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MANIFEST FILI◄: UPDATES FOR NETWORK 
STREAMING OF comm MUI.TIMIWIA 

DATA 

'this application claims the benefit of U.S. Provisional 
Application No. 61/372,399, filed Aug. 10, 2010. which is 
hereby incorporated by reference in its entirety. 

2 
inc Jude support for trick modes, such as fast for.van:!, rewind, 
and seeking within media content streamed over a network. 
These techniques also include support for representation 
gmups, such as signaling common characteristics for a group 
ofrepresentations, as well as individual characteristics of the 
representations. Moreover, the techniques include providing 
information for updating manifest files for streamed media 
content. The techniques also include providing media data for 
targeted advertisements as external periods for media con-CROSS-REFERENCE TO RELATED 

APPLICATIONS 

'lhe present application for patent is related to the follow­
ing co-pending U.S. patent applications: 

10 tent. These techniques further include providing and inter­
preting quality of experience reports from a client device to a 
service provider. Furthennore, these techniques include sig­
naling of profile data to which a manifest file of media content 
conforms. 

"MANIFEST FILE UPDATES FOR NETWORK STREAM­
ING OF CODED VIDEO DATA" by Stockhammer et al., 
having Ser. No. 13/205,559, filed concurrently herewith, 15 

assigned to the assignee hereof, and expressly incorporated 
by rdcn.:ncc herein: :md 
"TRICK MODES FOR NETWORK STREAMING OF 
CODED \,lDEO D},.TN' by Stockhammer et al., having Ser. 
No. 131205,565, filed concurrently herewith, Hssigncd to the 20 

assignee hereot and expressly incorporated by reference 
here-in. 

TF.CHNTCAf. FTF.LD 

In one example, a method oJ retrieving video data indudt:s 
amlyzing .:11 kHsl H portion of H manifest file .li..,r mullimcdiH 
content, wherein the portion of the n1<nlifost lilc includes 
in.formation indicative of sets of representations oJ the mul­
timcdiH content and in.lonm1tion indirntivc of cmllinon char-
actcrisLics for CHch of the sets of rcprcscnLaLions, selecting 
one of the sets of represenwtions based on the common char­
acteristics for the one oJthc sets ofrqxcscntc1tions, selecting 
one of the representations of the selected one of the sets of 
representations based on one or more coding chmacteristics 

This disclosure relates to storage and transport of encoded 
multimedia data. 

25 or the one of the representations of lhc one of the sets, and 
generating a request for data of the one of the representations 
based on the selection. 

BACKGROUND 
In another example. a device for receiving information for 

video data includes one or more pmcessors configured to 

Digital video c.:1pabiliLics can be incorporated into a wide 
range of devices, including digiwl televisions, digit,11 direct 
broadcast systems, wireless broadcast systems, personal digi-
tal Hssistants (PDAs), lHplop or dcskLop compuLcrs, digital 
cmncrns, digitHI recording devices, digital mcdic1 pbycrs, 
video gaming devices, video game consoles, cellular or sat­
ellite rndio telephones, video tclcconforcncing devices, and 

30 analyze at least a portion of a manifest file for multimedia 
content, wherein the portion of the manifest file includes 
information indicative of sets of representations of the mul­
timedia content and infonnation indicative of common char­
acteristics for each of the sets of representations, select one of 

the like. I )igital video devices implement video compression 
techniques, such as those described in the standards defined 
by MPI iG-2, MPl •:<i--4, ITlJ-T 11.263 or ITIJ-l 11.264/ 
M Pl,,( i-4, Part I 0, Advanced Video Coding (AVC), and exten­
sions of such standards, to transmit and receive digital video 
information more efficiently. 

35 the sets of representations based on the common characteris­
tics forthe one of the sets ofrepresentations, select one of the 
representations of the selected one of the sets of representa­
tions based on one or more coding characteristics of the one of 
the representations of the one of the sets, and generate a 

40 request for data of the one oft.he representations based on the 
selection. 

Video compression techniques perform spatial prediction 
and/or temporal prediction to reduce or remove redm1dancy 45 

inherent in video sequences. For block-based video coding, a 
video fran1e or slice may be partitioned into macroblocks. 
Each macroblock can be further partitioned. Macro blocks in 
an intra-ended (I) frame or slice are encoded using spatial 
prediction with respect to neighboring macro blocks. Macrob- 50 

locks in an inter-coded (P or B) frame or slice may use spatial 
prediction with respect to neighboring macroblocks in the 
san1e frame or slice or temporal prediction with respect to 
other reference frames, 

A.lkr video data has been encoded, the video data may be 55 

packetized for transmission or storage. The video data may be 
Hsscmbkd into :J video .lilc conforming Lo any of H vmicty of 
standards, such as the International Orx6a.nization for Stm1-
dardization (ISO) bc1sc mcdiH file fom1at m1d extensions 
thcrcoL such as ITU-T H.264/AVC. Such p.:1ckctizcd video 60 

data may be transported in a variety of ways, such as trans­
mission over a computer network using netv,,ork streaming 

SUMMARY 

In another cx.:1mplc, a device for rcc;c-iving infonm1tion for 
video data includes means for analyzing at least a portion of 
a manifest file for multimedia content, wherein the portion of 
the 1mmifost .lilc includes infrim1Htion indirntivc of sets oJ 
representations of the multimedia content and information 
imlicHlivc or common clu1rnctcrisLics for each of the sets oJ 
rcpn.:scntations, means for selecting one of the sets of rcprc­
scnLa Lions b.:1scd on the common charncLcristics for the one of 
the sets of rcprcscnt.:1tions, mcHns for selecting one oJ the 
rcpn.:scntations of the selected one of the sets of rcprcscnt1:1-
tions based on one or more coding characteristics of the one of 
the rcprcscnt.:1t.ions of the one oJ the sets, and means for 
generating a request for data of the one of the representations 
based on the selection. 

In another example, a computer program product includes 
a computer-readable storage medium comprises instmctions 
that, when executed, cause a processor of a device for retriev-
ing video data to analyze at least a portion ofa manifest file for 
multimedia content, wherein the portion of the manifest file 
includes infonnation indicative of sets of representations of 
the multimedia content and information indicative of com­
mon characteristics for each of the sets of representations, 
select one of the sets of representations based on the common 

In general, this disclosure describes techniques for improv­
ing streaming of media data over a network. These techniques 

65 characteristics for the one of the sets of representations, select 
one of the representations of the selected one of the sets of 
representations based on one or more coding characteristics 
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of the one of the representations of the one of the sets, and 
generate a request for data of the one of the representations 
based on the selection. 

In another example, a method of sending information for 
video data includes obtaining a set of representations of mul­
timedia content having one or more common characteristics. 
wherein each of the representations in the set have one or 
more individual coding characteristics separate from the 
common characteristics, obtaining a manifest file for the mul­
timedia content, wherein the manifest file includes informa­
tion indicative of the representations in the set infonnation 
indicative of U1e common charncleristics for the sel ufrepre­
sentations, and information indicative of the coding charac­
teristics for each of the rcprcscnlalions in the set, and sending 
al kasl a portion ufthe manifrst 1ile tu a client tk:vict:. 

4 
representation of the multimedia content includes a temporal 
sub-sequence, determine one or more locations of data for the 
temporal sub-sequence, and snhmit one or more requests for 
the data for the temporal sub-sequence. 

In another example, a device for retrieving video data 
includes means for analyzing information of a manifest file 
for multimedia content, wherein the infommtion of the maili­
fest file indicates that at least one representation of the mul­
timedia content includes a temporal sub-sequence, means for 

10 determining one or more locations of data for the temporal 
sub-sequence, and means for submitting one or more requests 
for the data for the temporal sub-sequence. 

In another example, a computer program product includes 
a compulcr-rcadabk medium having stored thereon instruc-

15 lions that, when t:xecuted, cause a processor of a dt:vict: for 
retrieving video d,1 La tu analyze infom1ation of a mailifcsl 1ilc 
for multimcdi::i content., wherein the inkim1ation of the ma1li­
ksl 1ilc indicates that al lcasl one representation of the mul-

In :mother example, a device for sending infom1alion li.1r 
video data, the device comprising one or more processors 
cun1igurcd lo obtain a scl uJ representations of multimedia 
content having one or more common characteristics, wherein 
c::ich of the representations in the sci have one or more imli- 20 

vidual coding dmracteristics separnte from the common char­
acteristics, obt::iining a manikst lik for the multimedia con­
tent, wherein the manifest file includes information indicative 

timedia content includes a temporal sub-sequence, ddcm1inc 
one or more loc::itions ofd,1ta fur the temporal sub-sequence, 
aud submit one or more requests for the data for the temporal 
sub-sequence. 

In another example, a method of sending information for 
video data includes obtai1ling data fi..ir at least one represen-of the representations in the set, information indicative of the 

common ch,m1clcristics for the scl of representations, and 
information indicative of the coding characteristics for each 
of the representations in the set, and send at least a portion of 
the manifest file to a client device. 

In another example, a device for sending information for 
video data includes means for obtaining a set of representa­
tions of multimedia content having one or more common 
characteristics, wherein each of the representations in the set 
have one or more individual coding characteristics separate 
from the common characteristics, means for obtaining a 
manifest file forthe multimedia content wherein the manifest 
file includes information indicative of the representations in 
the set, information indicative of the common characteristics 
for the set of representations, and infomrntion indicative of 
the coding characteristics for each of the representations in 

25 Laliun of rnultimclli::i colllcnt tlmt indudcs a Lcmpornl sub­
sequence, obtaining data for a manifest file for the multimedia 
content, wherein information of the manifest file indicates 
that the at least one representation of the multimedia content 
includes the temporal sub-sequence, and sending at least a 

30 portion of the matlifest file to a client device, 
In another example, a device for sending information for 

video data includes one or more processors configured to 
obtain data for at least one representation of multimedia con­
tent that includes a temporal sub-sequence, obtain data for a 

35 manifest file for the multimedia content, wherein information 
of the matlifest file indicates that the at least one representa­
tion of the multimedia content includes the temporal sub­
sequence, and send at least a portion of the manifest file to a 
client device, 

the set, and means for sending at !east a portion of the ma.iii- 40 

fest file to a client device. 
In another example, a device for sending infom1ation for 

video data includes meai1s for obtaining data for at least one 
representation uJmul ti media content Iha L includes a temporal 
sub-sequence, means for obtaining data for a matlifest file for 
the multimedia content, wherein information of the mai1ifest 

In ::inothcr example, a computer program pruducl includes 
a computer-readable storage medium comprises instrnctions 
that cause a processor of a device for providing video data to 
obtain a scl of representations of mullimcdia content having 
one or more common characteristics, wherein each of U1e 
rcprcscnlalions in the sci have onc or more individ1wl coding 
clmractcristics scparalc from the common charncLcrist.ics, 
obtain a nwnifosl file for the multimedia cont.cut, wherein the 

45 1ilc indicates that the al least one representation of the multi­
media content includes the temporal sub-sequence, and 
means for sending m least ::i portion of the mmlifost 1ilc Lo a 
client device. 

manifost 1ilc includes in.limnation indicative of the rcprcscn- 50 

tations in the set, information indicative of the common char-

In another cx::impk. a computer program product includes 
a compulcr-rcadabk medium having stored thereon instruc­
tions Lhat, when executed, cm1sc a processor of ::i device for 
sending information for video data to obtain data for at least 
one representation ofmultimcdia content that inclmlcs a Lcm­
poral sub-sequence, obtain data for a manifest file for the 

actcristics for the set of representations, and information 
imliea Live of the coding charneterisLics for each of the repre­
sentations in the set, and send at least a portion of the manifest 
file to a client device. 

In another example, a method of retrieving video data 
includes analyzing information of a manifest file for multi­
media content wherein the information of the manifest file 
indicates that at least one representation of the multimedia 
content includes a temporal sub-sequence, determining one 
or more locations of data for the temporal sub-sequence, and 
submitting one or more requests for the data for the temporal 
sub-sequence. 

Tn another example, a device for retrieving video data 
includes one or more processors configured tn analyze infor­
mation of a manifest file for multimedia content wherein U1e 
infom1ation of the mai1ifest file indicates that at !east one 

55 multimedia content, wherein information of the manifest file 
indicates that the at least one representation of the multimedia 
content includes the temporal sub-sequence, and send at least 
a portion of the manifest file to a client device. 

In another example, a method of retrieving video data 
60 includes retrieving data ofa first segment ofa representation 

of multimedia content in accordance with data of a copy of a 
manifest file stored by a client device, retrieving a portion of 
a second segment of the representation in accordance with the 
manifest file, wherein the second segment occurs after the 

65 first segment in the representation, and wherein the portion of 
the second segment indicates that the mai1ifest file is to be 
updated, updating the copy of the manifest file stored by the 



US 8,806,050 B2 
5 

client device hasedon the indication thatthe manifest file is to 
be updated, and retrieving media data of the second segment 
in accordance with the updated manifest file. 

In another example, a device for retrieving video data 
includes one or more processors configured to retrieve data of 

6 
indicative of a second, different segment of the representa­
tion, and send, in response to a request received from the 
client device and formed according to Lhc updated nwnifost 
file, data of the second segment to the client device. 

a first segment of a representation of multimedia content in 
accordance with data of a copy of a manifest file stored by the 
device, retrieve a portion of a second segment of the repre­
sentation in accordance with the manifest file, wherein the 
second segment occurs afterthe first segment in the represen- 10 

tation, and wherein the portion of the second segment indi­
cates that the manifost Jile is lo be updated, update the copy of 

In another example, a device for sending infom1ation Ii.Jr 
video data includes means for sending data of a mmufost lile 
of multimedia content to a client device, wherein the manifest 
fik includes inJomia(ion indicative of a firs( scgmenl of a 
representation ofthc multimediu conlenL meuns for sending 
at least a portion of the first segment of the representation to 
the clielll device in response Lo u request from the client 
device, whcrcin the porlion of the first segment indicates that 
the manifest file is to he updated, v,-herein an updated version 

the manifest file stored by the device based on the indication 
that the mmufosl file is to be updated, and retrieve media ,!Hta 
of ti1t: st:cond st:gmt:lll in accord,mct: with the updakd mmu- 15 

ksl file. 

of the rrnnifost file includes information indicative ofa scc­
oml, di1krcnt scgmenl of lhe rcpresenlalion, and means for 
sending, in response to a request received from the client 
device and fom1ed according to the updated mmufost Jile, 
data of the sccoml segment lo lhe clienl devicc. 

In another example, a device for relricving video data 
includes mem1s for retrieving data of a firs! segment of a 
fl-'])resenlalion ofmullimedia conlent in accordance with ,lHta 
of a copy of a manifosl file slOred by the device, mc<1ns li.,r 20 

retrieving a portion of a second segment of the representation 
In another example, a computer program pmduct includes 

a computer-readable medium having stored thereon instruc­
Lions lhat, when executed, cause a processor of a device for 
sending information for video data to send data of a manifest 
Jik of mul!im1.-xlia content to a client device, wherein the 

in accordance with the mmufosl file, whcr1.-1.n Lhe second 
segment occurs atter the first segment in the representation. 
and ,vherein the portion of the second segment indicates that 
!he manifost file is Lo be updated, means fur upduting the copy 
of the manifest file stored hy the device based on the indica­
tion that the manifest file is to he updated. and means for 
retrieving media data of the second segment in accordance 
,vith the updated manifest file. 

In another example, a computer program product includes 
a computer-readable medium having stored thereon instruc­
tions that, when executed, cause a processor of a device for 
retrieving video data to retrieve data of a first segment of a 
representation of multimedia content in accordance with data 

25 manifest file includes information indicative of a first seg­
ment of a rL-presenlalion of lhc multimedia content, semi at 
leas! a portion of !he firs! segment of the representation lo the 
client device in response to a request from the client device. 
whcr1.-1.n the portion of the first scgmelll indicalcs tlu1t the 

30 nrnnifost file is to be updated, wherein an updated version of 
the manifost file includes inkmnation indicative of a second, 

of a copy of a manifest file stored by the device, retrieve a 35 

portion of a second segment of the representation in accor­
dance with the manifest file, wherein the second segment 
occurs after the first segment in the representation, and 
wherein the portion of the second segment indicates that !lie 
manifest file is to be updated, update the copy of the manifest 40 

file stored by the device based on the indication that !lie 

di1forcnt segment of the represcnt<1 lion, and send, in response 
to a request received from the client device and formed 
according to the updated numili.:st file, d<1t<1 of the second 
segment to the clicnl device. 

The details of one or more examples are set forth in the 
accomp<1nying drnwings am! !he description below. Other 
features, objects, and advantages will be apparent from the 
description and drawings, and from the claims. 

BRIEF DESCRIPTION OF DRAWJNGS 
manili.:st file is tu be updated, uml rclrievc media d<1t<1 of the 
second segment in accordance with the updated manifest file. 

In another example, a method of sending information for 
video data includes sending data of a numiksl file of multi- 45 

media content to a client device, wherein the manifest file 

FIG. 1 is a block diagram illustrating an example system 
that implements techniques for streaming media data over a 
network. 

FIG. 2 is a conceptual diagram illustrating elements of an 
cxmnple mullimcdia conlcnL includes infom1ation indic<1tivc of a first segmelll of a rL-prc­

scnLaLion ol"thc multimedia content, sending al leasl a portion 
of the fin,;t scgmelll of the rl-'])rcsemalion to the clicmdevice in 
response to a rcqucsl from !he client device, wherein the 
portion ofLhc first segment indicates th<1t Lhe manifost file is Lo 
be updated, wherein an updated version of the manifost file 
includes informaLion indicative of a second, dilkrcnl seg­
ment of the representation. and sending, in response to a 
request received from the client device and formed according 
to the updated manifest file, data of the second segment to the 
client device. 

ln another example, a device for sending information for 
video data includes one or more processors configured to 
send data of a manifest file of multimedia content to a client 
device, wherein the manifest file includes infonnation indica­
tive of a first segment of a representation of the multimedia 
content, send at least a portion of the first segment of !lie 
representation to the client device in response to a request 
from the client device, ,vherein theportion of the first segment 
indicates that the manifest file is to be updated, wherein an 
updated version of the manifest file includes infonnation 

FIG. 3 is a block diagrnm illustrnLing clements of an 
example video file, which may correspond to a segment of a 

50 representation of multimedia content. 
FIG. 4 is a conceptual diagram illustrnting an example 

multimedia content including a media presentation dcscrip­
Lion (MPD) and various representation groups. 

1: I C-i. 5 is a conceptual diagram illustrating another example 
55 multimedia content, in which MPD data is separated into 

various portions for various representation groups. 
1:1c-i. 6 is a conceptual diagram illustrating another example 

multimedia content that may be used to support trick modes. 
1: I (-j_ 7 is a conceptual diagram illustrating another example 

60 multimedia content in which segments may include Ml--'I) 
update boxes to indicate that an MPD of the multimedia 
content is to he updated. 

FIG. 8 is a flowchart illustrating an example method for 
providing indications of representation groups hy a server 

65 device, and for selecting representation groups hy a client 
device as well as an individual representation with.in the 
selected representation group. 
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FIG. 9 is a flowchart illustrating an example method for 
providing daw n .. --prescntaLivc of a trick mode by a server 
device, and for using the data by a client device LO retrieve and 
play trick mode data of multimedia content. 

FIG. 10 is a llm-vcharL illustrnLing m1 clG:lmpk method li.,r 
providing, by a server device, indications Lhat a 111<111.ifost iik, 
such as an MP)), is to he updated. and for updating an MPI) 
by a client device. 

FIG. 11 is a llowcharL illustrnLing an clG:lmpk method for 
constructing and using data of a quality of experience (Qol ·:) 
n .. 11ort document. 

DETAILED DESCRIPTION 

In general, Lhis disclosure describes Lcchtuqucs for stream­
ing multimedia data, such as audio and video data, over a 
ncLwork. The tcduuqucs of Lhis disdosurc 1m1y be used in 
conjunction with dynamic adaptive streaming over HTTP 
(DASH). This disclosure describes various techniques that 
may be pcrfom1cd in conjuncLion with network strcanung, 
any or all of which may be impkmcmcd alone or in any 
combination. As described in greater detail below, various 
devices pcrfomung network streaming may be configured Lo 
implement the tcdmiqucs of this disdosurc. 

In accordance with I )AS! I and similar techniques for 
streaming data over a network. multimedia content (such as a 
movie or other audio/video content, which may also include 
text overlays or other data) may he encoded in a variety of 
ways and with a variety of characteristics. A content prepa­
ration device may form multiple representations of the same 
multimedia content. J •:ach representation may correspond to a 
particular set of characteristics, such as coding and rendering 
characteristics, to provide data usable by a variety of different 
client devices with various coding and rendering capabilities. 
Moreover, representations having various bitrates may allow 
for bandwidth adaptation. "I hat is, a client device may deter­
mine an amount of bandwidth that is currently available and 
select a representation based on the amount of available band­
width, along with coding and rendering capabilities of the 
client device. 

In some examples, a conLcnt pn .. -parntion device may imli­
cate that a set of representations has a set of common char­
acteristics. The content preparation device may then indicate 
that Lhc n .. 11rcscn1ations in the set fom1 a n.-prcscntation group, 
in that representations in the set can be used for bandwidth 
adapLalion. Tllk1l is, representations in the scL may differ in 
biLratc, but otherwise share substantially the same character­
istics. In this mmmcr. a client device 1m1y dctcrnunc various 
sets of conm10n d1<1rndcristics for n .. -present,1tion groups of 
multimc.:dia contc.:nt, .:1ml select a rcprcsentaLion group based 
on coding and rendering capabilities of the client device. 
TI1cn, the clicnL device nrny a,!Hptivcly switch bcLwccn rqJ­
resentations in the selected representation group based on 
bandwidth availability. 

·11ie content preparation device may also provide separate 
network locations for ditlerent portions of a manifest file, 
such as a media presenwtion description (MPD) file in a 
format prescribed hy 3( rPf-' CI hird ( i-eneration Partnership 
Pmject). ')hat is, different portions of the manifest file may be 
independently addressable hy, e.g., various uniform resource 
identifiers (lJRls), such as uniform resource locators (URI ,s). 
An initial portion of the manifest file may include a URJ, 
URL, or other location identifier of another portion of the 
manifest file. h1r example, a first portion of the manifest file 
may include descriptions of common characteristics of rep­
resentation groups, as discussed above. 

8 
I 1.ach of the representation groups may he associated with a 

respective different portion of the manifest file, which may 
include data indicative of locations of media data of repre­
sentations in the respective representation group. In this man­
ner, a client device may receive the first portion of the mani­
fest file, select an appropriate representation gmup. retrieve 
another portion of the manifest file for the selected represen­
tation group, select a representation of the selected group, and 
use the other portion of the manifest file to retrieve data of the 

10 selected representation. Moreover, the client device may 
adapt to changing network bandwidth using the other portion 
of the manifest file, that is, the portion specific lo the selected 
representation group. 

Additionally or a1Lcrm1Livdy, a port.ion of a nrnnikst 1ilc 
15 may refer to another portion of !he 111a11ifrs1 1ile for other 

purposes. Th.:1t is, a porLion of the manifosl 1ik nrny direct a 
client device to m10lhcr portion of Lhc maiufosL lilc for inscrL­
ing 1111x.lia data of a remote.: period into a movie during play­
back. The remoLc period nrny correspond to anadvcrLiscmcnL 

20 in so111e cxmnpks. TI1esc tcdmiqucs may be used for tmgdcd 
advertising, in some examples. A client device may provide 
user infom1.:1tion, suc.:h .:1s usc.:r idcnti1icr, u scr preferences for 
advertisements, andior user demographic information, to a 
server device, which may select a portion of the nrnnifest file 

25 based on the user infor111ation. Tirns, when dcrcforcnc.:ed, an 
external portion of the manifest file may he incorporated into 
the original manifest file, e.g., by the client device.· 1 he server 
device may provide a location of the portion of the manifest 
file associated with targeted advertisement media content to 

30 the client device. The client device may then retrieve and 
present data of the targeted advertisement media content 
before retrieving data of a particular representation of a 
period of requested multimedia content. In this manner, a first 
portion of a manifest file for multimedia content may refer to 

35 a second portion of the manifest file. 
In some instances, a user may wish to play video data in a 

manner other than fmm start to finish. For example, a user 
may wish to play video data in fast fonvard or rewind modes, 
or starting from a particular playback point. Such modes of 

40 video playback, which are modes other than playing from 
start to finish, may be referred to as "trick modes ... In trick 
modes, bec<1usc not all video d.:1t.:1 will ulti111a Ldy be played, 
all of the video data need not be retrieved. This disclosure 
provides techniques for supporting trick modes as well. For 

45 cxmnpk, a contcnL pn.,-pmation device may provide imlic.:1-
tions of byte range locations of frames in video data used for 
Lrick modes, suc.:h as instant.:1ncous dcc.:odcr refresh (IDR) 
pictures. In general, IDR pictures can be decoded wiLhout 
reference LO dat.:1 of .:1ny fra111cs external lo the JDK pictures 

50 1hcmsdvcs. Frames or slices of IDR picLurcs arc gcncrnlly 
coded in an i.ntra-pre,licLion mode, to avoid dependencies on 
other frames or slices. ln this manner, the client device can 
retrieve infom1a Lion indicative ofloc.:aLions oflDR pictures Lo 
down load only data for the 11 )R pictures for use in displaying 

55 video data in a trick mode, such as fast forward. Other data 
may be included in the temporal sub-sequence as well. I )ata 
may he arranged in ending order, such that data used for 
reference occurs earlier than (and in continuous byte 
sequence ,vith) referencing data. For example, an I-frame 

60 may precede a P frame, v,-hich may proceed one nr more 
A-frames, any or all of which may precede other A-frames 
that may refer to the earlier 13-frame in a hierarchical fashion. 

In some examples. a manifest file, such as an MPD, may 
require occasional updates. This disclosure also provides 

65 techniques for signaling and receiving indications that an 
MPD requires an update. In particular, a content preparation 
device may include data in segments of representations indi-
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eating that a corresponding Mf'I) requires an update. This 
d,lla may correspond lO an iniLial clement ofa segment, which 
may indicate the updaLes lO apply to the MPD and/or locations 
from which a client device can retrieve updates to the Mf'I ). 
TI1e updates may comprise an enlircly new MPD or incrc­
mcnwl updales rclaLive to a previous MPD for the multimedia 
content. 

Tius disclosure further inclU(k, tccl111i4ucs for providing 
kcdback from client devices lO a server device and/or conlcnl 
preparation device. The foedhack may correspond to, for 
example, infom1aLion indicative ofdat,1 that was retrieved for 
multimedia conlenl. A.11 adn1i11istrator or other user of the 
content preparation device and1or server may use such infor­
mation in a variely of ways. For example, the II ser may con­
Jigurc a conlenl delivery nelwurk (CDN) to cache data of 
more frequently accessed representations in pmxy devices of 
the CDN, such as routers ur other devices. As another 
example, the user may ddcnnine representations that arc 
accessed more frequently to determine whether certain rep­
rcscnlalions should be added or removed lo or from U1c cur-
rent multimedia contcnL, amlior how Lo encode n .. -prescnta­
tinns offumre multimedia content. 

Video files, such as segments of representations of media 
content, may con1i.1m1 lO video dal<1 encapsulated according 
to any of ISO base media file format, Scalable Video Coding 
(SVC) file format, Advanced Video Coding (AVC) file for­
mat. • I hird Generation Partnership f'roject (3( i-PP) file for­
mat, and/or Multiview Video Coding (MVC) file format, or 
oilier similar video file formats. 

"Jhe ISO Base Media File Format is designed to contain 
timed media information for a presentation in a flexible. 
extensible fomiat that facilitates interchange, management, 
editing, and presentation of the media. ISO Hase Media File 
format (ISO/IEC 14496-12:2004) is specified in MPEG-4 
Part-12, which defines a general strncture for time-based 
media files. The ISO Hase Media File format is used as the 
basis for other file fomiats in the fanuly such as AVC file 
format (ISO/IEC 14496-15) defined support for H.264/ 
MPEG-4 AVC video compression, 3GPP file format, SVC 
file format, and MVC file format. 3GPP file format and MVC 

10 
An optional metadata track can be used to tag each track 

with the "interesting characteristic" that it has, for which its 
value may differ from other members of the group (e.g., its hit 
rate, screen si7.e, or language). Some samples within a track 
may have special characteristics or may be individually iden­
tified. One example of the characteristic is the synchroniza­
tion point (often a video I-frame). These points may be iden­
tified by a special table in each track. More generally, the 
nature of dependencies between track samples can also be 

10 documented using metadata. The metadata can be strnctured 
as a sequence of file format samples, just like a video track. 
Such a track may be refrrred tu as a meladala track. Each 
metadata sample may be structured as a metadata statement. 
There arc various kinds of sl<1lemenls, corresponding Lo the 

15 various questions U1al might be asked about the correspond­
ing Jilc-fonn<1I sample or iLs constituent samples. 

When media is delivered over a stremning prntocol, the 
media muy need lo be lnmsformed from U1e way il is reprc­
scnlcd in the 1ilc. One example of this is when media is 

20 transmitted over Lhe Real-Lime Trnnsporl Prntocol (RTP). In 
the file, for example, each frame of video is stored contigu­
ously as a 1ilc-fomrnt s<1mplc. In RTP, packctization rules 
specific to the codec used must be obeyed to place these 
frames in Kl' P packets. A streaming server may be configured 

25 Lu rnkula Le such packctizatiun at run-time. However, there is 
support forthe assistance of the streaming servers. 

The techniques of this disclosure may be applicable to 
network streaming protocols. such as I ITTf' streaming, e.g., 
in accordance ,vith dynamic adaptive streaming over I l"ITP 

30 (DASH). In HTTP streaming, frequently used operations 
include (i-Hl and partial (i-ET. "Jhe (i-I •:T operation retrieves a 
whole file associated a given uniform resource locator (URI.) 
or other identifier, e.g., URI. The partial GET operation 
receives a hyte range as an input parameter and retrieves a 

35 continuous number of bytes of a file corresponding to the 
received byte range. Thus, movie fragments may be provided 
for I ITl"f' streaming, because a partial (i-1 ;;r operation can get 
one or more individual movie fragments .Note that, in a movie 
fragment, there can be several track fragments of different 

40 tracks. In HTTP streaming, a media representation may be a 
strnctured collection of data that is accessible to the client. 
The client.may request and download mLXlia data infom1<1lion 
to present a strean1ing service to a user. 

Jilc li..1m1<1t arc extensions of the AVC 1ile li..1m1al. ISO b<1se 
media tile fomiat contains the timing, strncture, and media 
information fortimed sequences of media data, such as audio­
visual presentations. TI1e file structure may be ob_iecl-ori- 45 

ented. A tile can be decomposed into basic objects very sim-

In U1e example of streaming 3GPP data using HTTP 
slreanung, there m<1y be mullipk rcpresenlalions for video 
and/or audio data of multimedia content. TI1e manifest of 
such reprcs<.:nlations n1<1y be dc1ined in a Media Presentation ply and the slrucLurc of the objects is implied from their Lype. 

Files conforming tu I.he ISO base media 1ik l'unm1t (and 
exLcnsions thcn .. ·o1) 1m1y be fonncd ::is a series of objects, 
c<1lled "boxes." Da La in thcISO b<1sc mLXlia 1ilc formal m::iy be 50 

cont<1ined in boxes. such thaL no other data needs Lo be con­
tained within the file and there need not be data outside of 
boxes wiLhin the 1ik. Tius includes any initial sigmture 
required by the specific file format. A "box" may be an object­
oriented building block defined by a unique type identifier 55 
and length. Typically, a presentation is contained in one file, 
and the media presentation is self-contained.· 1 ·he movie con­
tainer (movie box) may contain the meta data of the media and 
the video and audio frames may he contained in the media 

Descriplion (MPD) daLa structure. A 111cdi<1 n .. -prcscntalion 
nrny correspond lo a structured collection of data that is 
<1ccessible Lo an HTTP slre<1nung client device. The HTTP 
sLrcanung diem device may re4uesl and download media 
data information to present a streaming service to a user of the 
client device. A media n .. -prcscntation may be described in the 
MPI) data structure, which may include updates of the MPI ). 

Multimedia content may contain a sequence of one or more 
periods. Periods may be defined by a Period element in the 
MPD. I ,:ach period may have an attribute start in the MPI ). 
The MPD may include a start attribute and an availableStart­
Time attribute for each period. Jlor live services, the sum of 

data container and could he in other files. 
A representation (motion sequence) may be contained in 

several files, sometimes reforred to as segments. Timing and 
framing (position and size) infonnation is generally in the 
TSO base media file and the ancillary files may essentially use 
any format. This presentation may be 'local' to the system 
containing the presentation, or may be provided via a network 
or other stream delivery mechanism. 

60 the start attribute of the period and the MPD attribute avail­
ahleStartTime may specify the availability time of the period 
in lJ I ·c: format, in particular the first Media Segment of each 
representation in the corresponding period. For on-demand 
services, the start attribute of the first period may he 0. For any 

65 other period, the start attribute may specify a time offset 
between the start time of U1e corresponding Period relative to 
the start time of the first Period. Each period may extend until 
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the start of the next Period, or until the end of the media 
presentation in the case of the last period. Period start times 
may be precise. They may reflect the actual timing resulting 
from playing the media of all prior periods. 

Each period may contain one or more representations for 
the same media content. A representation may be one of a 
munber of alternative encoded versions of audio or video 
data. The representations may differ by various characteris­
tics, such as encoding types, e.g., by bitrate, resolution, and/or 
codec for video data and bitrate, language, and/or codec for 10 

audio data. The term representation may be used to refer to a 
section of enco<le<l audio or video <lala correspon<ling lo a 
particular period of the multimedia content and encoded in a 
particular way. 

Representations of a parlicular period may be assigned lo a 15 
group, which nrny be indic<1tcd by a group atlribuLc in the 
MPD. RcprescnlaLions in the same group arc generally con­
sidered allcmalivcs lo each other. Fur cxmnplc, each rcprc­
scnLaLion of video lb la for a parLicularpcriod nrny be assigned 
lo Lhc same group, such Lh<lt any of lhc n,-prcscntations m<1y be 20 

selected for decoding to dispby video data of the nmltimedia 
content for the corresponding period. The media content 
,vithin one period may be represented by either one represen­
tation from group 0, if present, or the combination of at most 
one representation from cac.:h non-zero group, in some 25 

examples. Timing data for each representation of a period 
may be expressed relative to the start time of the period. 

12 
with previously recorded video data, a video data generation 
unit such as a computer graphics source, or any other source 
of video data. Content preparation device 20 is not necessar­
ily communicatively coupled to server device 60 in all 
examples, but may store multimedia content to a separate 
medium that is read hy server device 60. 

Raw audio and video data may comprise analog or digital 
data. Analog data may be digitized before being encoded by 
audio encoder 26 and/or video encoder 28. Audio source 22 
may obtain audio data from a speaking participant while the 
speaking participant is speaking, and video source 24 may 
simullaneously obtain video data ol'lhe speaking parlicip,ml. 
In other examples, audio source 22 may comprise a computer­
readable slorngc medium comprising stored audio data, and 
video source 24 may comprise a computer-readable storage 
medium comprising slllrcd video daLa. In this manner_, the 
Lcdmiq uc.:s described in this disdosurc may be applied to live, 
slrc.:,mnng, real-Lime audio and video data or Lo ardnvcd, 
prc.:-rcconkd audio and video data. 

Audio frames that c.:orrespoml tu video frames <1rc gener­
ally audio frames containing audio data that was captured by 
audio source 22 conLcmporancously with video d,1ta c.:aplurcd 
by video source 24 that is contained within the video frames. 
11or example, while a speaking participant genernlly produces 
audio data by speaking, audio source 22 captures the m1dio 
data, and video source 24 captures video data of the speaking 
participant at the same time. that is, while audio source 22 is 
capturing the audio data. l lence, an audio frame may tempo­
rally correspond to one or more particular video frames. 
Accordingly, an audio frame corresponding to a video frame 
generally corresponds to a situation in which audio data and 
video data were captured at the same time and for which an 
audio frame and a video frame comprise, respectively, the 
audio data and the video data that was captured at the same 
time. 

In some examples, audio encoder 26 may encode a times­
tamp in each encoded audio frame that represents a time at 
winch the audio data for the encoded audio frame was 

A representation may include one or more segments. I ·:Uch 
representation may include an initiali?.ation segment, or each 
segment of a representation may be self-initializing. When 30 

present, the initialization segment may contain initialization 
information for accessing the representation. In general, the 
initialization segment does not contain media data. A segment 
may he uniquely referenced by an identifier, such as a uniform 
resource locator (URL). The MPD may provide the identifiers 35 

for each segment. In some examples, the MPD may also 
provide byte ranges in the form of a range attribute, which 
may correspond to the data for a segment within a file acces­
sible by the URL or URl recorded, and similarly, video encoder 28 may encode a 

40 timestamp in each encoded video frame that represents a time 
at which the video data for encoded video fran1e was 

Each representation may also include one or more media 
components, where each media component may correspond 
lo an encoded version of one individual media Lypc, suc.:h as 
audio, video, and/or timed text (e.g., for closed captioning). 
Media components may be time-continuous across bound­
aries of comcc.:utivc media segments wiLhin one.: rcprescnta- 45 

tion. 

recorded. In such cx<1mples, an audio frame corrcspomling lo 
a video frame may comprise an audio frame comprising a 
timestamp and a video frame com prising the same times tamp. 
Conlcnl. pn .. -parnlion device 20 may inc.:lmle an inlcrnal clock 
from which audio encoder 26 and/or video encoder 28 may 

FIG.1 is <1 bluc.:kdiagramillustrnting<1ncxamplc systc.:m10 
that implements tcd11n4ucs for slrcmning media data over a 
network. ln Lhis cx<1mple, sysLcm 10 inc.:Judes content pr(..-pa­
raliondcvicc 20, server device 60, m1d client device 40. Client 50 

device 40 and server device 60 arc.: c.:on11mmicativdy c.:oupled 

generate.: the timestamps, or 11ml <1mlio source 22 and video 
source 24 may use lo associate m1dio and video data, rcspc.:c­
Livdy, wiLh a Limcstamp. 

In some examples, audio source 22 may send data lo m1dio 
encoder 26 corresponding tu <1 time <1I wlnch audio data was 
recorded, and video source 24 may send data to video encoder 
28 c.:orresponding to a time at which video data was recorded. 
In some examples, audio encoder 26 may encode a sequence 

by network 74, winch may comprise the Internet. ln some 
exmnples, content prcparaliondcvicc 20 and sc.:rvc.:r device 60 
may also be coupled hy network 74 or another net\vork, or 
may be directly c01U1nmiicativcly coupled. ln some 
examples, content preparation de,ice 20 and server device 60 
may comprise the same device. 

Content preparation device 20, in the example of UG-. 1, 
comprises audio source 22 and video source 24. Audio source 
22 may comprise, for example, a microphone that produces 
electrical signals representative of captured audio data to be 
encoded by audio encoder 26. Alternatively, audio source 22 
may comprise a storage medium storing previously recorded 
audio data, an audio data generator such as a computerized 
synthesizer, or any other source of audio data. Video source 
24 may comprise a video camera that produces video data to 
be encoded by video encoder 28, a storage medimn encoded 

55 identifier in encoded audio data to indicate a relative temporal 
ordering of encoded audio data but without necessarily indi­
cating an absolute time at which the audio data was recorded, 
and similarly, video encoder 28 may also use sequence iden­
tifiers to indicate a relative temporal ordering of encoded 

60 video data. Similarly, in some examples, a sequence identifier 
may be mapped or otherwise correlated with a timestamp. 

Audio encoder 26 generally produces a stream of encoded 
audio data, while video encoder 28 produces a stream of 
encoded video data. Fach individual stream of data (whether 

65 audio or video) may he referred to as an elementary stream. 
An elementary stream is a single, digitally coded (possibly 
compressed) component of a representation.For example, the 
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coded video or audio part of the representation can be an 
elementary stream. An elementary stream may be converted 
into a packetized elementary stream (PP.S) before being 
encapsulated within a video file. Within the same representa­
tion, a stream ID may be used to distinguish the PES-packets 
belonging to one elementary stream from the other. The basic 
unit of data of an elementary stream is a packetized elemen­
tary stream (PES) packet. Thus, coded video data generally 
corresponds to elementary video streams. Similarly, audio 
data corresponds to one or more respective elementary 
streams. 

As with many video wding standards, H.264/ AVC defines 
the syntax, semantics, and decoding process for error-free 
biLs(n:ams, any of which co1uorn1 to a ccrLain profile or level. 
H.264/AVC does noL speci1)' the encoder, but !he encoder is 
tasked with guarnnLccing that the generated bilstn,ams arc 
standmd-complianL for <1 decoder. In the context of video 
coding s!amlard, a "profile" corresponds lo a subset of algo­
rithms, features, or tools and cLmslrainLs that <1pply to them. 
As defined by Lhc H.264 standard, 1ix example, a "profile" is 
a subset of the entire bitstream syntax that is specified by the 
H.264 standard. A "level" corresponds to the limitations of 
the decoder resource consumption, such as, for example. 
decoder memory and computation, ,vhich are related to the 
rcsoluLion of the pictun;s, bit rnlc, <1ml mm.:roblock (MB) 
processing rate. A profile may be signaled with a profile_idc 
(profile indicator) value. while a level may be signaled with a 
level_idc (level indicator) value. 

upcoming I ligh J ,,fficiency Video Coding (I 11 ·VC) standard, 
make use of motion compcns<1lcd Lcmpornl prediction lo 
reduce temporal rcdundm1cy. The encoder, such as video 
encoder 28, may use a motion compensated prediction from 
some previously encoded pictures (also referred Lo herein as 
frames) to predict the currenL coded pictures according lo 
motion vectors. ·1·here are three major picture types in typical 
video coding. TI1cy arc Inlra coded pieLurc ("I-picLurcs" or 
"I-frm11cs"), Predicted pictures ("P-picturcs" or "P-fr:m1cs") 

lO and Bi-directional predicted pictures ("B-pictures" or 
"B-framcs"). P-pictures 111<1y use the reference picture before 
the currenL picLurc in temporal order. In a B-picturc, each 
block of the ll-picture may be predicted from one or two 
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reference picLurcs. TI1csc rcforcncc picLurcs could be located 
before or after Lhc current picture in Lcmporal order. 

Parameter sets generally contain sequence-layer header 
information in sequence parnmctcr sets (SPS) m1d Lhe infre­
quently changing pict urc-layer header infom1ation in picture 

20 parameter sets (PPS). With parameter sets, this infrequently 
changing information need nu! be repealed for each sequence 
or picture: hence, coding cllicicncy may be improved. Fur­
thermore, the use of parameter sets may enable out-of-band 
transmission of header information, avoiding the need for 

25 redundant transmissions Lo achieve error resilience. In ouL­
of-band transmission, parameter set NAI .. units are transmit­
ted on a different channel than the other NAI , units . 

·11ie I 1.264 standard, fix example, recognizes that, within 
the bounds imposed by the syntax of a given profile, it is still 30 

possible to require a large variation in the performance of 
encoders and decoders depending upon the values taken by 
syntax elements in the bitstream such as the specified size of 
the decoded pictures. The I 1.264 standard farther recogniz.es 
that, in many applications, it is neither practical nor economi- 35 

cal to implement a decoder capable of dealing with all hypo­
thetical uses of the syntax within a particular profile. Accord­
ingly, the H.264 standard defines a "level" as a specified set of 
constraints imposed on values of the syntax elements in the 
bitstream. These constraints may be simple limits on values. 40 

Alternatively. these constraints may take the form of con­
strninLs on mithmctie combinations of values (e.g., picture 
width multiplied by picture height multiplied by number of 
pictures decoded per second). The H.264 standard further 
provides thaL individual implementations may support <1 dif- 45 

terent level for each supported profile. 
A decoder eonfom1ing to a profile ordinarily supports all 

the l61turcs ddincd in the proJilc. For cxmnplc, as a coding 
k<1ture, 8-piclurc coding is not supported in the b<1sdinc 
proJilc of H.264/AVC but is support.cd in oLhcr profiles oJ 50 

H.264/AVC. A decoder conforming tu a level should be 
capable of decoding any bitstream that docs not require 
resources beyond the limitaLions ddincd in the level. Oclini­
tions of pmfiles and levels may be helpful for interpretabil ity. 

In the example of FICi. l, encapsulation unit 30 of content 
preparation device 20 receives elementary streams compris­
ing coded video data from video encoder 28 and elementary 
streams comprising coded audio data from audio encoder 26. 
In some examples. video encoder 28 and audio encoder 26 
may each include packetizers for forming PES packets from 
encoded data. In other examples, video encoder 28 and audio 
encoder 26 may each interface with respective packetizers for 
forming PES packets from encoded data. In still other 
examples, encapsulation unit 30 may include packetizers for 
forming PES packets from encoded audio and video data . 

Video encoder 28 may encode video data of multimedia 
content in a variety of ways, to produce different representa­
tions of the multimedia content at various bitrates and with 
vmious chmacLeristies, such as pixel resolutions, frame mies, 
conformance to various coding standards, conformance to 
various profiles and/or levels of profiles for various coding 
sLm1dards, n .. -prcscntations having one or multiple views ( e.g .. 
for nvo-dimensional or three-dimensional playback), or other 
such characteristics. A n .. -prcscnlalion, as us1.Xl in this disclo­
sure, nrny comprise a combination of audio data and video 
data, e.g., one or more audio dcmemary slrcam and one or 
more vidcu elementary strc<1ms. Each PES packet may 
include a stream_id lhaL idcmifics the elementary slrc<1m l0 

which the PES packet belongs. Encapsulation unit 30 is 
responsible for assembling elementary streams into video 
files of various representations. 

lincapsulation unit 30 receives PUS packets for elementary 
streams of a representation from audio encoder 26 and video 
encoder 28 and forms corresponding network abstraction 
layer (NA.L) units from the PUS packets. ln the example of 
I 1.264/AVC (Advanced Video Coding), coded video seg­
ments are organiz.ed into NAI. units, which provide a "net­
work-friendly" video representation addressing applications 
such as video telephony, storage, broadcast, or streaming 
NAL units can be categorized to Video Coding Layer (\TL) 
NAT. units and non-VCL NAT , units. VCT. units may contain 

11or example, during video transmission, a pair of profile and 55 
level definitions may be negotiated and agreed for a whole 
transmission session. More specifically, in I 1.264/AVC, a 
level may define, for example, limitations on the number of 
macroblocks that need to be processed, decoded picture 
buffer (DPll) size, coded picture buffer (CPB) size, vertical 60 

motion vector range, maximum mun berof motion vectors per 
two consecutive Mils, and whether all-block can have sub­
macroblock partitions less than 8x8 pixels. In this manner, a 
decoder may detennine whether the decoder is capable of 
properly decoding the bitstream. 65 the core compression engine and may include block, macro b­

lock, andior slice level data. Other NAL units may be non-Video compression standards such as ITU-T H.261, H.262, 
H.263. MPEG-1, MPEG-2, H.264/MPEG-4 part 10. and the VCL NAL units. In some examples, a coded picture in one 
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time instance. normally presented as a primary coded picture. 
may be eontc1ined in an access uniL, which may include one or 
more NAL units. 

Non-V(;[ . NA!. units may include parameter set NA!. units 
and SEI NAL 1mits, among others. Parameter sets may con­
tain sequence-level header information (in sequence param­
eter sets (SPS)) and the infrequently changing picture-level 
header information (in picture parameter sets (1-'1-'S)). With 
parnmeler sets (e.g., PPS and SPS), inJn:quenLly changing 
infom1ation need not to be repeated for each sequence or 
picture, hence coding efficiency may be improved. Further­
more, the u sc of parameter sets may enable out-of-band trans­
mission or the importanL header infom1aLion, avoiding the 
need for redtmdant transmissions for error resilience. In out­
of-band transmission examples, parameter set NAT. units 
mc1y be trnnsmillcd on c1 dilkrent ch:mncl than other NAL 
units. such as SEI NAL units. 

Supplemental Enhancement Infonnation (SEI) may con­
tain information that is not necessary for decoding the coded 
pictures sc1mplcs from VCL NAL units, bul nrny :1ssist in 
processes related to decoding, displ<iy, error resilience, and 
other purposes. SET messages may be contained in non-VCL 
NA!. units. SI •:I messages are the normative part of some 
standard spcciiicaLions, and thus arc not always nrnndatorv 
for standard compliant decoder implementati~n. SE] me;­
sages may be sequence level SI -:1 messages or picture level 
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tion groups. as well as common characteristics for the repre­
sentation groups. Manifest file 66 may also include data rep­
resentative of individual characteristics. such as bitrates. for 
individual representations of representation groups. In ·this 
manner, a representation group may provide for simplified 
network bandwidth adaptation. Representations in a repre­
sentation group may be indicated using child elements of a 
representation group clement of manikst lilc 66. 

MmtiJest lile 66 may also (that is, additionally or altema-
10 tively) signal trick mode infimnation for one or more of 

representations 68. l n some examples, one or more of repre­
sclllations 68 may indude a respci.:tivc temporal sub-se­
quence for trick mode support. A trick mode generally corre­
sponds to a playback mode for a representation in which data 

15 
of the representation is not played from start to finish, hut 
instead, may begin at a specified temporal location (e.g., to 
allow for seeking to a particular temporal location), or skip 
one or more frames in either the forward or reverse temporal 
direction (e.g., fast forv,ard or rcvvind). 

To provide for trick modes, multimedia content 64 may 
20 include information representative of locations of data for 

tcmpora I sub-sequences of corresponding representations 68. 
In some cx<1mplcs, manikst file 66 may include infom1<1tion 
representative of locations of data for° the temporal sub-se­
quences. Tn other examples, representations 68 themselves 

25 1m1y include the infornrntion rcprcscntativc of locations of 
data for the temporal sub-sequences. In still ol11cr examples, 
both representations 68 and manifest file 66 may include 
information representative of locations of data for the tempo-

SI ,;J messages. Some sequence level information may be con­
tained in SEI messages, such as scalability information SEI 
messages in the example of SVC and view scalabilitv infor­
mation SI -:t messages in MVC. ·these example St •:I m~ssages 
may convey information on, e.g., extraction of operation 30 

points and characteristics of the operation points. In addition, 
encapsulation unit 30 mav fom1 a manifest file, such as a 
media presentation descriptor (Ml-'I )) that describes charac­
teristics of Lhc n..-prescntalions. Encapsulation unil 30 m:1y 
format the MPD according to extensible markup language 
(XML). 

ml sub-sequences. 
In some examples, cument pwparntion device 20 nrny pre-

pare media content as the media content is being recorded. 
e.g., for live services. I incapsulation unit 30 miy in som~ 
case, need lo pcriodicc11ly up,wtc c1 ma11ifost Jilc for the media 
content. Encapsulation unit 30 may even update the manifrst 
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file within a particular period of the media content. In accor­
dance with the techniques of this disclosure, encapsulation 
u11it 30 may fom1 segments or a n..-prcscntalion that include 
data indicating that the manifest file is to be updated. Encap­
sulation unit 30 may provide the updates in the segments 
themselves or in a separate location from which client 

Encapsulation unit 30 may provide data for one or more 
rcprescnLaLions ofmultimcdic1 conlcnt, along with the mani­
fest file (e.g., the MPD) to output interface 32. Output inter­
face 32 may comprise a network interface or an interface for 
wriLing to a storngc medium, such <1s a universal serial bus 
(USB) imcrface, a CD or DVD writer or burner, c1n imerfacc 
to magnetic or flash storage media, or other interfaces for 
storing or transmitting media data. I ,,ncapsulation unit 30 may 
provide data of each of Lhc n..-prcscnwtiom of multimedia 
content to LHilpul interface 32, which m1:1y send the daLa to 
server device 60 via network transmission or storage media. 
In the example of FI<i·. l, server device 60 includes storage 
medium 62 th:1t stores various multimedia contents 64. each 
including a respective manilest file 66 and one or more rep­
resentations 68A-68N (representations 68). In accordance 
with the techniques of this disclosure, portions of manifest 
file 66 may be stonxl in sl.-parntc locations, e.g., locations or 
storage medium 62 or another storage medium, potentially of 
another device of network 74 such as a proxy device. 

In some examples, representations 68 may be separated 
into representation groups. That is, various subsets of repre­
sentations 68 may include respective common sets of char­
acteristics, such as codec, profile and level, resolution, num-
ber of vil.ws, Glc fomtal for segments, text type infonm1tion 
that may identify a language or other characteristics of text to 
be displayed with the representation and/or audio data to be 
decoded and presented, e.g., by speakers, camera :1nglc infbr­
mc1tion tlmt may describe <1 cc1mcrn m1gle or real-world cam-
era perspective of a scene for representations in the represen­
tation group, rating infonnation that describes content 
suiLabiliLy for particular audiences, or the like. 

MmtifosL lilc 66 mav include datc1 indicative orthc subsets 
of representations 68 ~orresponding to particular representa-

40 devices, such as client device 40 may retrieve the updates to 
the manifest file . In this manner, when manifest file 66 needs 
to he updated within a particular period of multimedia content 
64, encapsulation u11it 3 0 may fonn a segment of one or more 
ofrepresentations 68 indicating that manifest file 66 is to be 

45 updated. 
In some examples, 1m111ifost file 66 may include data fi.lf 

inserting ,bla of a remote period inlll multimedia content 64 
during playback. For example, rather than encoding adver­
tisements within multimedia content 64, content preparation 

50 device 20 may prq1arc one or more ;;L,-p<1rntc advcnisemcnt 
media contcnts Lo be incurporntcdinto mulLimcdia contcnt 64 
during playback. Client device 40 n1<1y in some eMmplcs 
pnwide user specific information such that advertisements 
can be targeted to a user of client device 40, such that a user of 

55 
client device 40 reccivcs advcrt.iscmcnts that arc mosl prcl~ 
erable and infom1ative to the user. In response to a set of user 
information, server device 60 may provide a targeted adver­
tisement portion of the manifest file to client device 40, which 
may cause client device 40 to retrieve data of targeted adver­
tisement multimedia content. In this manner. two or more 

60 viewers of the same multimedia content 64 m~y receive dif­
ferent targeted advertisements, such that the advertisements 
are most relevant and useful for the users. 

Server device 60 includes request processing unit 70 and 
network interface 72. Tn some examples, server device 60 

65 may include a plurality of network intertaces. l 1urthermore, 
any or all of the features of server device 60 may be imple­
mented on other devices of a content delivery network, such 
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as routers, bridges, proxy devices, switches, or other devices. 
In some examples, intermediate devices of a content delivery 
network may cache data of multimedia content 64, and 
include components that conform substantially to those of 
server device 60. In general, net\vork interface 72 is config­
ured to send and receive data via net\vnrk 74. 

Request processing unit 70 is configured to receive net­
work requests from client devices, such as client device 40, 
for data of storage medium 72. For example, request process-

18 
network bandwidth, and retrieve segments from one of the 
representations having a bitrate that can be satisfied by the 
network bandwidth. 

In general, higher hitrate representations may yield higher 
quality video playback, while lower bitrate representations 
may provide sufficient quality video playback when available 
network bandwidth decreases. Accordingly, when available 
network bandwidth is relatively high, web application52 may 

ing unit 70 may implement hypertext transfer protocol 10 

(HTTP) version 1.1, as described in RFC 2616, "Hypertext 
Transfor Protocol HTTPil. l ," by R. Fielding el aL Ne! work 
Working Group, IETF, Jm1e 1999. That is, request processing 
unit 70 nrny be con1igured Lo receive HTTP GET or pmtial 
GET n:quesls and provide data of multimedia comem 64 in 15 

response to the n.x.iw.:sts. The requests nrny specify a segment 

retrieve data from relatively high bitrate representations, 
whereas when available net\vork bandwidth is low, web 
application 52 may retrieve data from relatively low bitrate 
representations. In this manner, dienl device 40 may stream 
multimedia data over net\vork 74 while also adapting to 
changing network bandwidth avaibbiliLy or network 74. 

As noted above, in some examples, dient device 40 may 
provide user infom1ation lo, e.g., server device 60 or other 
devices ofa content delivery nelwork. ·web applicHlion 52, for 
example, may collect a user idenlilier, user idenli1icr, user 
preforences, and/or user demographic infom1ation. Hnd pro­
vide such user inli..im1Hlion to server device 60. Web Hpplica­
tion 52 nk1y then receive a manifest file associated with tar-

of one ofrepresentHtions 68, e.g., using a URL of the segment. 
In some examples, the requests may also spcci1y one ur more 
byLc rnnges uf the segmenL thus comprising pHrtiHl GET 
requests. Request prucessing unit 70 m::iy forthcr be con1ig- 20 

ured to service ill TP llEAD requests to provide header data 
uf::i segment of one ofrepresenlations 68. In any cHse, request 
processing unit 70 may he configured to process the requests 
to provide requested data to a requesting device, such as client 
device 40. 

As illustrated in the example of J/l(r. I, multimedia content 
64 includes manifest file 66, which may correspond to a 
media presentation description (MPI)). Manifest file 66 may 
contain descriptions of different alternative representations 
68 (e.g., video services with different qualities) and the 
description may include, e.g., codec infi1rmation, a profile 
value, a level value, a bitrate, and other descriptive character­
istics of representations 68. Client device 40 may retrieve the 
MPD of a media presentation to determine how to access 
segments of representations 68. 

In particular, web application 52 may retrieve configura­
tion data (not shown) of client device 40 to determine decod-
ing capabilities of video decoder 48 and rendering capabili­
ties of video output 44. The configuration data may also 
include any or all of a language preference selected by a user 
of client device 40, one or more camera perspectives corre­
sponding lo d<..l)th preforences set by the user or client device 
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geted ::idvertisement media content, lo use to insert d::itH from 
the targeted advertisement media content into media data of 
requested media content during playback. 

At times, a user or client device 40 may interacl wilh web 
browser 52 using user interfaces of client device 40, such as a 
keyboard, mouse, stylus, touchscreen interface, buttons, or 
other interfaces, to request that a selected one of representa­
tions 68 be played in a trick mode. Jlorexample, the user may 

30 select a particular temporal location from which to begin 
playback, or to skip or seek to a particular temporal location. 
As another example, the user may elect to fast forward or 
rewind the representation. 

In response to such requests from a user, weh application 
35 52 may determine whether one of representations 68 includes 

a temporal sub-sequence, to perform the requested trick 
mode. As an example, a user may elect to play video data in a 
fast forward mode. Rather than retrieving all data of segments 
of a representation, web application 52 may determine loca-

40 tions of data of the representation corresponding to a tempo­
ral sub-sequence of the representation. The data of the tem­
poral sub-sequence may correspond, for example, to a set uf 
instantaneous decoder refresh (IDR) picn1res of the represen-40, and/or a rating preference selected by the user of client 

device 40. Web application 52 may comprise, for example, a 
web browser or H media clienL con1igured to submit HTTP 45 

GET and partial GET requests. Web application 52 may cor­
respond lo softwHre instructions executed by one or more 
processors or processing units (nol shown) of clienL device 

tation. 
There nrny be Hn appmxinrnte tempornl duration between 

IDR pictures of a representation, e.g., 2 seconds, 10 seconds, 
oroLher approximate tempornl durations. Moreover, IDR pie­
Lures mHy be encoded in an intrn-pn.xlict.ion mode, Hml thus, 
web ::ipplication 52 need not retrieve data other th::in the lDR 
pictures. Web Hpplirntion52 may cause the IDR pictures lo be 
displayed at the same frame rate at which video data of the 

40. J.n some exmnpks, all or portions of the fonetionaliLy 
described with respect lo web application 52 m.ay be impk- 50 

menLed in J.rnrdware, or ::i combination oJlrnrdware, so1l wHre, 
and/or firmware, where requisite hardware may be provided 
to execute instructions for software or 1irmware. 

Web application 52 may compare the decoding and ren­
dering capabilities of client device 40 to characteristics of 
representations 68 indicated hy information of manifest file 
66. \Veh application 52 may initially retrieve at least a portion 
of manifest file 66 to determine charncteristics ofrepresenta­
tions 68. 1:or example, weh application 52 may request a 
portion of manifest file 66 that describes characteri sties of 
one or more representation groups, in accordance with the 
techniques of this disclosure. Weh application 52 may select 
a subset of representations 68 (e.g., a representation group) 
having characteristics that can be satisfied by the coding and 
rendering capabilities of client device 40. Weh application 52 
may then determine bitrates for representations in the repre­
sentation group, determine a currently available amount of 

representation would othcrv,isc be displayed. However. 
bcx:ause many frames of dala between IDR pictures may be 
skipped, the resulting video data may be played hack at an 

55 increased frame rate, thus achieving the desired trick mode. 
Web application 52 may determine locations of the data for 

the temporal sub-sequence using various techniques. In some 
examples, web application 52 may aimlyze data of manifest 
file 66 to determine locations of the IDR pictures. The loca-

60 tions of the IDR picmres may he indicated using hyte ranges 
within segments of a particular representation. In other 
examples, a particular hnx of segments of representations, 
such as a sub-fragment index box (also referred to as a sub­
segment index box), may provide indications of the locations 

65 of the data for the temporal sub-sequence. 1:nr example, the 
sub-fragment index box may include data representative of 
byte ranges for !DR pictures within a corresponding segment. 
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In still other examples. both manifest file 66 and representa­
tions 68 may include infonnation used by web application 52 
to retrieve data for a temporal sub-sequence. Tn any case, weh 
application 52 may determine the byte ranges of the IDR 
pictures in the segments to constrnct partial GET requests for 
the TOR picnires, to avoid retrieving data that would not he 
used for decoding or display. 

In some examples, encapsulation unit 30 may form seg­
ments such that !DR pictures are contiguous within the seg­
ments. That is, encapsulation unit 30 may ensure that bytes of 10 

segments corresponding to IDR pictures are contiguous, 
without intervening bytes for other types of pictures. In this 
manner, web application 52 need only specify a single byte 
range of segments of a n .. -prcscnlat.ion lo rc!ricvc ,w!a for a 
temporal sub-sequence of the representation. In some 15 

cxmnpl<..-s, open decoder refresh (ODR) pictures may also be 
used frlI pcrfom1ing Lrick modes. 

In some examples, web application 52 may dctcnninc that 
a portion oJ a received segment indicates Iha La m.anifosl Jilc is 
lo be updated. Web ::ipplicat.ion 52 may be conligurcd lo 20 

aillllyze a particular portion of each segment, such as a header 
portion or o!hcr initial portion of the segment, to de!em1i.t1e 
,vhether the segment indicates that the manifest file is to be 
updated. \,\/hen a segment indicates that the manifest file is to 
be updated, web applicalion 52 may update a locally stored 25 

copy of the manifest file, either using data of the segment or 
by retrieving data to update the manifest file from a remote 
location. e.g .. from server 60. A fl:erupdating the manifest file. 
,veb application 52 may submit foture requests for data of 
representations 68 based on data of the updated manifest file. 30 

As an example, content preparation device 20 may encode 
live media data. such as a live sporting event. political event. 
or other newsworthy event that is typically broadcast live or 
nearly live, rather than pre-recorded. In such cases, segments 
corresponding to media data up to a particular time may be 35 

assigned identifiers, rnch as URLs, included in an initial 
manifest file. I Iowever, after a period of time has elapsed. 
segments following the particular time may be encoded and 
assigned identifiers such as URLs. Encapsulation mlit 30 of 
content preparation device 20 may provide the URLs for the 40 

segments following the particular time to an updated manifest 
Jile. Accordingly, to dc!cnninc how to rcLricvc !he segments 
followi.t1g the particular ti.tne, client device 40 may receive 
information indicative of the updated manifest file, in order to 
cons!rncl rcq ucsls lo retrieve !he segments following Lhc par- 45 

ticular time. 

20 
60 and/or content preparation device 20. Server device 60 
and/or content preparation device 20 may use information 
received from client device 40 to determine more optimal 
ways of improving quality of experience, such as to reduce 
pauses in playback. 

Network interface 54 may receive and provide data of 
segments of a selected representation to web application 52, 
wllich may in tum provide the segments to decapsulation unit 
50. Decapsulation unit 50 may decapsulate elements of a 
video file into constituent PES streams, depacketize the PES 
streams to retrieve encoded data, and send the encoded data to 
either audio decoder 46 or video decoder 48, depending on 
whether the encoded data is part of an audio or video stream, 
e.g., ::is indicated by PES packet headers or the stream.Audio 
decoder 46 decodes encoded audio data ,md sends the 
decoded audio da(a Lo ::iudio ou(pu( 42, while video decoder 
48 decodes encoded video da!a and sends !he decoded video 
da!a, which may include a plurality oJ views or a stream, to 
video ou!pul 44. 

Video encoder 28, video decoder 48, audio encoder 26, 
audio decoder 46, encapsulation unit 3 U, web application 52. 
anddccapsulaLion uni! 50 each may be implemented as any oJ 
a variety of suitable processing circuitry. as applicable, such 
as one or more microprocessors, digital sigi.rnl processors 
(DSPs), application spccilic integrated circuits (AS!Cs), Jicld 
pmgrammable gate arrays (FPGAs), discrete logic circuitry, 
software. hardware. firmware or any combinations thereof. 
J •:ach of video encoder 28 and video decoder 48 may be 
included in one or more encoders or decoders, either of which 
may be integrated as part of a combined video encoder/de­
coder (CODI o'.C). I .ike\vise, each of audio encoder 26 and 
audio decoder 46 may be included in one or more encoders or 
decoders, either of which may be integrated as part of a 
combined COi )J •:C. An apparatus including video encoder 
28, video decoder 48, audio encoder audio encoder 26, audio 
decoder 46, encapsulation unit 30, web application 52, and/or 
decapsulation unit 50 may comprise an integrated circuit, a 
microprocessor, and/or a wireless co1rummication device, 
such as a cellular telephone. 

FIG. 2 is a conceptual diagram illustrating elements of an 
example multimedia content 100. Multimedia content 100 
nu1y correspond lo mullimcdia con!enl 64 (FIG. l), or another 
multimedia content stored in memory 62. In the example of 
FIG. 2, multimedia content 100 includes media presentation 
description (rvrPD) 102 and a plurality of representations 
110-120. Representation 110 includes optional header data 
112 aml segments 114A-114N (segments 114), while rcprc­
senLHLion 120 includes opliom1l header d<1LH 122 and segments 
124A-124N (segments 124). "ll1e letter N is used Lo designate 

In some examples, a segment mHy indicate whether ii is !he 
last segment or H n.-prescn!alion. \\'11cn a segment is !he las! 
segment or a representation, a m.'\.v nunufost file nu1y need Lo 
be retrieved Lo determine representations oJ a subscqucn( 
period oJ corresponding multimedia content. Accordingly, 
,,·hen web application 52 determines that a segment is the last 
segment of a rcprcscn!ation in a period of !he multimedia 
content. web application 52 may retrieve an updated manifest 
file for the multimedia content, e.g., an updated version of 
manifest file 66 of multimedia content 64. 

50 the las! movie frugmcn! in each ofrcprescnlalions 110, 120 as 
a ma((cr of convenience. In some examples, there may be 
different numbers of movie fragments between representa­
tions 110, 120. 

In some examples, client device 40 may maintain a data 
stmchire indicative of particular representations 68 from 
which client device 40 requested data for multimedia content 
64. Client device 40 may also maintain indications of exactly 
what was played out, and at what time. That is, the data 
structure may pmvide information representative of start and 
end times in both real ( or "wall clock") time and presentation 
time. The data strucn1re may further provide infonnation 
representative of an initial startup time and the start of play­
back. After finislling playback of multimedia content 64, 
client device 40 may send the data stmcture to server device 

M Pl) I 02 may comprise a data structure separate from 
55 representations 110-120. MPD 102 may correspond to man.i­

fest file 66 of I: I( i-. I. I .ikewise, representations 110-121) may 
correspond to representations 68 of 11l(i-. I. In general, MPI) 
102 may include data that generally describes characteristics 
of representations H0-120, such as coding and rendering 

60 characteristics, representation groups, a profile to which 
MPD 102 corresponds, text type infonnation, camera angle 
information, rating information, trick mode information (e.g., 
information indicative of representations that include tempo­
ral sub-sequences), and/or information for retrieving remote 

65 periods (e.g., for targeted advertisement insertion into media 
content during playback). Remote periods may also be 
referred to as external periods . FIGS. 4-7, discussed in greater 
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detail helow, illustrate various examples of multimedia con­
tent with various elements included in either or both of an 
MPD and/or representations (such as ,vithin segments of 
representations or header data of representations). Any or all 
of the MPDs of FIGS. 4-7 may correspond substantially to 
MPD I 02 of rTG. 2. 

22 
manner, the profile for MPI) 102 may he signaled before 
access to MPD 102 is provided. 

Header data 112, when present, may describe characteris­
tics of segments 114, e.g., temporal locations of random 
access points, which of segments 114 includes random access 
points, byte offsets to random access points within segments 
114, m1iform resource locators (URLs) of segments 114, or 
oilier aspects of segments 114. Header data 122, when 
present, may describe similar characteristics for segments 
124.Additioillilly oralkm<1tivcly, such characteristics may be 
fully included within MPD 102. 

A prolilc idcntilier may be provided in plain text ( e.g., as a 
plain name), or a reversed domain name. Plain names may he 
reserved by a registration aull1ority, such as 3GPP or another 
registration authority. A prolilc may be considered a ch1im 
and a permission, in that the profile may claim that a corre­
spomling multimedia contcnl c011.lorrns to the prolilc and 
gives pem1issiun to a reader ( c. g .. H clienlllevice) Iha t implc-

l O ments that profile to read the MPI ), interpret what it recog­
nizes, and ignore material that it docs nol understand. 

Pmliles may describe charnctcristics such as, for ex.ampk. 
features of MPI) I 02, usage of the network, media format(s), 

15 
codec(s) used, prntcction fomrnls, and/or quantitative m.c:J­
surcs such :JS biLralcs, screen sizes, <1ml the like. In this man­
ner, the profile ofMPI) l 02 may provide information indica­
Live of what codecs need to be suppmtcd in mder Lu retrieve 
data of MPD 102 mid/or multime,li:J content 100. Prolilcs 

Segments 114 include one or more co,kd video samples, 
C:Jch of which may include frames or slices of video dat:J. 
Each of the coded video samples of segments 114 may have 
simi!Hr charncterisLics, e.g., h(.,-ighL, width. and bandwidth 
requirements. Such characteristics may be described by data 20 
ofMPD 102, though such data is not illustrated in theexmnple 
of FIG. 2. MPD 102 may include charncleristics as described 
hy the 3(iPP Specification, with the addition of any or all of 
the signaled in±ornrntion described in this disclosure. 

Each of segments 114, 124 may be associated with a 25 

unique uniform resource identifier (URI), e.g., a uniform 
resource lncator(lJRI.). Thus, each of segments 114, 124 may 
he independently retrievahle using a streaming net\vork pro­
tocol, such as DASI I. In this manner, a destination device, 
such as client device 40, may use an HTTP Get request to 30 

retrieve segments 114 or 124. In some examples, client device 
40 may use I lrtl'partial Get requests to retrieve specific h)1e 
ranges of segments 114 or 124. 

may also he described as "conformance points.·· Profiles with 
which an MPD complies may be indicated in a "Prolilcs" 
atLribute ofthc MPD. Thus, a client ,kvice may be conligured 
to retrieve a portion of MPI) l 02 including information relat­
ing to the "Profiles" attribute before retrieving additional data 
of MPD 102. Alt.cm::itivcly, prolilcs may be indicated as H 

paran1eter in the MIME type of the MPD. For example, pro-
Jiks "X, Y, ,md Z" may be signaled in l11e following fashion: 

vidco/vml.mpcg.mpd;proliks="X, Y, Z." 
In some examples, MPD 102 may refer to data of external 

periods (abo rderred to as remote periods). A period gener­
ally corresponds Lo a parlicular tempornl section of multime­
dia content. Each period may include one or more represen­
tations, such as representations 110-120. An external period, 
however, muy be inserted within or between periods of mul­
timedia content 100. The external period may include multi­
media data in addition to multimedia data of the multimedia 
content. For ex<1mplc, extem~l periods m.ay include advertise­
ment data. 

Periods may be defined by their duration, that is, the start 
Lime ofthe Period may ,k'Pcnd on the durntion of the previous 
Period. A client device may map external periods to an MPD 
strncture. For live services, concatenation of MPDs may be 
achieved by a dynamic creation of the MPD on the server, 

As noted ahove, MP]) 102 may cont<.1rm to a particular 
MPD profile. MPD 102 may include information indicative 35 

of a Multipurpose Internet Mail fa1:ension (MIME) type for 
MPD 102 and/or multimedia content I 00. MI ME types gen­
erally do not indicate what codec is needed to present multi­
media content, however. In general, it is asstm1ed that if a 
device can retrieve an MPD for multimedia content, such as 40 

MPD 102, that the device can playback data of the multimedia 
content corresponding LO the MPD. However, this assumption 
may not always be safe. Therefore, in some examples, MPD 
102 may include information indicative of a profile to which 
MPD 102 corresponds. 45 suclrns server device 60, withappropri<1tc update pmccdures. 

There may be a relatively small mm1ber of profiles to which 
MPDs may correspond. Prolilcs may be support<.:d by levels 
to a,klrcss c<1pabilities, simi!Hr lo the nrnnner in which H.264/ 
AYC includes profiles and levels for video coding. MPD 
proliles nrny be onion-shelled, in that lJ higher prolile nrny 50 

include all foaturcs of all lower proliles. There may be a 
registration process with a registration authority to register 
various prolilcs. In some examples, a clienl device, such as 
client device 40, may he configured to retrieve information 
indicative of the profile for the MPD, such as MPD 102, 55 

hefore retrieving other data nfthe MPD, such as characteris­
tics ofrepresentations ll0-'120 signaled hy MP]) 102. In this 

Other web technologies may also be used. URLs for exter­
rnlly delined periods may be processed in re:Jl-time Lo gen­
erate lJ new period cont<1ining ::idvcrtisemcnts t::irgct.cd Lo H 

user of client device 40. Client device 40 nwy supply ::idtli­
tional infom1alion with the request thal may be used for 
advertiscmcm targeting, for exampk, a user idcntilier, user 
prcforcnces, user demographic information, or other infonna­
Lion. 

lab le 1 below illustrates an example set of information that 
may be provided in MPD 102 to describe one or more Periods 
of multimedia content, and to indicate the presence of exter­
nal periods: 

IAllLI•: I 

M Pl> Period Inforrnal ior1 

Period E 1 ... I\ M Pmvide.s 1h~ i11Cnrmalior1 oLt Period 
M alrea,iy cx islir1g pcrio(l a.1.lri b1t1.~s l'eriod A1.Lrihu 1.cs I .isl 

pcriodDtuatiou A 

rcprcscnbtionGroupListCRl A 

0 Provides the period duration. m.ay be used as 
alternative co start attribute of next Period. 

0 URI that poiuts to a docmucnt that coubi.Jis a list 
of Represenrnrions. 
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TABLE I-continued 

MP D f'eriod Info1mntion 

Rcprcscnt.ttionGrnups 

p~-riodJ ,isl.1.TIU 

E 0 ... N This clement contaius a description of a 
Representation Group 

M 1TRT 1.hal p<1in1:,; 1.o a (lm.:urr1er11.1.h;l1. ,;;onLli11s one 
or severnl Period elements. 

In this manner, the Period element ofMPD 102 may refer 
to external ( or remote) periods, e.g., using periodListURI. For 
On-Demmid conlenl, indications uf period dumlions may be 
more useful for client devices, such as client device 40, than 
start. limes lo support cxlern.al periods. An MPD nrny include 
a sequence of Periods, where Periods can bf.! intt'rnal or t'Xler­
nal. Using such rcmolc Periods, .:1long wilh user-specific 
infr1rn1Hlion, may .:11low for lmgctlXl user Hdvcrlising. Server 
device 60 mid/or content prepamliun device 20 may be con-
1igurcd lo dyn.amicHlly gcncrnlc scparn Le MPDs for c.:1ch user, 

10 define a segment type for video file 150. FIG. 7, discussed in 
greater detail below, provides additional information with 
rt'spt'cl to !he MPD updalt' box. 

MOOV box 154, in the example of FIG. 3 , includes movie 
header (MVHD) box 156, lrack (TR.AK) box 158, mid one or 

15 more muvit' extends (MVEX) boxes 160. In gt'nt'ral, MVHD 
box 156 nmy describe gcnernl charncterisLics of video 1ilc 
150. For example, MVHD box 156 m.:1y include dill.a Llu1t 
describes when video file 150 was originally created, when 

or for em;h diem device. Clicnl device 40, or .:1nolher device, 20 

may concatenate the playout of a targeted advertisement and 
H live service, e.g., using the dynHmic.:11ly-crcHLed MPD. 

vidoo 1ile 150 was !.:1st modified, .:1 limescalc Jor video 1ilc 
150, a durnlion of pl.:1yb.:1ck Jor video file 150, or olhcr dal.:1 
that generally describes video file 150. 

TR.AK box 158 n1<1y im;ludc d;1ta for .:1 lrnck oJ video 1ilc 
150. TRAK box 158 may include a track header (TKI ID) box 
that describes chmacteristics of the track corresponding to 

25 TR.AK box 158. In some cxHmplcs, TR.A.K box 158 m.:1y 
include coded video pictures, while in other examples, the 
coded video pictures of the track may be included in movie 
fragments 162. which may he reforenced hy data of TRAK 
box 158. 

In this manner, the techniques of this disclosure may sup­
port sinmtions in which a service provider offers On-Demm1d 
content through 3GPP AHS. Ilic content mHy include several 
scenes, and between each scene, an advertisement may be 
added. The advertisement may differ for each user. That is, 
targeted advertising may be added. In addition, each adver­
tisement may he of a different duration. I .ikewise, a service 
provider may offer a particular live service (e.g., a free ser- 30 

vice). When accessing the live service, the service provider 
may add an advertisement that may or may not he targeted to 
a user. The duration of the advertisement may differ, depend-
ing on access time, the access location, the user, and the like. 
Server device 60 may be configured to only provide the URL 35 

of the live service after the advertisement has been completed, 
to ensure that the advertisement is seen. 

FIG. 3 is a block diagram illustrating elements of an 
example video file 150, which may correspond to a segment 
ofa representation, such as one of segments 114, 124 of FIG. 40 

2. Each of segments 114,124 may include data that conforms 
subsl.:1nti.:1lly Lo lhc Hrrangcmcnt oJ dala illustrnlcd in lhc 
example of FIG. 3. Similarly, segments of FIGS. 4-7 dis­
cussed below may also confonn substantially to the stmcture 
of video 1ilc 150. As described above, video 1ilcs in .:1ccor- 45 

dance with the ISO base media file format and extensions 
thereof slore d.:1la in .:1 series of obj cc Ls, rcforred lo as "boxes." 

In some examples, video file 150 may include more than 
one track. Accordingly, MOOV hox 154 may include a 1mm­
ber ofTRAK boxes equal to the numberoftracks in video file 
150. TRAK box 158 may describe characteristics ofa corre­
sponding track of video file 150. l 1orexample, • 1 "RAK box 158 
may describe temporal and/or spatial information for the 
corresponding track. A TR.AK box similar to TRAK box 158 
of MOOV box 154 may describe characteristics of a param­
eter set track, when encapsulation miit 30 (FIG. 1) includes a 
parameter set track in a video file, such as video file 150. 
Encapsulation unit 30 may signal the presence of sequence 
level SEI messages in the parameter set track within the 
TR.AK box describing the paramelcr set Lrack. 

MVEX boxes 160 may describe characteristics of corre­
sponding movie fragments 162, e.g., to signal that video file 
150 inclmks movie fragments 162, in addition Lo video ,blH 
included within MOOV box 154, if any. In the context of 
slrCHnring vidi..·o d.ala , coded video pi..:Lttrcs may be included 
in movie fr.:1gments 162 rnther lhHn in MOOV box 154. 
Accordingly, .:111 coded video s.:1mplcs mHy be included in 

In Lhc example of FIG. 3, video 1ilc 150 includes lile type 
(FTYP) box 152, movie (MOOV) box 154, movie frngmcnt 
(MOOF) boxes 162, Hnd movie fr.:1gment rnndom .:1cccss 
(NIFR.A.) box 164. 

50 movie fragments 162. rnlhcr lhHn in MOOV box 154. 

File type (FTYP) box 152 generally describes a file type for 
video file 150. File type box 152 n1<1y include dala lhHI iden­
tifies a specification that describes a best use for video file 
150. l'ilc type box 152 may be placed before MOOV box 154, 55 

movie fragment boxes 162, and Ml 1RA hox 164. 
In some examples, a segment, snch as video file 150, may 

include an MPD update box (not shown) before FlYP box 
152. The MPI) update box may include information indicat-
ing that an MP)) corresponding to a representation including 60 

video file 150 is to be updated, along with infonnation for 
updating the MPI). For example, the MP)) update box may 
provide a URI or URL for a resource to be used to update the 
MPD. As anotberexample, the MPDupdate box may include 
data for updating the MPD. In some examples, the MPI) 65 

update box may immediately follow a segment type (STYP) 
box (not shown) of video file 150, where the STYP box may 

MOOV box 154 IllHY include a number oJ lvIVEX boxes 
160 equal to the number of movie fragments 162 in video file 
150. Each oJMv'EX boxes 160 nrny describe du1rncleristics 
ofa corresponding one of movie fragments 162. I 1or example, 
each MVEX box may include a movie extends header box 
(Ml\! II)) box that describes a temporal duration fi1rthe cor­
responding one of movie fragments 162. 

As noted above, encapsulation unit 30 may store a 
sequence data set in a video sample that does not include 
actual coded video data. A video sample may generally cor­
respond to an access unit which is a representation of a coded 
picture at a specific time instance. In the context ofAVC, the 
coded picture include one or more VCL NAL units which 
contains tbe infonnation to constmct all the pixels of the 
access unit and other associated non-VCI, NAI . units, such as 
SEI messages. Accordingly, encapsulation unit 30 may 
include a sequence data set, which may include sequence 
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level SI! I messages, in one of movie fragments 162. I incap­
suh1tion unit 30 may for1hcr signal tlwprcscncc ol"a scqucncc 
d,1la set and/or scq ucncc lcvd SEI messages as being present 
in one of movie fragments 162 within the one of MVl•:X 
boxes 160 corresponding to the one of movie Jrngmcllls 162. 

Movic frdgtncnls 162 may include one or morc codcd 
video pictures. In some examples, movie fragments 162 may 
include onc ormorc groups of pictures (GOPs), each of which 
may include a number of coded video pict urcs, e.g., frames or 
pictures. In addition, as described above, movie fragments lO 

162 may include scqucncc data scls in somc cxamplcs. Each 
of movie fragments 162 may include a movie fragment 
header box (MFI 11), not shown in Jll(i-. 3). The Ml"I II) box 
may dcscribc charnclcris(ics of the corrcspomling movie 

15 
fragrncnt, such as a scqucncc number for the movie fragmcnt. 
Movie fragments 162 may he included in order of sequence 
number in video Jilc 150. 

MFRA. box 164 may describe random access points within 
movie fragments 162 of video file 150. ·111is may assist with 20 

performing trickmmlcs, such as performing seeks lo particu-
lar temporal locations within video iik 150. MFR.I\ box 164 
is generally optional and need not be included in video files. 
in some examples. Likewise. a client device, such as client 
dcvicc 40, docs 1101 ncccssarily nc.:d lo rdcrcncc MFR,,\ box 25 

164 to correctly decode and <lisp lay video data of video file 
150. Ml1RA box 164 may include a number of track fragment 
random access (TJIRA) boxes (not shown) equal to the num-
ber of tracks of video file 150, nr in some examples, equal to 
themunberofmedia tracks (e.g., non-hint tracks) of video file 30 

150. 
In some examples, movie fragments 162 may include one 

or more IDRand/orODRpictures. Likewise, MFRA box 164 
may provide indications oflocations within video file 150 of 

26 
In this example, MPI) 202 includes common representa­

tion characteristics 204A that includes infomiation describ­
ing common characteristics of representation gmup 210 and 
common representation characteristics 20413 describing 
common characteristics of representation group 220. The 
common characteristics may include coding and/or rendering 
characteristics of the representations, such as a codec, profile 
and level of the codec to which the representations in the 
representation conform, pixel resolution, frame rate, or other 
characteristics ofrepresentations. 

In accordance with the techniques of this disclosure, the 
characteristics may include a text type value, a camera angle 
value, and/or a rating value in addition to the characteristics 
discusscd above. The I.ext type value may describe character­
istics of text 10 be displayed with the video data ( e.g., closed 
captioning lcxl). TI1c lcxl type valuc may dcscrib.:, for 
cxmnplc, a language or the lcxL, a location on the screen al 
which lo display thc tcxt, font ,md/or size ofthc text, or other 
characLcristics or the text. 

The camera angle valuc may dcscribe a real-world hori­
zontal camera position for a camera used (either physically or 
conr:L-pltrnlly) to generate coded video t!Hta of corresponding 
representations. lJsing the camera angles. a client device may 
select data from two or more representations to be displayed 
substantially simultaneously, e.g., lo pruducc a lhree-d.imcn­
sional video playback effect. The horizontal real-world cam-
era locations may enable the client device to select represen­
tations to increase or decrease the relative amount of depth in 
the three-dimensional playback of the video data. 

The rating may describe content suitability for particular 
audiences. For example, in the United States, the Motion 
Picture Association of America defines ratings including (i-, 
PG, PG-13, R, and NC-17.Asanotherexample, in the United 
Kingdom, the British Hoard of Film Classification defines 

35 ratings including U, PG, 12A, 12, 15, 18, and RlS. As yet 
another example, in the Republic of China (Taiwan), catego­
ries of motion pictures include a general audiences category, 
a protected category, a parental guidance category, and a 

the IDR and ODR pictures. Accordingly, a temporal sub­
sequence of video file 150 may befom1ed fromIDR and ODR 
pictures of video file 150. ·1he temporal sub-sequence may 
also include other pictures, such as P-frames and/or B-frames 
that depend from IDR and/or ODR pictures. Frames and/or 
slices of the temporal sub-sequence may be arranged within 40 

the segments such that frames/slices of the temporal sub­
scquence th.al tlL-peml on othcr frames/slices of the sub-se­
quence can be properly decoded. For example, in the hierar­
cb..ical arrangement of data, data used for prediction for other 
d,1La may also be included in thc Lcmporal sub-sequence. 
Moreover, the data may be arranged in a continuous sub­
scquence, such that a single bylc rnngc may be spccilied in a 
partial GET rcqucsl lo retrieve all data of a particular segment 
usctl JiJr the temporal sub-sequence. A client device, such as 
client device 40, m.ay extract a Lcmporal sub-scqucncc oJ 
vidco file 150 by dclcnnining byte-rangcs of movie frag­
ments 162 (or portions of movie fragments 162) correspond-

restricted category. 
By providing common characteristics 204 of respective 

representation groups, e.g., representation groups 210-220, a 
client dcvice ( e.g., diem dcvicc 40) may select an appropriatc 
one ofrepresentation groups 210-220, based at least in part on 
the corresponding common representation characteristics 

45 204. In Lhc exampk of FIG. 4, MPD 202 also includes imli­
vidual representation characteristics 206A, 206B, 208A, and 
208B, corrcsponding rcspectivdy lo n.,-prcscnlalions 212A, 
212B, 222A, 222B. Individual representation chmacleristics 
206A, 206B, 208A, anti 20813 may indudc inJonnation rcp-

50 resentativc of characteristics ofrcprcscnLaLions 212A, 212B. 
222A, 222B not indicated by common rL-prcscnLalion charac­
teristics 204. For exmnplc, individual represent<1tion charac­
Lcristics 206A. 206B, 208A, and 208B may include informa-ing to !DR and/or ODR picturcs. As discussed in greater 

detail below, video files such as video file 150 may include a 
sub-fragment index box and/or a sub-track fragment box, 55 

either or both of which may include data for extracting a 
temporal sub-sequence of video file 150. 

lllG. 4 is a conceptual diagram illustrating an example 
multimedia content 200 including MPI) 202 and representa­
tion gmups 210-220. Multimedia content 200 may corre- 60 

spond to multimedia content 64 (FlG. 1), or another multi­
media content stored in memory 62. In this example, 
representations of multimedia content 200 are arranged by 
representation group. That is, representations with a common 
set of characteristics may be formed into a representation 65 

group, which provides for simplified network bandwidth 
adaptation. 

tion representative of hitrates for respective ones of 
representations 212A, 21213, 222A, 22213. 

Representations of a representation group may he consid­
ered mutually exclusive, in that they may represent the same 
content (same video, same langmge midio, etc.) with differ-
ent encoding or other parameters. M Pl) 202 may provide 
information for selecting one of representation groups 210-
220, e.g., common representation characteristics 204. This 
information may include information indicative of whether a 
client can decode and render a given representation. In this 
manner, the client device may remove from consideration 
representations that the client device is incapable of decoding 
and/or rendering. Accordingly, client device 40 may select a 
suitable representation group that can be decoded and ren-
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dered, then select a representation from the group hased on, 
e.g., network bandwidth availability. 

Client device 40 may also he configured ,vith user prefer­
ences for, e.g., rating, language, and/or depth. Accordingly, 
client device 40 may also select one or more representation 
groups such that the selected groups conform to the user 
preferences. Client device 40 may then select a subset of 
available representation groups that can be played concur­
rently. \Vhen client device 40 is only capable of displaying 
one view, client device 40 may elect to retrieve data only from 
one representation. On the other hand, when client device 40 
is stereo view or multiview capable, client device 40 may 
retrieve data from two or more representations. 

Alier schx:ting one or more representation groups, dicnl 
device 40 may select representations from !he representation 
groups based on, e.g., available network bm1dwidth. As .1v.1il­
able network bandwidth clmngcs ( e.g., incrc.1scs or 
decreases), client device 40 may adjust sclcc!ions of rcprc­
scnLaLions frum Lhc rcprcscntutiun groups Lo mlapt Lo the 
clmnging network bandwidth conditions. Of course, dicnl 
device 40 may also change representation selections if user 
prcforcnccs or device capabilities ( e.g., decoding :mdrcmlcr-
ing capabilities) change. 

Common representation characteristics 204 may corre­
spond to RcprcscntationGroup XML clements of MPD 202, 
in some examples. Individual representation characteristics 
may correspond to suh-elements of corresponding Represen­
tation( i-roup elements of Mf>I) 202, in some examples. 

Hy grouping common characteristics of representations 
together, various optimizations may be achieved. For 
example, many representations may have the same values for 
various parameters. ·1hus, individually signaling characteris­
tics in the MPD may result in substantial duplication in the 
MPD to signal characteristics individually. Many client 
devices are configured to discard the vast majority of the 
MPD that is received. There could therefore be optimization 
in the ponion of the MPI) that the client device receives. 
Moreover, if a Representation Group is discarded, the client 
device may have no need to access information currently 
present in the MPD (URLs, etc.) for the discarded represen­
tation or representation group. The client device may also 
avoid unnecessary updates ofURLs, ,vhich Lend to be updated 
frequently during, e.g., real-time network streaming of video 
data for live events. Even if redundancies in the MPD were 
climinalcd, dicnL device 40 would still need Lo purse the full 
MPD after receipt and reconstruction, which may waste a 
significant amount oJ computing lime. 

FIG. 5 is a conceptual diagrnm illustrating .1nothcr example 
multiml!diu collll!nl 250, in which MPD d,1tu is scparntcd imo 
various portions for vurious representation groups. Multime­
dia content 250 m<1y correspond to multimedia comcnt 64 
(FIG. 1 ), or another multimedia content stored in memory 62. 

28 
respective representation groups 270-280, as illustrated hy 
arrows pointing fromn.,-prcscntation group dllW 254 to respec­
tive representation grnups 270-280. 

In this example, representation group data 254A includes 
representation group common charnctcrisLics 256A andloc.1-
tion ofMPD portion li..1r the representation group 258A. Tk1t 
is, location ofMPI) portion for the representation group 258A 
indicates the location of MPD portion Jor rl--prcscnt,1tion 
group 26 0A. Luca I ion of MPD portion for the rl--prcscnt,1 lion 

lO group 258A may correspond, for example, to a IJRI or lJRI, 
of MPD portion for n,-prescnLaLion group 260A. Similarly. 
rcprescnlalion group data 254B includes rl--prcscntation 
group common characteristics 256B and location of Mf>I) 

15 
portion for !he rl--prcscntalion group 258B, corresponding Lo 

MPD portion for representation group 260B. 
MPI) portion for representation group 260A includes 

information rcprcscnlalivc of characteristics of spccilic rL'P­
rcscntalions 272A, 272B (rcprcscntalions 272) of rcprescn-

20 tation group 270. Similarly, Mf>I) pnnion for representation 
group 260B includes infomrntion representative ofcharac!cr­
istics ofspccilic representations 282A, 282B (rcprcscnwtions 
282) of rep resentation group 280. 

In this marmer, a client device, such as client device 40, 
25 may dctcmrinc an <1ppropriaLc rcprcscnt.1tion group from 

which to retrieve data, without receiving representation-spe­
cific signaling data for representations that client device 40 
would not retrieve, decode, and display. Accordingly, client 
device 40 may avoid retrieving excess data that would other-

30 wise just be discarded. In particular. after selecting one or 
more representation groups including representations that 
can he decoded and rendered by client device 41l, client device 
40 may retrieve only the MPD portions for the selected rep­
resentation groups, without retrieving M Pl) pnnions for rep-

35 resentation groups that could not be properly decoded and/or 
rendered by client device 40. 

I )ata of multimedia content 250 may generally correspond 
substantially to respective elements of multimedia content 
200. However, multimedia content 250 may simplify hierar-

40 chical do\vnload ofMPD data for multimedia content 250 by 
client devices. For example, rather than retrieving a full mani­
fost Ii.le, which 111<1y include signaling duL<1 Jor all rcprcscnt.1-
tions, a client device may simply determine one or more 
representation groups, then retrieve the MPD portions corre-

45 sponding LU those reprcscnlHLion groups, without retrieving 
MPD portions corresponding to other representation groups 
that would noL be retrieved by the diem device ( e.g. , because 
the client device docs not support. decoding and/or rendering 
procedures to decode and display the rL-prcscntutions ). h1 this 

50 manner, the data of mulli..tncdia conLcnL 250 may miLigatc 
indlicicncics oJ unnecessary downloading anti parsi..t1g. 

"fable 2 below provides an example clement that can be 
In p.1rticular, a mmlifosL lile for multimedia content 250 
includes MPI) ponion 252, which generally includes data 
related to representation groups. In this example, MPD por- 55 

tion 252 includes representation group data 254A and 2541l 
(representation group data 254), which corresponds to 

added to an MPD, such .1s MPD 202 of FIG. 4 uml!or MPD 
pnnion 252 ofl 1l(i-. 5, that descrihes characteristics of repre­
sentation groups. Common representation characteristics 204 
(I 1l<i-. 4) and/or representation group common characteristics 
256 may he formatted according to the strucl1lfe of"lahle 2. 

Represent,1tionGroup E 

Rep~sentt1.ion(Tro11pAl1.ri I .isl or 
hlcrr1cr11:-; 

Rcprcsclltatiou 

3.1.ld 

Attributes 
E 

TAllLl 1, 2 

1 ... 1' M This element cont~1ins a description of n 
Represenmtion Group 
Descrihes lhe. defaulls for 1his group. 
may ir1clude profile ir1forrn;t1.ion. 

0 ... 1' 0 This clement contains a dc.sc.ription of a 
Representt1tion. 
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TABLE 2-continued 

H..eprest'nla.tionA.ttribut List of 
Elements 
and 

u.1 0 Describes the H..epn:scnb1lio11 ~1ttributcs 
tl1at arc specific for this Representation 

Attributes 
represenlal.ior1 T ,is1.1JR T .,\ 0 ... ~ 0 l:R Tllul poin1:,;1.() a<h,c11r11en!.l.ha.1. 

contnins a. list ofRepresentntions. 

The XML below provides examples of Representation 10 

Group elements of an MPD data structure: 
<RepresenlalionGroup annolalion="ex0" annolalion2= 
"exl"> 

<n:prcscnlalionLisLURI="hUp://www.exmnple.com/ 

dia content 64 (FIG. 1), or another multimedia content stored 
in memory 62. In Lhis example, MPD 302 includes represen­
tation information 304, which may include temporal sub­
sequence information 306. Representation information 304 
includes d1aracLcrisLics of represcnlalion 310, in this 

represemationsl .xml/> 
</Ri_.-presentationGroup> 
<Represenu1LionGrnup 
mmulalion2="ex3 "> 

annolalion="ex2" 

<represcnlalionLisLURl="hUp://www.examplc.com/ 
ri_.-presenw Lions2. xml/> 

15 example. Representation '.HO includes segments 3l 2A-312D 
(segments 312). ln this example, each of segments 312 
includes a respective sub-fragment index box 314 and ran­
dom access point (RAP) data 3·16. In other examples, some 
segments may include no random access points, while some 

20 

</Representation Group> segments may inclmle multiple random <1ccess poinLs. Ran-
dom access points may include II )R or 01)1{ pictures. Table 3 below provides an example scl of data Lmt may be 

included for representations. This data may he provided for 
individual representations in some examples, while in other 
examples, all or a porLion of the data may be prnvidi.xl li.,r 
representation groups, according to, e.g., Tahle 2 ahove. 

Client device 40 may extract a temporal sub-sequence from 
representation 310. For example, client.device 40 may extract 

25 each ofRAPs 316 to 1i..1rn1 a temporal sub-sequence ofreprc­
sentation 310. Alternatively, client device 40 may retrieve a 

TAlll.li, 3 

Representa.tion E ... N M Ibis element contnins a description of 
a. RepresenHition. 

haruiwi(ll.h _.\ M rhe minimum hiu1dwidU1 oLt 
hypo1.he1.ic:d cons1.a111. hi1.r:t1.c cf1:mnd 

in bits per second (bps :1 over which 
the rcp rcscnrarlon c;i,n he-dclivcrcii 
sucll that a client, aftu buffering for 
exflctly minBufforTime can be assured of 
hnving enough datn for continuous pfayout. 

lex1lype _.\ () ident.il7es 1.he 1.ype of1.he lex1.. Op1.ions 

an :: 

sub-titk-
closcd-eaptiouing 
<oilier to be identified> 

c~1memnngle A 0 provides the crunera. angle. Pure 
HJlliDln li011. e.g. Hmfo, mid-.Gdd, 
players view 

Ra.l.ir1g r: 0 ... N provides ra1.ing i11Corrm1.lior1 

Schcmclnfonna.tion E 0.1 0 This clement gives the i11fomucion 
aho1JI I ht: used ra.1.i ng s r.; herne. The. 

clcmcut c.fill be extended to provide 
mol'e scheme specific info1ma.tion. 

schemeldt:ri A 0 Provides nn absolute URL to identity 
the scheme. The definition of this 
elernenl is specific 1.0 U,c scheme 

tm1ployed fix ra1.i ng. 

In some examples, data for representation groups and data 
55 

for individual representations within such groups may be 
prescnll:d within an MPD, such as MPD 202, with a hierar­
chical relationship. That is, individual representations may be 
signaled as child elements to a corresponding representation 
group clement. oL e.g., MPD 202. Liki_.•wisc, for MPD portion 60 
252 and MP)) portions for representation groups 260, indi­
vidual representation characteristics 262, 264 may corre­
spond t.o child clements uf represent.at.ion group common 
characteristics 256. 

FIG. 6 is a conceptual diagram illustrating another example 65 

multimedia content 300 that may be used to support trick 
modes. Multimedia content 300 may correspond to multime-

suhset of RAPs 316, such as RAPs 316A and :ll 6C, or 316A 
and 3161). 1 ly retrieving and playing back only random 
access poinLs 316 (or subsets thercu1) , clienL device 40 may 
play representation :ll O in a trick mode, e.g., fast forward or 
rewind. Similarly, client device 40 may skip or seek to a 
particu Jar one uf rnndonrncccss points 316 Lu begin playback 
from a requested temporal position. 

Mui timi.xlia content. may include either or both uf Lcmpural 

sub-sequence infom1aLion 306 and/or SFIX boxes 314 Lo 

indicate infom1ationfortrickmodes. Temporal sub-sequence 

infomiation 306 may include a "Trick Mode" element of 

MPD 302, such as that defined by Table 4 below: 
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TABLE4 

lrickl\1od~ E U, 1 0 Provides: lhe i11fornrnlio11 for trick mode. lt 
also indicates that me Representation may be 
used as .1 t.rick mode Representation. 

altcnrn.tcPlayoutRa.tc A O Specifics the maxi1num playout rate as a 
rm11 1.ipl~. 0[ 1.he reg1Jlarpbyo111. rale, which 1.his 
Representntion supports with the s.:1me 
decoder profile and level requirements as the 
normal pt~1yout rnte. 

fompomlSubSeque.nce F O ... '.'J O Specir1e.s 1.ha1. this R.epreser11.a1.ion aJr1l.ai r1s ;l 

1.cmporal sub-sequem;e. that can he e<L'iily 
accessc:d hv hvLe rar1b!;cs usin!=!:Ll1e. i11formal.ion 
0C1.he Suh:r'r:~ginenl •• lmfox {-:~nx) llox. 

framcRatc A M Specifics me frame rate of the temporal sub-

ba:ndwidm A 

a.llerw11.ePI ayou1.Ra1.e 

sequence. 
0 Specifics me minimum ba,ndwidth of a 

hypothetical co11.scam bitra.tc channel in bits 
per second (bps) over which the tempornl sub­
sequence c~1n be delivered such rha.r ~1 clienr, 
niter buffering for e~1ctly minBufi€'.rTime ~1n 
be sssured ofrutving enough dntn for 
con1.irum1Js playou1. 

0 Spe-cir1e.s 1.he m;lxir111m1 pbyou1. ral.e as ;i 
rm1l 1.iple. 0C 1.he regularpbyoul. rale, which 1.his 
tcmpornJ sub-::;cqut'IIC-C supp<-'rl::; with tht': s~unc 

decoder profile and level .requirements as tl1c 
normal playout rJ.te. 

25 
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In the example of Table 4, the Trick Mode element includes 
a Temporal SubSequence element that specifies that a corre­
spomling rq,rcsenLHLion cont<1ins a tempornl sub-sequence 
that can he accessed hy byte ranges using information of 
sub-fragment index boxes Jl4_ R:\Ps 316 may correspond to 30 

portions of movie fragments, such as movie fragments 162 
illustrated in FIG. 3 _ 

sub_fragment_count specifies the number of sub-frag­
ments per fragment 

Sub-fragment index boxes 314 may generally describe 
byte range locations of random access points 316 of corre­
sponding segments 312. In general, sub-fragment index 
boxes 314 may appc;iralli.,r a si.,gment imkx (SIDX) box (not 
shown in FIG, 6) of segments 312 and provide movie frag­
ment prdix sizes for movie fragments rekrcnced in the 
immediately preceding si.,gment index box, Table 5 below 
provides properties of an example SFIX box, 

TABLES 

Suh-Fr;lgmenl. Index 11ox J•mper1.ics 

Box Type 
(\1111.ainer 

\'lanchlory 
Q11ar11.i1.y 

SFIX 
'\lnne 
'\lo 
()ne per Segmenl I r1dex l ~ox 

prefix_size specifies the size of the prefix of fragment i 
occupied hy sub-fragment j. 

In addition, or in the alternative, a sub-track fragment box 
may he included in segments JI 2. Whereas the sub-fragment 
index box may provide syntax information that can be 
retrieved by client device 40 along with a segment index box 
in advance ofrequesting media data, the sub-fragment index 

35 box may provide infonnation for client device 40 to constrnct 
byte range requests which target subsets of fragment data, for 
example, temporal sub-layers. 

The Sub-Track Fragment box may specify a re-ordering of 
the sample data of the track fragment, such that the samples of 

40 each sub-track fragment precede all san1ples that appear only 
in higher sub-track fragments, Samples of a sub-track frag­
ment thal do nol appc;ir in any lowi.,r sub-trnck fragmi.,nt may 
be placed contiguously within the tile (e,g,, a corresponding 
one of segments 312) in the san1e order as they appear in the 

45 Trnck Run box, 111is may allow for s<1mpks to be stored in 
order of temporal scalability layer within the track fragment. 
Whi.,n tins box is presi.,nl theri., m::iy bi., unly uni., Track Run 
box, 

'fable 6 describes propi.,rties oJthe sub-trnek fragmem box: 
'Jhe pseudocode below provides an example syntax for 50 

Suh-Fragment Index Boxes 314: TABLEG 

aligncd1:s) dass SubFragmcutludcxBox 
cxtcnrls F11llR0x('snf·, 0~ 0) { 

unsigned int(32) fragment count; 
unsigned int(8) sub fbgmenr count; 
for( i=O; i < fh1gment_count; i++) 

55 

S1Jh-Track Fra~mt:nl Box Propt::r1.ics 

Box Type 
Container 
Mandalory 
Q uar11i1.y 

SIRF 
Track fragment hox ('·TR.:\F') 
l\o 
/,t:ru or o r1e 

for( j=l); _j < suh_f r;1gmcnt_c01i nt- l; _i ++ ) 
1msigr1~I ir11.(12) pre.!ix_sizc: The pseudocode below illustrates an example syntax for 

60 the sub-track fragment box: 

'lhe description below provides an example set of seman­
tics for the syntax described above: 

fragment_count specifies the number of fragments for 
which sub-fragment information is specified in this box. 65 

This must be equal to the number of fragment references 
in the immediately preceding Segment Index Box, 

aJigncd(8) class SubTrackFragBox 
extends Fut!Box('strf', 0, 0) { 

unsigned int(8) sub track count; 
tms1gned int(l6) sample count[sub track count-I ]; 
fo1\ i=O; i <. sub rra.ck counr; i++) 
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-continued 

for (j=O; j < s,1mple count[i]; j++) 
bit(!) cur_sub_trok_llag; 

~s~rvi.-:d_l.rai Ii ng_hils; 

34 
timedia content 64 (Jll(i-. l), or another multimedia content 
sLored in memory 62. In genernL MPD 352 includes repre­
selllaLion it1.lonm1tion 354 for reprcselllaLion 360, such as 
characteristics of representation 360 and lJRls or URI .s of 
segmi.,nts 362 orn ... -presi.,ntation360. In somi., casi.,s, ri.,prcsen­
tation 360 may be fonned from live content, e.g., a sporting 
event, and therefore, URis of segments 362 might not be 
ddennincd in advance. Therefore, :JS si.,gmi.,nl.s of re-presen­
tation 360 are formed, one or more of the segments may The description below provides example semantics for the 

i.,xmnpk synwx or the sub-track fr<1gmcnt box describcd 
above: 

10 include MPD updalc boxes to it1dir.:alc Lhat. MPD 352 is to bi., 
upd<1ted. 

For exmnpk, i..11 flU. 7, si.,gmmt 362A inclmlcs MPD 
upd<1te box 364 m1d si.,gmi.,nl d<1l.<1 366A. Si.,gmi.,nt data 366A 
may gmi.,rally bi., fom1i.,dar.;curding Lo vidi.,o 1ile 150 (FIG. 3). 

sub_track_count indicates the number of sub-track frag­
mcms; \\'hen this box is present, Lhi., sub_trar.;k_count 
can be equal or larger than 2. 

sample_countfil indicates the number of samples in sub­
track fragment wiLh an it1dcx of i+l. Samples of a sub­
track fragment are considered to be members of a11 sub­
track fragments with smaller it1dex values. The number 
of samples in sub-track fragment O is equivalent to the 
number of zeros of the first bitstring in the subsequent 
loop. The number of samples in sub-track fragment with 

15 Howi.,vcr, si.,gmi.,nl 362A also includes MPD updati., box 
364A. In this nuuIDcr, client di.,vir.:c 40 m<1y update MPD 352 
based on data of Mf>[) update box 364A. Mf>I) update box 
364A1m1y includcupdales toMPD352,or1m1yincludea UlU 
or URI , of an update for Mf>I) 352. It should he understood 

an index of sub_track_count-1, which is sample_count 
lsub_trnck_count-1 J, is equal to the number of samples 
in thi., Track Fragmcnt. 

20 that data ofMf>Dupdate boxes 364 is not necessarily included 
in explicit boxes. For example, data that conforms substan­
tially to the data of Mf>)) update boxes 364 may he included 
in other boxes of segments 362, or in a header portion of 
segments 362. In this manner, a "portion" of segments 362 

25 that includes MPI) update information may correspond to a 
header portion. an MPD update box similar to MPD update 
boxes 364, or data included in one or more other boxes of 
segments 362. 

cur_sub_track_flag equal to 1 in the iteration i of the outer 
loop indicates that a sample belongs to sub-track frag­
ment with an index of i+l. This value equal to O in the 
iteration of the outer loop indicates that a sample 
belongs to a sub-track fragment with an index smaller 30 

than i+ 1. Note: ·111at is, the first iteration of the loop 
contains sample_countl OJ flags indicating the positions 
of the samples in sub-track-fragment 1 that are not also 
in sub-track-fragment 0. • I "he second iteration of the loop 
contait1s sample_countfl l flags indicating the positions 35 

of the samples in sub-track-fragment 2 and not a1so in 
sub-track-fragment 1 etc. sample_countlsub_track­
_comit-1 l is considered equal to the number of samples 
in the Track Fragment. 

Trick modes may be applied to a variety of different see- 40 

narios. For example. trick modes may be used to pause a 
si.,rvicc Li.,mpornrily, rcsumc service aller a pause, rewind li.,r 
a period of time, and/or fast forward to proceed to a desired 
temporal position (e.g., after playback gets interrupted or to 
seek to a particul<1r dcsired t.cmpornl position). 45 

Supportit1g trick modes using temporal subsequences may 
provide a number uJ advantages. For example, Li.,mporal sub­
scquenr.;cs may support various frmne mies rclaLivcly e<1sily. 
Like·wise, Lhc n .. ')Jrcsemation including a tcmpornl subse­
quence m<1y be uscd Ji..ir regular playouL :JS Lhc re-presentation 50 

is nut lit1rilcd LO tlw temporal subscqucncc. Furthi.,m1orc, 
encoding with temporal subsequences may be highly effi­
cii.,nl. Temporal subscquenr.;cs <1lso ni.,cd nut require any n(..'W 
coding profiles or levels, can re-use the regular representa­
tions, avoid additional client complexity, enable simple con- 55 

tent provisioning, provide bandwidth, cache, and storage effi­
ciency, provide flexibility to the client implementation to 
optimize user experience, to be common among difterent 
trick mode operations, and can be applicable to a broad spec­
trum of client implementations, and can provide relatively 60 

good user experience in terms of start-up delay after seeking, 
as well as good frame rates, reactiveness, and other such 
metrics. 

FIG. 7 is a conceptual diagram illustrating another example 
multimedia content 350 in which segments 362A-3621) mav 65 

include MPD update boxes 364 to indicate tliat MPD 352 is t~ 
be updated. Multimedia content 350 may correspond to mul-

In this manner, after retrieving data of segment 362A, 
client device 40 may analyze MPD update box 364;\ to 
update MPD 352. Client device 40 may then use the updated 
version of MPD 352 to retrieve segments 3628 and 362C. 
Segments 3628 and 362C: include segment data 366R 366C:, 
which again may be formatted according to video file 150 of 
FIG. 3. Client device 40 may also retrieve data of segment 
362D. In this cxample, si.,gmcnt 362D inclu,ks MPD updatc 
box 3648, which client device 40 may use to perfonn another 
upd<1te lo MPD 352, in :J m::iru1i.,r Lb.al confom1s subst<1nLi<1lly 
Lo thc 1irsl update. Accordingly, to rcccivc scgmi.,nts ocyond 
segment 362D of representation 360, client device 40 may use 
Lhc newly upd,1Lcd vi.,rsion or MPD 352, bas1.Xl on updates 
perfom1ed with n.:spccl to d::ita oJMPD updalc box 3648. 

An MPD update box, such :JS MPD update boxes 364A, 
364B, may it1cludc properties <1ccording to T<1ble 7 below: 

TABLE 7 

tv!J'I) lJpdak Box Properl.ies 

Box Type 
Comaiucr 
\'landaJory 
(.)u:unitv 

1v!CPE 
Kone 
l\o 
Zero or Om:• 

The following syntax may he used to define an Mf>I) 
update box, in some examples: 

al i?,ncd(8) class MPDCrrlatcFl0x 
c.xl.~nds F1Jllno.x('mupe·) { 

lmsigr1~d i 111.(1) mpd_i nCormal.ior1_llags: 
lmsigm:.ci i 111.(1) n~w local ior1 llag; 
Ullsigncd i..nt(28) latcsLI.npd_updatc_timc.; 
:)! 111c following arc. optioual ficlds 
string mpd_location 

An example set of semantics for the example MPD update 
box syntax is provided below: 
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mpd_information_ftags contains the logical OR ofzem or 
more of the following: 
Ox00 Media Presentation Description update now 
0x0l Media Presentation Description update ahead 
0x02 End-of-presentation 
0x01-0x07 reserved 

new _location_flag if set to I, then the new Media Presen­
tation Description is available at a new location specified 
in mpd_location. 

latest_mpd_update_time specifies the time in ms by when 
the MPD update is necessary relative to the MPD issue 
time of the latest MPD. TI1e client may choose to update 
the MPD any time between now. 

mpd_location is present if and only if the ncw_location­
_llag is set and provi(ks a Unifom1 Resource Locator for 
the n,._,"I, Media Prcscnl.<1tion Description. 

In lllis nuumcr, in-bm1d sigilllling at the segment lcvd may 
be used to indicate updates lo MPD 302. Updates may be 
provided al scgmcnl boundaries, in some examples. Th<1! is, 
MPD update boxes 364 may occur only al Lhc bcgirnlings or 
at the ends of respective segments, in various examples. ln 
some exmnpks, if bamlwidth of MPD updates presents :m 
issue, server device 60 (Fl(i-. l) may offer MPI )s for certain 
device capabilities, such that only these parts are updated. 
Murcowr, an MPD clement of MPD 302 may provide a 
publishing time in wall-clock time of MPI) 302. This may 
provide a unique MPI) publish time. which may provide 
unique identifier for the MP)) and when the MP)) was issued. 
It may also provide an anchor for the update procedures. 
Furthennore, server device 60 and/or content preparation 
device 20 may optimize MPI) updates using hierarchical 
strnctures, e.g., to update only portions of MPI) 302 that 
require updates, without changing other portions ofMPD 302 
that dn not need updating. 

Advertisement insertion, such as targeted advertisement 
insertion. may also be performed using MPD update boxes 
similartothoseotTl(i-. 7.'lhatis, an MPl)update box maybe 
provided to direct client device 40 to retrieve data from adver­
tisement multimedia content. This may occur during timeouts 
or other actions in sporting events that delay play of the game, 
and likewise, in timeouts or delays of exciting action for video 
playback. Because such cvcnls may lmppcn somcwlu1t. ran­
domly, times at which advertisements are to be inserted might 
not be known a priori. 

36 
representations of multimedia content. where the representa­
tions in the set have one or more common characteristics, as 
well as a manifest file for the multimedia content. The set of 
representations may correspond to a representation group. 
Server device 60 may provide indications of representation 
groups to client device 40 ( 40ff). Por example, server device 
60 may provide MPD 202 (FIG. 4) or MPD portion 252 (FIG. 
5) to client device 40. Other example MPDs ofFIGS. 2, 6, and 
7 may also include indications of representation groups, such 

10 as representation group XML elements. In any case. client 
device 40 may receive information describing representation 
group dmraderistics (402), e.g., from the MPD iile or portion 
of the MPD file received from server device 60 . 

Clicnl device 40 may ll1en amilyzc !he rq>rcscnla Lion group 
15 charactt:ristics to eliminate representation groups U1at client 

device 40 cannot. or would no! elect t.o retrieve, decode, ur 
render. For example, client. device 40 nu1y comp<1re decoding 
and rendering capabilities to chmaclcristics of the r,._,-prcsi.:n­
taLion groups Lo deLerminc inappropriate r,._,-prcscntation 

20 groups. As another example, client. device 40 may compare 
user preferences for language, rating, and amount of depth 
(e.g., as provided by Lwo or more views lmving particular 
camera angles), to eliminate undesirable representation 
groups. Client device 40 may then select an appropriate rep-

25 rcscnl<1tion group based at. least in par! un Lhc decoding and 
rendering capabilities of client device 40 ( 404). Of course, it 
should be understood that this selection may also (addition­
ally or alternatively) be made based on user preferences, as 
discussed above. In this manner, client device 40 may select a 

30 set of representations based on common characteri sties for 
the set of representations. 

After selecting a representation group, client device 40 
may request data for an MPD portion that specifically 
describes representations of the representation group. In 

35 response, server device 60 may provide indications of repre­
sentation bitrates, among other individual representation 
characteristics. in the selected representation group to client 
device 40 ( 406). For example, server device 60 may send data 
for a specific one ofMPD portions for representation groups 

40 260 (FIG. 5) to client device 40. In other examples, client 
device 40 may have already received a full MPD for the 

Updating ofMPD 302 may be feasible in an asynchronous 45 

manner to the delivery of segments. Server device 60 may 
provide guarantees t.o client. device 40 !hat an MPD will no! be 
upda!cd for a parLiculm amount. of lime. However, server 
device 60 need not.explicitly signal when the MPD is updated 
bcJorc a nli11imum update period. Complc!cly synchronous 50 

playout may be hardly achieved, as client devices may oper-

mullimcdia contenl (e.g., MPD 202 of FIG. 4), but. 1m1y par­
ticularly analyze portions of the MPD corresponding specifi­
cally to the selected representation group. In this manner, in 
some cx<1mpks, slcp 406 oJFIG. 8 may occurpriono sk-p 402 
and/or step 404. 

In any case, alkr receiving clu1ractcrisLics specific to rcp­
rescnt<1tions of the sdcc!ed representation group including 
bit.rates fbr the representations (408), clicnL device 40 may 
determine <1 currcnlly availabkamounl ofnclwork bamlwidll1 
( 410). Client. device 40 may then sckcl a r,._,-prcsentation from 
the selected representation group ( 412), such that the selected 
reprcscnlalion has a bitratc lhHt can be acconunod;1ted by the 
determined currently available amount of network band­
width. "!he bitrates of the representations represent examples 
of coding characteristics of the individual representations in 
the representation group. Client device 40 may then request 
data of the selected representmion ( 414). !'or example, client 
device 40 may construct (e.g., generate and send) an I rtTP 
GI iT request to request a segment of the selected representa­
tion. Alternatively, client device 40 may eonstmet an HTTP 
partial C ,1,; 1 • that specifies a byte range of a segment of the 
selected representation. In any case. client device 40 may 
submit the request to server device 60. 

ate on different MPD update instances. 'l11erefore, clients 
may experience drill. Time-shiJt viewing may be provided for 
by server device 60 and/or content preparation device 20. 

111G. 8 is a flowchart illustrating an example method for 55 
providing indications of representation groups by a server 
device, and for selecting representation groups by a client 
device as well as an individual representation within the 
selected representation group. Although the methodofl'l(i-. 8 
is described with respect to server device 60 and client device 60 

40, it should he understood that other devices may implement 
techniques similar to those of the method of JIIG. 8. For 
example, content preparation device 20, or one or more net­
work devices of a content delivery network, may perfonn 
some or all of the functions attributed to server device 60. 6-5 

Server device 60 may initially obtain (e.g., create, or 
receive from content preparation device 20) data for a set of 

Server device 60 may receive the request, and in response, 
send the requested data to client device 40 (416). For 
example, request processing lUUt 70 may detenuine a network 
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address of client device 40 from data of the received request. 
e.g., a source Internet protocol (IP) address and source port of 
the received request. Request processing unit 70 may form 
network packets including the requested data and send the 
requested data to client device 40, e.g., destined for the deter­
mined IP address of client device 40. 

38 
20, or one or more network devices of a content delivery 
network, may perform some or all of the fi.mctions attributed 
to server device 60. Moreover, the selection of a trick mode 
may he performed in conjunction with selection of a repre­
sentation group and a representation from the representation 
group, as described with respect to rTG. 8 above. 

Server device 60 may initially obtain (e.g., create, or 
receive from content preparation device 20) data for one or 
more representations of multimedia content, where at least 

10 one of the representations includes a temporal sub-sequence, 
as well as a manifest file for the multimedia content. The 

After receiving the requested data, client device 40 may 
begin decoding and displaying the received data ( 418). While 
receiving requested data, client device 40 may continue ana­
lyzing currently available network bandwidth and submitting 
requests from representations having bitrates that can be 
acconnnod,tled by the currently available amount of network 
bandwidth ( 410-414). If the amount of network bandwidth 
chimgcs, client dcvicc40111.ay adaptively switch Lo~ di1krcnt 
represelll,Hion in lhe selectt:<l representalion group. For 15 

cxmnple, clicnL device 40 may dclcrmine a segment in a m .. ·w 
rcprescnlalion corresponding to the temporal location of the 
last scgmenl requested from a previous rcpresenL,tlion in the 
rcprescnlalion gruup, then request the dct.cnnincd segment 
(or a portion Lhcrco1) in Lhc new reprcscntalion. 

1n some examples, server device 60 nkly provide an MPD 
corresponding to targeted advertisement insert.ion to client 
device 40 during the method of I 'IC-i. 8. The MPI) may cause 
client device 40 to retrieve advertisement multimedia data 

manifost 1ile may indicate that the reprt:sentalion includes a 
temporal sub-sequence. Server device 60 may provide indi­
cations ofn .. -prescntalions of multimedia content e.g., char­
acLerislics of 111.: rt:prt:sentations (430) lO diem devict: 40. In 
addition, server device 60 may provide indications oflcmpo-
ral sub-sequences ofoneor more oftk r(..-prescntalions (432). 
That is, server device 60 may pruvide informalion in an MPD 
file for the multimedia content indicating Lb.at temporal sub-

20 sequences arc available for one or more representations of the 
multimedia content. l1or example, server device 60 may pro­
vide al kasl a portion of an MPD including a trick mode 
element having a temporal sub-sequence sub-element to cli-
ent device 40, as described with respect to l'lG-. 6 above. 

Client device 40 may select <1 r(..-prescntalion b<1scd on 
characteristics of the representations of the multimedia con­
tent (434). Although client device 40 need not necessarily 
select a representation with a temporal sub-sequence, for 
purposes of discussion to illustrate these techniques, it is 

targclcd to a user ol'clienl device 40. In some examples, client 25 

device 40 may farther provide user information to server 
device 60 to target the advertisement media data to the user of 
client device 40. The user information may include user pref­
erences, user identifying information (such as a user I I)), user 
demographic information. or other such infonnation. The 
targeted add insertion may occur, for example, prior to step 
400 of J/l(i-. 8, or after step 418 and before selecting a subse­
quent representation, e.g., for a subsequent period of the 
multimedia content. 

30 asstm1ed for purposes of example that client device 40 selects 
a representation for which a temporal sub-sequence is avail­
able. ( :Jient device 40 may then receive a request to use a trick 
mode (436). For example, client device 40 may receive a 
selection of a particular temporal location from which to 

In this manner, the method of FIG. 8 represents an example 
of a method including analyzing at least a portion of a mani­
fest file for multimedia content, wherein the portion of the 
manifest file includes information indicative of sets of repre­
sentations of the multimedia content and information indica­
tive of common characteristics for each of the sets of repre­
sentations, selecting one of the sets of representations based 
on the common charactcrisLics for Lhc one of the sets of 
representations, selecting one of the representations of the 
selected one of the sets of representations based on one or 
more coding ch<1raclcristics of the one of the rcprcscnt<1tions 
of the one of the sets, and generating a request for data of the 
one of Lhc n .. -prcsentations based on the sclcclion. 

35 begin playback, e.g., from a user of client device 40. Alterna­
tively, client device 40 may receive a requestto fast fonvard or 
rewind the video data. 

In response to the request to use the trick mode, client 
device 40 may determine whether a temporal sub-sequence 

40 fortherepresentation is available, and if so, to request data for 
retrieving at least a portion of the temporal sub-sequence 
( 438). Server device 60 may respond LO the request by pro­
viding indications of locations of data for the temporal sub­
sequence to client device 40 (440). In some examples, a 

45 portion of the MPD for Ilic multimedi<1 content may indicate 
locations of the data for the temporal sub-sequence. In other 
cxmnples, client device 40 m<1y request sub-fragment index 
boxes <1ml/or sub-track fragment boxes from scgmcnls of the Likewise, Lhc method of FIG. 8 represents <111 ex<1mpk of a 

method including obt.<1ining <1 set ofn.,-prescnLations of multi­
media contcnt having one or more common charnctcristics, 50 

wherein e<1ch of Lhc representations in Lhc set have individual 
coding characteristics separate from the common character­
istics, obtaining <1 manifost Jile for Lhc mulLimcd.ia content, 
,vherein the manifest file includes information indicative of 

correspond.ing rq,rcsent<1 t ion. 
In any case, client device 40 may use Lhc received data 

including infom1ation imlicmivc of locations of dat<1 for the 
temporal sub-sequence to request data of the temporal sub­
sequence from Lhc specified locations (442). For exampk, 
client device 40 may determine locations (e.g., lJRI s of seg-

the representations in the set, information indicative of the 
common characteristics for the set of representations, and 
information indicative of the coding characteristics for each 
of the representations in the set, and sending at least a portion 

55 ments and, possibly, byte ranges of the segments) including 
I I )R random access points and'or 01 )R random access points. 
Client device 40 may then construct I ITTP (i-1 ;;r or partial 
GET requests for data of the temporal sub-sequence, in order 

of the manifest file to a client device. to play video data according to the trick mode. 
After receiving the I JTTP(il ·:Tand/orpartial Ci-I ;,T requests 

from client device 40, server device 60 may provide the 
requested data to client device 40 ( 444). 1 ·or example, server 
device 60 may send segments in response to HTTP GET 
requests or media fragments of segments (or portions of 

FIG. 9 is a flowchart illustrating an example method for 60 

providing data representative of a trick mode by a server 
device, and for using the data hy a client device to retrieve and 
play trick mode data of multimedia content. Although the 
method of FIG. 9 is described with respect to server device 60 
and client device 40, it should he understood that other 
devices may implement techniques similar to those of the 
method of FIG. 9. For example, content preparation device 

65 media fragments) in response to I ITTP partial (i-1 ff requests. 
After receiving the requested data, client device 40 may 
decode and display the received data (446). Likewise, client 
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device 40 may continue requesting data from the representa­
tion (or a different representation if the amom1t of available 
network bandwidth changes). 

In this manner, the methodofJll(r. 9 represents an example 
of a method including analyzing information of a manifest 
file for multimedia content, wherein the information of the 
manifest file indicates that at least one representation of the 
multimedia content includes a temporal sub-sequence, deter­
mining one or more locations of data for the temporal sub­
sequence, and submitting one or more requests for the data for 10 

the temporal sub-sequence. 
Likewise, the method of FIG. 9 represents an example of a 

method including obtaining data for at least one representa­
tion of mulLimcdia contcnl th.al includes a Lcmporal sub­
s<XJ_ut:net\ obtaining data foram,mifrst 1ilt: fortht:nrnltimt:dia 15 

content, wherein infomrnlion of Lhc manifest file imlicaLcs 
that Lhc a L least one n..-presentation uf the multimedia conlcnt 
includes the temporal sub-sequence, and sending al least a 
portion oJ the manifost Jilc to a client device. 

40 
preparation device 20) may send information indicative of the 
updates to the MPD ( 474), which client device 40 may use to 
update the MPD (476). Alternatively, in some examples, the 
MP)) update hox may include information indicative of the 
MPD updates itself, in which case client device 40 may 
update the MPD using the information of the MPD update 
box. In any case, client device 40 may then request segments 
following the temporal location at which the previous MPD 
no longer applied, using the updated version of the MPD 
(478). Client device 40 and server device 60 may continue 
perfom1ing similar steps 1mtil client device 40 has finished 
playback of the multime<l.ia content. 

In some examples, techniques similar to the method of 
FIG. 10 may be used lo pcrfom1 targcLcd advcrliscmcn( inser­
tion. For example, an updatt:d MPD may includt: a portion 
thal corresponds Lo advcr(iscmcn( media content. Client 
device 40 may be rc4uircd Lo rclricvc and play back da La of the 
advertisement media content, based on U1e upJalcd MPD, in 
orJcr to receive data of one or more scgmenls of Lhc ad vcr-

FIG. 10 is a Jlo\.vcharL illustrnLing an example method li.,r 
providing, by a server device, indications that a manifest file, 
such as an MPD, is Lo be updated, and for updating an MPD 

20 Liscmclll mcJia contem, which may include another updatcJ 
MPD for retrieving subsequent media data of the desired 
media conlcnl. 

hy a client device. Although the method of JIIG. 10 is 
described with respect to server device 60 and client device 

In this manner, the method of Fl(i. ·to represents an 
example of a method including retrieving data of a first seg-

25 mcnt of a n ,-prcscntmion of mulLimcdia colllent in accordance 
with data of a copy of a manifest file stored hy a client device, 
retrieving a portion of a second segment of the representation 
in accordance with the manifest file, wherein the second 

40, it should be umlerslood !hat other devices may implement 
techniques similar to those of the method of JIICi-. l 0. For 
example, content preparation device 20, or one or more net­
,11,·ork devices of a content delivery network may perform 
some or all of the fimctions attributed to server device 60. 
Moreover, updating of an MPD may be performed in con- 30 

junction with selection of a trick mode and/or selection of a 
representation group and a representation from the represen­
tation group, as described with respect to FIGS. 8 and 9 
above. 

segment occurs after the first segment in the representation, 
and wherein the portion of the second segment indicates that 
the manifest file is to he updated, updating the copy of the 
manifest file stored by the client device based on the indica­
tion that the manifest file is to be updated, and retrieving 
media data of the second segment in accordance with the 
updated manifest file. 

Likewise, the method of FIG. 10 represents an example of 
a method including sending data of a manifest file of multi­
media content to a client device, wherein the manifest file 
includes information indicative of a first segment of a repre-

In some examples, content preparation device 20 may 35 

encode and encapsulate encoded video data captured during a 
live event. such as a sporting event. In this manner, client 
device 40 may retrieve coded data of the event in nearly real 
time as the event is occurring. Initially, server device 60 may 
receive one or more representations of multimedia content 
corresponding to the live event and provide indications of 
characlcristics for n..-presentations of lhc multimedia conLcnl 

40 sentation of the multimedia content, sending at least a portion 
of the first segment of the representation to the client device in 
response lo a rcyuesL from the client device, whcrci.i1 the 
portion of the first segment indicates thatthe manifest file is to 
be updated, wherein an updated version of the manifest file 

in an MPD ( 460 ). The MPD may only describe characteristics 
and locations of segments up to a particular temporal location 
of lhc mulLimcdia conlenL due to the multimedia conlcnl 
being fonned as the event is being filmed live. 

45 includes i.i1fonnatiun indicative of a second, di.lkrcnL seg­
ment of the representation, and sending, in response to a 
rc4uesl reci..-i ved Jrum lhc client device and limned according 
Lu ihe updated n1<111ifosl file, data of the second segment to the 
client device. 

Client device 40 may use the i.i1.formation of Lhc MPD Lo 
select a n..-prcscntation (462). Using the current MPD, client 
device 40 n1<1y rcyucsL segments of il1c sdccLcd n .. -prcsenta­
tion, e.g., up to Lhc Lcmporal location. In response, server 50 

device 60 may semi the rcyuestcd segments. However, in 
addition, server device 60 may send a segment includi.i1g an 
MPD upd.atc box or other in.li.1m1<1tion indicating thal the 
MPD is to be updated as of that segment (466). 

.In response, client device 40 may decode and display data 55 

of one or more of the received segments (468). Client device 
40 may also receive the information indicatini that the MPI) 
is to be updated (470). for example, client device 40 may 
receive the last segment before the temporal location at which 
the Mf-'I) no longer applies. Client device 40 may determine 60 

that the last segment includes an MPD update box, similarto 
the Mf-'I) update boxes described with respect to Jll(i-. 7. 

U si.i1g the update box, client device 4 0 may request updates 
to the MPD ( 472). For example, client device 40 may deter­
mine a network location of updates for the M Pl) and request 65 

the updates from the determined location. Server device 60, 
or another device storing updates to the MPD (e.g., content 

FIG. 11 is a JluwcharL illuslraLing an ex.ample method for 
constructing and usi.i1g daLa of a 4uality of experience (QoE) 
report document. Although the method of FIG. 11 is 
described with respect to server device 60 and client device 
40, it should he understood that other devices may implement 
techniques similar to those of the method of Jll(j_ 11. 1-"or 
example, content preparation device 20, or one or more net-
work devices of a content delivery network may perform 
some or all of the functions attributed to server device 60. 
Moreover, providing a Qol •'. report to server device 60 and/or 
content preparation device 20 may be performed in conjunc­
tion with any or all of updating of an MPD, selection of a trick 
mode, and-'or selection of a representation group and a rep­
resentation from the representation group, as described with 
respect to FTGS. 8, 9, and 10 above. 

Initially, server device 60 may provide indications of char­
acteristics of representations of multi.inedia content in an 
MPD to client device 40 (500). As discussed above, client 
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device 40 may select a representation (502). e.g., based on 
decoding and/or rendering capabilities of client device 40, 
user preferences, available network bandwidth, and/or other 
characteristics of representations of the multi media content. 
Client device 40 may then request one or more segments of 
the selected representation (504). 

Server device 6 0 may send the requested segments to client 
device 40 (506). After receiving the requested segments, cli-
ent device 40 may decode and &splay the received data (508). 
Client device 40 may then determine whether all video data 10 

has been received (510). If the last segment of the represen­
tation (or multimedia content generally) has nut been 
received ("NO" branch of 510), client device 40 may again 
evaluate a currcnlly available :m1uunl or network bamlwidLh 
,md sdtx.:( a representation based on this analysis (502) and 15 

rcqucsl segments or Lhc n .. 11rcscnlation (504 ). 
In gcncrnl, client device 40 may bulkr the data and allcmpt 

to avoid bulkr over- and under-How by requesting data or the 
multimcdia conlcnt from a n .. '])rcscntation that can be accom­
modaLcd by currcmly available network b:mdwidLh. AL times, 20 

however, buffer overflow or underflow may occur, e.g., if 
actual coding charactcrist.ics or the multimedia conlcnl did 

42 
vider may make a number of different representations at 
dilkrcnt biLralcs available, and provide HTTP serving infra­
sLn1cture Lo host the media Jiles, then collect Lhc kt:<.lback lo 
determine quality of users' viewing experiences. The service 
provider nmy use this data lo improve quality or service for 
this or foturc mcdi::i contcnl hosling. Qm1lity of Experience 
metrics may reter to actual viewing as experienced hy a user 
and nrny be indt.'])cndcnl of client algorithms used for sched-
uling of HTTP requests, representation selection decisions. 
and the like. In this manner, the service provider may obtain 
a relatively <1ccuratc portrayal of the qualiLy ufa user's vicvv­
ing experience for a specific viewing session. 

In this manner, the method of FICi. II represents an 
cxmnple of a method including consLructing a document 
including inlonnatiun indicative ofrt.11rcscnLations of multi­
media content from ,vhich media data was retrieved, and 
sending the constructed document lo a server from which the 
media data was retrieved. The method of FIG. 11 also repre-
sents an example ofa method including receiving i nfi1rmation 
indicative of data retrieved by a client device, comprising 
receiving an cxlcnsiblc markup language fonnattcd elec­
tronic document including information indicative of repre­
senrntions of the multimedia content from ,vhich the client 
device rctricvcd media dat::i of the multimedia contcnl. 

In one or more examples, the functions described may be 
implemented in hardware. software. firmware, or any combi­
nation thereof. If implemented in software, the functions may 
be stored on or transmitted over as one or more instructions or 

not match the signaled coding characteristics or ifthere ,vas 
insufficient data for client device 40 to make a proper selec­
tion. Other factors may also result in reduced qualily orcxpc- 25 

rience for a user of client device 40. Therefi.1re, after the last 
segment of the representation (or multimedia content) has 
been received and pmperly decoded ("YI •:S" branch of 510). 
client device 40 may provide a quality of experience (Qol-:) 
report to server device 60. 

) !or example, client device 40 may construct the report to 
include indications of selected segments and representations 
(512). Client device 40 may also record occurrences of buffer 
overflow/underflow, which may result in pauses in media 
playback. Client device 40 may form a report including a 35 

sequence of PeriodReport elements, representing the Periods 
that were played out. A Period element may include a 
sequence ofRepresentationReport elements, each represent-

30 code on a computer-readable medium and executed by a 
hardware-based processing unit. Computer-readable media 
may include computer-readable storage media. which corre­
sponds to a tangible medimn such as data storage media, or 
communication media including any medium that facilitates 
transfer of a computer progran1 from one place to another, 
e.g .. according to a communication protocol. In this mam1er, 

ing a continuous playout of a portion of a Representation, and 
providing the start and end tomes in both real time and pre- 40 

sentation time. The report can also include the initial starn1p 
time, this being the lime from the uscrrcqucst for viewing the 
content and the start of playout. In this manner, the report 
document may comprise an extensible markup language 
(XML) fonnaltcd ckcLnmic documcnl imlicaLivc of n.,1xc- 45 

sentations of the multimedia content from which the client 

computer-readable media generally may correspond to (1) 
tangible computer-readable storage media which is non-tran­
sitory or (2) a communication me&mn such as a signal or 
carrier wave. Data storage media may be any available media 
that can be accessed by one or more computers or one or more 
processors Lo retrieve instructions, code aml/or da La structures 
for implementation of the techniques described in this di sclo­
sure. A computer program product may include a computer­
readable medium. 

By way of example, and not limitation, such computer­
readable storage media can comprise RAM, ROM, 
EEPROM, CD-ROM or other optical disk slorngc, magnetic 
disk storage, or other magnetic storngc devices, Hash 

device retrieved media dala of the multimedia content. 
Client device 40 may provide the rcporl lo server device 60 

or another device of a contclll delivery ncLwork, such as 
content prcparalion device 20 or a dedicated rt.'])Orl. collection 
device. In this manner, server device 60 m::iy receive the 
indications of the segments and representations received by 
client device 40 (514). Server device 60 may Lhcn provide the 
indications to, e.g., content preparation device 20 or another 
device associated with a service provider or media assembler 
to improve content preparation (516). Jlmm the information 
provided hy client device 40, a service provider may deter­
mine exactly what was played out, when there were pauses in 
playout, and ,,,·hen there were switches between representa­
tions. Alternatively or additionally, client device 40 may pro­
vide summary infonnation in the form of the total playout 
duration and number of distinct, continuous playout periods 
for each representation, together with the number of pauses 
and the mean and variance of the pause durations. 

50 memory, or any other medium that can be used tu store 
desired program code in Lhc form of instruclions or data 
strncturcs and that can be accessed by a computer. Also. any 
coru1cction is properly tcm1cd a comp11Lcr-rC<1dablc medium. 
For example, if instructions are transmitted from a website, 

55 server, or other remote source using a coaxial cable, fiber 
optic cable, twisted pair, digital subscriber line (DSI .), or 
wireless technologies such as infrared, radio, and microwave, 
then the coaxial cable, fiber optic cable, twisted pair, DSL or 
wireless technologies such as infrared, radio. and microwave 

60 are included in the definition of medium. It should he under-

Using this data, the servicepmvider may analyze quality of 65 

experience information for a new piece of media content for 
streaming using Adaptive HTTP Streaming. The service pro-

stood, however, that computer-readable storage media and 
data storage media do not include connections, carrier waves, 
signals, or other transitory media, but are instead directed to 
non-transitory, tangible storage media. Disk and disc, as used 
herein, includes compact disc (CD), laser disc, optical disc, 
digital versatile disc (DVD), floppy disk and blu-ray disc 
where disks usually reproduce data magnetically, while discs 
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reproduce data optically with lasers. Combinations of the 
above should also be included within the scope of computer­
readable media. 

Instructions may be executed hy one or more pmcessors, 
such as one or more digital signal processors (DSPs ), general 
purpose microprocessors. application specific integrated cir­
cuits (ASICs), field prograumiable logic arrays (FPGAs), or 
other equivalent integrated or discrete logic circuitry. Accord­
ingly, the term "processor," as used herein may refer to any of 
the foregoing stmcture or any other stmcture suitable for 10 

implementation of the techniques described herein. In addi­
tion, in some aspeds, the fi.mctionality described herein may 
be provided within dedicated hardware and/or software mod­
ules conligurcd for encoding m1d decoding, or inCDrporn Led in 
a cumbine<l codec. Also, the techniques could be folly imple- 15 

mcmcd in one or more circuits or logic clements. 
TI1c tcdrnigucs ofthis disclosure may be implemented in a 

wide variety oJ devices or appamluscs, including a wireless 
h,mdscL, an inLcgrat.c<l circuiL (IC) or a sd orICs ( e.g., a chip 
set). Various components, moduks, or units arc described in 20 

this disclosure to emphasize functional aspects of devices 
CDnfigun.xl to pcrforn1 Lhc disclosed techniques, but do not 
necessarily require realization by different hardware units. 
Rather, as described above, various units nrny be combined in 

44 
6. The method of claim 5, further comprising: 
constructing an eJ..--rensible mark'Up language fom1atted 

electronic document including information indicative of 
representations of the multimedia content, including the 
first and second representations, from which media data 
was retrieved. 

wherein sending the information indicative of the data 
retrieved comprises sending the constmcted document 
to a server from which the media data was retrieved. 

7. A device forretrieving multimedia data, the device com­
prising one or more processors configured to retrieve data of 
a 1irst segment of a represenlalion of multimedia content in 
accordance with data of a copy of a manifest file stored by the 
device, wherein the data of the first segment correspond to a 
period of the mu.ltimedia coment, retrieve a portion of a 
second segment of Lhc representation in accordance with the 
manifost Jik, whcn .. i.n data oJ the second segment corrc­
spomls lo the period lo which the data of the first segment 
corresponds, wherein the second segment occurs alter the 
first segment in the rcprcscmation, ::iml wherein the por1ion oJ 
the second segment indicates that the nk1nifest file is to be 
updated, update the copy oJ the manifost file stored by the 
device based on the indication that the manifest file is to be 
updated, and retrieve media data of the second segment in 
::iccordancc with Lhc updated manifost file. a codec hmdw::irc unit or provided by a collection of imcrop- 25 

erative hardware units, including one or more processors as 
described above, in conjunction with suitable software and/or 
firmware. 

!!. The device of claim 7, v,·herein to update the manifest 
file, the one or more processors are configured to update the 
manifest file using data of the portion of the second segment. 

9. The device of claim 7, ,vherein to update the manifest 
30 file, the one or more processors are configured to retrieve data 

to update the manifest file from a location indicated in the 
portion of the second segment. 

Various examples have been described. These and other 
examples are within the scope of the following claims. 

What is claimed is: 
I. A method of retrieving multimedia data, the method 

comprising: 
retrieving data of a first segment of a representation of 

multimedia content in accordance with data of a copy of 
a manifest file stored by a client device, wherein the data 
of the first segment corresponds to a period of the mul­
timedia content; 

retrieving a portion of a second segment of the representa­
tion in accordance with the manifest file, wherein data of 
the second segment corresponds to the period to which 

10. The device of claim 7, wherein to update the manifest 
file, the one or more processors are configured to determine 

35 one or more elements of the manifest file that a.re to be 
updated, and update only the determined one or more ele­
ments of the manifest file. 

11. The device of claim 7, wherein the one or more pro­
cessors a.re further configured to retrieve media data from a 

40 second, different representation of the multimedia content, 
and send information indicative of the data retrieved from the 

the data of the first scgmclll corresponds, wherein the 
second segment occurs after the first segment in the 
representation, and wherein the portion of the second 
segment in<lic::itcs that. the maniksl file is Lo be updated; 45 

first rcprcscnt::ition and the second rcprcscnt::ition. 
12. The device of claim 11, wherein the one or more pro­

cessors a.re further configured to construct an extensible 
mmkup language li..irmattcd electronic document including 
information indicative of representations of the multimedia. 
content, including Lhc Jirst and second rcprcscnt::itions, from 
which media d::it::i ',vas retrieved, and wl1crcin t.o send the 
infrirmation indicative of the data retrieved, the one or more 

updating the copy of the manifest file stored by the client 
device based on the indication that the manifost Jile is to 
be uptlatcd; ::ind 

retrieving media data of the second segment in accord::incc 
with the up,latcd manikst Jilc. 

2. TI1e method of cl::iim 1, wherein updating the manifost 
file comprises updating the manifest file using data of the 
porLion oJ the sewnd segment. 

50 processors arc configunxl to send the constructed document. 
10 ::i server from which the media data was retrieved. 

3. ·1he method of claim l, wherein updating the manifest 
file comprises retrieving data to update the manifost file from 55 

a location indicated in the portion of the second segment. 
4. ·1he method of claim L v,·herein updating the manifest 

file comprises: 
determining one or more elements of the manifest file that 

are to he updated; and 
updating only the detem1ined one or more elements of the 

manifest file. 
5. The method of claim 1, further comprising: 
retrieving media data from a second. different representa­

tion of the multimedia content: and 
sending information indicative of the data retrieved from 

the first representation and the second representation. 

60 
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13. The device of claim 7, ,,,herein the device comprises at 
least one ol: 

an integrated circuit; 
a microprocessor; and 
a wireless communication device that includes the one or 

more pmcessors. 
14. A device for retrieving multimedia data, the device 

comprising: 
means for retrieving data of a first segment of a represen­

tation of multimedia content in accordance with data of 
acnpy ofa manifest file stored by the device, wherein the 
data of the first segment correspond to a period of the 
multimedia content; 

means for retrieving a portion of a second segment of the 
representation in accordance with the manifest file, 
wherein data of the second segment corresponds to the 
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period to which the data of the first segment corre­
sponds, wherein the second segment occurs after the first 
segment in the representation, and wherein the portion 
of the second segment indicates that the manifest file is 
to be updated: 

means for updating the copy of the manifest file stored by 
the device based on the indication that the manifest file is 
to be updated: and 

means for retrieving media data of the second segment in 
accordance with the updated manifest file. 10 

15. The device of claim 14, wherein updating the manifest 
Jile comprises updating the manifosl Jile using <lala of the 
portion of the second segment. 

16. The device of claim 14, wherein upd<1ting the manifest 
Jik comprist:s retrieving data lo updalt: the manikst Jilt: from 15 

a location indicated in the portion or the second segment. 
17. TI1c device oJ claim 14, whcn.,-in the means frlf updating 

the mtmifost file comprises: 
means for dctcnnining one or more clements of lhc mani-

fost file lhat me lo be upd,Jtcd; and 20 

means for updating only the determined one or more ele­
mcnls of Lhc manifest fik. 

18. ·111e device of claim 14. farther comprising: 
means for retrieving media data from a second, different 

n..-prcsclllalion or the multimedia content; and 25 

means for sending information indicative of the data 
retrieved from the first representation and the second 
representation. 

19. ·111e device of claim 18, farther comprising: 
means for constructing an extensible markup language 30 

formatted electronic document including information 
indicative of representations of the multimedia content. 
including the first and second representations, from 
which media data was retrieved, 

wherein the means for sending the infom1ation indicative 35 

of the data retrieved comprises means for sending the 
constmcted document to a server from which the media 
data was retrieved. 

20. A computer program product comprising a non-transi­
tory computer-readable medium having stored thereon 40 

instructions that, when executed, cause a processor of a 
device for retrieving mulLimcdia data Lo; 

retrieve data of a first segment of a representation of mul­
timedia content in accordance with data of a copy of a 
mmlifesL file stored by the device, wherein the daLa orthe 45 

first segment correspond to a period of the multimedia 
contclll: 

retrieve <1 portion ofa second segment oJthc n .. -prcscntation 
in accordance with the nwnifosl file, whcrdn ,lkiLa of the 
second segment corresponds to the period to which the 50 

daL<1 of the 1irsL segment corresponds, wherein the sec­
ond segment occurs after the first segment in the repre­
sentation, am! whcn .. -in the port.ion oflhc second segment 
indicates that the manifest file is to he updated; 

update the copy of the manifest file stored by the device 55 

based on the indication that the manifest file is to be 
updated; and 

retrieve media data of the second segment in accordance 
with the updated manifest file. 

21. The computer program product of claim 20, wherein 60 

the instmctions that cause the processor to update the mani­
fest file comprise instructions that cause the processor to 
update the manifest file using data of the portion of the second 
segment. 

22. The computer program product of claim 20, wherein 65 

the instrnctions that cause the processor to update the mani­
fest file comprise instrnctions that cause the processor to 

46 
retrieve data to update the manifest file from a location indi­
cated in the portion of the second segment. 

23. The computer program product of claim 20, wherein 
the instructions that cause the processor to update the mani­
fest file comprise instructions that cause the processor to: 

determine one or more elements of the manifest file that are 
to be updated; and 

update only the detenruned one or more elements of the 
manifest file. 

24. The computer program product of claim 20, further 
comprising instructions that cause the processor to: 

retrieve media data from a second, dillerent representation 
of the multimedia content; and 

send infom1ation indicative oJ the ,lHtH retrieved from the 
first reprt:st:ntation and U1t: second reprt:sentation. 

25. The compulcr progrnm product oJ claim 24, further 
comprising instrucLions thHI eHusc the processor to: 

comtrucl an extensible markup language fommllcd elcc­
trnnic documcnl including informalion imlirntivc of 
n..-presclllalions oJ the mulLimcdiH content, including the 
first mid second representations, from which media data 
w<1s retrieved, 

wherein the instmctions that cause the processor to send 
the information indicative of the data retrieved comprise 
instructions tlwl cause the processor to send the con­
structed document to a server from which the media data 
was retrieved. 

26. A method of sending information for multimedia data, 
the method comprising: 

sending data of a manifest file of multimedia content to a 
client device, wherein the manifest file includes infor­
mation indicative ofa first segment ofa representation of 
the multimedia content, wherein data of the first segment 
corresponds to a period of the multimedia content; 

sending at least a portion of the first segment of the repre­
sentation to the client device in response to a request 
from the client device, wherein the portion of the first 
segment indicates that the manifest file is to be updated, 
wherein an updated version of the manifest file includes 
infomiation indicative of a second, different segment of 
the representation, wherein data of the second segment 
corresponds to Lhc period to which the d<1ta of Lhc Jirst 
segment corresponds; and 

sending, in response to a request received from the client 
device and fom1cd according to the uptlkitcd manifest. 
file, data of the second segment to the client device. 

27. TI1e method of cl<1im 26, wherein the portion ofthc Jirst 
segment. includes information imlicaLivc oJ updates to the 
manifost file. 

28. TI1e method of cl<1im 26, wherein the portion ofthc first 
segment. includes infom1Hlion indicative of <1 loc<1tion oJ datH 
indicative of updates to the ma1lifcst file. 

29. TI1c method of claim 26, forlhcr comprising receiving 
information indicative of data of the multimedia content 
retrieved by the client device. 

:rn. The method of claim 29, wherein receiving the infor­
mation indicative of the data retrieved hy the cl ient device 
comprises receiving an extensible markup language format­
ted electronic document including information indicative of 
representations of the multimedia content fmm which the 
client device retrieved media data of the multimedia content. 

:n. A device for sending information for multimedia data, 
the device comprising one or more processors configured to 
send data of a manifest file of multimedia content to a client 
device, wherein the manifest file includes information indica­
tive of a first segment of a representation of the multimedia 
content, wherein the data of the first segment corresponds to 
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a period of the multimedia content, send at least a portion of 
the first segment of the representation to the client device in 
response to a request from the client device, wherein the 
portion nfthe first segment indicates that the manifest file is to 
be updated, wherein an updated version of the manifest file 
includes information indicative of a second, different seg­
ment of the representation, wherein the data of the second 
segment corresponds to the period to which the data of the 
first segment corresponds, and send, in response to a request 
received from the client device and formed according to the 10 

updated manifest file, data of the second segment to the client 
device. 

32. The device of claim 31, wherein the portion of the first 
segment includes infornrnlion indicative of updates to the 
manifrsl fik. 

33. The device of claim 31, wherein Lhe porlion oJthe 1irst 
segment includes information imlicaLivc of a locc1tion of data 
indicative of updates lo the manifost file. 

15 

34. TI1c device of dc1i..t11 31, wherein the one or more pro­
cessors arc r.;onfigurcd to receive inli.mnmion indicc1tive of 20 

d<1ta of the multimedia content retrieved by the client device. 
35. The device ofclaim 34, wherein the i..t1fon11c1tion imlicc1-

tive of the data retrieved by the client device comprises 
receivrng an extensible mark-up lang1rnge formatted elec­
tronic ,k1cumenL including infonnation i..t1,licativc of n .. -prc- 25 

sentations of the multimedia content from which the c lien! 
device retrieved media data of the multimedia content. 

36. ·111e device of claim 31. wherein the device comprises 
at least one of: 

an integrated circuit; 
a m icmprncessor; and 
a wireless communication device that includes the one or 

more processors. 
37. A device for sending information for multimedia data, 

the device comprising: 

30 

35 

means for sending data of a manifest file of multimedia 
content to a client device, wherein the manifest file 
includes information indicative of a first segment of a 
representation of the multi..tnedia content, wherein the 
data of the first segment corresponds to a period of the 40 

multimedia content; 
mec1ns lix sendi..t1g al least a portion of the first scgmi:nL of 

48 
39. 'l11e device of claim 37. wherein the portion of the first 

segment includes i1ilL1m1ation indicative of <1 loc::ition of data 
indicative of upd,1tcs to the n1.:11rifost file. 

40. ·1he device of claim 37, further comprising means for 
receiving infom1ation imlicalivc of data of thi: multimedia 
content relrii:vcd by the client device. 

41. The device of claim 40, wherein the means for receiv­
ing the i1ilL1m1ation indicative of the data retrieved by the 
client device comprises means for rocl.i.ving an extensible 
markup language formatted electronic document including 
i1ilL1m1ation imlicaLivc of rq,rescntations of the multimedia 
content frum which the client device retrieved media data oJ 
the multimedia content. 

42. A r.;omputer pm gram produc I comprising a non-lrnnsi­
Lory r.;omputer-rcmbblc medium having stored thereon 
instructions that, when executed, cause a processor of a 
device for scndi..t1g i..tilon11c1tion for mu ltimc,lic1 da t,1 to: 

scnddc1tc1 ofa manifoslfilcofmultimcdic1 conlcnl to a client 
device, wherein the manifest file includes infiirmation 
indicative of a first segment of a representation of the 
multimcdic1 contenL, wherein the da La orthe first segment 
corresponds to a period of the multimedia content; 

send m le,1sl a porlion of U1c first segment oJ the represen­
tation to the client device in response lo c1 request from 
the client device, wherein the portion of the first segment 
indicates U1at th<: manifosl file is lo be updated, wherein 
an up,mted version of the man.ifost file includes i..t1for­
mation indicative of a second, different segment of the 
represenlation, wherein !ht, data of the second st,grnenl 
corresponds to the pi:riod to which the datc1 of the first 
segment corresponds; and 

st'nd, in responst, lo a request rect'ived from the dienl 
device and fom1ed according to the up,mted rnm1ifost 
file, data of the second segment to the client device. 

43. The computer progran1 product of claim 42, wherein 
the portion of the firsL segment includes infom1aLion imlicc1-
tive of updates to the manifest file. 

44. The computer program product of claim 42, wherein 
the portion of the firsL segment includes infom1aLion imlicc1-
tive of a location of data indicative of updates to the manifest 
file. 

45. The r.;ompulcr program product oJ claim 42, further 
comprising instructions that cause the processor to receive 
infomiation indicative of data of the multimedia content 
retrieved by the clienl device. 

the representation to the client device in response to a 
request from the client device, wherein the portion of the 
first segment indicmes Lhat the manifosl file is Lo be 45 

updated, wherein an updated version of the manifest file 
includes inlL1m1alion imlicalivc of a second. dilforcnt 
segment of the represcntc1tion, whcn:in the data of the 
second segment corresponds to the period to which the 
daLc1 of Lhc first segment r.;orrcsponds; and 

46. The computer program product of claim 45, wherein 
the instructions that cause the processor to receive the infor-

50 111.ation indicHLivc of the <.U:ltH rclricvcd by the client device 
mec1ns for sending, in ri:sponse to a request received from 

the client device and formed according to the updated 
mmliksL lilc, dala of Lhc second segment to the client 
device. 

38. The device of claim 37, whercrn the portion ofthc first 55 

segment includes information indicative of updates to the 
manifest file. 

comprises instructions that cause the processor to receive an 
extensible marl.·up language fom1atted electronic document 
inc Judi ng information indicative of representations of the 
multimedia content from which the client device retrieved 
media data of the multimedia content. 

* * 




