2017/105769 A1 |1 0000 10 010 O 0

<

W

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)
(19) World Intellectual Property

Organization é 0 00 0 OO

International Bureau

9 (10) International Publication Number
(43) International Publication Date ./ WO 2017 /1 05769 Al
22 June 2017 (22.06.2017) WIPO I PCT

(51) International Patent Classification: AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
AG63F 13/60 (2014.01) GO6T 15/00 (2006.01) BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DJ, DK, DM,
AG63F 13/355 (2014.01) DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
. o HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
(21) International Application Number: KW, KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD, ME,
PCT/US2016/062786 MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
(22) International Filing Date: OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
18 November 2016 (18.11.2016) SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM,
TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM,

(25) Filing Language: English ZW.
(26) Publication Language: English (84) Designated States (uniess otherwise indicated, for every
(30) Priority Data: kind of regional protection available): ARIPO (BW, GH,
14/974,671 18 December 2015 (18.12.2015) Us GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, 8z,
TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,
(71) Applicant: INTEL CORPORATION [US/US]; 2200 TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
Mission College Boulevard, Santa Clara, California 95054 DK, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
(US). LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,

(72) Inventors: LI, Guangzhen; Zixing Road ZiZhu Software él\\;{; Ff(fl{\/)[, ?/[?P{\/[(RBFI’\IEJ’SEF}CDG"}S} CM, GA, GN, GQ,
Park, Intel MinHang, Shanghai 200241 (CN). LIN, ’ T > ’
Zhongsong; No.888, ZiXing Road, MinHang District, Declarations under Rule 4.17:
Shanghai 200000 (CN). GAO, Chun; Zixing Road 880 _ . , .
Minhang, Shanghai 200241 (CN). HU, Ningxin; Room - tfnf‘;ﬁ;‘; ”Z%;’;jﬂemem to apply for and be granied a
301, Building 85, #486, AnNing Rd., MingHang District, p ’
Shanghai 200240 (CN). — as to the applicant’s entitlement to claim the priority of the

earlier application (Rule 4.17(iii))
(74) Agent: KELLETT, Glen M.; Barnes & Thomburg LLP,

¢/o CPA Global, P.O. Box 52050, Minneapolis, Minnesota Published:

55402 (US). —  with international search report (Art. 21(3))

(81) Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,

(54) Title: TECHNOLOGIES FOR NATIVE GAME EXPERIENCE IN WEB RENDERING ENGINE

f1 00
COMPUTING DEVICE ]
120
]

PROCESSOR

| 122
110 124
SUBSYSTEM MEMORY

126
.

\

DATA STORAGE

130
\

DISPLAY 128

COMM. |
SUBSYSTEM

132

2 | [ PERIPHERAL
DEVICE(S)

FIG. 1

(57) Abstract: Technologies for web-based game execution include a computing device with a web rendering engine and a native
game engine library. The web rendering engine establishes a a scripting environment that issues calls to a game engine interface es -
tablished by the web rendering engine. The scripting environment may be a JavaScript engine. In response to calls to the game en-
gine interface, the game engine interface issues calls to the native game engine library. The native game engine library issues native
graphics commands to a graphics bridge of the computing device. The native graphics commands may be OpenGL calls. The graph -
ics bridge translates the native graphics commands to a web graphics context, which renders graphical game content to a web content
element of the web rendering engine. The web graphics context may be a WebGL context, and the web content element may be a
canvas element. Other embodiments are described and claimed.
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TECHNOLOGIES FOR NATIVE GAME EXPERIENCE IN WEB RENDERING ENGINE

CROSS-REFERENCE TO APPLICATION

[0001] The present application claims priority to U.S. Utility Patent Application Serial
No. 14/974,671, entitled “TECHNOLOGIES FOR NATIVE GAME EXPERIENCE IN WEB
RENDERING ENGINE,” which was filed on December 18, 2015.

BACKGROUND

[0002] Web sites, web applications, and other web-based technologies have become
pervasive parts of modern computing. Typical web browsers support rendering interactive
applications using a combination of various textual markup languages, stylesheets, and scripting
languages such as JavaScript. In particular, current web browsers may support rendering web
applications developed using HTMLS and related technologies, including support for various
types of multimedia, graphics, sound, and network communication protocols.

[0003] Games are popular applications for many computer systems. Accordingly,
various types of game engines have been developed to provide common functionality typical
for games, including graphics (e.g., two-dimensional graphics such as sprites and/or three-
dimensional graphics), user input processing, game state management, and other functions.
Many modern games are web-based and execute in a web browser or similar web rendering
engine. Multiple approaches have been used to incorporate game engines into web-based
games. For example, certain web-based games include a game engine implemented using a
web scripting language such as JavaScript. As another example, web-based games may
communicate  with an  out-of-process game engine using an  interprocess
communication/message passing interface such as the Google® Native Client (NaCl) interface.
As still another example, certain games include a native game engine that is bound to a
dedicated JavaScript engine and associated interface, such as Cocos2D-JSB, without

incorporating a full web rendering engine.

BRIEF DESCRIPTION OF THE DRAWINGS

[0004] The concepts described herein are 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. Where considered appropriate,
reference labels have been repeated among the figures to indicate corresponding or analogous

elements.
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[0005] FIG. 1 is a simplified block diagram of at least one embodiment of a computing
device for web-based game execution;

[0006] FIG. 2 is a simplified block diagram of at least one embodiment of an
environment that may be established by the computing device of FIG. 1;

[0007] FIG. 3 is a simplified block diagram of at least one embodiment of a system
architecture that may be established by the computing device of FIGS. 1-2;

[0008] FIG. 4 is a simplified block diagram of at least one embodiment of an HTMLS5
system architecture that may be established by the computing device of FIGS. 1-3; and

[0009] FIG. 5 is a simplified flow diagram of at least one embodiment of a method for

web-based game execution that may be executed by the computing device of FIGS. 1-4.

DETAILED DESCRIPTION OF THE DRAWINGS

[0010] While the concepts of the present disclosure are susceptible to various
modifications and alternative forms, specific embodiments thereof have been shown by way of
example in the drawings and will be described herein in detail. It should be understood,
however, that there is no intent to limit the concepts of the present disclosure to the particular
forms disclosed, but on the contrary, the intention is to cover all modifications, equivalents, and
alternatives consistent with the present disclosure and the appended claims.

e

[0011] References in the specification to “one embodiment,” “an embodiment,” “an
illustrative embodiment,” etc., indicate that the embodiment described may include a particular
feature, structure, or characteristic, but every embodiment may or may not necessarily include
that particular feature, structure, or characteristic. Moreover, such phrases are not necessarily
referring to the same embodiment. 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 embodiments whether or not explicitly described. Additionally, it should
be appreciated that items included in a list in the form of “at least one of A, B, and C” can mean
(A); (B); (C); (A and B); (A and C); (B and C); or (A, B, and C). Similarly, items listed in the
form of “at least one of A, B, or C” can mean (A); (B); (C); (A and B); (A and C); (B and C); or
(A, B, and C).

[0012] The disclosed embodiments may be implemented, in some cases, in hardware,
firmware, software, or any combination thereof. The disclosed embodiments may also be

implemented as instructions carried by or stored on one or more transitory or non-transitory

machine-readable (e.g., computer-readable) storage media, which may be read and executed by
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one or more processors. A machine-readable storage medium may be embodied as any storage
device, mechanism, or other physical structure for storing or transmitting information in a form
readable by a machine (e.g., a volatile or non-volatile memory, a media disc, or other media
device).

[0013] Referring now to FIG. 1, in an illustrative embodiment, a computing device 100
for web-based game rendering includes a web content rendering engine such as a web browser.
The web rendering engine executes a game using web technologies such as HTMLS and
JavaScript. The game accesses a game engine object model established by the web rendering
engine, which in turn accesses a game engine web API established by the web rendering engine.
The game engine web API accesses a native game engine library of the computing device 100,
which renders game content by generating native graphics library calls such as OpenGL calls.
A native-to-web graphics bridge established by the web rendering engine translates the native
graphics library calls into a web graphics context, such as a WebGL context. The web graphics
context renders game content using the web content rendering engine, for example by rendering
the game content onto an HTMLS canvas element. Thus, the computing device 100 may
provide near-native game execution speeds and framerates while also allowing the web-based
game to access web-based technologies and APIs provided by the web content rendering engine
(such as a full document object model, cascading style sheets support, and other HTMLS
features). In particular, the computing device 100 may improve performance by executing the
game engine natively rather than using a dynamically typed, garbage-collected web scripting
language such as JavaScript. Additionally, the computing device 100 may execute the native
game engine library without potentially expensive inter-process communication and/or message
passing interfaces associated with out-of-process game engines. Thus, web-based games may
be executed with satisfactory performance even on relatively inexpensive hardware, such as
mid- to low-range mobile phones.

[0014] The computing device 100 may be embodied as any type of computation or
computer device capable of performing the functions described herein, including, without
limitation, a computer, a tablet computer, a mobile computing device, a wearable computing
device, a desktop computer, a laptop computer, a notebook computer, a server, a workstation, a
network appliance, a web appliance, a distributed computing system, a processor-based system,
and/or a consumer electronic device. As shown in FIG. 1, the computing device 100
illustratively includes a processor 120, an input/output subsystem 122, a memory 124, a data
storage device 126, and communication circuitry 128. Of course, the computing device 100

may include other or additional components, such as those commonly found in a laptop
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computer (e.g., various input/output devices), in other embodiments. Additionally, in some
embodiments, one or more of the illustrative components may be incorporated in, or otherwise
form a portion of, another component. For example, the memory 124, or portions thereof, may
be incorporated in the processor 120 in some embodiments.

[0015] The processor 120 may be embodied as any type of processor capable of
performing the functions described herein. The processor 120 may be embodied as a single or
multi-core processor(s), digital signal processor, microcontroller, or other processor or
processing/controlling circuit. Similarly, the memory 124 may be embodied as any type of
volatile or non-volatile memory or data storage capable of performing the functions described
herein. In operation, the memory 124 may store various data and software used during
operation of the computing device 100 such as operating systems, applications, programs,
libraries, and drivers. The memory 124 is communicatively coupled to the processor 120 via
the I/O subsystem 122, which may be embodied as circuitry and/or components to facilitate
input/output operations with the processor 120, the memory 124, and other components of the
computing device 100. For example, the I/O subsystem 122 may be embodied as, or otherwise
include, memory controller hubs, input/output control hubs, platform controller hubs, integrated
control circuitry, firmware devices, communication links (i.e., point-to-point links, bus links,
wires, cables, light guides, printed circuit board traces, etc.) and/or other components and
subsystems to facilitate the input/output operations. In some embodiments, the I/O subsystem
122 may form a portion of a system-on-a-chip (SoC) and be incorporated, along with the
processor 120, the memory 124, and other components of the computing device 100, on a single
integrated circuit chip.

[0016] The data storage device 126 may be embodied as any type of device or devices
configured for short-term or long-term storage of data such as, for example, memory devices
and circuits, memory cards, hard disk drives, solid-state drives, or other data storage devices.
The communication circuitry 128 of the computing device 100 may be embodied as any
communication circuit, device, or collection thereof, capable of enabling communications
between the computing device 100 and other remote devices (such as web servers) over a
network. The communication circuitry 128 may be configured to use any one or more
communication technology (e.g., wired or wireless communications) and associated protocols
(e.g., Ethernet, Bluetooth®, Wi-Fi®, WiMAX, etc.) to effect such communication.

[0017] The computing device 100 may also include a display 130 and one or more
peripheral devices 132. The display 130 may be embodied as any type of display capable of
displaying digital information such as a liquid crystal display (LCD), a light emitting diode
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(LED), a plasma display, a cathode ray tube (CRT), or other type of display device. The
peripheral devices 132 may include any number of additional input/output devices, interface
devices, and/or other peripheral devices. For example, in some embodiments, the peripheral
devices 132 may include a touch screen, graphics circuitry, game controller, keyboard, mouse,
speaker system, microphone, network interface, and/or other input/output devices, interface
devices, and/or peripheral devices.

[0018] Referring now to FIG. 2, in an illustrative embodiment, the computing device
100 establishes an environment 200 during operation. The illustrative environment 200
includes a game engine object model module 202, a game engine binding module 204, and a
graphics bridge module 206. The various modules of the environment 200 may be embodied as
hardware, firmware, software, or a combination thereof. As such, in some embodiments, one or
more of the modules of the environment 200 may be embodied as circuitry or collection of
electrical devices (e.g., game engine object model circuitry 202, game engine binding circuitry
204, and/or graphics bridge circuitry 206). It should be appreciated that, in such embodiments,
one or more of the game engine object model circuitry 202, the game engine binding circuitry
204, and/or the graphics bridge circuitry 206 may form a portion of one or more of the
processor 120, the I/O subsystem 122, and/or other components of the computing device 100.
Additionally, in some embodiments, one or more of the illustrative modules may form a portion
of another module and/or one or more of the illustrative modules may be independent of one
another.

[0019] The game engine object model module 202 is configured to issue, by a scripting
environment established by a web rendering engine of the computing device 100, one or more
calls to a game engine interface established by the web rendering engine. The calls to the game
engine interface may include sprite commands, animation commands, input device commands,
physics engine commands, three-dimensional animation commands, or other game engine
commands. The game engine object model module 202 may be further configured to access, by
the web scripting environment, a game engine object model established by the web scripting
environment and issue the calls to the game engine interface in response to accessing the game
engine object model. The game engine object model may be embodied as an abstracted model
of the game engine interface that is adapted to the web scripting environment. The game engine
object model module 202 may be further configured to execute game logic by the web scripting
environment. The game logic may generate calls to the game engine interface as well as one or
more calls to a web application programming interface established by the web rendering engine,

such as a document object model, a web real-time communication interface, a web sockets
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interface, a web audio interface, or other web application programming interface. The web
scripting environment may be embodied as a JavaScript engine.

[0020] The game engine binding module 204 is configured to issue one or more calls to
a native game engine library of the computing device 100 in response to the calls issued to the
game engine interface. The game engine binding module 204 may be configured to translate,
by the game engine interface, the calls to the game engine interface into the calls to the native
game engine library. The game engine binding module 204 is further configured to issue, by
the native game engine library, one or more native graphics commands to a graphics bridge of
the computing device 100 in response to the calls issued to the native game engine library. The
native graphics commands may be embodied as, for example, OpenGL commands.

[0021] The graphics bridge module 206 is configured to translate, by the graphics
bridge, native graphics commands received from the native game engine library to a web
graphics context of the computing device 100. The web graphics context may be embodied as,
for example, a WebGL context. The graphics bridge module 206 is further configured to render
graphical game content to a web content element of the web rendering engine with the web
graphics context based on the translated native graphics commands. The web content element
may be embodied as a document element of a textual markup language document, such as an
HTMLS canvas element. The web content element may be rendered by a web browser of the
computing device 100, which may establish or otherwise host the web rendering engine.

[0022] Referring now to FIG. 3, in an illustrative embodiment, the computing device
100 establishes a system architecture 300 during operation. The illustrative system architecture
300 includes a web content game 302, a game engine object model 304, a web content renderer
306, a game engine web API 308, a web graphics context 310, a native-web graphics bridge
312, and a native game engine 314.

[0023] The web content game 302 may be embodied as any game that is executed by
the web content renderer. The web content game 302 includes web-based content, such as
hypertext documents, stylesheets, web script programs, images, and other web resources. The
game engine object model 304 provides an object-oriented interface to an application
programming interface (API) provided by the native game engine 314. The web content game
302 may access the game engine object model 304 to render graphical game content and to
otherwise execute the game.

[0024] The web content renderer 306 may be embodied as any user application that
renders web-based content, including hypertext documents, stylesheets, web script programs,

images, and other web resources. In particular, the web content renderer 306 may provide a
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script engine or other execution environment for web scripts, including scripts provided by the
web content game 302 and/or the game engine object model 304. Additionally, the web content
renderer 306 may provide one or more document elements or other drawing surfaces that may
be used to present graphical content to the user. For example, the web content renderer 306
may be embodied as a web browser, a standalone application with an embedded web view
component, or any other user application that renders web pages and associated resources,
including script files, images, sounds, and other resources.

[0025] The game engine web API 308 provides an application programming interface
(API) to the native game engine 314 for web applications executed by the web content renderer
306. For example, the game engine web API 308 may be provide a web scripting language
interface that closely parallels the API of the native game engine 314. In some embodiments,
the game engine web API 308 may receive calls from web content such as the web content
game 302 and/or the game engine object model 304 and in response generate corresponding
calls to the native game engine 314.

[0026] The web graphics context 310 provides an interface for drawing graphics using
the web content renderer 306. In some embodiments, the web graphics context 310 may
support drawing two- or three-dimensional graphics to one or more document elements or other
drawing surfaces provided by the web content renderer 306. The web graphics context 310
may support an interface that is similar to a native graphics library interface provided by the
computing device 100. The native-web graphics bridge 312 translates between calls to a native
graphics library interface and calls to the web graphics context 310.

[0027] The native game engine 314 provides a library of common functionality for
games and may be embodied as one or more native code libraries, for example, as compiled C
and/or C++ code. The native game engine 314 may provide support for managing game
objects such as game scenes, game levels, game characters, transitions, animations, and other
game objects. The native game engine 314 may also provide support for two-dimensional
graphics and/or three-dimensional graphics, including sprites, particle effects, three-
dimensional models and textures, and other graphical features. The native game engine 314
may render graphical game content by generating one or more calls to a native graphics library
of the computing device 100. For example, the native game engine 314 may render game
content by generating one or more OpenGL calls. In some embodiments, the native game
engine 314 may provide additional game functionality such as user input management, physics

modeling, and other game services.
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[0028] Referring now to FIG. 4, in the illustrative embodiment, the computing device
100 may establish a system architecture 400 during operation. The system architecture 400
illustrates at least one potential embodiment of the system architecture 300 that supports web
content including HTMLS5 and JavaScript. As shown, the illustrative system architecture 400
includes the native game engine 314 as well as an HTMLS5 game 402, a JavaScript game engine
object model 404, and an HTMLS5 engine 406. The HTMLS game 402 may include game code
and resources such as HTMLS hypertext files, JavaScript script files, stylesheets, images, audio,
and other resources. In particular, the HTMLS game 402 may include one or more JavaScript
programs including game logic as well as one or more hypertext document elements that may
be used to display graphical game content, such as a canvas element.

[0029] The JavaScript game engine object model 404 provides an object-oriented
interface to the API provided by the native game engine 314. For example, the JavaScript game
engine object model 404 may define JavaScript objects associated with game content such as
scenes, levels, characters, transitions, animations, sprites, particle effects, three-dimensional
models, or other game content. The JavaScript game engine object model 404 may also provide
an event-based interface to the native game engine 314 using JavaScript events and/or event
listeners. In the illustrative embodiment, the JavaScript game engine object model 404 may be
embodied as one or more JavaScript libraries or other web scripting code. Additionally or
alternatively, in some embodiments part or all of the JavaScript game engine object model 404
may be embodied as native code executed by the computing device 100.

[0030] The HTMLS engine 406 renders web content such as the HTMLS game 402.
The HTMLS engine 406 may be embodied as a web browser, an application with an embedded
web view component, or other graphical user interface of the computing device 100 capable of
rendering HTMLS web content and associated web technologies. As shown, the HTMLS5
engine 406 establishes a JavaScript engine 408 and several HTML5 APIs 410. The JavaScript
engine 408 executes JavaScript code, such as web scripts downloaded by the HTMLS engine
406. The JavaScript code may be included as part of a script element of a hypertext document,
as a separate script file, or as any other resource available to the HTMLS engine 406. In the
illustrative embodiment, the HTMLS5 engine 406 may execute JavaScript code associated with
the HTMLS game 402 as well as the JavaScript game engine object model 404.

[0031] The HTMLS APIs 410 provide programmatic interfaces that allow web
applications to access HTMLS features provided by the HTMLS engine 406, including
multimedia rendering features, network communication features, audio features, and graphical

features. Each of the HTMLS5 APIs 410 may be embodied as one or more JavaScript interfaces
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(including object definitions, functions, and/or other JavaScript features), document element
interfaces (e.g., document type definitions, document element definitions, etc.), style sheet
interfaces, and other web interfaces. In the illustrative embodiment, the HTML5 APIs 410
include a document object model (DOM) 412, a canvas APl 414, a web real-time
communication (RTC) API 416, a web sockets API 418, a web audio API 420, and a JavaScript
game engine API 422. Of course, the HTMLS engine 406 may support additional HTMLS5
APIs 410 that are not illustrated.

[0032] The JavaScript game engine API 422 provides an imperative and/or procedural
interface that exposes functions or other procedures corresponding to procedures of the native
game engine 314. The JavaScript game engine API 422 may be embodied as an interface that
closely parallels the interface of the native game engine 314. The JavaScript game engine API
422 receives calls from web scripts executed by the JavaScript engine 408 (for example, by the
HTMLS game 402 and/or the JavaScript game engine object model 404) and calls
corresponding procedures of the native game engine 314. The JavaScript game engine API 422
may call the native game engine 314 by executing one or more native function calls (e.g.,
function calls using a C or C4+ calling convention or other similar native function call
interface), by executing native bindings from a scripting language, or by otherwise invoking
native code.

[0033] The HTMLS engine 406 further establishes an HTMLS canvas element 424, a
WebGL context 426, and an OpenGL-WebGL bridge 428. The HTMLS canvas element 424 is
an element of a hypertext document rendered by the HTMLS5 engine 406 that supports graphics
rendering through the canvas API 414. In addition, the HTMLS canvas element 424 may be
accessed using other HTMLS APIs 410 such as the DOM 412.

[0034] The WebGL context 426 may be embodied as an object or other interface
provided by the HTMLS engine 406 to support OpenGL graphics rendering. The WebGL
context 426 is associated with the canvas element 424, allowing the WebGL context 426 to
render graphics to the canvas element 424. For example, the WebGL context 426 may be
created for the canvas element 424 by executing one or more methods or other procedures of
the canvas API1414.

[0035] The OpenGL-WebGL bridge 428 translates OpenGL calls to the WebGL context
426. The OpenGL-WebGL bridge 428 may establish a native interface that accepts OpenGL
calls from the native game engine 314. In response to receiving a native OpenGL call, the
OpenGL-WebGL bridge 428 may generate one or more corresponding calls to the WebGL

context 426.
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[0036] Referring now to FIG. 5, in use, the computing device 100 may execute a
method 500 for web game execution. The method 500 begins with block 502, in which the
computing device 100 executes the HTMLS game logic of the HTMLS game 402. The game
logic may perform any game logic tasks, such as controlling game logic flow, setting up and
otherwise managing game objects such as game scenes, game levels, and game characters,
setting up animations and transitions between game scenes, and otherwise controlling the
HTMLS game 402. The game logic may be embodied as JavaScript or other web script
executed by the JavaScript engine 408 of the HTMLS engine 406. In block 504, the game logic
accesses one or more HTMLS features provided by the HTMLS5 engine 406. For example, the
game logic may access one or more of the HTMLS APIs 410, such as the DOM 412, the canvas
API 414, the web RTC API 416, the web sockets API 418, and/or the web audio API 420. In
particular, the game logic may access the HTMLS features to control how the HTMLS5 game
402 is composited, rendered, or otherwise presented within a web document. In block 506, the
game logic accesses the JavaScript game engine object model 404. For example, the game
logic may access the JavaScript game engine object model 404 to set up or otherwise manage
game objects such as game scenes, game levels, game characters, transitions, animations, and
other game objects. The game logic may also set up or otherwise manage graphical game
content such as sprites, particle effects, three dimensional models and textures, and other
graphical features of the HTMLS game 402. As described above, the JavaScript game engine
object model 404 provides an object-oriented interface to the JavaScript game engine API 422
of the HTMLS engine 406. In some embodiments, the JavaScript game engine object model
404 may be embodied as one or more JavaScript libraries or other scripting code executed by
the JavaScript engine 408. Additionally or alternatively, in some embodiments part or all of the
JavaScript game engine API 422 may be embodied as native code of the HTMLS5 engine 406.

[0037] In block 508, the JavaScript game engine object model 404 generates one or
more calls to the JavaScript game engine API 422 established by the HTMLS engine 406. For
example, the JavaScript game engine object model 404 may convert method calls and/or other
interactions between game engine objects of the JavaScript game engine object model 404 into
corresponding function calls to the JavaScript game engine API 422. The JavaScript game
engine API 422 may be embodied as an interface that closely parallels the interface of the
native game engine 314. For example, the JavaScript game engine API 422 may provide an
imperative and/or procedural interface that exposes functions or other procedures corresponding
to procedures of the native game engine 314. Although illustrated as invoking the JavaScript

game engine API 422 through the JavaScript game engine object model 404, it should be

-10 -



WO 2017/105769 PCT/US2016/062786

understood that in some embodiments the HTMLS game 402 may access the JavaScript game
engine API 422 directly.

[0038] In block 510, the JavaScript game engine API 422 calls the native game engine
314. As described above, in response to receive a procedure call from the JavaScript game
engine object model 404, the JavaScript game engine API 422 may call a corresponding
procedure of the native game engine 314. The JavaScript game engine API 422 may call the
native game engine 314 by executing one or more native function calls (e.g., executing a
function call using a C or C++ calling convention or other similar native function call
interface), by executing native bindings from a scripting language, or by otherwise invoking
native code.

[0039] In block 512, the native game engine 314 performs one or more game engine
operations based on the native calls received from the JavaScript game engine API 422. For
example, the native game engine 314 may update a game scene including game objects such as
game characters, transitions, animations, and other game objects. In some embodiments, the
native game engine 314 may perform additional processing, including performing physics
calculations, processing user input data, or providing other game services.

[0040] In block 514, the native game engine 314 generates one or more OpenGL calls to
the OpenGL-WebGL bridge 428. The native game engine 314 may generate the OpenGL calls
while drawing a game scene or other graphical game content. For example, the native game
engine 314 may generate the OpenGL calls to display sprites, particle effects, backgrounds,
three-dimensional models and textures, and/or other graphical game content. The OpenGL
calls may be embodied as one or more native function calls or other invocations of an OpenGL
library. Additionally or alternatively, although illustrated as generating OpenGL calls, it should
be understood that in some embodiments the native game engine 314 may generate calls to any
native graphics library of the computing device 100.

[0041] In block 516, the OpenGL-WebGL bridge 428 converts the OpenGL calls
received from the native game engine 314 to the WebGL context 426. For example, the
OpenGL-WebGL bridge 428 may receive an OpenGL call from the native game engine 314 and
then generate a corresponding call to the WebGL context 426. As described above, the WebGL
context 426 may be embodied as an object or other interface provided by the HTMLS engine
406 to support OpenGL graphics rendering. Additionally or alternatively, although illustrated
as converting the OpenGL calls to a WebGL context 426, it should be understood that in some

embodiments the OpenGL-WebGL bridge 428 may generate calls to a different interface of the

-11 -



WO 2017/105769 PCT/US2016/062786

HTMLS rendering engine 406 that corresponds to the native graphics library expected by the
native game engine 314.

[0042] In block 518, the WebGL context 426 renders the graphical game content to the
HTMLS canvas element 424. The HTMLS canvas element 424 is an element of a hypertext
document rendered by the HTMLS engine 406 that supports graphics rendering through the
canvas API 414. The HTMLS engine 406 also supports creating the WebGL context 426 based
on the canvas element 424, allowing the WebGL context 426 to render to the canvas element
424. In addition, the HTMLS engine 406 supports accessing the HTMLS5 canvas element 424
using other HTML5 APIs 410 and associated web technologies. In particular, the HTMLS
canvas element 424 may be manipulated and otherwise accessed using a document object
model (DOM) 412 and/or the canvas API 414 established by the HTMLS engine 406. After
rendering the graphical game content to the canvas element 424, the method 500 loops back to
block 502 to continue executing the HTMLS5 game logic.

[0043] It should be appreciated that, in some embodiments, the method 500 may be
embodied as various instructions stored on a computer-readable media, which may be executed
by the processor 120, a peripheral device 132, and/or other components of the computing
device 100 to cause the computing device 100 to perform the corresponding method 500. The
computer-readable media may be embodied as any type of media capable of being read by the
computing device 100 including, but not limited to, the memory 124, the data storage device
126, a local memory of the processor 120, other memory or data storage devices of the
computing device 100, portable media readable by a peripheral device 132 of the computing

device 100, and/or other media.

EXAMPLES

[0044] Mlustrative examples of the technologies disclosed herein are provided below.
An embodiment of the technologies may include any one or more, and any combination of, the
examples described below.

[0045] Example 1 includes a computing device for web game execution, the computing
device comprising: a game engine object model module to issue, by a scripting environment
established by a web rendering engine of the computing device, a first call to a game engine
interface established by the web rendering engine; a game engine binding module to (i) issue a
second call to a native game engine library of the computing device in response to issuance of
the first call to the game engine interface and (ii) issue, by the native game engine library, a

native graphics command to a graphics bridge of the computing device in response to issuance
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of the second call to the native game engine library; and a graphics bridge module to (i)
translate, by the graphics bridge, the native graphics command to a web graphics context in
response to issuance of the native graphics command to the graphics bridge and (ii) render
graphical game content to a web content element of the web rendering engine with the web
graphics context in response to translation of the native graphics command to the web graphics
context.

[0046] Example 2 includes the subject matter of Example 1, and wherein: the game
engine binding module is further to translate, by the game engine interface, the first call to the
game engine interface into the second call to the native game engine library; wherein to issue
the second call to the native game engine library comprises to issue the second call to the native
game engine library in response to translation of the first call into the second call.

[0047] Example 3 includes the subject matter of any of Examples 1 and 2, and wherein
to issue the first call to the game engine interface established by the web rendering engine of the
computing device comprises to: issue a sprite command, issue an animation command, issue an
input device command, issue a physics engine command, or issue a three-dimensional
animation command.

[0048] Example 4 includes the subject matter of any of Examples 1-3, and wherein: the
game engine object model module is further to access, by the web scripting environment, a
game engine object model established by the web scripting environment; wherein to issue the
first call to the game engine interface comprises to issue the first call to the game engine
interface in response to an accessing of the game engine object model.

[0049] Example 5 includes the subject matter of any of Examples 1-4, and wherein the
game engine object model comprises an abstracted model of the game engine interface that is
adapted to the web scripting environment.

[0050] Example 6 includes the subject matter of any of Examples 1-5, and wherein the
game engine object model module is further to execute game logic by the web scripting
environment, wherein to execute the game logic comprises to issue the first call to the game
engine interface.

[0051] Example 7 includes the subject matter of any of Examples 1-6, and wherein to
execute the game logic by the web scripting environment further comprises to issue, by the web
scripting environment, a third call to a web application programming interface established by

the web rendering engine.
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[0052] Example 8 includes the subject matter of any of Examples 1-7, and wherein the
web application programming interface comprises a document object model, a web real-time
communication interface, a web sockets interface, or a web audio interface.

[0053] Example 9 includes the subject matter of any of Examples 1-8, and wherein: the
scripting environment established by the web rendering engine comprises a JavaScript engine;
the first call to the game engine interface comprises a JavaScript function call to the game
engine interface; and the second call to the native game engine library comprises a native
function call to the native game engine library.

[0054] Example 10 includes the subject matter of any of Examples 1-9, and wherein the
native graphics command comprises a native graphics library command.

[0055] Example 11 includes the subject matter of any of Examples 1-10, and wherein
the web content element of the web rendering engine comprises a document element of a
textual markup language document.

[0056] Example 12 includes the subject matter of any of Examples 1-11, and wherein
the document element of the textual markup language document comprises a canvas element.
[0057] Example 13 includes the subject matter of any of Examples 1-12, and wherein
the graphical game content comprises a sprite, a particle effect, or a three-dimensional model.
[0058] Example 14 includes the subject matter of any of Examples 1-13, and wherein
the graphics bridge module is further to render, by a web browser of the computing device, the
web content element in response to a rendering of the graphical game content, wherein the web
browser comprises the web rendering engine.

[0059] Example 15 includes a method for web game execution, the method comprising:
issuing, by a scripting environment established by a web rendering engine of a computing
device, a first call to a game engine interface established by the web rendering engine; issuing,
by the computing device, a second call to a native game engine library of the computing device
in response to issuing the first call to the game engine interface; issuing, by the native game
engine library, a native graphics command to a graphics bridge of the computing device in
response to issuing the second call to the native game engine library; translating, by the
graphics bridge, the native graphics command to a web graphics context in response to issuing
the native graphics command to the graphics bridge; and rendering, by the computing device,
graphical game content to a web content element of the web rendering engine using the web
graphics context in response to translating the native graphics command to the web graphics

context.
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[0060] Example 16 includes the subject matter of Example 15, and further comprising:
translating, by the game engine interface, the first call to the game engine interface into the
second call to the native game engine library; wherein issuing the second call to the native
game engine library comprises issuing the second call to the native game engine library in
response to translating the first call into the second call.

[0061] Example 17 includes the subject matter of any of Examples 15 and 16, and
wherein issuing the first call to the game engine interface established by the web rendering
engine of the computing device comprises issuing a sprite command, issuing an animation
command, issuing an input device command, issuing a physics engine command, or issuing a
three-dimensional animation command.

[0062] Example 18 includes the subject matter of any of Examples 15-17, and further
comprising: accessing, by the web scripting environment, a game engine object model
established by the web scripting environment; wherein issuing the first call to the game engine
interface comprises issuing the first call to the game engine interface in response to accessing
the game engine object model.

[0063] Example 19 includes the subject matter of any of Examples 15-18, and wherein
the game engine object model comprises an abstracted model of the game engine interface that
is adapted to the web scripting environment.

[0064] Example 20 includes the subject matter of any of Examples 15-19, and further
comprising executing game logic by the web scripting environment, wherein executing the
game logic comprises issuing the first call to the game engine interface.

[0065] Example 21 includes the subject matter of any of Examples 15-20, and wherein
executing the game logic by the web scripting environment further comprises issuing, by the
web scripting environment, a third call to a web application programming interface established
by the web rendering engine.

[0066] Example 22 includes the subject matter of any of Examples 15-21, and wherein
issuing the third call to the web application programming interface comprises issuing the third
call to a document object model, a web real-time communication interface, a web sockets
interface, or a web audio interface.

[0067] Example 23 includes the subject matter of any of Examples 15-22, and wherein:
the scripting environment established by the web rendering engine comprises a JavaScript
engine; issuing the first call to the game engine interface established by the web rendering

engine comprises executing a JavaScript function call to the game engine interface; and issuing
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the second call to the native game engine library comprises executing a native function call to
the native game engine library.

[0068] Example 24 includes the subject matter of any of Examples 15-23, and wherein
issuing the native graphics command to the graphics bridge comprises executing a native
graphics library command.

[0069] Example 25 includes the subject matter of any of Examples 15-24, and wherein
rendering the graphical game content to the web content element of the web rendering engine
comprises rendering the graphical game content to a document element of a textual markup
language document.

[0070] Example 26 includes the subject matter of any of Examples 15-25, and wherein
rendering the graphical game content to the document element of the textual markup language
document comprises rendering the graphical game content to a canvas element.

[0071] Example 27 includes the subject matter of any of Examples 15-26, and wherein
rendering the graphical game content to the web content element of the web rendering engine
comprises rendering a sprite, rendering a particle effect, or rendering a three-dimensional
model.

[0072] Example 28 includes the subject matter of any of Examples 15-27, and further
comprising rendering, by a web browser of the computing device, the web content element in
response to rendering the graphical game content, wherein the web browser comprises the web
rendering engine.

[0073] Example 29 includes a computing device comprising: a processor; and a memory
having stored therein a plurality of instructions that when executed by the processor cause the
computing device to perform the method of any of Examples 15-28.

[0074] Example 30 includes one or more machine readable storage media comprising a
plurality of instructions stored thereon that in response to being executed result in a computing
device performing the method of any of Examples 15-28.

[0075] Example 31 includes a computing device comprising means for performing the
method of any of Examples 15-28.

[0076] Example 32 includes a computing device for web game execution, the
computing device comprising: means for issuing, by a scripting environment established by a
web rendering engine of the computing device, a first call to a game engine interface
established by the web rendering engine; means for issuing a second call to a native game
engine library of the computing device in response to issuing the first call to the game engine

interface; means for issuing, by the native game engine library, a native graphics command to a
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graphics bridge of the computing device in response to issuing the second call to the native
game engine library; means for translating, by the graphics bridge, the native graphics
command to a web graphics context in response to issuing the native graphics command to the
graphics bridge; and means for rendering graphical game content to a web content element of
the web rendering engine using the web graphics context in response to translating the native
graphics command to the web graphics context.

[0077] Example 33 includes the subject matter of Example 32, and further comprising:
means for translating, by the game engine interface, the first call to the game engine interface
into the second call to the native game engine library; wherein the means for issuing the second
call to the native game engine library comprises means for issuing the second call to the native
game engine library in response to translating the first call into the second call.

[0078] Example 34 includes the subject matter of any of Examples 32 and 33, and
wherein the means for issuing the first call to the game engine interface established by the web
rendering engine of the computing device comprises means for issuing a sprite command,
issuing an animation command, issuing an input device command, issuing a physics engine
command, or issuing a three-dimensional animation command.

[0079] Example 35 includes the subject matter of any of Examples 32-34, and further
comprising: means for accessing, by the web scripting environment, a game engine object
model established by the web scripting environment; wherein the means for issuing the first call
to the game engine interface comprises means for issuing the first call to the game engine
interface in response to accessing the game engine object model.

[0080] Example 36 includes the subject matter of any of Examples 32-35, and wherein
the game engine object model comprises an abstracted model of the game engine interface that
is adapted to the web scripting environment.

[0081] Example 37 includes the subject matter of any of Examples 32-36, and further
comprising means for executing game logic by the web scripting environment, wherein the
means for executing the game logic comprises means for issuing the first call to the game
engine interface.

[0082] Example 38 includes the subject matter of any of Examples 32-37, and wherein
the means for executing the game logic by the web scripting environment further comprises
means for issuing, by the web scripting environment, a third call to a web application
programming interface established by the web rendering engine.

[0083] Example 39 includes the subject matter of any of Examples 32-38, and wherein

the means for issuing the third call to the web application programming interface comprises
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means for issuing the third call to a document object model, a web real-time communication
interface, a web sockets interface, or a web audio interface.

[0084] Example 40 includes the subject matter of any of Examples 32-39, and wherein:
the scripting environment established by the web rendering engine comprises a JavaScript
engine; the means for issuing the first call to the game engine interface established by the web
rendering engine comprises means for executing a JavaScript function call to the game engine
interface; and the means for issuing the second call to the native game engine library comprises
means for executing a native function call to the native game engine library.

[0085] Example 41 includes the subject matter of any of Examples 32-40, and wherein
the means for issuing the native graphics command to the graphics bridge comprises means for
executing a native graphics library command.

[0086] Example 42 includes the subject matter of any of Examples 32-41, and wherein
the means for rendering the graphical game content to the web content element of the web
rendering engine comprises means for rendering the graphical game content to a document
element of a textual markup language document.

[0087] Example 43 includes the subject matter of any of Examples 32-42, and wherein
the means for rendering the graphical game content to the document element of the textual
markup language document comprises means for rendering the graphical game content to a
canvas element.

[0088] Example 44 includes the subject matter of any of Examples 32-43, and wherein
the means for rendering the graphical game content to the web content element of the web
rendering engine comprises means for rendering a sprite, rendering a particle effect, or
rendering a three-dimensional model.

[0089] Example 45 includes the subject matter of any of Examples 32-44, and further
comprising means for rendering, by a web browser of the computing device, the web content
element in response to rendering the graphical game content, wherein the web browser

comprises the web rendering engine.
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WHAT IS CLAIMED IS:

1. A computing device for web game execution, the computing device comprising:

a game engine object model module to issue, by a scripting environment
established by a web rendering engine of the computing device, a first call to a game engine
interface established by the web rendering engine;

a game engine binding module to (i) issue a second call to a native game engine
library of the computing device in response to issuance of the first call to the game engine
interface and (ii) issue, by the native game engine library, a native graphics command to a
graphics bridge of the computing device in response to issuance of the second call to the native
game engine library; and

a graphics bridge module to (i) translate, by the graphics bridge, the native
graphics command to a web graphics context in response to issuance of the native graphics
command to the graphics bridge and (ii) render graphical game content to a web content
element of the web rendering engine with the web graphics context in response to translation of

the native graphics command to the web graphics context.

2. The computing device of claim 1, wherein:
the game engine binding module is further to translate, by the game engine
interface, the first call to the game engine interface into the second call to the native game
engine library;
wherein to issue the second call to the native game engine library comprises to
issue the second call to the native game engine library in response to translation of the first call

into the second call.

3. The computing device of claim 1, wherein to issue the first call to the game
engine interface established by the web rendering engine of the computing device comprises to:
issue a sprite command, issue an animation command, issue an input device command, issue a

physics engine command, or issue a three-dimensional animation command.

4. The computing device of claim 1, wherein:
the game engine object model module is further to access, by the web scripting
environment, a game engine object model established by the web scripting environment,
wherein the game engine object model comprises an abstracted model of the game engine

interface that is adapted to the web scripting environment;
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wherein to issue the first call to the game engine interface comprises to issue the
first call to the game engine interface in response to an accessing of the game engine object

model.

5. The computing device of claim 1, wherein the game engine object model module
is further to execute game logic by the web scripting environment, wherein to execute the game

logic comprises to issue the first call to the game engine interface.

6. The computing device of claim 5, wherein to execute the game logic by the web
scripting environment further comprises to issue, by the web scripting environment, a third call
to a web application programming interface established by the web rendering engine, wherein
the web application programming interface comprises a document object model, a web real-

time communication interface, a web sockets interface, or a web audio interface.

7. The computing device of claim 1, wherein:
the scripting environment established by the web rendering engine comprises a
JavaScript engine;
the first call to the game engine interface comprises a JavaScript function call to
the game engine interface; and
the second call to the native game engine library comprises a native function call

to the native game engine library.

8. The computing device of claim 1, wherein the native graphics command

comprises a native graphics library command.

9. The computing device of any of claims 1-8, wherein the web content element of
the web rendering engine comprises a document element of a textual markup language
document, wherein the document element of the textual markup language document comprises

a canvas element.

10. The computing device of any of claims 1-8, wherein the graphical game content

comprises a sprite, a particle effect, or a three-dimensional model.

11. The computing device of any of claims 1-8, wherein the graphics bridge module

is further to render, by a web browser of the computing device, the web content element in
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response to a rendering of the graphical game content, wherein the web browser comprises the

web rendering engine.

12. A method for web game execution, the method comprising:

issuing, by a scripting environment established by a web rendering engine of a
computing device, a first call to a game engine interface established by the web rendering
engine;

issuing, by the computing device, a second call to a native game engine library
of the computing device in response to issuing the first call to the game engine interface;

issuing, by the native game engine library, a native graphics command to a
graphics bridge of the computing device in response to issuing the second call to the native
game engine library;

translating, by the graphics bridge, the native graphics command to a web
graphics context in response to issuing the native graphics command to the graphics bridge; and

rendering, by the computing device, graphical game content to a web content
element of the web rendering engine using the web graphics context in response to translating

the native graphics command to the web graphics context.

13. The method of claim 12, further comprising:
translating, by the game engine interface, the first call to the game engine
interface into the second call to the native game engine library;
wherein issuing the second call to the native game engine library comprises
issuing the second call to the native game engine library in response to translating the first call

into the second call.

14. The method of claim 12, wherein issuing the first call to the game engine
interface established by the web rendering engine of the computing device comprises issuing a
sprite command, issuing an animation command, issuing an input device command, issuing a

physics engine command, or issuing a three-dimensional animation command.

15. The method of claim 12, further comprising:
accessing, by the web scripting environment, a game engine object model

established by the web scripting environment;
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wherein issuing the first call to the game engine interface comprises issuing the

first call to the game engine interface in response to accessing the game engine object model.

16. The method of claim 12, further comprising executing game logic by the web
scripting environment, wherein executing the game logic comprises issuing the first call to the

game engine interface.

17. The method of claim 16, wherein executing the game logic by the web scripting
environment further comprises issuing, by the web scripting environment, a third call to a web

application programming interface established by the web rendering engine.

18. The method of claim 12, wherein:
the scripting environment established by the web rendering engine comprises a
JavaScript engine;
issuing the first call to the game engine interface established by the web
rendering engine comprises executing a JavaScript function call to the game engine interface;
and
issuing the second call to the native game engine library comprises executing a

native function call to the native game engine library.

19. The method of claim 12, wherein issuing the native graphics command to the

graphics bridge comprises executing a native graphics library command.

20. The method of claim 12, wherein rendering the graphical game content to the
web content element of the web rendering engine comprises rendering the graphical game

content to a document element of a textual markup language document.

21. The method of claim 12, wherein rendering the graphical game content to the
web content element of the web rendering engine comprises rendering a sprite, rendering a

particle effect, or rendering a three-dimensional model.

22. The method of claim 12, further comprising rendering, by a web browser of the
computing device, the web content element in response to rendering the graphical game

content, wherein the web browser comprises the web rendering engine.
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23. A computing device comprising:
a processor; and
a memory having stored therein a plurality of instructions that when executed by

the processor cause the computing device to perform the method of any of claims 12-22.

24. One or more machine readable storage media comprising a plurality of
instructions stored thereon that in response to being executed result in a computing device

performing the method of any of claims 12-22.

25. A computing device comprising means for performing the method of any of

claims 12-22.
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