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(57) ABSTRACT 
Aspects of the present disclosure describe a software based 
emulator of a graphics processing unit (GPU) that is config 
ured to operate over a cloud-based network. A virtual image 
containing graphics primitives is divided into a plurality of 
tiles. A load balancer assigns tiles to rasterization threads in 
order to evenly distribute the processing load. The rasteriza 
tion threads then rasterize their assigned tiles and deliver 
rendered pixels to a frame buffer. The frame buffer builds a 
frame from the rendered pixels and then delivers the frame 
over the network to a client device platform. It is emphasized 
that this abstract is provided to comply with the rules requir 
ing an abstract that will allow a searcher or other reader to 
quickly ascertain the Subject matter of the technical disclo 
sure. It is submitted with the understanding that it will not be 
used to interpret or limit the Scope or meaning of the claims. 
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ADAPTIVE LOAD BALANCING IN 
SOFTWARE EMULATION OF GPU 

HARDWARE 

CROSS-REFERENCE TO RELATED 
APPLICATION 

0001. This application is related to commonly-assigned, 
co-pending provisional application Ser. No. 61/666,628. (At 
torney Docket Number SCEA12004US00) filed Jun. 29, 
2012, and entitled “DETERMINING TRIGGERS FOR 
CLOUD-BASED EMULATED GAMES, the entire disclo 
sures of which are incorporated herein by reference. 
0002 This application is related to commonly-assigned, 
co-pending provisional application Ser. No. 61/666,645. (At 
torney Docket Number SCEA12005US00) filed Jun. 29, 
2012, and entitled “HAPTIC ENHANCEMENTS FOR 
EMULATED VIDEO GAME NOT ORIGINALLY 
DESIGNED WITH HAPTIC CAPABILITIES”, the entire 
disclosures of which are incorporated herein by reference. 
0003. This application is related to commonly-assigned, 
co-pending provisional application Ser. No. 61/666,665. (At 
torney Docket Number SCEA12006US00) filed Jun. 29, 
2012, and entitled “CONVERSION OF HAPTIC EVENTS 
INTO SCREEN EVENTS, the entire disclosures of which 
are incorporated herein by reference. 
0004. This application is related to commonly-assigned, 
co-pending provisional application Ser. No. 61/666,679. (At 
torney Docket Number SCEA12007US00) filed Jun. 29, 
2012, and entitled “SUSPENDING STATE OF CLOUD 
BASED LEGACY APPLICATIONS, the entire disclosures 
of which are incorporated herein by reference. 
0005. This application is related to commonly-assigned, 
co-pending application Ser. No. 13/631,725. (Attorney 
Docket Number SCEA12008US00), filed the same day as the 
present application, and entitled “REPLAY AND RESUMP 
TION OF SUSPENDED GAME to Brian Michael Christo 
pher Watson, Victor Octav Suba Miura, Jacob P. Stine and 
Nicholas J. Cardell, filed the same day as the present appli 
cation, the entire disclosures of which are incorporated herein 
by reference. 
0006. This application is related to commonly-assigned, 
co-pending application Ser. No. 13/631,740. (Attorney 
Docket Number SCEA12009US00), filed the same day as the 
present application, and entitled “METHOD FOR CREAT 
ING AMINI-GAME' to Brian Michael Christopher Watson, 
Victor Octav Suba Miura, and Jacob P. Stine, the entire dis 
closures of which are incorporated herein by reference. 
0007. This application is related to commonly-assigned, 
co-pending application Ser. No. 13/631,785. (Attorney 
Docket Number SCEA12010US00), filed the same day as the 
present application, and entitled “PRE-LOADING TRANS 
LATED CODE IN CLOUD BASED EMULATED APPLI 
CATIONS'', to Jacob P. Stine, Victor Octav Suba Miura, 
Brian Michael Christopher Watson, and Nicholas J. Cardell 
the entire disclosures of which are incorporated herein by 
reference. 

0008. This application is related to commonly-assigned, 
co-pending application serial no. 13/. (Attorney Docket 
Number SCEA12012US00), filed the same day as the present 
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LATENCY IN EMULATION OF A LEGACY APPLICA 
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TION TITLE, to Jacob P. Stine and Victor Octav Suba 
Miura, the entire disclosures of which are incorporated herein 
by reference. 

FIELD OF THE DISCLOSURE 

0009. The present disclosure is related to video game emu 
lation. Among other things, this application describes a 
method and apparatus for emulating a graphics processing 
unit (GPU) over a cloud based network with tile-based ras 
terization. 

BACKGROUND OF THE INVENTION 

0010. In three dimensional graphics rendering, a graphics 
processing unit (GPU) may transform a three-dimensional 
virtual object into a two-dimensional image that may be dis 
played on a screen. The GPU may use one or more graphics 
pipelines for processing information initially provided to the 
GPU. Such as graphics primitives. Graphics primitives are 
properties that are used to describe a three-dimensional object 
that is being rendered. By way of example, graphics primi 
tives may be lines, triangles, or vertices that form a three 
dimensional object when combined. Each of the graphics 
primitives may contain additional information to further 
define the three dimensional object such as, but not limited to 
X-Y-Z coordinates, red-green-blue (RGB) values, translu 
cency, texture, and reflectivity. 
0011. A critical step in a graphics pipeline is the rasteriza 
tion step. Rasterization is the process by which the graphics 
primitives describing the three-dimensional object are trans 
formed into a two-dimensional image representation of the 
scene. The two-dimensional image is comprised of individual 
pixels, each of which may contain unique RGB values. Typi 
cally, the GPU will rasterize a three-dimensional image by 
stepping across the entire three-dimensional object in raster 
pattern along a two dimensional plane. Each step along the 
line represents one pixel. At each step, the GPU must deter 
mine if the pixel should be rendered and delivered to the 
frame buffer. If the pixel has not changed from a previous 
rendering, then there is no need to deliver an updated pixel to 
the frame buffer. Therefore, each raster line may have a vari 
able number of pixels that must be processed. In order to 
quickly process the three-dimensional object, a plurality of 
rasterization threads may each be assigned one or more of the 
raster lines to process, and the rasterization threads may be 
executed in parallel. 
0012. When a GPU is being emulated through software, 
the processing capabilities may not be as efficient or as highly 
optimized as they would be in the original hardware based 
GPU. Therefore, if the processing load on each rasterization 
thread is not properly balanced, a delay or latency in the 
execution of the rasterization may develop. Further, it is dif 
ficult to predict the number of pixels that will be rendered 
along each raster line before it is processed. Without knowing 
a priori the processing load each rasterization thread is 
assigned, it is difficult to ensure that load can be evenly 
balanced. 

0013. In order to prevent latencies, the emulation software 
may dedicate an increased number of available rasterization 
threads to the rasterization process. This increases the 
demand on the processor running the emulation software. 
Also, in the case of cloud-based services, the number of 
instances of the emulation Software that will be miming at a 
given time is not known beforehand. If the emulation soft 



US 2014/0092087 A1 

ware requires extensive processing power, then Scaling the 
system for increased users becomes prohibitively expensive. 
By way of example, during peak usage hours, there may be 
many instances of the emulator being executed on the net 
work. This requires that resources such as processing power 
be used as efficiently as possible. 
0014 Further, the efficiency of the processing power can 
not be made by decreasing the frame rate that the emulator is 
capable of producing. The frame rate should ideally remain 
above 24 frames per second in order to ensure Smooth ani 
mation. In order to provide a scalable software emulator of a 
GPU that is implemented over a cloud-based network, a ras 
terization method that allows for efficient load balancing is 
needed. 
0015. It is within this context that aspects of the present 
disclosure arise. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0016 FIG. 1 is a schematic diagram of a snapshot genera 
tor and an emulator communicating over a network according 
to an aspect of the present disclosure. 
0017 FIG. 2A-2B are flow diagrams of a methods for 
using tile-based rasterization as part of a Software based emu 
lation of a GPU implemented over a cloud-based network 
according various aspects of the present disclosure. 
0.018 FIG. 3A-3B are schematics of software based emu 
lators of a GPU implemented over a cloud-based network that 
are configured to rasterize a virtual image with tile based 
rasterization according to various aspects of the present dis 
closure. 
0019 FIG. 4A-4B are block diagrams describing the 
instructions for how a software based emulator of a GPU 
implemented over a cloud-based network rasterizes a virtual 
image with tile based rasterization according to various 
aspects of the present disclosure. 

DETAILED DESCRIPTION OF THE DRAWINGS 

0020. Although the following detailed description con 
tains many specific details for the purposes of illustration, 
anyone of ordinary skill in the art will appreciate that many 
variations and alterations to the following details are within 
the scope of the present disclosure. Accordingly, the aspects 
of the present disclosure described below are set forth without 
any loss of generality to, and without imposing limitations 
upon, the claims that follow this description. 
0021 Aspects of the present disclosure describe a soft 
ware based emulator of a graphics processing unit (GPU) that 
is configured to operate overa cloud-based network. A virtual 
image containing graphics primitives is first divided into a 
plurality of tiles. Each of the tiles has a predetermined number 
of image pixels. The emulator may then scan each of the tiles 
to determine how many of the image pixels in each tile need 
to be rendered. The number of pixels that need to be rendered 
for each tile is then delivered to a load balancer. The load 
balancer distributes the processing between rasterization 
threads. Each rasterization thread will be assigned approxi 
mately the same total number of pixels to be rendered. The 
rasterization threads then rasterize their assigned tiles, and 
render the pixels that require rendering. Additionally, the 
rasterization threads may deliver the rendered pixels to a 
frame buffer. The frame buffer builds a frame from the ren 
dered pixels and then delivers the frame over the network to a 
client device platform. 
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0022. Additional aspects of the present disclosure 
describe a software based emulator of a GPU that is config 
ured to operate over a cloud-based network. A virtual image 
containing graphics primitives is first divided into a plurality 
of tiles. Each of the tiles has a predetermined number of image 
pixels. The emulator may then scan each of the tiles to deter 
mine if any of the image pixels that are within a tile need to be 
rendered. Pixels that do not need to be rendered are some 
times referred to herein as “ignorable' pixels. If at least one 
image pixel in a tile needs to be rendered, then a message is 
sent to a load balancer indicating that the tile is “full. Once 
each tile has been scanned, the load balancer can divide the 
“full tiles evenly between the available rasterization threads. 
Each rasterization thread then rasterizes the assigned tiles and 
delivers the rendered pixels to a frame buffer. The frame 
buffer builds a frame from the rendered pixels and then deliv 
ers the frame over the network to a client device platform. 
0023 FIG. 1A is a schematic of an embodiment of the 
present invention. Emulator 107 may be accessed by a client 
device platform 103 over a network 160. Client device plat 
form 103 may access alternative emulators 107 over the net 
work 160. Emulators 107 may be identical to each other, or 
they may each be programmed to emulate unique legacy 
game titles 106 or unique sets of legacy game titles 106. 
0024 Client device platform 103 may include a central 
processor unit (CPU) 131. By way of example, a CPU 131 
may include one or more processors, which may be config 
ured according to, e.g., a dual-core, quad-core, multi-core, or 
Cell processor architecture. Snapshot generator 102 may also 
include a memory 132 (e.g., RAM, DRAM, ROM, and the 
like). The CPU 131 may execute a process-control program 
133, portions of which may be stored in the memory 132. The 
client device platform 103 may also include well-known Sup 
port circuits 140, such as input/output (I/O) circuits 141, 
power supplies (P/S) 142, a clock (CLK) 143 and cache 144. 
The client device platform 103 may optionally include a mass 
storage device 134 such as a disk drive, CD-ROM drive, tape 
drive, or the like to store programs and/or data. The client 
device platform 103 may also optionally include a display 
unit 137 and a user interface unit 138 to facilitate interaction 
between the client device platform 103 and a user. The display 
unit 137 may be in the form of a cathode ray tube (CRT) or flat 
panel Screen that displays text, numerals, or graphical sym 
bols. The user interface unit 138 may include a keyboard, 
mouse, joystick, light pen, or other device. A controller 145 
may be connected to the client device platform 103 through 
the I/O circuit 141 or it may be directly integrated into the 
client device platform 103. The controller 145 may facilitate 
interaction between the client device platform 103 and a user. 
The controller 145 may include a keyboard, mouse, joystick, 
light pen, hand-held controls or other device. The controller 
145 may be capable of generating a haptic response 146. By 
way of example and not by way of limitation, the haptic 
response 146 may be vibrations or any other feedback corre 
sponding to the sense of touch. The client device platform 103 
may include a network interface 139, configured to enable the 
use of Wi-Fi, an Ethernet port, or other communication meth 
ods. 

0025. The network interface 139 may incorporate suitable 
hardware, software, firmware or some combination of two or 
more of these to facilitate communication via an electronic 
communications network 160. The network interface 139 
may be configured to implement wired or wireless commu 
nication over local area networks and wide area networks 
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such as the Internet. The client device platform 103 may send 
and receive data and/or requests for files via one or more data 
packets over the network 160. 
0026. The preceding components may exchange signals 
with each other via an internal system bus 150. The client 
device platform 103 may be a general purpose computer that 
becomes a special purpose computer when miming code that 
implements embodiments of the present invention as 
described herein. 
0027. The emulator 107 may include a central processor 
unit (CPU) 131'. By way of example, a CPU 131' may include 
one or more processors, which may be configured according 
to, e.g., a dual-core, quad-core, multi-core, or Cell processor 
architecture. The emulator 107 may also include a memory 
132 (e.g., RAM, DRAM, ROM, and the like). The CPU 131' 
may execute a process-control program 133", portions of 
which may be stored in the memory 132'. The emulator 107 
may also include well-known Support circuits 140'. Such as 
input/output (I/O) circuits 141', power supplies (P/S) 142", a 
clock (CLK) 143' and cache 144'. The emulator 107 may 
optionally include a mass storage device 134' Such as a disk 
drive, CD-ROM drive, tape drive, or the like to store programs 
and/or data. The emulator 107 may also optionally include a 
display unit 137" and user interface unit 138' to facilitate 
interaction between the emulator 107 and a user who requires 
direct access to the emulator 107. By way of example and not 
by way of limitation a Snapshot generator or engineer 102 
may need direct access to the emulator 107 in order to pro 
gram the emulator 107 to properly emulate a desired legacy 
game 106 or to add additional mini-game capabilities to a 
legacy game 106. The display unit 137 may be in the form of 
a cathode ray tube (CRT) or flat panel screen that displays 
text, numerals, or graphical symbols. The user interface unit 
138 may include a keyboard, mouse, joystick, light pen, or 
other device. The emulator 107 may include a network inter 
face 139", configured to enable the use of Wi-Fi, an Ethernet 
port, or other communication methods. 
0028. The network interface 139' may incorporate suitable 
hardware, software, firmware or some combination of two or 
more of these to facilitate communication via the electronic 
communications network 160. The network interface 139 
may be configured to implement wired or wireless commu 
nication over local area networks and wide area networks 
such as the Internet. The emulator 107 may send and receive 
data and/or requests for files via one or more data packets over 
the network 160. 
0029. The preceding components may exchange signals 
with each other via an internal system bus 150'. The emulator 
107 may be a general purpose computer that becomes a spe 
cial purpose computer when running code that implements 
embodiments of the present invention as described herein. 
0030 Emulator 107 may access a legacy game 106 that 
has been selected by the client device platform 103 for emu 
lation through the internal system bus 150'. There may be 
more than one legacy game 106 Stored in the emulator. The 
legacy games may also be stored in the memory 132' or in the 
mass storage device 134'. Additionally, one or more legacy 
games 106 may be stored at a remote location accessible to 
the emulator 107 over the network 160. Each legacy game 106 
contains game code 108. When the legacy game 106 is emu 
lated, the game code 108 produces legacy game data 109. 
0031. By way of example, a legacy game 106 may be any 
game that is not compatible with a target platform. By way of 
example and not by way of limitation, the legacy game 106 
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may have been designed to be played on Sony Computer 
Entertainment's PlayStation console, but the target platform 
is a home computer. By way of example, the legacy game 106 
may have been designed to be played on a PlayStation 2 
console, but the target platform is a PlayStation 3 console. 
Further, by way of example and not by way of limitation, a 
legacy game 106 may have been designed to be played on a 
PlayStation console, but the target platform is a hand held 
console such as the PlayStation Vita from Sony Computer 
Entertainment. 

0032 Emulator 107 may be a deterministic emulator. A 
deterministic emulator is an emulator that may process a 
given set of game inputs the same way every time that the 
same set of inputs are provided to the emulator 107. This may 
be accomplished by eliminating any dependencies in the code 
run by the emulator 107 that depend from an asynchronous 
activity. Asynchronous activities are events that occur inde 
pendently of the main program flow. This means that actions 
may be executed in a non-blocking scheme in order to allow 
the main program flow to continue processing. Therefore, by 
way of example, and not by way of limitation, the emulator 
107 may be deterministic when the dependencies in the code 
depend from basic blocks that always begin and end with 
synchronous activity. By way of example, basic blocks may 
be predetermined increments of code at which the emulator 
107 checks for external events or additional game inputs. The 
emulator 107 may also wait for anything that runs asynchro 
nously within a system component to complete before pro 
ceeding to the next basic block. A steady state within the 
emulator 107 may be when all of the basic blocks are in lock 
step. 

0033 FIG. 2A is a flow diagram of a method 200 for 
implementing the rasterization step in a graphics pipeline 
with a software based emulator for a GPU on a cloud-based 
network. At 261 the emulator 107 may divide a virtual image 
320 into smallertiles 315. By way of example, and not by way 
of limitation, the height and width of each tile may be 8 pixels 
by 8 pixels, 16 pixels by 16 pixels, or 32 pixels by 32 pixels. 
Each tile 315 corresponds to a portion of a frame 319 that may 
be displayed by the client device platforms display 137. 
0034 FIG. 3A is a diagram of an emulator system 300. In 
FIG. 3A the arrows represent the flow of data between com 
ponents. The virtual image 320 contains the graphics primi 
tives 310 that will be rendered to produce a frame 319 that is 
viewable on the display 137 of the client device platform 103. 
The graphics primitives 310 shown in FIG. 3A are a series of 
triangles. However, it should be noted that the virtual image 
320 may contain any alternative type of graphic primitives, 
Such as, but not limited to, lines, points, arcs, Vertices, or any 
combination thereof. Additionally, the graphics primitives 
310 are displayed in two dimensions, but the virtual image 
320 may also include three-dimensional objects. 
0035. Once the virtual image 320 has been divided into the 

tiles 315, method 200 continues with the emulator 107 deter 
mining which tiles 315 have pixels that need to be rendered at 
262. Each tile 315 will be scanned by the emulator 107 to 
determine how many of the pixels within the tile 315 need to 
be rendered. A pixel needs to be rendered if the value of the 
new pixel for the frame 319 being rasterized is different from 
the value of the pixel presently stored in the frame buffer 318. 
Otherwise, the pixel is “ignorable'. By way of example, and 
not by way of limitation, a pixel value may include X-Y-Z 
coordinates, RGB values, translucency, texture, reflectivity or 
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any combination thereof. The number of pixels that need to be 
rendered for a given tile 315 may then be delivered to the load 
balancer 317 at 263. 
0036 By way of example, and not by way of limitation, 
the emulator 107 may determine how many pixels need to be 
rendered for each tile by determining whether the tile is 
entirely within a polygon. Each polygon is defined by the 
Vertices. Two vertices of a polygon may be used to generate a 
line equation in the form of Ax+By--C=0. Each polygon may 
be made up of multiple lines. Once the size and location of the 
polygon has been defined, the emulator 107 may determine 
whetherall corners of the tile lie within the polygon. If all four 
corners are within the polygon, then that tile is fully covered 
and it may be easy to apply a texture or calculate RGB values 
from the top left corner pixel value. If the tile is partially 
outside the polygon then the pixel values are determined on a 
per-pixel basis. 
0037. The load balancer 317 begins assigning tiles 315 to 
one or more rasterization threads 316 for rasterization at 264. 
Load balancer 317 distributes the processing load amongst 
the available rasterization threads 316 so that each thread 316 
has approximately the same processing load. Ideally, the load 
balancer 317 will distribute the tiles 315 Such that each ras 
terization thread 316 will render the same number of pixels. 
FIG. 3A is an example of the load balancer 317 distributing 
the load across several rasterization threads 316,316,316, 
and 316. Each of the tiles 315 assigned to a rasterization 
thread 316 has the number of pixels that need to be rendered 
indicated (i.e., the topmost pixel assigned to rasterization 
thread 316 contains four pixels that need to be rendered). By 
way of example, rasterization thread 316 is assigned four 
tiles 315 and a combined nine pixels that need to be rendered. 
The remaining rasterization threads, 316, 316, and 316, 
each have eight pixels that need to be rendered. Rasterization 
threads 316 and 316, each have their eight pixels split 
between four tiles 315, whereas rasterization thread 316 has 
its eight pixels spread amongst only three tiles 315. It should 
be noted that the number of rasterization threads 316, tiles 
315, and pixels displayed in FIG. 3A are given as one 
example, and that there may be a greater or lesser number of 
each in an emulator 103. It should also be noted that if a tile 
does not contain pixels that require rendering, then the thread 
may not need to process the tile at all. 
0038 According to method 200 the rasterization threads 
316 begin rasterizing the tiles 315 assigned to them by the 
load balancer 317 at 265. The rasterization proceeds accord 
ing to a traditional raster pattern, except that it is limited to the 
dimensions of a single tile 315. During the rasterization, 
every pixel that must be rendered is delivered to the frame 
buffer 318 at 266. The frame buffer 318 may then build the 
frame 319 that will be displayed on the display 137 of the 
client device platform 103 at 267. At 268, the emulator 103 
delivers the frame 318 to the client device platform 103 over 
the network 160. Additionally, the emulator 103 may use a 
video codec to encode the frame 319 before delivering it to the 
client device platform 103. The client device platform 103 
may have Suitable codec configured to decode the encoded 
frame 319. 

0039. As shown in FIG. 4A, a set of emulator instructions 
470 may be implemented, e.g., by the emulator 107. The 
emulator instructions 470 may be formed on a nontransitory 
computer readable medium such as the memory 132 or the 
mass storage device 134'. The emulator instructions 470 may 
also be part of the process control program 133". At 472, the 
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instructions may include instructing the emulator to setting 
the predetermined size for each tile 315 of the virtual image 
320. Thereafter at 473, the emulator 107 may be instructed to 
scan each of the tiles 315 to determine the number of pixels 
that need to be rendered. The emulator 107 may then be 
instructed to deliver the number of pixels to be rendered for 
each tile 315 to the load balancer 317 at 474. The emulator 
317 may then be instructed to have the load balancer evenly 
distribute the processing load between each of the available 
rasterization threads 316 at 475. 
0040. By way of example, in a static load balancing 
arrangement hardware (e.g., Power VR) statically assigns 
responsibility for different tiles to different processors. The 
assignment number is equal to the processor core number. 
However, in a dynamic case, there are multiple asynchronous 
threads, e.g., four threads, but not as many threads as queues. 
A queue is a group of tiles that need to be processed. Each 
queue can have a state ID that allows state to be maintained. 
The state for an arbitrary number of tiles may be stored 
separately, e.g., in a different buffer. Storing the states sepa 
rately reduces the amount of memory copying that needs to be 
done. By way of example, there may be one or more queues. 
The load balancer 317 may then assign an empty thread to a 
queue that is waiting for rendering. This maintains cache 
locality by keeping the threads occupied. 
0041) Next at 476, the emulator 107 may be instructed to 
have the rasterization threads 316 begin rasterizing each of 
the tiles 315. During the rasterization, the emulator 107 may 
be instructed to deliver the rendered pixels to the frame buffer 
318 at 477. The emulator 107 may then be instructed to 
generate the frame 319 from the pixels in the frame buffer 
318. Thereafter, the emulator 107 may be provided with 
instructions for delivering the frame 319 to a client device 
platform 103 over a network 160. 
0042 FIG. 2B is a flow diagram of a method 201 for 
implementing the rasterization step in a graphics pipeline 
with a software based emulator for a GPU on a cloud-based 
network according to an additional aspect of the present dis 
closure. At 271 the emulator 107 may divide a virtual image 
320 into smallertiles 315. By way of example, and not by way 
of limitation, the height and width of each tile may be 8 pixels 
by 8 pixels, 16 pixels by 16 pixels, or 32 pixels by 32 pixels. 
Each tile 315 corresponds to a portion of a frame 319 that may 
be displayed by the client device platforms display 137. 
0043 FIG.3B is a diagram of an emulator system301. The 
virtual image 320 contains the graphics primitives 310 that 
will be rendered to produce a frame 319 that is viewable on 
the display 137 of the client device platform 103. In the 
example shown in FIG. 3B, the graphics primitives 310 are a 
series of triangles. However, it should be noted that the virtual 
image 320 may contain any alternative type of graphic primi 
tives, such as, but not limited to, lines, points, arcs, Vertices, or 
any combination thereof. Additionally, the graphics primi 
tives 310 are displayed in two dimensions, but the virtual 
image 320 may also include three-dimensional objects. 
0044. Once the virtual image 320 has been divided into the 

tiles 315, method 201 continues with the emulator 107 deter 
mining if any pixels need to be rendered for each tile at 272. 
If there is at least one pixel that needs to be rendered in a tile 
315, then that tile may be designated as a “full tile 315. If 
there are no pixels that need to be rendered in a tile 315 (i.e., 
all pixels in the tile are ignorable), then that tile may be 
designated as an “empty' tile 315. A “full designation will 
be interpreted by the load balancer 317 as indicating that all 
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pixels in the tile 315 need to be rendered, and an “empty” 
designation will be interpreted by the load balancer 317 as 
indicating that none of the pixels in the tile 315 need to be 
rendered. The use of “empty' and “full designations may 
improve the scanning speed of the emulator 107 because each 
tile 315 does not need to be completely scanned. Once a 
single pixel that requires rendering is detected, the scan of the 
tile 315 may be ceased. The identification of which tiles 315 
are “full” may then be delivered to the load balancer 317 at 
273. 

0045. The load balancer 317 begins assigning “full tiles 
315 to one or more rasterization threads 316 for rasterization 
at 274. Load balancer 317 distributes the processing load 
amongst the available rasterization threads 316 so that each 
thread 316 has approximately the same processing load. Ide 
ally, the load balancer 317 will distribute the tiles 315 such 
that each rasterization thread 316 will render the same num 
ber of pixels. FIG. 3B illustrates one example of the load 
balancer 317 distributing the load across several rasterization 
threads 316,316,316, and 316. In this example, each of 
the tiles 315 assigned to a rasterization thread 316 has been 
identified as a “full tile 315. Therefore, it is assumed that 
each tile will require that every pixel within it will need to be 
rendered (e.g., in an 8 pixel by 8 pixel tile, it is assumed that 
there will be 64 pixels that must be rendered). This simplifies 
the load balancing, because each rasterization thread will be 
assigned an equal number of “full tiles 315 to process. How 
ever, it should be noted that if the number of tiles 315 that are 
designated as “full” is not evenly divisible by the number of 
available rasterization threads 316, then there may be one or 
more threads 316 that are assigned an additional tile 315 to 
process. As shown in FIG. 3B there are 15 tiles 315 that have 
been indicated as “full. Therefore, the load may be divided 
such that three of the rasterization threads 316, 316, and 
316 are each randomly assigned four “full” tiles, and the 
fourth rasterization thread 316, is randomly assigned three 
“full tiles. The use of randomization ensures that the load of 
each rasterization thread 316 will be approximately even. It 
should be noted that the number of rasterization threads 316, 
tiles 315, and pixels displayed in FIG. 3B are given as one 
example, and that there may be a greater or lesser number of 
each in an emulator 103. It should also be noted that if a tile 
does not contain pixels that require rendering, then the thread 
may not need to process the tile at all. 
0046 According to method 200 the rasterization threads 
316 begin rasterizing the tiles 315 assigned to them by the 
load balancer 317 at 275. The rasterization proceeds accord 
ing to a traditional raster pattern, except that it is limited to the 
dimensions of a single tile 315. During the rasterization, 
every pixel that must be rendered is delivered to the frame 
buffer 318 at 276. The frame buffer 318 may then build the 
frame 319 that will be displayed on the display 137 of the 
client device platform 103 at 277. At 278, the emulator 103 
delivers the frame 318 to the client device platform 103 over 
the network 160. Additionally, the emulator 103 may use a 
video codec to encode the frame 319 before delivering it to the 
client device platform 103. The client device platform 103 
may have Suitable codec configured to decode the encoded 
frame 319. 

0047. As shown in FIG. 4B, a set of emulator instructions 
480 may be implemented, e.g., by the emulator 107. The 
emulator instructions 480 may be formed on a nontransitory 
computer readable medium such as the memory 132 or the 
mass storage device 134'. The emulator instructions 470 may 
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also be part of the process control program 133". At 482, the 
instructions may include instructing the emulator to setting 
the predetermined size for each tile 315 of the virtual image 
320. Thereafter at 483, the emulator 107 may be instructed to 
scan each of the tiles 315 to determine if each tile is “full” or 
“empty”. The emulator 107 may then be instructed to deliver 
the identities of each “full tile 315 to the load balancer 317 at 
474. The emulator 317 may then be instructed to have the load 
balancer 317 evenly distribute the processing load between 
each of the available rasterization threads 316 at 475. Next at 
476, the emulator 107 may be instructed to have the raster 
ization threads 316 begin rasterizing each of the tiles 315. 
During the rasterization, the emulator 107 may be instructed 
to deliver the rendered pixels to the frame buffer 318 at 477. 
The emulator 107 may then be instructed to generate the 
frame 319 from the pixels in the frame buffer 318. Thereafter, 
the emulator 107 may be provided with instructions for deliv 
ering the frame 319 to a client device platform 103 over a 
network 160. 
0048. As may be seen from the foregoing, certain aspects 
of the present disclosure may be used to facilitate distribution 
of the processing load for rasterization of a virtual image 
containing graphics primitives through the use of tiling. Til 
ing makes it possible to determine the processing loads that 
need to be distributed. 
0049. While the above is a complete description of the 
preferred embodiment of the present invention, it is possible 
to use various alternatives, modifications and equivalents. 
Therefore, the scope of the present invention should be deter 
mined not with reference to the above description but should, 
instead, be determined with reference to the appended claims, 
along with their full scope of equivalents. Any feature 
described herein, whether preferred or not, may be combined 
with any other feature described herein, whether preferred or 
not. In the claims that follow, the indefinite article 'A', or 
An' refers to a quantity of one or more of the item following 

the article, except where expressly stated otherwise. The 
appended claims are not to be interpreted as including means 
plus-function limitations, unless such a limitation is explic 
itly recited in a given claim using the phrase “means for.” 
What is claimed is: 
1. A nontransitory computer readable medium containing 

program instructions for rasterizing a virtual image, wherein 
the virtual image comprises one or more graphic primitives, 
and wherein execution of the program instructions by one or 
more processors of a computer system causes the one or more 
processors to carry out a method, the method comprising: 

a) dividing the virtual image to be rasterized into a plurality 
of tiles, wherein each of the tiles include a predeter 
mined number of image pixels, wherein each of the 
image pixels is either an ignorable pixel or a pixel that 
needs to be rendered; 

b) determining how many of the image pixels in each of the 
tiles are pixels that need to be rendered; 

c) assigning each of the plurality of tiles to one of a plural 
ity of rasterization threads, wherein each rasterization 
thread is assigned a quantity of tiles Such that a total 
number of pixels that need to be rendered by each ras 
terization thread is approximately the same; 

d) rasterizing each of the plurality of tiles with the raster 
ization threads, wherein pixels that need to be rendered 
are rendered and are delivered to a frame buffer; 

e) generating a frame of the virtual image from the pixels in 
the frame buffer; and 
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f) delivering the frame to a client device platform over a 
network. 

2. Then non-transitory computer readable medium of claim 
1, wherein all of the image pixels in a tile are assumed to be 
pixels that need to be rendered when at least one of the image 
pixels in the tile is a pixel that needs to be rendered. 

3. Then non-transitory computer readable medium of claim 
2, wherein c) further includes randomly assigning each of the 
tiles that have at least one pixel that needs to be rendered to the 
one of the plurality of rasterization threads. 

4. Then non-transitory computer readable medium of claim 
1, wherein the plurality of rasterization threads operate in 
parallel. 

5. Then non-transitory computer readable medium of claim 
1, wherein the one or more graphic primitives form a three 
dimensional object. 

6. Then non-transitory computer readable medium of claim 
1, wherein the one or more graphic primitives are lines, 
points, arcs, Vertices, triangles, polygons, or any combination 
thereof. 

7. Then non-transitory computer readable medium of claim 
1, wherein generating the frame includes encoding the pixels 
in the frame buffer. 

8. Then non-transitory computer readable medium of claim 
1, wherein the size of each tile is 8 pixels by 8 pixels. 

9. Then non-transitory computer readable medium of claim 
1, wherein the size of each tile is 16 pixels by 16 pixels. 

10. In an emulator of a graphics processing unit (GPU) 
configured to operate on a network, a method of rasterizing a 
virtual image, wherein the virtual image comprises one or 
more graphic primitives, comprising: a) dividing the virtual 
image to be rasterized into a plurality of tiles, wherein each of 
the tiles include a predetermined number of image pixels, 
wherein each of the image pixels is either an ignorable pixel 
or a pixel that needs to be rendered; 

b) determining how many of the image pixels in each of the 
tiles are pixels that need to be rendered; 

c) assigning each of the plurality of tiles to one of a plural 
ity of rasterization threads, wherein each rasterization 
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thread is assigned a quantity of tiles Such that a total 
number of pixels that need to be rendered by each ras 
terization thread is approximately the same; 

d) rasterizing each of the plurality of tiles with the raster 
ization threads, wherein pixels that need to be rendered 
are rendered and are delivered to a frame buffer; 

e) generating a frame of the virtual image from the pixels in 
the frame buffer; and 

f) delivering the frame to a client device platform over a 
network. 

11. An emulator configured to operate on a network, com 
prising: 

a processor; 
a memory coupled to the processor, 
one or more instructions embodied in memory for execu 

tion by the processor, the instructions being configured 
implement a method for rasterizing a virtual image, 
wherein the virtual image comprises one or more 
graphic primitives, the method comprising: 

a) dividing the virtual image to be rasterized into a plurality 
of tiles, wherein each of the tiles include a predeter 
mined number of image pixels, wherein each of the 
image pixels is either an ignorable pixel or a pixel that 
needs to be rendered; 

b) determining how many of the image pixels in each of the 
tiles are pixels that need to be rendered; 

c) assigning each of the plurality of tiles to one of a plural 
ity of rasterization threads, wherein each rasterization 
thread is assigned a quantity of tiles Such that a total 
number of pixels that need to be rendered by each ras 
terization thread is approximately the same; 

d) rasterizing each of the plurality of tiles with the raster 
ization threads, wherein pixels that need to be rendered 
are rendered and are delivered to a frame buffer; 

e) generating a frame of the virtual image from the pixels in 
the frame buffer; and 

f) delivering the frame to a client device platform over a 
network. 


