral devices via one or more 1/O ports 573. An example communications device 580
includes a network controller 581, which may be arranged to facilitate communications with one
or more other computing devices 590, such as server computing device 100 and client device 130
as illustrated in FIG. 1, over a network communication via one or more communication ports
582.

[0080] Computing device 500 may be implemented as a server computing device in a
CDN, a MAN, or any other network comprising servers which may be closer to client device
than servers running real-time graphics applications, such as server computing device 100.
Computing device 500 may also be implemented as server in a distributed network of
intermediary computing devices which may be operated by, e.g., an operator of real-time
graphics applications.

[0081] FIG. 6 is a flow diagram of example methods for rendering graphics by an
intermediary computing device, arranged in accordance with at least some embodiments of the
present disclosure. The example flow diagram may include one or more operations/modules as

illustrated by blocks 601-608, which represent operations as may be performed in a method by
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graphics rendering intermediary 122, functional modules in a computing device 500, and/or
instructions as may be recorded on a computer readable medium 650.

[0082] In FIG. 6, blocks 601-608 are illustrated as including blocks being performed
sequentially, e.g., with block 601 first and block 608 last. It will be appreciated however that
these blocks may be re-arranged as convenient to suit particular embodiments and that these
blocks or portions thereof may be performed concurrently in some embodiments. It will also be
appreciated that in some examples various blocks may be eliminated, divided into additional
blocks, and/or combined with other blocks.

[0083] FIG. 6 illustrates example methods for rendering graphics by intermediary
computing device 500. In FIG. 6, a “Receive / Store Models” block 601 precedes a session in
which graphics are rendered and delivered to a client device. The session comprises a “Receive
Session Info” block 602, followed by a loop comprising a “Receive Compositing Flow” block
603, an “Extract / Store Models” block 604, a “Retrieve Models From Model Store” block 605, a
“Sequence Models and Rendering Info” block 606, a “Provide Sequenced Models / Rendering
Info to GPU” block 607, and a “Deliver Rendered Graphics Stream to Client Device” block 608.
The loop comprising blocks 603-608 need not necessarily be performed one block at a time. For
example, in some embodiments blocks 603-608 may each operate substantially continuously,
responsive to a substantially continuous compositing flow received at block 603. The loop
comprising blocks 603-608 may operate throughout a session between the client device and a
real-time graphics application — that is, for so long as the real-time graphics application delivers
the compositing flow for the client device to intermediary computing device 500.

[0084] At “Receive/ Store Models” block 601, computing device 500 may receive and
store one or more models in a model store. Block 601 may comprise maintaining a lookup table
for stored models, the lookup table comprising model IDs and pointers to memory locations in
the model store where identified models are stored. Models may be received by delivery via a
network or by any other approach such as by copying from a DVD or other computer readable
medium. Some embodiments may omit block 601 and may rely instead on block 604 to receive
and store models. Some embodiments may use combinations of blocks 601 and 604 to receive
and store models. Block 601 may be followed by block 602.

[0085] At “Receive Session Info” block 602, computing device 500 may receive, via a
network, session information from a server computing device, the session information
identifying a client device. Session information may optionally identify multiple client devices,
in which case graphics rendered from a compositing flow may optionally be delivered to the

multiple client devices. In some embodiments, computing device 500 may store the received
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session information for use in delivery of a rendered graphics stream to the identified client
device. Block 602 may be followed by block 603.

[0086] At “Receive Compositing Flow” block 603, computing device 500 may receive,
via the network, a compositing flow provided by the server computing device. The compositing
flow may comprise at least model IDs and model rendering information. In some embodiments,
the compositing flow may comprise a substantially continuous stream of model IDs and model
rendering information. The model IDs may identify models previously stored by computing
device 500 in the model store. The model rendering information may comprise model position
information, model orientation information, viewpoint information, light source information,
and/or any other model rendering information. In some embodiments, the compositing flow may
occasionally comprise one or more models not in the model store, which models may be
extracted and stored in the model store at block 604. Block 603 may be followed by block 604.

[0087] At “Extract/ Store Models” block 604, computing device 500 may extract
models from the compositing flow received at block 603. For example, when a full model is
included in the received composting flow, in addition to the model IDs and rendering
information normally included in the composting flow, block 604 may extract the full model for
storage and later use in connection with subsequent portions of the compositing flow and/or
subsequent graphics rendering for the real-time graphics application. Block 604 may store
extracted models in the model store. In some embodiments, block 604 may optionally also
provide extracted models directly to block 605 for immediate use in graphics rendering. Block
604 may be followed by block 605.

[0088] At “Retrieve Models from Model Store” block 605, computing device 500 may
retrieve models identified in the received compositing flow from the model store. Computing
device 500 may for example read the received compositing flow information to identify model
IDs therein. Computing device 500 may lookup model IDs referenced in the received
compositing flow in a lookup table to determine memory locations for identified models in the
model store. Computing device 500 may copy the identified models from their memory locations
in the model store to another memory location, e.g., to a CPU cache, a graphics card memory, a
GPU cache, a SSD storage device, disk storage, or other memory from which the identified
models may be sent to a GPU for rendering. Block 605 may be followed by block 606.

[0089] At “Sequence Models and Rendering Info” block 606, computing device 500
may sequence the identified models retrieved at block 605 with rendering information from the
compositing flow. The rendering information in the received compositing flow may include
rendering information for one or more different models, and the rendering information may

include sequencing information specifying rendering operations to be carried out in sequential
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video frames. Block 606 may sequence the models by sending models to the GPU in an
appropriate order and at appropriate times when the models are needed at the GPU, as well as by
sending rendering information to the GPU in an appropriate order so that sequential video frames
are rendered according to the sequence specified in the compositing flow. Block 606 may be
followed by block 607.

[0090] At “Provide Sequenced Models / Rendering Info to GPU” block 607, computing
device 500 may provide the identified models from the model store and model rendering
information from the received compositing flow, as sequenced at block 606, to a GPU for
rendering, thereby causing the GPU to render graphics according to the received compositing
flow.

[0091] The GPU may be a local GPU, e.g., in a same device housing as other
components of computing device 500, or the GPU may be otherwise operably coupled with
computing device 500. For example, in some embodiments multiple computing devices may
share a same high performance graphics card comprising the GPU. Furthermore, in some
embodiments multiple instances of graphics rendering intermediary 122, at computing device
500 and/or other computing devices in a same LAN as computing device 500, may share GPU
resources. For example, methods such as illustrated in FIG. 6 may be performed multiple times
in substantially simultaneous fashion, using a same GPU or one or more shared GPUs, to
simultaneously provide rendered graphics to multiple clients according to multiple different
compositing flows.

[0092] In some embodiments, block 607 may comprise rendering, by the GPU,
graphics for delivery via the network to the client device at block 608. The rendered graphics
may comprise the identified models from the model store rendered according to model rendering
information in the compositing flow. For example, the identified models may be positioned
according to model position information, oriented according to model orientation information,
viewed according to viewpoint information, lighted according to light source information, and/or
otherwise rendered according to model rendering information in the compositing flow. Block
607 may be followed by block 608.

[0093] At “Deliver Rendered Graphics Stream to Client Device” block 608, computing
device 500 may deliver, via a network, a rendered graphics stream output produced by the GPU
to the client device. The rendered graphics stream output may comprise the identified models
from the model store positioned and/or otherwise rendered according to the model position
information in the compositing flow, as generated pursuant to block 607. In some embodiments,
computing device 500 may deliver, along with the rendered graphics stream, audio, tactile or

other output information for playback at the client device along with the rendered graphics
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stream. For example, computing device 500 may merge audio or tactile information received
along with a compositing flow into rendered graphics stream data for delivery to the client
device. In some embodiments, another device coupled in a LAN with computing device 500 may
include block 608 — for example, rendered graphics streams may be forwarded from a GPU to a
dedicated stream server responsible for streaming graphics to client devices. In some
embodiments, block 608 may be followed by return to block 603 for continuous operation of the
loop comprising blocks 603-608. In some embodiments, block 608 as well as blocks 603-607
may operate substantially continuously to deliver a substantially continuous rendered graphics
stream output from the GPU to the client device.

[0094] FIG. 7 is a diagram illustrating example models, an example compositing flow,
and an example rendered graphics stream, arranged in accordance with at least some
embodiments of the present disclosure. FIG. 7 includes a model 701, a model 702, and a model
703, a compositing flow 710, and a rendered graphics stream 720, comprising a frame 1 and a
frame 2.

[0095] Models 701, 702, and 703 may be delivered to an intermediary computing
device and stored in a model store, as described herein. Compositing flow 710 may be received
at the intermediary computing device and used along with models 701, 702, and 703 to generate
rendered graphics stream 720 for delivery to a client device. Compositing flow 710 includes a
sequence of frames comprising frame 1 and frame 2, and simplified rendering information for
each frame. For example, rendering information for frame 1 includes model IDs for models 701
and 703. A position X1, Y1 and an orientation Ol is specified for model 701, and a position X2,
Y2 and an orientation O2 is specified for model 703. Rendering information for frame 2 includes
model IDs for models 701, 702, and 703. A position X3, Y3 and an orientation O3 is specified
for model 701, a position X4, Y4 and an orientation O4 is specified for model 703, and a
position X35, Y5 and an orientation OS5 is specified for model 702. Compositing flow 710 may
comprise further rendering information, e.g., a substantially continuous stream of rendering
information including a stream of different rendering instructions for models 701, 702, and 703.

[0096] Rendered graphics stream 720 may be generated at the intermediary computing
device, and delivered to the client device, as described herein. Rendered graphics stream 720
may comprise rendered frames, such as rendered frame 1 and rendered frame 2, which are
rendered using models 701, 702, and 703 and rendering information in compositing flow 710.
Rendered graphics stream 720 may comprise further rendered frames rendered according to
further rendering information as may be included in composting flow 710. For example,
rendered frame 1 includes model 701 in an example position X1, Y1 and an orientation O1, and

model 703 in an example position X2, Y2 and an orientation. Rendered frame 2 includes model
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701 in an example position X3, Y3 and an orientation O3, model 703 in an example position X4,
Y4 and an orientation O4, and model 702 in an example position X5, Y5 and an orientation OS.

[0097] There is little distinction left between hardware and software implementations of
aspects of systems; the use of hardware or software is generally (but not always, in that in certain
contexts the choice between hardware and software may become significant) a design choice
representing cost vs. efficiency tradeoffs. There are various vehicles by which processes and/or
systems and/or other technologies described herein may be effected (e.g., hardware, software,
and/or firmware), and that the preferred vehicle will vary with the context in which the processes
and/or systems and/or other technologies are deployed. For example, if an implementer
determines that speed and accuracy are paramount, the implementer may opt for a mainly
hardware and/or firmware vehicle; if flexibility is paramount, the implementer may opt for a
mainly software implementation; or, yet again alternatively, the implementer may opt for some
combination of hardware, software, and/or firmware.

[0098] The foregoing detailed description has set forth various embodiments of the
devices and/or processes via the use of block diagrams, flowcharts, and/or examples. Insofar as
such block diagrams, flowcharts, and/or examples contain one or more functions and/or
operations, it will be understood by those within the art that each function and/or operation
within such block diagrams, flowcharts, or examples may be implemented, individually and/or
collectively, by a wide range of hardware, software, firmware, or virtually any combination
thereof. In one embodiment, several portions of the subject matter described herein may be
implemented via Application Specific Integrated Circuits (ASICs), Field Programmable Gate
Arrays (FPGAS), digital signal processors (DSPs), or other integrated formats. However, those
skilled in the art will recognize that some aspects of the embodiments disclosed herein, in whole
or in part, may be equivalently implemented in integrated circuits, as one or more computer
programs running on one or more computers (€.g., as one or more programs running on one or
more computer systems), as one or more programs running on one or more processors (e.g., as
one or more programs running on one or more microprocessors), as firmware, or as virtually any
combination thereof, and that designing the circuitry and/or writing the code for the software and
or firmware would be well within the skill of one of skill in the art in light of this disclosure. In
addition, those skilled in the art will appreciate that the mechanisms of the subject matter
described herein are capable of being distributed as a program product in a variety of forms, and
that an illustrative embodiment of the subject matter described herein applies regardless of the
particular type of signal bearing medium used to actually carry out the distribution. Examples of
a signal bearing medium include, but are not limited to, the following: a recordable type medium

such as a floppy disk, a hard disk drive, a Compact Disc (CD), a Digital Video Disk (DVD), a
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digital tape, a computer memory, etc.; and a transmission type medium such as a digital and/or
an analog communication medium (e.g., a fiber optic cable, a waveguide, a wired
communications link, a wireless communication link, etc.).

[0099] Those skilled in the art will recognize that it is common within the art to
describe devices and/or processes in the fashion set forth herein, and thereafter use engineering
practices to integrate such described devices and/or processes into data processing systems. That
is, at least a portion of the devices and/or processes described herein may be integrated into a
data processing system via a reasonable amount of experimentation. Those having skill in the art
will recognize that a typical data processing system generally includes one or more of a system
unit housing, a video display device, a memory such as volatile and non-volatile memory,
processors such as microprocessors and digital signal processors, computational entities such as
operating systems, drivers, graphical user interfaces, and applications programs, one or more
interaction devices, such as a touch pad or screen, and/or control systems including feedback
loops and control motors (e.g., feedback for sensing position and/or velocity; control motors for
moving and/or adjusting components and/or quantities). A typical data processing system may be
implemented utilizing any suitable commercially available components, such as those typically
found in data computing/communication and/or network computing/communication systems.
The herein described subject matter sometimes illustrates different components contained within,
or connected with, different other components. It is to be understood that such depicted
architectures are merely examples and that in fact many other architectures may be implemented
which achieve the same functionality. In a conceptual sense, any arrangement of components to
achieve the same functionality is effectively "associated" such that the desired functionality is
achieved. Hence, any two components herein combined to achieve a particular functionality may
be seen as "associated with" each other such that the desired functionality is achieved,
irrespective of architectures or intermediate components. Likewise, any two components so
associated may also be viewed as being "operably connected”, or "operably coupled”, to ecach
other to achieve the desired functionality, and any two components capable of being so
associated may also be viewed as being "operably couplable”, to each other to achicve the
desired functionality. Specific examples of operably couplable include but are not limited to
physically connectable and/or physically interacting components and/or wirelessly inter-actable
and/or wirelessly interacting components and/or logically interacting and/or logically inter-
actable components.

[0100] With respect to the use of substantially any plural and/or singular terms herein,

those having skill in the art may translate from the plural to the singular and/or from the singular
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to the plural as is appropriate to the context and/or application. The various singular/plural
permutations may be expressly set forth herein for sake of clarity.

[0101] It will be understood by those within the art that, in general, terms used herein,
and especially in the appended claims (e.g., bodies of the appended claims) are generally
intended as "open" terms (e.g., the term "including” should be interpreted as "including but not
limited to," the term "having" should be interpreted as "having at least,” the term "includes”
should be interpreted as "includes but is not limited to," etc.). It will be further understood by
those within the art that if a specific number of an introduced claim recitation is intended, such
an intent will be explicitly recited in the claim, and in the absence of such recitation no such
intent is present. For example, as an aid to understanding, the following appended claims may
contain usage of the introductory phrases "at least one” and "one or more” to introduce claim
recitations. However, the use of such phrases should not be construed to imply that the
introduction of a claim recitation by the indefinite articles "a" or "an" limits any particular claim
containing such introduced claim recitation to inventions containing only one such recitation,
even when the same claim includes the introductory phrases "one or more" or "at least one" and

L

indefinite articles such as "a" or "an" (e.g., "a" and/or "an" should typically be interpreted to
mean "at least one" or "one or more"); the same holds true for the use of definite articles used to
introduce claim recitations. In addition, even if a specific number of an introduced claim
recitation is explicitly recited, those skilled in the art will recognize that such recitation should
typically be interpreted to mean at least the recited number (e.g., the bare recitation of "two
recitations,” without other modifiers, typically means at least two recitations, or two or more
recitations). Furthermore, in those instances where a convention analogous to "at least one of A,
B, and C, etc.” is used, in general such a construction is intended in the sense one having skill in
the art would understand the convention (e.g., "a system having at least one of A, B, and C"
would include but not be limited to systems that have A alone, B alone, C alone, A and B
together, A and C together, B and C together, and/or A, B, and C together, etc.). In those
instances where a convention analogous to "at least one of A, B, or C, etc.” is used, in general
such a construction is intended in the sense one having skill in the art would understand the
convention (e.g., "a system having at least one of A, B, or C" would include but not be limited to
systems that have A alone, B alone, C alone, A and B together, A and C together, B and C
together, and/or A, B, and C together, etc.). It will be further understood by those within the art
that virtually any disjunctive word and/or phrase presenting two or more alternative terms,
whether in the description, claims, or drawings, should be understood to contemplate the
possibilitics of including one of the terms, either of the terms, or both terms. For example, the

phrase "A or B" will be understood to include the possibilities of "A" or "B" or "A and B."
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[0102] While certain example techniques have been described and shown herein using
various methods, devices and systems, it should be understood by those skilled in the art that
various other modifications may be made, and equivalents may be substituted, without departing
from claimed subject matter. Additionally, many modifications may be made to adapt a
particular situation to the teachings of claimed subject matter without departing from the central
concept described herein. Therefore, it is intended that claimed subject matter not be limited to
the particular examples disclosed, but that such claimed subject matter also may include all

implementations falling within the scope of the appended claims, and equivalents thereof.
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CLAIMS:

1. A method for rendering graphics by an intermediary computing device, comprising:
storing, by the intermediary computing device, one or more models in a model store;
receiving, by the intermediary computing device, via a network, session information from

a server computing device, the session information identifying a client device;
receiving, by the intermediary computing device, via the network, a compositing flow

provided by the server, wherein the compositing flow comprises at least model identifiers and

model rendering information, wherein the model rendering information comprises at least model
position information;

retrieving, by the intermediary computing device, models identified in the compositing
flow from the model store; and

providing, by the intermediary computing device, the identified models from the model
store and the model rendering information to a Graphics Processing Unit (GPU) for rendering,
thereby causing the GPU to render graphics for delivery via the network to the client device, the
rendered graphics comprising the identified models from the model store positioned according to

the model position information in the compositing flow.

2. The method of claim 1, further comprising receiving from the network, by the

intermediary computing device, the one or more models that are stored in the model store.

3. The method of claim 2, wherein the compositing flow further comprises one or more
models not in the model store, and further comprising extracting, by the intermediary computing
device, the models from the compositing flow, and storing, by the intermediary computing

device, the extracted models in the model store.

4. The method of claim 1, wherein the model rendering information further comprises one
or more of: model orientation information, viewpoint information, or light source information,
and wherein the graphics rendered by the GPU comprise the identified models in oriented
according to the model orientation information, viewed from according to the viewpoint

information, or lighted according to the light source information.

5. The method of claim 1, further comprising performing the method multiple times using a
same GPU, to simultaneously provide rendered graphics to multiple clients according to multiple

different compositing flows.
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6. The method of claim 1, wherein the intermediary computing device comprises one or

more devices in a Content Delivery Network (CDN) or a Metropolitan Area Network (MAN).

7. The method of claim 1, wherein the server comprises a server at a data center hosting a
multiplayer online video game, wherein the models comprise video game models, and wherein
the model identifiers and model rendering information in the compositing flow are influenced by

the actions of multiple players of the multiplayer online video game.

8. The method of claim 1, wherein providing the identified models from the model store and
the model rendering information to the GPU for rendering comprises sequencing the identified

models with rendering information from the compositing flow.

9. The method of claim 1, further comprising delivering, by the intermediary computing

device, the graphics rendered by the GPU to the client device.

10. A non-transitory computer readable storage medium having computer executable
instructions executable by a processor, the instructions that, when executed by the processor,
implement an graphics rendering intermediary which causes the processor to:

store one or more models in a model store;

receive, via a network, session information from a server computing device, the session
information identifying a client device;

receive, via the network, a compositing flow provided by the server, wherein the
compositing flow comprises at least model identifiers and model rendering information, wherein
the model rendering information comprises at least model position information;

retrieve models identified in the compositing flow from the model store; and

provide the identified models from the model store and the model position information to
a Graphics Processing Unit (GPU) for rendering, thereby causing the GPU to render graphics for
delivery via the network to the client device, the rendered graphics comprising the identified
models from the model store positioned according to the model position information in the

compositing flow.
11. The non-transitory computer readable storage medium of claim 10, wherein the

instructions that cause the processor to store the one or more models in the model store operate

in response to receiving the one or more models from the server.
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12. The non-transitory computer readable storage medium of claim 11, wherein the
compositing flow further comprises one or more models not in the model store, and further
comprising instructions that cause the processor to extract the models from the compositing flow

and store the extracted models in the model store.

13. The non-transitory computer readable storage medium of claim 10, wherein the model
rendering information further comprises one or more of: model orientation information,
viewpoint information, or light source information, and wherein the graphics rendered by the
GPU comprise the identified models oriented according to the model orientation information,
viewed from according to the viewpoint information, or lighted according to the light source

information.

14. The non-transitory computer readable storage medium of claim 10, further comprising
instructions that cause the processor to simultancously provide rendered graphics to multiple
clients according to multiple different compositing flows, using a same GPU for graphics

rendering for the multiple clients.

15. The non-transitory computer readable storage medium of claim 10, wherein the
intermediary computing device comprises one or more devices in a Content Delivery Network

(CDN) or a Metropolitan Area Network (MAN).

16. The non-transitory computer readable storage medium of claim 10, wherein the server
comprises a server at a data center hosting a multiplayer online video game, wherein the models
comprise video game models, and wherein the model identifiers and model rendering
information in the compositing flow are influenced by the actions of multiple players of the

multiplayer online video game.

17. The non-transitory computer readable storage medium of claim 10, wherein the
instructions that provide the identified models from the model store and the model rendering
information to the GPU comprise instructions that cause the processor to sequence the identified

models with rendering information from the compositing flow.

18. The non-transitory computer readable storage medium of claim 10, further comprising
instructions that cause the processor to deliver the graphics rendered by the GPU to the client

device.
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19.  Anintermediary computing device adapted to provide rendered graphics, the
intermediary computing device comprising:
a processor;
a memory; and
a graphics rendering intermediary stored in the memory and executable by the processor,
wherein the graphics rendering intermediary is configured to:
store one or more models in a model store;
receive, via a network, session information from a server computing device, the
session information identifying a client device;
receive, via the network, a compositing flow provided by the server, wherein the
compositing flow comprises at least model identifiers and model rendering information,
wherein the model rendering information comprises at least model position information;
retrieve models identified in the compositing flow from the model store; and
provide the identified models from the model store and the model position
information to a Graphics Processing Unit (GPU) for rendering, thereby causing the GPU
to render graphics for delivery via the network to the client device, the rendered graphics
comprising the identified models from the model store positioned according to the model

position information in the compositing flow.

20. The intermediary computing device of claim 19, wherein the graphics rendering
intermediary is configured to store the one or more models in the model store in response to

receiving the one or more models from the server.

21. The intermediary computing device of claim 20, wherein the compositing flow further
comprises one or more models not in the model store, and wherein the graphics rendering
intermediary is configured to extract the models from the compositing flow and store the

extracted models in the model store.

22. The intermediary computing device of claim 19, wherein the model rendering
information further comprises one or more of: model orientation information, viewpoint
information, or light source information, and wherein the graphics rendered by the GPU
comprise the identified models oriented according to the model orientation information, viewed
from according to the viewpoint information, or lighted according to the light source

information.
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23. The intermediary computing device of claim 19, wherein the graphics rendering
intermediary is configured to simultaneously provide rendered graphics to multiple clients
according to multiple different compositing flows, using a same GPU for graphics rendering for

the multiple clients.

24, The intermediary computing device of claim 19, wherein the intermediary computing
device comprises one or more devices in a Content Delivery Network (CDN) or a Metropolitan

Area Network (MAN).

25. The intermediary computing device of claim 19, wherein the server comprises a server at
a data center hosting a multiplayer online video game, wherein the models comprise video game
models, and wherein the model identifiers and model rendering information in the compositing

flow are influenced by the actions of multiple players of the multiplayer online video game.

26. The intermediary computing device of claim 19, wherein providing the identified models
from the model store and the model rendering information to the GPU comprises sequencing the

identified models with rendering information from the compositing flow.

27. The intermediary computing device of claim 19, wherein the intermediary computing

device is configured to deliver the graphics rendered by the GPU to the client device.

28. A method for providing, by a server computing device, a compositing flow to an
intermediary computing device, wherein the intermediary computing device is adapted to
provide rendered graphics according to the compositing flow, the method comprising:

receiving, by the server computing device, via a network, application control instructions
from a client device;

sending, by the server computing device to the intermediary computing device, via the
network, session information identifying the client device;

generating, by the server computing device, the compositing flow, wherein the
compositing flow comprises at least model identifiers and model rendering information as a real-
time graphics application output resulting from processing, by a real-time graphics application,
an input comprising the application control instructions from the client device, wherein the
compositing flow does not include one or more models identified by the model identifiers, and
wherein the model rendering information comprises at least model position information; and

sending, by the server computing device, via the network, the compositing flow to the

intermediary computing device.
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209. The method of claim 28, further comprising sending, by the server computing device via
the network to the intermediary computing device, one or more models for use by the
intermediary computing device to provide the rendered graphics according to the compositing
flow, wherein sending the one or more models comprises at least one of:
sending, by the server computing device via the network to the intermediary computing
device, one or more models before a session in which the application control instructions are
received from the client device; and
including, by the server computing device, one or more models in the compositing flow,
comprising:
determining, by the server computing device, models that were previously sent to
the intermediary computing device; and
including, by the server computing device in the compositing flow, models
identified by the model identifiers in the compositing flow and not previously sent to the
intermediary computing device, while not including models previously sent to the

intermediary computing device in the compositing flow.

30. The method of claim 28, wherein the model rendering information further comprises one

or more of: model orientation information, viewpoint information, or light source information.

31. The method of claim 28, wherein the intermediary computing device comprises one or

more devices in a Content Delivery Network (CDN) or a Metropolitan Area Network (MAN).

32.  The method of claim 28, wherein the server computing device comprises a server at a
data center hosting a multiplayer online video game, wherein the models comprise video game
models, and wherein the model identifiers and model rendering information in the compositing
flow are influenced by the application control instructions from the client device as well as

application control instructions from multiple players of the multiplayer online video game.

33. A non-transitory computer readable storage medium having computer executable
instructions executable by a processor, the instructions that, when executed by the processor,
implement a real-time graphics application adapted to provide a compositing flow to an
intermediary computing device, wherein the intermediary computing device is adapted to
provide rendered graphics according to the compositing flow, wherein the real-time graphics

application causes the processor to:
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receive, via a network, application control instructions from a client device;

send, to the intermediary computing device, via the network, session information
identifying the client device;

generate the compositing flow, wherein the compositing flow comprises at least model
identifiers and model rendering information as a real-time graphics application output resulting
from processing, by the real-time graphics application, an input comprising the application
control instructions from the client device, wherein the compositing flow does not include one or
more models identified by the model identifiers, and wherein the model rendering information
comprises at least model position information; and

send, via the network, the compositing flow to the intermediary computing device.

34, The non-transitory computer readable storage medium of claim 33, wherein the real-time
graphics application further causes the processor to send, via the network to the intermediary
computing device, one or more models for use by the intermediary computing device to provide
the rendered graphics according to the compositing flow, wherein sending the one or more
models comprises at least one of:
sending, by the real-time graphics application via the network to the intermediary
computing device, one or more models before a session in which the application control
instructions are received from the client device; and
including, by the real-time graphics application, one or more models in the compositing
flow, comprising:
determining, by the real-time graphics application, models that were previously
sent to the intermediary computing device; and
including, by the real-time graphics application in the compositing flow, models
identified by the model identifiers in the compositing flow and not previously sent to the
intermediary computing device, while not including models previously sent to the

intermediary computing device in the compositing flow.

35. The non-transitory computer readable storage medium of claim 33, wherein the model
rendering information further comprises one or more of: model orientation information,

viewpoint information, or light source information.

36. The non-transitory computer readable storage medium of claim 33, wherein the
intermediary computing device comprises one or more devices in a Content Delivery Network

(CDN) or a Metropolitan Area Network (MAN).
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37. The non-transitory computer readable storage medium of claim 33, wherein the real-time
graphics application comprises a multiplayer online video game, wherein the models comprise
video game models, and wherein the model identifiers and model rendering information in the
compositing flow are influenced by the application control instructions from the client device as
well as application control instructions from multiple players of the multiplayer online video

game.

38. A server computing device adapted to provide a compositing flow to an intermediary
computing device, wherein the intermediary computing device is adapted to provide rendered
graphics according to the compositing flow, the server computing device comprising:
a processor;
a memory; and
a real-time graphics application stored in the memory and executable by the processor,
wherein the real-time graphics application is configured to:
send, via a network, one or more models to the intermediary computing device;
receive, via the network, application control instructions from a client device;
send, to the intermediary computing device, via the network, session information
identifying the client device;
generate the compositing flow, wherein the compositing flow comprises at least
model identifiers and model rendering information as a real-time graphics application
output resulting from processing, by the real-time graphics application, an input
comprising the application control instructions from the client device, without one or
more models identified by the model identifiers, wherein the model rendering
information comprises at least model position information; and
send, via the network, the compositing flow to the intermediary computing

device.

39.  The server computing device of claim 38, wherein the real-time graphics application is
further configured to send, via the network to the intermediary computing device, one or more
models for use by the intermediary computing device to provide the rendered graphics according
to the compositing flow, wherein sending the one or more models comprises at least one of:
sending, by the real-time graphics application via the network to the intermediary
computing device, one or more models before a session in which the application control

instructions are received from the client device; and
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including, by the real-time graphics application, one or more models in the compositing
flow, comprising:
determining, by the real-time graphics application, models that were previously
sent to the intermediary computing device; and
including, by the real-time graphics application in the compositing flow, models
identified by the model identifiers in the compositing flow and not previously sent to the
intermediary computing device, while not including models previously sent to the

intermediary computing device in the compositing flow.

40. The server computing device of claim 38, wherein the model rendering information
further comprises one or more of: model orientation information, viewpoint information, or light

source information.

41.  The server computing device of claim 38, wherein the intermediary computing device
comprises one or more devices in a Content Delivery Network (CDN) or a Metropolitan Area

Network (MAN).

42.  The server computing device of claim 38, wherein the server computing device
comprises a server at a data center hosting the real-time graphics application, and wherein the
real-time graphics application comprises a multiplayer online video game, wherein the models
comprise video game models, and wherein the model identifiers and model rendering
information in the compositing flow are influenced by the application control instructions from
the client device as well as application control instructions from multiple players of the

multiplayer online video game.
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