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PREDICTION BASED PRIMITIVE SORTING FOR TILE BASED RENDERING

CLAIM FOR PRIORITY

This application claims priority to U.S. Patent Application Serial No. 14/559,026, titled
“PREDICTION BASED PRIMITIVE SORTING FOR TILE BASED RENDERING” and filed

03 December, 2014, which is hereby incorporated by reference in its entirety.

TECHNICAL FIELD

Embodiments of the invention generally relate to tile based rendering and more

particularly relate to a prediction based primitive sorting architecture for tile based rendering.
BACKGROUND

In some tile based rendering architectures, a parameter buffer may store intermediate
results from a geometry stage. The intermediate results may include screen positions, texture
coordinates, and other variables associated with primitives. Without such a parameter buffer, the
primitives that cover several tiles need to be rendered repeatedly. Such repeated rendering may

waste computational resources and provided increased memory traffic.

However, as tile sizes are increased, the primitives that cover multiple tiles may be
reduced to a level such that the parameter buffer may be removed. Such removal of the parameter
buffer may advantageously save on memory size and traffic. For example, fewer primitives
would cover more than one tile and such repeated rendering may be reduced to an acceptably
efficient level. Such tile size increases may allow for a parameter buffer free architecture which,
as the name suggests, may not include a parameter buffer. In such parameter buffer free
architectures, to improve the efficiency of rendering, a two pass vertex rendering flow may be
implemented. The first pass may determine the position of primitives and sort them to tiles (e.g.,
indicating which primitives are overlapping particular tiles). The second pass may perform
complete vertex shading (e.g., again including position calculation) on a tile-by-tile basis. In such
architectures, though the first pass has already performed position computations for primitives
(e.g., to sort them to tiles), the computed positions would not be kept since there is no parameter
buffer. Therefore, such an architecture may lead to duplicated position computations in the

second pass. For example, the vertex data of primitives may need to be loaded twice and the
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position data may need to be calculated twice. Such repeated calculations may be inefficient,

wasting computational resources and providing increased memory traffic.

As such, existing techniques may not provide efficient graphics rendering
implementations. Such problems may become critical as the desire to utilize graphics rendering
for video games, simulators, movie effects, computer modeling programs, and the like becomes

more widespread.
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BRIEF DESCRIPTION OF THE DRAWINGS

The material described herein is illustrated by way of example and not by way of
limitation in the accompanying figures. For simplicity and clarity of illustration, elements
illustrated in the figures are not necessarily drawn to scale. For example, the dimensions of some
elements may be exaggerated relative to other elements for clarity. Further, where considered
appropriate, reference labels have been repeated among the figures to indicate corresponding or

analogous elements. In the figures:
FIG. 1 is an illustrative diagram of an example system for providing graphic rendering;
FIG. 2 illustrates a block diagram of an example computing platform;

FIG. 3. is a diagram illustrating example tiles of example frames and example primitive

intersection information;

FIG. 4. is a diagram illustrating example tiles of example frames and example primitive

intersection information;

FIG. 5 illustrates an example margin size for a bounding box and an example chart of

CITOT rate versus margin size;
FIG. 6 illustrates an example process for transitioning between frame processing modes;
FIG. 7 illustrates an example process for rendering a frame in an initialization mode;
FIG. 8 illustrates an example process for rendering a frame in a prediction mode;
FIG. 9 is a flow diagram illustrating an example process for providing graphics rendering;
FIG. 10 is a block diagram of an example system for providing graphics rendering;
FIG. 11 is a block diagram of a point-to-point computing system; and

FIG. 12 is a block diagram of an example system on a chip, all arranged in accordance

with at least some implementations of the present disclosure.
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DETAILED DESCRIPTION

One or more embodiments or implementations are now described with reference to the
enclosed figures. While specific configurations and arrangements are discussed, it should be
understood that this is done for illustrative purposes only. Persons skilled in the relevant art will
recognize that other configurations and arrangements may be employed without departing from
the spirit and scope of the description. It will be apparent to those skilled in the relevant art that
techniques and/or arrangements described herein may also be employed in a variety of other

systems and applications other than what is described herein.

While the following description sets forth various implementations that may be
manifested in architectures such as system-on-a-chip (SoC) architectures for example,
implementation of the techniques and/or arrangements described herein are not restricted to
particular architectures and/or computing systems and may be implemented by any architecture
and/or computing system for similar purposes. For instance, various architectures employing, for
example, multiple integrated circuit (IC) chips and/or packages, and/or various computing
devices and/or consumer electronic (CE) devices such as set top boxes, smart phones, etc., may
implement the techniques and/or arrangements described herein. Further, while the following
description may set forth numerous specific details such as logic implementations, types and
interrelationships of system components, logic partitioning/integration choices, etc., claimed
subject matter may be practiced without such specific details. In other instances, some material
such as, for example, control structures and full software instruction sequences, may not be

shown in detail in order not to obscure the material disclosed herein.

The material disclosed herein may be implemented in hardware, firmware, software, or
any combination thereof. The material disclosed herein may also be implemented as instructions
stored on a machine-readable medium, which may be read and executed by one or more
processors. A machine-readable medium may include any medium and/or mechanism for storing
or transmitting information in a form readable by a machine (e.g., a computing device). For
example, a machine-readable medium may include read only memory (ROM); random access
memory (RAM); magnetic disk storage media; optical storage media; flash memory devices;
clectrical, optical, acoustical or other forms of propagated signals (e.g., carrier waves, infrared

signals, digital signals, etc.), and others.
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"non

References in the specification to "one implementation”, "an implementation", "an
example implementation", etc., indicate that the implementation described may include a
particular feature, structure, or characteristic, but every embodiment may not necessarily include
the particular feature, structure, or characteristic. Moreover, such phrases are not necessarily
referring to the same implementation. Further, when a particular feature, structure, or
characteristic is described in connection with an embodiment, it is submitted that it is within the
knowledge of one skilled in the art to effect such feature, structure, or characteristic in

connection with other implementations whether or not explicitly described herein.

Methods, devices, apparatuses, computing platforms, computing architectures, and
articles are described herein related to graphics rendering and, in some examples, to prediction

based primitive sorting for tile based rendering.

As described above, in some graphics architectures, a parameter free buffer architecture
may be implemented. In such parameter free buffer architectures, a two pass vertex rendering
flow may be implemented, which may require duplicative loading of vertex data of primitives
and calculations of position data. In some embodiments discussed herein, predicted primitive
intersection information may be generated or updated based on a frame. The predicted primitive
intersection information may then be used for a subsequent frame to predict which primitives
overlap particular tiles in the frame. Such predicted primitive intersection information may
eliminate the need for a pass of loading vertex data of primitives and position determination prior
to full vertex shading operations on a tile-by-tile basis. Such techniques may save substantial

computational resources and memory traffic.

In some examples, the predicted primitive intersection information may be incorrect for
one or more tiles of a frame. As is discussed further herein, the correct intersection information
may be determined for the tiles of the frame during the vertex shading operations and any
incorrectly predicted tiles may be re-rendered as needed. Also, such correct intersection
information may be used for prediction of subsequent frames (e.g., for the generation of
predicted primitive intersection information for a subsequent frame) as is discussed further

herein.

Furthermore, some frames and, advantageously, most frames, may be processed in a
prediction mode such that predicted primitive intersection information is used (as discussed) or

frames may be processed in an initialization mode. For example, the initialization mode may be
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used for a first frame or scene change frames (e.g., for frames where predicted primitive
intersection information would be highly inaccurate). The initialization mode may provide two
passes (e.g., since predicted primitive intersection information is not available or not useful) with
the first pass providing sorting of primitives on a tile basis prior to full vertex shading operations.
In some examples, such sorting of primitives may be used to generate predicted primitive
intersection information for a subsequent frame by copying the current sorting. In other
examples, predicted primitive intersection information may be generated based on a conservative
estimate of overlap in subsequent frames using bounding boxes around tiles of the current frame,

as 18 discussed further herein.

For example, graphics rendering techniques discussed herein may include receiving
predicted primitive intersection information associated with at least a tile of a frame such that the
predicted primitive intersection information indicates one or more primitives predicted to overlap
the tile and rendering the tile based at least in part on the predicted primitive intersection
information. In some examples, logic, such as graphics logic implemented at least partially in
hardware logic, may be configured to receive predicted primitive intersection information
associated with at least a tile of a frame such that the predicted primitive intersection information
indicates one or more primitives predicted to overlap the tile and to render the tile based at least

in part on the predicted primitive intersection information.

As discussed, some embodiments may provide prediction based primitive sorting for tile
based rendering. As used herein, a tile may refer to a portion of a scene or frame under
consideration for processing by graphics logic (e.g., for graphics processing, rendering, etc.). The
graphics logic may include a GPU (Graphics Processing Unit) or other types of logic that
perform computation(s) relating to graphics task(s), such as operation(s) that manipulate an
image, frame, scene, etc., as will be further discussed herein. While some embodiments are
discussed with reference to graphics logic, embodiments are not limited to graphics related logic
and may be also applied to other types of non-graphic (e.g., general purpose) logic. Moreover,
various embodiments may be performed for any type of computing device such as a desktop
computer, a mobile computer (such as a smartphone, tablet, UMPC (Ultra-Mobile Personal
Computer), laptop computer, UltrabookTM computing device, smart watch, smart glasses, etc.),
a work station, etc., which may be embodied on a SoC (System On Chip) platform in an

embodiment.
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Furthermore, the scenes, images, or frames discussed herein (e.g., which may be
processed by the graphics logic) may be captured by an image capture device (such as a digital
camera that may optionally be embedded in another device such as a smart phone, a tablet, a
laptop, or the like, or an analog device whose captured images are subsequently converted to
digital form). In other examples, the scenes, images, or frames discussed herein may be generated
by art design, game design, or any kind of 3D/2D (two dimensional/three dimensional) industry
design. For example, a scene may refer to a set of geometry structures and related texture maps,
lighting effects, and the like. In some examples, frame of a scene are designed/generated on a

computer. Furthermore, one or more frames of a scene may be presented via a display device.

FIG. 1 is an illustrative diagram of an example system 100 for providing graphic
rendering, arranged in accordance with at least some implementations of the present disclosure.
As shown in FIG. 1, system 100 may include graphics logic 101, a render mode driver 107, and a
memory 108. Furthermore, graphics logic 101 may include a vertex shader 102, a tile engine 103
having intersection information logic 104, a rasterizer 105, and a pixel shader 106. Although not
shown for the sake of clarity of presentation, graphics logic 101 may also include one or more of
a command processor, a hull shader, a tessellator, a domain shader, a geometry shader, culling
logic, or backend render logic, or the like. In some examples, graphics logic 101 may provide or
implement a graphics pipeline. Also as shown, memory 108 may store primitive intersection
information 109, predicted primitive intersection information 110, error information, 111, and
drawcall patterns 112. As is discussed further herein, drawcall patterns 112 may be used by
render mode driver 107 to determine a mode of operation for a frame. Although discussed herein
in some examples with respect to drawcall patterns 112, render mode driver 107 may use other
frame attributes to determine the mode of operation such as texture information or the like. In
such examples, memory 108 may store such attributes. Furthermore, although not shown for the
sake of clarity of presentation, memory 108 may store other graphics data such as vertex data,

index data, constants, texture data, render target data, previous or current frames, or the like.

As is discussed further herein, vertex shader 102 and/or intersection information logic
104 of tile engine 103 may generate primitive intersection information 109 for a frame. For
example, primitive intersection information 109 may include the spatial relationship between
tiles and primitives such as a table listing tiles and the primitives that cover or overlap the tiles.
Such spatial relationship information and tables are discussed further herein with respect to

FIGS. 6 and 7 for example. In some examples, primitive intersection information 109 may
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represent the spatial relationship between tiles and primitives for a current or previous frame
based on position information for primitives determined via vertex shader 102 (e.g., either via
full vertex shading or partial vertex shading) and the sorting of primitives to tiles via intersection
information logic 104 of tile engine 103. For example, primitive intersection information 109
may include actual (e.g., non-predicted) spatial relationships between tiles and primitives for a

frame such as a current frame.

In an initialization mode, for example, location information of primitives for use in
generating primitive intersection information 109 may be generated via a first pass operation of
vertex shading via vertex shader 102. Such location information may be used by intersection
information logic 104 to generate primitive intersection information 109. In such an initialization
mode, in a second pass operation of vertex shading via vertex shader 102, rasterization via
rasterizer 105, pixel shading via pixel shader 106, and/or other operations, tiles of the current
frame may be rendered on a tile-by-tile basis using primitive intersection information 109. For
example, for an individual tile, primitives indicated as overlapping the individual tile may be
processed by vertex shader 102 to perform full vertex shading. The individual tile may then be
rasterized and pixel shaded to generate a rendered tile. All tiles of the frame may be processed in

such a tile-by-tile manner to generate a rendered frame.

Furthermore, in such an initialization mode, graphics logic 101 may generate predicted
primitive intersection information 110 for a subsequent frame. Predicted primitive intersection
information 110 may also provide the spatial relationship between tiles and primitives such as a
table listing tiles and the primitives that cover or overlap the tiles. In some examples, predicted
primitive intersection information 110 may be the same as primitive intersection information 109
such that a subsequent frame may use the spatial relationship information of a current frame as its
predicted spatial relationship information. Such examples may offer the advantage of ease of
implementation at the cost of increased prediction errors (and increased re-rendered tiles). In
other examples, predicted primitive intersection information 110 may be based on the overlap of
primitives of the current frame based on bounding boxes around the individual tiles. Such
examples are discussed further herein and, in particular, with respect to FIG. 7. Such prediction
techniques may offer a more conservative estimate of primitives that will overlap a tile in a
subsequent frame as primitives move between frames. In some examples, such conservative

prediction techniques may overestimate the number of primitives overlapping the tile, but such
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primitives may be removed during standard culling operations. Such techniques may offer the

advantage of reduced prediction errors and fewer re-rendered tiles.

In either case, a subsequent frame may be processed in a prediction mode such that
predicted primitive intersection information 110 may be used to predict the spatial relationship
information for the frame. Such spatial relationship information may be stored via memory 108
and may be fetched on a per frame basis (e.g., before rendering the frame) or on a per tile basis
(e.g., as the tiles of the frame are rendered). For example, predicted primitive intersection
information 110 may occupy a relatively small amount of memory space of memory 108. As
discussed, the implementation of predicted primitive intersection information 110 may thereby
eliminate a first pass of determining primitives position data (e.g., via vertex shader 102 as
discussed with respect to the initialization mode of operation), which may save on computational

resources and memory transactions.

Based on predicted primitive intersection information 110, tiles of the current frame may
be rendered on a tile-by-tile basis as discussed (e.g., vertex shading via vertex shader 102,
rasterization vi rasterizer 105, pixel shading via pixel shader 106, and the like). Furthermore,
during vertex shading, actual intersection information may be generated. Based on the actual
intersection information, tiles having errors may be flagged and stored as error information 111,
and the predicted primitive intersection information may be updated for a subsequent frame (such
gencration of updated predicted primitive intersection information for a subsequent frame may
include bounding box techniques as discussed). Tiles having errors (e.g., tiles having one or more
primitives overlapping them that were not predicted) may be re-rendered. For example, a tile
having even one missing primitive in predicted primitive intersection information 110 may need
to be re-rendered in its entirety. When all tiles have been rendered (and re-rendered as needed),

the frame may be assembled for display or transmission to a user or the like.

As discussed herein, the terms primitive intersection information and/or predicted
primitive intersection information may include spatial relationship information between tiles and
primitives for any number of tiles (e.g., one or more tiles) and/or for any number of frames. For
example, primitive intersection information 109 and/or predicted primitive intersection
information 110 may include information for all tiles and primitives of a frame but, in some
examples, primitive intersection information and/or predicted primitive intersection information
may be fetched or retrieved only for one tile or some tiles of a frame. Furthermore, as such

information is fetched, it may be erased or replaced with other information if it is no longer
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needed. In such examples, portions of memory allocated to primitive intersection information

109 and/or predicted primitive intersection information 110 may be considered buffers.

As discussed, a frame may be operated in an initialization mode or a prediction mode as
is discussed further herein with respect to FIG. 5. For example, render mode driver 107 may
determine a mode for a frame from one of an initialization mode or a prediction mode. A first
frame in processing may be processed in the initialization mode (e.g., since no predicted
primitive intersection information is available for such a frame). For subsequent frames, render
mode driver 107 may determine the mode based on a comparison of attribute(s) between frames.
For example, the attribute(s) may include one or more of texture information, error information
111, or drawcall patterns 112. For example, attribute(s) between frames may be compared to
determine if the subsequent frame is a scene change frame. If the subsequent frame is determined
to be a scene change frame it may be processed in the initialization mode (e.g., since predicted
primitive intersection information 110 may be highly inaccurate due to the scene change). In
some examples, a difference in attributes may be determined and compared to a threshold value

to determine whether the subsequent frame is a scene change frame.

System 100 may be implemented via any suitable device such as a computer, a laptop, an
ultrabook, a tablet, a smartphone, a smart watch, smart glasses, or the like. In some examples,
system 100 may be considered a computer or graphics architecture or platform for implementing
prediction based primitive sorting for tile based rendering. In an example, graphics logic 101 may
be implemented via a graphics processing unit such that the graphics processing unit includes
graphics logic 101. In some examples, the graphics processing unit may be a tile based rendering
graphics processing unit. Furthermore, in some examples, render mode driver 107 may be
implemented via a central processing unit coupled to the graphics processing unit. In an example,
the graphics processing unit and the central processing unit may be implemented in a system on a
chip (SoC) package. For example, the SoC may be a low power SoC implementation. In some
examples, system 100 may be implemented via a heterogeneous processing platform such as a
heterogencous parallel processing platform. As discussed, system 100 may provide a parameter
buffer free tile based graphics system such as a 3D parameter buffer free tile based graphics

processing unit.

FIG. 2 illustrates a block diagram of an example computing platform 200, arranged in
accordance with at least some implementations of the present disclosure. Platform 200 may

include one or more processors 202-1 through 202-N (e.g., referred to as processors 202).
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Processors 202 may be general-purpose central processing units (CPUs) and/or graphics
processing units (GPUs) in various embodiments. In some examples, processors 202 may be
considered process units or compute devices of platform. For example, platform 200 may support
a heterogeneous parallel processing platform. As shown, processors 202 may communicate via
an interconnection or bus 204. Furthermore, one, some, or all of processors 202 may include
various components such as those illustrated with respect to processor 202-1. For example, one,
some, or all of processors 202 may include the same or similar components as those discussed

with respect to processor 202-1.

As shown, processor 202-1 may include one or more processor cores 206-1 through 206-
M (e.g., referred to as cores 206), a cache 208, and/or a router 210. In an example, processor
cores 206 may be implemented on a single integrated circuit (IC) chip. Furthermore, as shown,
the chip may include one or more shared and/or private caches such as cache 208, buses or
interconnections such as a bus or interconnection 212, graphics and/or memory controllers (such
as those discussed with reference to FIGS. 10-12) or other components. For example, cores 206
may be considered compute resources or compute units of processor 202-1. In some examples,
router 210 may provide communication between components of processor 202-1 and/or platform

200.

Cache 208 may store data (e.g., including instructions) that may be used by one or more
components of processor 202-1 such as cores 206. For example, cache 208 may locally cache
data from memory 214 for faster access by the components of processor 202-1 such as cores 206.
In some examples, cache 208 may provide a global and/or constant memory cache and cache 208
may be accessed by cores 206 and/or processor 201. In an embodiment, cache 208 may be a mid-
level cache (MLC), a last level cache (LLC), or the like. Furthermore, as shown, each of cores
206 may include a level 1 (L1) cache (e.g. L1 216-1, L1 216-2, L1 216-M; referred to herein as
L1 caches 216) or other levels of cache such as a level 2 (L2) cache or the like. L1 caches 216
may provide private or local memory for their respective cores 206. Furthermore, various
components of processor 202-1 may communicate with the cache 208 directly, through

interconnection 212 and/or a memory controller or hub (not shown).

As shown in FIG. 2, processor 202 may further include graphics logic 101 to perform
various graphics related operations such as those discussed herein. Graphics logic 101 may have
access to one or more memory devices such as cache 208, one or more of L1 caches 216,

memory 214, register(s), or another memory in platform 200 to store information relating to
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operations of the graphics logic 101 such as primitive intersection information 109, predicted
primitive intersection information 110, error information 111, and/or drawcall patterns 112.
Furthermore, while graphics logic 101 is illustrated inside processor 202-1, graphics logic 101
may be located elsewhere in platform 200 in various embodiments. For example, graphics logic
101 may be implemented via one or more of cores 206, one or more of processors 202, and/or via
processor 201, or the like. For example, graphics logic 101 may be implemented via a
heterogeneous computing system via platform 200. As discussed, in some examples, graphics
logic 101 may include one or more of vertex shader 102, tile engine 103 having intersection
information logic 104, rasterizer 105, pixel shader 106, and or other logic or components. Such
logic or components of graphics logic 101 may be implemented in any manner via platform 200.
For example, such logic or components may be distributed among processors 202 and/or cores of
processors 202 such as cores 206 of processors 202. Platform 200 may implement any circuitry
or logic and/or platform 200 may be configured to implement any technique or techniques as
discussed herein. Furthermore, although not shown in FIG. 2, render mode driver 107 may
similarly be implemented via one or more of cores 206, one or more of processors 202, and/or

via processor 201, or the like.

FIG. 3. is a diagram illustrating example tiles of example frames and example primitive
intersection information, arranged in accordance with at least some implementations of the
present disclosure. As shown, FIG. 3 illustrates example frame 301 and example frame 302 or
portions thereof. For example, frame 302 may be subsequent to frame 301 in a scene such that
frame 301 is frame N and frame 302 is frame N+1 of a scene. Furthermore, as shown, frame 301
may include four tiles 303-306 (also labeled as T1, T2, T3, and T4) and four primitives 307-310
(also labeled as P1, P2, P3, and P4). Although illustrated with four tiles and four primitives for
the sake of clarity of presentation, frames 301, 302 may include any number of tiles and any
number of primitives. Furthermore, the examples of FIGS. 3 and 4 illustrate a grid of tiles.
However, other tile structures such as adaptive tile structures having any shape and/or size may
be used. Furthermore, any tile size or sizes may be implemented such as a tile size of 256x256 or
tile sizes of about 100x100 pixels to 500x500 pixels depending on the graphics processing
architecture. Also, although discussed with respect to two frames of a scene, any number of
frames and/or scenes may be processed using the techniques discussed herein. For example,
adjacent frames of the same scene may often be similar with the positions of objects (e.g.,

represented by primitives) changing little between frames. Such relative similarity between
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frames of a scene may be exploited to save computational and memory resources as discussed

herein.

As shown, primitive intersection information 320 may be generated for frame 301 (e.g.,
frame N) based on tiles 303—306 and primitives 307-310. For example, location data for
primitives 307-310 (e.g., vertex location information) may be generated via vertex shader 102 of
graphics logic 101. In some examples, generating location data for primitives 307-310 may
include full vertex shading and, in other examples, generating location data for primitives 307—
310 may include partial vertex shading (e.g., only determining vertex positions) or other
operations. Based on the location data for primitives 307-310 and the location data for tiles 303—
306 (e.g., which may be standardized or determined based on rendering settings, display settings,
or the like), primitive intersection information 320 may be generated. For example, primitive
intersection information 320 may be generated via intersection information logic 104 of tile
engine 103 or other logic of tile engine 103 or graphics logic 101. As shown, primitive
intersection information 320 may include spatial relationship information between tiles 303-306
and primitives 307-310. As shown, in some examples, primitive intersection information 320
may be provided as a table (e.g., a table listing tiles and primitives covering those tiles) although
primitive intersection information 320 may include any suitable data structure. As shown,
primitive intersection information 320 may include a listing of tiles 303-306 (labeled as tiles T1-
T4 in the table) and corresponding overlapping primitives of primitives 307-310. For example,
for tile 303 (T1) only primitive 307 (P1) is overlapping, for tile 304 (T2) only primitive 308 (P3)
is overlapping, for tile 305 (T3) only primitive 309 (P3) is overlapping, and for tile 306 (T4)
primitives 309 (P3) and 310 (P4) are overlapping. Such information is reflected in primitive
intersection information 320. As shown with respect to primitive 309, a primitive may overlap

with one or more tiles (e.g., 1, 2, 3, or 4 tiles if the tiles are organized in a grid as shown).

As discussed, in an initialization mode, primitive intersection information 320 may be
generated during a first pass of vertex shading such that primitives may be sorted in a tile
manner. In a prediction mode, primitive intersection information 320 may be generated during an
only pass of vertex shading (e.g., during rendering on a tile-by-tile basis) and sorting in a tile
manner. In either event, primitive intersection information 320 may represent actual (e.g., non-

predicted) intersection information for tiles 303-306 of frame 301.

As shown in FIG. 3, predicted primitive intersection information 322 may be determined

or generated based on primitive intersection information 320. In the example of FIG. 3, predicted
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primitive intersection information 322 may be the same as primitive intersection information
320. For example, predicted primitive intersection information 322 may be generated via
intersection information logic 104 of tile engine 103 or other logic of tile engine 103 or graphics

logic 101. Such a technique may offer ease of implementation at the cost of increased errors.

For example, FIG. 3 illustrates primitive intersection information 321 for frame 302 (e.g.,
frame N+1) based on tiles 303—306 and primitives 307-310, which may be generated as
discussed with respect to primitive intersection information 320. As shown, primitive intersection
information 321 may include spatial relationship information between tiles 311-314 and
primitives 307-310. As shown, in some examples, primitive intersection information 321 may be
provided as a table (e.g., a table listing tiles and primitives covering those tiles) although
primitive intersection information 321 may include any suitable data structure. As shown,
primitive intersection information 321 may include a listing of tiles 311-314 (labeled as tiles T1-
T4 in the table) and corresponding overlapping primitives of primitives 307-310. As shown,
primitives 307-310 may move between frames as shown via movement of primitives 308 and
309 in FIG. 3. Although not shown in FIG. 3 for the sake of clarity of presentation, new
primitives may be included in frame 302 and/or some primitives may be lost. For example, as
shown, for tile 311 (T1) primitives 307 (P1) and 308 (P2) are overlapping, for tile 312 (T2) only
primitive 308 (P3) is overlapping, for tile 313 (T3) only primitive 309 (P3) is overlapping, and
for tile 314 (T4) primitives 309 (P3) and 310 (P4) are overlapping. Such information is reflected

in primitive intersection information 321.

As discussed, in a prediction mode, predicted primitive intersection information 322 may
be used to indicate which primitives are to be rendered for individual tiles. Such rendering may
include vertex shading and, as discussed, such predicted primitive intersection information 322
may be updated or corrected for the current frame and/or for subsequent frame prediction. In the
case of an error where a primitive was not included for a tile, such a primitive may be detected
during the updating of predicted primitive intersection information 322 and, after the initial
rendering of all tiles, the tile or tiles having missing (e.g., non-predicted primitives) may be re-
rendered. In the example of FIG. 3, an error 323 may occur at tile 311 (T1) such that predicted
primitive intersection information 322 did not indicate primitive 308 (P2) would overlap with tile
311 (T1). For example, error 323 may be stored in error information 111 and error 323 may

cause a re-rendering of tile 311.
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As discussed with respect to FIG. 3, predicted primitive intersection information for a
frame may be the same as actual primitive intersection information from a previous frame. In

other examples, a more conservative prediction technique may be used.

FIG. 4. is a diagram illustrating example tiles of example frames and example primitive
intersection information, arranged in accordance with at least some implementations of the
present disclosure. As shown, FIG. 4 illustrates example frame 301 and example frame 302 or
portions thereof. For example, frame 302 may be subsequent to frame 301 in a scene such that
frame 301 is frame N and frame 302 is frame N+1 of a scene. As discussed with respect to FIG.
3, frame 301 may include four tiles 303306 (also labeled as T1, T2, T3, and T4) and four
primitives 307-310 (also labeled as P1, P2, P3, and P4).

As discussed with respect to FIG. 3, primitive intersection information 320 may be
generated for frame 301 (e.g., frame N) based on tiles 303—306 and primitives 307-310. As
shown, primitive intersection information 320 may include spatial relationship information
between tiles 303-306 and primitives 307-310. As shown, in some examples, primitive
intersection information 320 may be provided as a table (e.g., a table listing tiles and primitives
covering those tiles) although primitive intersection information 320 may include any suitable
data structure. As discussed, primitive intersection information 320 may include a listing of tiles
303-306 (labeled as tiles T1-T4 in the table) and corresponding overlapping primitives of
primitives 307-310. For example, for tile 303 (T1) only primitive 307 (P1) is overlapping, for tile
304 (T2) only primitive 308 (P3) is overlapping, for tile 305 (T3) only primitive 309 (P3) is
overlapping, and for tile 306 (T4) primitives 309 (P3) and 310 (P4) are overlapping. Such
information is reflected in primitive intersection information 320. As shown with respect to
primitive 309, a primitive may overlap with one or more tiles (e.g., 1, 2, 3, or 4 tiles if the tiles

are organized in a grid as shown).

As discussed, in an initialization mode, primitive intersection information 320 may be
generated during a first pass of vertex shading such that primitives may be sorted in a tile
manner. In a prediction mode, primitive intersection information 320 may be generated during an
only pass of vertex shading (e.g., during rendering on a tile-by-tile basis) and sorting in a tile
manner. In either event, primitive intersection information 320 may represent actual (e.g., non-

predicted) intersection information for tiles 303-306 of frame 301.
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As shown in FIG. 4, predicted primitive intersection information 402 may be determined
or generated based on primitives 307-310 and bounding boxes around tiles 303—306 such as
bounding box 401 around tile 303. In FIG. 4, only bounding box 401 is illustrated for the sake of
clarity of presentation. In the example of FIG. 4, predicted primitive intersection information 402
may be generated as those primitives that overlap a bounding box associated with a tile. For
example, for frame 302, predicted primitive intersection information 402 may include, for
individual tiles, not only primitives that overlap the tile but also primitives that overlap a region
around the tile. For example, predicted primitive intersection information 322 may be generated
via intersection information logic 104 of tile engine 103 or other logic of tile engine 103 or

graphics logic 101.

For example, predicted primitive intersection information 402 may include a listing of
tiles 303-306 (labeled as tiles T1-T4 in the table) and corresponding bounding box overlapping
primitives of primitives 307-310. For example, for tile 303 (T1) / bounding box 401 primitive
307 (P1) and primitive 308 (P2) are overlapping, for tile 304 (T2) and its bounding box (not
shown) only primitive 308 (P3) is overlapping, for tile 305 (T3) and its bounding box (not
shown) only primitive 309 (P3) is overlapping, and for tile 306 (T4) and its bounding box (not
shown) primitives 309 (P3) and 310 (P4) are overlapping. Such information is reflected in
predicted primitive intersection information 402. As shown with respect to primitive 309, a
primitive may overlap with one or more tiles/bounding boxes (e.g., 1, 2, 3, or 4 tiles if the tiles
are organized in a grid as shown). As discussed, predicted primitive intersection information 402
may include, for individual tiles, not only primitives that overlap the tile but also primitives that

overlap a region around the tile. Such a technique may reduce errors as discussed herein.

For example, FIG. 4 illustrates primitive intersection information 321 for frame 302 (e.g.,
frame N+1) based on tiles 303—306 and primitives 307-310, which may be generated as
discussed with respect to primitive intersection information 320. As shown, primitive intersection
information 321 may include spatial relationship information between tiles 311-314 and
primitives 307-310. As shown, in some examples, primitive intersection information 321 may be
provided as a table (e.g., a table listing tiles and primitives covering those tiles) although
primitive intersection information 321 may include any suitable data structure. As shown,
primitive intersection information 321 may include a listing of tiles 311-314 (labeled as tiles T1-
T4 in the table) and corresponding overlapping primitives of primitives 307-310. As discussed,

primitives 307-310 may move between frames as shown via movement of primitives 308 and
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309 and, although not shown in FIG. 4, new primitives may be included in frame 302 and/or
some primitives may be lost. For example, as shown, for tile 311 (T1) primitives 307 (P1) and
308 (P2) are overlapping, for tile 312 (T2) only primitive 308 (P3) is overlapping, for tile 313
(T3) only primitive 309 (P3) is overlapping, and for tile 314 (T4) primitives 309 (P3) and 310
(P4) are overlapping. Such information is reflected in primitive intersection information 321. As
shown with respect to match 403, bounding boxes such as bounding box 401 may reduce the
error of a primitive or primitives not being predicted for a particular tile. In some examples,
bounding boxes such as bounding box 401 may increase the error of non-overlapping primitives
being included for a particular tile. Such errors may be eliminated during culling operations, for

example.

As discussed, in a prediction mode, predicted primitive intersection information 402 may
be used to indicate which primitives are to be rendered for individual tiles. Such rendering may
include vertex shading and, as discussed, such predicted primitive intersection information 402
may be updated or corrected for the current frame and/or for subsequent frame prediction. For
subsequent frame prediction, such prediction may use bounding box techniques as discussed. As
discussed with respect to FIG. 3, in the case of an error where a primitive was not included for a
tile, such a primitive may be detected during the updating of predicted primitive intersection
information 402 and, after the initial rendering of all tiles, the tile or tiles having missing (e.g.,

non-predicted primitives) may be re-rendered.

As discussed with respect to FIGS. 3 and 4, predicted primitive intersection information
for a frame may be the same as actual primitive intersection information from a previous frame
or predicted primitive intersection information for a frame may be based on overlap with
bounding boxes around the tiles of a frame (e.g., a more conservative prediction technique may
be used). In some examples, operation between such modes (e.g., a copy mode and a
conservative mode) and/or between how conservative the conservative mode is (e.g., based on
the size or shape of bounding box 401 as is discussed further with respect to FIG. 5) may be user
selected or determined by the systems discussed herein. Furthermore, the discussed primitive
intersection information (e.g., 320, 321) may be stored as primitive intersection information 109,
the discussed predicted primitive intersection information (e.g., 322, 402) may be stored as
predicted primitive intersection information 110, and the discussed errors (e.g., error 323) may be

stored as error information 111.
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FIG. 5 illustrates an example margin size for a bounding box and an example chart of
error rate versus margin size, arranged in accordance with at least some implementations of the
present disclosure. As shown in FIG. 5, borders of bounding box 401 may extend beyond edges
of tile 303 by a margin size 501. Margin size 501 may be any suitable size such as 8, 16, 32, or
64 pixels, or the like. As shown, in some examples, margin size 501 may be the same around all
edges of tile 303. In other examples, margin size 501 may be different at different edges of tile
303. For example, vertical margins and horizontal margins may be different, top and bottom
margins may be different, left and right margins may be different, or the like. Such differences in
margin size may capture additional primitives in situations where motion is predictable (e.g.,

from left to right and top to bottom or the like).

Furthermore, as discussed, bounding box 401 around tile 303 may reduce missing
primitive errors in predicted primitive intersection information such as predicted primitive
intersection information 402. As shown, chart 500 illustrates example error rate 502 versus
margin size 501. The example of chart 500 provides for a tile size of 256x256 pixels, a screen
resolution of 1920x1080 pixels, and a frame interval of 40 milliseconds for a graphics rendering
benchmark. As shown, error rate 502 may decrease from about 9.5% with no margin (e.g., a

margin size 501 of 0) to about 1.2% with a margin of 64 pixels.

As discussed, frames may be rendered in an initialization mode such that actual primitive
intersection information may be determined prior to rendering the frame on a tile-by-tile basis or
frames may be rendered in a prediction mode such that predicted primitive intersection
information generated using a previous frame is used to render the frame on a tile-by-tile basis

(and any tiles having errors are re-rendered as needed).

FIG. 6 illustrates an example process 600 for transitioning between frame processing
modes, arranged in accordance with at least some implementations of the present disclosure.
Process 600 may include one or more operations or modes 601-603 as illustrated in FIG. 6.
Process 600 may be performed by a device or system (e.g., system 100), logic, or a driver (e.g.
render mode driver 107). Process 600 may be used to determine a processing mode for frames of
a scene, for example. For example, process 600 may be performed by render mode driver based
on data stored via memory 108 such as error information 111, drawcall patterns 112, and/or other

attributes of frames of a scene.
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As shown, process 600 may begin from start operation 601 at initialization mode 602. For
example, a first or starting frame or the like may always run in initialization mode since no
predicted primitive intersection information may be available and initialization may be required.
As shown, the first or starting frame may be processed in initialization mode 602 as discussed
herein and, in particular, with respect to FIG. 7 to generate predicted primitive intersection
information for a next frame and to render the first or starting frame. During or after processing
the first or starting frame or any other frame processed in initialization mode 602, a
determination may be made as to whether a subsequent or next frame is a scene change frame. As
shown, if the subsequent or next frame is not determined to be a scene change frame, process 600
may process the subsequent or next frame in a prediction mode 603. If the subsequent or next
frame is determined to be a scene change frame, process 600 may process the subsequent or next

frame in initialization mode 602.

At prediction mode 603, the frame may be processed as discussed herein and, in
particular, with respect to FIG. 8 to render the frame on a tile-by-tile basis using the predicted
primitive intersection information (and re-rendering of error tiles as needed) and to update the
predicted primitive intersection information for a next frame. During or after processing the
current frame in prediction mode 603, a determination may be made as to whether a subsequent
or next frame is a scene change frame. As shown, if the subsequent or next frame is not
determined to be a scene change frame, process 600 may process the subsequent or next frame in
prediction mode 603 (e.g., processing may continue in prediction mode 603). If the subsequent or
next frame is determined to be a scene change frame, process 600 may process the subsequent or
next frame in initialization mode 602. Process 600 may continue until a last frame for processing

is completed.

In process 600, processing of the frame may be performed as discussed herein via
graphics logic 101 and the processing mode may be determined on the driver level via render
mode driver 107. The determination between processing in initialization mode 602 and
prediction mode 603 may be made using any suitable technique or techniques. In some examples,
one or more attributes of the current frame and the subsequent frame may be compared to
determine a scene change. The attribute(s) may be any suitable attribute(s) such as texture
information, error information, or drawcall patterns, with drawcall patterns being particularly
advantageous due to ease of implementation. Typically, a greater difference in attribute(s)

between frames may indicate a scene change. In some examples, the difference in attribute(s)
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may be quantified and compared to a predetermined or heuristically determined threshold. In
some examples, a module run on a driver level (e.g., render mode driver 107) may compare a
drawcall pattern of a current frame with a drawcall pattern of a previous frame to determine a
processing mode. As discussed, the frame processing (e.g., in initialization or prediction mode)

may be performed by hardware such as graphics logic 101.

As shown, in some examples, render mode driver 107 may implement process 600 to
determine a frame processing mode based on a frame by frame evaluation. In some examples,
render mode driver 107 may implement saturating counter state machine or the like.
Furthermore, the discussed attributes may be combined to determine a processing mode. For
example, drawcall pattern information and prediction error information (e.g., error information
111 or the like) may be merged (e.g., by render mode driver 107) to determine a mode for a next

frame.

As discussed, frames of a scene may be processed or rendered in an initialization mode or

a prediction mode.

FIG. 7 illustrates an example process 700 for rendering a frame in an initialization mode,
arranged in accordance with at least some implementations of the present disclosure. Process 700
may include one or more operations 701-709 as illustrated in FIG. 7. Process 700 may be
performed by a device or system (e.g., system 100), logic, or the like. Process 700 may be used to
render a frame on a tile-by-tile basis and to determine predicted primitive intersection

information for a subsequent frame.

As shown, process 700 may begin from start operation 701 at operation 702, “Determine
Primitives Positions for Sorting”, where the position of primitives of the frame may be
determined for sorting on a tile basis (e.g., to determine which primitives overlap individual tiles
of the frame). For example, operation may include performing vertex shading or a portion of
vertex shading for primitives of the frame via vertex shader 102. As discussed, operation 702
may require loading and rendering via vertex shading each vertex of primitives of the frame. As
discussed, operation 702 may include full vertex shading or the portion vertex shading that

determines vertex positions or similar operations.

Process 700 may continue at operation 703 and decision operation 705. At operation 703,
“Determine and Store Primitive Intersection Information”, primitive intersection information for

the current frame (e.g., the initialization mode frame) may be determined. For example, the
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primitive intersection information may include the spatial relationship information between tiles
and primitives for the current frame as discussed with respect to primitive intersection
information 320, 321 and elsewhere herein. In some examples, the primitive intersection
information may be implemented via a table although other data structures may be used. In some
examples, the primitive intersection information may be determined via intersection information

logic 104 of tile engine 103 as implemented via graphics logic 101 and stored via memory 108.

Process 700 may continue at operation 704, “Determine and Store Predicted Primitive
Intersection Information”, where predicted primitive intersection information for a subsequent
frame may be determined and stored. As discussed with respect to FIG. 3, in some examples, the
predicted primitive intersection information for the subsequent frame may match the primitive
intersection information for the current frame. In such examples, the primitive intersection
information determined and stored at operation 703 may be retained for subsequent frames. In
other examples, as discussed with respect to FIG. 4, the predicted primitive intersection
information may be determined based on a bounding box around each tile of the frame. In such
examples, the predicted primitive intersection information may include some additional
primitives for various tiles as compared to the primitive intersection information determined at
operation 703. In some examples, the predicted primitive intersection information may be
determined via intersection information logic 104 of tile engine 103 as implemented via graphics

logic 101 and stored via memory 108.

As discussed, process 700 may also continue from operation at 702 at decision operation
705, “More Tiles”, where a determination may be made as to whether there are more tiles for
processing. For example, when a last tile has been processed, process 700 may end at ending

operation 709.

If one or more tiles require processing, process 700 may continue at operation 706, “Fetch
Primitive Intersection Information”, where primitive intersection information may be fetched or
retrieved for the current tile. For example, a portion of primitive intersection information 109
pertinent to the current tile may be fetched from memory 108 by graphics logic 101. As
discussed, the primitive intersection information for the current tile may indicate the primitives

that are to be rendered for the current tile.

Process 700 may continue at operation 707, “Perform Vertex Shading”, and operation

708, “Perform Rasterization and Pixel Shading”, where vertex shading may be performed for the



10

15

20

25

30

WO 2016/089497 PCT/US2015/056715
22

current tile and rasterization and pixel shading for the current tile may be performed.
Furthermore, process 700 may include other graphics processes such as hull shading, a
tessellation, domain shading, geometry shading, culling, or the like, which is not shown for the
sake of clarity of presentation. As discussed, at operation 707, a second pass of vertex shading
may be performed for the primitives of the current tile based on the sorting performed at
operation 703. For example, operation 707 may be performed by vertex shader 102 as
implemented via graphics logic 101. Furthermore, portions of operation 708 may be performed

by rasterizer 105 and/or pixel shader 106 as implemented via graphics logic 101.

As shown, process 700 may continue at decision operation 705, where continued
processing may be performed for any remaining tiles or process 700 may end. Process 700 may
be repeated for any number of frames processed in an initialization mode. Furthermore, as
discussed, process 700 may provide for predicted primitive intersection information (e.g., as

discussed with respect to operation 704) for a subsequent frame processed in a prediction mode.

FIG. 8 illustrates an example process 800 for rendering a frame in a prediction mode,
arranged in accordance with at least some implementations of the present disclosure. Process 800
may include one or more operations 801-808 as illustrated in FIG. 8. Process 800 may be
performed by a device or system (e.g., system 100), logic, or the like. Process 800 may be used to
render a frame on a tile-by-tile basis and to determine or update predicted primitive intersection

information for a subsequent frame.

As shown, process 800 may begin from start operation 801 at decision operation 802,
“More Tiles”, where a determination may be made as to whether there are more tiles for
processing. For example, when a last tile has been processed, process 700 may continue at

operation 807, as is discussed further below.

If one or more tiles require processing, process 800 may continue at operation 803, “Fetch
Predicted Primitive Intersection Information”, where predicted primitive intersection information
may be fetched or retrieved for the current tile. For example, a portion of predicted primitive
intersection information 110 pertinent to the current tile may be fetched from memory 108 by
graphics logic 101. The predicted primitive intersection information may have been determined
as discussed with respect to FIG. 7 or as discussed with respect operation 806 below. As
discussed, the predicted primitive intersection information for the current tile may indicate the

primitives that are to be rendered for the current tile. Furthermore, the predicted primitive
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intersection information as fetched at operation 803 may eliminate a first pass of vertex shading

to sort primitives to tiles for the current frame.

Process 800 may continue at operation 804, “Perform Vertex Shading”, and operation
805, “Perform Rasterization and Pixel Shading”, where vertex shading may be performed for the
current tile and rasterization and pixel shading for the current tile may be performed. Further,
process 800 may include other graphics processes such as hull shading, a tessellation, domain
shading, geometry shading, culling, or the like, which is not shown for the sake of clarity of
presentation. As discussed, at operation 804, a first pass of vertex shading may be performed for
the primitives of the current tile based on the predicted primitive intersection information as
fetched at operation 803. For example, operation 804 may be performed by vertex shader 102 as
implemented via graphics logic 101. Furthermore, portions of operation 805 may be performed

by rasterizer 105 and/or pixel shader 106 as implemented via graphics logic 101.

Furthermore, as shown, process 800 may continue from operation 804 at operation 806,
“Update and Store Primitive Intersection Information and/or Predicted Primitive Intersection
Information”, where primitive intersection information and/or predicted primitive intersection
information may be updated and stored. For example, during the vertex shading of an individual
tile, vertex shading may be performed for one or more primitives (e.g., for primitives indicated
based on the predicted primitive intersection information). Such vertex shading may provide
location information for the one or more primitives. Based on the location of the primitives, a
determination may be made as to which tiles the primitives overlap (e.g., actually overlap for the
current frame as contrasted with the predicted overlap). If such actual overlap matches the
predicted overlap, no update or change may be made. However, if the actual overlap does not
match the predicted overlap, an update (e.g., to another tile or the current tile) may be made. For
example, at operation 806 primitive intersection information (e.g., actual overlaps) may be
determined and stored such that error information may be determined such as error information
111 or the like. Such error information may be used at operation 807 to determine which, if any,

tiles need to be re-rendered.

Furthermore, in some examples, such updated primitive intersection information may be
used as predicted primitive intersection information for a frame subsequent to the current frame.
In other examples, the predicted primitive intersection information may be updated or generated
based on a bounding box around an individual tile as discussed with respect to FIG. 4. For

example, at operation 806, the primitive intersection information for the current frame may be
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determined via intersection information logic 104 of tile engine 103 as implemented via graphics
logic 101 and stored via memory 108 and/or the predicted primitive intersection information for
use by a subsequent frame may be determined via intersection information logic 104 of tile

engine 103 as implemented via graphics logic 101 and stored via memory 108.

As shown, process 800 may continue from operations 805 and 806 at decision operation
802, where continued processing may be performed for any remaining tiles as discussed via
operations 803—806, or process 800 may continue at operation 807, “Handle Prediction Error”,
where prediction error(s) may be handled. For example, for any tile or tiles that were rendered
with missing primitives (e.g., the predicted primitive intersection information was missing a
primitive for the particular tile, please refer to error 323 as illustrated in FIG. 3), the tile or tiles
may be re-rendered. For example, the tile or tiles may be re-rendered with the previously missing
primitives as discussed with respect to operations 804 and 805 and any additional graphics
processes (e.g., hull shading, a tessellation, domain shading, geometry shading, culling, or the
like). During such re-rendering, no updates to the primitive intersection information and/or
predicted primitive intersection information may need to be made as such updates may have been

previously performed on a tile-by-tile basis at operation 806.

As shown, process may continue from operation 807 at ending operation 808. Process
800 may be repeated for any number of frames processed in a prediction mode. Furthermore, as
discussed, process 800 may provide for predicted primitive intersection information (e.g., as
discussed with respect to operation 806) for a subsequent frame processed in a prediction mode.
Also, processes 700 and 800 may be performed for various frames as determined via process 600

by render mode driver 107, for example.

FIG. 9 is a flow diagram illustrating an example process 900 for providing graphics
rendering, arranged in accordance with at least some implementations of the present disclosure.
Process 900 may include one or more operations 901-902 as illustrated in FIG. 9 or other
operations as discussed below. Process 900 may form at least part of a graphics rendering
process. By way of non-limiting example, process 900 may form at least part of graphics
rendering processing with tile-primitives intersection prediction as undertaken by systems 100,
200, 1000, or 1100 as discussed herein. Further, process 900 will be described herein in reference
to system 1000 of FIG. 10.
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FIG. 10 is a block diagram of an example system 1000 for providing graphics rendering,
arranged in accordance with at least some implementations of the present disclosure. As shown,
system 1000 may include one or more processors 1002 (e.g., processors 1002-1...1002-N),
which may include any heterogencous computing resources such as central processing units
(CPUs), CPU cores, graphics processing units (GPUs), GPU cores, network processors (e.g., that
process data communicated over a network 1003), reduced instruction set computing (RISC)
processors, a complex instruction set computing (CISC) processors, or the like. As shown,
processors 1002 may communicate via an interconnection network (or bus) 1004. Furthermore,
processors 1002 may have a single or multiple core architecture. Processors 1002 with a multiple
core architecture may integrate different types of processor cores on the same integrated circuit
(IC) die and/or such processors may be implemented as symmetrical or asymmetrical
multiprocessors. As shown, graphics logic 101 may be implemented via one or more of

processors 1002.

As shown, a chipset (chipset/IO complex) 1006 may also communicate with the
interconnection network 1004. Chipset 1006 may include a graphics memory control hub
(GMCH) 1008, which may be implemented via various components of system 1000 as shown.
GMCH 1008 may include a memory controller 1010 configured to communicate with a memory
1012. Memory 1012 may store data, including sequences of instructions, that may be executed by
via processors 1002 and/or graphics data as discussed herein. In some examples, memory 1012
may include one or more volatile storage (or memory) devices such as random access memory
(RAM), dynamic RAM (DRAM), synchronous DRAM (SDRAM), static RAM (SRAM), or
other types of storage devices and, in other examples, memory 1012 may include nonvolatile
memory such as a hard disk or the like. GMCH 1008 may also include a graphics interface 1014
configured to communicate with a display 1016 via an accelerated graphics port (AGP) or
Peripheral Component Interconnect (PCI) interface, or the like. Furthermore, a hub interface
1018 may allow GMCH 1008 and an input/output control hub (ICH) 720 to communicate. ICH
1020 may provide an interface to I/O device(s) that communicate with the system 1000. The ICH
1020 may communicate with a bus 1022 through a peripheral bridge (or controller) 1024, such as
a peripheral component interconnect (PCI) bridge, a universal serial bus (USB) controller, or the
like. Bridge 1024 may provide a data path between the processors 1002 and peripheral devices.
Buss 722 may provide communication with an audio device 1026, one or more disk drive(s)
1028, and a network interface device 1030, or other devices such as integrated drive electronics

(IDE) or small computer system interface (SCSI) hard drive(s), USB port(s), a keyboard, a
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mouse, parallel port(s), serial port(s), floppy disk drive(s), digital output support (e.g., digital
video interface (DVI)), or the like.

As shown, graphics logic 101 may be implemented via one or more of processors 1002
and/or chipset 1006. Graphics logic 101, as discussed with respect to FIG. 1 may include vertex
shader 102, tile engine 103, rasterizer 105, pixel shader, or other components as discussed herein.
In some examples, graphics logic 101 may at least partially be hardware logic. Furthermore,
although not illustrated in FIG. 10, render mode driver 107 may be also be implemented via one
or more of processors 1002 and chipset 1006. Furthermore, system 1000 may implement a

parameter buffer free tile based rendering system.

Returning to FIG. 9, process 900 may begin at operation 901, “Receive Predicted
Primitive Intersection Information associated with a Tile of a Current Frame”, where predicted
primitive intersection information associated with at least a tile of a frame may be received. For
example, the predicted primitive intersection information may indicate one or more primitives
predicted to overlap the tile. For example, the predicted primitive intersection information may
be received by graphics logic 101 via memory 1012. For example, graphics logic 101 may be
configured to receive predicted primitive intersection information associated with at least a tile of
a frame. As discussed with respect to FIG. 3, in some examples, the predicted primitive
intersection information may indicate a first primitive that overlaps a previous tile from a
previous frame with respect to the frame such that the tile and the previous tile correspond (e.g.,
they are in the same location in of different frames). In other examples, as discussed with respect
to FIG. 4, the predicted primitive intersection information may indicate a first primitive that

overlaps a bounding box around the previous corresponding tile.

Process 900 may continue at operation 902, “Render the Tile based on the Predicted
Primitive Intersection Information”, where the tile may be rendered based at least in part on the
predicted primitive intersection information. For example, a first primitives sorting may be
skipped or avoided and rendering may be performed based on the predicted primitive intersection
information as discussed herein. For example, graphics logic 101 may be configured to render the
tile based on the predicted primitive intersection information via vertex shader 102, tile engine

103, rasterizer 105, pixel shader, or other components as discussed herein.

In some examples, process 900 may be performed in a prediction mode as discussed

herein. For example, a central processing unit such as one or more of processors 1002 may
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implement a device driver such as render mode driver 107, which may be configured to
determine the prediction mode for the frame based on a comparison of attributes for the frames.
For example, a frame prior to the frame currently being processed may have been processed in an
initialization mode to generate the predicted primitive intersection information. The prior frame
being processed in the initialization mode may have been determined based on a comparison of
drawcall patterns and/or other attributes of the prior frame to still prior frame(s) (e.g., a
comparison of a first drawcall pattern of the prior frame to a second drawcall pattern of a frame
prior to the prior frame). Furthermore, the prior frame may have been rendered on a tile-by-tile

basis based on the primitive intersection information of that frame.

As discussed, in addition to operation 902, actual primitive intersection information may
be generated for the frame and compared to the predicted primitive intersection information. Any
tiles with error(s) may be re-rendered as discussed herein and the updated predicted primitive
intersection information may be used for the prediction of subsequent frames. Furthermore, in
some examples, primitive position information may be generated the vertex shading portion of
rendering and such primitive position information may be used with a bounding box around tiles
of the frame to generate predicted primitive position information for subsequent frames. For
example, process 900 may include updating the predicted primitive intersection information for a
frame subsequent to the frame based on the discussed vertex shading. In some examples, a
second tile of the frame may be rendered including vertex shading a primitive (e.g., a first
primitive) not in the one or more primitives associated with the tile and it may be determined that
the first primitive overlaps the tile (e.g., the first primitive was unpredicted for the tile). In such
examples, as discussed, the tile may be re-rendered based on determining the first primitive (e.g.,
unpredicted primitive) overlaps the tile (e.g., an error was detected). Furthermore, the predicted
primitive intersection information may be updated for a subsequent frame to include the first

primitive in the one or more primitives.

While implementation of the example processes discussed herein may include the
undertaking of all operations shown in the order illustrated, the present disclosure is not limited
in this regard and, in various examples, implementation of the example processes herein may
include only a subset of the operations shown, operations performed in a different order than

illustrated, or additional operations.

In addition, any one or more of the operations discussed herein may be undertaken in

response to instructions provided by one or more computer program products. Such program
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products may include signal bearing media providing instructions that, when executed by, for
example, a processor, may provide the functionality described herein. The computer program
products may be provided in any form of one or more machine-readable media. Thus, for
example, a processor including one or more graphics processing unit(s) or processor core(s) may
undertake one or more of the blocks of the example processes herein in response to program code
and/or instructions or instruction sets conveyed to the processor by one or more machine-
readable media. In general, a machine-readable medium may convey software in the form of
program code and/or instructions or instruction sets that may cause any of the devices and/or
systems described herein to implement at least portions of systems 100, 200, 1000, or 1100, or

any other module or component as discussed herein.

As used in any implementation described herein, the term “module” refers to any
combination of software logic, firmware logic, hardware logic, and/or circuitry configured to
provide the functionality described herein. The software may be embodied as a software package,
code and/or instruction set or instructions, and “hardware”, as used in any implementation
described herein, may include, for example, singly or in any combination, hardwired circuitry,
programmable circuitry, state machine circuitry, fixed function circuitry, execution unit circuitry,
and/or firmware that stores instructions executed by programmable circuitry. The modules may,
collectively or individually, be embodied as circuitry that forms part of a larger system, for

example, an integrated circuit (IC), system on-chip (SoC), and so forth.

FIG. 11 illustrates a computing system 1100 that is arranged in a point- to-point (PtP)
configuration, according to an embodiment. In particular, FIG. 11 shows a system where
processors, memory, and input/output devices are interconnected by a number of point-to-point
interfaces. Operations discussed herein such as those discussed with respect to FIGS. 3-9 may be
implemented by one or more components of the system 1100. As shown in FIG. 11, system 1100
may include several processors, of which only two, processors 1102 and 1104 are shown for the
sake of clarity of presentation. Processors 1102 and 1104 may each include a local memory
controller hub (MCH) 1106 and 1108 to enable communication with memories 1110 and 1112.
Memories 1110 and/or 1112 may store various data such as those discussed herein including
primitive intersection information 109, predicted primitive intersection information 110, error

information 111, drawcall patterns 112 (or other attributes), or the like.

In an embodiment, the processors 1102 and 1104 may be one of processors 202 or 1002

discussed with reference to FIGS. 2 and 10. Processors 1102 and 1104 may exchange data via a
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point-to-point (PtP) interface 1114 using PtP interface circuits 1116 and 1118, respectively. Also,
the processors 1102 and 1104 may each exchange data with a chipset 1120 via individual PtP
interfaces 1122 and 1124 using point-to-point interface circuits 1126, 1128, 1130, and 1132. The
chipset 1120 may further exchange data with a graphics circuit 1134 via a graphics interface
1136, e.g., using a PtP interface circuit 1137. As shown, graphics logic 101 may be implemented
via processors 1102 and/or 1104 and/or chipset 1120. For example, one or more components of
system 1100 may include graphics logic 101 as discussed herein. Furthermore, although not
shown in FIG. 11, render mode driver 107 may be implemented via processors 1102 and/or 1104
and/or chipset 1120. As shown, chipset 1120 may communicate with a bus 1140 using a PtP
interface circuit 1141. Bus 1140 may allow communication with one or more devices, such as a
bus bridge 1142 and/or I/O devices 1143. Via a bus 1144, bus bridge 1142 may further allow
communication with other devices such as a keyboard/mouse 1145, communication devices 1146
(such as modems, network interface devices, or other communication devices that may
communicate with the computer network 1103), audio I/O device 1147, and/or a data storage
device 1148. The data storage device 1148 may store code 1149 that may be executed by the

processors 1102 and/or 1104, for example.

As discussed, in some embodiments, one or more of the components discussed herein

may be embodied in a System On Chip (SoC) device.

FIG. 12 is a block diagram of an example system on a chip 1200, arranged in accordance
with at least some implementations of the present disclosure. As shown, system on a chip (SoC)
may include a SoC package 1202 having one or more Central Processing Unit (CPU) cores 1220,
one or more Graphics Processor Unit (GPU) cores 1230, an Input/Output (I/0) interface 1240,
and a memory controller 1242, Various components of the SoC package 1202 may be coupled to
an interconnect or bus (not shown). In some examples, SoC package 1202 may include additional
modules or components such as memory, communications interface(s), controllers, or the like or
any modules or components discussed herein. Further, components of SoC package 1202 may
cach include one or more other components as discussed herein and, in particular, as discussed
with respect to FIGS. 2, 10, and 11. In some examples, SoC package 1202 (and its components)

is provided on a single IC die.

As shown in FIG. 12, SoC package 1202 may be coupled to a memory 1260, which may
provide any graphics data as discussed herein such as primitive intersection information 109,

predicted primitive intersection information 110, error information 111, and/or drawcall patterns
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112 (or other attributes) via memory controller 1242. In an embodiment, memory 1260 (or a
portion of it) may be integrated on SoC package 1202. As shown, I/O interface 1240 may be
coupled to one or more I/O devices 1270, for example, via an interconnect and/or bus. I/O
device(s) 1270 may include one or more of a keyboard, a mouse, a touchpad, a display, an
image/video capture device (such as a camera or camcorder/video recorder), a touch screen, a

speaker, or the like.

As discussed, techniques discussed herein, as implemented via a graphics rendering
system may provide for techniques that are less computationally intensive and require less
memory movement. For example, on a system on a chip GPU and using a typical benchmark
graphics test, the average number of vertexes number per is about 1.5million. With a rate of
rendering 75 million vertices per second, about 12 gigabits per second (Gbps) of vertex load
memory bandwidth may be required for the typical benchmark. As discussed, for prediction
mode frames, the techniques discussed herein may eliminate one of two vertex shading
operations, saving about 6 Gbps of memory bandwidth. Similarly, one of two vertex shading
computations may be saved, which may, considering at least four single-precision floating point
operations per vertex, the techniques discussed herein may save 2.4 gigaflops (floating point
operations per second) on the typical benchmark. As discussed, the techniques discussed herein
may provide some overhead (e.g., re-renderings) due to errors. Assuming a relatively
conservative intersection margin size of 16 pixels, the error rate may be about 4% for the typical
benchmark. The memory bandwidth to handle such an error rate may be about 6 Gbps x 4% =
240 Mbps for vertices reloading and about 16 Gbps % 4% = 640 Mbps for pixel reloading for a
total memory bandwidth overhead of 880 Mbps. Similarly, a computation overhead of about 13%
(e.g., due to the extra margin of tiles) for recalculating vertex positions may provide 2.4 Gflops x
13% = 312 Mflops of computational overhead and re-rendering pixels may provide 10 Gflops x
4% = 400 Mflops of computational overhead for a total computational overhead of 712 Mflops.
Based on such savings and costs, a memory bandwidth savings of 6 Gbps may be compared to a
memory bandwidth cost of 880 Mbps for a total memory bandwidth savings of 5.12 Gbps and a
computational savings of 2.4 Gflops may be compared to a computational cost of 712 Mflops for
a total computational savings of 1.688 Gflops. Such benefits may provide substantial

enhancements for graphics rendering in various systems.

Systems discussed herein may provide tile-primitives prediction for tile based rendering.

Such systems may be implemented via a variety of platforms or form factors such as a personal
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computer (PC), laptop computer, ultra-laptop computer, tablet, touch pad, portable computer,
handheld computer, palmtop computer, personal digital assistant (PDA), cellular telephone,
combination cellular telephone/PDA, television, smart device (e.g., smart phone, smart tablet,
smart watch, smart glasses or smart television), mobile internet device (MID), messaging device,
data communication device, cameras (e.g. point-and-shoot cameras, super-zoom cameras, digital

single-lens reflex (DSLR) cameras), and so forth.

Various embodiments may be implemented using hardware elements, software elements,
or a combination of both. Examples of hardware elements may include processors,
microprocessors, circuits, circuit elements (e.g., transistors, resistors, capacitors, inductors, and
so forth), integrated circuits, application specific integrated circuits (ASIC), programmable logic
devices (PLD), digital signal processors (DSP), field programmable gate array (FPGA), logic
gates, registers, semiconductor device, chips, microchips, chip sets, and so forth. Examples of
software may include software components, programs, applications, computer programs,
application programs, system programs, machine programs, operating system software,
middleware, firmware, software modules, routines, subroutines, functions, methods, procedures,
software interfaces, application program interfaces (API), instruction sets, computing code,
computer code, code segments, computer code segments, words, values, symbols, or any
combination thereof. Determining whether an embodiment is implemented using hardware
elements and/or software elements may vary in accordance with any number of factors, such as
desired computational rate, power levels, heat tolerances, processing cycle budget, input data
rates, output data rates, memory resources, data bus speeds and other design or performance

constraints.

One or more aspects of at least one embodiment may be implemented by representative
instructions stored on a machine-readable medium which represents various logic within the
processor, which when read by a machine causes the machine to fabricate logic to perform the
techniques described herein. Such representations, known as “IP cores” may be stored on a
tangible, machine readable medium and supplied to various customers or manufacturing facilities

to load into the fabrication machines that actually make the logic or processor.

While certain features set forth herein have been described with reference to various
implementations, this description is not intended to be construed in a limiting sense. Hence,

various modifications of the implementations described herein, as well as other implementations,
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which are apparent to persons skilled in the art to which the present disclosure pertains are

deemed to lie within the spirit and scope of the present disclosure.

In one or more first embodiments, an apparatus comprises logic, the logic at least partially
comprising hardware logic, to receive predicted primitive intersection information associated
with at least a tile of a frame, wherein the predicted primitive intersection information indicates
one or more primitives predicted to overlap the tile, and to render the tile based at least in part on

the predicted primitive intersection information.

Further to the first embodiments, the predicted primitive intersection information
indicates at least a first primitive that overlaps a second tile of a second frame, wherein the

second tile corresponds to the tile and the second frame is prior to the frame.

Further to the first embodiments, the predicted primitive intersection information
indicates at least a first primitive that overlaps a bounding box around a second tile of a second

frame, wherein the second tile corresponds to the tile and the second frame is prior to the frame.

Further to the first embodiments, the predicted primitive intersection information
indicates at least a first primitive that overlaps a second tile of a second frame, wherein the
second tile corresponds to the tile and the second frame is prior to the frame, and/or the predicted
primitive intersection information indicates at least a first primitive that overlaps a bounding box
around a second tile of a second frame, wherein the second tile corresponds to the tile and the

second frame is prior to the frame

Further to the first embodiments, the logic to render the tile comprises the logic to
perform vertex shading for a first primitive of the one or more primitives, and wherein the logic
is further to update the predicted primitive intersection information for a second frame

subsequent to the frame based at least in part on the vertex shading.

Further to the first embodiments, the logic further to render a second tile of the frame,
wherein the logic to render the second tile comprises the logic to perform vertex shading for a
first primitive not included in the one or more primitives, to determine the first primitive overlaps

the tile, and to re-render the tile based at least in part on the first primitive.

Further to the first embodiments, the logic further to determine the predicted primitive

intersection information based on a second frame, wherein the second frame is prior to the frame,
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and wherein the logic to determine the predicted primitive intersection information comprises the
logic to determine intersection information for the second frame based at least in part on a first
vertex shading of primitives of the second frame, and the logic further to perform, on a tile-by-
tile basis, a second vertex shading of the second frame based on the intersection information for

the second frame.

Further to the first embodiments, the apparatus further comprises a graphics processing
unit comprising the logic and a central processing unit coupled to the graphics processing unit,
the central processing unit to implement a device driver to determine a mode for processing a
second frame, wherein the mode comprises at least one of an initialization mode or a prediction

mode.

Further to the first embodiments, the apparatus further comprises a graphics processing
unit comprising the logic and a central processing unit coupled to the graphics processing unit,
the central processing unit to implement a device driver to determine a mode for processing a
second frame, wherein the mode comprises at least one of an initialization mode or a prediction
mode, wherein the central processing unit to determine the mode comprises the central
processing unit to compare a first drawcall pattern associated with the frame to a second drawcall

pattern associated with the second frame.

Further to the first embodiments, the apparatus further comprises a graphics processing
unit comprising the logic and a central processing unit coupled to the graphics processing unit,
the central processing unit to implement a device driver to determine a mode for processing a
second frame, wherein the mode comprises at least one of an initialization mode or a prediction
mode and/or wherein the central processing unit to determine the mode comprises the central
processing unit to compare a first drawcall pattern associated with the frame to a second drawcall

pattern associated with the second frame.

Further to the first embodiments, the logic comprises at least one of a vertex shader, a tile
engine, intersection information logic, a rasterizer, or a pixel shader, and wherein the apparatus

comprises a parameter buffer free tile based graphics system.

Further to the first embodiments, the apparatus further comprises a graphics processing
unit comprising the logic and a central processing unit, wherein the graphics processing unit and

the central processing unit are in a system on a chip package.
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In one or more second embodiments, a computer-implemented method for providing

graphics rendering comprises

Further to the second embodiments, receiving predicted primitive intersection information
associated with at least a tile of a frame, wherein the predicted primitive intersection information
indicates one or more primitives predicted to overlap the tile and rendering the tile based at least

in part on the predicted primitive intersection information.

Further to the second embodiments, the predicted primitive intersection information
comprises at least a first primitives that overlaps a second tile of a second frame, wherein the

second tile corresponds to the tile and the second frame is prior to the frame.

Further to the second embodiments, the predicted primitive intersection information
indicates at least a first primitive that overlaps a bounding box around a second tile of a second

frame, wherein the second tile corresponds to the tile and the second frame is prior to the frame.

Further to the second embodiments, the predicted primitive intersection information
indicates at least a first primitive that overlaps a second tile of a second frame, wherein the
second tile corresponds to the tile and the second frame is prior to the frame, and/or the predicted
primitive intersection information indicates at least a first primitive that overlaps a bounding box
around a second tile of a second frame, wherein the second tile corresponds to the tile and the

second frame is prior to the frame.

Further to the second embodiments, rendering the tile comprises performing vertex
shading for a first primitive of the one or more primitives, the method further comprising
updating the predicted primitive intersection information for a second frame subsequent to the

frame based at least in part on the vertex shading.

Further to the second embodiments, the method further comprises rendering a second tile
of the frame, wherein rendering the second tile comprises performing vertex shading for a first
primitive not included in the one or more primitives, determining the first primitive overlaps the
tile, re-rendering the tile based at least in part on determining the first primitive overlaps the tile,
and updating the predicted primitive intersection information for a second frame subsequent to

the frame to include the first primitive in the one or more primitives.
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Further to the second embodiments, the method further comprises rendering a second tile
of the frame, wherein rendering the second tile comprises performing vertex shading for a first
primitive not included in the one or more primitives, determining the first primitive overlaps the
tile, and updating the predicted primitive intersection information for a second frame subsequent

to the frame to include the first primitive in the one or more primitives.

Further to the second embodiments, the method further comprises rendering a second tile
of the frame, wherein rendering the second tile comprises performing vertex shading for a first
primitive not included in the one or more primitives, determining the first primitive overlaps the
tile, and re-rendering the tile based at least in part on determining the first primitive overlaps the
tile and/or updating the predicted primitive intersection information for a second frame

subsequent to the frame to include the first primitive in the one or more primitives.

Further to the second embodiments, the method further comprises determining an
unpredicted primitive overlaps the tile and re-rendering the tile based at least in part on the on the

unpredicted primitive.

Further to the second embodiments, the method further comprises determining the
predicted primitive intersection information based on a second frame, wherein the second frame
is prior to the frame, and wherein determining the predicted primitive intersection information
comprises determining intersection information for the second frame based at least in part on a
first vertex shading primitives of the second frame and performing, on a tile-by-tile basis, a
second vertex shading of the second frame based on the intersection information for the second

frame.

Further to the second embodiments, the second frame is processed in an initialization

mode and the frame is processed in a prediction mode.

Further to the second embodiments, the method further comprises comparing a drawcall
pattern of the frame to a previous drawcall pattern of a previous frame to determine a mode for
processing the frame, wherein the mode comprises at least one of an initialization mode or a

prediction mode.

In one or more third embodiments, a system for providing graphics rendering comprises
means for receiving predicted primitive intersection information associated with at least a tile of

a frame, wherein the predicted primitive intersection information indicates one or more



10

15

20

25

WO 2016/089497 PCT/US2015/056715
36

primitives predicted to overlap the tile and means for rendering the tile based at least in part on

the predicted primitive intersection information.

Further to the third embodiments, the predicted primitive intersection information
indicates at least a first primitive that overlaps a second tile of a second frame, wherein the

second tile corresponds to the tile and the second frame is prior to the frame.

Further to the third embodiments, the predicted primitive intersection information
indicates at least a first primitive that overlaps a bounding box around a second tile of a second

frame, wherein the second tile corresponds to the tile and the second frame is prior to the frame.

Further to the third embodiments, the system further comprises means for updating the
predicted primitive intersection information for a second frame subsequent to the frame based at

least in part on the vertex shading.

Further to the third embodiments, the system further comprises means for rendering a
second tile of the frame, wherein rendering the second tile comprises performing vertex shading
for a first primitive not included in the one or more primitives, means for determining the first
primitive overlaps the tile, means for re-rendering the tile based at least in part on determining
the first primitive overlaps the tile, and means for updating the predicted primitive intersection
information for a second frame subsequent to the frame to include the first primitive in the one or

more primitives.

Further to the third embodiments, the system further comprises means for determining an
unpredicted primitive overlaps the tile and means for re-rendering the tile based at least in part on

the on the unpredicted primitive.

Further to the third embodiments, the system further comprises means for determining the
predicted primitive intersection information based on a second frame, wherein the second frame
is prior to the frame, and wherein determining the predicted primitive intersection information
comprises determining intersection information for the second frame based at least in part on a
first vertex shading primitives of the second frame and means for performing, on a tile-by-tile
basis, a second vertex shading of the second frame based on the intersection information for the

second frame.
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Further to the third embodiments, the system further comprises means for comparing at
least one first attribute of the frame to at least one second attribute of a subsequent frame to
determine a mode for processing the subsequent frame, wherein the mode comprises at least one

of an initialization mode or a prediction mode.

In one or more fourth embodiments, a system comprises a processor having one or more
processor cores, memory to store graphics data associated with at least one frame of a scene, the
memory to be accessed by at least one of the processor cores, a display device to present the
frame of the scene, and logic to receive predicted primitive intersection information associated
with at least a tile of a frame, wherein the predicted primitive intersection information comprises
one or more primitives predicted to overlap the tile, and to render the tile based at least in part on

the predicted primitive intersection information.

Further to the fourth embodiments, the predicted primitive intersection information
indicates at least a first primitive that overlaps a second tile of a second frame, wherein the

second tile corresponds to the tile and the second frame is prior to the frame.

Further to the fourth embodiments, the predicted primitive intersection information
indicates at least a first primitive that overlaps a bounding box around a second tile of a second

frame, wherein the second tile corresponds to the tile and the second frame is prior to the frame.

Further to the fourth embodiments, the logic to render the tile comprises the logic to
perform vertex shading for a first primitive of the one or more primitives, and wherein the logic
is further to update the predicted primitive intersection information for a second frame

subsequent to the frame based at least in part on the vertex shading.

Further to the fourth embodiments, the logic further to render a second tile of the frame,
wherein the logic to render the second tile comprises the logic to perform vertex shading for a
first primitive not included in the one or more primitives, to determine the first primitive overlaps

the tile, and to re-render the tile based at least in part on the first primitive.

Further to the fourth embodiments, the logic further to determine the predicted primitive
intersection information based on a second frame, wherein the second frame is prior to the frame,
and wherein the logic to determine the predicted primitive intersection information comprises the
logic to determine intersection information for the second frame based at least in part on a first

vertex shading of primitives of the second frame, and the logic further to perform, on a tile-by-
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tile basis, a second vertex shading of the second frame based on the intersection information for

the second frame.

Further to the fourth embodiments, the system further comprises a graphics processing
unit comprising the logic and a central processing unit coupled to the graphics processing unit,
the central processing unit to implement a device driver to determine a mode for processing a
second frame, wherein the mode comprises at least one of an initialization mode or a prediction

mode.

Further to the fourth embodiments, the central processing unit to determine the mode
comprises the central processing unit to compare a first drawcall pattern associated with the

frame to a second drawcall pattern associated with the second frame.

Further to the fourth embodiments, the logic comprises at least one of a vertex shader, a
tile engine, intersection information logic, a rasterizer, or a pixel shader, and wherein the

apparatus comprises a parameter buffer free tile based graphics system.

Further to the fourth embodiments, the system further comprises a graphics processing
unit comprising the logic and a central processing unit, wherein the graphics processing unit and

the central processing unit are in a system on a chip package.
Further to the fourth embodiments, the processor comprises the logic.

Further to the fourth embodiments, the processor, the memory, and the logic comprises a

single integrated circuit die.

In one or more fifth embodiments, at least one machine readable medium comprises a
plurality of instructions that, in response to being executed on a computing device, cause the
computing device to provide graphics rendering by receiving predicted primitive intersection
information associated with at least a tile of a frame, wherein the predicted primitive intersection
information indicates one or more primitives predicted to overlap the tile and rendering the tile

based at least in part on the predicted primitive intersection information.

Further to the fifth embodiments, the predicted primitive intersection information
comprises at least a first primitive that overlaps a bounding box around a second tile of a second

frame, wherein the second tile corresponds to the tile and the second frame is prior to the frame.
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Further to the fifth embodiments, rendering the tile comprises performing vertex shading
for a first primitive of the one or more primitives and the machine readable medium further
comprising instructions that, in response to being executed on the computing device, cause the
computing device to provide graphics rendering by updating the predicted primitive intersection
information for a second frame subsequent to the frame based at least in part on the vertex

shading.

Further to the fifth embodiments, the machine readable medium further comprises
instructions that, in response to being executed on the computing device, cause the computing
device to provide graphics rendering by determining an unpredicted primitive overlaps the tile

and re-rendering the tile based at least in part on the on the unpredicted primitive.

Further to the fifth embodiments, the machine readable medium further comprises
instructions that, in response to being executed on the computing device, cause the computing
device to provide graphics rendering by comparing at least one first attribute of the frame to at
least one second attribute of a subsequent frame to determine a mode for processing the
subsequent frame, wherein the mode comprises at least one of an initialization mode or a

prediction mode.

In one or more sixth embodiments, at least one machine readable medium may include a
plurality of instructions that in response to being executed on a computing device, causes the

computing device to perform a method according to any one of the above embodiments.

In one or more seventh embodiments, an apparatus may include means for performing a

method according to any one of the above embodiments.

It will be recognized that the embodiments are not limited to the embodiments so
described, but can be practiced with modification and alteration without departing from the scope
of the appended claims. For example, the above embodiments may include specific combination
of features. However, the above embodiments are not limited in this regard and, in various
implementations, the above embodiments may include the undertaking only a subset of such
features, undertaking a different order of such features, undertaking a different combination of
such features, and/or undertaking additional features than those features explicitly listed. The
scope of the embodiments should, therefore, be determined with reference to the appended

claims, along with the full scope of equivalents to which such claims are entitled.



10

15

20

25

WO 2016/089497 PCT/US2015/056715
40
CLAIMS

What is claimed is:

1. An apparatus comprising:

logic, the logic at least partially comprising hardware logic, to receive predicted primitive
intersection information associated with at least a tile of a frame, wherein the predicted primitive
intersection information indicates one or more primitives predicted to overlap the tile, and to

render the tile based at least in part on the predicted primitive intersection information.

2. The apparatus of claim 1, wherein the predicted primitive intersection information
indicates at least a first primitive that overlaps a second tile of a second frame, wherein the

second tile corresponds to the tile and the second frame is prior to the frame.

3. The apparatus of claim 1, wherein the predicted primitive intersection information
indicates at least a first primitive that overlaps a bounding box around a second tile of a second

frame, wherein the second tile corresponds to the tile and the second frame is prior to the frame.

4. The apparatus of claim 1, wherein the logic to render the tile comprises the logic to
perform vertex shading for a first primitive of the one or more primitives, and wherein the logic
is further to update the predicted primitive intersection information for a second frame

subsequent to the frame based at least in part on the vertex shading.

5. The apparatus of claim 1, the logic further to render a second tile of the frame, wherein
the logic to render the second tile comprises the logic to perform vertex shading for a first
primitive not included in the one or more primitives, to determine the first primitive overlaps the

tile, and to re-render the tile based at least in part on the first primitive.
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6. The apparatus of claim 1, the logic further to determine the predicted primitive
intersection information based on a second frame, wherein the second frame is prior to the frame,
and wherein the logic to determine the predicted primitive intersection information comprises the
logic to determine intersection information for the second frame based at least in part on a first
vertex shading of primitives of the second frame, and the logic further to perform, on a tile-by-
tile basis, a second vertex shading of the second frame based on the intersection information for

the second frame.

7. The apparatus of claim 1, further comprising:

a graphics processing unit comprising the logic; and

a central processing unit coupled to the graphics processing unit, the central processing
unit to implement a device driver to determine a mode for processing a second frame, wherein

the mode comprises at least one of an initialization mode or a prediction mode.

8. The apparatus of claim 7, wherein the central processing unit to determine the mode
comprises the central processing unit to compare a first drawcall pattern associated with the

frame to a second drawcall pattern associated with the second frame.

9. The apparatus of claim 1, wherein the logic comprises at least one of a vertex shader, a
tile engine, intersection information logic, a rasterizer, or a pixel shader, and wherein the

apparatus comprises a parameter buffer free tile based graphics system.

10. The apparatus of claim 1, further comprising:

a graphics processing unit comprising the logic; and
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a central processing unit, wherein the graphics processing unit and the central processing

unit are in a system on a chip package.

11. A computer-implemented method for providing graphics rendering comprising:

receiving predicted primitive intersection information associated with at least a tile of a
frame, wherein the predicted primitive intersection information indicates one or more primitives
predicted to overlap the tile; and

rendering the tile based at least in part on the predicted primitive intersection information.

12. The method of claim 11, wherein the predicted primitive intersection information
indicates at least a first primitive that overlaps a bounding box around a second tile of a second

frame, wherein the second tile corresponds to the tile and the second frame is prior to the frame.

13. The method of claim 11, wherein rendering the tile comprises performing vertex shading
for a first primitive of the one or more primitives, the method further comprising:
updating the predicted primitive intersection information for a second frame subsequent

to the frame based at least in part on the vertex shading.

14. The method of claim 11, further comprising:
rendering a second tile of the frame, wherein rendering the second tile comprises
performing vertex shading for a first primitive not included in the one or more primitives;
determining the first primitive overlaps the tile;
re-rendering the tile based at least in part on determining the first primitive overlaps the

tile; and
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updating the predicted primitive intersection information for a second frame subsequent

to the frame to include the first primitive in the one or more primitives.

15. The method of claim 11, further comprising:
determining an unpredicted primitive overlaps the tile; and

re-rendering the tile based at least in part on the on the unpredicted primitive.

16. The method of claim 11, further comprising:

determining the predicted primitive intersection information based on a second frame,
wherein the second frame is prior to the frame, and wherein determining the predicted primitive
intersection information comprises determining intersection information for the second frame
based at least in part on a first vertex shading primitives of the second frame; and

performing, on a tile-by-tile basis, a second vertex shading of the second frame based on

the intersection information for the second frame.

17. The method of claim 11, further comprising:
comparing at least one first attribute of the frame to at least one second attribute of a
subsequent frame to determine a mode for processing the subsequent frame, wherein the mode

comprises at least one of an initialization mode or a prediction mode.

18. A system for providing graphics rendering comprising:
means for receiving predicted primitive intersection information associated with at least a
tile of a frame, wherein the predicted primitive intersection information indicates one or more

primitives predicted to overlap the tile; and
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means for rendering the tile based at least in part on the predicted primitive intersection

information.

19. The system of claim 18, wherein the predicted primitive intersection information
indicates at least a first primitive that overlaps a bounding box around a second tile of a second

frame, wherein the second tile corresponds to the tile and the second frame is prior to the frame.

20. The system of claim 18, further comprising;:

means for rendering a second tile of the frame, wherein rendering the second tile
comprises performing vertex shading for a first primitive not included in the one or more
primitives;

means for determining the first primitive overlaps the tile;

means for re-rendering the tile based at least in part on determining the first primitive
overlaps the tile; and

means for updating the predicted primitive intersection information for a second frame

subsequent to the frame to include the first primitive in the one or more primitives.

21. At least one machine readable medium comprising a plurality of instructions that, in
response to being executed on a computing device, cause the computing device to provide
graphics rendering by:

receiving predicted primitive intersection information associated with at least a tile of a
frame, wherein the predicted primitive intersection information indicates one or more primitives
predicted to overlap the tile; and

rendering the tile based at least in part on the predicted primitive intersection information.



10

15

20

25

WO 2016/089497 PCT/US2015/056715
45

22. The machine readable medium of claim 21, wherein the predicted primitive intersection
information comprises at least a first primitive that overlaps a bounding box around a second tile
of a second frame, wherein the second tile corresponds to the tile and the second frame is prior to

the frame.

23. The machine readable medium of claim 21, wherein rendering the tile comprises
performing vertex shading for a first primitive of the one or more primitives, the machine
readable medium further comprising instructions that, in response to being executed on the
computing device, cause the computing device to provide graphics rendering by:

updating the predicted primitive intersection information for a second frame subsequent

to the frame based at least in part on the vertex shading.

24, The machine readable medium of claim 21, the machine readable medium further
comprising instructions that, in response to being executed on the computing device, cause the
computing device to provide graphics rendering by:

determining an unpredicted primitive overlaps the tile; and

re-rendering the tile based at least in part on the on the unpredicted primitive.

25. The machine readable medium of claim 21, the machine readable medium further
comprising instructions that, in response to being executed on the computing device, cause the
computing device to provide graphics rendering by:

comparing at least one first attribute of the frame to at least one second attribute of a
subsequent frame to determine a mode for processing the subsequent frame, wherein the mode

comprises at least one of an initialization mode or a prediction mode.



WO 2016/089497

Graphics Logic
101

Vertex Shader
102

1/10

PCT/US2015/056715

Memory
108

Tile Engine
103

Render Mode Driver

107

Primitive
Intersection
Information

109

Intersection
Information
Logic
104

Rasterizer
105

Pixel Shader
106

FIG. 1

Predicted
Primitive
Intersection
Information
110

Error Information
11

Drawcall
Patterns
112




WO 2016/089497 PCT/US2015/056715
2/10
200
A
Core 1 Core 2 Core M .
206-1 206-2 206-M / Interconnection 204
L1 L1 L1
216-1 216-2 216-M
- \ -
Router 212 Cache
210 208 Memory 214
Graphics
Logic Processor 201
101
Processor 202-1
Processor 202-2
Processor 202-N
\

FIG. 2



WO 2016/089497 PCT/US2015/056715

3/10
f 301 f 302
- 303 - 304 - 311 - 312
T1 T2 T1 T2
2 ' 308
307 (P2) 307 <

(P1) (P1)

309

(P3) 309

(P3)
T3 T3 \22
— 305 — 306 — 313
Error 323
Frame N Frame N+1 -
Tile Primitive(s) Tile Primitive(s) Tile Primitive(s)
T1 P1 T1 P1,P2 T1 Pl «—
T2 P2 T2 P2 T2 P2
T3 P3 T3 P3 T3 P3
T4 P3,P4 T4 P3,P4 T4 P3,P4
Primitive Intersection Primitive Intersection Predicted Primitive
Information 320 Information 321 Intersection Information
(Frame N) (Frame N+1) 322
(Frame N+1)

|

FIG. 3



WO 2016/089497 PCT/US2015/056715
4/10
[— 301 [— 302
303( 401 304 311 312
ek SR G e -
! T1 T2
|
l 307 &K \
l (P1)
I
309
(P3)
T3
— 306 — 313
Match 403
Frame N Frame N+1 —
Tile Primitive(s) Tile Primitive(s) Tile Primitive(s)
T1 P1 T1 P1,P2 T1 P1,P2 «<—
T2 P2 T2 P2 T2 P2
T3 P3 T3 P3 T3 P3
T4 P3,P4 T4 P3,P4 T4 P3,P4

Primitive Intersection

Information 320
(Frame N)

Primitive Intersection

Information 321
(Frame N+1)

Predicted Primitive
Intersection Information

402
(Frame N+1)

T

FIG. 4



WO 2016/089497 PCT/US2015/056715
5/10

500

303 401 12%
[

10%

%

N 00
6% \

(o}
4% .

2% =

~
0%

i 0 8 16

32 64
Margin Size 501

Margin Size 501

FIG. 5

600

(]
(]

Initialization

Mode
602
No Scene Scene
Change Change
Prediction Mode
| 603 |

No Scene
Change

FIG. 6



WO 2016/089497

700

Determine and Store
Primitive Intersection
Information
703

6/10

Start
701

Determine Primitives
Positions for Sorting
702

l

Determine and Store
Predicted Primitive
Intersection
Information
704

More Tiles?
705

Fetch Primitive
Intersection

Information
706

;

Perform Vertex
Shading
707

'

Perform Rasterization
and Pixel Shading
708

FIG. 7

PCT/US2015/056715




WO 2016/089497

7/10

PCT/US2015/056715

800
More Tiles? Handle Prediction
802 Error
- 807
Fetch Predicted End
Primitive Intersection
Information
803
Update and Store l
Primitive Intersection
Information and/or Perform Vertex
Predicted Primitive  [4—— Shading
Intersection 804
Information '
s_oe ]
Perform Rasterization
and Pixel Shading
805 FIG. 8
|
900 Receive Predicted Primitive Intersection Information associated

with a Tile of a Current Frame

901

v

Render the Tile based on the Predicted Primitive Intersection

Information
902

FIG. 9



WO 2016/089497

8/10

PCT/US2015/056715

Processor 1002-1 Processor 1002-N 1000
| GMCH 1 1 GL":--- | GMCH 1 1 GL": —
1008 11 101 L1008 11 101 1| 400
A 1\ /
- Y >
y
Chipset/IO Complex 1006
I_ _________________ |
1 GMCH Memory : Memory
:w Controller {«—H—> 1012
i 1010 !
II_ ————— LY |
, .
L 1 | Graphics ! ,
¥ % | | Interface |e—1—> D;%F;Igy
oo o | —
_________________ |
e i
1 GL 1018
10|
| _ |
ICH N 1
1020 ! GL !
| M |
e - - ! 1022
Peripheral /
Bridge [« >
1024
Audio . . Network
Device D|s1k0[2)gve Interface Device
1026 = 1030
] Network

1003




WO 2016/089497 PCT/US2015/056715
9/10
1100
1106 1108 ——
) Processor 1102 Processor 1104 gl
Memory | | Sty i ; || Memory
110 : GL ! I 112
101 : 1 |
L e e e e — I |
1126
e "Crpe Yaah "
50 $/?122 1114 AN
PP | Chipset/lO Complex 1120 PP
1136 P !
1137  GL 101 "
Graphics
1134 I/F I/F [ 1140
- -
Bus Bridge /O Devices D'Zl\j/?(;gs
142 143 1147 [1144
- -
Keyboard/Mouse Cor%rzsir::lg:tlon Data Storage 1148
145 1146 Code
4 1149

FIG. 11




WO 2016/089497 PCT/US2015/056715

10/10
SoC Package 1202 1200
CPU Cores GPU Cores
1220 1230
o I |
| RMD ! i\ GL !
17 p1o1
: ! : !
e ! e e
/O Interface Cl\girt?:))lgr Memory
1240 1242 1260
/O Devices

1210 FIG. 12




INTERNATIONAL SEARCH REPORT

International application No.
PCT/US2015/056715

A. CLASSIFICATION OF SUBJECT MATTER
GO6T 15/00(2006.01)i, GO6T 15/60(2006.01)i

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

GO6T 15/00; GO6T 1/20; GO6T 11/40; GO9G 5/00; GO6T 15/60

Minimum documentation searched (classification system followed by classification symbols)

Korean utility models and applications for utility models
Japanese utility models and applications for utility models

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

processing unit, graphic processing unit

Electromic data base consulted during the international search (name of data base and, where practicable, search terms used)
¢KOMPASS(KIPO internal) & Keywords: tile based rendering, predicted primitive intersection information, frame, bounding box, central

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
Y US 2014-0292782 A1 (IMAGINATION TECHNOLOGIES LIMITED.) 02 October 2014 1-4,6,9-13,16
see paragraphs [0003], [0031]1-[0049], [0079], [01061-[0109]; and figures 1, 6. ,18-19,21-23
A 5,7-8,14-15,17,20
,24-25
Y US 8854364 B1 (DOUGLAS A. VOORHIES) 07 October 2014 1-4,6,9-13,16
see column 4, line 66 - column 6, line 19; claims 1, 3; and figures 1A-1B. ,18-19,21-23
Y US 2010-0328303 A1 (TOMAS AKENINE-MOLLER et al.) 30 December 2010 2-4,6,12-13,16,19
see paragraphs [0058]-[0063]; claims 1-3; and figures 3a—4. ,22-23
Y US 2013-0257885 Al (KARTHIK VAIDYANATHAN et al.) 03 October 2013 10
see paragraphs [0031]1-[0047]; claims 1-2; and figures 2-3.
A KR 10-2014-0098133 A (QUALCOMM INCORPORATED.) 07 August 2014 1-25
see paragraphs [0018]-[0046]; claims 1-7; and figures 2-4.

|:| Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents: "T" later document published after the international filing date or priority
"A" document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand
to be of particular relevance the principle or theory underlying the invention
"E"  earlier application or patent but published on or after the international "X" document of particular relevance; the claimed invention cannot be
filing date considered novel or cannot be considered to involve an inventive
"L"  document which may throw doubts on priotity claim(s) or which is step when the document is taken alone
cited to establish the publication date of another citation or other "Y" document of particular relevance; the claimed invention cannot be
special reason (as specified) considered to involve an inventive step when the document is
"O"  document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents,such combination
means being obvious to a person skilled in the art
"P"  document published prior to the international filing date but later "&" document member of the same patent family
than the priority date claimed

Date of the actual completion of the international search
03 February 2016 (03.02.2016)

Date of mailing of the international search report

03 February 2016 (03.02.2016)

Name and mailing address of the ISA/KR
International Application Division
& Korean Intellectual Property Office
X 189 Cheongsa-ro, Seo-gu, Daejeon, 35208, Republic of Korea

Facsimile No, +82-42-472-7140

Authorized officer

LEE, Dong Yun

Telephone No. +82-42-481-8734

Form PCT/ISA/210 (second sheet) (January 2015)




INTERNATIONAL SEARCH REPORT International application No.

Information on patent family members PCT/US2015/056715

Patent document Publication Patent family Publication

cited in search report date member(s) date

US 2014-0292782 Al 02/10/2014 CN 104103084 A 15/10/2014
DE 102014004841 Al 02/10/2014
GB 2506706 A 09/04/2014
GB 2506706 B 03/09/2014

US 8854364 B1 07/10/2014 None

US 2010-0328303 Al 30/12/2010 EP 1960968 Al 27/08/2008
JP 2009-617770 A 30/04/2009
JP 4977712 B2 18/07/2012
US 2014-0320487 Al 30/10/2014
US 8803872 B2 12/08/2014
WO 2007-064280 Al 07/06/2007

US 2013-0257885 Al 03/10/2013 EP 2831837 Al 04/02/2015
TW 201403539 A 16/01/2014
WO 2013-148720 Al 03/10/2013

KR 10-2014-0098133 A 07/08/2014 CN 103946895 A 23/07/2014
EP 2780891 Al 24/09/2014
JP 2015-501981 A 19/01/2015
US 2013-0120380 Al 16/05/2013
WO 2013-074236 Al 23/05/2013

Form PCT/ISA/210 (patent family annex) (January 2015)



	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - description
	Page 33 - description
	Page 34 - description
	Page 35 - description
	Page 36 - description
	Page 37 - description
	Page 38 - description
	Page 39 - description
	Page 40 - description
	Page 41 - claims
	Page 42 - claims
	Page 43 - claims
	Page 44 - claims
	Page 45 - claims
	Page 46 - claims
	Page 47 - drawings
	Page 48 - drawings
	Page 49 - drawings
	Page 50 - drawings
	Page 51 - drawings
	Page 52 - drawings
	Page 53 - drawings
	Page 54 - drawings
	Page 55 - drawings
	Page 56 - drawings
	Page 57 - wo-search-report
	Page 58 - wo-search-report

