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EXTENDED RELATIONSHIP SIGNALING BETWEEN EVENTS IN EVENT
MESSAGE TRACKS

CROSS-REFERENCE TO THE RELATED APPLICATIONS
{0001} This application claims priority from US. Provisional Application No.
63/177.271, filed on Apnl 20, 2021, the disclosure of which is incorporated herein by

reference in its entirety.

FIELD

[0002] Embodiments of the present disclosure are directed {0 media streaming and,
more particularly, Dynamic Adaptive Streaming over HyperText Transfer Protocol (HTTP)
{DASH}.

BACKGROUND
{00031 ISO/EC 23009-1 Dynamic Adaptive Streaming over HTTP (DASH) standard
introduced events message boxes for carrying events with media segments. Further, ISO/TEC
23001-19 CD defines an Event Message Track forroat, where a track can carry event
Messages.
[0004] The current Event Message Track specification uses a box {or carrving each
event instance. The only relationship between two instances that can be signaled n this box s
when two event instances are equivalent, 7.e. processing one 15 adequate. However, there are
more possible cases for the relation between two event instances.
[0005] “Information technology — Coding of audiovisual objects — Part 12: 180
base media file format”, ISQ/IEC 14496-12 (December 2013), “Draft of FDIS of ISU/AEC
23000-19 Common Media Application Format for Segmented Media”, ISO/AEC

JTCU/SC29/WGTT MPEGTII7/16819 (Apnil 2017); and “Text of ISG/AEC FDIS 23009-1 4th
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edition”, ISQAEC JTC /SC 29%WG 11 N18609 {August 2019} are incorporated herein by

reference in their entirety.

SUMMARY

[0006] in embodiments, a method performed by at least one processor includes
obtaining an event message track including a plurality of event message instance boxes, the
event message track configured to be processed by a Dvnamic Adaptive Streaming over
HyperText Transfer Protocol (DASH) client for displaving media content; obtaining a first
event message instance box included in the event message track; obtaining a second event
message instance box included in the event message track, wherein the second event message
fnstance box includes first information dentifying the first event message instance box, and
second information specifving a relationship between the first event message insiance box
and the second event message instance box; modifying the {irst event message instance box
based on the first information and the second information; and providing the event message
track to the DASH client or displaying media content based on the event message track.

[0007] In embodiments, a device includes at least one memory storing program code;
and at least one processor configured {0 read the program code and operate as instructed by
the program code, the program code including: first obtaining code configured to cause the at
least one processor to oblain an event message track mncluding a plurality of event message
mstance boxes, the event message track configured to be processed by a Dyvoanic Adaptive
Streanmung over HyperTexi Transfer Protocol (DASH) client for displaying media content;
second obtaining code configured 1o cause the at least one processor to oblain a first event
message instance box included in the event message track; third obtaining code configured
to cause the at least one processor to obtain a second event message instance box included in
the event message track, wherein the second event message instance box includes first

information identifving the first event message instance box, and second information

~
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specifying a relationship between the furst event message instance box and the second event
message instance box; modifying code configured to cause the at least one processor to
modify the first event message instance box based on the first information and the second
information; and providing code configured to cause the at feast one processor to provide the
event message track to the DASH client or display media content based on the event message
track.

{0008} in embodiments, a non-ransifory computer-readable medium  stores
instructions that, when executed by at least one processor, cause the at least one processor {0
obtain an eveni message track including a plurality of event message instance boxes, the
event message track configured to be processed by a Dynamic Adaptive Streaming over
HyperText Transfer Protocol (BASH) chent for displaving media content; obtam a {irst event
message nstance box included in the event message track: obtain a second event message
instance box included in the event message track, wherein the second event message instance
box mncludes frst information 1dentifving the first event message instance box, and second
information specifymg a relationship between the first event message nstance box and the
second event message instance box; modify the first event message instance box hased on the
first information and the second mformation; and provide the event message track to the

DASH client or display media content based on the event message track.

BRIEF DESCRIPTION OF THE DRAWINGS
{0009} Further features, the nature, and various advantages of the disclosad subject
matter will be more apparent from the following detailed description and the accompanying
drawings in which:
(0010} FIG. 1is a diagram of an environment in which methods, apparatuses and

systems described herein may be implemented, according to embodiments.
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{0011} FIG. 2 is a block diagram of example components of one or more devices of
FIG 1.

[0012] FIG. 3 1s a diagram of a DASH client according fo embodiments,

[0G13] FIG. 4 is a diagram of a process according 1o embodinents.

[0014] FIG. 5 is a diagram of computer code according to embodiments.

DETAILED DESCRIPTION
[0015] FIG. 1 15 a diagram of an environment 100 in which methods, apparatuses, and
systems described herein may be implemented, according to embodiments. As shown in FIG.
1, the environment 100 may include a user device 110, a platform 120, and a network 130
Devices of the environment 100 may interconnect via wired connections, wireless
connections, or a combination of wired and wireless connections.
{0016} The user device 110 includes one or more devices capable of receiving,
generating, storing, processing, and/or providing information associated with platform 120,
For example, the user device 110 may include a computing device (e.g., a deskiop computer,
a laptop computer, a tablet computer, a handheld computer, a smart speaker, a server, etc.), a
mobile phone {e.g.. a sroart phone, a radiotelephone, etc.), a wearable device {e.g., a pair of
smart glasses or a smart watch), or a similar device. In some implementations, the user device
110 roay receive information frovo and/or travsroit information to the platform 120,
[0017] The platform 120 mncludes one or more devices as described eisewhere herein.
In some implementations, the platform 120 may include a cloud server or a group of cloud
servers. In some implementations, the platform 120 may be designed to be modular such that
software components may be swapped i or owt depending on a particular need. As such, the

platform 120 may be easily and/or quickly reconfigured for different uses.
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{0018} in some implementations, as shown, the platform 120 may be hostedina
cloud computing environment 122. Notably, while implementations describad herein describe
the platform 120 as being hosted in the cloud computing environment 122, in some
implementations, the platform 120 may not be cloud-based (7 ., may be implemented outside
of a cloud computing environment) or may be partially cloud-based.

{0019] The cloud computing environment 122 includes an environment that hosts the
platform 120. The cloud computting environment 122 may provide computation, software,
data access, storage, etc. services that do not require end-user {e.g., the user device 110)
knowledge of a physical location and configuration of system(s) and/or device(s) that hosts
the platform 120. As shown, the cloud computing environment 122 may inchude a group of
computing resources 124 (referred to collectively as “computing resources 1247 and
mndividually as “computing resource 1247},

0020} The computing resource 124 includes one or more personal computers,
workstation computers, server devices, or other types of computation and/or commumication
devices. In some implementations, the computing resource 124 roay host the platform 120,
The cloud resources may include compute instances execuiing i the coroputing resource
124, storage devices provided in the computing resource 124, data travsfer devices provided
by the computing resource 124, etc. In some iroplementations, the computing resource 124
may conununicate with other computing resources 124 via wired conneciions, wireless
connections, or a combination of wired and wireless connections.

[0021] As further shown in FIG. 1, the computing resource 124 includes a group of
cloud resources, such as one or more applications (“"APPs™) 124-1, one or more virtual
machines (“VYMs”) 124-2, virtualized storage (“VSs™) 124-3, one or more hypervisors

{(“HYPs”) 124-4, or the like.
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{0022} The application 124-1 includes one or more software applications that mayv be
provided to or accessed by the user device 110 and/or the platform 120. The application 124-
I may elinunate a need to install and execute the software applications on the user device
110, For example, the application 124-1 may include software associated with the platform
120 and/or any other software capable of being provided via the cloud computing
environment 122. In some tmplementations, one application 124-1 may send/receive
iformation to/from one or more other applications 124-1, via the virtnal machine 124-2.
[0023] The virtual machine 124-2 inchudes a software implementation of a machine
{e.g., a computer) that executes programs like a physical machine. The virtual machine 124-2
may be etther a system virtual machine or a process virtual maching, depending upon use and
degree of correspondence 1o any real machine by the virtual machine 124-2. A system virtual
machine may provide a complete system platform that supports execution of a complete
operating system (“0OS”). A process virtual machine may execute a single program, and may
support a single process. fo some implementations, the virtual machine 124-2 may execute on
behalf of a user {e.g.. the user device 110), and may manage infrastructure of the cloud
computing envirorunent 122, such as data roanagement, synchronization, or long-duration
data transfers.

[0024] The virtualized storage 124-3 mcludes one or more storage svsters and/or one
or more devices that use virtualization techniques within the storage systems or devices of the
computing resource 124, In some implementations, within the context of a storage system,
types of virtualizations may include block virtualization and file virtualization. Block
virtualization may refer to abstraction {or separation} of logical storage from physical storage
so that the storage system may be accessed without regard to physical storage or
heterogeneous structure. The separation may permit administrators of the storage system

flexibility in how the administrators manage storage for end users. File virtualization may
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elinunate dependencies between data accessed at a file level and a location where files are
physically stored. This may enable optimization of storage use, server consolidation, and/or
performance of non-disruptive file migrations.

{0025} The hypervisor 124-4 may provide hardware virtualization technigues that
allow multiple operating svstems {e.g., “guest operating systems™) to execute concurrently on
a host computer, such as the computing resource 124, The hvpervisor 124-4 may present a
virtual operating platform to the guest operating svstems, and may manage the execution of
the guest operating systems. Mudtiple instances of a varigty of operating svstems may share
virtualized hardware resources.

[0026] The network 130 includes one or more wired and/or wireless networks. For
example, the network 130 may include a celhudar network {e.g., a {ifth generation (5G)
network, a long-term evolution {LTE} network, a third generation {(3() network, a code
division multiple access (CDMA) network, etc.), a public land mobile network (PLMN}, a
local area network (LAN), a wide area network {WAN), a metropolitan area network (MAN),
a telephone network {e.g., the Public Switched Telephone Network (PSTN)), a private
network, an ad hoc network, an 1ntranet, the Internet, a fiber optic-based network, or the hike,
and/or a combination of these or other types of networks.

[0027] The number and arrangement of devices and networks shown m FIG. | are
provided as an example. In practice, there may be additional devices and/or networks, fewer
devices and/or networks, different devices and/or networks, or differentlv arranged devices
and/or networks than those shown in FIG. 1. Furthermore, two or more devices shown in
Fi(z. 1 may be implemented within a single davice, or a single device shown in FIG. | may
be implemented as multiple, distributed devices. Additionally, or alternatively, a set of
devices {e.g., one or more devices) of the environment 100 may perform one or morg

functions described as being performed by another set of devices of the environment 100,
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[0028] FIG. 2 is a block diagram of example components of one or more devices of
Fi1G. 1. The device 200 may correspond to the user device 110 and/or the platform 120. As
shown in FI(3. 2, device 200 may include a bus 210, a processor 220, a memory 230, a
storage component 240, an input component 250, an output component 260, and a
conununication interface 270

{00291 The bus 210 mcludes a component that permits communication among the
components of the device 200. The processor 220 1s implemented in hardware, firmware, or a
combination of hardware and software. The processor 220 is a central processing unit {CPU},
a graphics processing unit (GPU), an accelerated processing unit {APU), a microprocessor, a
microcontroller, a digital signal processor {DSPY, a field-programmable gate array (FPGA),
an application-specific integrated circuit {ASIC), or another tvpe of processing component. In
some implementations, the processor 220 includes one or more processors capable of being
programmed to perform a function. The memory 230 includes a random access memory
(RAM), a read only memory (ROM), and/or ancther type of dynamic or static storage device
{e.g2., a lash memory, a magnetic reemory, and/or an optical memory) that stores information
and/or instructions for use by the processor 220.

{0030} The storage coroponent 240 stores inforroation and/or software related to the
operation and use of the device 200. For exarople. the storage conpovent 240 may jnclude a
hard disk {e.2.. a magnetic disk, an optical disk, a magneto-optic disk, and/or a solid state
disk}. a compact disc {CD), a digital versatile disc (DVD), a floppy disk, a cartridge, a
magnetic tape, and/or another type of non-transitory computer-readable medium, along with a
corresponding drive.

[0031] The input component 250 includes a component that permits the device 200 to
receive information, such as via user input {e.g., a touch screen display, a keyboard, a keypad,

a mouse, a button, a switch, and/or a microphone}. Additionally, or alternatively, the input
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component 250 may include a sensor for sensing information (e g.. a global positioning
svstem (GPS) component, an accelerometer, a gyroscope, and/or an actuator). The ocutput
component 260 includes a component that provides owtput information from the device 200
{e.g., a display, a speaker, and/or one or more light-emitting diodes (LEDs}).

{0032} The communication interface 270 includes a transceiver-like component {e.g.,
a transceiver and/or a separate receiver and {ransmitter} that enables the device 200 to
communicate with other devices, such as via a wired connection, a wireless connection, or a
combination of wired and wireless connections. The commumnication interface 270 may
perntit the device 200 to receive information {rom another device and/or provide information
to another device. For example, the communication interface 270 may include an Ethemet
interface, an optical interface, a coaxial mterface, an infrared interface, a radio frequency
(RF} interface, a universal serial bus (USB) interface, a Wi-Fi interface, a celhular network
interface, or the like.

[0033] The device 200 may perform one or roore processes described herein. The
device 200 may perforro these processes in response to the processor 220 executing software
mstructions stored by a nou-transitory computer-readable medium, such as the memory 230
and/or the storage compounent 240. A computer-readable mediuro is defined herein as a non-
transitory memory device. A memory device includes merory space within a siogle physical
storage device or memory space spread across multiple physical storage devices.

[0034] Software instructions may be read into the memory 230 and/or the storage
component 240 from another computer-readable medium or from another device via the
communication interface 270. When executed, sofiware instructions stored in the memory
230 and/or the storage component 240 may cause the processor 220 to perform one or more
processes described herein. Additionally, or alternatively, hardwired circuitry may be used in

place of or in combination with software instructions to perform one or more processes
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described herein. Thus, implementations described herein are not imited to any specific
combination of hardware circuttry and software.

[0035] The number and arrangement of components shown in FIG. 2 are provided as
an example. In practice, the device 200 may include additional components, fewer
components, different components, or differently arranged components than those shown in
FI1G. 2. Additionally, or alternatively, a set of components (e g. one or more components) of
the device 200 may perform one or more functions described as being performed by another
set of components of the device 200.

[0036] FIG. 3 illustrates an example DASH client 300 that is configured to process
Media Presentation Description (MPD) events 301, mband events 302, and sparse timed
metadata track events, according to embodiments of the present disclosure. The DASH client
300 can also be used for processing Common Media Application Format {(CMAF) events.
According to an embodiment, the DASH client 300 may be implemented by the aser device
100 of FIG. |

0037} Events moay be provided i order to signal aperiodic mforroation to the DASH
chient 300 or to an application. Evenis may be timed (e.g. each event starts at a specific media
presentation tiroe and roay bave a duration). Events may include DASH specific signaling or
application-specific events. DASH events may be ideotified by scheme identifiers. For
application specific events, a scheme identifier may identify the apphication such that the
DASH client 300 can forward the event to the proper application.

(0038} As shown in FIG. 3. the DASH client 300 may include an application 310, a
DASH plaver’s control, selection, & heuristic logic 315, a manifest parser 320, a DASH
access API 325, an inband event & “moof” (movie fragment box) parser 330, a timed

metadata track parser 335, an event & timed metadata buffer 340, a synchronizer &
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dispatcher 345, a file format parser 330, a madia buffer 355, a media decoder 360, and an
HTTP stack 370.

[0039] In FIG 3, the broken lines represent control and/or synchronization; the
regular, solid lines represent event and/or timed metadata flow; and the bold, solid lines
represent media data flow. The control and/or synchronization may include, for example, a
subscription function 306 and an event/metadata API 307. The event and/or timed metadata
flow may include, for example, the MPD events 301, the inband events 302, the timed
metadata 303, and the DASH events 305, The media data flow may include, for example,
media segments 304.

[0040] The DASH client 300 may receive a manifest, such as MPDs, and may
process them. The manifest may describe a combination and synchronization of
independently packaged CMAF tracks grouped in CMAF swilching sets and selection sets to
form a synchronized multimedia presentation. The manifest may provide the DASH client
300 with information to select, mitialize, start align, and synchronize the CMAF frack{(s) to
be plaved, and identify CMAF media objecis {e.g. CMAF headers, CMAF chunks, and
CMAF fragments} as resources to access and to possibly download thern, CMAF tracks and
CMAF fragments may contan sufficient nformation 1o enable decryption, decoding, and
presentation scheduling. The manifest can also provide wformation on delivery protocol,
network management, authorization, license acquisition, etc., in addition to resource
identification and presentation description. The mantfest can also signal that tracks conform
to a CMAF media profile.

[0041] For reference, a CMAF fragment may be a media object that is encoded and
decoded. A CMAF fragment may include one or more pairs of a movie fragment box

{"moof") and a media daia box ("mdat”). Each pair of "moof” and ‘mdat” mav be referred to as

1
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a CMAF chunk, and each UMAF chunk may comtain a consecutive subset of media samples
belonging to a CMAF fragment.

[0042] A CMAF track may be a continuous seguence of one or more (MAF
fragments in presentation order conforming to a UMAF media profile, and an associated
CMAF header. The CMAF header may contain a MovieBox that is sufficient to process and
present all CMAF fragments in the CMAF track. A CMAF track may be produced by an
encoder and an ISOBMFF file packager, but may be made to be accessible i the form of
CMAF addressable media objects that can be references as resources defined by an external
media application specification.

[0043] The DASH client 300 may request media segments based on described
addresses in the manifest. The manifest may also describe metadata tracks. The DASH client
300 can aleo access the segment of metadata tracks, parse them, and send them to the
application.

[0044] Also, of addresses for media segroents, a DASH mavifest may provide
addressed for Index segments. Each imdex segment roay provide information about one
segment duration and size. A Representation Index may provide the index information for all
segrments of a given representation.

[0045] According to embodiments, the manifest parser 320 may parse MPD events
301 from the manifest, and append them fo the event & timed metadata buffer 340. Based on
the MPD, the DASH client 300 mav manage the fetching and parsing of Segments from the
HTTP stack 370 The parsing of the Segments may be performed by the mband event &
“moof” parser 330. The inband event & “moof” parser may parse media segments 304 from
the Segments before appending them to the media buffer 355, The parsing by the inband
event & “moof” parser 330 may also include parsing inband events 302 and timed metadata

303 (e.g., timed metadata tracks} from the Segments. Also, the timed metadata track parser
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335 may parse and append high-level boxes such as event message boxes of the timed meta
data 303 and event message instance boxes of the timed meta data 303 to the event & timed
metadata buffer 340

{0046} The event & timed metadata buffer 340 may pass the events and timed
metadata samples to the synchronizer & dispatcher 345, which may be referred to as an event
& umed metadata synchronizer & dispatcher function.

{0047} The synchronizer & dispatcher 345 may dispatch DASH client 300 specific
events 1o the DASH player’s control, selection, & hewristic logic 315, If the application 310 is
subscribed to a specific event(s) and/or timed metadata stream(s), the synchronizer &
dispatcher 345 may dispaich the corresponding event instances and/or timed metadata
samples to the application 310 via the eveni/metadata API 307,

[0048] Embodiments may provide a method for signaling the relationship between
event instances in one event message track. Accordingly, embodiments may extend the event
message nstance box fo signal the more exiended relationship between thern

[0049] in erpbodimends, the event message instance box can be exiended to signal a
more extensive relationship between event jnstances. For example, in embodiments, the
event message nstance box may be used to signal that:

1. One event instance is an update of the previous one(s)

2. Tioing change: the start and/or duration of the previous event is changed.
3. The event is canceled and no further processing i3 necessary

4. Reserving bits for further extensions

(0050} in embodiments, and event message instance box may be extended as follows:
aligned(8) class EventMessageinstanceBox
extends FullBox{'emib’, version, flags = 0}{

unsigned int(32) reserved = 0,

signed int{64) presentation_time_delia;

-
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unsigned int(32) duration;
unsigned int{32) id;
unsigned int(32} update_id;

unsigned int(32) update _mode;

string scheme_id_uri;
string vaiue,;
unsigned int(8)message_data[];

}

{0051} in the extended event message instance box as shown above:

s update id: may indicate that the new instance is an update of the previous instance(s)
with the identical value of this field.
e update mode: each value mav define a specific relationship with the previous
instance. For example:
0: may indicate replacement, such that the new event replaces the previous event
. changes of timing, 1.e. the start and/or of the event have been updated.
2: cancelation: may indicate that this event instance cancels the previous instance,

1.e. previous nstance does not need to be processed.

[0052] Accordingly, embodiments, may provide a method of signaling a more
extended relationship. for example a relationship beyond equivalency, between the event
instances in the event message track, wherein one or more event instances may be linked
together using a unique new idendifier for updating, and another field mayv show the

g, and cancelation, wherein when an

P2

relationship including replacement, change of timin
avent message instance is detected that is an update to the previous instance(s), the client may
only process the updated instance or correct the previously processed ones.

[0053] FIG. 415 a flow chart of an example process 400 for managing a media
sireaming system that includes the DASH client 300. In some implementations, one or more

14
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process blocks of FIG. 4 may be performad by user device 441, In some implementations,
one or more process blocks of FIG. 4 may be performed by another device or a group of
devices separate from or including user device 110, such as platform 120,

{00541 As shown in FIG. 4, process 400 may inchude obtaining an event message
track including a plurality of event message instance boxes, the event message track
configured to be processed by a Dynamic Adaptive Streaming over HyperText Transfer
Protocol (DASH) client for displaving media content (block 410).

[00G55] As further shown in FHG. 4, process 400 may include obtaining a first event
message instance box included in the event message track (block 4203

[0056] As further shown in FIG. 4, process 400 may include obtaining a second event
message instance box included in the event message track, wherein the second event message
instance box includes first information identifving the first event message instance box, and
second information specifying a relationship between the first event message instance box
and the second event message instance box {(block 430),

[0057] As further shown in FIG. 4, process 400 may imclude modifying the first event
message mstance box based on the first information and the second information (block 440).
[0058] As further shown in FIG. 4, process 400 may include providing the event
message track to the DASH client or displaving media content based on the event message
track {block 440).

{0059} in embodiments, the first event message instance box may include an
identifier, and the first information may include an update identifier, and process 400 may
further include determuning that the {irst event message instance box is related fo the second
event message instance box based on a value of the wdentifier baing equal 1o a value of the

update identifier.

i
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{0060} In embodiments, the second information may include a value indicating a
type of the relationship between the first event message instance box and the second event
message mstance box.

{0061} In embodiments, based on the value being a first value, the second information
indicates that the relationship has a first relationship type, based on the value being a second
value, the second information indicates that the relationship has a second relationship type,
and based on the value being a third value, the second information indicates that the
relationship has a third relationship type.

{0062} In embodiments, the fisst relationship type may be a replacement relationship,
and based on the value being the first value, the modifving of the first event message instance
box may include replacing the first event message instance box in the event message track
with the second event message instance box.

{0063} In embodiments, the second relationship type may be a timing change
relationship, and based on the value bemg the second value, the modifying of the first event
message instance box may include changing at least one of a start time corresponding to the
first event message instance box, or an end time corresponding to the first event message
fnstance box.

[0064] o embodiroents, the third relationship type way be a cancelation refationshup,
and based on the value being the third value, the modifving of the first event message
instance box may include canceling the first event message instance box from the event
message track.

[0065] Although FIG. 4 shows example blocks of process 400, in some
implementations, process 400 may include additional blocks, fewer blocks, different blocks,
or differently arranged blocks than those depicted in FIG. 4. Additionally, or alternatively,

two or more of the blocks of process 400 may be performed in parallel.
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[0066] With reference to FIG. 5, computer code 500 according to embodiments is
described. The computer code 500 may performed by a media streaming system that includes
the DASH client 300. For example, the media streaming system may be implemented by the
environment 100 described with respect to FIG 1. The media streaming system may
comprise memory configured to store computer code 500, and at least one processor
configured to access the computer code 500 and operate as instructed by the computer code
500. The computer code 500 may be distributed amongst memory of different components of
the media streaming svstem {e.g. servers, clients, etc.) and may be configured to cause the at
least one processor of the specific component to perform any number of thelr fumctions,
including the functions described in the present disclosure. For example, the compuier code
500 may comprise any number of first obtaining code S10, second obtaiming code 520, third
obtaining code 530, modifying code 540, and providing code 550

[0067] In embodiments, the first obtaining code 510, second obtaining code 520, third
obtaining code 530, modifying code 540, and providing code 530 may be configured to cause
the media streanung systern that includes the DASH client 300 to perform the aspects of the
process described above with reference to FIG. 4, respectively.

[0068] The embodiments of the present disclosure may be used separately or
combined m any order. Further, each of the methods, servers, and clients may be
implemented by processing circuitry {e.g., one or more processors of one or more integrated
circuits). In one example, the one or more processors execute a program that is stored in a
non-transifory computer-readable medium

[0069] The foregoing disclosure provides ilustration and description, but is not
intended to be exhaustive or to limut the implementations o the precise form disclosed.
Modifications and variations are possible in light of the above disclosure or may be acquired

from practice of the implementations.
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{0070} 1t will be apparent that systems and/or methods, described herein, may be
implemented in different forras of hardware, {irmware, or a combination of hardware and
software. The actual specialized conirol hardware or sofiware code used to implement these
systems and/or methods is not limiting of the implementations. Thus, it should be understood
that software and hardware may be designed to implement the systems and/or methods based
on the description herein.

{0071} Even though particular combinations of features are recited in the claims
and/or disclosed in the specification, these combinations are not intended to limit the
disclosure of possible implementations. In fact, many of these features may be combined in
ways not specifically recited in the claims and/or disclosed in the specification. Although
each dependent claim listed below may directly depend on only one claim, the disclosure of
possible implementations includes each dependent claim in combination with every other
claim in the claim set.

[0072] No element, act, or instruction used herein should be construed as critical or
essential unless explicitly described as such. Also, as used herein, the articles “a” and “an”
are intended 1o mnclude one or more tiems, and may be used interchangeably with “one or
more.” Furthermore, as used herein, the term “set” is intended to include one or more items
{(e.g., related items, unrelated items, a combination of related and unrelated items, ete.), and
may be used interchangeably with “one or more.” Where only one item is intended, the term
“one” or similar language is used. Also, as used herein, the terms “has.” “have,” “having,” or
the like are intended to be open-ended terms. Further, the phrase “based on” 15 intended to

mean “based, at least in part, on” unless expliciily stated otherwise.
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What is Clabmed is:

1. A method performed by at least one processor, the method comprising:

obtaining an event message track including a plurality of event message instance
boxes, the event message track configured to be processed by a Dyvnamic Adaptive Streaming
over HyperText Transfer Protocol {DASH) client for displaying media content, the plurality
of event message instance boxes corresponding to a plurality of events comprising one or
more of Media Presentation Description {(MPD events, inband events, timed metadata,
Common Media Application Format {CMAF) events, and DASH events;

obtaining a {irst event message jnstance box included in the event message track;

obtaining a second event message mstance box mncluded in the event message track,
wherein the second event message instance box includes first information identifying the first
event message nstance box, and second information specifying a relationship between the
first event message nstance box and the second event message nstance box;

moditving the first event message instance box based on the first mformation and the
second mformation; and

providing the event message track to the DASH client or displaving media content

based on the event message track.

2. The method of claim 1, the first event message instance box comprises an
identifier,

wherein the first information comprises an update identifier, and

wherein the method further comprises determining that the first event message
instance box is related to the second event message instance box based on a value of the

identifier being equal to a value of the update identifier.
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3. The method of claim 1, wherein the second information includes a value
indicating a type of the relationship between the first event message instance box and the

second event message instance box.

4. The method of claim 3, wherein based on the value being a first value, the
second information indicates that the relationship has a first relationship type,

wherein basad on the value being a second value, the second information indicates
that the relationship has a second relationship type, and

wherein based on the value being a third value, the second information indicates that

the relationship has a third relationship type.

5. The method of claim 4, wherein the {irst relationship type is a replacement
relationship, and

wherein, based on the value being the first value, the modifving of the first evert
message mstance box comprises replacing the first event message instance box in the event

message track with the second event message justance box.

6. The method of claim 4, wherem the second relationship type is a timing
change relationship, and

wherein, based on the value being the second value, the modifving of the first event
message instance box comprises changing at least one of a start time corresponding to the
first event message instance box, or an end time corresponding to the first event message

instance box.
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7. The method of claim 4, wherein the third relationship type 15 a cancelation
relationship, and

wherein, based on the value being the third value, the modifying of the first event
message instance box comprises canceling the first event message instance box from the

event message track.

8. A device comprising:
at least one memory sioring program code; and
at least one processor configured to read the program code and operate as instructed
by the program code, the program code including:
first obtaining code configured to cause the at least one processor to obiain an
event message track including a plurality of event message instance boxes, the eveni message
track configured to be processed by a Dynamic Adaptive Streaming over HyperText Transfer
Protocol (DASH) client for displaying media content, the plurality of event ressage instance
hoxes corresponding to a plurality of events cornprising one or more of Media Presentation
Description (MPD) events, inband events, timed metadata, Coromon Media Application
Format ({CMAF) events, and DASH events;
second obtaining code configured to cause the at least one processor to obtain
a first event message instance box included in the event message track;
third obtaming code configured to cause the at least one processor to obtain a
second event message instance box included in the event message track, wherein the second
event message instance box includes first information identifying the first event message
instance box, and second information specifving a relationship between the first event

message instance box and the second event message instance box;
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modifying code configured to cause the at least one processor to modify the
first event message instance box based on the first information and the second information;
and

providing code configured to cause the at least one processor to provide the
event message track to the DASH client or display media content based on the event message

track.

9. The device of claim 8, the first event message instance box comprisas an
identifier,

wherein the {irst information comprises an update identifier, and

wherein the modifying code is further configured to cause the at least one processor to
determine that the first event message instance box is related 1o the second event message

instance box based on a value of the identifier being equal 1o a value of the update identifier.

10, The device of claim 8, wherein the second information includes a value
ndicating a type of the relationship between the first event message nstance box and the

second event message instance box.

11 The device of claim 8, wherein based on the value being a first value, the
second information indicates that the relationship has a first relationship type,

wherein based on the value being a second value. the second information indicates
that the relationship has a second relationship type, and

wherein based on the value being a third value, the second information indicates that

the relationship has a third relationship type.
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12. The device of claim 11, wherein the first relationship type is a replacement
relationship, and

wherein, based on the value being the first value, the modifying code is further
configured to cause the at least one processor 1o replace the first event message instance box

in the event message track with the second event message instance box.

13. The device of claim 11, wherein the second relationship type is a timing
change relationship, and

wherein, based on the value being the second value, the modifving code is further
configured {0 cause the at least one processor to change at least one of a start time
corresponding to the first event message instance box, or an end time corresponding o the

first event message instance box.

14. The device of claim 11, wherein the third relationship type is a cancelation
relationship, and

wherein, based on the value being the third value, the modifying code is further
configured to cause the af least one processor to cancel the first event message instance box

from the event message track.

15. A non-transitory computer-readable medium storing instructions that, when
executed by at least one processor, cause the at least one processor to:

obtain an event message track including a plurality of event message instance boxes,
the event message track configured to be processed by a Dynamic Adaptive Streaming over
HyperText Transfer Protocol (BASH) client for displaving media content, the plurality of

event message instance boxes corresponding 1o a plurality of events comprising one or more
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of Media Presentation Description {MPD) events, inband events, timed metadata, Common
Media Application Formoat (CMAF) events, and DASH events;

obtain a first event message instance box included in the event message track;

obtain a second event message Instance box included in the event message tfrack,
wherein the second event message instance box inchudes first information identifving the first
event message instance box, and second information specifying a relationship between the
first event message instance box and the second event message instance box;

modify the first event message instance box based on the first information and the
second information; and

provide the event message track to the DASH client or display media content based

on the event message track,

16, The non-transitory computer-readable medium of claim 15, wherein the
second information includes a value jndicating a type of the relationship between the first

event message instance box and the second event message instance box,

17, The non-transitory computer-readable mediwn of claim 16, wherein based on
the value being a first value, the second information indicates that the relationship has a first
relationship type,

wherein based on the value being a second value, the second information indicates
that the relationship has a second relationship type, and

wherein based on the value being a third value, the second information indicates that

the relationship has a third relationship type.
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18. The non-transitory computer-readable medium of claim 17, wherein the first
relationship type is a replacement relationship, and

wherein, based on the value being the first value, the modifving of the first event
message instance box comprises replacing the first event message instance box in the event

message track with the second event message instance box.

19. The non-transitory computer-readable medium of claim 17, wherein the
second reletionship type is a timing change relationship, and

wherein, based on the value being the second value, the modifving of the first event
message instance box comprises changing at least one of a start time corresponding to the
first event message instance box, or an end time corresponding 1o the first event message

mnstance box.

20. The non-transitory computer-readable medium of claira 17, wherein the third
relationship type is a cancelation relationship, and

wherein, based on the value being the third value, the modifying of the first evert
message instance box comprises canceling the first event message mstance box from the

event message frack.



