INTERNATIONAL ISO/IEC
STANDARD 23009-2

Second edition
2017-10

Information technology -=<\Dynamiic
adaptive streaming over' HTTP
(DASH) —

Part 2:
Conformance and reference software

Technologies de l'information — Diffusion en flux adaptatif
dynamique sur HETB'(DASH) —

Partie 2: Conformité et logiciel de référence

Reference number
ISO/IEC 23009-2:2017(E)

© ISO/IEC 2017


https://standardsiso.com/api/?name=7e609a83baeebd59ae2ee260d684e348

ISO/IEC 23009-2:2017(E)

© ISO/IEC 2017, Published in Switzerland

All rights reserved. Unless otherwise specified, no part of this publication may be reproduced or utilized otherwise in any form
or by any means, electronic or mechanical, including photocopying, or posting on the internet or an intranet, without prior
written permission. Permission can be requested from either ISO at the address below or ISO’s member body in the country of
the requester.

ISO copyright office

Ch. de Blandonnet 8 « CP 401
CH-1214 Vernier, Geneva, Switzerland
Tel. +41 22 749 01 11

Fax +41 22 749 09 47
copyright@iso.org

www.iso.org

ii © ISO/IEC 2017 - All rights reserved


https://standardsiso.com/api/?name=7e609a83baeebd59ae2ee260d684e348

ISO/IEC 23009-2:2017(E)

Contents Page
FOT@WONM ... oottt iv
0010 00 Y6 0 ot o (0) o VS0 vi
1 S0P ... 1
2 NOIFINATIVE TEECI@INCES .........ooooooooeeeeeeeeeoeeeeeeeeeeeeeee oottt ettt ettt e eeeeeese e 1
3 Terms, definitions, symbols and abbreviated termsS. ... 1
4 Media presentation conformance 1
4.1 OVEIVIEW ..o 1
4.2 Y0 ) L1122 =T 010 ) KIS~ E 2
5 1\ 03 DJXSL0) 41 100 @ 1 4 22 1 0 Ll <3O, O
5.1 (TS 0 =) o= SOOI S e
5.2 Static MPD CONFOTIMANICE w...ooooovooeoeeesesssessssssseesssnssnsssnseseedl s
5.3 Dynamic MPD conformance.
5.3.1 General. ...
5.3.2  Background and requirements........

5.3.3  Dynamic conformance software design

4 Segment CONFOTIMANICE .............o...oooiieeeeeeeeeeeeeeeeeeee s ) B
6.1 OVEIVIEW .....ooovrioniiiicricsssiicensessiennen
6.2 Representation conformance

6.2.1  1SO base media file format

6.2.2  MPEG-2 transport stream......4s0..
6.3 Adaptation set conformance.............@s..een
6.3.1  ISO base media file format
6.3.2  MPEG-2 tranSpOort SEF A .. ... seeeesss e
6.4 Dynamic media presentation CONfOrMaNCE. ...
7 Profile specific CONfOrMANCE .55 ...
7.1 [SO base media file format on demand profile..
7.2 ISO base media file format live profile.........
7.3 ISO base media file'format main profile.......
7.4 MPEG-2 transpaxt stream Simple profile ...
8 CONFOrMING LESTNVEELOT'S ........oooocoeeeeeesee et e 16
g Conformance(software for ISO/IEC 23009-4 ... e 16
9.1 (1<) 4 1<) = L
9.2 Design limitations and assumptions
9.3 LIS
Annex A (ngrmative) MPD conformance checKing..............eseeee o 18
ANNEex-B:(Normative) TE@ST VECTOI'S ..............c...ooovioiioiocsinessisessisesssssssssssssssssssssssssssssssessssssssssessssessssssssssessssssssssessssess oo 58
Annex C (normative) DASH access engine reference software................ o 61
Annex D (informative) SAMPIE SOTEWAT ... 63
Annex E (informative) Dynamic media presentation emulator ... 66
Annex F (informative) Coverage of DASH fEATUIES ... 67
BIDLEOZTAPIY . ...t 70

© ISO/IEC 2017 - All rights reserved iii


https://standardsiso.com/api/?name=7e609a83baeebd59ae2ee260d684e348

ISO/IEC 23009-2:2017(E)

Foreword

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. |

the field of information technology, ISO and [EC have established a joint technical committe

ISO/IEC

The profcedures used to develop this document and those intended for its further maintenance are
describgd in the ISO/IEC Directives, Part 1. In particular the different approval criteria needed fdr
the diffdrent types of document should be noted. This document was drafted in accordange with thie

editoria

Attention is drawn to the possibility that some of the elements of this document mdy be the subjeqt
of patenjt rights. ISO and IEC shall not be held responsible for identifying a@ny“or all such paterit

rights.
Introdu

For an
express
World T

URL: www.iso.org/iso/foreword.html.

)

JTC 1.

rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Details of any patent rights identified during the development of the ‘decument will be in thie
tion and/or on the ISO list of patent declarations received (see wwwriso.org/patents).

e name used in this document is information given for the convenience of users and does nqt
e an endorsement.

bxplanation on the voluntary nature of standards, the{meaning of ISO specific terms anfd
ons related to conformity assessment, as well as information about I1SO's adherence to t
Fade Organization (WTO) principles in the Technical Barriers to Trade (TBT) see the followi

This doqument was prepared by Joint Techncial Committee ISO/IEC JTC 1, Information technology, SC 29
Coding df audio, picture, multimedia and hypermediasinformation.

This seqond edition cancels and replaces the first edition (ISO/IEC 23009-2:2014), which has beeh
technicdlly revised.

The maipn changes compared to the previous edition are as follows:

a) Con

~

formance and referencesoftware to cover all the features of ISO/IEC 23009-1:2014, including:
Dynamic MPD conformance;
Updates to MPEG=2 TS validator include:
— Addedtésts for:
—=—PES packet validity (complete access units);

*— SAP types when the video stream is MPEG-4 AVC;

— Single segment index and representation indexes;
— Subsegment indexes and subsegment validity;

— Initialization segment information;

— System-level tests of common encryption;

— Bitstream switching segment;

— Segment alignment if @segmentAlignment is true;

— Subsegment alignment if @subsegmentAlignment is true;

© ISO/IEC 2017 - All rights reserved
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— Simple profile tests.
— Changes made to usability:
— The conformance checker runs against an MPD and all of its segments at once;
— The build system has been replaced with Autotools.
b) Test vectors to cover the features of ISO/IEC 23009-1:2014.

cL__Feature list and caverage for ISQ/IEC 23009-1:2014 is prm;jded in Annex F
A list of all parts in the ISO/IEC 23009 series can be found on the ISO website.

© ISO/IEC 2017 - All rights reserved v
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Introduction

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

— conformance testing for checking interoperability for the various applications against the reference
Soft var\, vvh;\,h a;lllo tU b\, \,Ullll_}l;allt \A4 ;th ISC//IEC 23009-
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Information technology — Dynamic adaptive streaming

over HTTP (DASH) —

Part 2:
Conformance and reference software

1 Scope

his document specifies the conformance and reference software implementing the-hormative
f ISO/IEC 23009-1, that is test vectors comprising media presentation descriptions, segme
ombinations thereof that conform or do not conform to the normative clauses-of ISO/IEC 230
orresponding software modules.

Q o O =

Normative references

[ NS]

—

he following documents are referred to in the text in such a~way that some or all of thein
onstitutes requirements of this document. For dated references, only the edition cited app
ndated references, the latest edition of the referenced décument (including any amendments)

(el @)

IBO/IEC 19757-3, Information technology — Document-Schema Definition Languages (DSDL) —
Rule-based validation — Schematron

IBO/IEC 23009-1:2014, Information technology:*— Dynamic adaptive streaming over HTTP ([}
Hart 1: Media presentation description and segment formats

3 Terms, definitions, symbols and abbreviated terms

v w]

or the purpose of this document, the terms, definitions, symbols and abbreviated terms
50/1EC 23009-1 apply.

]

[0 and IEC maintain terminological databases for use in standardization at the following addy

— [EC Electropediasavailable at http://www.electropedia.org/

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

4 Media presentation conformance

clauses
nts, and
D9-1 and

content
lies. For
applies.
- Part 3:

ASH) —

given in

esses:

4.1 Overview

A media presentation conforming to ISO/IEC 23009-1 obeys the rules for the media pres

entation

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.

— 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.

© ISO/IEC 2017 - All rights reserved
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MPD +
and per

the output is an OK report; otherwise, an error message is provided.

4.2 Software tools

The foll

— IMPD conformance software;
— ISO BMFF segment validator;
— MPEG-2 TS segment validator;

All soft

repos/MPEG-DASH/ (requires usernamey/password which can be obtained through the ISO/IEC JTC

MPD +
Segment
Validator

OK Report

Segment
= Initialization Segment Error
* Media Segment Message
* Index Segment \_/g’—

Figure 1 — MPD and segment validation

segment validator: gets as an input the MPD and segments referenced frgm within the MPD
forms the MPD and segment validation according to the rules defined.j /Annex B. On success,

wing software tools are included:

Lonformance software for dynamic services.

vare tools are available through the MPEG SVN accessible via http://wgl1.sc29.or

SC29m

standar

Additionjal supplamental softwiare packages which may be used as sample DASH clients, sample
segmenfor and web-based canformace service are listed in Annex D.

5.1 General

Ausé spec1f1es the MPD conformance checkmg and corresponding software modules wh1c

=
™~ =T~

rror committee of each member country). A snapshot of the software is also available in http:
1s.iso.org/ittf/PubliclyAvailableStandards/.

D conformadnce

are prov1ded in Annex A.
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“XLink resolved”
MPD Document
{ 2 ) “XLink resolved” and
Mirror s::::D ; XML »  “Schema validated”
ssage ma Validator MPD Document
] R P
Error Validation Schematron
Message Rules ™0 "\ iater < A

Error

e— S — — ) S—

“XLink resolved”, () -

“Schema valldaﬁ,,f
and “Sche

valldate@o

e

— —Q/ g—

Figure 2 — MPD conformance checking

tep 1 (XLink Resolver): gets as an input an MPD document and«résolves all W3C XLINKI10] at
s defined in ISO/IEC 23009-1. If an error occurs, the corresponding error message shall be p
therwise, the XLink resolved MPD document is provided: The details for this step of t
nformance checking are defined in A.2.

tep 2 (XML Validator): gets as an input an XLink‘resolved MPD document and perfor
alidation (i.e. well-formed and valid) against the MPD schema defined in W3C XMLI[11] and W
CHEMA.[12] If an error occurs, the corresponding error message shall be provided; othery
Link-resolved and schema-validated MPD dectiment is provided. The details for this step of
nformance checking are defined in A.3.

tep 3 (Schematron Validator): gets~as an input an XLink-resolved and schema-valida]
ocument and performs Schematrofivalidation as defined in ISO/IEC 19757-3 according to ]
efined in A.4.2. If an error occufs,the corresponding error message shall be provided; othery
Link-resolved, schema-validated, and Schematron-validated MPD document is provided. Th
fpr this step of the MPD conformance checking are defined in A.4

he following command may be used to validate an MPD document with the chain depicted in }
his requires Apache Antl3].

nt run -Dinpus='filetovalidate.mpd”

he program,outputs a message for each step. If an error occurs during one step, the following §
ot executed.

1l cotformance tools are available through the MPEG SVN and MPEG Conformance re
ccessible via http://wgl1.sc29.org/svn/repos/MPEG-DASH/ (requires username/password w

essage

tributes
rovided;
he MPD

ms XML
'3C XML
vise, the
the MPD

ed MPD
he rules
vise, the
b details

Figure 2.

teps are

pository
hich can

be obtained through the ISO/TECJTCT I SC Z9 mirror committee of each member country). A sna
the tools is also available in http://standards.iso.org/ittf/PubliclyAvailableStandards/.

5.2 Static MPD conformance
An MPD with MPD@type="static" shall comply with the rules in 5.1.

In addition, the availability of all resources in the MPD during the MPD@availabilitySta
and the MPDRavailabilityEndTime shall be checked. A function remoteFileExists

pshot of

rtTime
(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
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MPD@availabilityEndTime. The following snippet shows an example for the remoteFileExists
function written in PHP.

fun

5.3 Dynamic MPD conformance

5.3.1

To ensufre that servers offering a dynamic DASH media-presentation adhere to the timing requirements
and thaf clients are able to properly consume the dyfiamic presentation without observing unavailable
segments, the DASH conformance software is extended to include and address media presentations with
MPDQ@tyjpe="dynamic’.In 5.3, the requirements which go beyond those for static DASH conformande

are liste

The doc

5.3.2

5.3.2.1

Clients make use of the information in an MPD. Based on an MPD that is fetched at a certain fetch timje

FT the c

a) Atapny time,WT where WT = FT, a client can determine:

iy
2)

3)
4)
5)

6)

ction remoteFileExists (Surl) {
$curl = curl init (Surl);

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

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

Sret = false;

//if request did not fail
if (Sresult !== false) {
//1if request was ok, check response code
S$statusCode = curl getinfo($curl, CURLINFO HTTP_ CODE) ;

if ($statusCode == 200) {
Sret = true;
}

curl close($curl);

return Sret;

}

General

d and a functional description of thé conformance software implementation is provided.

iment is aligned with the guidelities for live services as documented in ISO/IEC/TR 23009-3[1].
Background and requirements

MPD-specific checks

ient can detérmine the following information:

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

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

the position of the latest segment that is available on server in the Period, referred to as k*;
the URL of the latest segment that is available within this Period;

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;

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

© ISO/IEC 2017 - 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
dan be derived.

5.3.2.2 MPD times

Ih order to use the same concepts with different timing and addressing schemes, thé following values
are introduced 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(k)

jary

ssuming that the wall-clock time at the client is denoted as WIT, the client can derive the fpllowing
hformation.

—

3.3.2.3 General derivation

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

1+ The latest Period is the Period for which AST + PS + MD(1) < WT where AST is the value of the MPD@
availabilityStartTime and PS isthe PeriodStart as defined in ISO/IEC 23009-1.

4+ The segment availability start time is obtained as
8AST(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
results in the greatest(value for SAST(k*) and at the same time is smaller than WT.

-+ The address of thé Tatest segment can be derived using the position information k*. The exact value
depends on the‘addressing method.

-+ Within this$\Period, the greatest segment position k' that can be constructed by this MPD ig the one
that resulsin the greatest value for SAST (k") and at the same time is smaller than FT + MUP.

o

he media“presentation time in a Period is determined for each Representation as the presgentation
mecvalue of the media segments minus the value of the @presentationTimeOf fset, if pregsent, 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 @bandwidth 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 2017 - 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 23009-1:2014, 5.4.

5.3.3

5.3.3.1

The imp
the requ

— the

— the

5.3.3.2

Two different cases are considered depending on the access bandwidth'to the server.

Dynamic conformance software design

Overview

lementation of the conformance software for dynamic services requires the implementation gf
irements in 5.3.2.4. The process is split into two parts:

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

hctual conformance checks implementing the checks of the requirements:

Data set creation

[, it is assumed that the conformance checker is operating with a very high (infinite) acced
Ith and minimal delay. Then the initial part is as follows.

[72)

'nload and store the MPD, and record the fetch time,FT of the MPD.
brmine the following information.

The smallest segment availability starti‘time greater than FT of any Segment in any
Representation referred to as SASTminx

The URLs of all segments availabledt SASTnip. If multiple segments are available at the samie
time, determine all of them.

all segments with segmentavailability, end time greater than FT and smaller than SASTp;p,
erate the URL, issue an HTTP HEAD request, and record the HTTP header.

ime SASThin issue-HPTP GET requests for all segments that become available at this timg,
rd the HTTP headers and store the segments.

0 a) and dowiiload the next MPD at FT = SASTnjn.
Linue thé\process until manually stopped or the media presentation is ended.

, ifthe bandwidth connection is restricted, apply the following.

In case
bandwig
a) Dow
b) Det
1)
2)
c¢) For
gen
d) Atd
recq
e) Gof
f) Con
In case ?
a) Do

TToad and store the MPD,and record the fetcirtime FTof thie MPD:

b) Determine the following information.

1y

2)

c) For

The smallest segment availability start time greater than FT of any segment in any
Representation referred to as SASTin.

The URLs of all segments available at SASTnip. If multiple segments are available at the same
time, determine all of them.

all segments with segment availability end time greater than FT and smaller than SASTnin,

generate the URL, issue an HTTP HEAD request, and record the HTTP headers.

© ISO/IEC 2017 - All rights reserved
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d) For selected representations, issue an HTTP GET for segments that are available at this time.

e) Attime SASTnin issue HTTP HEAD for all segments that become available at this time and record
the HTTP headers.

f) Goto a) and download the next MPD at FT = SASTp;n.
g) Continue the process until manually stopped or the media presentation is ended.

This initial operation results in a data set as follows:

d) asequence of MPDs, each with a FT;

H) asetofSegment URLs with associated:

1) SAST;

2) fetch time for segment availability start time request (typically SAST);
3) HTTP headers for segment availability start time request;

4) segment availability end time (SAET);

5) fetch time for segment availability end time request (typically just slightly before the JAET);
6) HTTP headers for segment availability end time reque€st;

d atleast for a selected set of representations, the correSponding segments.

v w]

rom the sequence of the MPDs, a single new MPD, ¢can be generated with MPD@type=static that
hcludes all segments.

—

5.3.3.3 Conformance checks

The conformance checks operate on the‘stored data set and include the following checks:
+ the correctness of the sequeneeof MPDs as documented in ISO/IEC 23009-1:2014, 5.4.
-+ all MPD timing aspects and segment availability times as documented in ISO/IEC 23009-1:2014, 5.3.

-+ the static conformance-checks using the single MPD according to 5.2.

6 Segment conformance

4.1 Overview

(@s)]

egment-conformance requirements verify that the segments offered in the MPD conform to the DASH
pecification.

w

—

h = 1.1 41 £ : P
IIIS HITTUUTS UIT CUIITUT IS TTUYUITTIITIILS TUTL.

— 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 through the MPEG SVN and MPEG conformance repository
accessible via http://wg11.sc29.org/svn/repos/MPEG-DASH/ (requires username/password which can
be obtained through the ISO/IEC JTC 1 SC 29 mirror committee of each member country). A snapshot of
the tools is also available in http://standards.iso.org/ittf/PubliclyAvailableStandards/.

© ISO/IEC 2017 - All rights reserved 7
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6.2 Representation conformance

6.2.1 1SO base media file format

The representation conformance rules, as well as the implementation status of the conformance rules
for ISO base media file format segments, are provided in Table 1.

Table 1 — Representation conformance rules for ISO base media file format

Clausein Rule Conformmance chreck
ISO/IEC 23009-1 implementation
Media Segment formats shall comply with the respec-
1 61 tive container formats (ISO BMFF and MPEG-2 TS). Implementcd
2 6.2.1 The Ianlallzatlop Segment shall not contain any media Implénented
data with an assigned presentation time
3 6.2.1 A Media Segment shall contain a number of complete (plemented

access units.

If it is the first Media Segment in the Representation, it
4 6.2.1 shall contain only media streams that start with a SAP Implemented
of type 1 or 2.

A Media Segment shall contain sufficient informa-
tion to time-accurately present each contained media
component in the Representation without a€cessing
any previous Media Segment in this Représentation
provided that the Media Segment contains a SAP for
each media stream.

5 6.2.1 Implemented

A Media Segment shall specify all:'Wedia Presentation
times relative to the start of the\Period and compensat-
ed with the value of the @presentationTimeOffset. The
presentation time in Media.Segments shall be accurate
to ensure accurate aligninent of all Representations in
one Period.

6 6.2.3.2 Implemented

a) earliest_pregentation_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-€qual to the sum of the durations of all the sub-
segments it indices.

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.

7 6.3.2.1 Implemented

For a Media Subsegment, the value of the reference_
8 6'3:2.1 type field in the describing Segment Index (‘sidx’) box Implemented
shall be set to 0.

It the Segment Index 1s provided, the Segment Index

9 6.3.2.3 (‘sidx’) box in ISO/IEC 14496-12 shall be used. Implemented
If the Subsegment Index is provided, the Subsegment

10 6.3.2.4 Index (‘ssix’) box in ISO/IEC 14496-12 shall be used. Implemented

1 6.3.3 The Ir}lltlallz;jtlon Segment shall contain an “ftyp” box, Implemented
and a “moov” box.

12 6.3.3 It shall not contain any “moof” boxes. Implemented
The tracks in the “moov” box shall contain no samples

13 6.3.3 (i.e. the entry_count in the “stts”, “stsc”, and “stco” boxes Implemented

shall be set to 0).

8 © ISO/IEC 2017 - All rights reserved
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Table 1 (continued)
Clause in Rule Conformance check
ISO/IEC 23009-1 implementation
The “mvex” box shall be contained in the “moov” box.
14 6.3.3 The “mvex” box also sets default values for the tracks Implemented

and samples of the following movie fragments.

‘styp’ box, if present, shall carry ‘msdh’ as a compati-
ble brand.

Eab}l Tﬁcdia SCslllCllt bllal} LUlltaill UIIC Ul 111UI'T VV}lU}C
self-contained movie fragments. A whole, self-contained
movie fragment is a movie fragment (‘moof”) box and
amedia data (‘mdat’) box that contains all the media
samples that do not use external data references refer-
enced by the track runs in the movie fragment box.

15 6.3.4.2 Implemented

16 6.3.4.2 Imptementg¢d

17 6.3.4.2 Each ‘moof’ box shall contain at least one track fragment. Implementgd

The ‘moof’ boxes shall use movie-fragment relative ad-
dressing for media data that does not use external data
18 6.3.4.2 references, the flag ‘default-base-is-moof’ shall be\sety Implemented
and data-offset shall be used, i.e. base-data-offsetipres-
ent shall not be used.

19 6.3.4.2 Each ‘traf’ box shall contain a ‘tfdt’ box. Implementéd

Each Media Segment may contain one-0f more ‘sidx’
boxes. If ‘sidx’ is present in a Media'Segment, the first
20 6.3.4.2 ‘sidx’ box shall be placed before any*moof’ box and Implementgd
the first Segment Index box shallldocument the entire
Segment.

In each self-contained movie fragment, the movie
21 6.3.4.3 fragment (‘moof’) box-iSimmediately followed by its Implementgd
corresponding media‘data (‘mdat’).

Each Media Segment shall contain one or more ‘sidx’

22 6.3.4.3
boxes.

Implementgd

The first-sidx’ box shall be placed before any ‘moof’ box
23 6.3.4.3 and shall.document Subsegments that span the compo- Implementgd
sition time of the entire Segment.

Each Media Segment shall carry ‘msix’ as a compati-

24 6.3.4.3 bie brand. Implementgd
The Subsegment Index box (‘ssix’) shall be present
and shall follow immediately after the ‘sidx’ box that

25 6.346 documents the same Subsegment. This immediately [mplementgd
preceding ‘sidx’ shall only index Media Subsegments.

26 6.3.4.4 It shall carry ‘sims’ in the Segment Type box (‘styp’) as Implement4d
a compatible brand.

27 6.3.5.2 The Indexed Self-Initializing Media Segment shall carry Implementdd

‘dash’ as a compatible brand.

It the Representation 1s continuously delivered at this
bitrate, starting at any SAP that is indicated either by @
startWithSAP or by any Segment Index box, a client can
28 5.3.5.2 be assured of having enough data for continuous play- Implemented
out providing playout begins after @minBufferTime
* @bandwidth bits have been received (i.e. at time @
minBufferTime after the first bit is received).

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 2.

© ISO/IEC 2017 - All rights reserved 9
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Table 2 — Representation conformance rules for MPEG-2 transport stream

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

Media Segment formats shall comply with the respec-

1 6.1 tive container formats (ISO BMFF and MPEG-2 TS). Implemented

2 6.2.2 The Inlltlallzatlor.l Segment shall not contain any media Implemented
data with an assigned presentation time

3 6231 A Media S_egment shall contain a number of complete Implemented
dCCESS UINILS.
If it is the first Media Segment in the Representation, it Implemented for AVC

4 6.2.3.1 shall contain only media streams that start with a SAP | streams (not verifiable on
of type 1 or 2. container leyvel)
A Media Segment shall contain sufficient information to
time-accurately present each contained media compo-
nent in the Representation without accessing any pre-

5 6.2.3.1 vious Media Segment in this Representation provided [mplemented
that the Media Segment contains a SAP for each media
stream (not verifiable on container level).
A Media Segment shall specify all Media Presentation
times relative to the start of the Period and compensat:
ed with the value of the @presentationTimeOffset{ The
presentation time in Media Segments shall be dccurate
to ensure accurate alignment of all Representations in
one Period.

6 6.2.3.1 Implemented

a) earliest_presentation_time shall bé«equal to the
sum of all temporally preceding subségments 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 sub-
segments it indices.

A subsegment shall cohtain complete access units for
7 6.4.2.1 the indexed medjastream (i.e. stream for which refer- Implemented
ence_ID equals PID)

PES packetstarting at [say shall contain only an integral

8 6.4.2.2 number df access units and shall contain a PTS.

Implemented

If the Segment Index is provided the Segment Index
9 6.4.2.3 (‘sidx’) box in ISO/IEC 14496-12 shall be used for Seg- Implemented
ment Indexing.

reference_ID field of ‘sidx’ box shall be the PID value of
the indexed stream.

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

10 6.4.2.3 Implemented

11 6.4.2.3 Implemented

If the Subsegment Index is provided, the Subsegment
12 6.4.2.4 Index (‘ssix’) box in ISO/IEC 14496-12 shall be used for Implemented
Indexing byte ranges within a subsegment

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

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

The concatenation of an Initialization Segment with any
15 6.4.3.2 Media Segment shall have the same presentation dura- Implemented
tion as the original Media Segment.

13 6.4.2.4 Implemented

14 6.4.3.2 Implemented

10 © ISO/IEC 2017 - All rights reserved
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Table 2 (continued)

Clause in
ISO/IEC 23009-1

Rule

Conformance check
implementation

16

6.4.3.2

The Initialization Segment shall contain mandatory
untimed initialization information as defined in 1SO/
[EC 23009-1:2014, 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

6.4.4.2

Media Segments shall contain complete MPEG-2 TS
packets

Implementqd

18

6.4.4.2

Media Segments shall contain exactly one program

Implementqd

19

6.4.4.2

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

Implementqd

20

6.4.4.2

No Media Segment shall depend on initialization infer-
mation appearing in any preceding Media Segment:

Implementqd

21

6.4.4.3

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;.either in the
same (Sub)Segment, and/or in the Kitialization Seg-
ment (if used).

Implemented (as much as
possible)

22

6.4.4.4

A Self-initializing Media Segment’shall contain, at the
least, all mandatory untimed<nd timed initialization
information as defined in ISO/IEC 23009-1:2014, 6.4.3.1.

Implementqd

23

6.4.5

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

Implementqd

24

6.4.5

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

Implementqd

25

6.4.5

If initialization information is carried within a Bit-
streain Switching Segment, it shall be identical to the
ohelin the Initialization Segment, if present, of the
Representation.

Implementqd

26

6{4.672

An Single Index Segment indexes exactly one Media
Segment 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.

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

Implementqd

27

6462

If present, the ‘ssix’ shall follow the ‘sidx’ box that doc-

uments the same Suhsegment without any other ‘sidx’
preceding the ‘ssix’.

Imp]pmpnf@d

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

© ISO/IEC 2017 - All rights reserved
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Table 2 (continued)

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

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.

31 6.4.6.4 It shall be either a Single Index Segment or a Represen- Implemented

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- Implemented
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 [mplemented
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 box (‘styp’) asa

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 [SO base media file format

The adaptation set conformance rules, as well as“the implementation status of the conformance rules
for ISO hase media file format segments, are preyided in Table 3.
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Table 3 — Adaptation set conformance rules for ISO base media file format

Clause in
ISO/IEC 23009-1

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 com-

nnnnn tcoaaualtaotha ardarin vwhich o Cogrannt Tnday hos
o-tHe-ofFaerih tTRErex-B0x¢

1 7.2.2

pPomees- e VY IITCI oo C o T

for a media stream for each component 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 ah
Adaptation Set shall have the same access unit duratian.

Implemen

ed

2 7.3.3.2

As a consequence of @bitstreamSwitching being sétto
‘true’, the following conditions are satisfied.

a) The track IDs for the same media content commponent are
identical for each Representation in each Adaptation Set.

b) The conditions required for settingithe @segmen-
tAlignment attribute to a value other than 'false’ for the
Adaptation Set are fulfilled.

c) The conditions required for'setting the @startWith-
SAP attribute to 2 for the Adaptation Set, or the conditions
required for all Representations within the Adaptation Set
to share the same valge'of @mediaStreamStructureld and
setting the @startWithSAP attribute to 3 for the Adapta-
tion Set, are fulfilled.

Implemen

ed

3 7.3.4

If a SubRepresentation element is present in a Rep-
resentatjonin the MPD and the attribute SubRepresenta-
tion@level'is present, then the Media Segments in this
Representation shall conform to a Sub-Indexed Media
Segmient as defined in ISO/IEC 23009-1:2014, 6.3.4.4. The
Initialization Segment shall contain the Level Assignment
(‘leva’) box.

Implemen

ed

© ISO/IEC 2017 - All rights reserved
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6.3.2 MPEG-2 transport stream

Clause in Rule Conformance check
ISO/IEC 23009-1 implementation
The Media Presentation shall be provided such that no
mismatch between the media stream and the MPD values
1 7.1 occurs. If it does, the value in the media stream itself takes Implemented
precedence over values expressed in the MPD, especially
when used in the media decoding process.

1T'a Segmernt mdex IS Ppresentlin d lVlt‘dld DEZIIEIIL O OINE
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 compo-
nents equal to the order in which a Segment Index box for a
media stream for each component first appears. This order-
ing shall be the same for all Segments of all Representations
of an Adaptation Set. As a consequence, if there is a Seg-
ment 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.

2 7.2.2 Implemented

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

If the @segmentAlignment attribute is notsetto ‘false”:

a) the Media Segment shall contain only.complete PES

3 7.4.3.2 packets;

Implemented

b) the first PES packet shall contain‘a PTS timestamp.

If the @subsegmentAlignment:flag is not set to 'false’, a
4 7.4.3.3 Subsegment shall contain only-complete PES packets for Implemented
each PID,

If the @subsegmentAligniment flag is not set to 'false’, the
5 7.4.3.3 first PES packet frotmeach elementary stream shall con- Implemented
taina PTS.

If the @bitstkeamSwitching is set to true, then for any
two Represeéiitations, X and Y, within the same Adaptation
Set, concatenation of Media Segment i of X, Concatenation
Segmentof Representation Y, and Media Segment i+1 of
Representation Y shall be a MPEG-2 TS conforming to ISO/
IEC13818-1.

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 fulfilled.

Tf The @bitstTreamSwitching 15 Set to true, then the condi-
7.4.3.4 tions required for setting the @segmentAlignment attrib- Implemented
ute not set to 'false’ for the Adaptation Set are fulfilled.

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
‘perb’ box

6 7.4.3.4 Implemented

7 7.4.34 Implemented

7.4.3.4 Implemented

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

14 © ISO/IEC 2017 - 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
with MPD@t ype=dynamic.

7 Profile specific conformance

services

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
profile are missing.

7.1 1ISO base media file format on demand profile

=

br the ISO base media file format on-demand profile, are provided in Table 4,

Table 4 — ISO base media file format on-demand profile rules

Common

he profile-specific conformance rules, as well as the implementation status ofcthe conformarjce rules

shall be placed before any Movie Fragmént ('moof") boxes.

Clause in Rule Conformange check
ISO/IEC 23009-1 implemengation
1 8.33 All Segment Index ('sidx') and Subsegmentindex ('ssix') boxes Implemehted

Media Segments containing multiplé Media Components shall
2 8.4.3 comply with the formats defined.in ISO/IEC 23009-1:2014, Impleme
6.3.4.3,i.e. the brand 'msix’.

nted

In Media Segments, all Seginent Index ('sidx') and Subseg-
3 8.4.3 ment Index ('ssix') boxes$,shall be placed before any Movie Impleme
Fragment (‘'moof") boXes.

nted

7.2 1SO base media file format live profile

=

br the ISO base media file format live profile, are provided in Table 5.

Table’'5 — ISO base media file format live profile rules

he profile-specific conformanceTiles, as well as the implementation status of the conformarjce rules

Clause in Rule Conformande check
ISO/IEC 23009-<1 implementation

Media Segments containing multiple Media Components

1 8473 shall comply with the formats defined in ISO/IEC 23009- Implemented
1:2014, 6.3.4.3, i.e. the brand 'msix".
In Media Segments, all Segment Index ('sidx') and Subseg-

2 8.4.3 ment Index ('ssix') boxes shall be placed before any Movie Implemented
Fragment ('moof") boxes.

7.3 ISO 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 6.

© ISO/IEC 2017 - All rights reserved
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Table 6 — ISO base media file format main profile rules

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

Atleast one SAP of type 1 to 3, inclusive, shall be present
for each track in each Subsegment

1 8.5.3 Implemented

In Media Segments, all Segment Index ('sidx') and Subseg-
2 8.5.3 ment Index ('ssix') boxes shall be placed before any Movie Implemented
Fragment (‘moof") boxes.

Eacir Medta SegImeTt of the ReEPTeSentations ot Taving @
startWithSAP present or having @startWithSAP value 0
or greater than 3 shall comply with the formats defined in
ISO/IEC 23009-1:2014, 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 conformance rulgs
for the MPEG-2 transport stream simple profile, are provided in Table 7.

Table 7 — MPEG-2 transport stream simple profile rules

Clause in Rule Conformance check
I1$O/IEC 23009-1 implementation
1 873 PSI information, including versions, shall b identical Implemented
o within all Representations contained in an AdaptationSet p

If MPEG-2 Conditional Access framewo¥k’is used, same Specific to a conditionall

2 8.7.3 ECM shall be valid for the whole Subségment, or for the access system, cannot bg
whole Segment, if Index Segment is’not present. tested generically.
For an Index Segment, any single Segment Index ('sidx")

3 8.7.3 box may either reference media, or other 'sidx’, but the Implemented
same 'sidx' box may notreference both.

8 CoIforming test vectors

Details ¢n conforming test vectors-are provided in Annex B.

9 Conformance software for ISO/IEC 23009-4

9.1 General

In each pf these gases, output media segments are saved to the local disk, and the MPD is transformed
approprijately and also saved to the local disk. However, the input MPD and media segments may comle
from either4hélocal disk or from URLs.

PRY SLLEPOY

+ anarala o Jarilie. s nan Dol aaad 3nnan
In Order U LUllltJllb CIIC ULlllLy, Ul_}bll Ll\,ll}}o\/ [2994w] llllt}ul C 11T

JDT will compile the needed .class files automatically.

o]

9.2 Design limitations and assumptions
— Assingle MPD is processed.

— OnlythefirstRepresentationinthe firstAdaptationSet of the first Periodis processed.
— Segments are assumed to be listed in a single SegmentList.

— A single instance of ContentProtection descriptor of supported type is assumed in
encrypted MPDs.
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— Support for validating MPDs via Schematron is coming at a later date.

— All of the operations are performed serially and synchronously.

9.3 Usage

mpdEncryptionUtil [-a <authentication-scheme>] -d | -e <encryption-scheme> -i <inputfile.mpd>

[--no-validate-schema] -o <output-dir>

-a,--authenticate <authentication-scheme>

(fenerate authenticity tags for cleartext segments, in addition to encrypting them, via one df.sy
authentication schemes, "sha256" and "hmac-shal". Default value is "sha256".

d,--decrypt

Decrypt encrypted segments, automatically validating them, if authentication imformation is p

p,--encrypt <encryption-scheme>

wul

ncrypt cleartext segments via one of supported encryption schemes, "aes128-cbc", "aesl
efault value is "aes128-cbc".

=

,--input-file <inputfile.mpd>

NIPD file path or URL.

no-validate-schema

Whether to skip validation of MPD via DASH schema:

p,--output-dir <output-dir>

D}irectory to which encrypted/decrypted-segments will be written.

pported

resent.

P8-gcm”.

© ISO/IEC 2017 - All rights reserved
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Al G

This annex provides detailed means for MPD conformance checking using the three, step
outlined in Clause 5. Detailed examples and expected output behaviour are described [for eac

step. T

org/iso-iec/23009/-2/ed-2.

Annex A
(normative)

MPD conformance checking

bneral

- n

he corresponding software and more examples are provided at http://stahdards.is¢.

A.2 Step 1: XLink resolver

A2.1
The foll

a) URI
and

b) URI

tredted as invalid references (see below for the apptopriate targets) and invalidate the MPD.

c) URI

refe
d) Any|
e) Ifa

shalll apply.

The rerlote elements referenced;ffom within an MPD (referred to as appropriate targets) shall b

embedd

a) Atty

MPD that contains{@x1ink:href and shall be merged with the ones already present in the MPD.

the

same. If theyare not identical, then the value of the attribute of the MPD takes precedence over t

zeneral
wing rules apply to the processing of URI references within @x¥ink:href.

references to remote elements that cannot be resolved¢shall be treated as invalid referencds
invalidate the MPD.

references to remote elements that are inappropriate targets for the given reference shall be

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

—

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

URI reference is relative then reference resolution as defined in ISO/IEC 23009-1:2014, 5.6.4

D

bd into the MPD by applying the following rules:

ibutes and elements obtained from the remote element shall be added to the element of thie

same attributes are present in both MPD and remote element, the attribute values should be t

valye of the-attribute in the remote element.
b) The|remote element referenced by the @x1link:href shall conform to the type definition of th|e
elerhefftin-the MPD-thateontainsRsctinicrhrret:

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

d) All resources in the remote element referenced by @x1ink:href shall have an availability end
time as specified by MPD@RavailabilityEndTime.

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 xlink valid.mpd,

ex01 1

18

nclude.mpd,and ex01 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 x1link invalid circular.mpd,
include.mpd,and ex02 circular.mpd.

ex02

.Z.4 Example 3

]

h this example, the FTP protocol is used instead of HTTP. The program indicates the wfong
Uith the following error message:

<

ALinkException: Only HTTP links are allowed!

—

his example comprises the following files: ex03 xlink invalid ftpmpd.

=

.2.5 Example 4

x04 xlink invalid wrongelement.mpd shows an invalid ' MPD with XLink reference
he XLink definition points to a different remote element thanthe-local element. In this example
f pointing to a Period element, the XLink points to a Representation element. The program i
he wrong element type with the following error messagé:

& O c N

ALinkException: Referenced Document must contaifiJsame element type as referencing e

)

eferencing element: Period
eferenced element: Representation

ov)

This example comprises the following files: ex04 xlink invalid wrongelement.n
qx04 include.mpd.

A.3 Step 2: XML validator

A.3.1 General

The XML Validator processes an MPD, checks that is it is well-formed, and validates it against
sichema defined in ISB/TEC 23009-1.

A.3.2 Example 1

0

x01 validator valid.mpd shows a valid MPD. The output of the program is a success
Dr eaclrstep.

-

qx03 xlink invalid ftp.mpdshowsaninvalid MPD with XLink references with a wrong protocol.

protocol

s where
instead
ndicates

lement !

pd and

the MPD

message

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_val]idator_missingprofile.mpd shows an invalid MPD with a missing profile attribute. The erro

occurs dfter the MPD element and is indicated by the following error message:

Line:ColL[8:66] :cvc-complex—-type.4: Attribute 'profiles' must appear on element
XML valfidation not successful - DASH is not valid!

A.4 Step 3: Schematron validator

A.4.1 (eneral

This subclause defines step 3 of the MPD conformance checking basgdyon ISO/IEC 19757-3. Thie
validatign schema can be found in A.4.2. A description thereof (i.e. a more readable version of the rule
and assg¢rtion messages) is provided in A.4.3. The MPDs for conformance checking are defined in A4

The actyal MPDs and corresponding code can be found attached ta(this document.

A.4.2 $Schematron validation schema

<?xml vprsion="1.0" encoding="UTF-8"7?>
<schema
xmlnsFE"http://purl.oclc.org/dsdl/schematron”
xmlnsfdash="urn:mpeg:dash:schema:mpd:2011"
xmlnsfxsi="http://www.w3.0rg/2001/XMLSchema~instance”
xmlnsfkxlink="http://www.w3.0rg/1999/x1ink”
queryBinding='xslt'
schempVersion='"I5019757-3"'>
<ns pfkefix="dash” uri="urn:mpeg:daghg'schema:mpd:2011"/>
<ns pfefix="x1ink” uri="http://www.w3.0rg/1999/x1link"/>
<ns pkefix="xsi" uri="http://wwwsw3.0rg/2001/XMLSchema-instance” />
<titlp>Schema for validating MPDs</title>

<pattprn name="MPD element!>

<!-F R1.*: Check the cehformance of MPD -->

<rufle context="dashW\MPD'">

<!--IR1.0 -->

<aspert test="ff@type = 'dynamic'’ and not (@GavailabilityStartTime))

then fallse() else~true()">If MPD is of type "dynamic”
availabflityStartTime shall be defined.</assert>

<!-F Rl.le=%

<aspert \Pest="1if (Ctype = ’'static' and @timeShiftBufferDepth)
false()| edse true()">If MPD is of type "static” timeShiftBufferDepth
shall nptide defined.</assert>

'MPDV.

S
2

<!-- R1.2 -->
<assert test="if (Ctype = 'static' and
not (@mediaPresentationDuration)) then false() else true()">If MPD is of
type "static"” mediaPresentationDuration shall be defined.</assert>
<!-— R1.3 -—>
<assert test="if (@type = 'static’ and descendant::dash:Period[1]/@start and

(years—from-

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

+ months-from-
+ days-from-

+ hours-from-

+ minutes-from-
+

)
)
)
)
)
)
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<!-- R1.4 -->
<assert test="if (not (@mediaPresentationDuration) and
not (@minimumUpdatePeriod)) then false () else true()">If

mediaPresentationDuration is not defined for the MPD minimumUpdatePeriod
shall be defined or vice versa.</assert>

<!-- R1.5 -->

<assert test="if (@type = 'static' and @minimumUpdatePeriod) then
false () else true()">If MPD is of type "static” minimumUpdatePeriod
shall not be defined.</assert>

<!l-- Rl1.6 —-—>

<assert test="if (not (@profiles) or (contains (@profiles,
'nrn-mpeg-dash:-profile-isoff-on-demand-2011") or contains (@profiles

'urn:mpeg:dash:profile:isoff-1ive:2011") or contains (@profiles,
'Turn:mpeg:dash:profile:isoff-main:2011"') or contains (@profiles,
'Turn: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
flalse () ">The On-Demand profile shall be identified by the URN
"lurn:mpeg:dash:profile:isoff-on-demand:2011". The live profile shall be
ildentified by the URN "urn:mpeg:dash:profile:isoff-1ive:2011". The maixn
fdrofile shall be identified by the URN "urn:mpeg:dash:profile:isoff-
main:2011". The full profile shall be identified by the URN
"lurn:mpeg:dash:profile: full:2011". The mp2t-main profile shall be¢
dentified by the URN "urn:mpeg:dash:profile:mp2t-main:2011". The\mp2t-
sjimple profile shall be identified by the URN
"urn:mpeg:dash:profile:mp2t-simple:2011".</assert>

<!-- R1.7 -—>

|-

dr not (Qtype) or
Gtype='static') then true() else false()">For On-Demand profile, the
MPD @type shall be "static".</assert>

<!-- R1.8 -->

<assert test="if (@type = 'dynamic' and not (@publishTime)) then

h

alse () else true()">If MPD is of type "dyndmic” publishTime shall be
efined.</assert>

</rule>
</pattern>

Q

<pattern name="Period element”>

<!-- R2.*: Check the conformance of Period -->

<rule context="dash:Periogd>

<!l-- R2.0 -->

<assert test="if (string(@bitstreamSwitching) = 'true' and
dtring (child: :dash:AdaptatironSet/@bitstreamSwitching) = 'false') then
flalse () else true()">If\bitstreamSwitching is set to true all
HitstreamSwitching declarations for AdaptationSet within this Period
sghall not be set tol flalse.</assert>

<!-— R2.1 --3x

<assert test="if (Qid = preceding::dash:Period/@id) then false ()
dlse true()">Thé id of each Period shall be unique.</assert>

<l-- R282~->

<assert \test="if ((years-from-duration(@start) + months-from-
durationidstart) + days-from-duration(@start) + hours-from-
duration (@start) + minutes-from-duration(@start) + seconds-from-
duration (@start)) > (years-from-duration(following-
gibdying: :dash:Period/@start) + months-from-duration (following-

Lol ]

<assert test="if (not (contains (@profiles, 'urn:mpedrdash:profile:isoff-on-demand:

2011"))

HoiredashePeriod/Ratart——days—from—duration{tfoltowing
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()">Periods shall
be physically ordered in the MPD file in increasing order of their start
time.</assert>

<!-- R2.3 -->

<assert test="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 Period.</assert>
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<!-- R2.4 -->

<assert test="if (not(Q@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)) then false() else true()">At least one BaseURL,
SegmentTemplate or SegmentList shall be defined in Period, AdaptationSet
or Representation.</assert>

</rule>

</patiern

<pattprn name="AdaptationSet element”>

<!-F R3.*: Check the conformance of AdaptationSet -->
<rufle context="dash:AdaptationSet">
<!-F R3.0 -—>

<aspert test="if (@id = preceding-sibling::dash:AdaptationSet/@id)
then fhlse() else true()">The id of each AdaptationSet within a Period
shall bk unique.</assert>

<!-F R3.1 -—>

<aspert test="if ((Q@lang = descendant::dash:ContentComponent/@lang)
or (@cohtentType = descendant::dash:ContentComponent/Q@QcontentType) ox
(@par =| descendant::dash:ContentComponent/@par)) then false() else
true () "pAttributes from the AdaptationSet shall not be repeated ifi~the
descendpnding ContentComponent elements.</assert>

<!-F R3.2 -—>

<aspert test="if ((@profiles and descendant::dash:Representation/@profiles) or (Q@width
and
descendpnt: :dash:Representation/@width) or (@height and
descendpnt::dash:Representation/@height) or (@sar and
descendpnt: :dash:Representation/@sar) or (@frameRate ‘end
descendpnt: :dash:Representation/@frameRate) or (QaudioSamplingRate and
descendpnt: :dash:Representation/@audioSamplingRate) Yor (@mimeType and
descendpnt: :dash:Representation/@mimeType) or (@segmentProfiles and
descendpnt: :dash:Representation/@segmentProfiles)* or (Qcodecs and
descendpnt: :dash:Representation/Qcodecs) or . (@maximumSAPPeriod and
descendpnt: :dash:Representation/@maximumSAPPeriod) or (@startWithSAP and
descendpnt: :dash:Representation/@startWithSAP) or (@maxPlayoutRate and
descendpnt: :dash:Representation/@maxPlayoutRate) or (Q@QcodingDependency
and desfendant::dash:Representation/@evdingDependency) or (@scanType and
descendpnt::dash:Representation/@scanType)) then false() else
true () "pCommon attributes for AdaptationSet and Representation shall
either pbe in one of the elementsibut not in both.</assert>

<!-F R3.3 -—>

<aspert test="if ((@minWidth > @maxWidth) or (@minHeight >
@maxHeipht) or (@minBandwidth > @maxBandwidth)) then false() else

true () "pEach minimum valde (minWidth, minHeight, minBandwidth) shall be
larger fhan the maxim@mvalue.</assert>
<!-F R3.4 -—>

<aspert test="/f~ (descendant::dash:Representation/@bandwidth &lt;
@minBanflwidth ox ‘d&scendant::dash:Representation/@bandwidth >
@maxBanflwidth)s\then false () else true()'">The value of the bandwidth
attribufe shall be in the range defined by the AdaptationSet.</assert>

<!-F R8.%H —-—>
<aspért test="if (descendant::dash:Representation/@width &lt;
@minWidbr—er—descendentrdashRepresentation/wideh e Rre

false () else true()">The value of the width attribute shall be in the
range defined by the AdaptationSet.</assert>

<!-- R3.6 -—>

<assert test="if (descendant::dash:Representation/@height &lt;
@minHeight or descendant::dash:Representation/@height > @maxHeight) then
false() else true()">The value of the height attribute shall be in the
range defined by the AdaptationSet.</assert>

<!-= R3.7 ——>

<assert test="if (count(child::dash:Representation)=0) then false()
else true()">An AdaptationSet shall have at least one Representation
element.</assert>

<!-- R3.8 —-—>

<assert test="if ((child::dash:SegmentBase and
child::dash:SegmentTemplate and child::dash:SegmentList) or
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(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
SegementList shall be defined in AdaptationSet.</assert>
</rule>
</pattern>

<pattern name="ContentComponent element”>

<!-- R4.*: Check the conformance of ContentComponent -->
<rule context="dash:ContentComponent”>
l—— RA.Q ——

<assert test="if (Qid = preceding-sibling::dash:ContentComponent/Q@id) then falsg
dlse true()">The id of
dach 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
ot (parent::dash:AdaptationSet/@mimeType)) then false() else
rue () ">Either the Representation or the containing AdaptatienSet shall
ave the mimeType attribute.</assert>

<!-- R5.1 --—>

<assert test="if (not(child::dash:SegmentTemplatedor
darent: :dash:AdaptationSet/dash:SegmentTemplate or
gncestor::dash:Period/dash:SegmentTemplate) and (centains (Q@profiles,
'Turn:mpeg:dash:profile:isoff-1ive:2011") or
dontains (ancestor::dash:MPD/@profiles, 'urn:mpe&idash:profile:isoff-
ive:2011") or contains (parent::dash:AdaptationSet/Qprofiles,
'Turn:mpeg:dash:profile:isoff-1ive:2011"))) then false() else true()'">For
llive profile, the SegmentTemplate element ghall be present on at least
gne of the three levels, the Period leyvegl“containing the Representation,
tlhhe Adaptation Set containing the Repré&sentation, or on Representation
level itself.</assert>

</rule>

<!-- R5.2 -->

<assert test="if ((child:sdash:SegmentBase and child::dash:SegmentTemplate and
dghild::dash:SegmentlList) or
(jchild: :dash:SegmentBase and ‘child::dash:SegmentTemplate) or
(lchild::dash:SegmentBasg~and child::dash:SegmentList) or
(jchild: :dash:SegmentTemplate and child::dash:SegmentList)) then false()
g
E

jo e diie]

lse true()">At most one of SegmentBase, SegmentTemplate and SegmentList
hall be defined in_ Representation.</assert>
</pattern>

<pattern name#"SubRepresentation element”>

<!-- R6 & Check the conformance of SubRepresentation -->
<rule.gontext="dash:SubRepresentation”>
<I=-AR6.0 —=>

<assert test="if (Q@level and not (@bandwidth)) then false() else
rue{()V'>If the level attribute is defined for a SubRepresentation also
thé~bandwidth attribute shall be defined.</assert>

-

.

e ()

o

</pattern>

<pattern name="SegmentTemplate element”>

<!--= R7.*: Check the conformance of SegmentTemplate -->
<rule context="dash:SegmentTemplate”>
<!-= R7.0 -->

<assert test="if (not (@duration) and
not (child::dash:SegmentTimeline)) then false() else true()">If more than
one Media Segment is present the duration attribute or SegmentTimeline
element shall be present.</assert>

<!-- R7.1 -->
<assert test="if (@duration and child::dash:SegmentTimeline) then
false () else true()">Either the duration attribute or SegmentTimeline

element shall be present but not both.</assert>
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<!-=- 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 (Q@initialization and (matches(@initialization,
"\$SNumber ($.[*\$]*)?\$') or matches (@initialization,
"\S$Time (%$.[*\S$]1*)?\$"))) then false() else true()">Neither S$Number$ nor

the $Time$ identifier shall be included in the initialization
attribute.</assert>

<!-— R7.4 —-->

<assert test=rif (QAbitstreamSwitching and
(matchep (@bitstreamSwitching, '\S$Number (%.["\$]*)?\S$') or

matches|(@bitstreamSwitching, '\$Time (%.["\$]*)?\$'))) then false() else
true () "pNeither S$Number$ nor the $Time$ identifier shall be included in
the bitptreamSwitching attribute.</assert>

<!-F R7.5-->

<aspert test="if (matches (@media, '\$.["\$]*\$')) then every Sy in

(for $x|in tokenize (@media,

"\$ (Banflwidth | Time |Number |RepresentationID) (%. [*\$]1*)?\$') return
matches|($x, "\$.["\$]*\$'")) satisfies Sy eq false() else true()">Only
identifiprs such as $Bandwidth$, $Time$, SRepresentationID$, or $Numbers
shall bp used.</assert>

<!'-F R7.6-->

<aspert test="if (matches (@media, '\$RepresentationID%.["\S$]*5"))
then fallse() else true()">SRepresentationID$ shall not have a format
tag.</apsert>

</rphle>

</patfern>

<pattprn name="SegmentList element”>

<!-F R8.*: Check the conformance of SegmentList -S>
<rulle context="dash:SegmentList">
<!-F R8.0 -->

<aspert test="if (not (@duration) and
not (chilld: :dash:SegmentTimeline)) then if (count'(child::dash:SegmentURL)
> 1) then false() else true() else true()">ILfimore than one Media
Segment| is present the duration attribute ©or SegmentTimeline element
shall bg present.</assert>

<!-F R8.1 —-—>

<aspert test="if (@duration andgchild::dash:SegmentTimeline) then
false()| else true()">Either the dura¥ion attribute or SegmentTimeline
element| shall be present but nottboth.</assert>

<!-F R8.2 —-—>

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

</rphle>

</patfern>

<pattprn name="SegmentBase element”>

<!-F R9.*: Check the conformance of SegmentBase -->

<rulle contexf="dash:SegmentBase">

<!-F ROLON——>

<aspert test="if (not (@indexRange) and @indexRangeExact) then
false ()| élse true()">If indexRange is not present indexRangeExact shall
not be p* re—<Ffasserts

</rule>

</pattern>

<pattern name="SegmentTimeline element”>

<!-- R10.*: Check the conformance of SegmentTimeline -->
<rule context="dash:SegmentTimeline">

<!-- R10.0 -->

<assert test="if ((if (ancestor::dash:*[1]/Q@timescale) then

(child::dash:S/Qd div ancestor::dash:*[1]/QRtimescale) else
child::dash:S/@d) > (years-from-

duration (ancestor::dash:MPD/@maxSegmentDuration)
duration (ancestor::dash:MPD/@maxSegmentDuration)
duration (ancestor::dash:MPD/@maxSegmentDuration)
duration (ancestor: :dash:MPD/@maxSegmentDuration)

+ months-from-
+ days-from-

+ hours-from-

+ minutes-from-
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duration (ancestor::dash:MPD/@maxSegmentDuration) + seconds-from-
duration (ancestor::dash:MPD/@maxSegmentDuration))) then false() else

true () ">The d attribute of a SegmentTimeline shall not exceed the value

give by the MPD maxSegmentDuration attribute.</assert>
</rule>
</pattern>

<pattern name="ProgramInformation element”>

<!-- R11.*: Check the conformance of ProgramInformation -->
<rule context="dash:ProgramInformation”>
<!--— R11.0 -—>
assert test="if (conunt (parent--dash-MPD/dash-ProgramInformation)
1 and not(@lang)) then false() else true()">If more than one
HrogramInformation element is given each ProgramInformation element
ghall 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 ((@schemeIdUri =
'Turn:mpeg:dash:mp4protection:2011') and not (string-length (@vaTue) = 4))

tlhhen false () else true()">The value of ContentProtection sh@dl be the
4cC contained in the Scheme Type Box</assert>
<!-- R12.1 -->
<assert test="if ((@schemelIdUri =
'lurn:mpeg:dash:13818:1:CA descriptor:2011') and notstring-
llength (@value) = 4)) then false() else true()">The\Falue of
JQontentProtection shall be the 4-digit lower-casghhexadecimal
Representation.</assert>
</rule>
</pattern>

<pattern name="Role element”>

<!-- R13.*: Check the conformance.®f Role -->
<rule context="dash:Role">
<!-- R13.0 -—>
<assert test="if ((@schemeZdUri = 'urn:mpeg:dash:role:2011') and
not (@value = 'caption'’ or @vatudes= 'subtitle' or @value = 'main' or
@value = 'alternate' or @values/= 'supplementary' or @value =
'lcommentary' or @value = 'dub'’)) then false else true()">The value of
Role (role) shall be caption, subtitle, main, alternate, supplementary,
dommentary or dub.</assert>
<!-- R13.1 -—>
<assert test="if ((@schemeIdUri = 'urn:mpeg:dash:stereoid:2011")
and not (starts-with)X@value, 'l') or starts-with(@value, 'r'))) then
false () else thwe()">The value of Role (stereoid) shall start with "1’
dr 'r'.</asse&t»
</rule>
</pattexn>
<pattern/ name="Subset element”>
<l-< R14.*: Check the conformance of Subset -->
<rule context="dash:Subset">
<!-- R14.0 -->
Fagere—test=1F—{L5a ereted o —S T TRreaa s Suhset A —then

false () else true()'">The id of each Subset within a Period shall be
unique.</assert>
</rule>
</pattern>
<pattern name="FramePacking element”>
<!-- R15.*: Check the conformance of FramePacking -->
<rule context="dash:FramePacking”>
<!-- R15.0 -->
<assert test="if ((@schemeIdUri =
'urn:mpeg:dash:14496:10:frame packing arrangement type:2011') and
not (contains (parent: :dash:AdaptationSet/@codecs, 'avc') or
contains (parent::dash:AdaptationSet/Qcodecs, 'svc') or
contains (parent::dash:AdaptationSet/Qcodecs, 'mvc')) and
not (contains (parent: :dash:Representation/@codecs, 'avc') or
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contains (parent::dash:Representation/@codecs, 'svc') or

contains (parent::dash:Representation/@codecs, 'mvc'))) then false() else
true () ">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/IEC 14496-10.</assert>

<!-- R15.1 -->

<assert test="if ((@schemeldUri =
'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 trpe()V">The TRT nrn-mpeg-dash-13818-1--stereq video format tvype-20711

is used| for Adaptation Sets or Representations that contain a video
componeht that conforms to ISO/IEC 13818-1.</assert>

<J}-- R15.2 -->

<pssert test="if (not (@schemeIdUri = 'urn:mpeg:dash:14496:10:frame packing |,
arrangepent type:2011') and
not (@schemeIdUri = 'urn:mpeg:dash:13818:1:stereo video format type:2011')) thenrPalse()
else trpe()">schemeIdUri for FramePacking descriptor shall be

urn:mpefy:dash:14496:10:frame packing arrangement type:2011 or
urn:mpef:dash:13818:1:stereo video format type:2011.</assert>

<ff-- R15.3 -->
<pssert test="if (not (@value = '0' or @value = 'l1l' or Qvalue = L2/
or @valpe = '3'" or @value = '4' or @value = '5' or @value = '6')) than
false ()| else true()">The value of FramePacking shall be 0 to 6 as
defined fin ISO/IEC 23001-8.</assert>
</rple>

</patfern>
<pattprn name="AudioChannelConfiguration element’”>

<!-F R16.*: Check the conformance of AudioChannelConfiguration -->
<rulle context="dash:AudioChannelConfiguration’>
<f-- R16.0 -->
<pssert test="if ((@schemeldUri = 'urn:mpeg:dgsh:outputChannelPositionList:2012")
and not|(count (tokenize (@value, ' ")) > 1)) then figlse() else true()">If URI

urn:mpef:dash:outputChannelPositionList:2012 is used the value attribute
shall bp a space-delimited list as defined in,TS0O/IEC 23001-8.</assert>
</rhle>
</patfern>
<pattprn name="EvenStream element'>

<!-F R17.*: Check for conformance, gfvs EventStream -->
<rufle context="dash:EventStream/>
<ff-- R17.0 —-—>
<pssert test="if ((Q@schemeldUri = preceding::dash:EventStream/@schemeIdUri) and (@
value =
precedihg: :dash:EventStream/@walue)) then false() else true()">A Period

shall cpntain at most one EventStream element with the same value for
the schpmeIdUri attributeland value attribute.</assert>

<f-- R17.1 -->
<pssert test="if~((@schemeIdUri = 'urn:mpeg:dash:event:2012') and
not (Qvallue = '1'" or€@value = '2')) then false() else true()">If URI

urn:mpefj:dash:everd®s2012 is used the value attribute shall have the
value 1l|lor 2.</asgért>
</rhle>
</patfernx
<pattprnfname="InbandEventStream element”>

<!-F(R18.*: Check for conformance of InbandEventStream -->
<rukt FrEescr=tladashrtrardiventStreamil
<!-- R18.0 -->
<assert test="if ((@schemelIdUri = preceding::dash:InbandEventStream/@schemeIdUri)
and (Q@value =
preceding: :dash:InbandEventStream/@value)) then false() else
true () ">There shall be only one InbandEventStream element with the same
value for the schemeIdUri attribute and value attribute.</assert>
<!-- R18.1 -->
<assert test="if ((@schemeldUri = 'urn:mpeg:dash:event:2012') and
not (@value = '1l' or @value = '2')) then false() else true()">If URI

urn:mpeg:dash:event:2012 is used the value attribute shall have the
value 1 or 2.</assert>
</rule>
</pattern>
<pattern name="Event element”>
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<!--= R19.*: Check for conformance of Event -->
<rule context="dash:Event">
<!-- R19.0 -—>
<assert test="if (if (not (@presentationTime)) then (0 &lt;
preceding-sibling: :dash:Event/@presentationTime) else

(@presentationTime &lt; preceding-sibling::dash:Event/@presentationTime)) then
else true()">Events
shall be in non-decreasing order based on the presentation
time.</assert>
</rule>

</pattern>

<pattern name="Representation element”>
<!-- R5.*: Check the conformance of Representation -->
<rule context="dash:Representation”>
!--— R5.x association -->
assert test="if (not (@associationId) and (@associationType) then false ()
lse true()">Association: The attribute (@associationType) shall not be
dresent when @associationId is not present.</assert>
<!-- R5.x association-->
assert test="if (count (tokenize (Q@associationType, ' "))
ount (tokenize (Q@associationId))) then false() else true()">Association:
he attribute (@associationType) must have as many values as the idmber
df identifiers declared in the @associationId attribute.</asseTt>
<!-- R5.x association-->
assert test="if (Q@associationType and not (every $x in tokedize (dassociationType,

(0]

H Q

r

datisfies string-length($x)= 4)) then
flalse () else true()">Association: The value of the at€ribute
@associationType shall be a 4 character code.</assef¥t>

<!-- R5.x association-->
assert test=" if (@associationId and every $x in
tlokenize (@associationId, '’ ') satisfies
dncestor::dash:Period:Representation/Qid eq $&) then true() else
flalse () ">Association: Representation(s) indicated in
Representation@associationId is(are) not present.</assert>

</pattern>

<pattern name="UTCTiming element”>
<!-- R18.*: Check the canformance of UTCTiming -->
<rule context="dash:UTeTiming">
<!-- R18.1 —-->
<assert test="if (¢(@schemeIdUri =
:mpeg:dash:utc:ntp:20%84") or (@schemelIdUri =
:mpeg:dash:utc:sntps2014'’') or (@schemelIdUri =
:mpeg:dash:utc:http~head:2014') or (@schemeIdUri =
:mpeg:dash:utc:htitp-xsdate:2014") or (@schemeIdUri =
:mpeg:dash:utethttp-iso0:2014"') or (@schemeIdUri =
:mpeg:dash:Gec:http-ntp:2014') or (@schemeIdUri =
:mpeg:dash:wtc:direct:2014")) then true() else false()"> Ref:
@schemeIdUri¢for UTCTiming Table X — Different UTC timing
Methods.</assert>
<fgule>
</pattern>

"Turn
"Turn
"Turn
"Turn
"Turn
"Turn
"Turn

/&ehéma>

\.4.3 Description of schematron rule

Description for MPD:

false ()

Rule Description

if (@type = 'dynamic’ and not(@availabilityS-
tartTime)) 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 = 'static' and @timeShiftBufferDepth)
then false() else true()

If MPD is of type "static", timeShiftBufferDepth
shall not be defined.
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if (@type = 'static’ and not(@mediaPresenta- If MPD is of type "static", mediaPresentationDura-
tionDuration)) then false() else true() tion shall be defined.

if (@type = 'static’' and descendant::- If MPD is of type "static" and the first period has a
dash:Period[1]/@start and (years-from-du- start attribute, the start attribute shall be zero.

ration(descendant::dash:Period[1]/@start) +
months-from-duration(descendant::dash:Peri-
od[1]/@start) + days-from-duration(descend-
ant::dash:Period[1]/@start) + hours-from-du-
ration(descendant::dash:Period[1]/@start) +
minuteg-from-duration(descendant::dash:Peri-
od[1]/@start) + seconds-from-duration(de-
scendant::dash:Period[1]/@start)) > 0) then
false() ¢lse true()

if (not(@mediaPresentationDuration) and not(@ If mediaPresentationDuration is not defiited for the
minimuymUpdatePeriod)), then false() else true() MPD, minimumUpdatePeriod shall be.defined or

vice versa.
if (@type = 'static' and @minimumUpdatePeri- [f MPD is of type "static", minimumUpdatePeriod
od) then false() else true() shall not be defined.
if (not(@profiles) or (contains(@profiles, The On-Demand profile §hall be identified by

'urn:mpeg:dash:profile:isoff-on-demand:2011')  the URN "urn:mpeg:dash:profile:isoff-on-de-
or contdins(@profiles, 'urn:mpeg:dash:profile:i- mand:2011". The live'profile shall be identified by
soff-live:2011") or contains(@profiles, 'urn:mpeg:- the URN "urn:mpeg:dash:profile:isoff-live:2011".

dash:prpfile:isoff-main:2011') or contains(@ The main profile Shall be identified by the URN
profiles| 'urn:mpeg:dash:profile:full:2011") "urn:mpeg:dash:profile:isoff-main:2011". The full
or contdins(@profiles, 'urn:mpeg:dash:pro- profile shall'be identified by the URN "urn:mpeg:-

file:mpZt-main:2011"))) then true() else false() dash:prefile:full:2011". The mp2t-main profile shall
be identified by the URN "urn:mpeg:dash:pro-
file;mp2t-main:2011". The mp2t-simple profile
shall be identified by the URN "urn:mpeg:dash:pro-
file:mp2t-simple:2011".

if (not(dontains(@profiles, 'urn:mpeg:dash:pro- For On-Demand profile, the MPD @type shall be
file:isoff-on-demand:2011")) or not(@type)or @ "static".
type = 'ptatic’) then true() else false()

Description for Period:

Rule Description
if (string(@bitstreamSwitching) = 'true’ If bitstreamSwitching is set to true, all bitstreamSwitch-
and stripg(child::dash: AdaptationSet/@bit- ing declarations for AdaptationSet within this Period

streamSwitching) = 'false') then false() else true()  shall not be set to false.

if (@id 4 preceding:idash:Period/@id), then false()  The id of each Period shall be unique.
else trug()

if ((yearp-from-duration(@start) + months-from-du- Periods shall be physically ordered in the MPD file in
ration(@start) + days-from-duration(@start) + increasing order of their start time.
hours-from-duration(@start) + minutes-from-du-

ration(@start) + seconds-from-duration(@start)) >
(years-from-duration(following-sibling::dash:Peri-

od/@start) + months-from-duration(follow-

ing-sibling::dash:Period/@start) + days-from-du-
ration(following-sibling::dash:Period/@start) +
hours-from-duration(following-sibling::dash:Peri-

od/@start) + minutes-from-duration(following-sib-

ling::dash:Period/@start) + seconds-from-duration(-
following-sibling::dash:Period/@start))) then false()

else true()
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Rule

Description

if ((child::dash:SegmentBase and child::dash:Seg-
mentTemplate and child::dash:SegmentList) or
(child::dash:SegmentBase and child::dash:Segment-
Template) 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 Seg-
mentList shall be defined in Period.

if (not(@id) and ancestor::dash:MPD/@type = 'dy-
namic') then false() else true()

If the MPD is dynamic the Period element shall have an id.

ot(descendant-or-self::dash:SegmentTemplate) and
ot(descendant-or-self::dash:SegmentList)) then
alse() else true()

i:f(not(descendant-or-self::dash:BaseURL) and

At least one BaseURL, SegmentTemplate or SegmentList
shall be defined in Period, AdaptationSet or'Req-
resentation.

Description for AdaptationSet:

Rule

Description

if (@id = preceding-sibling::dash:AdaptationSet/@
d) then false() else true()

The id of each AdaptationSet within a Period sha]l be
unique.

f (@lang = descendant::dash:ContentComponent/@
ang) or (@contentType = descendant::dash:Con-
entComponent/@contentType) or (@par = descend-
nt::dash:ContentComponent/@par)) then false()
Ise true()

Attributes from the“AdaptationSet shall not be r¢peated
in the descendanding ContentComponent elemerts.

f ((@profiles and descendant::dash:Representa-
ion/@profiles) or (@width and descendant::-
ash:Representation/@width) or (@height and
escendant::dash:Representation/@height) or (@sar
ind descendant::dash:Representation/@sar) or (@
frameRate and descendant::dash:Representation/@
frameRate) or (@audioSamplingRate and descend-
int::dash:Representation/@audioSamplingRate)

r (@mimeType and descendant::dash:Representa-
tion/@mimeType) or (@segmentProfiles and de-
cendant::dash:Representation/@segmentProfiles)
r (@codecs and descendant::ddsh:Representa-
fion/@codecs) or (@maximumSAPPeriod and de-
cendant::dash:Representation/@maximumSAPPer-
od) or (@startWithSAP-and descendant::dash:Rep-
esentation/@startWithSAP) or (@maxPlayoutRate
ind descendant::dash:Representation/@maxPlay-
utRate) or (@codjfigDependency and descendant::-
flash:Represefqtation/@codingDependency) or (@
canType and descendant::dash:Representation/@
canTypé))then false() else true()

Common attributes for AdaptationSet and Repregenta-
tionshall either be in one of the elements but nof in both.

f (@minWidth > @maxWidth) or (@minHeight >
maxHeight) or (@minBandwidth > @maxBand-

b AT sl a1 L al fraaal)

Each minimum value (minWidth, minHeight, mir{Band-
width) shall not be larger than the maximum valpe.

vt e T rar ST st eT 'u\.,L)

if (descendant::dash:Representation/@bandwidth
&lt; @minBandwidth or descendant::dash:Rep-
resentation/@bandwidth > @maxBandwidth) then
false() else true()

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

if (descendant::dash:Representation/@width &lt; @
minWidth or descendant::dash:Representation/@
width > @maxWidth) then false() else true()

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

© ISO/IEC 2017 - All rights reserved
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Rule

Description

if (descendant::dash:Representation/@height &lt; @
minHeight or descendant::dash:Representation/@
height > @maxHeight),then false() else true()

The value of the height attribute shall be in 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:Seg-
mentTemplate and child::dash:SegmentList) or
(child::dash:SegmentBase and child::dash:Segment-

At most, one of SegmentBase, SegmentTemplate and
SegmentList shall be defined in AdaptationSet.

Templatp) or (child::dash:SegmentBase and child::-
dash:SegmentList) or (child::dash:SegmentTemplate
and chilgl::dash:SegmentList)) then false() else true()

Description for ContentComponent:

Rule

Description

if (@id 4 preceding-sibling::dash:ContentCompo-
nent/@if) then false() else true()

The id of each ContentComponent within an Adaptation-
Set shall be unique.

Description for Representation:

Rule

Description

if (not(@mimeType) and not(parent::dash:Adapta-
tionSet/[@mimeType)) then false() else true()

Either the Representation or the containing Adaptation-
Set shall have the mimeType attribute.

if (not(child::dash:SegmentTemplate or parent::-
dash:AdpptationSet/dash:SegmentTemplate or
ancestor::dash:Period/dash:SegmentTemplate)

and (corftains(@profiles, 'urn:mpeg:dash:profile:i-
soff-live]2011") or contains(ancestor::dash:MPD/@
profiles|urn:mpeg:dash:profile:isoff-live:2011") or
containg(parent::dash:AdaptationSet/@profiles,
'urn:mpeg:dash:profile:isoff-live:2011"))) then false()
else trug()

For live profile,the SegmentTemplate element shall be
present on atleast one of the three levels, the Period
level containing the Representation, the Adaptation Set
containing the Representation, or on Representation
leyelitself.

if ((childf:dash:SegmentBase and child::dash:Seg-
mentTermplate and child::dash:SegmentList) or
(child::dpsh:SegmentBase and child:;dash:Segment-
Templatp) or (child::dash:SegmentBase and child::-
dash:SegmentList) or (child::dash:SegmentTemplate
and chil@l::dash:SegmentList))-then false() else true()

At most, one of SegmentBase, SegmentTemplate and
SegmentList shall be defined in Representation.

Description for SubRepresentation:

Rule

Description

if (@levgl and net(@bandwidth)), then false() else
true()

If the level attribute is defined for a SubRepresentation,
also the bandwidth attribute shall be defined.

Descrip ion’ for SegmentTemplate:

Rule

Description

if (not(@duration) and not(child::dash:Segment-
Timeline)) then false() else true()

If more than one Media Segment is present, the duration
attribute or SegmentTimeline 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(%.[*\$]*)?\$") or matches(@initializa-
tion, "\$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(@bit-
streamSwitching, "\$Number(%.["\$]*)?\$")
or matches(@bitstreamSwitching, "\$Time(%.
["\$1%)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, "\$.[*\$]*\$")) satisfies $y eq false()

Only identifiers such as $Bandwidth$, $Time$, $Rep-
resentationID$, or $Number$ shall be used.

gtsetrue()

if (matches(@media, "\$RepresentationID%.
M$1*\$") then false() else true()

$RepresentationID$ shall not have a format tag:

=

escription for SegmentList:

Rule

Description

imeline)), then if (count(child::dash:SegmentURL) >

lf(not(@duration) and not(child::dash:Segment-

) then false() else true() else true()

If more than one Media Segmetrit is present, the duration
attribute or SegmentTimeline element shall be pfesent.

f (@duration and child::dash:SegmentTimeline),
hen false() else true()

Either the duratiofattribute or SegmentTimeling 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.

[Jescription for SegmentBase:

Rule

Deéscription

false() else true()

If (not(@indexRange) and @indexRangeExact) thén

If indexRange is not present, indexRangeExact $hall not
be present.

—

escription for SegmentTimeline:

Rule

Description

if ((if (ancestor::dash:*[1]/@timescale), then
child::dash:S/@d div ancestor:dash:*[1]/@times-
ale) else child::dash:S/@d) & (years-from-dura-
fion(ancestor::dash:MPD/@maxSegmentDuration)
I months-from-duration(ancestor::dash:MPD/@
maxSegmentDuration)#* days-from-dura-
tion(ancestor::dash:-MPD/@maxSegmentDuration)
F hours-from-diiration(ancestor::dash:MPD/@
maxSegmentDQration) + minutes-from-dura-
fion(ancestor::dash:MPD/@maxSegmentDuration)
I secondssffom-duration(ancestor::dash:MPD/@
maxSegmentDuration))) then false() else true()

The d attribute of a SegmentTimeline shall not exceed the
value give by the MPD maxSegmentDuration attrfbute.

pcrripfinn for Drmgr:—:mTr\Fr\rm:—H—i on:

Rule

Description

If (count(parent::dash:MPD/dash:ProgramInforma-
tion) > 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:mp4protec-

tion:201

1') 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_de-

scriptor:

2011") and not(string-length(@value) = 4))

then false() else true()

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

Description for Role:

Rule Description

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

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

'supplempentary’ or @value = 'commentary’ or @

value = 'flub")), then false else true()

if (@scjemeldUri = 'urn:mpeg:dash:stereoid:2011") The value of Role (stereoid) shall-start with 'l' or 'r'.
and not(starts-with(@value, '') or starts-with(@

value, 'r{))), then false() else true()

Description for FramePacking:

Rule Description

if (@scemeldUri = 'urn:mpeg:dash:14496:10:- The URI urismpeg:dash:14496:10:frame_packing_ar-
frame_ppcking_arrangement_type:2011') and rangement_type:2011 is used for Adaptation Sets or
not(contfains(parent::dash:AdaptationSet/@codecs, Representations that contain a video component that
'avc') or|contains(parent::dash:AdaptationSet/@ conferms to [SO/IEC 14496-10.

codecs, 'svc') or contains(parent::dash:Adaptation-

Set/@cqgdecs, 'mvc')) and not(contains(parent::-

dash:Representation/@codecs, 'avc') or con-

or contafns(parent::dash:Representation/@coedecs,

tains(p1rent::dash:Representation/@codecs, 'svel

'mvc'))) then false() else true()

if (@scijemeldUri = 'urn:mpeg:dash:13818:1:ste-
reo_viddo_format_type:2011") and not(parent::-
dash:AdpptationSet/@mimeType & 'video/mp2t")

and not(parent::dash:Representation/@mimeType =

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

'video/mpp2t")) then false() elsetrue()

if (not(@schemeldUri = Juthimpeg:dash:14496:10:-  schemeldUri for FramePacking descriptor shall be
frame_ppcking_arrangement_type:2011") and not(@ urn:mpeg:dash:14496:10:frame_packing_arrangement_
schemeldUri = 'urn:mpeg:dash:13818:1:stereo_ type:2011 or urn:mpeg:dash:13818:1:stereo_video_for-
video_format_type:2011")), then false() else true() = mat_type:2011.

if (not(@value=10" or @value ='1" or @value = '2' The value of FramePacking shall be 0 to 6 as defined in
or @valfie="3"or @value ='4' or @value="'5'or@ ISO/IEC 23001-8.

value = 'b'JIthen false() else true()

Description for AudioChannelConfiguration:

Rule

Description

if ((@schemeldUri = 'urn:mpeg:dash:outputChannel-

PositionList: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-delimited list as
defined in ISO/IEC 23001-8.
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Rule

Description

if (@id = preceding-sibling::dash:Subset/@id) then

false() else true()

The id of each Subset within a Period shall be unique.

Description for EventStream:

Rule

Description

btream/@value)) then false() else true()

Jf ((@schemeldUri = preceding::dash:EventStream/@
chemeldUri) and (@value = preceding::dash:Event-

A Period shall contain at most one EventStream ¢
with the same value for the schemeldUri attribut
value attribute.

blement
e and

If ((@schemeldUri = 'urn:mpeg:dash:event:2012")

lse true()

ind not(@value = '1' or @value = '2")) then false()

If URI urn:mpeg:dash:event:2012 is used the valje at-

tribute shall have the value 1 or 2.

[Jescription for InbandEventStream:

Rule

Description

glash:InbandEventStream/@value)) then false()
lse true()

If ((@schemeldUri = preceding::dash:InbandEvent-
btream/@schemeldUri) and (@value = preceding::-

There shall be onlyone InbandEventStream elenpent

with the same valuefor the schemeldUri attribut
value attribute;

e and

If ((@schemeldUri = 'urn:mpeg:dash:event:2012")

lse true()

ind not(@value = '1' or @value ='2")) then false()

If URI urn:mpeg:dash:event:2012 is used the valje at-

tribute.shall have the value 1 or 2.

Description for Event:

Rule

Description

f (if (not(@presentationTime)), then (0 &lt;
preceding-sibling::dash:Event/@presentation-

lse true()

Time) else (@presentationTime &lt;.pfeceding-sib-
ling::dash:Event/@presentationTite)) then false()

Events shall be in non-decreasing order based o
presentation time.

the

Description for UTCTimirg;

Rule

Description

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

r {@schemeldUri = 'urn:mpeg:dash:utc:di-

if (@schemeldUriE-urn:mpeg:dash:utc:ntp:2014")
r (@schemeldUri="urn:mpeg:dash:utc:sntp:2014") UTC timing Methods

chenieldUri = 'urn:mpeg:dash:utc:http-iso0:2014") or
@schemeldUri = 'urn:mpeg:dash:utc:http-ntp:2014")

Ref: @schemeldUri for UTCTiming Table X — Dif]

ferent

rect:2014")) then true() else false()
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Description for Representation:

Rule Description

if (not(@associationld) and @associationType) then The attribute(@associationType) shall not be present
false() else true() when @associationld is not present.

if (count(tokenize (@associationType, ' ')) != count(to- The attribute(@associationType) shall have as many
kenize (@associationld))) then false() else true() values as the number of identifiers declared in the @
associationld attribute.

if (@associationType and not(every $x in tokenize(@ The value of the attribute @associationType shall be
associatjonType,' ') satisfies string-length($x)=4))  the 4 characters codes defined in [ISOBMFF fro the tragk
then falde() else true() reference type.

if (@ass¢ciationType and not(every $x in tokenize(@ Representation(s) indicated in Representation@associa-
associatjonType,' ') satisfies string-length($x)=4))  tionld is(are) not present
then falde() else true()

A.4.4 MPD examples for conformance checking

A.4.4.1 | General
The follgwing commands are used to transform the validation schema.

NOTE The validation schema is called schematron.xsd.

java -jpr saxon/saxon9.jar -versionmsg:off -s:schematron ,xsd
-oftmp/new_schemal.sch -xsl:schematron/iso dsdl inclfide.xsl

java -jpr saxon/saxon9.jar -versionmsg:off -s:tmp/new stchemal.sch
-oftmp/new_schema2.sch -xsl:schematron/iso abstract expand.xsl

java -jpr saxon/saxon9.jar -versionmsg:off -s:tmp/p&W schema2.sch
-ofoutput/val schema.xsl -xsl:schematron/isoisvrl for xsltl.xsl

The firsf two commands resolve inclusions and abstractions. The last command generates the XSL
styleshelet, which can then be applied to the XML description. The command generates an XSLT 1.
descriptfion.

[

The follgpwing MPD examples are split up-asfollowing:
— example XML;

— confmand to validate the exaniple;

— output generated during the validation;

— des(¢ription of errefieous output (relevant parts).

A.4.4.2 | Example)1l

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

java -jhr=Saxon/saxon9.jar -versionmsg:off -s:examples/ex01.mpd
-o:output/result ex0l.xml -xsl:output/val schema.xsl

A.4.4.3 Example 2

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

java -jar saxon/saxon9.jar -versionmsg:off -s:examples/ex02.mpd
-o:output/result ex02.xml -xsl:output/val schema.xsl

The validation erroris shown in thelines 19 to 22. Lines 19 and 20 show a failed assertion. The test which
failed is also shown: “if (@type = 'dynamic' and not (RavailabilityStartTime)) then
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false() else true ()" Line 21 shows the error message “If MPD is of type "dynamic"
availabilityStartTime shall be defined.”

A.4.4.4 Example 3

ex03.mpd isaninvalid DASH MPD and the resulti result ex03.xml. The error occurs in the MPD.
The command used is as follows:

java -jar saxon/saxon9.jar -versionmsg:off -s:examples/ex03.mpd
-o:output/result ex03.xml -xsl:output/val schema.xsl

he validation error is shown in the lines 19 to 22. Lines 19 and 20 define a failed assertien: [The test
Uhich failed is also shown: “1f (@type = 'static' and @timeShiftBufferpbepth) then
alse () else true ()" Line 21 shows the error message: ~”If MPD is of typé "sfatic"
imeShiftBufferDepth shall not be defined.”

b <

A.4.4.5 Example 4

gqx04 .mpd isaninvalid DASH MPD and the resultis result ex04.xm.There are two errofs which
ccur in the MPD. The command used is as follows:

(@)

jlava -jar saxon/saxon9.jar -versionmsg:off -s:examples/ex0% .aipd
-o:output/result ex04.xml -xsl:output/val schema.xsl

he validation errors are shown in the lines 19 to 22 andlines 23 to 26. Lines 19 and 20 show the
rst failed assertion. The test which failed is also shown:/'T'f (Qtype = 'static' and| not (@
ediaPresentationDuration)) then false{) else true()”. Line 21 shows the error
hessage: “If MPD is of type "static” 'wediaPresentationDuration shgll be
efined.” Furthermore, there is another failed@ssertion shown in lines 23 and 24: “if |(not (@
ediaPresentationDuration) and not(@minimumUpdatePeriod)) then flalse()
lse true ()" Line 25 shows the error message: “If mediaPresentationDuration fs not
efined for the MPD minimumUpdatePeriod shall be defined or vice versa.”

O O =3 o = 3 =

A.4.4.6 Example 5

gx05.mpd is an invalid DASH MPD and the result is result ex05.xml. The error occufs in the
NIPD. The command used is as\follows:

jlava -jar saxon/saxon$.jar -versionmsg:off -s:examples/ex05.mpd
-o:output/resudt, €x05.xml -xsl:output/val schema.xsl

The validation erro¥-is shown in the lines 19 to 22. Lines 19 and 20 show a failed assertion. [The test
which failed is4also shown: “if (@type = 'static’ and descendant::dash:Peri¢pdll]/@
dtart and (years-from-duration (descendant: :dash:Period[1]/@
dtart) + months-from-duration (descendant: :dash:Period[]]/Qstart)
4 days-from-duration (descendant: :dash:Period[1]/@start) + hours-
flrom~duration (descendant::dash:Period[1l]/@start) + minutesFfrom-
duration (descendant: :dash:Period[1l]/@start) + secondsl-from-

Uration(descendant: tdasn: Pertod T /@starty ) &gt; O) thnen fatset() 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 resultis 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
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The validation errors are shown in the lines 19 to 22 and lines 23 to 26. Lines 19 and 20 show the
first failed assertion. The test which failed is also shown: “if (@type = 'static'’ and not (@
mediaPresentationDuration)) then false() else true()" Line 21 shows the error
message: “If MPD is of type "static” mediaPresentationDuration shall be
defined.” Furthermore, there is another failed assertion shown in lines 23 and 24: “if (Qtype =
'static' and @minimumUpdatePeriod) then false() else true ()" Line 25 shows the
error message: “If MPD is of type "static" minimumUpdatePeriod shall not be
defined.”

A.4.4.8 [Example 7

ex07.nfpd is an invalid DASH MPD and the result is result ex07.xml. The error occurs(in the
Period. The command used is as follows:

java -jpr saxon/saxon9.jar -versionmsg:off -s:examples/ex07.mpd
-ofoutput/result ex07.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 teg
which fdiled is also shown: “if (string(@bitstreamSwitching) = 'true’ and string(
hild::[dash:AdaptationSet/@bitstreamSwitching) = 'false')\then false() els
true (). Line 23 shows the error message: “If bitstreamSwitching.s set to true al
bitstygeamSwitching declarations for AdaptationSet within this Period shal
not bd set to false.

=0 (] o+

A.4.4.9 | Example 8

ex08.nfpd is an invalid DASH MPD and the result is rest¥t ex08.xml. The error occurs in the
Period. The command used is as follows:

java -jpr saxon/saxon9.jar -versionmsg:off -s:eXamples/ex08.mpd
-ofoutput/result ex08.xml -xsl:output/valdschema.xsl

The validation error is shown in the lines 22 t0-25. Lines 22 and 23 show a failed assertion. The teqt
which f3iled is also shown: “i1f ((@id =/ preceding::dash:Period/@id)) then false(
else tfrue () “. Line 24 shows the errorymessage: “The id of each Period shall be unique.

A.4.4.1Q0 Example 9

ex09.nfpd is an invalid DASH\MPD and the result is result ex09.xml. The error occurs in the
Period. The command used\is'as follows:

java -jpr saxon/saxon9<jar -versionmsg:off -s:examples/ex09.mpd
—-ofoutput/result Jex09.xml -xsl:output/val schema.xsl

The valldation error is shown in the lines 22 to 25. Lines 22 and 23 show a failed assertion. Thie

test which failedis also shown: “if ((years-from-duration (@start) + months-fromf
duratijonf@start) + days-from-duration (@start) + hours-from-duration ([
start) - minutes-from-duration (@start) + seconds-from-duration ([
start)’ g o (YEearsS—fTOM-JUration (ol TOWINg-S10I1INg: s dasn: Pertod/
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 message: “Periods shall be physically ordered in the

MPD file in increasing order of their start time.”
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A.4.4.11 Example 10

ex10.mpd is an invalid DASH MPD and the result is result ex10.xml. The error occurs in the
AdaptationSet. The command used is as follows:

java -jar saxon/saxon9.jar -versionmsg:off -s:examples/ex10.mpd
-o:output/result exl0.xml -xsl:output/val schema.xsl

The validation error is shown in the lines 24 to 27. Lines 24 and 25 show a failed assertion. The test
which failed is also shown: “if (Qid = preceding-sibling::dash:AdaptationSet/@
LSRN l = l L il e VAN 2L L. 21 [({fa=h) L]
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NdaptationSet within a Period shall be unique.”

A.4.4.12 Example 11

D

x11.mpd is an invalid DASH MPD and the result is result ex11.xml. The efror occurs in the
daptationSet. The command used is as follows:

]

jlava -jar saxon/saxon9.jar -versionmsg:off -s:examples/exl1l.mpd
-o:output/result exll.xml -xsl:output/val schema.xsl

The validation error is shown in the lines 23 to 26. Lines 23 and 24:show a failed assertion. [The test
which failed is also shown: “if ((@lang = descendant::dash:ContentComponent/[@lang)
dr (Q@QcontentType = descendant::dash:ContentCdmponent/Q@contentType) [or (@
gar = descendant::dash:ContentComponent/@pa¥)) then false() else tlrue()”
lline 25 shows the error message: “Attributes fromQthe AdaptationSet shall pot be
fepeated in the descendanding ContentComponent elements.”

A.4.4.13 Example 12

0

x12.mpd is an invalid DASH MPD and thg result is result ex12.xml. The error occurs in the
daptationSet. The command used is as\follows:

]

jlava -jar saxon/saxon9.jar -versionmsg:off -s:examples/ex12.mpd
-o:output/result exl2.xml .-.&sl:output/val schema.xsl

he validation error is shown in the lines 23 to 26. Lines 23 and 24 show a failed assertion. [The test
Uhich failed is also shown:<{if ( (@profiles and descendant::dash:Representaltion/@
rofiles) or (@width™ and descendant::dash:Representation/@width) [or (@
eight and descendant::dash:Representation/@height) or (@sar and descend
nt::dash:Representation/@sar) or (@frameRate and descendant::dash:Repres
ntation/Q@frameRate) or (QaudioSamplingRate and descendant::dash:Represen
ation/Q@audifeSamplingRate) or (@mimeType and descendant::dash:Reprelsentat
on/@mimeType) or (@segmentProfiles and descendant::dash:Representaftion/(@
egmentRPnofiles) or (@codecs and descendant::dash:Representation/@coddcs) or
@maximiimSAPPeriod and descendant::dash:Representation/@maximumSAPPeriod)
r (@startWithSAP and descendant::dash:Representation/@startWithSAP)| or (@
naxPlayoutRate and descendant::dash:Representation/@maxPlayoutRate) |or (@

o - D Q0 5 < e

Q

e Ao N A g and dococorn At o o Ao b e DA~ o an/RQondl N~ A~ ) or
Sdrpgbependencey—anad—descendantdash i Representation/fleodingbependency

(@scanType and descendant::dash:Representation/@scanType)) then false()
else true ()”. Line 25 shows the error message: “Common attributes for AdaptationSet

and Representation shall either be in one of the elements but not in both.”

A.4.4.14 Example 13

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:

java -jar saxon/saxon9.jar -versionmsg:off -s:examples/ex13.mpd
-o:output/result exl3.xml -xsl:output/val schema.xsl
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The validation errors are shown in the lines 23 to 26 and lines 27 to 30. Lines 23 and 24 show the first
failed assertion. The test which failed is also shown: “if ((@minWidth &gt; @maxWidth) or
(@minHeight &gt; @maxHeight) or (@minBandwidth &gt; @maxBandwidth)) then
false () else true ()" Line 25 shows the error message: “Each minimum value (minWidth,
minHeight, minBandwidth) shall be larger than the maximum value.” Furthermore,
there is another failed assertion shown in lines 27 and 28: “if (descendant::dash:Represent
ation/@bandwidth &1lt; @minBandwidth or descendant::dash:Representation/@
bandwidth &gt; @maxBandwidth) then false() else true ()" Line 29 shows the error
message: “The value of the bandwidth attribute shall be in the range defined

by th Adaytatiullsct.”

A.4.4.1% Example 14

ex14 .nfpd is an invalid DASH MPD and the result is in result ex14.xml. There arg,two errors
occurrijg in AdaptationSet. The command used is as follows:

java -jpr saxon/saxon9.jar -versionmsg:off -s:examples/ex14.mpd
-ofoutput/result exld4.xml -xsl:output/val schema.xsl

The validation errors are shown in the lines 23 to 26 and lines 27 to 30. Lines 23"and 24 show the firs
failed agsertion. The test which failed is also shown: “if (descendant+:dash:Representat
on/Q@wildth &lt; @minWidth or descendant::dash:Representation/@width s&gt;

maxWidth) then false() else true ()" Line 25 shows the erfor message: “The value o
the wildth attribute shall be in the range defined ¢ the AdaptationSet.”Line
27 and 48 show the second failed assertion. The second test whichfailed is also shown: “if (desce
dant: :l[dash:Representation/Q@height &lt; @minHedght or descendant::dash:Repl
esentaltion/Rheight &gt; @maxHeight) then fakseé () else true ()’ Line 29 shows thle
error mg¢ssage: “The value of the height attribWte shall be in the range definefd
by theg AdaptationSet.”

S Th S et

A.4.4.14 Example 15

ex15.npd is an invalid DASH MPD and ‘the result is result ex15.xml. There are two erroifs
occuring, one in the Period and one intheAdaptationSet. The command used is as follows:

java -jpr saxon/saxon9.jar -versionmsg:off -s:examples/ex15.mpd
-ofoutput/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
assertioh. The test which failed is-also shown: “if (not (descendant-or-self::dash:BaseURL
and npt (descendant—ex-self::dash:SegmentTemplate) and not (descendant-orf
self::dash:Segmentlist)) then false() else true ()" Line 23 shows the error messagg:
“At 1ldast one Ba@s€URL, SegmentTemplate or SegmentList shall be defined
in Pefiod, AdagRtationSet or Representation.” Lines 27 and 28 show the second failed
assertioh. The seeond test which failed is also shown: “if (count (child::dash:Representatf
on)=0)| thenfalse() else true ()" Line 29 shows the error message: “An AdaptationSef
shall |haye’/at least one Representation element.”

A.4.4.17 Example 16

ex16.mpd is an invalid DASH MPD and the result is result ex16.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: “1f (@id = preceding-sibling::dash:ContentComponent/Q@
id) then false() else true()"“ Line 29 shows the error message: “The id of each
ContentComponent within an AdaptationSet shall be unique.“
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A.4.4.18 Example 17

ex17.mpd shows an invalid DASH MPD with the result in result ex17.xml. There is one error
occurring in Representation. The command used is as follows:

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

Thevalidationerrorisshowninthelines26to29..Lines26and 27 defined thefirstfailedassertion. Thetest
which failedisalso shown: “if (not (@mimeType) and not (parent::dash:AdaptationSet/@
17 J.ll.lCT_yldC; ) trer—featse (; etse—true () ”. Liuc 38 ohuvvo thc CrTroTrmessage “EJ‘_tll rr  the
epresentation or the containing AdaptationSet shall have the \mimeType
ttribute.”

Q7

o~y

.4.4.19 Example 18

0

x18.mpd shows an invalid DASH MPD with the resultin result ex18.xmI>Fhe error occurs in the
qubRepresentation. The command used is as follows:

java -jar saxon/saxon9.jar -versionmsg:off -s:examples/ex18.mpd
-o:output/result exl18.xml -xsl:output/val schema.xsl

he validation error is shown in the lines 28 to 31. Lines 28 and 29 show a failed assertion. [The test
Uhich failed is also shown: “if (Qlevel and not (@bardwidth)) then false() else
rue ()”. Line 30 shows the error message “If the lew&l attribute is defined |for a
ubRepresentation also the bandwidth attrdbvte shall be defined.”

N < =

o~y

.4.4.20 Example 19

D

x19.mpd shows an invalid DASH MPD with the result in result_ex19.xml. The error occuys in the
degmentTemplate. The command used is as;follows:

jlava -jar saxon/saxon9.jar -versionmsg:off -s:examples/ex19.mpd
-o:output/result exl9.xml -xslwSutput/val schema.xsl

he validation error is shown in/the lines 29 to 32. Lines 29 and 30 show a failed assertion. [The test
Uhich failed is also shown: “if “(not (@duration) and not(child::dash:SegmentTimel
ne)) then false() else true()” Line 31 shows the error message “If more than one
edia Segment is present the duration attribute or SegmentTimeline eflement
hall be present.”

n =2 b <

=

.4.4.21 Example 20

[0

x20 .mpd shews an invalid DASH MPD with the resultin result ex20.xml. The error occurs in the
egmentFemplate. The command used is as follows:

o

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

The vatidation error 15 shown 1T the Hnes 2910 32 Lines 29 and 30 sttow a fatled assertion. The test
which failed is also shown: “if (@duration and child::dash:SegmentTimeline) then
false () else 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:

java -jar saxon/saxon9.jar -versionmsg:off -s:examples/ex21.mpd
-o:output/result ex2l.xml -xsl:output/val schema.xsl
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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 (not (@indexRange) and Q@indexRangeExact) then
false() else true()” Line 31 shows the error message “If indexRange is not present
indexRangeExact shall not be present.”

A.4.4.23 Example 22

ex22 .mpd shows an invalid DASH MPD with the result in result ex22.xml. There are two errors
occurring in SegmentTemplate. The command used is as follows:

java -jpr saxon/saxon9.jar -versionmsg:off -s:examples/ex22.mpd
-ofoutput/result ex22.xml -xsl:output/val schema.xsl

The valiflation errors are shown in the lines 30 to 33 and lines 35 to 38. Lines 30 and 31 defined the firgt
failed agsertion. The test which failed is also shown: “if (@initialization and (@atches (]2
initigllization, "\SNumber (%$. [*\S]*)?2\S") or matches (@initdalization)
" \STime (%.[~\S$]1*)2\S$’" ))) then false() else true()"“ Line 32 shows the errdr

messagd “Neither S$Number$ nor the $Time$ identifier shall JbeVincluded ip
the ipitialization attribute.” Lines 35 and 36 defined the second failed assertion. Thie
test whilch failed is also shown: “if (@initialization and (matchestl@initialization)
"\SNunfper (%. [*\S]*)?2\S") or matches (@initializatdon, "\STime (%|.
["\$]1*)?2\$"))) then false() else true()”. Line 37 shows the error message “Neithe
SNumbgr$ nor the $Time$ identifier shall be include) in the initializatioh
attribute.”

]

A.4.4.24 Example 23

ex23.njpd shows an invalid DASH MPD with the result jiresult ex23.xml. There are two erroifs
occurring in SegmentTemplate. The command used is'as follows:

java -jpr saxon/saxon9.jar -versionmsg:off -su€xamples/ex23.mpd
-ofoutput/result ex23.xml -xsl:output/val schema.xsl

The validation errors are shown in the lines'30 to 33 and lines 35 to 38. Lines 30 and 31 defined thie
first failed assertion. The test which failed is also shown: “if (Q@bitstreamSwitching anf
(matches (@bitstreamSwitching, "\SNumber (%$. [*\$]*) ?2\3$") or matches (
bitstreamSwitching, '\$Time(%.["\$]1*)?\$'))) then false() else true()
Line 32 shows the error message(“Neither S$Number$ nor the $Time$ identifier shall
be infpluded in the bditfstreamSwitching attribute.” Lines 35 and 36 defined thie
second failed assertion. Thel\test which failed is also shown: “i f (QbitstreamSwitching anfl
(matches (@bitstreamSwitching, "\$SNumber (%$. [*\$]*) ?2\3$") or matches ([
bitstrleamSwitchimgy/ '\$Time (%$.["\$]*)?\$'))) then false() else true()~"|
Line 3|7 shows theYerror message ~"Neither $Number$ nor the $Time$ identifie
shall [pe included in the bitstreamSwitching attribute.”

— T

=

A.4.4.23 Example 24

ex24 . nmed chowe an inuaBd NACH MDD vaith tha resy
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SegmentList. The command used is as follows:

java -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 (Qduration) and not (child::dash:SegmentTimel
ine)) then if (count(child::dash:SegmentURL) &gt; 1) then false() else
true () else true ()” Line 32 shows the error message “If more than one Media Segment
is present the duration attribute or SegmentTimeline element shall be
present.”
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A.4.4.26 Example 25

ex25.mpd shows an invalid DASH MPD with the resultin result ex25.xml. The error occurs in the
SegmentList. The command used is as follows:

java -jar saxon/saxon9.jar -versionmsg:off -s:examples/ex25.mpd
—o:output/result ex25.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 (@duration and child::dash:SegmentTimeline) then
il L il e AN i 279 L. 1 {6 e I | —l 1 e e .
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dqr SegmentTimeline element shall be present but not both.”

A.4.4.27 Example 26

D

x26.mpd shows an invalid DASH MPD with the result in result ex26.xml The error dccurs in
he SegmentList. The command used is as follows:

—

jlava -jar saxon/saxon9.jar -versionmsg:off -s:examples/ex26.mpd
-o:output/result ex26.xml -xsl:output/val schema.xsl

he validation error is shown in the lines 30 to 33. Lines 30 anpd:31 show a failed assertjon. The
bst which failed is also shown: “if (not (@indexRange) @hd @indexRangeExact) then
alse () else true()"“ Line 32 shows the error message “1f indexRange is not plresent
ndexRangeExact shall not be present.”

| N s |

A.4.4.28 Example 27

0

x27 .mpd shows an invalid DASH MPD with the resultin result ex27.xml. The errors occpr in the
egmentBase and another in Representation. The command used is as follows:

n

java -jar saxon/saxon9.jar -versionmsg@dff -s:examples/ex27.mpd
-o:output/result ex27.xml -xsl:qutput/val schema.xsl

he validation errors are shown in the lines 26 to 29 and lines 36 to 39. Lines 26 and 27 defiined the
rst failed assertion. The test which failed is also shown: “if ((child::dash:SegmentBase
nd child::dash:SegméntTemplate and child::dash:SegmenjtList)
r (child: :dashxSégmentBase and child::dash:SegmentTemplate)
r (child::dashtSegmentBase and child: :dash:SegmentList) or
child: :dash:SegmentTemplate and child::dash:SegmentList)) then flalse()
l1se true()“ Line 28 shows the error message “At most one of SegmenftBase,
egmentTemplate” and SegmentList shall be defined in Representation|.” Lines
6 and 37 defined’ the second failed assertion. The test which failed is also shown: “if [(not (@
ndexRang&€)~"and @indexRangeExact) then false() else true()" Line 38 shows
he error mesSsage “If indexRange 1is not present indexRangeExact shall hot be
resenby

=
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A.44.29 Example 28

ex28.mpd shows an invalid DASH MPD with the resultin result ex28.xml.The error occurs in the
SegmentTimeline. The command used is as follows:

java -jar saxon/saxon9.jar -versionmsg:off -s:examples/ex28.mpd
-o:output/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 is also shown: “if ((if <(ancestor::dash:*[1]/@timescale) then
(child::dash:S/@d div ancestor::dash:*[1]/@timescale) else child::dash:S/Qd)
&gt; (years-from-duration (ancestor: :dash:MPD/@maxSegmentDuration)
+ months-from-duration (ancestor: :dash:MPD/@maxSegmentDuration) +
days-from-duration (ancestor::dash:MPD/@maxSegmentDuration) + hours-
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from-duration (ancestor: :dash:MPD/@maxSegmentDuration) + minutes-
from-duration (ancestor: :dash:MPD/@maxSegmentDuration) + seconds-from-
duration (ancestor: :dash:MPD/@maxSegmentDuration))) then false () else

true ()”. Line 35 shows the error message “The d attribute of a SegmentTimeline shall
not exceed the value give by the MPD maxSegmentDuration attribute.”

A.4.4.30 Example 29

ex29.mpd shows an invalid DASH MPD with the resultin result ex29.xml.The error occurs in the

java -jpr saxon/saxon9.jar -versionmsg:off -s:examples/ex29.mpd
-ofoutput/result ex29.xml -xsl:output/val schema.xsl

The validation error is shown in the lines 35 to 38. Lines 35 and 36 show a failed assertign”The tegt
which failed is also shown: “if (count (parent::dash:MPD/dash:Programlafdrmation
&gt; 1] and not (@lang)) then false() else true ()" Line 37 shows the efror message “I|f
more than one ProgramInformation element is given each ProgramInformatio
elemerft shall have a lang attribute.”

)

A.4.4.31 Example 30

ex30 .nfpd shows a valid DASH MPD with the result in result ex30).'xml. The error occurs in the
FrameHacking. The command used is as follows:

java -jpr saxon/saxon9.jar -versionmsg:off -s:examples/ex80.mpd
-ofoutput/result ex30.xml -xsl:output/val schema.xs}

The validation error is shown in the lines 45 to 48. Lines 45-and 46 show a failed assertion. The teg
which fdiled is also shown: “1f (not (@value = '0' 0¥’ @value = '1l' or @value = '2' o
@valudg = '3' or @value = '4' or @value = "5' or @value = '6')) then false(
else frue () “ Line 47 shows the error message.‘The value of FramePacking shall be D
to 6 as defined in ISO/IEC 23001-8.°

D+

A.4.4.32 Example 31

ex31.mpd shows an invalid DASH MPD with the resultin result ex31.xml. The error occursin the
ConterntProtection. The command used is as follows:

java -jpr saxon/saxon9.jar Hversionmsg:off -s:examples/ex31.mpd
-ofoutput/result ex3})mxml -xsl:output/val schema.xsl

The valjdation error is shewn in the lines 35 to 38. Lines 35 and 36 show a failed assertion. Thie
test which failed is also“shown: “if ((@schemeIdUri = ‘'urn:mpeg:dash:mpdprotectf
on:2011") and Wot (string-length (@value) = 4)) then false() else true()|.
Line 37 shows the\érror message “The value of ContentProtection shall be the 4C[

contained #pas‘the Scheme Type Box.”

A.4.4.33 Example 32

ex32 .mpd shows an invalid DASH MPD with the resultin result ex32.xml. The error occurs in the
ContentProtection. The command used is as follows:

java -jar saxon/saxon9.jar -versionmsg:off -s:examples/ex32.mpd
-o:output/result ex32.xml -xsl:output/val schema.xsl

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.”
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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 saxon/saxon9.jar -versionmsg:off -s:examples/ex33.mpd
—o:output/result ex33.xml -xsl:output/val schema.xsl

The validation error is shown in the lines 36 to 39. Lines 36 and 37 show a failed assertion. The test

which failed is also shown: “if ((@schemeIdUri = 'urn:mpeg:dash:role:2011') and
ut(@ are— '\,ayt_Luu' or @ are— 'oubt‘Ltlc' or @ aTte— 'ma_;.u' or ’avalue
5 'alternate' or @value = 'supplementary' or @value = 'commentary| or @
Yalue = 'dub')) then false else true ()" Line 38 shows the error message(‘The| value
df Role (role) shall be caption, subtitle, main, alternate, suppdementary,
dommentary or dub.”

=

.4.4.35 Example 34

0

x34 .mpd shows an invalid DASH MPD with the resultin result ex34,'wiml. The error occurs in the
Hole. The command used is as follows:

java -jar saxon/saxon9.jar -versionmsg:off -s:examples/ex34<hipd
-o:output/result ex34.xml -xsl:output/val schema.xsX

he validation error is shown in the lines 37 to 40. Lines 37<and 38 show a failed assertion. [The test
Vhich failed is also shown: “if ( (@schemeIdUri = '4rr¥:mpeg:dash:stereoid:2011]") and
ot (starts-with(@value, 'l') or startsswith(@value, 'r'))) then flhlse()
lse true ()“ Line 39 shows the error message “lke value of Role (stereoid)| shall
tart with '1l' or 'r'.”

0 O 5 < =

A.4.4.36 Example 35

D

x35.mpd shows a valid DASH MPD with the result in result ex35.xml. The command uped is as
pllows:

-

jlava -jar saxon/saxon9.jar -vensionmsg:off -s:examples/ex35.mpd
-o:output/result ex35.xml -xsl:output/val schema.xsl

A.4.4.37 Example 36

D

x36 .mpd shows an jnvyalid DASH MPD with the resultin result ex36.xml. The error occufrs in the
PD. The commanddaised is as follows:

rd

jlava -jar saxdnysaxon9.jar -versionmsg:off -s:examples/ex36.mpd
—o:outgUt/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 agsertion.

The test which failed is also shown: “if (not (@profiles) or (contains (@prfiles,
Turnempeg:dash:profile:isoff-on-demand:2011") or contains (Gprifiles,
luen:mpeg:dash:profile:isoff-1ive:2011") or contains (@prjofiles,

'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()"“ Line 21 shows the error message “The
On-Demand profile shall be identified by the URN "urn:mpeg:dash:profile:isoff-
on-demand:2011". The 1live 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:2011".)”

© ISO/IEC 2017 - All rights reserved 43


https://standardsiso.com/api/?name=7e609a83baeebd59ae2ee260d684e348

ISO/IEC 23009-2:2017(E)

A.4.4.38 Example 37

ex37.mpd shows an invalid DASH MPD with the resultin result ex37.xml. There are two errors
occurring, one in the MPD and one in the ContentProtection. The command used is as follows:

java -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
first failed assertion. The test which failed is also shown: “if  (not (contains (Qprofiles,
'urn: ycg.daoll.yLuﬂ.lc.Louff 1T d.culolud.qul') ) or uut(@t_yyc) oL 3
type='[static') then true() else false()”. Line 21 shows the error message “For ,Onf-
Demand profile, the MPD @type shall be "static".”Lines 41 and 42 defined the §econd
failed agdsertion. The test which failed is also shown: “if ( (@schemeIdUri = 'urn:mpeg:dashf
mpd4prdtection:2011"') and not (string-length (@value) = 4)) then falsel() els
true ()[“ Line 43 shows the error message “The wvalue of ContentProtectiofyshall b
the 4dC contained in the Scheme Type Box.”

M

A.4.4.39 Example 38

ex38.nfpd shows an invalid DASH MPD with the resultin result ex38:ximl. The error occurrs ip
the ConfentProtection. The command used is as follows:

java -jpr saxon/saxon9.jar -versionmsg:off -s:examples/ex38 fipd
-ofoutput/result ex38.xml -xsl:output/val schema.xsl

The valifation error is shown in the lines 37 to 40 and lines 37-to 38. Lines 37 and 38 defined the faile
assertiop. The test which failed is also shown: “if ((@schemeIdUri = 'urn:mpeg:dash:mp
protedtion:2011"') and not(string-length (@¥alue) = 4)) then false() els
true ()| Line 39 shows the error message “The valuwe of ContentProtection shall b
the 4QC contained in the Scheme Type Box.“

D D &=

A.4.4.4Q Example 39

ex39.nfpd shows an invalid DASH MPD with'the resultin result ex39.xml. The error occurs in the
Represgentation. The command used‘is’as follows:

java -jpr saxon/saxon9.jar -vessSionmsg:off -s:examples/ex39.mpd
-ofoutput/result ex39.xmMh - xsl:output/val schema.xsl

The validation error is shown in the lines 26 to 27. Lines 26 and 27 defined the faile
assertion. The test whiech failed is also shown: “if (not (child: :dash:Segment
emplat]e or parent::dash:AdaptationSet/dash:SegmentTemplate o)
ancestlor: :dashPeriod/dash:SegmentTemplate) and (contains (@profiles
'urn:nmpeg:dash¢profile:isoff-1ive:2011"') or contains(ancestor::dash:MPD/
profilds, 'urn:mpeg:dash:profile:isoff-1ive:2011") or contains (parent::
ash:AdaptationSet/@profiles, 'urn:mpeg:dash:profile:isoff-1ive:2011"))
then false() else true()“ Line 30 shows the error message “For 1live profile, th

Segme = TP ] + l 5 nt alh o1 1 =N nroc v\t n + 1 oot 0 £ th th
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levels, the Period level containing the Representation, the Adaptation Set
containing the Representation, or on Representation level itself.”

A.4.4.41 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:

java -jar saxon/saxon9.jar -versionmsg:off -s:examples/ex40.mpd
-o:output/result ex40.xml -xsl:output/val schema.xsl

44 © ISO/IEC 2017 - All rights reserved


https://standardsiso.com/api/?name=7e609a83baeebd59ae2ee260d684e348

ISO/IEC 23009-2:2017(E)

The validation erroris shown in the lines 29 to 32. Lines 29 and 30 show a failed assertion. The test which
failed is also shown: “1f (matches (@media, '\S$SRepresentationID%.["\$]*\$')) then
false() else true()~"”. Line 31 shows the error message ~”$RepresentationID$
shall not have a format tag.”

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 saxon/saxon9.jar -versionmsg:off -s:examples/ex41l.mpd
-o:output/result ex4l.xml -xsl:output/val schema.xsl

he validation error is shown in the lines 21 to 24. Lines 21 and 22 show a failed &dssertjon. The
st which failed is also shown: “if  (not (descendant-or-self::dash@®BdseURL and
ot (descendant-or-self::dash:SegmentTemplate) and net(descendant-or-
elf::dash:SegmentList)) then false() else true ()" Line 23.Shows the error message
At least one BaseURL, SegmentTemplate or SegmentList- shall be defihed in
eriod, AdaptationSet or Representation.

2 5ot

[nw]

=

.4.4.43 Example 42

x42.mpd shows an invalid DASH MPD with the result in result_ex42.xml. The error occuys in the
daptationSet. The command used is as follows:

= D

java -jar saxon/saxon9.jar -versionmsg:off -s:exampiles/ex42.mpd
—o:output/result ex42.xml -xsl:output/val, sthema.xsl

The validation error is shown in the lines 23 to 26 Lines 23 and 24 show a failed assertjon. The
test which failed is also shown: “if ((child::dash:SegmentBase and child::dash:SegmentTemplate
and child::dash:SegmentList) or (child::dash:SegmentBase and child::dash:SegmentT¢mplate)
dr (child::dash:SegmentBase and child::dash:SegmentList) or (child::dash:SegmentTemplate and
child::dash:SegmentList)) then false() else“true()“. Line 25 shows the error message “At mogt one of
SegmentBase, SegmentTemplate and SegmentList shall be defined in AdaptationSet.”

A.4.4.44 Example 43

dx43.mpd shows a valid DASH MPD with the resultin result ex43.xml. The command ufed is as
fpllows:

jlava -jar saxon/saxbn9.jar -versionmsg:off -s:examples/ex43.mpd
o:output/result &K43.xml -xsl:output/val schema.xsl

A.4.4.45 Example44

[0

x44 .mpd \shows an invalid DASH MPD with the result in result ex44.xml. The error dccurs in
he SegmentTemplate. The command used is as follows:

—

jlava\-Jar saxon/saxon9.jar -versionmsg:off -s:examples/ex44.mpd
-o:output/result ex44.xml -xsl:output/val schema.xsl

The validation error 15 shown in the fines 29 to 32. Lines 29 and 30 show a faited assertion. The test
which failed is also shown: “if (matches(@media, '"\$.[*\$]*\$')) then every $y in (for $x in tokenize(@
media, '"\$(Bandwidth|Time|Number|RepresentationID)(%.[*\$]*)?\$') return matches($x, '\$.
["\$]*\$") satisfies $y eq false() else true()“. Line 31 shows the error message “Only identifiers such as
$Bandwidth$, $Time$, $RepresentationID$, or §Number$ shall be used.”

A.4.4.46 Example 45

ex45.mpd shows an invalid DASH MPD with the result in result ex45.xml. The error occurs in
the FramePacking. The command used is as follows:

java -jar saxon/saxon9.jar -versionmsg:off -s:examples/ex45.mpd
-o:output/result ex45.xml -xsl:output/val schema.xsl
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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 ((@schemeIdUri = ‘'urn:mpeg:dash:14496:10:frame
packing arrangement type:2011') and not (contains (parent::dash:AdaptationS
et/@codecs, 'avc') or contains (parent::dash:AdaptationSet/@codecs, 'svc')
or contains (parent::dash:AdaptationSet/@codecs, 'mvc')) and not (contains
(parent: :dash:Representation/@codecs, 'avc') or contains(parent::dash:R
epresentation/@codecs, 'svc') or contains(parent::dash:Representation/Q@
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

Ad t F— o n = F— =l . = 4 ] . =l
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conforms to ISO/IEC 14496-10.

A.4.4.47 Example 46

ex46 .nfpd shows an invalid DASH MPD with the resultin result ex46.xml. The errof'eccurs in the
FrameHacking. The command used is as follows:

java -jpr saxon/saxon9.jar -versionmsg:off -s:examples/ex46.mpd
-ofoutput/result ex46.xml -xsl:output/val schema.xsl

(i

The validation error is shown in the lines 38 to 41. Lines 38 and 39 show:a-failed assertion. The tes
which failed is also shown: “if ((@schemeIdUri = 'urn:mpegrdash:13818:1:stereo
video |format type:2011") and not (parent: :dash:@daptationSet/@mimeTyp
= yideo/mp2t") and not (parent: :dash:Repxésentation/@mimeType
'vided/mp2t')) then false() else true ()" Line 40)shows the error message “The UR
urn:mgeg:dash:13818:1:stereo video format type:2011 is used for Adaptatio
Sets ¢r Representations that contain a video component that conforms t
ISO/IFC 13818-1.°

O D 1 D]

A.4.4.48 Example 47

ex47 .nfpd shows an invalid DASH MPD with théresultin result ex47.xml.The error occurs in the
FrameHacking. The command used is as follows:

java -jpr saxon/saxon9.jar -versionfsg:off -s:examples/ex47.mpd
-ofoutput/result ex47.xml -xsl:output/val schema.xsl

The valiflation 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(@schemeldUri = 'urn:mpeg:dash:14496:10:frame_packing_arrangement_
type:2011") and not(@schemeldUri = 'urn:mpeg:dash:13818:1:stereo_video_format_type:2011')) the
false() else true()“ Line 40.shHows the error message “schemeldUri for FramePacking descriptor shall b
urn:mpgg:dash:14496:10:frame_packing_arrangement_type:2011 or urn:mpeg:dash:13818:1:stereq_
video_fgqrmat_type:201.1.”

[CHR=]

A.4.4.49 Example 48

ex48 .mpd.shows an invalid DASH MPD with the resultin result ex48.xml. The error occursin thle
Frame Paddeine—The-command-used-is-asfelows: _

O ITY T I C COTIIIIIO I o T To oS TUTIOvY O°

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: “1 £ (not (@value = '0' or @value = 'l' or @value = '2' or
@value = '3' or @value = '4' or @value = '5' or Qvalue = '6')) then false ()
else true ()" Line 40 shows the error message “The value of FramePacking shall be 0
to 6 as defined in ISO/IEC 23001-8.
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A.4.4.50 Example 49

ex49.mpd shows an invalid DASH MPD with the resultin result ex49.xml. The error occurs in the
AudioChannelConfiguration. The command used is as follows:

java -jar saxon/saxon9.jar -versionmsg:off -s:examples/ex49.mpd
-o:output/result ex49.xml -xsl:output/val schema.xsl

The validation error is shown in the lines 39 to 42. Lines 39 and 40 show a failed assertion. The test

which failed is also shown: “if ((@schemeIdUri = 'urn:mpeg:dash:outputChannelPosit
iuuLJ‘_ot.quﬂ') et llut(puuut(tu}\cuj_ac(@ aluc, . ') ) ukjt, 1; ) e false()
dlse true ()“ Line 41 shows the error message “If URI urn:mpeg:dash:outputChannelPos
iJtionList:2012 is used the value attribute shall be a space-delimited list
ds defined in ISO/IEC 23001-8.

A.4.4.51 Example 50

ex50.mpd shows an invalid DASH MPD with the result in result_ex50.xml. The error occugs in the
SegmentTemplate. The command used is as follows:

jlava -jar saxon/saxon9.jar -versionmsg:off -s:examples/ex50.npd
-o:output/result ex50.xml -xsl:output/val schema.xsl

he validation error is shown in the lines 19 to 22. Lines 19,and 20 show a failed assertion. [The test
Uhich failed is also shown: “if (@type = ‘'dynamied{ and not (@publishTime)) then
alse() else true()"“ Line 21 shows the error message “If MPD is of type "dynamic"
ublishTime shall be defined.”

lra T = N |

A.4.4.52 Example 51

0

x51.mpd shows an invalid DASH MPD with*the result in result ex51.xml. The error dccurs in
he SegmentTemplate. The command uséd is as follows:

—

ava -jar saxon/saxon9.jar —-versionmsg:off -s:examples/ex51.mpd
o:output/result ex51.xml -xsl:ottput/val schema.xsl

he validation error is shown incthe lines 41 to 44. Lines 41 and 42 show a failed assertion. [The test
Uhich failed is also shown: “if ~(@id = preceding-sibling::dash:Subset/Qid) then
alse () else true () “ kine 43 shows the error message “The id of each Subset wijthin a
eriod shall be undiguie.”

oo < e | U

A.4.4.53 Example 52

0

x52.mpd shows an invalid DASH MPD with the result in result ex52.xml. The error dccurs in
he Event St'¥eam. The command used is as follows:

—

jlava -jat\saxon/saxon9.jar -versionmsg:off -s:examples/ex52.mpd
wQroutput/result ex52.xml -xsl:output/val schema.xsl

The walidation error is shown in the lines 41 to 44. Lines 41 and 42 show a failed assertion. [The test
which failed is also shown: "if ((@schemeIdUri = preceding::dash:EventStream/(@
schemeIdUri) and (@value = preceding::dash:EventStream/@value)) then
false () else true()"“ Line 43 shows the error message “A Period shall contain at most
one EventStream element with the same value for the schemeIdUri attribute
and value attribute.”

A.4.4.54 Example 53

ex53.mpd shows an invalid DASH MPD with the result in result ex53.xml. The error occurs in
the EventStream. The command used is as follows:
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java -jar saxon/saxon9.jar -versionmsg:off -s:examples/ex53.mpd
-o:output/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 is also shown: “if ((@schemeIdUri = ‘'urn:mpeg:dash:event:2012') and
not (@value = 'l' or @value = '2')) then false() else true()"“ Line 42 shows
the error message “If URI urn:mpeg:dash:event:2012 is used the value attribute
shall have the value 1 or 2.

A.4.4.55 Example 54

ex54 .nfpd shows an invalid DASH MPD with the resultin result ex54.xml. The error occursih thle
InbandEventStream. The command used is as follows:

java -jpr saxon/saxon9.jar -versionmsg:off -s:examples/ex54.mpd
-ofoutput/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 teqt
which failed is also shown: “if ((@schemeIdUri = preceding::dashi{InbandEventStrg
am/@sdhemeIdUri) and (Q@value = preceding::dash:InbandEventStream/@value)
then

alse () else true ()" Line 44 shows the error message “Thergéyshall be only ong
InbandEventStream element with the same value for the . schemelIdUri attributg
and vaglue attribute.”

A.4.4.54 Example 55

ex55 .nfpd shows an invalid DASH MPD with the resultin result ex55.xml. The error occurs in the
InbandEventStream. The command used is as follows:

java -jpr saxon/saxon9.jar -versionmsg:off -s:examples/ex55.mpd
-ofoutput/result ex55.xml -xsl:output/valsschema.xsl

The validation error is shown in the lines 41 to-44. Lines 41 and 42 show a failed assertion. The tes
which f3jiled is also shown: “if ((@schemelFdUri = ‘'urn:mpeg:dash:event:2012') an
not (@value = '1l' or @value =.12")) then false() else true()” Line 43 show
message “If URI urn:mped:gdash:event:2012 is used the value attribut
shall flhave the value 1 or 2.”

(N7, o rp=s

A.4.4.57 Example 56

ex56 .nfpd shows an invalid-DASH MPD with the resultin result ex56.xml. The error occurs in the
Event. The command usedsis as follows:

java -jpr saxon/saken9.jar -versionmsg:off -s:examples/ex56.mpd
-ofoutput/regult ex56.xml -xsl:output/val schema.xsl

The valldation“error is shown in the lines 46 to 49. Lines 46 and 47 show a failed assertion. Thie
test which/failed is also shown: “if (if (not (@presentationTime)) then (0 &1t}
preceding-sibling: :dash:Event/@presentationTime) else (@presentationTimg
&1t; preceding-sibling::dash:Event/@presentationTime)) then false() else
true () “ Line 48 shows the error message “Events shall be in non-decreasing order
based on the presentation time.“
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A.5 Step 4: Segment validator

A.5.1 ISO 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.

—

_ N =

A.5.1.2 Generating conformance results

h general, operating the user interface is self-explanatory, with descriptions provided to 3
ompletion of conformance testing. Each conformance test run is isolated in its own instance,
br parallel concurrent testing:

A.5.2 MPEG-2 transport stream segments

A.5.2.1 General

The ts_validator verifies:

The MPD is loaded.

Ih order to generate the conformance results, the user-interface of the web-based front-end is used
b provide the URL or local file system location of the MPD to be verified. The processing runs
dutomatically in the following steps.

The MPD is parsed and processed to extract relevant attributes and determine the segmenit URLs.

A small amount of data is downloaded from each segment te‘re-create the relevant par
representation at the server running the conformance software. ‘ftyp’, ‘moov’, ‘styp’, ‘sid
and ‘moof’ are the box types included in the downloaded/data. The headers of any ‘mdat’ b
also downloaded.

Each representation is tested following the confermance checks documented in the |
sections, including cross-representation conformarice checks.

The user interface indicates if the segments dare conforming or not. If they are not, an error
linked in the user interface. Opening the error report provides the description of each conf
error found in relation with the specifigation.

The cached data used for processing'is deleted automatically without user intervention.

MPEG transport stream syntax and conformance;

SAP type conformance;

ts of the
x’, ‘ssix’,
oxes are

brevious
reportis

primance

llow for
hllowing

Segment timing (for audio and video);
Index file conformance;
Initialization segment conformance;

Bitstream switching segment conformance.

The ts_validator reads all required metadata directly from the MPD.

To run the ts_validator, open a shell for a command line, and run ‘ts_validate_mult_segment’ with the
MPD as an input parameter. For example:

© ISO/IEC 2017 - All rights reserved
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ts validate mult segment example.mpd

The validator will produce a long report. To save the report to file, use file redirection:

ts validate mult segment example.mpd > myTestOutput.txt

The report contains a lot of information, including pass/fail information for each initialization segment,
index segment, 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 in

ormation, run with -v for info-level logging and -vv for debug level

A.5.2.2

The rep|
"SEGME
the lineq

A.5.2.3

The last
of the re

A.5.2.4

The rep
user wo
if a usen

experience can be found in row uf7/seg-00001.ts, column uf12/seg-00002.ts of the timing matrix. I

Individual segment results

[

ort contains a pass/fail result for each media segment. To find these, search forithe tex
NT TEST RESULT". If a segment test has failed, then more info on the failure will be’provided i
preceding the "SEGMENT TEST RESULT" line.

-

Overall test result

line of the report contains a summary pass/fail test result. To find this, either scroll to the end
port or search for the text "OVERALL TEST RESULT".

Audio and video gap matrices

brt contains audio and video timing gap matrices in order to measure the timing gaps that
11d experience if switching between representations.Examples are shown below. For exampl
switches from uf7/seg-00001.ts to uf12/seg-00002.ts, then the timing disruption they woul

< S B B &P D

the example below, all of the timing gaps are 0, so theuser will not experience any timing disruptio
when switching between these segments. The testxéport contains matrices for all segment pairs in a
adaptation set. The matrices are tab-delimited, so they look clumsy in the test report, but display nicel
if pasted into a spreadsheet.
AudioGgpMatrix

uf3/seg-00002its* uf7/seg-00002.ts ufl2/seg-00002.ts uf28/seg-00002.ts
uf3/seg00001.ts 0 0 0 0
uf7/seg400001.ts 0 0 0
ufl2/seg-00001.ts 0 0 0 0
uf28/seg-00001%s 0 0 0 0
VideoGalpMatrix

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/seg-00001.ts 0 0 0 0
ufl2/seg-00001.ts 0 0 0 0
uf28/seg-00001.ts 0 0 0 0
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A.5.2.5 Audio and video timing summaries

A tabular summary of segment timings for each representation is given near the end of the test report,
and an example is shown below. The table shows the expected and actual start and end times for each
segment (in PTS ticks). The matrices are tab-delimited, so they look clumsy in the test report, but
display nicely if pasted into a spreadsheet.

VideoTiming

gmentFile expectedStart expectedEnd videoStart videoEnd  deltaStart deltaEnd
yf28/seg-00001.ts 6000 906000 6000 906000 0 0
Yf28/seg-00002.ts 906000 1806000 906000 1806000 0 0
yf28/seg-00003.ts 1806000 2706000 1806000 2706000 0 0
yf28/seg-00004.ts 2706000 3606000 2706000 3606000 0 0
Yf28/seg-00005.ts 3606000 4506000 3606000 4506000 0 0
yf28/seg-00006.ts 4506000 5406000 4506000 5406000 0 0
yf28/seg-00007.ts 5406000 6306000 5406000 6306000 0 0
yf28/seg-00008.ts 6306000 7206000 6306000 7206000 0 0
yf28/seg-00009.ts 7206000 8106000 7206000 8106000 0 0
yf28/seg-00010.ts 8106000 9006000 8106000 9006000 0 0
yf28/seg-00011.ts 9006000 9906000 9006000 9906000 0 0
yf28/seg-00012.ts 9906000 10806000 9906000 10806000 0 0
yf28/seg-00013.ts 10806000 11706000 10806000 11706000 0 0
yf28/seg-00014.ts 11706000 12606000 11706000 12606000 0 0
yf28/seg-00015.ts 12606000 13506000 12606000 13506000 0 0
yf28/seg-00016.ts 13506000 14406000 13506000 14406000 0 0
yf28/seg-00047Ats 14406000 15306000 14406000 15306000 0 0
Yf28/seg<00018.ts 15306000 16206000 15306000 16206000 0 0
Yf28/s€g-00019.ts 16206000 17106000 16206000 17106000 0 0
f28/seg-000206ts 17166606 18086660—17186666—18606666 8 0
uf28/seg-00021.ts 18006000 18906000 18006000 18906000 0 0
uf28/seg-00022.ts 18906000 19806000 18906000 19806000 0 0
uf28/seg-00023.ts 19806000 20706000 19806000 20706000 0 0
uf28/seg-00024.ts 20706000 21606000 20706000 21606000 0 0
uf28/seg-00025.ts 21606000 22506000 21606000 22506000 0 0
uf28/seg-00026.ts 22506000 23153520 22506000 23151000 0 -2520
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The following test vectors conform to the ISO BMFF on-demand profile.

Features Comment
5) Test Vector(1): association-1.mpd

6) Contains one metadata Representation associated with a
video Representation using associationld alone (no associa-
tionType)

7) Test Vector(2): association-2.mpd

8) Contains one metadata Representation associated with
multiple video Representations using multiple association-
Id values.

9) Test Vector(3): association-3.mpd

10) Contains one metadata Representation associated with
avideo Representation using associationld and association-
Type, each having one value

11) Test Vector(4): association-4.mpd

12) Contains one metadata Representation associated with
multiple video Representations using associationld and asso-
ciationType, each having multiple values (same number)

13) Test Vector (5): association_signallingl.mpd

14) In this example, a metadata Representation in.ah Adapta-
tion Set is associated with a media Representationrin 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 associa-
tion with the available video reptesentations. More descrip-
tion available in m34934.

The follgwing test vector conforms te.the ISO Base media file format live profile.

Features Comment
16) Test Vector\(1): association_signalling2.mpd

17) Inthis@xample, a metadata Representation in an Adapta-
tion Set js\agsociated with media Representations in another
Adaptation Set for video. The metadata Representation mul-
tiplexes timed metadata tracks carrying quality information
forthe associated media Representations

The addjtienal test vectors below provide invalid test cases.

Features Comment

18) Test Vector(8) Association-invalid1l.mpd: one metadata
Representation is associated with a Representation that does
not exist. This is not allowed

19) Test Vector (9) Association-invalid2.mpd: one metadata
Representation has an associationType without any associa-
tionld. This is not allowed
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20) Test Vector(10) Association-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).

21) 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.

22) Test Vector(12) Association-invalis5.mpd: one metadata
Representation, associated with a video Representation, has
an associationType value that is not a four character string.
This is not a valid MPD.

A.5.2.5.1 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:

jlava -jar saxon/saxon9.jar -versionmsg:off -s:examples/agsoelation-1.mpd
-o:output/result association-1l.xml -xsl:output/val Eghema.xsl

A.5.2.5.2 Example association-2
J4) association-2.mpd shows a valid DASH MPD with theéresult in result_association-2.xml

The command used is as follows:

jlava -jar saxon/saxon9.jar -versionmsg:of€\ -s:examples/association-2.mpd
-o:output/result association-2.xml(5xsl:output/val schema.xsl

A.5.2.5.3 Example association-3
45) association-3.mpd shows a validDASH MPD with the result in result_association-3.xml

The command used is as follows:

jlava -jar saxon/saxon9.pgays —versionmsg:off -s:examples/association-3.mpd
-o:output/result (@association-3.xml -xsl:output/val schema.xsl

A.5.2.5.4 Example.association-4
76) association-4:mpd shows a valid DASH MPD with the result in result_association-4.xml

The commandwused is as follows:

jlava -jaxVvsaxon/saxon9.jar -versionmsg:off -s:examples/association-4.mpd
Sowoutput/result association-4.xml -xsl:output/val schema.xsl

A.5:2.5.5 Example association-signalling1

27) association-signallingl.mpd shows a valid DASH MPD with the result in result_association-
signalling1l.xml

The command used is as follows:

java -jar saxon/saxon9.jar -versionmsg:off -s:examples/association- signalling 1.mpd
-o:output/result association-signallingl.xml -xsl:output/val schema.xsl

A.5.2.5.6 Example association-signalling2

28) association-signalling2.mpd shows a valid DASH MPD with the result in result_association-
signalling2.xml
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The command used is as follows:

java -jar saxon/saxon9.jar -versionmsg:off -s:examples/association-signalling 2.mpd
-o:output/result association-signalling2.xml -xsl:output/val schema.xsl

A.5.2.5.7 Example association-greenMetadata

29) association-greenMetadata.mpd shows a valid DASH MPD with the result in result_association-
greenMetadata.xml

The command used is as follows:

java -jpr saxon/saxon9.jar -versionmsg:off -s:examples/association-greenMetadata.mpd
-ofoutput/result association-greenMetadata.xml -xsl:output/val schema.xsl

A.5.2.5.8 Example association-invalid1

Associjation-invalidl.mpd shows an invalid DASH MPD with the result\in” result|
Associlation-invalidl.xml. The error occurs in the second Representatif@i’ element. The
command used is as follows:

java -jpr saxon/saxon9.jar -versionmsg:off -s:examples/Association-invalidl.mpd
-o:output/result Association-invalidl.xml -xsl:output/val schema.xS}

The valifgation error is shown in line 19. Line 19 shows a failed assertions

(=)

The test] which failed is also shown: “if (RassociationId and every $x 1in tokenize (
associlationId,' ') satisfies ancestor::dash:Perdod:Representation/@id ef
$x) thlen true() else false()”

Line 19| shows the error message “Association: Regpresentation(s) indicated ih

Repregentation@associationId is(are) not present.”

A.5.2.5.9 Example association-invalid2

Associlation-invalid2.mpd shows an ‘invalid DASH MPD with the result in result|
Associjation-invalid2.xml. The errof,occurs in the second Representation element. The
commarjd used is as follows:

java -jpr saxon/saxon9.jar -verslonmsg:off -s:examples/Association-invalid2.mpd
-o:output/result Associationfinvalid2.xml -xsl:output/val schema.xsl

The valiflation error is shown ir{ linie 19. Line 19 shows a failed assertion.

The test which failed is alSeyShown: “if (not (RassociationId) and @associationType
then flalse () elseCerue() “

Line 19 shows the err0r message “Association: The attribute (@associationType) shall
not be presert{when QRassociationId is not present.”

A.5.2.5.10 Example association-invalid3

Association-invalid3.mpd  shows an invalid DASH MPD with the result In result
Association-invalid3.xml. The error occurs in the second Representation element. The
command used is as follows:

java -jar saxon/saxon9.jar -versionmsg:off -s:examples/Association-invalid3.mpd
-o:output/result Association-invalid3.xml -xsl:output/val schema.xsl

The validation error is shown in line 19. Line 19 shows a failed assertion.

The test which failed is also shown: “1f (count (tokenize (QRassociationType, ' ')) !=
count (tokenize (QRassociationId))) then false() else true() “
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Line 19 shows the error message “Association: The attribute (QassociationType)
must have as many values as the number of identifiers declared in the @
associationId attribute.

A.5.2.5.11 Example association-invalid 4

Association-invalid4.mpd shows an invalid DASH MPD with the result in result
Association-invalid4.xml. The error occurs in the second Representation element. The
command used is as follows:

jlava -jar saxon/saxon9.jar -versionmsg:off -s:examples/Association-invalid4.mpd
-o:output/result Association-invalid4.xml -xsl:output/val schema.xsl

—

he validation error is shown in line 19. Line 19 shows a failed assertion.

The test which failed is also shown: “if (QassociationId and every $X)41n tokenize (@
dssociationId,' ') satisfies ancestor::dash:Period:Représentation/did eqg
4x) then true() else false()”.

lfine 19 shows the error message “Association: Representatilon (s) indicated in
Hepresentation@associationId is(are) not present.’l

A.5.2.5.12 Example association-invalid 5

Nssociation-invalid5.mpd  shows an invalid DASH MPD with the result in result

]

ssociation-invalid5.xml. The error occurs in.the second Representation elemgnt. The
dommand used is as follows:

jlava -jar saxon/saxon9.jar -versionmsg:off gsiexamples/Association-invalid5.mpd
-o:output/result Association-invalid§.xml -xsl:output/val schema.xsl

The validation error is shown in the line 19..Line 19 show a failed assertion.

The test which failed is also shown; ‘4 (RassociationType and not (every |[$Sx in
okenize (@associationType, ;') satisfies string-length($x)= 4)) then flalse ()
lse true().”

D ct

—

ine 19 shows the error message ~”">Association: The wvalue of the attrihjute @
dssociationType shalll be a 4 character code.”

A.6 Step 5: Dynamic services conformance

A.6.1 General

[Jynamieservice conformance tool is a JavaScript-based tool basically intended to run at or cloge to the
erverproviding the live service (to minimize clock skew and RTT issues). Nevertheless, it can| provide
useful information even by running remotely, with the basic RTT and clock skew adjustments plrovided.

W

A.6.2 Features provided

A.6.2.1 Segment list reconstruction and verification

— Segment list construction based on template based addressing or on segment timeline for all the
segments within availability window in the MPD.

— Segments availability checked on the start of availability window and towards the end of availability
window. Display of detailed errors, if any.
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A.6.2.2

Dynamic services with or without MPD updates

— Visual display of MPD fetch and publish times.

— Visual display of the number of updated URLs with each MPD update.

A.6.2.3

Additional features

— RTT calculations and correction.

— Clod
A.6.3

A.6.3.1

The use
A.6.3.2

A.6.3.2.

The MPI
box. Hit{

A.6.3.2.

The ma
“mpdurl
exampld

A.6.3.3

A.6.3.3.

Last 5 ix
of news

A.6.3.3.

k-skew calculations and dynamic corrections (cross-domain allowance required).

Jsage guide

General

" interface is quite self-explanatory in general. Some details are provided in the-following.

Controls

il MPD input via Ul

D URL can be selected from a set of known live services or ean be manually entered in the tex
ing start initiates the processing.

P MPD input via URL

n page (index.html) can be accessed with thexdesired MPD URL as a query string with ke
". This MPD URL will automatically appear-in the box for MPD URL ready to be tested. A

syntax is: http://example.com/Dynamic/indéx.html?mpdurl=MY_URL

Outputs

I MPD status

stances of MPD updates with relevant data such as update and publish times, and the numbd
egment URLs provided.

P Segment request progress

— A siimmary of processed and successful segment requests. Successful means a 200 code wa

recq

ived in reply-for a segment request.

— Am|

— A

ving.average of RTT for requests (last 10 values).

ing average of observed clock skew based on http response, with a deadzone of 0.5 second

- <

5.

Cross-domain requests mustbe enabled 1or this to work. For information only: 11 the server does no

t

allow this, cross domain access can be enabled in [E (Internet options = Security — Custom level —
Miscellaneous — Allow data sources across domains). This value is also used to adjust for clock
skew, if available.

A.6.3.3.3 Response information

A detailed, access-by-access error log is provided with relevant information.
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