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ISO (the International Organization for Standardization) and IEC (the International Electrotechnical
Commission) form the specialized system for worldwide standardization. National bodies that
are members of ISO or IEC participate in the development of International Standards through
technical committees established by the respective organization to deal with particular fields of
technical activity. ISO and IEC technical committees collaborate in fields of mutual interest. Other
international organizations, governmental and non-governmental, in liaison with ISO and IEC, also
take part in the work.
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Introduction

The conformance and reference software of the ISO/IEC 23009 series serves three main purposes:
— validation of the written specification of the Parts of the ISO/IEC 23009 series;
— clarification of the written specification of the Parts of the ISO/IEC 23009 series;

— conformance testing for checking interoperability for the various applications against the reference
software which aims to be compliant with the ISO/IEC 23009 series.

vi © ISO/IEC 2020 - All rights reserved
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Information technology — Dynamic adaptive streaming
over HTTP (DASH) —

Part 2:
Conformance and reference software

1 Scope

This |document specifies the conformance and reference software implementing the [test vectors
comprising media presentation descriptions, segments and combinations theredf'in ISO/[EC 23009-1,
and the corresponding software modules.

ormative references

llowing documents are referred to in the text in such a way that some or all of their content
constlitutes requirements of this document. For dated references, only the edition cited| applies. For
undated references, the latest edition of the referenced docuinent (including any amendments) applies.

ISO/IEC 19757-3, Information technology — DocumentSchema Definition Languages (DSD{) — Part 3:
ISO/IEC 23009-1:2019, Information technology ~<-Dynamic adaptive streaming over HTTP (DASH) —

[SO 8601-1, Date and time — Representations for information interchange — Part 1: Basic rules

ISO/IEC 23009-5:2017, Information technology — Dynamic adaptive streaming over HTTP (DASH) —
Part p: Server and network assisted DASH (SAND)

[ETF[RFC 7233:2014, Hypertext-Transfer Protocol (HTTP/1.1): Range Requests

erms, definitions, symbols and abbreviated terms

For the purpose.ofithis document, the terms, definitions, symbols and abbreviated tefms given in
ISO/IEC 23009<F-apply.

ISO apd [ECumaintain terminological databases for use in standardization at the following addresses:

— [EGElectropedia: available at http://www.electropedia.org/

— ISO Online browsing platform: available at http://www.iso.org/obp

4 Media presentation conformance

4.1 Overview

A media presentation conforming to ISO/IEC 23009-1 obeys the rules for the media presentation
description (MPD) and the segments referenced within the MPD. To verify the conformance of a media
presentation, the following steps need to be completed:

— the conformance of the MPD according to Clause 5.

© ISO/IEC 2020 - All rights reserved 1
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— the conformance of the segments, which includes the conformance of individual segments and
representations, as well as the conformance of representations that are jointly provided in
adaptation sets and periods. For details, refer to Clause 6.

The process of MPD and segment conformance checking is shown in Figure 1.

MPD + segn
and perform
the output is

4.2 Softw
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Additional S
segmentor a
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MPD +
Segment
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= Initialization Segment
= Media Segment
= |ndex Segment

Error
Message

Figure 1 — MPD and segment validation

hent validator: gets as an input the MPD and segments referenced from within the
s the MPD and segment validation according to the,rules defined in Annex A. On su
an OK report; otherwise, an error message is provided.

are tools

MPD co
ISO BMH
MPEG-2
Conforny

Dynami

\lg software tools are included:

formance software;

F segment validator;

TS segment validator;

ance software for dynamic services;

" media presentation emulator in Annex D.

tools are available at https://standards.iso.org/iso-iec/23009/-2/ed-3/en.

upplemental software packages which may be used as sample DASH clients, sg
hd web=based conformance service are listed in Annex C.

DASH features is discussed in Annex E.

MPD
Ccess,

mple

5 MPD conformance

5.1 General

This clause specifies the MPD conformance checking and corresponding software modules which
comprise the three steps depicted in Figure 2. Detailed means to perform MPD conformance checking
are as specified in Annex A.
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1 (XLink resolver): gets as an input an MPD document and Tesolves all W3C XLINK
fined in ISO/IEC 23009-1. If an error occurs, the corresponding error message shall
wise, the XLink resolved MPD document is provided. The details for this step
rmance checking are defined in A.2.

2 (XML validator): gets as an input an XLink‘resolved MPD document and pe

MAI[LZ], If an error occurs, the corresponding error message shall be provided; ot
c-resolved and schema-validated MPD dectment is provided. The details for this stej
rmance checking are defined in A.3.

3 (schematron validator): gets as an input an XLink-resolved and schema-va
ment and performs schematronyvalidation as defined in ISO/IEC 19757-3 according
d in A.4.2. If an error occuss,.the corresponding error message shall be provided; of
t-resolved, schema-validated, and Schematron-validated MPD document is provided
is step of the MPD conformance checking are defined in A.4.

requires Apache AntTMDI3],

un -Dinput=sffiletovalidate.mpd”

rogrameutputs a message for each step. If an error occurs during one step, the follow|
kecuted.

0] attributes
be provided;
of the MPD

rforms XML

ation (i.e. well-formed and valid) against the MPD schema defined in W3C XML apd W3C XML

herwise, the
b of the MPD

idated MPD
to the rules
herwise, the
The details

bllowing command imay be used to validate an MPD document with the chain depicted in Figure 2.

ing steps are

All c

5.2
An M

nformance tools are available at httpns: //standardsiso oro/isg-iec/23009/-2 /od-3/en

Static MPD conformance

PD with MPD@type="static” shall comply with the rulesin 5.1.

In addition, the availability of all resources in the MPD during the MPDRavailabilitystartTime and the
MPD@availabilityEndTime shall be checked. A function remoteFileExists (surl) may be executed for
each segment that is documented in the MPD. This function shall return true for all Segments in the MPD
during the time interval defined by the MPDRavailabilityStartTime and the MPDRavailabilityEndTime.
The following snippet shows an example for the remoteFileExists function written in PHP.

1) Apache Ant is the trade name of a product supplied by The Apache Software Foundation. This information is
given for the convenience of users of this document and does not constitute an endorsement by ISO or IEC of the
product named.
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function remoteFileExists (Surl) {
$curl = curl init(Surl);

//don't fetch the actual page, you only want to check the
connection is ok curl setopt ($curl, CURLOPT NOBODY, true);

//do request
Sresult = curl exec($curl);

Sret = false;

//1if request did not fail

if

(Sresult !== false) {
if request wa ok, check response code

$statusCode = curl getinfo ($curl, CURLINFO_HTTP_CODE) ;
if ($statusCode == 200) {

Sret = true;

}

curl close(Scurl);

return Sret;

5.3 Dynamic MPD conformance

5.3.1 General

To ensure thiat servers offering a dynamic DASH media presentation adhere to the timing requirements

and that cliepts are able to properly consume the dynamie/presentation without observing unava

ilable

segments, the DASH conformance software is extendéd to include and address media presentdtions

with MpDe@t v
are listed an

The docume

5.3.2 Background and requirements

5.3.2.1 MPD-specific checks

Clients makg
FT the client

a) Atany ti
1) the

can determine the following information:

me, WT(where WT = FT, a client can determine:

ht is aligned with the guidelines-for live services as documented in ISO/IEC TR 23009

atestavailable period on the server, denoted by its Period start time PS*;

e='dynamic’.In 5.3, the requirements which go beyond those for static DASH conformance
d a functional description of the confermance software implementation is provided.

3(11,

use of the infoarmation in an MPD. Based on an MPD that is fetched at a certain fetch time

2) the segment availability start time of any segment at position k within the Period, denoted as
SAST(k);

3) the position of the latest segment that is available on server in the Period, referred to as k*;

4) the URL of the latest segment that is available within this Period;

5) the time when to fetch a new MPD based on the current presentation time, or more specifically,

the greatest segment position k' within this Period that can be constructed by this MPD;

6) the media presentation time within the Representation that synchronizes closest to the live
edge, MPTL;

© ISO/IEC 2020 - All rights reserved
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7) the media presentation time within the Representation that synchronizes to other clients, MPTS.

b) Atany time, WT, all segments with availability start time at or before WT and availability end time
at or before WT are accessible.

c) Anupdated MPD is made available on time, taking into account the minimum update period (MUP)
of the MPD. Note that by not updating the MPD, the existing MPD is validated for another MUP time.

Detailed equations to derive segment availability times are provided in ISO/IEC 23009-1 and
ISO/IEC TR 23009-3[1]. When providing an MPD, the content author ensures that the segment availability
times can be derived.

5.3.212 MPD times

In orgler to use the same concepts with different timing and addressing schemes, the follgwing values
are iftroduced according to ISO/IEC 23009-1:

— the position of the segment in the Period denoted as k with k=1,2,...;
— the MPD start time of the segment at position k, referred to as MST(k);
— the MPD duration of a segment at position k, referred to as MD (kJ:

Assuming that the wall-clock time at the client is denoted as‘WT, the client can derive the following
information.

5.3.2|3 General derivation

Using these times, the values from above can be derived as follows.

— The latest Period is the Period for which AST + PS + MD(1) < WT where AST is the valde of the Mppe
gvailabilitystartTime and PS is the PeriodStart as defined in ISO/IEC 23009-1.

— The segment availability start time\is obtained as
SAST(k) = AST + PS + MST(k) + MD(k)

— Within this Period, the latest segment available on the server is the segment at the position k* which
esults in the greatest value for SAST(k*) and at the same time is smaller than WT.

—

The address of thé latest segment can be derived using the position information k*. The¢ exact value
depends on the addressing method.
V
t

Vithin thisPeriod, the greatest segment position k' that can be constructed by this MPD is the one
hat results in the greatest value for SAST(k') and at the same time is smaller than FT + MUP.

The media’presentation time in a Period is determined for each Representation as the presentation
time kalie of the media segments minus the value of the gprecsentationTimeQffser if predent, for each

Representation.

Itis further assumed that a segment at position k has an assigned earliest media presentation time EPT (k).

5.3.2.4 Requirements
When receiving an MPD, the DASH client is guaranteed that:

— Each segment at position k in this Period is available prior to the sum of its earliest presentation
time and its duration; SAST(k) < EPT(k) + MD(k).

— Ifeachsegmentwith segmentnumberkisdeliveredstartingat SAST(k) overaconstantbitrate channel
with bitrate equal to the value of the ebandwidth attribute, then each sample with presentation time
PT shall be available at the client by the time given by PT + (AST + PS) + MBT + MD(k).

© ISO/IEC 2020 - All rights reserved 5
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Each segment in this Period shall be available at least until SAST (k) + TSB + MD(k).

— The MPD can be used to construct and request segments until media time FT + MUP. The greatest
segment position k'that can be constructed by this MPD shall be the one that results in the greatest
value for SAST(k') and at the same time is smaller than FT + MUP. Note that the latest segment may
be significantly shorter in duration than MD(k).

In addition, updates of the MPD shall be consistent according to ISO/IEC 23009-1:2019, 5.4.

5.3.3 Dynamic conformance software design

5.3.3.1 Overview

The implemg
the require

the cre

the actu

5.3.3.2 D3
Two differen

In case 1, it
bandwidth 4

a) Downlo

b) Determine the following information.

1) The

Rep

2) The

timg

For all
generatg

At time
record t

Go to a)

Continu

f)

]

bntation of the conformance software for dynamic services requires the implementat
ents in 5.3.2.4. The process is split into two parts:

ion of a data set by recording/monitoring a dynamic service;

hl conformance checks implementing the checks of the requirements)

ta set creation
t cases are considered depending on the access bandwidthfo the server.

is assumed that the conformance checker is operating with a very high (infinite) 4
nd minimal delay. Then the initial part is as follows

hd and store the MPD and record the fetch time, FT, of the MPD.

smallest segment availability start time greater than FT of any Segment ir
resentation referred to as SAST,;;:

URLs of all segments available-at SAST, ;. If multiple segments are available at the
, determine all of them.

egments with segmentavailability, end time greater than FT and smaller than SAf
the URL, issue an HTTP HEAD request, and record the HTTP header.

SAST,,;, issueFTP GET requests for all segments that become available at this
he HTTP headers and store the segments.

and dowmload the next MPD at FT = SAST,;,,.

b thé process until manually stopped or the media presentation is ended.

on of

CCesSS

any
same
b'T

min’

time,

In case 2, if t

1] 1 ] AT | fos : PRI IO | A N ) £11 :
IIT UdITUWIULID CUTITICTULIUIT IS TTSLNILLTU, dPPly LT TUTTUWITTE.

a) Download and store the MPD and record the fetch time, FT, of the MPD.

ne the following information.

Representation referred to as SAST, ;.

b) Determi
iy
2) The

URLs of all segments available at SAST

min- 1f multiple segments are available at the

time, determine all of them.

For all segments with segment availability end time greater than FT and smaller than SAST

generate the URL, issue an HTTP HEAD request, and record the HTTP headers.
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d) For selected representations, issue an HTTP GET for segments that are available at this time.

e) Attime SAST

min

the HTTP headers.

f) Gotoa) and download the next MPD at FT = SAST,; ..

issue HTTP HEAD for all segments that become available at this time and record

g) Continue the process until manually stopped or the media presentation is ended.

This i

a) a

nitial operation results in a data set as follows:

sequence of MPDs, each with a FT;

b)

)

From
all se

5.3.3
The d

— t

set of Segment URLs with associated:
SAST;
fetch time for segment availability start time request (typically SAST);
HTTP headers for segment availability start time request;

segment availability end time (SAET);

) fetch time for segment availability end time request (typically just slightly before the SAET);

) HTTP headers for segment availability end time request;

least for a selected set of representations, the corresponding segments.

bments.

3 Conformance checks

onformance checks operate on the'stored data set and include the following checks:

he correctness of the sequence of MPDs as documented in ISO/IEC 23009-1:2019, 5.4.

the sequence of the MPDs, a single new MPD can‘be generated with MPD@etype=static thatincludes

— 3l MPD timing aspects and\segment availability times as documented in ISO/IEC 23009-1:2019, 5.3.

— t

5.4
The d
An M

he static conformanée checks using the single MPD according to 5.2.

Conformance-checks for spatial relationship description

PD shall comply with the rules in Table 1 in accordance with ISO/IEC 23009-1.

onformangerules that relate to the spatial relationship description are provided in Téable 1.

Table t—Spatial retationship descriptiomconformrance Tutes

Reference in Conformance
ISO/IEC 23009-1: Rule check
2019, Annex H implementation
H.1 When every Adaptation Set in an MPD has an SRD descriptor, R19.1
at least one such descriptor shall be a SupplementalProperty.
H.1 An EssentialProperty or SupplementalProperty descriptor R19.2
with @schemeldUri equal to “urn:mpeg:dash:srd:2014” shall
be the child element of an AdaptationSet or a
SubRepresentation element.
H.2 If an EssentialProperty or SupplementalProperty descriptor R19.3

with @schemeldUri equal to “urn:mpeg:dash:srd:2014” is
present, then the @value attribute shall be present.

© ISO/IEC 2020 - All rights reserved
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Table 1 (continued)

Reference in

2019, Annex H

ISO/IEC 23009-1:

Rule

Conformance
check
implementation

H.2

If an EssentialProperty or SupplementalProperty descriptor
with @schemeldUri equal to “urn:mpeg:dash:srd:2014” is
present, then the @value attribute shallshall contain at least
the mandatory comma separated parameters, i.e. source_id,
X, y,w,h.

R19.4

H.2

If an EssentialProperty or SupplementalProperty descriptor

R19.5

with @schemeldUri nr}nn] to “nrn-mpng-dnch-crd-')n1 4" is pres-

ent, then each parameter value has to match the expected type
format, i.e. non-negative integer in decimal representation.

If an EssentialProperty or SupplementalProperty descriptor
with @schemeldUri equal to “urn:mpeg:dash:srd:2014” is
present and the @value attribute contains the optional param-
eter w then the optional parameter # shall be present too.

R19.6

If an EssentialProperty or SupplementalProperty descriptor
with @schemeldUri equal to “urn:mpeg:dash:srd:2014” is
present and the @value attribute contains the optional patam-
eter H then the optional parameter w shall be present tog:

R19.6

If an EssentialProperty or SupplementalProperty deseriptor
with @schemeldUri equal to “urn:mpeg:dash:srdi2014” is
present and the @value attribute contains thé optional param-
eter spatial set id then the optional parameters wand H
shall be present too.

R19.6

For a given source id of the @value attribute, at least one of
the EssentialProperty or SupplementalProperty in the con-
taining Period shall specify the aptional parameters w and &.

R19.7

For a given source id of the@value attribute, if two SRD
elements (indistinctively EssentialProperty or Supplemental-
Property) explicitly specify a different pair of values for the
optional parameters (@yH) then all the remaining SRD element
shall explicitly specify a pair of values for (w, H) too.

R19.8

For a given sogrge id of the @value attribute, the values of
x, w and w shall'be such that, for each descriptor, the sum of x
and w is smaller or equal to w.

R19.9a and R19|9b

For agiven source id of the @value attribute, the values of y,
h and# shall be such that, for each descriptor, the sum of y and
h'is'smaller or equal to .

R19.10a and R19/10b

6 Segment conformance

6.1 Overview

Segment conformance requirements verify that the segments offered in the MPD conform to

ISO/IEC 23009-1.

This includes the conformance requirements for:

— segments offered within one representation (for details, refer to 6.2);

— representations offered within one adaptation set (for details, refer to 6.3);

— segments offered in a dynamic media presentation (for details, refer to 6.4).

All conformance tools are available at https://standards.iso.org/iso-iec/23009/-2/ed-3/en.
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6.2 Representation conformance

6.2.1

The representation conformance rules, as well as the implementation status of the conformance rules

ISO base media file format

for ISO base media file format segments, are provided in Table 2.

Table 2 — Representation conformance rules for ISO base media file format

Clause in
ISO/IEC 23009-1:

Rule

Conformance check

2019

implementation

6.1

Media Segment formats shall comply with the respective
container formats (ISO BMFF and MPEG-2 TS).

implemented

6.2.1

The Initialization Segment shall not contain any media
data with an assigned presentation time

implemented

6.2.1

A Media Segment shall contain a number of complete
access units.

implemented

6.2.1

If it is the first Media Segment in the Representation, it
shall contain only media streams that start withva SAP of
type 1 or 2.

implemented

6.2.1

A Media Segment shall contain sufficientinformation to
time-accurately present each contained'media compo-
nent in the Representation withoutaccessing any previ-
ous Media Segment in this Représentation provided that
the Media Segment contains.a SAP for each media stream.

implemented

6.2.3.2

A Media Segment shall specify all Media Presentation
times relative to the start of the Period and compensated
with the value of the

@presentationTimeOffset. The presentation time in
Media Segments shall be accurate to ensure accurate
alignment of all'Representations in one Period.

a) earliest-presentation_time shall be equal to the
sum of all temporally preceding subsegments in the
representation.

b). * The duration of a subsegment indexed by an ‘sidx’
shall be equal to the sum of the durations of all the
subsegments it indices.

implemented

603321

A media data box containing data referenced by a movie
fragment (‘moof’) box shall follow that movie fragment
box and precede the next movie fragment box, if any,
containing information about the same track.

implemented

For a Media Subsegment, the value of the reference_type
finld inm tho docormilhin g Cageonnmt T dne (i dC oy choallha

o
do
o
H

n
T T Tt Ot St o s O C E Tt e O C X STO X 0025 0T

setto 0.

] A
implemented

6.3.2.3

If the Segment Index is provided, the Segment Index
(‘sidx’) box in ISO/IEC 14496-12 shall be used.

implemented

10

6.3.2.4

If the Subsegment Index is provided, the Subsegment
Index (‘ssix’) box in ISO/IEC 14496-12 shall be used.

implemented

11

6.3.3

The Initialization Segment shall contain an “ftyp” box,
and a “moov” box.

implemented

12

6.3.3

It shall not contain any “moof” boxes.

implemented

13

6.3.3

The tracks in the “moov” box shall contain no samples
(i.e. the entry_count in the “stts”, “stsc”, and “stco” boxes
shall be set to 0).

implemented
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Table 2 (continued)

Clause in
ISO/IEC 23009-1:
2019

Rule

Conformance check
implementation

14

6.3.3

The “mvex” box shall be contained in the “moov” box.
The “mvex” box also sets default values for the tracks and
samples of the following movie fragments.

implemented

15

6.3.4.2

‘styp’ box, if present, shall carry ‘msdh’ as a
compatible brand.

implemented

16

Each Media Segment shall contain one or more whole

b.3.4.2

Self-contained movie [Tagments. A WHolE,
self-contained movie fragment is a movie fragment
(‘moof’) box and a media data (‘mdat’) box that contains
all the media samples that do not use external data
references referenced by the track runs in the movie
fragment box.

impleménted

17

b.3.4.2

Each ‘moof’ box shall contain at least one track fragment.

implemented

18

b.3.4.2

The ‘moof’ boxes shall use movie-fragment relative ad-
dressing for media data that does not use external data
references, the flag ‘default-base-is-moof” shall be set,
and data-offset shall be used, i.e.
base-data-offset-present shall not be used.

implemented

19

b.3.4.2

Each ‘traf’ box shall contain a ‘tfdt’ box.

implemented

20

b.3.4.2

Each Media Segment may contain one or more ‘sidx’ boxes.
If ‘sidx’ is present in a Media Segment, thefirst ‘sidx’ box
shall be placed before any ‘moof’ box-and the first Segment
Index box shall document the entife¢.Segment.

implemented

21

b.3.4.3

In each self-contained movie fragment, the movie frag-
ment (‘moof’) box is immediately followed by its corre-
sponding media data (‘mdat”).

implemented

22

b.3.4.3

Each Media Segment shall contain one or more ‘sidx’ boxes.

implemented

23

b.3.4.3

The first ‘sidx’ box'shall be placed before any ‘moof’ box
and shall document Subsegments that span the composi-
tion time of the'entire Segment.

implemented

24

b.3.4.3

Each Media Segment shall carry ‘msix’ as a
compatible brand.

implemented

25

b.3.4.4

The Subsegment Index box (‘ssix’) shall be present and
shall follow immediately after the ‘sidx’ box that docu-
ments the same Subsegment. This immediately preceding
‘sidx’ shall only index Media Subsegments.

implemented

26

b.3.4(4

It shall carry ‘sims’ in the Segment Type box (‘styp’) as a
compatible brand.

implemented

27

.3.0.4

The Indexed Self-Tnitializing Media Segment shall carry
‘dash’ as a compatible brand.

Implemented

28

5.3.5.2

If the Representation is continuously delivered at this
bitrate, starting at any SAP that is indicated either by @
startWithSAP or by any Segment Index box, a client can
be assured of having enough data for continuous playout
providing playout begins after

@minBufferTime * @bandwidth bits have been re-
ceived (i.e. at time @minBufferTime after the first bit is
received).

implemented

6.2.2 MPEG-2 transport stream

The representation conformance rules, as well as the implementation status of the conformance rules

for MPEG-2 transport stream-based segments, are provided in Table 3.

10
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Table 3 — Representation conformance rules for MPEG-2 transport stream

Clause in
ISO/IEC 23009-1:
2019

Rule

Conformance check
implementation

1 6.1

Media Segment formats shall comply with the respec-
tive container formats (ISO BMFF and MPEG-2 TS).

implemented

2 6.2.2

The Initialization Segment shall not contain any media
data with an assigned presentation time

implemented

3 6.2.3.1

A Media Segment shall contain a number of complete
access units.

implemented

4 6.2.3.1

If it is the first Media Segment in the Representation, it
shall contain only media streams that start with a SAP
of type 1 or 2.

implement
streamgs.(not
containgr level)

pd for AVC
verifiable on

5 6.2.3.1

A Media Segment shall contain sufficient information to
time-accurately present each contained media compo-
nent in the Representation without accessing any pre-
vious Media Segment in this Representation provided
that the Media Segment contains a SAP for each medid
stream (not verifiable on container level).

implenjented

6 6.2.3.1

A Media Segment shall specify all Media Presentation
times relative to the start of the Period adscompensat-
ed with the value of the

@presentationTimeOffset. The presentation time in
Media Segments shall be accurate$0 ensure accurate
alignment of all Representations'in one Period.

a) earliest_presentation_time shall be equal to the
sum of all temporallypreceding subsegments in
the representation!

b) The duration efia subsegment indexed by an ‘sidx’
shall be equalito the sum of the durations of all the
subsegmeénts it indices.

implenjented

7 6.4.2.1

A subsegment shall contain complete access units for
the indexed media stream (i.e. stream for which
reference_ID equals PID)

implenented

8 6.4.2.2

PES packet starting at Ig,; shall contain only an integral
number of access units and shall contain a PTS.

implenjented

9 6.4.2.3

If the Segment Index is provided the Segment Index
(‘sidx’) box in ISO/IEC 14496-12 shall be used for Seg-
ment Indexing.

implenjented

10 6.4.2.3

reference_ID field of 'sidx” box shall be the PID value of
the indexed stream.

implenjented

11 6.4.2.3

All media offsets within 'sidx” boxes shall be to the first
el byztba of 2 TC o oloat

implenjented

pares
Oy IaC oy tC O Topatixte

12 6.4.2.4

If the Subsegment Index is provided, the Subsegment
Index (‘ssix’) box in ISO/IEC 14496-12 shall be used for
indexing byte ranges within a subsegment

implemented

13 6.4.2.4

All media offsets within ‘ssix’ boxes shall be to the first
(sync) byte of a TS packet

implemented

14 6.4.3.2

An Initialization Segment shall be a valid MPEG-2 TS,
conforming to ISO/IEC 13818-1.

implemented

15 6.4.3.2

The concatenation of an Initialization Segment with
any Media Segment shall have the same presentation
duration as the original Media Segment.

implemented

© ISO/IEC 2020 - All rights reserved
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Table 3 (continued)

Clause in
ISO/IEC 23009-1:
2019

Rule

Conformance check
implementation

16

6.4.3.2

The Initialization Segment shall contain mandatory
untimed initialization information as defined in ISO/
IEC 23009-1:2019, 6.4.3.1 in this order:

a) PAT,

b) PMT

implemented
(w/o ECM)

c) If MPEG-2 conditional access is used, ECM.

17

b.4.4.2

Media Segments shall contain complete MPEG-2 TS
packets

implemented

18

b.4.4.2

Media Segments shall contain exactly one program

implemented

19

b.4.4.2

All time-varying initialization information shall be
present between Ig,p and Ig,; and/or in the Index Seg-
ment, if present.

implemented

20

b.4.4.2

No Media Segment shall depend on initialization infor-
mation appearing in any preceding Media Segment.

implemented

21

b.4.4.3

All information necessary for decrypting, or locating
information required to decrypt, the encrypted TS
packets in a (Sub)Segment shall be present before the
encrypted packet(s) to which they apply, €ither in the
same (Sub)Segment, and/or in the Initialization Seg-
ment (if used).

implemented
(as much as possible)

22

b.4.4.4

A Self-initializing Media Segment‘shall contain, at the
least, all mandatory untimed and;timed initialization
information as defined in ISO/1EC 23009-1:2019, 6.4.3.1.

implemented

23

6.4.5

A Bitstream Switching Segment shall be a valid
MPEG-2 TS, conforming to ISO/IEC 13818-1.

implemented

24

6.4.5

A Bitstream Switching Segment, when concatenated
with any Media Segment, shall not alter the Media Pres-
entation timeline for the corresponding Media Segment.

implemented

25

6.4.5

If initializatioh information is carried within a
Bitstream Switching Segment, it shall be identical to
the ofie'in the Initialization Segment, if present, of the
Representation.

implemented

26

b.4.6.2

A'Single Index Segment indexes exactly one Media Seg-
ment and is defined as follows:

a) Each Single Index Segment shall begin with an
‘styp’ box, and the brand ‘sisx’ shall be present in
the ‘styp’ box.

implemented

b) Each Single Index Segment shall contain one or
more Segment Index boxes which index one Media
Segment.

27

6.4.6.2

If present, the ‘ssix’ shall follow the ‘sidx’ box that doc-
uments the same Subsegment without any other ‘sidx’
preceding the ‘ssix’.

implemented

28

6.4.6.2

If present, ‘pcrb’ shall follow the ‘sidx’ box that docu-
ments the same Subsegments.

implemented

29

6.4.6.3

Each Representation Index Segment shall begin with an
‘styp’ box, and the brand ‘risx’ shall be present in the
‘styp’ box.

implemented

12
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Table 3 (continued)

Clause in Conformance check
ISO/IEC 23009-1: Rule implementation
2019 p

The Segment Index for each Media Segments is concate-
nated in order, preceded by a single Segment Index box
that indexes the Index Segment. This initial Segment .

30 6.4.6.3 Index box shall have one entry in its loop for each Media implemented
Segment, and each entry refers to the Segment Index
information for a single Media Segment.
Lt shallbe eithera Single Index Segment ora Renresen-

31 6.4.6.4 © © T implenjented

tion Index Segment.

The Subsegment Index box (‘ssix’) shall be present and
32 6.4.6.4 shall follow immediately after the ‘sidx’ box that docu- implenjented
ments the same Subsegment.

The value of the reference_type field shall be equal to
33 6.4.6.4 0 for this Subsegment in this immediately preceding implemented
Segment Index (‘sidx’) box.

34 6.4.6.4 If the 'pcrb’ box is present, it shall follow 'ssix’. implemented

It shall carry ‘ssss’ in the Segment Type boxstyp’) as a

35 6.4.6.4 compatible brand. implemented
The Media Presentation shall be provided such that
36 7.1 no mismatch between the media stream and the MPD implemented

occurs.

6.3 |Adaptation set conformance

6.3.1] ISO base media file format

The ddaptation set conformance rules,.ds’well as the implementation status of the confojmance rules
for IS0 base media file format segments, are provided in Table 4.

(o]

Table 4 — Adaptation set conformance rules for ISO base media file formgd

Clause in Conformfnce check
ISO/IEC 23009-1: Rule impl .
2019 implenjentation

If a Segment Index is present in a Media Segment of one
Representation within an Adaptation Set, then the fol-
lowing shall hold.

a) The order of Segment Index boxes for multiple media
streams induces an ordering on the media content
components equal to the order in which a Segment
Index box for a media stream for each component
first appears. This ordering shall be the same for all )

1 7.2.2 Segments of all Representations of an Adaptation implemented

Set. As a consequence, if there is a Segment Index for

a media content component in one Segment, there

shall be a Segment Index for that media component

in all Segments in this Adaptation Set.

b) Non-indexed media streams in all Representations
of an Adaptation Set shall have the same access unit
duration.
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Table 4 (continued)
Clause in Conformance check
ISO/IEC 23009-1: Rule implementation
2019 p
As a consequence of @bitstreamSwitching being set to
‘true’, the following conditions are satisfied.
a) The track IDs for the same media content
component are identical for each Representation in
each Adaptation Set.
b) The conditions required for setting the
@segmentAlignment attribute to a value other than
2 73.3.2 'false’ for the Adaptation Set are fulfilled. implemented
c¢) The conditions required for setting the
@startWithSAP attribute to 2 for the
Adaptation Set, or the conditions required for all
Representations within the Adaptation Set to share
the same value
of @mediaStreamStructureld and setting the
@startWithSAP attribute to 3 for the Adaptation
Set, are fulfilled.
If a SubRepresentation element is present in a
Representation in the MPD and the attribute
SubRepresentation@level is present, then the Media
3 7.3.4 Segments in this Representation shall ¢onform to a Sub- implemented
Indexed Media Segment as defined in
ISO/IEC 23009-1:2019, 6.3.4.4. Thé\Initialization Seg-
ment shall contain the Level Assignment (‘leva’) box.

6.3.2 MPHG-2 transport stream

The adaptatjon set conformance rules, as well\as the implementation status of the conformance|rules
for ISO base media file format segments, aré provided in Table 5.

Table 5 — Adaptation set.conformance rules for MPEG-2 transport stream

Clause in Conformance check
ISO/IEC 23009-1: Rule implementatin
2019
The Media Presentation shall be provided such that no
mismatch between the media stream and the MPD values
1 71 occurs. If it does, the value in the media stream itself implemented

takes precedence over values expressed in the MPD, espe-

cially when used in the media decoding process.

14
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Table 5 (continued)

Clause in
ISO/IEC 23009-1:
2019

Rule

Conformance check
implementation

If a Segment Index is present in a Media Segment of one
Representation within an Adaptation Set, then the follow-
ing shall hold.

a) The order of Segment Index boxes for multiple media
streams induces an ordering on the media content
components equal to the order in which a Segment

2 7.2.2

Index box foramedia stream foreach component
r

first appears. This ordering shall be the same for all
Segments of all Representations of an Adaptation Set.
As a consequence, if there is a Segment Index for a
media content component in one Segment, there shall
be a Segment Index for that media component in all
Segments in this Adaptation Set.

b) Non-indexed media streams in all Representations
of an Adaptation Set shall have the same access unit
duration.

implgmented

3 7.4.3.2

If the @segmentAlignment attribute is not.set to ‘false”

a) the Media Segment shall contaimrpnly complete PES
packets;

b) the first PES packet shall€ontain a PTS timestamp.

impl¢mented

4 7.4.3.3

If the @subsegmentAlignment flag is not set to 'false’, a
Subsegment shall contain‘only complete PES packets for
each PID.

implgmented

5 74.3.3

If the @subsegméntAlignment flag is not set to 'false’,
the first PES packet from each elementary stream shall
contain a PTS.

implgmented

6 7.4.3.4

If the @bitstreamSwitching is set to true, then for any
two.Répresentations, X and Y, within the same Adaptation
Set, goncatenation of Media Segment i of X, Concatenation
Segment of Representation Y, and Media Segment i+1 of
Representation Y shall be a MPEG-2 TS conforming to
ISO/IEC 13818-1.

impl¢mented

7 7.4.3.4

If the @bitstreamSwitching is set to true, then the condi-
tions required for setting the @startWithSAP attribute to
2 for the Adaptatation Set or required for all Representa-
tions within the Adaptation Set share the same value of
@mediaStreamStructureld and setting the
@startWithSAP attribute of the Adapaton Set 3, are

L1611

implgmented

TUIriircu,.

7.4.3.4

If the @bitstreamSwitching is set to true, then the condi-
tions required for setting the @segmentAlignment attrib-
ute not set to 'false’ for the Adaptation Set are fulfilled.

implemented

7.4.3.4

If the @bitstreamSwitching is set to true, then PCR shall
be present in the Segment prior to the first byte of a TS
packet payload containing media data, and not inferred
from the ‘pcrb’ box.

implemented

7.4.4

The Subsegment Index box shall contain at least one entry
for the value of SubRepresentation@Ilevel and for each
value provided in the
SubRepresentation@dependencyLevel.

implemented

© ISO/IEC 2020 - All rights reserved
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6.4 Dynamic media presentation conformance

With the dynamic MPD conformance checks defined in 5.3, no specific segment conformance for
dynamic services are necessary. The static segment conformance is sufficient to also address services
with MPD@t ype=dynamic.

7 Profile specific conformance
NOTE Profile-specific conformance for MPEG-2 TS main profile, ISO base Media File Format Extended Live

profile, ISO Base Media File Format Extended On Demand profile, and ISO Base Media File Format Common
profile are missing.

7.1 1SO base media file format on demand profile

The profile-gpecific conformance rules, as well as the implementation status of the conformance|rules
for the ISO bpse media file format on-demand profile, are provided in Table 6.

Table 6 — ISO base media file format on-demand profile rules

Qause in Conformance chelck
ISO/EC 23009- Rule . .
2019 implementation

All Segment Index ('sidx') and Subsegment Index
1 8.3.3 ('ssix") boxes shall be placed before any Movie implemented
Fragment (‘moof") boxes.

Media Segments containing multiple Media
2 8.4.3 Components shall comply with théformats defined in implemented
ISO/IEC 23009-1:2019, 6.3.4.3,1i.e: the brand 'msix’.

In Media Segments, all Segment Index ('sidx') and
3 8.4.3 Subsegment Index ('ssix'}:boxes shall be placed before implemented
any Movie Fragment (‘faoof"') boxes.

7.2 1SO base media file format live profile

The profile-gpecific conformance rules, as well as the implementation status of the conformance|rules
for the ISO bpse media file format live profile, are provided in Table 7.

Tablé 7— ISO base media file format live profile rules

Clause in Conformance chdck
ISO/IEC 230094 Rule imol .
:2019 implementation

Media Segments containing multiple Media
1 8473 Components shall comply with the formats defined in implemented
ISO/IEC 23009-1:2019, 6.3.4.3, i.e. the brand 'msix’.

In Media Segments, all Segment Index ('sidx") and Sub-
2 8.4.3 segment Index ('ssix") boxes shall be placed before implemented
any Movie Fragment ('moof"') boxes.

7.3 IS0 base media file format main profile

The profile-specific conformance rules, as well as the implementation status of the conformance rules
for the ISO base media file format main profile, are provided in Table 8.
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Table 8 — ISO base media file format main profile rules

Clause in Rule Conformance check
ISO/IEC 23009-1:2019 implementation

Atleast one SAP of type 1 to 3, inclusive, shall be

1 8.5.3 present for each track in each subsegment

implemented

In Media Segments, all Segment Index ('sidx') and
Subsegment Index ('ssix') boxes shall be placed
before

any Movie Fragment ('moof") boxes.

2 8.5.3 implemented

Each Media Segment of the Representations not
having

@startWithSAP present or having @startWithSAP
value 0 or greater than 3 shall comply with the for-
mats defined in ISO/IEC 23009-1:2019, 6.3.4.3, i.e. the
brand 'msix".

3 8.5.3 implemented

7.4 |MPEG-2 transport stream simple profile

The profile-specific conformance rule, as well as the implementation‘status of the conforjmance rules
for the MPEG-2 transport stream simple profile, are provided in Table”O.

Table 9 — MPEG-2 transport stream simple profile rules

Clause in Rule Conformjnce check
ISO/IEC 23009-1:2019 implemjentation

PSI information, including versions, shall be iden-

1 8.7.3 tical within all Représentations contained in an implemented
AdaptationSet
If MPEG-2 conditienal access framework is used, same | Specific to f conditional

2 8.7.3 ECM shall be+yalid for the whole Subsegment, or for access sysftem, cannot
the whole Segment, if Index Segment is not present. be tested generically.
For anilhdex Segment, any single Segment Index

3 8.7.3 ('sid%) box may either reference media, or other implemented
'sidy/, but the same 'sidx' box may not reference both.

8 (onforming testvectors

Details on conforming test vectors are specified in Annex B.

9 DASH.access engine reference software

9.1 |LGeneral

This clause defines the DASH access engine reference software according to ISO/IEC 23009-1. In this
clause, this reference software is referred to as libdash[€l.

NOTE Reference software implements requirements of a specification and typically serves the following

purposes, (1) validation of the written specification, (2) clarification of the written specification, and (3)
conformance testing for checking interoperability for the various applications against the reference software.

9.2 libdash overview

ISO/IEC 23009-1 defines representation formats for the MPD and segment formats for MPEG-2
transport stream (M2TS) and ISO base media file format (ISOBMFF). The MPD is based on XML and
reflects the DASH data model: providing HTTP URLs to downloadable segments. The adaptation logic
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(the component of a client which determines which segment to download based on the clients’ context)
is deliberately excluded from the specification and left open for industry competition.

libdash focuses on the MPD and segments identified using HTTP URLs, and provides two features:

— an objec

t-oriented interface into the MPD;

— the download of segments via HTTP (on request).

In particular, libdash provides means to access the information within the MPD and enables scheduling

the downloa

d of segments described by the MPD.

libdash impl
libdash does

9.3 libdas

Figure 3 sho
of various re

MPD). The d
adaptation |

libdash prov
player to ad
segments is

th-enabled example system

3 £ £ fron I agoano o
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not include adaptation logic and does not provide any segment- or codec-specificfeat

ws a libdash-enabled example system comprising a server (hosting thefMPD and segr
presentations described within the MPD) and client (requesting segments according 1
elivery of the MPD and client components such as the DASH streaming control (incl
gic) and the media player are specified within ISO/IEC 23009:1.

ides interfaces for the DASH streaming control (including-adaptation logic) and the 1
cess the MPD and downloadable media segments. Tlie download order of such 1
hot handled by libdash as this is left open to the othér components.
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In an example deployment, a server may provide segments in several bitrates and resolutions. The client
initially receives an MPD through libdash, which provides a convenient object orient interface to that
MPD. Based on that information, the client can download individual media segments through libdash
at any point in time. For example, varying bandwidth conditions can be handled by switching to the
corresponding quality level at segment boundaries in order to provide a smooth streaming experience.
This adaptation is not part of libdash and is left open to the application using libdash.

9.4 libdash availability

libdash is available at https://standards.iso.org/iso-iec/23009/-2/ed-3/en.

10 (onformance software for ISO/IEC 23009-4

10.1| General

In eath of these cases, output media segments are saved to the local disk, and-the MPD is fransformed
approépriately and also saved to the local disk. However, the input MPD and-media segmenits may come
from/|either the local disk or from URLs.

In orgler to compile the utility, open Eclipse and import "mpdCrypte” as an “Existing project”. Eclipse
JDT will compile the needed .class files automatically.

10.2(Design limitations and assumptions
— Asingle MPD is processed.

— Only the first Representation in the first addptationset of the first Period is processed.
— Segments are assumed to be listed in a sihgle segmentList.
— Asingleinstance of contentProtecti@n descriptor of supported type is assumed in encrlypted MPDs.
— Support for validating MPDs viaSchematron is coming at a later date.

— All of the operations are pérformed serially and synchronously.

10.3|Usage

mpdEncryptionUtil |-a <authentication-scheme>] -d | -e <encryption-scheme> -i <inputfile.mpd>
[--noqvalidate-schema] -o <output-dir>

-a,--authenticate <authentication-scheme>

Generate'authenticity tags for cleartext segments, in addition to encrypting them, via one pf supported
authgqntieation schemes, "sha256" and "hmac-shal". Default value is "sha256".

-d,--decrypt
Decrypt encrypted segments, automatically validating them, if authentication information is present.
-e,--encrypt <encryption-scheme>

Encrypt cleartext segments via one of supported encryption schemes, "aes128-cbc", "aes128-gcm".
Default value is "aes128-cbc".

-i,--input-file <inputfile.mpd>

MPD file path or URL.
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--no-validate-schema

Whether to skip validation of MPD via DASH schema.

-0,--output-dir <output-dir>

Directory to which encrypted/decrypted segments will be written.

11 Conformance for ISO/IEC 23009-5 server and network-assisted DASH (SAND)

11.1 Conformance rules

The conformance rules related to ISO/IEC 23009-5 as well as the implementation status qQf the
conformancg rules for SAND are provided in Table 10.
An MPD shall comply with the rules 5.G.1 to 5.H.3 in Table 10 in accordance with ISO/IEC 23009-5,
SAND messafges shall comply with the rules 5.A.1 to 5.B.6 in Table 10 in accordance with ISO/IEC 23(09-5.
Table 10 — Conformance rules for SAND
# Object Reference in ISO/ Normative statements from Conformance Stlatus
1IEC23009-5:2017 ISO/IEC 23009-5:2017 rule
5.A.1 |messageType Table 9 When using XML representation fermat, this field SAND schema | coyered
shall (messageType) be represented by the tag
name of the message element.
5.A.2 |SAND|message 7 While SAND network elements may implement SAND Schema | coyered
repregentation format additional data representation formats, they shall
at least support SANDymessages in XML format.
5.A.4 |[SAND|message 7 While SAND network elements may implement SAND Schema | coyered
repregentation format additional data representation formats, they shall
at least support SAND messages in XML format.
5.A.5 |DCORJ SAND schema fix SAND Schema | coyered
5.A.6 |AbsolfiteDeadline 6.4.4.1 AbsoluteDeadline message shall not be sent using SAND Schema | coyered
the’/HTTP POST method.
5.A.7 |MPDVplidityEndTime 6.5.4.3 mpdUrl and mpd parameters are mutually ex- SAND Schema | coyered
clusive and one of the two shall be present in any
MPDValidityEndTime message.
5.A.7 |ResoufrceStatus Table 11 Either Representation ID or Base URL shall be used.| SAND Schema | coyered
5.B.1 |ShareflResource 6.5.3.3 The validityTime attribute in the SAND message SAND coyered
Assiggnment envelope shall be present for the schematron
SharedResourceAssignment message as it allows
the DASH client to discover for how long the re-
source assignment is available.
5.B.3 [QoSInformation 6.5.7.3 Atleast one of the above parameters (@gbr, @mbr, SAND coyered
@delay, @pl) shall exist in the message. schematron
5.B.4 |bytes Table 14 The string shall conform to the byte-range-set SAND coyered
according to IETF REC 7233:2014, subclause 2.1 Schematron
5.B.5 [AvailabilityTimeOffset Table 21 Either Representation ID or Base URL shall be used. SAND covered
Schematron
5.B.6 |Throughput Table 19 Either Representation ID or Base URL shall be used. SAND covered
Schematron
5.C.1 |messageType Table 2 When using the HTTP header transport of 8.2.3, HTTP header covered
this field (messageType) shall be represented as syntax checker
the header name.
5.C.2 |bytes Table 14 The string shall conform to the byte-range-set HTTP header covered
according to IETF RFC 7233:2014, subclause 2.1. syntax checker
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Table 10 (continued)
# Object Reference in ISO/ Normative statements from Conformance Status
IEC23009-5:2017 ISO/IEC 23009-5:2017 rule
5.C.3 [Attaching a message to 8.2.3 The header value provides the message data. The HTTP header covered
requests for media header value shall conform to the following ABNF: | syntax checker
sand-message-value = sand-object
sand-object = sand-attr-or-list
*( "," sand-attr-or-list )
sand-attr-or-list = sand-
attribute / sand-list
sand-list = "[" sand-object *{(
";" sand-object ) "]"
sand-attribute = sand-attribute-
name "=" sand-value
5.C.4 |Attaching a message to 8.2.3 DATETIME shall follow the ISO 8601-1 format, HTTP heagler covered
requests for media with a dot and not a comma for fractions of secx syntax che¢ker
ond to avoid confusion with comma separating
key=value pairs.
5.C.4 [Attaching a message to 8.2.3 If attributes defined for the envelope Or attributes HTTP heagler covered
requests for media defined as common to all messagesiareincluded, syntax chegker
they shall appear first in the message, and shall be
provided as key=value pairs.
5.D.3 |Transport Protocol to 8.1 This clause defines HTTP as the minimum trans- SAND seryer covered
carry SAND Messages port protocol that shall be at least supported by
SAND enabled elements.
5.D.3 |TransportProtocol to 8.1 The following tablé\summarizes which HTTP SAND seryer covered
carry SAND Messages usages shall b€ supported (in bold in the table) by
a SAND elemient'or may be optional depending on
the nature ofthe SAND message.
5.D.4 |Sendinga message 8.2.2 The Content-Type shallbe application/ SAND seryer covered
directly to a DANE sand+xml, as defined in Annex C The message
document itself is included as the body part of the
HTTP request.
5.E.1 |Transport Protocol to 8.1 This clause defines HTTP as the minimum trans- SAND clignt covered
carry SAND Messages port protocol that shall be at least supported by
SAND enabled elements.
5.E.2 |[Transport Protocol to 8.1 The following table summarizes which HTTP SAND clignt covered
carry SAND Messages usages shall be supported (in bold in the table) by
a SAND element or may be optional depending on
the nature of the SAND message.
5.E.3 |Assistance 8.3.2 Upon receiving an HTTP entity that contains the SAND clignt covered
SAND header field in its entity head, the DASH cli-
entissues a GET request to the indicated element
to receive the SAND message. The following ABNF
syntax for the header field shall be used:
SAND-header-field = "MPEG-
DASH-SAND" ":" element-
address
clclllellL=dUdUrcss =
absolute-URI
5.F1 |[WebSocket messages 10.2.3 Each WebSocket message shall contain a valid WS SAND server | covered
SAND message compliant with the SAND message and client
XML schema.
5.G.1 |urn:mpeg:dash:sa Table 27 In this case, the @endpoint of the MPD schema covered
nd:2015:channel: sand:Channel shall be avalid HTTP-URL.
http:2016
5.H1 |urn:mpeg:dash:s Table 27 In this case, the @endpoint of the MPD covered
and:channel:hea sand:Channel shall not be present. schematron
der:2016
5.H.2 |urn:mpeg:dash:sa 10.1 In this case, the @endpoint of the MPD covered
nd:channel :webso sand:Channel shall be a valid WebSocket URI schematron
cket:2016 as specified in RFC 6455:2011, Clause 3.
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Table 10 (continued)

# Object Reference in ISO/ Normative statements from Conformance Status
IEC23009-5:2017 ISO/IEC 23009-5:2017 rule
5.H.3 |urn:mpeg: Table 29 In this case, the Reporting@value attribute MPD covered
dash:sand: shall contain the value ofa sand: Channel@id Schematron
channel:2016 attribute present in the MPD.

messagelD Table 2 Among messages with same sender and same No rule N/A
messageType, the message with highest messagelD
value shall take precedence over the others.

messagelD Table 2 The maximum value for messageld is decided by No rule N/A
senders and shall be high enough for receivers to
easily identify which message shall take prece-
dence even when messagelD values have looped
back to 0.

bandyidth Table 5 If playback rate is not 1, this bandwidth value shall No rule N/A
be modified accordingly.

AccepfedAlternatives 6.4.3.1 As such message is sent at the same time as a DASH Neorulé N/A
segment request, transport protocol defined in sub-
clause 8.2.3 (use of header extensions) shall be used.

MaxRTT 6.4.5.1 If MaxRTT message is sent with HTTP POST meth- No rule N/A
od, it shall be intended for every segment request
during validity time.

client]D Table 16 This field shall use the same value as the.senderld No rule N/A
of the SharedResourceAllocation message sent by
the client.

SAND|message 7 This clause defines XML as the format for SAND No rule N/A

repregentation format messages data representation format. While SAND
network elements may implerhent additional data
representation formats fsyich’as JSON), they shall
atleast support SAND méssages in XML format.

Attacljing a message to 8.2.3 For SAND messages.defined in another name- No rule N/A

requefpts for media space than the MPEG namespace (urn:mpeg:dash:
schema:sandmessage:2016), the namespace shall
be present iffithe SAND message name with colon
characters-seplaced with hyphens. For instance:
SAND-drn-my-example-com-MyMessage.

Signalling of SAND 9.1 The Sand:Channel@schemeIdUri specifies No rule N/A

commjunication channel which protocol the DASH client shall use with this
SAND channel. The table below lists the mandatory
protocols.

urn:ppeg:dash:sa Table 28 The identifier indicates that the DASH client shall No rule N/A

nd:2|015:channel: use the protocol defined in ISO/IEC 23009-5:2017,

nttp: 2016 subclause 8.1.1, that is, the SAND messages are
transmitted via HTTP POST request inside the
body of the request.

urn:mpeg:dash:s Table 28 The identifier indicates that the DASH client shall No rule N/A

and:|lchannel :hea use the protocol defined in ISO/IEC 23009-5:2017,

der:2016 subclause 8.1.2, that is, the SAND messages are
transmitted via HTTP header extension of HTTP
requests for media segments and MPD.

Signallling,of SAND com- 9.1 DASH clients which implement SAND shall sup- No rule N/A

munidatien’channel port signalling of SAND channel via HTTP header
and MPD.

urn:mpeg:dash:sa 10.1 The identifier indicates that the DASH client shall No rule N/A

nd:channel :webso use the WebSocket Protocol as specified in ISO/

cket:2016 IEC 23009-5:2017, 10.2 WebSocket Protocol.

Signalling via the MPD 10.2.2 The @schemaIdUri attribute of the No rule N/A
sand:Channnel elementshallbe urn:m
peg:dash:sand:channel:websock
et :2016 while the @endpoint attribute shall
contain a valid WebSoscket URI as defined in
RFC 6455:2011, Clause 3.

urn:mpeqg: Table 30 The identifier indicates that the DASH client shall No rule N/A

dash:sand: use a SAND channel to report the metrics defined

channel:2016 in ISO/IEC 23009-1.
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Table 10 (continued)
# Object Reference in ISO/ Normative statements from Conformance Status
1EC 23009-5:2017 ISO/IEC 23009-5:2017 rule
SharedResource C.1 Implementation of these strategies shall follow No rule N/A
Allocation the normative algorithms described in this annex.

Allocation Strategies When DASH clients do not agree on the same strat-

egy, itis up to the DANE to decide which strategy
to apply.

11.2 Software

11.2.T Design and architecture

The donformance of ISO/IEC 23009-5 comprises two modules, namely the SAND Con

the SAND Conformance Server. The SAND Client validates the SAND protocol a
sent by the HTTP server simulating a DANE (called Dummy DANE in Figure 4). stance

onse. In t
sends a HT']

inserf a URL pointing to a SAND message in the HTTP header of a segmen
the SAND Client verifies that the SAND HTTP header is present. If prese

that URL. Upon reception, it checks the received SAND messages against‘the SAND XML
scherpatron. Conversely, the SAND Server validates the SAND proto&d the SAND mess

Q
@qﬁme Clientand
% SAND messages

a DANE can
his scenario,
P request to
schema and
ages sent by

an HTTP client simulating a DASH Client. éj\\
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N
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Various Representations

bw bitrate high bitrate

Segment

MPD Parser

HTTP

Manager SEUS)

ol

B

it Parser

Figure 4 — Scope of conformance software for ISO/IEC 23009-5
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11.2.2 Usage

11.2.2.1 SAND HTTP conformance client

A complete documentation is provided in the repository with dependencies and installation procedure.
Basic usage information is provided here.

Usage: sand client.py [OPTIONS]

Execute the request and the validation of the received HTTP response.

Q
Options: Q(]/

-

-u, --ur]l to_request TEXT DANE URL to request, e.g. http://mydane. é]/.
-p, --prétocol [assistance|enforcement|error] Q§)
Protocols to carry PER messages speéi}ged in
ISO/IEC 23009-5 Q/C)
--help Show this message and exit. (‘$>
Example

|python sangl client.py -u http://my—dane.com/trigger—a§§§§tance -p assistance

Example of valid assistance PER transport

INFO:root:[TEST] header OK|mpeg-dash-sand heade®¥) found in the response

INFO:root:[TEST] URL OK|The provided URL is,walid|http://my-dane.example.com/messages|/
MpdValidityEndTimel.xml

DEBUG:requ¢sts.packages.urllib3.connectionpool:Starting new HTTP connection (1): my-dgne.
example.co]

DEBUG: requ¢sts.packages.urllib3.enhectionpool :http://my-dane.example.com:80 "GET /
messages/MpdvalidityEndTimel .xml HTTP/1.1" 200 307

INFO:root:[TEST] content-type&\header|OK|Valid content typel|application/sand+xml
INFO:root: [TEST] HTTP rgsponse code|OK|value=200

INFO:root:[TEST] message|OK|XML message format valid

INFO:root: [RESULT] ‘Success

Example of fnydlid error PER transport

INFO:root: [TEST] content type header|KO[Wrong content type|expected=application
sand+xml |used=text/html; charset=utf-8

INFO:root: [TEST] HTTP response code|KO|value=200]|regex=4[0-9]{2}
Start tag expected, '<' not found, line 1, column 1

INFO:root: [TEST] message|KO|XML message format invalid
INFO:root: [RESULT] Failure

24 © ISO/IEC 2020 - All rights reserved


https://iecnorm.com/api/?name=7c3ed6545b9973ed6a341d33620db81f

ISO/IEC 23009-2:2020(E)

11.2.2.2 SAND HTTP conformance server

A complete documentation is provided in the repository with dependencies and installation procedure.
Basic usage information is provided here.

|python sand_server.py run --port tcp_ port |

By default, the server listens on port 5000.
Endpoints

/header

This endpoint validates that a DASH client sends a SAND message via the HTTP headeryas|specified by
ISO/IEC 23009-5 SAND.

HTTP response — Failed validation

Repofrt for SAND headers conformance:

Sandi-Maxrtt: PASSED

HTTP response — Failed validation

Repoft for SAND headers conformance:

Sandf-Maxrtt: FAILED

Uhexpected sand-attribute name 'maxRT'. Stopping parsing.

/metygics

This [endpoint validates that a DASH client:sends a metric message via the HTTP POST method as
specified by ISO/IEC 23009-5 SAND.
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Example of valid request

POST /metrics HTTP/1.1
*/*

deflate

Accept: application/json,
Accept-Encoding: gzip,

Connection:

Content-Length:

Content-type:

keep-alive
296

application/sand+xml

Host: sand

User-Agent

<?xml vers

<SANDMessa
generation

<TcpList

Content-Lei

Content-Tyj

[RESULT] [Of

<TcpCor 52-08:00"/>
</TcpList> g\\
</SANDMessgge> <Z O
HTTP/1.1 200 OK ‘\0\\
Connectionf keep-alive (%)
&

Date: Tue,
Server: gupicorn/19.6.0 <QS)
Via: 1.1 v¢gur .(J

Fconf-server.my-example-server.com

HTTPie/0.9.9

lon="1.0" encoding="UTF-8"7?> ng
e xmlns="urn:mpeg:dash:schema:sandmessage:2016" senderId="ah?§334"
[ime="2016-02-21T11:20:52-08:00"> (J

inection tcpid="143" dest="542" topen="2016-04-21T1 (:S\

messageld="1234">

hgth: 12

Z

e: text/html; charset=utf-8 \S\

18 Jul 2017 12:35:27 GMT *SD

Q
fos

al
[l

Server log

INFO:root: |TEST]ROK] HTTP method (POST)

INFO:root:[TEST] [OK] Content-Type (application/sand+xml)

INFO:root: [TEST] [OK] SAND message validation

INFO:root: [RESULT] [OK]
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Example of invalid request (HTTP method, content-type header, message format failed)

PUT /metrics HTTP/1.1

Accept: application/json, */*
Accept-Encoding: gzip, deflate
Connection: keep-alive
Content-Length: 255

Content-type: application/xml

Host|: sand-conf-server.my-example-server.com

UserfAgent: HTTPie/0.9.9

<?xmll version="1.0" encoding="UTF-8"?>

<SANpMessage xmlns="urn:mpeg:dash:schema:sandmessage:2016" senderig="abcl234"
genefrationTime="2016-02-21T11:20:52-08:00">

<TppList messageId="1234">
TcpConnection tcpid="socketl"/>
</[lcpList>

</SANDMessage>

HTTPY1.1 400 BAD REQUEST

Connpction: keep-alive

Contpnt-Length: 12

Contpnt-Type: text/html; charset=ut¥-8
Date|: Tue, 18 Jul 2017 12:38:206MT
Server: gunicorn/19.6.0

Via:l 1.1 vegur

[RESPLT] [KO]

Servgr log

INFOJ roQt:\ [TEST] [KO] Content-Type (application/xml != application/sand+xml)

Elempr¥ /" {urn:mpeg:dash:schema:sandmessage:2016}TcpConnection', attribute 'tcpid':

'socketl"™ 1s not a valid value of the atomic type Txs:unsignedInt'™., Iine 4
INFO:root: [TEST] [OK] HTTP method (PUT != POST)

INFO:root: [RESULT] [KO]
INFO:root: [TEST] [KO] SAND message validation

11.2.2.3 SAND WebSocket conformance server

A complete documentation is provided in the repository with dependencies and installation procedure.
Basic usage information is provided here.

|python sand_server.py run --port tcp port |
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Example of valids request

INFO:root: [

INFO:root: [

TEST] [OK] Data frame type. Text frame received.

TEST] [OK] SAND message validation

Example of i

nvalid request

INFO:root: [

TEST] [OK] Data frame type. Text frame received.

Element '{urn:mpeg:dash:schema:sandmessage:2016}Bufferlevellist': Missing child

element (s)

INFO:root:

Expected is ( {urn:mpeg:dash:schema:sandmessage:2016}BufferlLevel )., line|l 3

TEST] [KO] SAND message validation

11.3 Test Viectors

Test vectors|cover metrics, per, status messages and MPD with SAND signalling. Both valid and invalid
test vectors pre provided.

The test vect

ors are available at https://standards.iso.org/iso-iec/23009/-2/€d-3/en.

12 Conformance for ISO/IEC 23009-6 server push

12.1 Architecture

The confor

number of i1

ance for ISO/IEC 23009-6 comprises a software module called PushDirective Validator
written in the Python®2) language. This module takes as input one or more input push directives oy push
acknowledg¢ments. Each input is validated againstthe ABNF grammars defined in ISO/IEC 23(009-6.
The conformance module simply returns the number of correctly parsed valid examples anf the

correct inputs detected (see Figuredb).

2) Python is the trade name of a product supplied by The Python Software Foundation. This information is given
for the convenience of users of this document and does not constitute an endorsement by ISO or IEC of the product

named.
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\\\\ Normative part [ Implementation to test ] Conformance

~_ software
DASH Part-6: T ( PushDirective ‘ PushDirective
ABNF grammars N L Generator Validator

PushDirective

Parser ™
v
Containing: QQ T
‘ Input = Test headers with push directives + segmen "?_D—params] S~

Expected outputs:
?
PushType Match? 1 shiType Q/C) N
List of pushed URLs “ - pushed segments as a list of URLs \\
ox ¢ o B

Figure 5 — Description of ISO/IEC 23(&9% conformance software

The Hart-6 validator is written in Python language;\\.

N
12.2|Status ,@Q’

From| the list of defined PushType in I@EC 23009-6:2017, Table 4, Table 11 indicateq the level of
suppgrt. D

xO
Table 11 — Level of supé}h‘t for the different push types defined in ISO/IEC 23009-6
AN
. |\ PushType Status
urn:mpeg:dash:;\@srpush:2017 :push-fast-start covered
urn:mpeg: das?r’.%e’rverpush :2017:push-1list covered
urn:mpeg: @h\:’serverpush :2017:push-next covered
N
urn:mp?@ash:serverpush:2017 :push-none covered
urn :@d: dash:serverpush:2017:push-template covered
u@\uﬁa{)eg :dash:serverpush:2017:push-time covered

For the push types accepting parameters defined by an ABNF grammar, indicates the level of support
for each of these parameters.

For FastStartParams, the level of support is provided in Table 12.
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Table 12 — Level of support for the FastStartParams defined in ISO/IEC 23009-6
Attribute Type ABNF Status

Initialization ATTRIBUTE_ITEM = “init-only” covered

segments only

Media Type ATTRIBUTE ITEM = covered
“type=" MEDIATYPE
MEDIATYPE = “video” / “audio”

Start bitrate ATTRIBUTE ITEM = “bitrate=” RATE covered
RATE = SQUOTE INTEGER SQUOTE

Resolution ATTRIBUTE ITEM = “height=” RESOLUTION coverdd
RESOLUTION = SQUOTE INTEGER SQUOTE

Language ATTRIBUTE ITEM = “lang=" SQUOTE STRING SQUOTE ¢overefl

Media amount ATTRIBUTE ITEM = coverdd
“D=" SQUOTE INTEGER SQUOTE /
“B=" SQUOTE INTEGER SQUOTE

Media startig point |ATTRIBUTE ITEM = “t=” START POINT coverdd
START POINT = “begin” / “now”

URL List ATTRIBUTE ITEM = “urls=[” URL LIST “]” coverdd

Combination|of the ATTRIBUTE LIST = ATTRIBUTE ITEM OWS “;” ¢OWS ATTRIBUTE

above paramjeters LIST / ATTRIBUTE_ITEM B B coverdd

a  Some excgptional cases may not be well supported (extended languagé subtags with their primary language).

This softwat

12.3 Logis

This confor
contains a re

1) DashPar

directiv

e is updated to support all the push types fromSO/IEC 23009-6:2017, Table 4.
[ics

hance software is provided at https¢//Standards.iso.org/iso-iec/23009/-2/ed-2. The z
adme file plus the following Pythen files:

t6ABNF.py is the main filesRunning this file launches the validation on two sets of]
bs: one valid set and onevinvalid set. For the valid set, 100 % success is expected ar
est cases, the test is considered successful when 100 % expected failures is obtained.

téLang.py contains-parsing code for lang attribute used in push-fast-start. (This fil¢
test samples from RFC 5646).

t6RFC5646.py contains declaration related to RFC 5646 (for language).

p file

push
\d for

b also

hFastStart.py contains parsing code for fast start pushDirective plus valid/invalid test

I

invalid t
2) DashPar
contains
3) DashPar
4) DashPuj
samples
5)
6)
samples
7)
samples
8)
samples
9)

h T AL e - - £
DaShPLL)llL.lbL.p_y COITCAIITS PdT STITEg COVE 10T

DI 1: . 1 o h] 1.3 /- 1o . -
URLIUPUSITUITCLLIVE PIUuS VAaIIu/IIIvdIlu tEst SdIIl

DashPushTypes.py contains definitions of DASH Part-6 types and grammars.

bles.

DashPushNext.py contains the code for push-next directive validation plus valid/invalid test

DashPushNone.py contains the code for push-none directive validation plus valid/invalid test

DashPushTime.py contains the code for push-time directive validation plus valid/invalid test

10) simpleTypeParser.py contains parsing routines for simple types like integer, URL and URL list.
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11) urlparse_.py contains code for URL parsing.

-2:2020(E)

To run successfully, this conformance software requires pyParsing module to be installed. It has been
tested with Python interpreter version 3.6. under Windows®3) 7 platform.

12.4 Usage

Usage: DASHPart6ABNF.py [-h] [--mode {0,1,2}]
[--level {debug,info,warning,error,criticall}]
[--directive DIRECTIVE]

optipnal arguments:

--help show this help message and exit

hode {0,1,2}, -m {0,1,2}
Kind of tests to run: valid(0) (the default);
invalid(l) or both (2)

level {debug,info,warning,error,critical}, -1 {debugfihfo,warning,error,cri
The logging level (as in pythomwLogger, default =
"warning")

Hirective DIRECTIVE, -d DIRECTIVE
Tests a user-providedhpush-directive (as a string
between double-qudtes). For example: -d

"\"urn:mpeg:dash:serverpush:2017:push-fast-

start\";ini¥tonly;"

tical}

Ther

I
< =

— T

|
-

'

For a
descr

e are three testing modes:

unning the grammar validator on valid test samples -m 0 (the default mode) or -m 2
alid push directives or pushAck(s) are correctly parsed,

unning the grammar validator on invalid test samples -m 1 or -m 2 to check that expe

dre correctly defected,

unning thé grammar validator against a user-provided push-directive. The softwai
Fhether the'push-directive is valid or not.

hy testing mode, the level of logs can be controlled with the -1 option (see Python L

ro check that

cted failures

'e prints out

bgger for the

iption of possible levels).

3) Windows is the trade name of a product supplied by Microsoft Corporation. This information is given for the
convenience of users of this document and does not constitute an endorsement by ISO or IEC of the product named.
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A.1 Gene

009-2:2020(E)
Annex A
(normative)

MPD conformance checking

ral

This annex
in Clause 5
correspondi

-2/ed-3/en.

A.2 Step I: XLink resolver

A.2.1 Gen

The followinjg rules apply to the processing of URI references within exlink:href.

a) URI refd
and inv3

b) URI refd
treated

c) URI refg

referend
d) Any URI
e) IfaURI

shall apj

The remote
embedded ir

a) Attribug
MPD ths
the sam
same. If
value of

provides detailed means for MPD conformance checking using the three steps-out
Detailed examples and expected output behaviour are described for each\ step

lined
The

hg software and more examples are provided at https://standards.iso.org/iso-iec/23

eral

rences to remote elements that cannot be resolved shall be treated as invalid refer
lidate the MPD.

rences to remote elements that are inappropriate targets for the given reference sh
hs invalid references (see below for the apprepriate targets) and invalidate the MPD.

rences that directly or indirectly reférence themselves are treated as invalid cir
es and invalidate the MPD.

reference to a remote element shall be an HTTP-URL.

reference is relative then reference resolution as defined in ISO/IEC 23009-1:2019,
Dly.

elements referenced\from within an MPD (referred to as appropriate targets) sh
to the MPD by applying the following rules:

es and elements obtained from the remote element shall be added to the element
t contains &xlink:href and shall be merged with the ones already present in the M
e attributes are present in both MPD and remote element, the attribute values should t
they-are not identical, then the value of the attribute of the MPD takes precedence ov
the-attribute in the remote element.

009/

ences

q1l be

cular

5.6.4

11l be

f the
D. If
e the
br the

b) The remote element referenced by the exlink:href shall conform to the type definition of the

element

in the MPD that contains @xlink:href.

c) All XLink attributes shall be removed after dereferencing is completed.

d) Allresources in the remote element referenced by ¢x1ink:href shall have an availability end time
as specified by MPDRavailabilityEndTime.

A.2.2 Example 1

ex01 xlink valid.mpd shows a valid MPD with XLink references. The output of the program is a
success message for each step. This example comprises the following files: ex01 x1ink valid.mpd,

ex01 includ

32

e .mpd, and ex0 1 include 1.mpd.
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A.2.3 Example 2

ex02 xlink invalid circular.mpd shows an invalid MPD with circular XLink references The program
indicates the circular references with the following error message:

XLinkException: Circular referencing detected!

This example comprises the following files: ex02 x1ink invalid circular.mpd, ex02 include.mpd, and
ex02 circular.mpd

A.2.4 Example 3

ex03|xlink invalid ftp.mpd shows an invalid MPD with XLink references with a wrang protocol. In
this gxample, the FTP protocol is used instead of HTTP. The program indicates the wreng grotocol with
the fqllowing error message:

XLinjException: Only HTTP links are allowed!

This example comprises the following files: ex03 x1link invalid ftp.mpd,

A.2.3 Example 4

ex04 [xlink invalid wrongelement.mpd shows an invalid MPD with XLink references where the XLink
definjtion points to a different remote element than the local’element. In this examplg, instead of
pointling to a Period element, the XLink points to a Representation element. The program indicates the
wronig element type with the following error message:

XLinjException: Referenced Document must contalq same element type as referencihg element!

Refefencing element: Period
Refegenced element: Representation

This [example comprises the followingsfiles: ex04 xlink invalid wrongelement.mpd and ex04
inclyde.mpd.

A.3 |Step 2: XML validator

A.3.1 General

The ¥ML Validator pracesses an MPD, checks that is it is well-formed, and validates it agajnst the MPD
scherpha defined in ISO/IEC 23009-1.

A.3.2 Example 1

ex01 |valldetor valid.mpd shows a valid MPD. The output of the program is a success|message for
each ptep:

A.3.3 Example 2

ex02 validator missingattribute.mpd shows an invalid MPD, with a missing required attribute. The
error occurs in the Representation element and is indicated with the following error message:

Line:Col[13:38]:cvc-complex-type.4: Attribute 'id' must appear on element
'"Representation’.
XML validation not successful - DASH is not valid!

A.3.4 Example 3

ex03 validator wrongelement.mpd shows an invalid MPD with an element at a wrong position. The
error occurs after the Period element and is indicated by the following error message:
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Line:Col[13:35]:cvc-complex-type.2.4.a: Invalid content was found
starting with element 'Representation’. One of
"{"urn:mpeg:dash:schema:mpd:2011" :BaseURL,
"urn:mpeg:dash:schema:mpd:2011": SegmentBase,
"urn:mpeg:dash:schema:mpd:2011":SegmentList,
"urn:mpeg:dash:schema:mpd:2011":SegmentTemplate,
"urn:mpeg:dash:schema:mpd:2011" :AdaptationSet,
"urn:mpeg:dash:schema:mpd:2011":Subset, WC[##other:
"urn:mpeg:dash:schema:mpd:2011"]}'" is expected.

XML validation not successful - DASH is not valid!

A.3.5 Example 4

ex04_validafor_missingprofile.mpd shows an invalid MPD with a missing profile attribute. The |error
occurs after|the MPD element and is indicated by the following error message:

Line:Col[8:66]:cvc-complex—-type.4: Attribute 'profiles' must appear on element* ' MPD'.
XML validat]fion not successful - DASH is not wvalid!

A.4 Step B: Schematron validator

A.4.1 Gengpgral

This subclayise defines step 3 of the MPD conformance checking, based on ISO/IEC 19757-3] The
validation sqhema can be found in A.4.2. A description thereof (i.e. dmore readable version of the|rules
and assertion messages) is provided in A.4.3. The MPDs for conformance checking are defined in A.4.
The actual MPDs and corresponding code can be found attache&dyto this document.

A.4.2 Sché¢matron validation schema

<?xml versijon="1.0" encoding="UTF-8"?>
<schema xmllns="http://purl.oclc.org/dsdl/schematron" xmlns:dash="urn:mpeg:dash:schema
mpd:2011" xmlns:xsi="http://www.w3.0rg/200L/XMLSchema-instance” xmlns:xlink="http://wyw.
w3.0rg/1999/x1ink" queryBinding='xslt' schémaVersion='IS019757-3'>
<ns preflix="dash" uri="urn:mpeg:dash:schema:mpd:2011"/>
<ns preflix="xlink" uri="http://wwwxw3.org/1999/x1ink"/>
<ns preflix="xsi" uri="http://wwws3.0rg/2001/XMLSchema-instance"/>
<title>Ychema for validating MPDs</title>
<pattern name="MPD element">

<!-- [R1.*: Check the conformance of MPD -->
<rulg context="dash:MRD">
<l-- R1.0 -->
<dssert test="iff y(ltype = 'dynamic' and not (@availabilityStartTime)) then false()
else true()|">If MPD isfWf type "dynamic" availabilityStartTime shall be defined.</assgrt>
<!I-- R1.1 -=>
<gdssert teskt="if (Q@type = 'dynamic' and not (@publishTime)) then false() else

true () ">If MPD isNof type "dynamic" publishTime shall be defined.</assert>

<I-< R¥.3 -->

<!I--Xassert test="if (Qtype = 'static' and not (@mediaPresentationDuration)) |then
false() else true()">If MPD is of type "static" mediaPresentationDuration shall be
defined.</assert> -->

<!-- R1.4 -->

<assert test="if (@type = 'static' and descendant::dash:Period[1l]/@start and

(years-from-duration (descendant: :dash:Period[1]/@start) + months-from-

duration (descendant::dash:Period[1]/@start) + days-from-

duration (descendant: :dash:Period[1]/@start) + hours-from-

duration (descendant::dash:Period[1l]/@start) + minutes-from-

duration (descendant::dash:Period[1l]/@start) + seconds-from-

duration (descendant::dash:Period[1]/@start)) > 0) then false() else true()">If MPD is of
type "static" and the first period has a start attribute the start attribute shall be
zero.</assert>

<!--— R1.5 -—>
<assert test="if (not (@mediaPresentationDuration) and not (EminimumUpdatePeriod))
then false () else true()">If mediaPresentationDuration is not defined for the MPD

minimumUpdatePeriod shall be defined or vice versa.</assert>
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<!-- R1.7 -->
<assert test="if (not (@profiles) or (contains(@profiles,
'urn:mpeg:dash:profile:isoff-on-demand:2011') or contains (@profiles,

'urn:mpeg:dash:profile:isoff-1ive:2011") or contains(@profiles,
'urn:mpeg:dash:profile:isoff-main:2011') or contains(@profiles, 'urn:mpeg:dash:profile:f
ull:2011') or contains(@profiles, 'urn:mpeg:dash:profile:mp2t-main:2011') or contains (@
profiles, 'urn:mpeg:dash:profile:mp2t-simple:2011"'))) then true() else false()">The
On-Demand profile shall be identified by the URN "urn:mpeg:dash:profile:isoff-on-
demand:2011". The live profile shall be identified by the URN
"urn:mpeg:dash:profile:isoff-1ive:2011". The main profile shall be identified by the URN
"urn:mpeg:dash:profile:isoff-main:2011". The full profile shall be identified by the URN
"urn:mpeg:dash:profile:full:2011". The mp2t-main profile shall be identified by the URN
"urn:mpeg:dash:profile:mp2t-main:2011". The mp2t-simple profile shall be identified by the
URN "urn:mpeg:dash:profile:mp2t-simple:2071" assert
<!-- R1.8 -->

<assert test="if (not(contains (@profiles, 'urn:mpeg:dash:profile:isqofflon-
demanjd:2011"')) or not (@type) or @type='static') then true() else false()"»For Oh-Demand
profile, the MPD @type shall be "static".</assert>
<!-- R1.9 -—>

<assert test="if (not (@mediaPresentationDuration) and not (@minimumUpdafePeriod)
and rot (dash:Period[last()]/@duration)) then false() else true()">T[AR™minimumUpdhtePeriod
is nqt present and the last period does not include the duration~aBbfribute the
medigPresentationDuration must be present.</assert>

<!-- R1.10: Disabled, there is no such conformance point in DASH 2nd eflition
(cuugent) -->
<!-- assert test="if (@type='dynamic' and not (Qi¥d)) then false() else frue()">If
the NPD type is dynamic, the id shall be present </assefs~<>

</rule>
<Apattern>
<gattern name="Period element">

<!-- R2.*: Check the conformance of Perigd =-->
<rule context="dash:Period">
<!-— R2.0 -—>
<assert test="if (string(@bitstregamSwitching) = 'true' and string(chilfl::dash:Ada
ptatjonSet/@bitstreamSwitching) = 'falsel) then false() else true()">If bitstrepmSwitching

is sq9t to true all bitstreamSwitching, declarations for AdaptationSet within thig Period
shall] not be set to false.</assert>
<!-— R2.1 -—>

<assert test="if (@id =~preceding::dash:Period/@id) then false() else frue()">The
id off each Period shall be unique.</assert>
<!-- R2.2: This rule fias been found to not work properly, hence disablpd for now
-—>
<!-- assert test=Yif ((years-from-duration (@start) + months-from-duratfon (@start)
+ days-from-duration (@start) + hours-from-duration (@start) + minutes-from-duratfon (@start)
+ sgqconds-from-duration (@start)) > (years-from-duration(following-sibling::dash:Period/@
start) + months-frem=duration(following-sibling::dash:Period/@start) + days-from-
duratfion (following=sibling::dash:Period/@start) + hours-from-duration (followingf
sibling::dash:Pexritod/@start) + minutes-from-duration (following-sibling::dash:Pefkiod/@
starty) + sec@mds-from-duration (following-sibling::dash:Period/@start))) then fhlse() else
true() ">Pexriods shall be physically ordered in the MPD file in increasing order|of their
starfy timeg<v/assert-->

IP-- R2.3 -—>
<assert test="if ((child::dash:SegmentBase and child::dash:SegmentTempllate and
chilce—=<= h.s'c\julcutLJ_ —eor—tehritet .\lac‘u.Sc\:jxuc“tBacc ettt .\lach.Sc\:jxuc“tTcxu late) or

(child::dash:SegmentBase and child::dash:SegmentList) or (child::dash:SegmentTemplate and
child::dash:SegmentList)) then false() else true()">At most one of SegmentBase,
SegmentTemplate and SegmentList shall be defined in Period.</assert>

<!-— R2.4 -—>

<assert test="if (not (@id) and ancestor::dash:MPD/@type = 'dynamic') then false()
else true()">If the MPD is dynamic the Period element shall have an id.</assert>

<!-- R2.5 -->

<assert test="if (not (descendant-or-self::dash:BaseURL) and not (descendant-or-

self::dash:SegmentTemplate) and not (descendant-or-self::dash:SegmentList) and not (@
xlink:href = 'urn:mpeg:dash:resolve-to-zero:2013")) then false() else true()">At least one
BaseURL, SegmentTemplate or SegmentlList shall be defined in Period, AdaptationSet or
Representation.</assert>

<assert test="if (@duration = 0 and count(child::dash:AdaptationSet)) then
false () else true()">If the duration attribute is set to zero, there should only be a
single AdaptationSet present.</assert>
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child::dash
element nor
violated he
</rul
</patter
<pattern
<!--

<rule

<!

<a

else true()
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<!-- DASH 8.3.2 —-->
<assert test="if (contains(ancestor::dash:MPD/Qprofiles,
ash:profile:isoff-on-demand:2011"') and (child::dash:SegmentList or
:SegmentTemplate)) then false()
the Period.SegmentTemplate element shall be present for On-Demand profile,
re. </assert>
e>
n>
name="AdaptationSet element'">
R3.*: Check the conformance of AdaptationSet -->
context="dash:AdaptationSet">
-- R3.0 —-—>
ssert test="if (@id
">The id of each AdaptationSet within a Period

preceding-sibling: :dash:AdaptationSet/@id)

hall be unique assert

else true()">Neither the Period.SegmentList

then false()

<!
<g
contentTypsg
ContentComyg
not be repd
<!
<g
width and d
ntation/@hg
cendant: :dd
sentation/@
or (@segmen)
descendant:
entation/@n
startWithSA
(@codingDep
and descend
attributes
not in both
<!
<g
minBandwidt]
minHeight,
<!
<g
or descenda
true () ">The
Adaptation§
<!
<g
false () els
Adaptation§
<!
<g
false () els
the Adaptat]
<!
<g
true () ">An

-- R3.
ssert

1 -

test="1if ((@lang descendant: :dash:ContentComponent/@lang) or N\
descendant: :dash:ContentComponent/@contentType) or (@par descendaht::
onent/@par)) then false() else true()">Attributes from the AdaptationSet si
ated in the descendanding ContentComponent elements.</assert>

-- R3.2 —-—>

ssert test="if ((@profiles and descendant::dash:Representation)y/@profiles)
lescendant: :dash:Representation/@width) or (@height and descemdant::dash:Reg
ight) or (@sar and descendant::dash:Representation/@sar) ‘oY (@frameRate an
sh:Representation/Q@frameRate) or (QaudioSamplingRate and descendant::dash:H
budioSamplingRate) or (@mimeType and descendant::dasfi®Representation/@mime]
tProfiles and descendant::dash:Representation/@segnpientProfiles) or (Q@Qcodec
:dash:Representation/@codecs) or (@maximumSAPPeriot“and descendant::dash:Rg
aximumSAPPeriod) or (@startWithSAP and descendant*:dash:Representation/@

P) or (@maxPlayoutRate and descendant::dash:Répresentation/@maxPlayoutRate
lendency and descendant::dash:Representationd@¢bdingDependency) or (@scanTyy
ant::dash:Representation/@scanType)) then<false() else true()">Common

for AdaptationSet and Representation shall either be in one of the elementjy
.</assert>

-- R3.3 —-—>

ssert test="if ((QminWidth > @maxWadth) or
h > @maxBandwidth)) then false () .,£1Se true()">Each minimum value
minBandwidth) shall be larger ,thah the maximum value.</assert>
-- R3.4 —-—>

ssert test="if (descendant:gdash:Representation/@bandwidth &lt; @minBandwi
nt::dash:Representation/@bandwidth > @maxBandwidth) then false() else
value of the bandwidth @ttribute shall be in the range defined by the

et .</assert>
-- R3.5 --—>
ssert test="if
e true () ">The vallte of the
et .</assert>

-- R3.6 -—>

ssert test=\M (descendant::dash:Representation/@height > @maxHeight) then
e true () "OThe value of the height attribute shall be in the range defined
ionSet.lK/Jassert>

-— R3TH -—>

ssgrt)test="1f (count(child::dash:Representation)=0) then false() else
AddptationSet shall have at least one Representation element.</assert>

(@minHeight > @maxHeight) or (@
(minWidth

(descendant: :dash:Representation/Q@width > @maxWidth) then
width attribute shall be in the range defined by

ash:
lall

r (@
rese
des
epre
ype)
and
pres

or

but

th

I the

na o Q

<!
<a
child: :dash
(child: :das
child: :dash
SegmentTemp
<!
<a
&1lt; @minFr
maxFrameRat
frameRate a

</rul
</patter

<pattern
<l--
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ssert test="if
:SegmentList) or (child::dash:SegmentBase and child::dash:SegmentTemplate)
h:SegmentBase and child::dash:SegmentList) or (child::dash:SegmentTemplate
:SegmentList)) then false() else true()">At most one of SegmentBase,

late and SegmentList shall be defined in AdaptationSet.</assert>

-- R3.9 -—>
ssert test="if
ameRate)) or (@maxFrameRate and
e))) then false() else true()">ISO/IEC 23009-1:2019, 5.3.3.2: The value of
ttribute shall be in the range defined by the AdaptationSet.</assert>

((@minFrameRate and

e>

n>

name="ContentComponent element">

R4.*: Check the conformance of ContentComponent -->

© ISO/IEC 2020 - All rights re

((child::dash:SegmentBase and child::dash:SegmentTemplate and

or
and

(descendant: :dash:Representation/@frameRate
(descendant: :dash:Representation/@frameRate > @

the

served


https://iecnorm.com/api/?name=7c3ed6545b9973ed6a341d33620db81f

ISO/IEC 23009-2:2020(E)

<rule context="dash:ContentComponent">
<!-— R4.0 --—>
<assert test="if (Q@id = preceding-sibling::dash:ContentComponent/@id) then
false () else true()">The id of each ContentComponent within an AdaptationSet shall be
unique.</assert>
</rule>
</pattern>
<pattern name="Representation element">
<!-- R5.*: Check the conformance of Representation -->
<rule context="dash:Representation">
<!-— R5.0 -—>
<assert test="if (not (@mimeType) and not (parent::dash:AdaptationSet/@mimeType))
then false() else true()">Either the Representation or the containing AdaptationSet shall
have the mimeTvpe attribute assert

<!-- R5.1 -->
<assert test="if (not(child::dash:SegmentTemplate or parent::dash AdapfationSet/
dash{SegmentTemplate or ancestor::dash:Period/dash:SegmentTemplate) anda~ftcentaihs (@
profijles, 'urn:mpeg:dash:profile:isoff-1ive:2011"') or contains (ancestor;dash:MpPD/@
profiles, 'urn:mpeg:dash:profile:isoff-1live:2011"') or contains (parentilldash:Adaptation
Set/{profiles, 'urn:mpeg:dash:profile:isoff-1ive:2011"))) then falée® else trug()">For
live |profile, the SegmentTemplate element shall be present on at<l@&ast one of the three
levels, the Period level containing the Representation, the Adaptidtion Set contpining the
Reprgsentation, or on Representation level itself.</assert>
<!-- R5.2 -->

<assert test="if ((child::dash:SegmentBase and ghild::dash:SegmentTempllate and
chilq::dash:SegmentList) or (child::dash:SegmentBase and-~thild::dash:SegmentTemplate) or
(child: :dash:SegmentBase and child::dash:SegmentList)¢ o0x™ (child::dash:SegmentTemplate and
child::dash:SegmentList)) then false() else true()">At most one of SegmentBase,
SegmgntTemplate and SegmentList shall be defined iy Representation.</assert>

<!-- Unique ID check -%>
<assert test="if ((@id = preceding-&ibling::dash:Representation/Q@id) of (@
id=pdrent::dash:AdaptationSet/preceding-sibBd\ihg: :dash:AdaptationSet/dash:Represgntation/Q@
id))then false() else true()">The id of egeh Representation within a Period shall be
unigqye.</assert>

</rule>
<[pattern>
<gattern name="SubRepresentatdon element">

<!-- R6.*: Check the conformance of SubRepresentation -->
<rule context="dash:SubRepresentation">
<!-- R6.0 -->

<assert test="if“(llevel and not (@bandwidth)) then false() else true()['>If the
level attribute is defined for a SubRepresentation also the bandwidth attribute|shall be
defifjed.</assert>

</rule>
</pattern>
<gattern name="SegmentTemplate element">

<!-- R7)*: Check the conformance of SegmentTemplate -->
<rule=context="dash:SegmentTemplate">
N-- R7.0 -->
<assert test="if (not (@duration) and not(child::dash:SegmentTimeline) phnd not (@
inititet=t G.tJ._Ul.l/ 7 Hremr—featse \) etse—true \)" F—rmore—tirar—orre—Med= Sc\jxuc“t = 1= esent the
duration attribute or SegmentTimeline element shall be present.</assert>
<!-— R7.1 -->

<assert test="if (Q@duration and child::dash:SegmentTimeline) then false() else
true () ">Either the duration attribute or SegmentTimeline element shall be present but not
both.</assert>

<!-= R7.2 —-=—>

<assert test="if (not(@indexRange) and @indexRangeExact) then false() else
true () ">If indexRange is not present indexRangeExact shall not be present.</assert>

<!-- R7.3 -->

<assert test="if (Qinitialization and (matches (@initialization, '\$Number (%.
["\$]1*)?\$') or matches(@initialization, '\$Time(%.["\$]*)?\$'))) then false() else
true () ">Neither S$Number$ nor the $Time$ identifier shall be included in the initialization
attribute.</assert>

<!-=- R7.4 -—>

<assert test="if (@bitstreamSwitching and (matches (@bitstreamSwitching,
"\$Number ($. ["\$]1*)?\$') or matches (@bitstreamSwitching, '\$Time(%.["\$]*)?\$'))) then
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false () else true()">Neither S$Number$ nor the $Time$ identifier shall be included in the
bitstreamSwitching attribute.</assert>
<!l-— R7.5-—>
<assert test="if (matches (@media, '\$.["\$]*\$')) then every $y in (for $x in
tokenize (@media, '\$(Bandwidth|Time |Number |RepresentationID) (%.["\$]1*)?\$') return
matches ($x, '\$.["\$]1*\$')) satisfies Sy eq false() else true()">Only identifiers such as
$Bandwidth$, $Time$, SRepresentationID$, or $Number$ shall be used.</assert>
<!-— R7.6-->
<assert test="if (matches (@media, '\S$RepresentationID%.["\$]*\$')) then false()
else true()">SRepresentationID$ shall not have a format tag.</assert>
</rule>
</pattern>
<pattern name="SegmentList element">
<l!—— RB . *: Check the conformance of SegmentT.jist —-—
<rulg context="dash:SegmentList">
<!l-- R8.0 -->
<gssert test="if (not (@duration) and not(child::dash:SegmentTimeline)) ~then 1f
(count (chilld: :dash:SegmentURL) > 1) then false() else true() else true()">If more than one

Media Segmegnht is present the duration attribute or SegmentTimeline element shall be
present.</alssert>

<!ll-- R8.1 -->
<gdssert test="if (Q@duration and child::dash:SegmentTimeline) theén false () elge
true () ">Eitlher the duration attribute or SegmentTimeline element shall be present but|not
both.</assert>
<l|-- R8.2 -->
<gdssert test="if (not (@indexRange) and @indexRangeExacth\then false() else
true () ">If |indexRange is not present indexRangeExact shall not b€ present.</assert>
</rulle>
</pattern>
<pattern name="SegmentBase element">
<!--R9.*: Check the conformance of SegmentBase £-%»
<rulg context="dash:SegmentBase">
<ll-- R9.0 -->
<gdssert test="if (not (@indexRange) and @indexRangeExact) then false() else
true () ">If |lindexRange is not present indexRangeRExact shall not be present.</assert>
<!-- R9.1 -->

<assert test="if (@timeShiftBuff&rDepth) then if (@timeShiftbuffer &1t;
dash:MPD/@tJimeShiftBufferDepth) then falsef)* else true() else true()">The
timeShiftBufferDepth shall not be smalleA“han timeShiftBufferDepth specified in the NPD
element</ag|sert>
</rulle>
</pattern>
<pattern name="SegmentTimeline\&lement">
<!-- R10.*: Check the confermance of SegmentTimeline -->
<rulg context="dash:SegmentTimeline">
<ll-- R10.0 --—>
<gssert test="ifH\((1if (ancestor::dash:*[1]/Q@timescale) then (child::dash:S/@q div
ancestor::dash:*[1]/Qtimescale) else child::dash:S/@d) > (years-from-
duration (anjcestor: :dashiMPD/@maxSegmentDuration) + months-from-
duration (anjcestor: :dash:MPD/@maxSegmentDuration) + days—-from-duration (ancestor::dash:NPD/@
maxSegmentDuration) W hours-from-duration (ancestor::dash:MPD/@maxSegmentDuration) +
minutes-from-durgtion (ancestor: :dash:MPD/@maxSegmentDuration) + seconds-from-

duration (anjcestof: :dash:MPD/@maxSegmentDuration))) then false() else true()">The d
attribute Jf\d /SegmentTimeline shall not exceed the value give bei the MPD
maxSegment et e et aSSsert
</rule>
</pattern>
<pattern name="ProgramInformation element">
<!-- R11l.*: Check the conformance of ProgramInformation -->
<rule context="dash:ProgramInformation">
<!-- R11.0 -->
<assert test="if (count (parent::dash:MPD/dash:ProgramInformation) > 1 and not (@
lang)) then false() else true()">If more than one ProgramInformation element is given each
ProgramInformation element shall have a lang attribute.</assert>
</rule>
</pattern>
<pattern name="ContentProtection element">
<!-- R12.*: Check the conformance of ContentProtection -->
<rule context="dash:ContentProtection">
<!-- R12.0 -—>
<assert test="if ((@schemelIdUri = 'urn:mpeg:dash:mp4protection:2011') and
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not (string-length (@value) = 4)) then false() else true()">The value of ContentProtection
shall be the 4CC contained in the Scheme Type Box</assert>

<!-- R12.1 -—>

<assert test="if ((@schemeIdUri = 'urn:mpeg:dash:13818:1:CA descriptor:2011') and
not (string-length (@value) = 4)) then false() else true()">The value of ContentProtection

shall be the 4-digit lower-case hexadecimal Representation.</assert>

</rule>
</pattern>
<pattern name="Role element'>
<!-- R13.*: Check the conformance of Role -->
<rule context="dash:Role">
<!-- R13.0 -->
assert test="7f ((AschemeTdUri = 'urn:mpeg:dash:role:2011"'") and not (Avalue =
'capflion' or @value = 'subtitle' or @value = 'main' or @value = 'alternate' om fvalue =
'supglementary' or @value = 'commentary' or @value = 'dub')) then false elsé |trhe () ">The

valug of Role (role) shall be caption, subtitle, main, alternate, supplementary
commgntary or dub.</assert>

<!-— R13.1 —-—>
<assert test="if ((@schemelIdUri = 'urn:mpeg:dash:stereoid:268%1') and npt(starts-
with{@value, 'l') or starts-with(@value, 'r'))) then false() else thhre()">The vhlue of
Role | (stereoid) shall start with 'l' or 'r'.</assert>
</rule>

</pattern>
<gattern name="FramePacking element">

<!-- R14.*: Check the conformance of FramePacking —+=%
<rule context="dash:FramePacking">
<!-- R14.0 -->
<assert test="if ((@schemeIdUri = 'urn:mpeggdash:14496:10:frame packinfy
arrargement type:2011') and not (contains(parent::dash:AdaptationSet/Qcodecs, 'ayc') or con

taing (parent::dash:AdaptationSet/@codecs, 'svc'){ Or' contains (parent::dash:AdaptptionSet/@
codeds, 'mvc')) and not (contains (parent::dash:Representation/@codecs, 'avc') or|contains (p
arent::dash:Representation/@codecs, 'svc') onlcontains (parent::dash:Representatfon/@
coded¢s, 'mvc'))) then false() else true()"*The URI urn:mpeg:dash:14496:10:frame|packing
arrarjgement type:2011 is used for Adaptatign Sets or Representations that contafn a video
compgnent that conforms to ISO/IEC 14496<10.</assert>

<!-- R14.1 -->

<assert test="if ((@schemeldUri = 'urn:mpeg:dash:13818:1:stereo_video_fformat
typeq2011') and not (parent::dash:AdaptationSet/@mimeType = 'video/mp2t') and nof (parent::d
ash:Hepresentation/@mimeType = 'mideo/mp2t')) then false() else true()">The URI

urn:fpeg:dash:13818:1:stereo video format type:2011 is used for Adaptation Sets|or
Reprgsentations that containgaivideo component that conforms to ISO/IEC 13818-1}</assert>

<!-- R14.2 -—>
<assert test="iffhot (@schemeIdUri = 'urn:mpeg:dash:14496:10:frame packing
arrarjgement type:2011') and not (@schemeIdUri = 'urn:mpeg:dash:13818:1:stereo vifleo format

typed2011')) then fadse() else true()">schemeldUri for FramePacking descriptor phall be
urn:npeg:dash:14496:10: frame packing arrangement type:2011 or
urn:ngpeg:dash:13818+1:stereo _video format type:2011.</assert>

<!—— RI4Y3 ——>
<ass€@rt’ test="if (not (@value = '0' or @value = 'l' or @value = '2' or fvalue =
'3'" dqr @value)= '4' or @value = '5' or @value = '6')) then false() else true()"pThe value
of FramePacking shall be 0 to 6 as defined in ISO/IEC 23091 (all parts) .</assert
</cule>
<Apattern>
< QttCJ_Ll LlG\lllC_" udiuﬁhc\u“chuufJ_\juJ_atJ._uu Clcl“cllt"
<!-- R15.*: Check the conformance of AudioChannelConfiguration -->
<rule context="dash:AudioChannelConfiguration">
<!-- R15.0 --—>
<assert test="if ((@schemeIdUri = 'urn:mpeg:dash:outputChannelPositionList:2012")
and not (count (tokenize (@value, ' ")) > 1)) then false() else true()">If URI urn:mpeg:das

h:outputChannelPositionList:2012 is used the value attribute shall be a space-delimited
list as defined in ISO/IEC 23091 (all parts).</assert>

</rule>
</pattern>

<pattern name="EventStream element">

<!-- R16.*: Check the conformance of SegmentList -->
<rule context="dash:EventStream">
<!-- R16.0 —-—>
<assert test="if (QRactuate and not (Ghref)) then false() else true()">If href is
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actuate shall not be present.</assert>

-- Rl6.1 -—>

ssert test="if (not (@schemeIdUri)) then false() else true()">schemeIdUri shall
</assert>

e>

n>

ern name="Subset element">

<rule context="dash:Subset">
<!--R17.1-->
<assert test="if (@id = preceding::dash:Subset/@id) then false() else
true () ">The id of each Subset shall be unique.</assert>
</rule>
</pattern
<pattern name="UTCTiming element">
<!-- [R18.*: Check the conformance of UTCTiming -->
<rulg context="dash:UTCTiming">
<!-- R18.1 -->
<dssert test="if ((@schemelIdUri = 'urn:mpeg:dash:utc:ntp:2014"') om~(@schemel
= 'urn:mpeg|:dash:utc:sntp:2014"') or (@schemeIdUri = 'urn:mpeg:dash:utc:htftp-head:2014
(@schemeIdUri = 'urn:mpeg:dash:utc:http-xsdate:2014') or (@schemeIdUri.=
'urn:mpeg:dash:utc:http-iso0:2014"') or (@schemeIdUri = 'urn:mpeg:dash:ute:http-ntp:2014
or (@schemegldUri = 'urn:mpeg:dash:utc:direct:2014')) then true() elkselfalse()">@
schemeIdUri| for UTCTiming is not one of the 7 different types spesified.</assert>
</rulle>
</pattern>
<pattern name="SupplementalProperty element">
<!--JR19.*: Check the conformance of SupplementalPRreperty -->
<rulqg context="dash:SupplementalProperty">

<3l
not ( (count (|
else true()
shall be c9
parameter i
<!-o

<3
'urn:mpeqg:d
signaled by
urn:mpegqg:dg
<!-o

<3

not ( (count (
else true()
shall be co
</rul
</patter]
</g

A.4.3 Des

<!-- R19.1 -->

ssert test="if ((@schemeldUri= 'urn:mpeg:dash:chaining:2016') and
tokenize (@value, ','))=1l) or (count (tokenize (@value, ','))>1)) )then false
">Tf schemeIdUri urn:mpeg:dash:chaining:2016 is used, then value attribute
posed of the comma separated paraméters (no comma needed if only first

s present). </assert>

R19.2 -->

ssert test="if (not (parent::dashMPD) and (@schemeIdUri=
ash:fallback:2016") )then failse() else true()">MPD fallback chaining shall
Supplemental Descriptor onvMPD level with schemeIdUri

sh:fallback:2016. </assert>

R19.3 -->

ssert test="if ((@schemeIdUri= 'urn:mpeg:dash:fallback:2016') and
tokenize (@value, % '))=1l) or (count (tokenize (@value, ' '))>1)) )then false
">If schemeIdUri U¥rn:mpeg:dash:fallback:2016 is used, then value attribute

mposed of one, URL or whitespace separated URLs. </assert>
e >
n >

chema>

cription of schematron rule

Description

for Mo

Uri

be

or

Rule

Description

if (@type = 'dynamic’ and
not(@availabilityStartTime)) then false() else

true()

If MPD is of type "dynamic"”, availabilityStartTime
shall be defined.

if (@type = 'dynamic’ and not(@publishTime)),
then false() else true()

If MPD is of type "dynamic", publishTime shall be
defined.

if (@type="s

then false() else true()

tatic' and @timeShiftBufferDepth)
not be defined.

If MPD is of type "static", timeShiftBufferDepth shall

if (@type="s

not(@mediaPresentationDuration)) then false()

else true()

tatic' and If MPD is of type "static",

mediaPresentationDuration shall be defined.
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Rule

Description

if (@type = 'static’ and

If MPD is of type "static" and the first period has a

descendant::dash:Period[1]/@start and (years- start attribute, the start attribute shall be zero.
from-
duration(descendant::dash:Period[1]/@start) +
months-from-
duration(descendant::dash:Period[1]/@start) +
days-from-
duration(descendant::dash:Period[1]/@start) +
hours-from-
duration(descendant::dash:Period[1]/@start) +
minuges—freowm
dur;‘i:{ion(descendant::dash:Period[l]/@start) +
seconds-from-
duration(descendant::dash:Period[1]/@start)) >
0) then false() else true()
if (noff(@mediaPresentationDuration) and If mediaPresentationDuratioii-is not defingd for the
not(@minimumUpdatePeriod)), then false() else MPD, minimumUpdatePeriod shall be defiped or vice
true(]) versa.
if (@type = 'static' and @minimumUpdatePeriod) If MPD is of type "static", minimumUpdatePeriod shall
then false() else true() not be defined.
if (not(@profiles) or (contains(@profiles, The On-Demand/profile shall be identified
'urn:mpeg:dash:profile:isoff-on-demand:2011") or by the URN
contdins(@profiles, 'urn:mpeg:dash:profile:isoff- "urn:mpeg:dash:profile:isoff-on-demand:3011".
live:4011") or contains(@profiles, The live profile shall be identified by the YRN
'urn:mpeg:dash:profile:isoff-main:2011") or "urn:mpeg:dash:profile:isoff-live:2011".
contdins(@profiles, The main profile shall be identified by the(lURN
'urn:mpeg:dash:profile:full:2011") or “urn:mpeg:dash:profile:isoff-main:2011".
contdins(@profiles, 'urn:mpeg:dash:profile:mp2t- The full profile shall be identified by the YRN
maint2011"))) then true() else false() "urn:mpeg:dash:profile:full:2011".
The mp2t-main profile shall be identified
by the URN
"urn:mpeg:dash:profile:mp2t-main:2011".
The mp2t-simple profile shall be identified
by the URN
"urn:mpeg:dash:profile:mp2t-simple:2011".
if (noft(contains(@profiles, For On-Demand profile, the MPD @type shall be "static".
'urn:mpeg:dash:profile:isoff-on-demand:2011"))
or not(@type) or @type =\static') then true() else
false()
Description for p&riod:
Rule Description
if (sting(@bitstreamSwitching) = "true' and If bitstreamSwitching is set to true, all
string(child::dash:AdaptationSet/@bitstream bitstreamSwitching declarations for

Switching) = "false") then false() else true()

AdaptationSet within this Period shall
not be set to false.

if (@id = preceding::dash:Period/@id), then
false() else true()

The id of each Period shall be unique.
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Rule

Description

if ((years-fro

m-duration(@start) + months-from-

duration(@start) + days-from-duration(@start) +
hours-from-duration(@start) + minutes-from-
duration(@start) + seconds-from-
duration(@start)) > (years-from-

duration(foll

owing-sibling::dash:Period/@start) +

months-from-duration(following-

sibling::dash
duration(foll

:Period/@start) + days-from-
owing-sibling::dash:Period/@start) +

hours-from-duration(following-

sibling::dash
duration(foll

Periods shall be physically ordered in the MPD file in

increasing order of their start time.

THTrercCS—TTroTtT

bwing-sibling::dash:Period/@start) +

seconds-fronp-duration(following-

sibling::dash
true()

Period/@start))) then false() else

if ((child::dagh:SegmentBase and At most one of SegmentBase, SegmentTemplate ard
child::dash:SegmentTemplate and SegmentList shall be defined in Period.
child::dash:SggmentList) or
(child::dash:YegmentBase and
child::dash:SegmentTemplate) or
(child::dash:PegmentBase and
child::dash:SegmentList) or
(child::dash:PegmentTemplate and
child::dash:SggmentList)) then false() else true()
if (not(@id) gnd ancestor::dash:MPD/@type = If the MPD jis\dynamic the Period element shall haye an
'dynamic") then false() else true() id.
if (not(descepdant-or-self::dash:BaseURL) and At leastone BaseURL, SegmentTemplate or
not(descendgnt-or-self::dash:SegmentTemplate) SegmentList shall be defined in Period,
and not(descendant-or-self::dash:SegmentList)) AdaptationSet or Representation.
then false() dlse true()
Description for AdaptationSet:
Rule Description
if (@id = preqeding- The id of each AdaptationSet within a Period shall pe

sibling::dash
true()

AdaptationSet/@id) then'false() else

unique.

if (@lang =
descendant::
(@contentTy

Hash:ContentComponent/@lang) or
pe = descendant::dash:

ContentComjponent/@content

Type) or (@p,
descendant::
then false() €

ar =
Hash;CantentComponent/@par))
Isgtrue()

Attributes from the AdaptationSet
shall not be repeated in the descendanding
ContentComponent elements.
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Rule

Description

if (@profiles and
descendant::dash:Representation/@profiles) or
(@width and
descendant::dash:Representation/@width) or
(@height and
descendant::dash:Representation/@height) or
(@sar and
descendant::dash:Representation/@sar) or
(@frameRate and
descendant::dash:Representation/@frameRate) or

Common attributes for AdaptationSet and
Representation shall either be in one of the elements
but not in both.

(@auldioSamplingRate and
desc¢ndant::dash:Representation/@audioSampling
Rate] or (@mimeType and
desc¢ndant::dash:Representation/@mimeType)

or (@segmentProfiles and
descg¢ndant::dash:Representation/@segment
Profi|es) or (@codecs and
desc¢ndant::dash:Representation/@codecs) or
(@maximumSAPPeriod and
desc¢gndant::dash:Representation/@maximumSAP

Peridd) or (@startWithSAP and
desc¢gndant::dash:Representation/@startWithSAP)
or (@maxPlayoutRate and
desc¢gndant::dash:Representation/@maxPlayout
Rate] or (@codingDependency and
descgndant::dash:Representation/@coding
Depepdency) or (@scanType and
descg¢ndant::dash:Representation/@scanType))
then false() else true()

if (@minWidth > @maxWidth) or (@minHeight >
@malxHeight) or (@minBandwidth >
@majxBandwidth)) then false() else trug()

Each minimum value (minWidth, minHeight,
minBandwidth) shall not be larger than the maxi-
mum value.

if (descendant::dash:Representation/@bandwidth
&lIt; @minBandwidth or
descgndant::dash:Representatien/@bandwidth >
@malxBandwidth) then false()-else true()

The value of the bandwidth attribute shall pe in the
range defined by the AdaptationSet.

if (depcendant::dash:Representation/@width &lt;
@minWidth or
desc¢ndant::dash:Representation/@width >
@malxWidth) then-false() else true()

The value of the width attribute shall be infthe range
defined by the AdaptationSet.

if (descendant:dash:Representation/@height &lt;
@minHeightor

desc¢ndant::dash:Representation/@height >
@mgv”nighf)’fhnn Fn]cp() else h‘nn()

The value of the height attribute shall be inf the range
defined by the AdaptationSet.

if (count(child::dash:Representation)=0)
then false() else true()

An AdaptationSet shall have at least one
Representation element.

if ((child::dash:SegmentBase and
child::dash:SegmentTemplate and
child::dash:SegmentList) or
(child::dash:SegmentBase and
child::dash:SegmentTemplate) or
(child::dash:SegmentBase and
child::dash:SegmentList) or
(child::dash:SegmentTemplate and
child::dash:SegmentList)) then false() else true()

At most, one of SegmentBase,
SegmentTemplate and SegmentList
shall be defined in AdaptationSet.
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Description for contentComponent:

Rule

Description

if (@id = preceding-

sibling::dash:

else true()

ContentComponent/@id) then false()

The id of each ContentComponent within an
AdaptationSet shall be unique.

Description for Representation:

Rule

Description

if (not(@mimn
not(parent::d
then false() d

eType) and
ash:AdaptationSet/@mimeType))
Ise true()

Either the Representation or the containing
AdaptationSet shall have the mimeType attribate:

if (not(child::
parent::dash
dash:Segmer]
ancestor::daf
and (contain
'urn:mpeg:d4
contains(anc
'urn:mpeg:d4
contains(par
'urn:mpeg:dz
false() else tj

dash:SegmentTemplate or
AdaptationSet/

tTemplate or
h:Period/dash:SegmentTemplate)

b (@profiles,
sh:profile:isoff-live:2011") or
pstor::dash:MPD/@profiles,
sh:profile:isoff-live:2011") or
ent::dash:AdaptationSet/@profiles,
sh:profile:isoff-live:2011"))) then

ue()

For live profile, the SegmentTemplate
element shall be present on at least
one of the three levels, the Period leve!l
containing the Representation,

the Adaptation Set containing the
Representation, or on Representation
level itself.

if ((child::das
child::dash:S
child::dash:S
(child::dash:§
child::dash:S
(child::dash:§
child::dash:S
(child::dash:$
child::dash:S

h:SegmentBase and
bomentTemplate and

bomentList) or

egmentBase and

bomentTemplate) or

egmentBase and

bgmentList) or

egmentTemplate and

bgmentList)) then false() else truge()

At most, one.of SegmentBase,
SegmentTe€mplate and SegmentList
shall be.defined in Representation.

Description for subRepresentation:
Rule Description
if (@level and not(@bandwidth));then false() If the level attribute is defined for a

else true()

SubRepresentation, also the bandwidth attribute s
be defined.

hall

Description for segméntTemplate:
Rule Description
if (not(@dur hnrﬂ and Ifmore than one Media Qnompnf is present, the dutta-

not(child::dash: SegmentTlmellne]) then false()

else true()

tion attribute or SegmentTlmellne element shall be

present.

if (@duration and child::dash:SegmentTimeline)
then false() else true()

Either the duration attribute or SegmentTimeline ele-

ment shall be present but not both.

if (not(@indexRange) and @indexRangeExact)
then false() else true()

If indexRange is not present, indexRangeExact shall not

be present.

if (@initialization and (matches(@initialization,
"\$Number(%.["\$]*)7\$') or
matches(@initialization, "\$Time(%.[*\$]*)?\$")))

then false() else true()

Neither $Number$ nor the $Time$ identifier shall be

included in the initialization attribute.
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Rule

Description

if (@bitstreamSwitching and
(matches(@bitstreamSwitching,
"\$Number(%.["\$]¥)7\$") or
matches(@bitstreamSwitching,
"\$Time(%.["\$]*)7\$"))) then false() else true()

Neither $Number$ nor the $Time$ identifier shall be
included in the bitstreamSwitching attribute.

if (matches(@media, "\$.[*\$]*\$')) then every $y
in (for $x in tokenize(@media,
"\$(Bandwidth|Time|Number|RepresentationID)
(%.["\$]*)?\$') return matches($x, "\$.[*\$1*\$")
satisfies $y eq false() else true()

Only identifiers such as $Bandwidth$, $Time$,

$RepresentationID$, or $Number$ shall be

used.

if (mdtches(@media,
"\$RgpresentationID%.[*\$]*\$")) then false()
else true()

$RepresentationID$ shall not have a forma

| tag.

Description for segmentList:

Rule

Description

if (no(@duration) and
not(dhild::dash:SegmentTimeline)), then if
(count(child::dash:SegmentURL) > 1) then false()
else grue() else true()

If more than one Media Segment is present|

the dura-

tion attribute or SégmentTimeline element shall be

present.

if (@tliuration and child::dash:SegmentTimeline),
then false() else true()

Either the‘duration attribute or SegmentTi
ment shalllbe present but not both.

Imeline ele-

if (noft(@indexRange) and @indexRangeExact)

If indexRange is not present, indexRangeExact shall not

then false() else true() bépresent.
Description for segmentBase:
Rule Description

if (not(@indexRange) and @indexRangeExakt)

If indexRange is not present, indexRangeExact shall not

then false() else true() be present.
Description for segmentTimeline!
Rule Description

if ((if/(ancestor::dash:*[1]#@timescale), then
(child::dash:S/@d div

ancegtor::dash:*[1] /@timescale) else
childf:dash:S/@d)=\(years-from-
duration(ancester::dash:MPD/@maxSegment
Durafion) + manths-from-
duration(angestor::dash:MPD/@maxSegment
Durarion) +'days-from-
duration(ancestor::dash:MPD/@maxSegment

The d attribute of a SegmentTimeline shal
the value give by the MPD maxSegmentDu
tribute.

not exceed
ration at-

Duration) + hours-from-
duration(ancestor::dash:MPD/@maxSegment
Duration) + minutes-from-
duration(ancestor::dash:MPD/@maxSegment
Duration) + seconds-from-
duration(ancestor::dash:MPD/@maxSegment
Duration))) then false() else true()

Description for ProgramInformation:

Rule

Description

If

(count(parent::dash:MPD/dash:ProgramInformation

) > 1 and not(@lang)), then false() else true()

If more than one ProgramInformation element is given,
each ProgramInformation element shall have a lang

attribute.
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Description for contentProtection:

Rule

Description

if (@schemeldUri =
'urn:mpeg:dash:mp4protection:2011") and
not(string-length(@value) = 4)) then false()

else true()

The value of ContentProtection shall be the 4CC con-
tained in the Scheme Type Box.

if (@schemeldUri =
'urn:mpeg:dash:13818:1:CA_descriptor:2011') and
not(string-length(@value) = 4)) then false()

else true()

The value of ContentProtection shall be the 4-digit
lower-case hexadecimal Representation.

Description for role:

Rule Description

if ((@schemelldUri = 'urn:mpeg:dash:role:2011") The value of Role (role) shall be captignjsubtitle, njain,
and not(@value = 'caption’ or @value = 'subtitle’ alternate, supplementary, commentary or dub.

or @value = main’ or @value = 'alternate’ or

@value = 'supplementary’ or @value =

'commentary' or @value = 'dub")), then false

else true()

if (@scheme]ldUri = The value of Role (stereeid) shall start with 'I' or 'rf.
'urn:mpeg:dgsh:stereoid:2011') and not(starts-

with(@value} 'l') or starts-with(@value, 'r'))), then

false() else tj

ue()

Description

For FramePacking:

Rule

Deseription

if (@scheme
'urn:mpeg:ds
arrangement
not(contains
@codecs, 'av
contains(par
'svc') or
contains(par]
'mvc')) and
not(contains
'avc') or
contains(par
'svc') or
contains(par]
'mvc'))) then

[dUri =
sh:14496:10:frame_packing_

| type:2011') and
[parent::dash:AdaptationSet/

") or
ent::dash:AdaptationSet/@codecs,

ent::dash:AdaptationSet/@codecs,

ent::dash:Repriesentation/@codecs,

ent::dasli:Representation/@codecs,
false(3J:else true()

[parent::dash:Repréesentation/@codecs,

The URI
urn:mpeg:dash:14496:10:frame_packing_arrangement_
type:2011 is used for Adaptation Sets or Representa-
tions that contain a video component that conformfs to
ISO/IEC 14496-10.

if (@scheme

[dUri=

'urn:mpeg:d4

shi13818:1:stereo video format

The URI
urn:mpeg:dash:13818:1:stereo video format

type:2011") and
not(parent::dash:AdaptationSet/@mimeType =
'video/mp2t') and
not(parent::dash:Representation/@mimeType =
'video/mp2t")) then false() else true()

type:2011 is used for Adaptation Sets or Representa-
tions that contain a video component that conforms to
ISO/IEC 13818-1.

if (not(@schemeldUri =
'urn:mpeg:dash:14496:10:frame_packing_

arrangement_type:2011') and not(@schemeldUri =
'urn:mpeg:dash:13818:1:stereo_video_format_
type:2011")), then false() else true()

schemeldUri for FramePacking descriptor shall be urn:
mpeg:dash:14496:10:frame_packing_
arrangement_type:2011 or
urn:mpeg:dash:13818:1:stereo_video_
format_type:2011.

if (not(@value ='0" or @value ='1" or @value = '2'
or @value = '3' or @value = '4' or @value ='5' or
@value ='6")) then false() else true()

The value of FramePacking shall be 0 to 6 as defined in
ISO/IEC 23091 (all parts).
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Rule

Description

if (@schemeldUri =
'urn:mpeg:dash:outputChannelPositionList:2012")
and not(count(tokenize(@value, ' ")) > 1)) then false()
else true()

If URI

urn:mpeg:dash:outputChannelPositionList:2012 is

used the value attribute shall be a space-d
as defined in ISO/IEC 23091 (all parts).

elimited list

Description for subset:

Rule Description
if (@1d = preceding-sibling::dash:Subset/@id) The id of each Subset within a Period shall be unique.
then false() else true()
Description for EventStream:
Rule Description
if ((@schemeldUri = A Period shall contain at most one EventS{ream ele-
precgding::dash:EventStream/@schemeldUri) and ment with the same value for the schemellUri attrib-
(@vallue = preceding::dash:EventStream/@value)) ute and value attribute.
then false() else true()

If URI urn:mpeg:dash:event:2012 is used the value

and njot(@value = '1" or @value = '2")) then false()

if [(qschemeldUri ='urn:mpeg:dash:event:2012")
else true()

attributeshall have the value 1 or 2.

Description for InbandEventsStream:

Rule

Description

if ((@schemeldUri =
precg¢ding::dash:InbandEventStream/@schemeldUri)
and (@value =
precgding::dash:InbandEventStream/@value))

then false() else true()

There shall be only one InbandEventStream element

with the same value for the schemeldUri 4
value attribute.

ttribute and

if ((@schemeldUri = 'urn:mpeg:dashjevent:2012")
and njot(@value = '1" or @value ="2) then false()
else tirue()

If URI urn:mpeg:dash:event:2012 is used t
attribute shall have the value 1 or 2.

he value

Description for Event:

Rule

Description

if (if (not(@presentationTime)), then (0 &lt;
precgding-

siblirjg::dash;Event/@presentationTime) else
(@presentationTime &lt; preceding-
siblirjgudash:Event/@presentationTime)) then false()

Events shall be in non-decreasing order bz
presentation time.

sed on the

else true()
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Description for uTcTiming:

Rule

Description

if (@schemeldUri = 'urn:mpeg:dash:utc:ntp:2014")
or (@schemeldUri = 'urn:mpeg:dash:utc:sntp:2014")
or (@schemeldUri = 'urn:mpeg:dash:utc:http-
head:2014")

or (@schemeldUri = 'urn:mpeg:dash:utc:http-
xsdate:2014")

or (@schemeldUri = 'urn:mpeg:dash:utc:http-
is0:2014") or (@schemeldUri =

Ref: @schemeldUri for UTCTiming Table X - Different
UTC timing methods.

JTrtreeTIet

'urn:mpeg:dg

or (@scheme
then true() e

[dUri = 'urn:mpeg:dash:utc:direct:2014"))
se false()

Description for Representation:

Rule Description

if (not(@assdciationld) and @associationType) The attribute(@associationType) shall not be pres¢nt
then false() qlse true() when @associationld is not present.

if (count(tok¢nize (@associationType,"'")) = The attribute(@associationType) shall have as manjy
count(tokenife (@associationld))) then false() values as the number df identifiers declared in the

else true()

@associationld attribute.

if (@associat
tokenize(@a
string-length

onType and not(every $x in
sociationType,' ") satisfies
($x)= 4)) then false() else true()

The value of the atfribute @associationType shall he
the 4 charactérs codes defined in ISOBMFF fro the frack
reference type.

if (@associat
tokenize(@a
string-length

onType and not(every $x in
sociationType,' ') satisfies
($x)= 4)) then false() else true()

Representation(s) indicated in
Representation@associationld is(are) not present

Description for Spatial Relationship Description:

Rule Description

if (every $AdaptationSet in When every Adaptation Set in an MPD has a SRD
child::dash:AdaptationSet satisfiels descriptor, at least one of these descriptors shall b¢ a

$AdaptatiofiSet/dash:EssentialPrioperty/ SupplementalProperty.

@schemeIdUfi = 'urn:mpeg:dash:srd:2014")

then false|) else true()

if (@schem¢IdUri = An EssentialProperty or

"urn:mpeg:¢lash:srd:2014 "~and SupplementalProperty descriptor with @schemeldUri

(parent::dgsh:AdaptationsSet or equal to “urn:mpeg:dash:srd:2014” shall be the chi|d
parent: :dagh:SubRepfesentation)) then element of an AdaptationSet or a SubRepresentatidn
true () els¢ falsa&p® element.

if (@schem¢IdUxi) = If an EssentialProperty or

'urn:mpeg:

ashisrd:2014' and @value)

SupplementalProperty descriptor with @schemeldUri

then true (

€lse rfalsel()

equal to "urn:mpeg:dash:srd:Z014"1s present, then the
@value attribute must be present.

if

(@schemeIdUri
'urn:mpeg:dash:srd:2014"

and

matches (@value,

'A\d+, \d+, \d+, \d+,\d+"))

else false

then true/()
()

If an EssentialProperty or

SupplementalProperty descriptor with @schemeldUri
equal to “urn:mpeg:dash:srd:2014” is present, then
the @value attribute must contain at least the manda-
tory comma separated parameters, i.e. source id,

v, h.

Xy W,

if

(@schemeIdUri
'urn:mpeg:dash:srd:2014"
matches (Qvalue,
then true()

and
AN+, ) {4,73\d+$"))
else false()

If an EssentialProperty or

SupplementalProperty descriptor with @schemeldUri
equal to “urn:mpeg:dash:srd:2014” is present, then each
parameter value has to match the expected type format
i.e. non-negative integer in decimal representation.
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Rule

Description

if (@schemeIdUri = 'urn:mpeg:dash:srd:2014"'

"M (\dt, ) {5FNd+ST))

and matches (Q@value,
false () else true()

If an EssentialProperty or

SupplementalProperty descriptor with @schemeldUri
equal to “urn:mpeg:dash:srd:2014” is present

and the @value attribute contains the optional parame-
ter w then the optional parameter H shall be present too.

If an EssentialProperty or

SupplementalProperty descriptor with @schemeldUri
equal to “urn:mpeg:dash:srd:2014” is present

and the @value attribute contains the optional parame-
ter H then the optional parameter i shall be present too.

If an EssentialProperty or
SupplementalProperty descriptor with @s
equal to “urn:mpeg:dash:srd:2014"ds pressg
and the @value attribute contains the opti
eter spatial set id then thedptional p3
and H shall be present too.

rhemeldUri
nt

bnal param-
irameters W

if (pome S$source id in (for $srd in
desckndant: :dash:* [@schemeIdUri =
'urn|mpeg:dash:srd:2014"'] return
subspquence (tokenize ($srd/Q@value, ', "),
1,1)) satisfies (every $srd in
descpndant: :dash:*[@schemeIdUri =
'urnf:mpeg:dash:srd:2014"' and
subspgquence (tokenize (@Gvalue,
= Sspurce id] satisfies
matches ($srd/@value, '~ (\d+,) {4}\d+$")
) ) khen false() else true()

"y, 1,1)

For a given source id (efthe

@value attribute, at least’one of the
EssentialProperty©r'SupplementalPropert
in the containing\Period shall specify the o
rameters W apnd.u!

y
ptional pa-

if (cpunt (descendant::dash:*[ (@schemeId
Uri F 'urn:mpeg:dash:srd:2014')]) > 0)
then| if (some $source id in (for $srd
in dpscendant::dash:* [@schemeIdUri, &
'urnfimpeg:dash:srd:2014"'] return
subspquence (tokenize ($Ssrd/@valué)', '),
1,1) satisfies ( 1f (count (distinct-
valufps (for S$srd in
descpndant: :dash: * [@schemeldUri =
'urnf:mpeg:dash:srd:20L4 " ,and
subspquence (tokenizef@value,',"'),1,1)
= $spurce_id and matches (€value,

"~ (\B+,) {6}1\d+")] \eeturn

concpt (string(8ubsequence (tokenize
(Ssrp/@valuesn,™),6,1)),

strihg (subseguence (tokenize ($srd/
@valpe, v"™,7,1))) ) ) > 1 ) then
everly $srd in

desckndant . :dash:-*[QRschemeTdUri =

For a given source id of the @value attril
SRD elements (indistinctively EssentialPrg
SupplementalProperty) explicitly specify a
pair of values for the optional parameters

the remaining SRD elements shall explicitl]
pair of values for (w, ) too.

ute, if two
perty or
different

i, H) then all
y specify a

'urn:mpeg:dash:srd:2014"' and
subsequence (tokenize (@value,',"'),1,1)
= $source id] satisfies

matches ($srd/Q@value, '~ (\d+,){6}\d+")
else true() ) ) then true() else
false () else true()
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Rule

Description

W is present i

every S$srd

n the descriptor

in

descendant::dash:* [@schemeIdUri =
'urn:mpeg:dash:srd:2014"' and

matches (Qvalue,

satisfies

"M (\d+, ) {6F\d+T) ]

sum ( (number (subsequence (tokenize ($srd/
@value,',"'),2,1)),number (subsequence

For a given source id of the @value attribute, the val-
ues of X, w and w shall be such that, for each descriptor,

the sum of x and w is smaller than or equal to w.

(tokenize (
le

number (sub
@value, ',

srd/@value, ', "),4,1)) ) )

equence (tokenize ($srd/
,6,1))

W is not presq

if (count (d4
Uri = 'urn
then if (s
in descend
'urn:mpeg:
subsequency
1,1)) sati
descendant
'urn:mpeqg:
subsequency
= S$source
"N (\d+, ) {4
sum ( (numbe
@value, ',
(tokenize (
le

number (sub
::dash:*[(
'urn:mpeg:
(subsequen
= $source
"A(\d+,) {6
) then trug
else true(

nt in the descriptor

bscendant: :dash:*[ (@schemeId
mpeg:dash:srd:2014")]) > 0)
me S$source id in (for $srd
nt::dash:* [@schemeIdUri =
ash:srd:2014'] return

b (tokenize ($srd/@value, ', "),
fies ( every $srd in
:dash:*[@schemeIdUri =
ash:srd:2014"' and

b (tokenize (@Gvalue,','),1,1)

| d and matches (@value,
\d+')] satisfies

- (subsequence (tokenize ($srd/
,2,1)),number (subsequence
srd/@value, ', "),4,1)) ) )

equence (tokenize (descendang
schemeIdUri =
ash:srd:2014"') and

e (tokenize (@value, ',\)), 1,1)
|d) and (matches (Quyalue,
\d+'))]/@value,L38),6,1)) )
E () else false)

His present i

every S$srd
descendant

h the descriptor

in
sdasgh:* [@schemeIdUri =

For a given source id of the @value attribute, the
ues of y, h and H shall be such that, for each descrip

the sum of y and h is smaller than or equal to H.

val-
tor,

'urn:mpeg:dasnh:srd: 2014 and

matches (@value,

satisfies

"M (\dt, ) {6FNd+T) ]

sum ( (number (subsequence (tokenize ($srd/
@value,',"'),3,1)),number (subsequence
(tokenize ($srd/@value,',"'),5,1)) ) )

le

number (subsequence (tokenize ($srd/
@value,',"),7,1))
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Rule Description

H is not present in the descriptor

if (count (descendant: :dash:*[ (@scheme
IdUri =

'urn:mpeg:dash:srd:2014"')]) > 0)
then i1if (some $source id in (for
$srd in
descendant: :dash:*[ (@schemeIdUri =

'urn:mpeg:dash:srd:2014"')] return
subspaaencettokenizelSsrd/ Qualua 1 1)

,1,1)) satisfies ( every $srd in
descpndant: :dash:* [ (@schemeIdUri =
'urn:mpeg:dash:srd:2014"') and
(subpequence (tokenize (@value, ', '), 1
,1) E S$source id) and

(mafches (@value, '~ (\d+,) {4}\d+"))]
satipfies
sum (|(number (subsequence (tokenize
(Ssrp/@value,',"),3,1)),number
(subgequence (tokenize ($srd/@value,
SRS, 1)) ) ) e
numbpr (subsequence (tokenize
(desfendant::dash:*[ (@schemeIdUri =
'urnfmpeg:dash:srd:2014"') and
subspgquence (tokenize (Gvalue, ', '), 1
;1) F Ssource id and matches (@value,
'AM(\P+, ) {63\d+") 1 /@value, ', "), 7,1)) )
) thpen true() else false() else
true|()

A.4.4 MPD examples for conformanc¢e checking

A.4.41 General

The fpllowing commands are used to transform the validation schema.

NOTH The validation schéma is called schematron.xsd.

java |-jar saxon/saxén9.jar -versionmsg:off -s:schematron.xsd
-o:tmp/new sdheémal.sch -xsl:schematron/iso dsdl include.xsl
java|-jar saxon/Saxon9.jar -versionmsg:off -s:tmp/new schemal.sch
-o:tmp/ngw _schema2.sch -xsl:schematron/iso abstract expand.xsl
java |-jar saxeh/saxon9.jar —-versionmsg:off -s:tmp/new schema2.sch
-o:outptt/val schema.xsl -xsl:schematron/iso svrl for xsltl.xsl

The flirst two commands resolve inclusions and abstractions. The last command generates the XSLT
style it i tptiom: an XSLT 1.0

description.

The following MPD examples are split up as following:
— example XML;

— command to validate the example;

— output generated during the validation;

— description of erroneous output (relevant parts).

© ISO/IEC 2020 - All rights reserved
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A.4.4.2 Example1

ex01.mpd is a valid DASH MPD and the resultis result ex01.xml. The command used is as follows:

java -jar s
—o:out

axon/saxon9.jar -versionmsg:off -s:examples/ex01.mpd
put/result ex0l.xml -xsl:output/val schema.xsl

A.4.4.3 Example 2

ex02.mpd is an invalid DASH MPD and the result is result ex02.xml. The error occurs in the MPD. The
command used is as follows:

java -jar g
—o:oud

The validati
which failed
else true()
shall be d¢g

A.4.4.4 Example 3

ex03.mpd IS
command us

java -jar g
—o:outg

The validati
which failed
true () “ Lin
shall not D

A.4.4.5 Example 4

ex04 .mpd iS
in the MPD.

java -jar 9
—o:ouy

The validati
first failed

mediaPresen
MPD is of
is another f
not (@minimul

axon/saxonY.jar -versionmsg:0ff -s:examples/ex02.mpd

put/result ex02.xml -xsl:output/val schema.xsl
bn error is shown in the lines 19 to 22. Lines 19 and 20 show a failed assertion. Th
is also shown: “if (@type = 'dynamic' and not (@availabilityStartTime)), then fa

‘. Line 21 shows the error message “1f MPD is of type "dynamic" avail@bilityStar
fined.”

ed is as follows:

axon/saxon9.jar -versionmsg:off -s:examples/ex03<mpd
put/result ex03.xml -xsl:output/val schema.xsk

bn error is shown in the lines 19 to 22. Lines«19and 20 define a failed assertion. Th
is also shown: “if (Qtype "static’ andk@timeShiftBufferDepth) then false()
e 21 shows the error message: “1f MPD.(Is of type "static" timeShiftBuffer
e defined.”

an invalid DASH MPD and the résultis result ex04.xml. There are two errors which
[he command used is as follews:

axon/saxon9.jar -yersionmsg:o0ff -s:examples/ex04.mpd
put/result ex04.xmd -xsl:output/val schema.xsl

bn errors are shown in the lines 19 to 22 and lines 23 to 26. Lines 19 and 20 sho

hssertion. The“test which failed is also shown: “if (@type = 'static’ and
tationDurdtion)) then false() else true()".Line 21 shows the error messag
type_‘Wstatic” mediaPresentationDuration shall be defined.” Furthermore,

hiled assertion shown in lines 23 and 24: “if (not (@mediaPresentationDuration)
else

an invalid DASH MPD and the resulti result ex03.xml. The error occurs in the MPI).

P test
Lse ()
LTime

The

e test
else
Depth

pCccur

v the
hot (@
b: “If
there

and
p: “If

mUgdatePeriod))

o % inY N
to T TSR DT o

then false() true () “. Line 25 shows the error messa

3 PR P = P = N MR, ks Lol el N N <l
=5 T e T RCeS—=T Tt [ = e 1 gy Y g B 20 e oSS TS <

ined

mediaPresen

or vice ver

Tl
r = T jsa=ae

”
sa.

A.4.4.6 Example 5

ex05.mpd is an invalid DASH MPD and the result is result ex05.xml. The error occurs in the MPD. The
command used is as follows:

java -jar s
—o:out

axon/saxon9.jar -versionmsg:off -s:examples/ex05.mpd
put/result ex05.xml -xsl:output/val schema.xsl

The validation error is shown in the lines 19 to 22. Lines 19 and 20 show a failed assertion. The test

which failed

and (years-—

duration (de

52

and descendant::dash:Period[1l]/@start
+ months-from-

is also shown: “if (@type = ’static’
from-duration (descendant: :dash:Period[1l]/@start)

scendant: :dash:Period[]]/@start) + days—-from-
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duration (descendant: :dash:Period[1]/@start) + hours-from-
duration (descendant::dash:Period[1l]/@start) + minutes-from-
duration (descendant::dash:Period[1]/@start) + seconds-from-

duration (descendant::dash:Period[1]/@start)) &gt; 0) then false() else
true ()”. Line 21 shows the error message: “If MPD is of type "static” and the first

period has a start attribute the start attribute shall be zero.’

A.4.4.7 Example 6

ex06.mpd is an invalid DASH MPD and the result is result ex06.xml. There are two errors which occur
in the MPD. The command used is as follows:

java |-jar saxon/saxon9.jar -versionmsg:off -s:examples/ex06.mpd
-o:output/result ex06.xml -xsl:output/val schema.xsl

The validation errors are shown in the lines 19 to 22 and lines 23 to 26. Line§|19 and R0 show the
first ffailed assertion. The test which failed is also shown: “if (@type ="JIstatic’ | and not (e
medigPresentationDuration)) then false() else true()". Line 21 shows the error message: “1f
MPD }s of type "static” mediaPresentationDuration shall be defired.” Furthernjore, there is
another failed assertion shown in lines 23 and 24: “if (@type = 'statficy and @minimumUpdatePeriod)
then| false() else true()"“. Line 25 shows the error nlessage:“lf MPD is of tygde "static"
minigumUpdatePeriod shall not be defined.”

A.4.48 Example 7

ex07Jmpd is an invalid DASH MPD and the result is z€sult ex07.xml. The error occurs in the Period.
The dJommand used is as follows:

java |-jar saxon/saxon9.jar -versionmsg:off ¥s:iexamples/ex07.mpd
-o:output/result ex07.xml -xsl:outputval schema.xsl

The Validation error is shown in the lines 2k to 24. Lines 21 and 22 show a failed assertion| The test
which failed is also shown: “if (string(@bitstreamSwitching) = 'true' and
string(child::dash:AdaptationSetA@lbitstreamSwitching) = 'false') then

falsgq () else true()".LHﬁfZBshovvstheerrorrnessage:"If bitstreamSwitching is set
to tfue all bitstreamSwitchdifig® declarations for AdaptationSet within this
Peridd shall not be set tb false.”

A.4.49 Example 8

ex08 mpd is an invalid®DASH MPD and the resultis result ex08.xml1. The error occurs in th¢ Period. The
command useds as follows:

java |-jar saxtn/saxon9.jar -versionmsg:off -s:examples/ex08.mpd
-o:futput/result ex08.xml -xsl:output/val schema.xsl

The validation error is shown in the lines 22 to 25 _lines 22 and 23 show g failed assertion. The test

which failed is also shown: “i £ ((@id = preceding::dash:Period/@id)) then false() else true()ﬂ
Line 24 shows the error message: “The id of each Period shall be unique.”

A.4.4.10 Example 9

ex09.mpd is an invalid DASH MPD and the resultis result ex09.xm1.The error occurs in the period. The
command used is as follows:

java -jar saxon/saxon9.jar -versionmsg:off -s:examples/ex09.mpd
-o:output/result ex09.xml -xsl:output/val schema.xsl

The validation error is shown in the lines 22 to 25. Lines 22 and 23 show a failed assertion. The test
which failed is also shown: “i £ ((years—-from-duration(@start) + months-from-
duration(@start) + days-from-duration(@start) + hours-from-
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duration (@start) + minutes-from-duration (@start) + seconds-from-
duration(@start)) &gt; (years-from-duration(following-
sibling::dash:Period/@start) + months-from-duration (following-
sibling::dash:Period/@start) + days-from-duration (following-
sibling::dash:Period/@start) + hours-from-duration (following-
sibling::dash:Period/@start) + minutes-from-duration (following-
sibling::dash:Period/@start) + seconds-from-duration(following-
sibling::dash:Period/@start))) then false() else true() .Line 24 shows the error

Inessage:"Periods shall be physically ordered in the MPD file in increasing

order of their start time.

”

A.4.4.11 Example 10

ex10.mpd 1
AdaptationS

java -jar g
—o:outg

The validati
which failed
else true ()
shall be un

5 an invalid DASH MPD and the result is result ex10.xml. The error ocgurs i
et. The command used is as follows:

axon/saxon9.jar -versionmsg:off -s:examples/ex10.mpd
put/result ex10.xml -xsl:output/val schema.xsl

bn error is shown in the lines 24 to 27. Lines 24 and 25 show a(failed assertion. Th
is also shown: “if (eid preceding-sibling: :dash:AdaptationSet/Q@id) then fa
”. Line 26 shows the error message: “The id of each AdaptationSet within a P
. ”

ique.

A.4.4.12 Example 11

ex1l.mpd is
Adaptation§

java -jar f
—o:ouy

The validati

failed is alsa
descendar

onent/@par)
Adaptation§

an invalid DASH MPD and the result is result ex11.xml. The error occurs i
t. The command used is as follows:

axon/saxon9.jar -versionmsg:off -s:ex@mples/exll.mpd
put/result exll.xml -xsl:output/valschema.xsl

n erroris shown in the lines 23 to 26¢Lines 23 and 24 show a failed assertion. The test ¥
shown: “if ((@lang descendant: :dash:ContentComponent/@lang) or (@conten
t::dash:ContentComponent/@aontentType) or (@par descendant: :dash:Conten
) then false() else trug{) . Line 25 shows the error message: “Attributes froj

et shall not be repegted in the descendanding ContentComponent elements.’

A.4.4.13 Example 12

ex12.mpd is
AdaptationS§

java -jar 9
—o:outg

an invalid DASH MPD and the result is result ex12.xml. The error occurs i
t. The command used is as follows:

axon/sexen9.jar -versionmsg:off -s:examples/ex12.mpd
put /result ex12.xml -xsl:output/val schema.xsl

N

1

1

The validatipnefror is shown in the lines 23 to 26. Lines 23 and 24 show a failed assertion. The te

5t

which

failed is also
descendant:
descendant:
descendant:
descendant:
descendant:
descendant:
descendant:
descendant:
descendant:
descendant:
descendant:

54

shown: “if
:dash:
:dash:
:dash:
:dash:
:dash:
:dash:
:dash:
:dash:
:dash:
:dash:
:dash:

((@profiles and

or (Q@width and

(@height and
(@sar and

Representation/@profiles)

Representation/@width) or

Representation/@height) or

Representation/@sar) or (@frameRate and

Representation/@frameRate) or (QaudioSamplingRate and

Representation/@audioSamplingRate) or (@mimeType and

Representation/@mimeType) or (@segmentProfiles and

Representation/@segmentProfiles) or (Q@codecs and

Representation/@codecs) (@maximumSAPPeriod and
(@startWithSAP and

(@maxPlayoutRate and

or
Representation/@maximumSAPPeriod)
Representation/@startWithSAP)

or
or

the

P test
Lse ()
briod

the

wvhich

FType
FComp

the

the
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(@codingDependency and

or (@scanType and

descendant::dash:Representation/@scanType)) then false() else true()".Line
25shovvstheerrorrnessage:"cOmmon attributes for AdaptationSet and Representation
shall either be in one of the elements but not in both.”

A4.4

.14 Example 13

-2:2020(E)

ex13.mpd is an invalid DASH MPD and the result is result ex13.xml. There are two errors occurring in
Adaptationset. The command used is as follows:

Q. —
T i

java

The ¥
first
minH§g
Line
be 13
and 2
dash
thee
Adapt

A.4.4

exl4
in ad

java

The

failed
&1ty

true
rangq
test v
descq
show
the J

A4.4

ex15
one iJ

. . . N
Jor T Jor T STrommSoT [e213y =

-o:output/result exl3.xml -xsl:output/val schema.xsl

[=xe8 7S S

ralidation errors are shown in the lines 23 to 26 and lines 27 to 30. Lines 23 and
failed assertion. The test which failed is also shown: “if ((@minwidth &gt;|, @maxwWi
ight &gt; @maxHeight) or (@minBandwidth &gt; @maxBandwidth)) then<false() ¢
25shovvstheerrorrnessage:“Each minimum value (minWidth, minHei'ght, minBandw
rger than the maximum value.” Furthermore, there is another failed-assertion show
8: “if (descendant::dash:Representation/@bandwidth &lt; @minBandwidth or d
Representation/@bandwidth &gt; @maxBandwidth) then falséA) else true () “ Li
'rorrnessage:“The value of the bandwidth attribute shgIi\ be in the range def
ationSet.”

115 Example 14

mpd is an invalid DASH MPD and the result is in*¥esult _ex14.xml1. There are two erro
ptationSet. The command used is as follows:

-jar saxon/saxon9.jar —-versionmsg:off)-s:examples/ex14.mpd
-o:output/result exl4.xml -xsl:outhnt/val schema.xsl

alidation errors are shown in thelines 23 to 26 and lines 27 to 30. Lines 23 and 24 s

assertion. The test which failed is also shown: “if (descendant::dash:Representa
@minWidth or descendant::dash:Representation/Qwidth &gt; @maxWidth) then f

)“. Line 25 shows the errorjmessage: “The value of the width attribute shall]

defined by the Adapfationset.” Lines 27 and 28 show the second failed assertion
Uhich failed is also shown: “if (descendant::dash:Representation/@height &lt; @m
ndant: :dash:Represéntation/@height &gt; @maxHeight) then false() else tru
S the error message: “The value of the height attribute shall be in the range
daptationSetﬂ

.16 Examiple 15

mpd\.is an invalid DASH MPD and the result is result ex15.xml. There are two errqg

24 show the
dth) (@
lse true()"
idth) shall
m in lines 27
escendant: :
ne 29 shows
ined by the

or

r's occurring

how the first

tion/Q@width
blse () else

be in the
. The second
inHeight or
- ()", Line 29
defined by

rs occuring,

1 'the Period and one in the adaptationset. The command used is as follows:

Jjava

-jar saxon/saxon9.jar -versionmsg:off -s:examples/ex15.mpd
—o:output/result exl5.xml -xsl:output/val schema.xsl

The validation are shown in lines 21 to 24 and lines 27 to 30. Lines 21 and 22 show the first failed

assertion. The test which failed is also shown: “if  (not (descendant-or-self::dash:BaseURL)
and not (descendant-or-self::dash:SegmentTemplate) and not (descendant-or-

self::dash:SegmentList)) then false() else true()”. Line 23 shows the error message: “at least
one BaseURL, SegmentTemplate or SegmentList shall be defined in Period, AdaptationSet or

Representation.” Lines 27 and 28 show the second failed assertion. The second test which failed is also
shown: “if (count (child::dash:Representation)=0) then false() else true()".Line 29 shows the
errorrnessage:“An AdaptationSet shall have at least one Representation element.”
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A.4.4.17 Example 16

exl6.mpd is an invalid DASH MPD and the result is result exl6.xml. The error occurs in the
ContentComponent. The command used is as follows:

java -jar saxon/saxon9.jar -versionmsg:off -s:examples/ex16.mpd
-o:output/result exl6.xml -xsl:output/val schema.xsl

The validation error is shown in lines 27 to 30. Lines 27 and 28 show a failed assertion. The test which
failed is also shown: “if (eid = preceding-sibling: :dash:ContentComponent/@id) then false/()
else true()“ Line 29 shows the error message: “The id of each ContentComponent within an
AdaptationSet shall be unique."

A.4.4.18 Example 17

ex17.mpd shows an invalid DASH MPD with the resultin result ex17.xml1. There is one error occyrring
in Represenflation. The command used is as follows:

java -jar slaxon/saxon9.jar -versionmsg:off -s:examples/ex17.mpd
-o:outlput/result exl7.xml -xsl:output/val schema.xsl

The validatipn error is shown in the lines 26 to 29. .Lines 26 and 27 definéd.the first failed asseftion.
The test whjch failed is also shown: “if (not (@mimeType) and not (pahént::dash:Adaptationfet/@
mimeType)) |then false() else true()”.Line 38 shows the error message “Either the Representhtion
or the contlaining AdaptationSet shall have the mimeType att¥ibute.”

A.4.4.19 Example 18

ex18.mpd shpws an invalid DASH MPD with the result ifvresult ex18.xml. The error occurs in the
SubRepresenjtation. The command used is as follows:

java -jar sjaxon/saxon9.jar -versionmsg:off -g:rexamples/ex18.mpd
-o:outjput/result exl8.xml -xsl:output/wal schema.xsl

The validatipn error is shown in the lines 28 to 31. Lines 28 and 29 show a failed assertion. Thg test
which failed|is also shown: “if (@level @and not (@bandwidth)) then false() else true()’. Line 30
shows the efror message “1f the level,attribute is defined for a SubRepresentation als¢ the
bandwidth alttribute shall be defined.”

A.4.4.20 Example 19

ex19.mpd shpws an invalid:-DASH MPD with the result in result_ex19.xml. The error occurs ip the
SegmentTempllate. Thecommand used is as follows:

java -jar slaxon/gaxon9.jar -versionmsg:off -s:examples/ex19.mpd
-o:outlput/result exl1l9.xml -xsl:output/val schema.xsl

The validationterroris shown in the lines 29 tg 32 lines 29 and 30 show g failed assertion-The test
which failed is also shown: “if (not (@duration) and not(child::dash:SegmentTimeline)) then
false () else true()".Line131shovvstheerrorlnessage“If more than one Media Segment is present
the duration attribute or SegmentTimeline element shall be present."

A.4.4.21 Example 20

ex20.mpd shows an invalid DASH MPD with the result in result ex20.xml. The error occurs in the
SegmentTemplate. The command used is as follows:

java -jar saxon/saxon9.jar -versionmsg:off -s:examples/ex20.mpd
-o:output/result ex20.xml -xsl:output/val schema.xsl

The validation error is shown in the lines 29 to 32. Lines 29 and 30 show a failed assertion. The test
which failed is also shown: “if (@duration and child::dash:SegmentTimeline) then false() else
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true()”. Line 31 shows the error message “Either the duration attribute or SegmentTimeline
element shall be present but not both.”

A.4.4.22 Example 21

ex21.mpd shows an invalid DASH MPD with the result in result ex21.xml. The error occurs in the
SegmentTemplate. The command used is as follows:

Jjava

-jar saxon/saxon9.jar -versionmsg:off -s:examples/ex21.mpd
-o:output/result ex2l.xml -xsl:output/val schema.xsl

The validation error is shown in the lines 29 to 32. Lines 29 and 30 show a failed assert

which failed is also shown: “if

true
not

A4.4

ex22

occul

Jjava

The ¥

first

init{

["\S]

nor

["\$]
the

A.4.4

ex23
OCcCul

Jjava

The v
first
bitst
["\$]
the

36 defined the second failed assertion. The test which failed 1s also shown:

and

"\$Time (%. [*\$]1*)?2\$"'))) then false ()

1
36 dd

(matd

g9
H

ion. The test

(not (@indexRange) and @indexRangeExact) then (f3
)”. Line 31 shows the error message “1f indexRange is not present indexRdrge
e present.”

.23 Example 22

mpd shows an invalid DASH MPD with the result in result ex2?.%¥ml. There are
ring in segmentTemplate. The command used is as follows:

-jar saxon/saxon9.jar -versionmsg:off -s:examples/ex22\.mpd
-o:output/result ex22.xml -xsl:output/val schema.xgl

alidation errors are shown in the lines 30 to 33 and lines 35 to 38. Lines 30 and 31

failed assertion. The test which failed is also shown: “if (@initialization
alization, "\$Number (%. ["\$]*)2\S$") or natches (@initialization,

*)2\$' ))) then false() else true()“ Lined32 shows the error message “Neith
he $Time$ identifier shall be included“\ih the initialization attribute.”
fined the second failed assertion. The test.which failed is also shown: “if (einitial
hes (@initialization, '\S$Number (%.[Q\$]*)?\$') or matches(@initialization,
*)2\$"))) then false() else true() .’Line 37 shows the error message “Neither ¢
Time$ identifier shall be included in the initialization attribute.”

and
r

.24 Example 23

mpd shows an invalid PASH MPD with the result in result ex23.xml. There are
ring in segmentTemplatér The command used is as follows:

-jar saxon/saxgnmi\jar -versionmsg:off -s:examples/ex23.mpd
-o:output/restlt’ ex23.xml -xsl:output/val schema.xsl

alidation ervors are shown in the lines 30 to 33 and lines 35 to 38. Lines 30 and 3]

[ailed assertion. The test which failed is also shown: “if (e@bitstreamSwitching and
reamSwitching, '"\$Number (%$.["\$]*)?\$') or matches(@bitstreamSwitching,

*) 2080 )) then false() else true()”. Line 32 shows the error message “Neither §
Ti®é$ identifier shall be included in the bitstreamSwitching attribute.”

lse () else
Fxact shall

two errors

defined the
(matches (@
\STime (%.
br SNumber$
Lines 35 and

ization and
"\$Time (%.

Number$ nor

two errors

defined the

(matches (@
"\$STime (%.

Number$ nor
Lines 35 and

if (@bitstre
or matches (Rbitstrea

"\$Number (%.["\$]1*)2\$")

else true()™

(matches (@bitstreamSwitching,

amSwitching
mSwitching,

. Line 37 shows the error message “Neither

SNumber$ nor the $Time$ identifier shall be included in the bitstreamSwitching attribute.”

A.4.4.25 Example 24

ex24.mpd shows an invalid DASH MPD with the result in result ex24.xml. The error occurs in the
SegmentList. The command used is as follows:

Jjava

-jar saxon/saxon9.jar -versionmsg:off -s:examples/ex24.mpd
-o:output/result ex24.xml -xsl:output/val schema.xsl

The validation error is shown in the lines 30 to 33. Lines 30 and 31 show a failed assertion. The test

which failed is also shown: “if

(not (@duration)

© ISO/IEC 2020 - All rights reserved
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d::dash:SegmentURL) &gt; 1) then false() else true()

else true()”. Line 32 shows

the error message “If more than one Media Segment 1s present the duration attribute or

SegmentTime

line element shall be presentﬂ

A.4.4.26 Example 25

ex25.mpd shows an invalid DASH MPD with the result in result ex25.xml. The error occurs in the

SegmentList

java -jar s
—-o:out

. The command used is as follows:

axon/saxon9.jar -versionmsg:off -s:examples/ex25.mpd
put/result ex25.xml -xsl:output/val schema.xsl

The validati
which failed
true () “ Lin
element shal

A.4.4.27 Ex[

ex26.mpd S
SegmentList

java -jar s
—o:oug

The validati
which failed
true () “ Lin
not be pres

bn error is shown in the lines 30 to 33. Lines 30 and 31 show a failed assertion. Th
is also shown: “if (@duration and child::dash:SegmentTimeline) then falseyf)
b 32 shows the error message “Either the duration attribute or SegmehtTim
11 be present but not both.”

mple 26

The command used is as follows:

axon/saxon9.jar -versionmsg:off -s:examples/ex26.mpd
put/result ex26.xml -xsl:output/val schema.xsl

bn error is shown in the lines 30 to 33. Lines 30 ardd 31 show a failed assertion. Th
is also shown: “if (not (@indexRange) and MdindexRangeExact) then false()
b 32 shows the errorrnessage"lf indexRange, »s not present indexRangeExact

«

ent .

A.4.4.28 Example 27

ex27 .mpd sh
SegmentBaseg

java -jar 9
—o:outg

bws an invalid DASH MPD with the result in result ex27.xml. The errors occur i
and another in Representation, The command used is as follows:

axon/saxon9.jar -versionmsg:off -s:examples/ex27.mpd
put/result ex27.xml -xXslroutput/val schema.xsl

The validatigpn errors are shownsn the lines 26 to 29 and lines 36 to 39. Lines 26 and 27 defined t}

first

failed assert
child: :dash
(child: :dasg|
(child: :dasd|
(child::das
else true()

jon. The test which'failed is also shown: “if ((child::dash:SegmentBase and

:SegmentTemplate and child::dash:SegmentList) or
h:SegmentBase and child::dash:SegmentTemplate) or
h:SegmentBase and child::dash:SegmentList) or

h: SegmentTemplate and child::dash:SegmentList)) then false()

‘. Line 28 shows the error message “At most one of SegmentBase,

SegmentTem

late and Segmentlist shall be defined in Representation ” Lines 36 and 37 def

P test
else
bline

ows an invalid DASH MPD with the result in result ex26.xml( The error occurs in the

P test
else
Fhall

n the

e

ned

the second failed assertion. The test which failed is also shown: “i £

(not (@indexRange) and @

indexRangeExact) then false() else true()". Line 38 shows the error message “1f indexRange is

not present

indexRangeExact shall not be present."

A.4.4.29 Example 28

ex28.mpd shows an invalid DASH MPD with the result in result ex28.xml. The error occurs in the

SegmentTime

java -jar s
—-o:out

line. The command used is as follows:

axon/saxon9.jar -versionmsg:o0ff -s:examples/ex28.mpd
put/result ex28.xml -xsl:output/val schema.xsl

The validation error is shown in the lines 33 to 36. Lines 33 and 34 show a failed assertion. The test

which failed

58

is also shown: “if ((if (ancestor::dash:*[1]/@timescale) then

© ISO/IEC 2020 - All rights re

served


https://iecnorm.com/api/?name=7c3ed6545b9973ed6a341d33620db81f

(child::dash:S/@d

ISO/IEC 23009

div ancestor::dash:*[1]/Q@timescale) else

child::dash:S/@d) &gt; (years-from-

duration (ancestor::dash:MPD/@maxSegmentDuration) + months-from-
duration (ancestor::dash:MPD/@maxSegmentDuration) + days-from-
duration (ancestor::dash:MPD/@maxSegmentDuration) + hours-from-
duration (ancestor::dash:MPD/@maxSegmentDuration) + minutes-from-
duration (ancestor::dash:MPD/@maxSegmentDuration) + seconds-from-
duration (ancestor::dash:MPD/@maxSegmentDuration))) then false() else

-2:2020(E)

true ()”. Line 35 shows the error message “The d attribute of a SegmentTimeline shall not exceed

the value give by the MPD maxSegmentDuration attribute.’

1

A4.4

ex29
Progt

Jjava

The ¥

which failed is also shown: “if

not ({
Prog

attri

A4.4

ex30

Framqg

Jjava

The v

which failed is also shown: “if

valusdg
Line
150/1

A4.4

ex31
Contqg

Jjava

.30 Example 29

mpd shows an invalid DASH MPD with the result in result ex29.xml. The error o
amInformation. The command used is as follows:

-jar saxon/saxon9.jar -versionmsg:off -s:examples/ex29.mpd
-o:output/result ex29.xml -xsl:output/val schema.xsl

alidation error is shown in the lines 35 to 38. Lines 35 and 36 show a failed assert
(count (parent::dash:MPD/dash:RrbgramInformation)

lang)) then false() else true()“ Line 37 shows the error message “I1f mor
amInformation element 1s given each ProgramInfofmation element shall K
bute.”

.31 Example 30

mpd shows a valid DASH MPD with the result in result ex30.xml. The error o
Packing. The command used is as follows:

-jar saxon/saxon9.jar -versionmsg:eff -s:examples/ex30.mpd
—o:output/result ex30.xml -xsl:q@tput/val schema.xsl

alidation error is shown in the lines 45 to 48. Lines 45 and 46 show a failed assert
= '0" = 'l'" or @value

= '"3'" or @value '4'~O0r (@Qvalue '5' or (@value '6')) then false() e
17 shows the error message “The value of FramePacking shall be 0 to 6 as
EC 23091 (all parts).”

(et (Gvalue or (@value

.32 Example 31

mpd showsyan invalid DASH MPD with the result in result ex31.xml. The error g
ntProtection. The command used is as follows:

-jaf gaxon/saxon9.jar -versionmsg:off -s:examples/ex31.mpd
—érotutput/result ex3l.xml -xsl:output/val schema.xsl

ccurs in the

jon. The test
kgt; 1 and
P than one
bve a lang

ccurs in the

jon. The test

'2' or @
Lse true()ﬁ
defined in

ccurs in the

The validation error is shown in the lines 35 to 38. Lines 35 and 36 show a failed assertion. The test

which failed is also shown: “if

not (string-length (@value) = 4)) then false() else true()“ Line 37 shows the error message “The

((@schemeIdUri

'urn:mpeg:dash:mp4protection:

value of ContentProtection shall be the 4CC contained in the Scheme Type Box.”

A4.4

.33 Example 32

2011") and

ex32.mpd shows an invalid DASH MPD with the result in result ex32.xml. The error occurs in the
ContentProtection. The command used is as follows:

Jjava

-jar saxon/saxon9.jar -versionmsg:off -s:examples/ex32.mpd
-o:output/result ex32.xml -xsl:output/val schema.xsl

© ISO/IEC 2020 - All rights reserved
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The validation error is shown in the lines 35 to 38. Lines 35 and 36 show a failed assertion. The test
which failed is also shown: “if ((@schemeIdUri 'urn:mpeg:dash:13818:1:CA descriptor:2011")
and not (string-length (@value) 4)) then false() else true (). Line 37 shows the error message
“The value of ContentProtection shall be the 4-digit lower-case hexadecimal Representation."

A.4.4.34 Example 33

ex33.mpd shows an invalid DASH MPD with the resultin result ex33.xml. The error occurs in the role.

The command used is as follows:

java -jar s

axon/saxon9.jar -versionmsg:off -s:examples/ex33.mpd

—o:output/lre nlt oex33 ml - 1-r\m‘rpnf val chema 1
The validatipn error is shown in the lines 36 to 39. Lines 36 and 37 show a failed assertion. [Th¢ test
which failed|is also shown: “if ((@schemeIdUri = ‘'urn:mpeg:dash:role:2011') and nbt(tvalue =
'caption' dqr @value = 'subtitle' or @value = 'main' or @value = 'alternate¥)or @value =
'supplementjary' or @value = 'commentary' or @value = 'dub')) then false elsg true()".LmK338
shows the erfror message “The value of Role (role) shall be caption, subtitle(\m&in, alterhate,
supplementary, commentary or dub.”
A.4.4.35 ExImple 34
ex34.mpd shows an invalid DASH MPD with the resultin result ex34.&ml” The error occurs in the[role.
The command used is as follows:
java -jar slaxon/saxon9.jar -versionmsg:off -s:examples/ex34.mpd

—o:outjput/result ex34.xml -xsl:output/val schemaexsl
The validatipn error is shown in the lines 37 to 40. Lines.37 and 38 show a failed assertion. Thg test
which failed|is also shown: “if ((@schemeIdUri = 'urn;mpeg:dash:stereoid:2011') and not (sthrts-
with (@valueg, 'l') or starts-with(@value, 'r')J))“then false() else true()".LHK§39ShOVVSthe
errorlnessa;e"The value of Role (stereoid) shall start with 'l' or v
A.4.4.36 ExImple 35
ex35.mpd shows a valid DASH MPD withithe resultin result ex35.xml. The command used is as follows:
java -jar sjaxon/saxon9.jar -versdonmsg:off -s:examples/ex35.mpd

-o:outjput/result ex35.xml =<xsl:output/val schema.xsl
A.4.4.37 Example 36
ex36.mpd shows an invalid DASH MPD with the result in result ex36.xml. The error occurs in the mpp.
The command used.s.as follows:
java -jar slaxemntsaxon9.jar -versionmsg:off -s:examples/ex36.mpd

—o:outjpub/result ex36.xml -xsl:output/val schema.xsl

The validation error is shown in the lines 19 to 22. Lines 19 and 20 show a failed assertion. The test

which failed is also shown: “if (not (@profiles) or (contains (@profiles,
'urn:mpeg:dash:profile:isoff-on-demand:2011"') or contains (@profiles,
'urn:mpeg:dash:profile:isoff-1ive:2011"') or contains(@profiles,
'urn:mpeg:dash:profile:isoff-main:2011"') or contains (@profiles,
'urn:mpeg:dash:profile:full:2011') or contains (@profiles,
'urn:mpeg:dash:profile:mp2t-main:2011') or contains (@profiles,
'urn:mpeg:dash:profile:mp2t-simple:2011"'))) then true() else false()ﬂ

Line 21 shows the error message “The on-Demand profile shall be identified by the URN

"urn:mpeg:dash:profile:isoff-on-demand:2011".
URN "urn:mpeg:dash:profile:isoff-1ive:2011".
URN "urn:mpeg:dash:profile:isoff-main:2011".
URN "urn:mpeg:dash:profile:full:2011".
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”

the URN "urn:mpeg:dash:profile:mp2t-simple:2011".

A4.4

.38 Example 37

-2:2020(E)

The mp2t-simple profile shall be identified by

ex37.mpd shows an invalid DASH MPD with the result in result ex37.xml. There are two errors
occurring, one in the vpp and one in the contentProtection. The command used is as follows:

Jjava

-jar saxon/saxon9.jar -versionmsg:off -s:examples/ex37.mpd
-o:output/result ex37.xml -xsl:output/val schema.xsl

The validation errors are shown in the lines 19 to 22 and lines 41 to 44. Lines 19 and 20 defined

the f

'urn
else
"staf]
“if

4)) #
shall

A4.4

ex38
Contq

Jjava

The
asser]
on:2(
mess

A.4.4

ex39
Reprd

Jjava

The

which failed is alSo'shown: “i £

dash
profi
prof]

et/ @y

irst failed assertion. The test which failed 1s also shown: "if  (not (contains
mpeg:dash:profile:isoff-on-demand:2011")) or not(@type) or @type='static\V

false()”. Line 21 shows the error message “For On-Demand profile, the MPD. @ty
ic".“ Lines 41 and 42 defined the second failed assertion. The test which-fajled is
(@schemeIdUri 'urn:mpeg:dash:mp4protection:2011"') and not (stgifig-lengt}
hen false() else true()".Lhma43shovvstheerrorrnessage“The varde) of Contenl
be the 4CC contained in the Scheme Type Box.”

.39 Example 38

mpd shows an invalid DASH MPD with the result in result’/ex38.xml. The error od
ntProtection. The command used is as follows:

-jar saxon/saxon9.jar -versionmsg:off -s:examples/ex38.mpd
-o:output/result ex38.xml -xsl:output/val sChema.xsl

alidation error is shown in the lines 37 to 40 and lines 37 to 38. Lines 37 and 38 defin
tion. The test which failed is also shown: “4¢ ((@schemeIdUri 'urn:mpeg:dash
11') and not(string-length (@value) 4y) then false () else true(fﬂ[ine:395h(
hge “The value of ContentProtection, shall be the 4CC contained in the Scheme

140 Example 39

mpd shows an invalid DASH:-MPD with the result in result ex39.xml. The error o
sentation. The commanduised is as follows:

-jar saxon/saxon9¢jar -versionmsg:off -s:examples/ex39.mpd
-o:output/resultiex39.xml -xsl:output/val schema.xsl

alidation erreor'is’shown in the lines 26 to 27. Lines 26 and 27 defined the failed assert
(not (child::dash:SegmentTemplate or parent::dash:Ad3
SegmentFemplate or ancestor: :dash:Period/dash:SegmentTemplate) and

les, Wrn:mpeg:dash:profile:isoff-1live:2011") or contains (ancestor:
lesy 'urn:mpeg:dash:profile:isoff-1ive:2011") contains (parent::dash:

then false()

or

réfiTes, 'urn:mpeg:dash:profile:isoff-1ive:2011"))) else tru

(@profiles,
then true()

pbe shall be
also shown:
h(Qvalue)

tProtection

currs in the

ed the failed
mpdprotecti
ws the error
Type Box."“

ccurs in the

ion. The test
ptationSet/
(contains (@
:dash:MPD/(@
AdaptationS

- () “ Line 30

show

cfhp;nwnrrnnccngn"v 13 profil the SegmentTemplat lement chall L

present on

at least one of the three levels,

the Period level containing the Representation,

the

Adaptation Set containing the Representation, or on Representation level itself.”

A4.4

41 Example 40

ex40.mpd shows an invalid DASH MPD with the result in result ex40.xml. The error occurs in the
SegmentTemplate. The command used is as follows:

Jjava

-jar saxon/saxon9.jar -versionmsg:off -s:examples/ex40.mpd
-o:output/result ex40.xml -xsl:output/val schema.xsl

The validation error is shown in the lines 29 to 32. Lines 29 and 30 show a failed assertion. The test which

failed is also shown: “if
true () “.

(matches (@media, '\SRepresentationID%.["\$]1*\S$'))
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then false ()
Line 31 shows the error message “$RepresentationID$ shall not have a format tag."

else
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A.4.4.42 Example 41

ex41.mpd shows an invalid DASH MPD with the result in result ex41.xml. The error occurs in the
period. The command used is as follows:

java -jar s

axon/saxon9.jar -versionmsg:off -s:examples/ex41l.mpd

-o:output/result ex4l.xml -xsl:output/val schema.xsl

The validation error is shown in the lines 21 to 24. Lines 21 and 22 show a failed assertion. The test

which failed

is also shown: “if (not (descendant-or-self::dash:BaseURL)
SegmentTemplate) and not(descendant-or-self::dash:SegmentList))

)“ Line 23 shows the error message “at BaseURL,

then

least one

and not (descendant-or-
false ()

SegmentTemplate

or

self::dash:
else true(
SegmentList

Shall be defined 1in Period, AJaptationSet of Representation. .

A.4.4.43 Example 42

ex42.mpd s}
Adaptation§

java -jar g
—o:ouy

ows an invalid DASH MPD with the result in result_ex42.xml. The error Occurs i
et. The command used is as follows:

axon/saxon9.jar -versionmsg:off -s:examples/ex42.mpd
put/result ex42.xml -xsl:output/val schema.xsl

The validatigpn error is shown in the lines 23 to 26. Lines 23 and 24 show-a failed assertion. The te

which failed
child::dash:S
(child::dash:
child::dash:S
SegmentBas

is also shown: “if ((child::dash:SegmentBase and child::dash:SegmentTemplate and
egmentList) or (child::dash:SegmentBase and child::dash:SegmentTemplate) or
BegmentBase and child::dash:SegmentList) or (child:dash:SegmentTemplate and
egmentList)) then false() else true()“ Line 25 shows'the error message “At most one
e, SegmentTemplate and SegmentList shall be définred in AdaptationSet.”

A.4.4.44 Example 43

ex43.mpd sh

java -jar g
-o:output/1

pws a valid DASH MPD with the resultin¥esult ex43.xml. The command used is as fol

axon/saxon9.jar -versionmsg:ofifN"—s:examples/ex43.mpd
esult ex43.xml -xsl:output/yal schema.xsl

A4.445 E

x[
ex44.mpd S

ows an invalid DASH MPD with the result in result ex44.xm1. The error occurs in the

SegmentTemp

java -jar 9
—o:out

The validati
which failed
media, '\$

mple 44

1ate. The commandiused is as follows:

axon/saxon9.,jar -versionmsg:o0ff -s:examples/ex44.mpd
put/resultqex44.xml -xsl:output/val schema.xsl

bn erroris shown in the lines 29 to 32. Lines 29 and 30 show a failed assertion. Th
is also.shown: “if (matches(@media, "\$.[*\$]*\$')) then every $y in (for $x in token
[Bandwidth|Time|Number|RepresentationID)(%.[*\$]*)?\$') return matches($x,

["\$]*\$")) s

n the

5t

lows:

b test
ze(@
\$.

htiefine €y eg falca) alcatruaY Tina 21 chawc tha arrar maccaaga “Only idnnfl‘Finvb <1

ch as

IO eSS TS e er5e—+traf —H eSO 5O WSt e e o eSS e — ot e S5
J J UJ o J

$Bandwidth$, $Time$, $RepresentationID$, or $Number$ shall be used.”

A.4.4.46 Example 45

ex45.mpd shows an invalid DASH MPD with the result in result ex45.xm1. The error occurs in the

FramePackin

java -jar s
—o:out

g. The command used is as follows:

axon/saxon9.jar -versionmsg:off -s:examples/ex45.mpd
put/result ex45.xml -xsl:output/val schema.xsl

The validation error is shown in the lines 38 to 41. Lines 38 and 39 show a failed assertion. The test

which failed

'urn:mpeg:dash:14496:10:frame packing arrangement type:2011")
not (contains (parent: :dash:AdaptationSet/@codecs,

62

is also shown: “if ((@schemeIdUri

and
'avc') or
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contains (parent::dash:AdaptationSet/Q@codecs, 'svc') or

contains (parent::dash:AdaptationSet/@codecs, 'mvc')) and

not (contains (parent: :dash:Representation/@codecs, 'avc') or

contains (parent::dash:Representation/Q@codecs, 'svc') or

contains (parent::dash:Representation/@codecs, 'mvc'))) then false() else

true () “. Line 40 shows the error message “The URI urn:mpeg:dash:14496:10:frame packing
arrangement type:2011 is used for Adaptation Sets or Representations that contain a video

component that conforms to ISO/IE(:14496—lOﬂ

A.4.4.47 Example 46

ex46 [mpd Shows an invatid DASH MPDwith the Tesuit I tesult _ex46.=ml. 11e error_gccurs in the
FramgPacking. The command used is as follows:

java |-jar saxon/saxon9.jar -versionmsg:off -s:examples/ex46.mpd
-o:output/result ex46.xml -xsl:output/val schema.xsl

The vjalidation error is shown in the lines 38 to 41. Lines 38 and 39 show a failed assertion| The test
which failed is also shown: “i £ ((@schemeTduri =
'urnmpeg:dash:13818:1:stereo_video format type:2011') and

not (garent: :dash:AdaptationSet/@mimeType = 'video/mp2t') and

not (garent: :dash:Representation/@mimeType = 'video/mp2t')p~then false()

else |true()“. Line 40 shows the error message “The URI urn:mpeqg:dash:13818:1:stereo [video
formdt type:2011 is used for Adaptation Sets or Repregentations that contain a yideo

compgnent that conforms to ISO/IEC 13818-1.°

A.4.448 Example 47

ex47 Jmpd shows an invalid DASH MPD with thé(result in result ex47.xml. The error dccurs in the
FramdPacking. The command used is as follows:

java |-jar saxon/saxon9.jar -versionmsgioff -s:examples/ex47.mpd
-o:output/result ex47.xml -xslioutput/val schema.xsl

The validation error is shown in thelines 38 to 41. Lines 38 and 39 show a failed assertion| The test
which failed is also shown: “if (not{@schemeldUri =
‘urn:mpeg:dash:14496:10:frame: packing_arrangement_type:2011') and not(@schemeldUrji =
urn:mpeg:dash:13818:1:stereo_video_format_type:2011")) then false() else true()*“ Line 4{ shows the
errorjmessage “schemeldUri for FramePacking descriptor shall be
urn:mpeg:dash:14496{10:frame_packing_arrangement_type:2011 or
urn:mpeg:dash:13818:1:stereo_video_format_type:2011.“

A.4.449 Example 48

ex48 Jmpd(shows an invalid DASH MPD with the result in result ex48.xml. The error dgccurs in the
FramgPa€king. The command used is as follows:

java -jar saxon/saxon9.jar -versionmsg:off -s:examples/ex48.mpd
-o:output/result ex48.xml -xsl:output/val schema.xsl

The validation error is shown in the lines 38 to 41. Lines 38 and 39 show a failed assertion. The test
which failed is also shown: “if (not(@value = '0' or @value = 'l1' or Q@value = '2' or @
value = '3' or @value = '4' or (@value = '5' or (@value = '6')) then false() else true()ﬂ
Line 40 shows the error message “The value of FramePacking shall be 0 to 6 as defined in
ISO/IEC 23091 (all parts)”.

A.4.4.50 Example 49

ex49.mpd shows an invalid DASH MPD with the result in result ex49.xml. The error occurs in the
AudioChannelConfiguration. The command used is as follows:
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axon/saxon9.jar -versionmsg:off -s:examples/ex49.mpd

-o:output/result ex49.xml -xsl:output/val schema.xsl

The validation erroris shown in the lines 39 to 42. Lines 39 and 40 show a failed assertion. The test which

failed is also
not (count (t

shown: “if
okenize (@value,

((@schemeIdUri =

" ")) &gt; 1)) then false() else true()"“. Line 41 shows the

'urn:mpeg:dash:outputChannelPositionList:2012")

and
error

rnessage“If URI urn:mpeg:dash:outputChannelPositionList:2012 is used the wvalue attribute

shall be a

space-delimited list as defined in ISO/IEC 23091 (all parts)”.

A.4.4.51 Example 50

ex50.mpd shaws an invalid DASH MPD with the result in resnlt ex50xml The error occurs in the
SegmentTenjplate. The command used is as follows:
java -jar slaxon/saxon9.jar -versionmsg:off -s:examples/ex50.mpd

-o:outlput/result ex50.xml -xsl:output/val schema.xsl
The validatipn error is shown in the lines 19 to 22. Lines 19 and 20 show a failed assértion. Thg test
which failed|is also shown: “if (type = 'dynamic' and not (@publishTime))then false() |else
true () “. Ling¢ 21 shows the error message “1f MPD is of type "dynamic" _publishTime shall be
defined.”
A.4.4.52 Ex[mple 51
ex51.mpd shows an invalid DASH MPD with the result in result~¢x51.xm1. The error occurs in the
SegmentTempllate. The command used is as follows:

java -jar g
-o:output/1f

The validati
which failed
true () “ Liné

axon/saxon9.jar -versionmsg:off -s:examples/ex51.mpd
esult ex51.xml -xsl:output/val schema.xsk

bn error is shown in the lines 41 to 44, Lines 41 and 42 show a failed assertion. Th
is also shown: “if (@id preceding=sibling: :dash:Subset/@id) then false()
43 shows the error message “The id~6f each Subset within a Period shall be uni

A.4.4.53 Ex[

mple 52

P test
else

”
que .

ex52.mpd shows an invalid DASH MPD“with the result in result ex52.xm1. The error occurs in the

EventStrean

java -jar g
—o:ouy

The validati
which failed
(Rvalue 1
error messa
for the sch

The command used is as'follows:

axon/saxon9.jar—versionmsg:o0ff -s:examples/ex52.mpd
put/result ex5A.x¥ml -xsl:output/val schema.xsl

bn error is.shown in the lines 41 to 44. Lines 41 and 42 show a failed assertion. Th
is also shown: “if ((@schemeIdUri
receding: :dash:EventStream/Qvalue))

preceding: :dash:EventStream/@schemeIdUri
then false() else true ()" Line 43 show
;e"A Period shall contain at most one EventStream element with the same
e€¥dUri attribute and value attribute.”

e test
and
's the

Falue

A.4.4.54 Example 53

ex53.mpd shows an invalid DASH MPD with the result in result ex53.xm1. The error occurs in the
EventStream. The command used is as follows:

java -jar s
—-o:out

axon/saxon9.jar -versionmsg:off -s:examples/ex53.mpd
put/result ex53.xml -xsl:output/val schema.xsl

The validation error is shown in the lines 40 to 43. Lines 40 and 41 show a failed assertion. The test

which failed
1 l 1
urn:mpeg:da

or @

64

is also shown: “if ((@schemeIduri
value '2')) then false()
sh:event:2012 is used the value attribute shall have the value 1 or 2.”

'urn:mpeg:dash:event:2012")
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A.4.4.55 Example 54

ex54.mpd shows an invalid DASH MPD with the result in result ex54.xml. The error occurs in the
InbandEventStream. The command used is as follows:

java -jar saxon/saxon9.jar -versionmsg:off -s:examples/ex54.mpd
-o:output/result ex54.xml -xsl:output/val schema.xsl

The validation error is shown in the lines 42 to 45. Lines 42 and 43 show a failed assertion. The test
which failed is also shown: “i £ ((@schemeTduri =

preceding: :dash:InbandEventStream/@schemeIdUri) and (@value =

preceding: :dash:InbandEventStream/@value)) then false() else true()ﬂIAneA44sh0vvstheerror
messpge "There shall be only one InbandEventStream element with the same valug. for the
schenjeIdUri attribute and value attribute.”

A.4.456 Example 55

ex55Jmpd shows an invalid DASH MPD with the result in result ex55.xm®\The error gccurs in the
InbarldEventStream. The command used is as follows:

java |-jar saxon/saxon9.jar -versionmsg:off -s:examples/ex55.mpd
-o:output/result ex55.xml -xsl:output/val schema.xsl

The yalidation error is shown in the lines 41 to 44. Lines 41.4nd 42 show a failed assertjon. The test
which failed is also shown: “if ((@schemeIdUri = ‘'urn:mpeg:dash:event:2012') and| not (@value
= "1l or @value = '2')) then false() else truey)” Line 43 shows the error mesgage “1f URI

urn:npeg:dash:event:2012 is used the value attridbute shall have the value 1 or b "

A.4.457 Example 56

ex56 Jmpd shows an invalid DASH MPD with thé€ resultin result ex56.xm1. The error occurs|in the Event.
The dommand used is as follows:

java |-jar saxon/saxon9.jar -versionmsg:off -s:examples/ex56.mpd
-o:output/result ex56.xml —®sl:output/val schema.xsl

The yalidation error is shown inche lines 46 to 49. Lines 46 and 47 show a failed assertion| The test
which failed is also shown: “if y\if (not (epresentationTime)) then (0 &lt;
precgding-sibling: :dash:Event/@presentationTime) else (@presentationTime

&1t; |preceding-siblings¥:dash:Event/@presentationTime)) then false() else
true () “. Line 48 shows-the error message “Events shall be in non-decreasing order
basedq on the presentation time.“

A.5 |Step.4:Segment validator

A.5.1 “\IS0 base media file format segments

A.5.1.1 General

The ISO base media file format validator software has two parts: a software backend and a web-based
frontend. The only input required to generate the conformance results is an MPD that can either be
hosted on a web-server or stored locally on the file system.

A.5.1.2 Generating conformance results

In order to generate the conformance results, the user-interface of the web-based front-end is used
to provide the URL or local file system location of the MPD to be verified. The processing runs
automatically in the following steps.

a) The MPD is loaded.
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b) The MPD is parsed and processed to extract relevant attributes and determine the segment URLs.

c) A small amount of data is downloaded from each segment to re-create the relevant parts of the
representation at the server running the conformance software. ‘ftyp’, ‘moov’, ‘styp’, ‘sidx’, ‘ssix’,
and ‘moof” are the box types included in the downloaded data. The headers of any ‘mdat’ boxes are
also downloaded.

d) Each representation is tested following the conformance checks documented in the previous

sections

, including cross-representation conformance checks.

e) The userinterface indicates if the segments are conforming or not. If they are not, an error report is
linked in the user interface. Opening the error report provides the description of each conformance

error fo

f) Thecac

In general,
completion ¢
for parallel g

A.5.2 MPH

A.5.2.1 Ge
The ts_valid
— MPEG tr
— SAP typ

— Segmen

— Index file conformance;

— Initializ

— Bitstreajm switching segment conformance.

The ts_valid

To run the t
MPD as an ir

ts validatsg

The validator willpreduce a long report. To save the report to file, use file redirection:

nd in relation with the specification.
ed data used for processing is deleted automatically without user interventiom

perating the user interface is self-explanatory, with descriptions provided to allo
f conformance testing. Each conformance test run is isolated in its own'instance, allc
oncurrent testing.

G-2 transport stream segments

heral

ntor verifies:

ansport stream syntax and conformance;
e conformance;

timing (for audio and video);

htion segment conformance;

htor reads all required métadata directly from the MPD.

5_validator, open(a‘shell for a command line, and run ‘ts_validate_mult_segment’ wit
put parameteriFor example:

| mult segeht example.mpd

w for
wing

h the

ts validatg

| d .t segment example.mpd > myTestOutput.txt

The report contains a lot of information, including pass/fail information for each initialization segment,

index segme

nt, and media segment. Below we provide more detail on a few of the features.

By default, only conformance problems, warnings and errors are written to the output. If you want
more information, run with -v for info-level logging and -vv for debug level.

A.5.2.2 Individual segment results

The report contains a pass/fail result for each media segment. To find these, search for the text
"SEGMENT TEST RESULT". If a segment test has failed, then more info on the failure will be provided in

the lines pre

66

ceding the "SEGMENT TEST RESULT" line.
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A.5.2.3 Overall test result

The last line of the report contains a summary pass/fail test result. To find this, either scroll to the end
of the report or search for the text "OVERALL TEST RESULT".

A.5.2.4 Audio and video gap matrices

The report contains audio and video timing gap matrices in order to measure the timing gaps that a
user would experience if switching between representations. Examples are shown below. For example,
if a user switches from uf7/seg-00001.ts to uf12/seg-00002.ts, then the timing disruption they would
experlence can be found in row uf7/seg 00001 ts, column uf12/seg 00002 ts of the tlmmg matrix. In
the egarm i ' i ming disruption
when sw1tch1ng between these segments The test report contains matrices for all segnteljt pairs in an
adapftation set. The matrices are tab-delimited, so they look clumsy in the test report,but display nicely
if pagted into a spreadsheet.

AudigGapMatrix

uf3/seg-00002.ts uf7/seg-00002.ts ufl2/seg-00002.ts uf28/seg-00002.ts
uf3/seg-00001.ts 0 0 0 0
uf7/spg-00001.ts 0 0 0 0
ufl12/seg-00001.ts 0 0 0 0
uf28/seg-00001.ts 0 0 0 0
VideqGapMatrix

uf3/seg-00002.ts  uf7/seg-00002.ts ufl2/seg-00002.ts uf28/seg-00002.ts
uf3/9eg-00001.ts 0 0 0

uf7/spg-00001.ts

o o O
o o O
o o o o

0
ufl12/seg-00001.ts 0
uf28/seg-00001.ts 0

A.5.25 Audio and video timing summaries

A tabular summary of segment timings for each representation is given near the end of th¢ test report,
and gn example is shown below. The table shows the expected and actual start and end times for each
segmient,(in PTS ticks). The matrices are tab-delimited, so they look clumsy in the tesf report, but
displaynnricely if pasted into a spreadsheet.

VideoTiming

segmentFile expectedStart expectedEnd videoStart videoEnd  deltaStart deltaEnd
uf28/seg-00001.ts 6000 906000 6000 906000 0 0
uf28/seg-00002.ts 906000 1806000 906000 1806000 0 0
uf28/seg-00003.ts 1806000 2706000 1806000 2706000 0 0
uf28/seg-00004.ts 2706000 3606000 2706000 3606000 0 0
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uf28/seg-00005.ts 3606000 4506000 3606000 4506000 0 0
uf28/seg-00006.ts 4506000 5406000 4506000 5406000 0 0
uf28/seg-00007.ts 5406000 6306000 5406000 6306000 0 0
uf28/seg-00008.ts 6306000 7206000 6306000 7206000 0 0
uf28/seg-00009.ts 7206000 8106000 7206000 8106000 0 0
uf28/seg-00010.ts 8106000 9006000 8106000 9006000 0 0
uf28/seg-00P11.ts 9006000 9906000 9006000 9906000 0 0
uf28/seg-00P12.ts 9906000 10806000 9906000 10806000 0 0
uf28/seg-00P13.ts 10806000 11706000 10806000 11706000 0 0
uf28/seg-00P14.ts 11706000 12606000 11706000 12606000 0 0
uf28/seg-00P15.ts 12606000 13506000 12606000 13506000 0 0
uf28/seg-00p16.ts 13506000 14406000 13506000 14406000 0 0
uf28/seg-00P17.ts 14406000 15306000 14406000 15306000 0 0
uf28/seg-00P18.ts 15306000 16206000 15306000 ) 16206000 0 0
uf28/seg-00P19.ts 16206000 17106000 16206000 17106000 0 0
uf28/seg-00020.ts 17106000 18006000 17206000 18006000 0 0
uf28/seg-00p21.ts 18006000 18906000, 18006000 18906000 0 0
uf28/seg-00P22.ts 18906000 19806000 18906000 19806000 0 0
uf28/seg-00P23.ts 19806000 20706000 19806000 20706000 0 0
uf28/seg-00024.ts 20706000 21606000 20706000 21606000 0 0
uf28/seg-00P25.ts 21606000 22506000 21606000 22506000 0 0
uf28/seg-00026.ts 22506000 23153520 22506000 23151000 0 -25p0
The following test véctors conform to the ISO BMFF on-demand profile.
Features Commejnt

5) TestVector{ljassociation-tmpd

6) Contains one metadata Representation associated with a video Representation using
associationld alone (no associationType)

7) Test Vector(2): association-2.mpd

8) Contains one metadata Representation associated with multiple video
Representations using multiple associationld values.

9) Test Vector(3): association-3.mpd

10) Contains one metadata Representation associated with a video Representation using
associationld and associationType, each having one value
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Features Comment
11) Test Vector(4): association-4.mpd
12) Contains one metadata Representation associated with multiple video
Representations using associationld and associationType, each having multiple
values (same number)
13) Test Vector (5): association_signallingl.mpd
14) In this example, a metadata Representation in an Adaptation Set is associated with a
media Representation in another Adaptation Set for video. Each metadata Segment
corresponds to a media Segment.
15) Test Vector (6) Association-greenMetadata.mpd contains a specific Adaptation
Set within the MPD that defines the available Green Metadata representations
and their association with the available video representations. More description
available in m34934.
The fpllowing test vector conforms to the ISO base media file format live profite:
Features Comment
16) Test Vector (1): association_signalling2.mpd
17) Inthis example, a metadata Representation in an Adaptatidn Set is associated
with media Representations in another Adaptation Set forvideo. The metadata
Representation multiplexes timed metadata tracks cartying quality information for
the associated media Representations
The additional test vectors below provide invalid test¢ases.
Features Comment
18) Test Vector(8) Association-invalid1.mpd? one metadata Representation is associated

19)

20)

21)

22)

with a Representation that does nat\eXist. This is not allowed

Test Vector (9) Association-invalid2.mpd: one metadata Representation has an
associationType without any.associationld. This is not allowed

Test Vector(10) Associatipn*invalid3.mpd: one metadata Representation is associated
with two video Representations but has only one value in its associationType. This is
not a valid MPD (associationType should have same number as associationld).

Test Vector(11) Association-invalid4.mpd: one metadata Representation is associated
with two Representations. One of the two referenced Representation is not present in
the MPD. This-is not a valid MPD.

Test Vecter(12) Association-invalis5.mpd: one metadata Representation, associated
with@wvideo Representation, has an associationType value that is not a four character
stifing: This is not a valid MPD.

A.5.2

L5<Y

Example association-1

23) association-1.mpd shows a valid DASH MPD with the result in result_association-1.xml

The command used is as follows:

java -jar saxon/saxon9.jar -versionmsg:off -s:examples/association-1.mpd
-o:output/result association-1l.xml -xsl:output/val schema.xsl

A.5.2.5.2 Example association-2

24) association-2.mpd shows a valid DASH MPD with the result in result_association-2.xml

The command used is as follows:
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