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Foreword

020(E)

ISO (the International Organization for Standardization) and IEC (the International Electrotechnical

Commission) form the specialized system for worldwide standardization. National bod

ies 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 interes
international organizations, governmental and non-governmental, in liaison with ISO and I
take partin the work

t. Other
EC, also

he procedures used to develop this document and those intended for its further majdtenance are
escribed in the ISO/IEC Directives, Part 1. In particular the different approval criteria’ negded for
the different types of document should be noted. This document was drafted in acdordance with the

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

ttention is drawn to the possibility that some of the elements of this document may be thg subject
f patent rights. ISO and IEC shall not be held responsible for identifying”any or all such patent
ights. Details of any patent rights identified during the development of the document will he in the
Ihtroduction and/or on the ISO list of patent declarations received (see Wwww.iso.org/patents).
ny trade name used in this document is information given for the-eonvenience of users and floes not
nstitute an endorsement.
or an explanation of the voluntary nature of standards,)the meaning of ISO specific tefms and
pressions related to conformity assessment, as well as information about ISO's adherenge to the
orld Trade Organization (WTO) principles in the Technical Barriers to Trade (TBT) see: yww.iso
org/iso/foreword.html.
This document was prepared by Joint Techncial Committee ISO/IEC JTC 1, Information technology, SC 29,
(oding of audio, picture, multimedia and hypernmedia information.
This third edition cancels and replaces(he second edition (ISO/IEC 23009-2:2017), which has been
technically revised.
The main changes compared to the)previous edition are as follows:
d) Test vectors, conformanee'and reference software to cover all the features of ISO/IEC 23009-5,
including:
— SAND HTTP-conformance client;
— SAND HTTP conformance server;
— SAND\WebSocket conformance server.
) Test-vécors, conformance and reference software to cover all the features of ISO/IEC 23009-6,
ineluding:
Commandlinatanl o ol d ot A ADNI oo o 0n
GUIITITIIAIIU TITIC LUUT LU vdAdIludilU UL INpIvt 51 AIITITIAT S,
Alist of all parts in the ISO/IEC 23009 series can be found on the ISO website.
© ISO/IEC 2020 - All rights reserved v
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Introduction

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

— conformance testing for checking interoperability for the various applications against the reference

ft 3 Lol o2 ol 1: £ 8 NS FPNR (TaWA L nFalls Lo YaVaYe) a3
SO varCowWiITCIT ariirS tO- O C COTITPITATIC VY ICIT CHIC T U TEG ZJU U 7 SCTTICST
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Information technology — Dynamic adaptive streaming

over HTTP (DASH) —

Part 2:

Scope

his document specifies the conformance and reference software implementing the test
mprising media presentation descriptions, segments and combinations thereof in ISO/IEC
nd the corresponding software modules.

2 Normative references

o |

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

o QO

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

IBO/IEC 23009-1:2019, Information technology *< Dynamic adaptive streaming over HTTP (D
Rart 1: Media presentation description and segment formats

[0 8601-1, Date and time — Representations for information interchange — Part 1: Basic rules

IBO/IEC 23009-5:2017, Information technology — Dynamic adaptive streaming over HTTP (D
Hart 5: Server and network assisted PASH (SAND)

IETF RFC 7233:2014, Hypertext. Transfer Protocol (HTTP/1.1): Range Requests

3 Terms, definitions, symbols and abbreviated terms

vl

or the purpose@f‘\this document, the terms, definitions, symbols and abbreviated terms
50/1EC 2300941 apply.

p—

I50 and [E€ maintain terminological databases for use in standardization at the following addr

— [EG-Electropedia: available at http://www.electropedia.org/

vectors
23009-1,

content
lies. For
applies.
- Part 3:

ASH) —

ASH) —

given in

esses:

—_1SO Online browsing platform: available at http://www.iso.org/obp

4 Media presentation conformance

4.1 Overview

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

— the conformance of the MPD according to Clause 5.

© ISO/IEC 2020 - All rights reserved
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— the

conformance of the segments, which includes the conformance of individual segments and

representations, as well as the conformance of representations that are jointly provided in
adaptation sets and periods. For details, refer to Clause 6.

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

MPD +
and per

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

4.2 Software tools

The foll

— MPI) conformance software;

— ISO
— MPH
— Con
— Dyn
All softy

Additior
segment

Coverag

OK Report
I

Validator

Segment

= Initialization Segment
= Media Segment
= |ndex Segment

Error
Message

Figure 1 — MPD and segment validation

segment validator: gets as an input the MPD and segment§-referenced from within the MPD
forms the MPD and segment validation according to the xules defined in Annex A. On success,

wing software tools are included:

BMFF segment validator;

G-2 TS segment validator;

formance software for dynaitic services;

amic media presentatioiremulator in Annex D.

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

al supplemental software packages which may be used as sample DASH clients, sample
or and web>based conformance service are listed in Annex C.

b of DASH features is discussed in Annex E.

5 M

D conformarnce

5.1 General

This cla

use specifies the MPD conformance checking and corresponding software modules which

comprise the three steps depicted in Figure 2. Detailed means to perform MPD conformance checking
are as specified in Annex A.

© ISO/IEC 2020 - All rights reserved
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\ 4
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“Schema validatgi,,l/

and “Sche ro
va|idate@D
D t

Figure 2 — MPD conformance checking

tep 1 (XLink resolver): gets as an input an MPD document and.resolves all W3C XLINKI10] af
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 providedi 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

CHEMAIL2, If an error occurs, the corresponding error message shall be provided; otherv

Link-resolved and schema-validated MPD doctiment 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-validat
ocument and performs schematren validation as defined in ISO/IEC 19757-3 according to {
efined in A.4.2. If an error occurs,the corresponding error message shall be provided; othert
Link-resolved, schema-validated, and Schematron-validated MPD document is provided. Th
b1 this step of the MPD confermance checking are defined in A.4.

—h o< QL O

—]

he following command way be used to validate an MPD document with the chain depicted in ]
his requires Apache AntTMD[3],

—

ant run -Dinput=")iletovalidate.mpd"”

—

he program,d6utputs a message for each step. If an error occurs during one step, the following s
ot execufed.

=

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

tributes
rovided;
he MPD

ms XML
3C XML
vise, the
the MPD

ed MPD
he rules
wvise, the
b details

Figure 2.

teps are

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

In addition, the availability of all resources in the MPD during the MPDRavailabilityStartTime
MPD@availabilityEndTime shall be checked. A function remoteFileExists (Surl) may be exec

and the
uted for

each segment that is documented in the MPD. This function shall return true for all Segments in the MPD
during the time interval defined by the MPDRavailabilityStartTime and the MPDRavailabilityEndTime.

The following snippet shows an example for the remoteFileExists function written in PHP.

1) Apache Ant is the trade name of a product supplied by The Apache Software Foundation. This information is

given for the convenience of users of this document and does not constitute an endorsement by 1SO or |
product named.

© ISO/IEC 2020 - All rights reserved
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fun

5.3 Dynamic MPD conformance

5.3.1

To ensufe that servers offering a dynamic DASH media pregentation adhere to the timing requirements
and thaf clients are able to properly consume the dynamic'presentation without observing unavailable
segments, the DASH conformance software is extended to include and address media presentationls
with MPetype="dynamic’.In 5.3, the requirementswhich go beyond those for static DASH conformancde

are liste

The doc

5.3.2

5.3.2.1

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

FT the c

a) Ata
1y
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 ($curl, CURLOPT NOBODY, true);

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

Sret = false;

if regnest did not fail
if (Sresult !== false) {
//if request was ok, check response code
$statusCode = curl getinfo ($curl, CURLINFO_HTTP_CODE) ;

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

}

curl close(Scurl);

return Sret;

General

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

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

MPD-specific checks

ient can determing¢ the following information:
Iy time, WTwhere WT = FT, a client can determine:
the latestavailable 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 2020 - All rights reserved
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7) the media presentation time within the Representation that synchronizes to other clients, MPTS.

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

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

Detailed equations to derive segment availability times are provided in ISO/IEC 23009-1 and
ISO/IEC TR 23009-3[1]. When providing an MPD, the content author ensures that the segment availability
t[mes can 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 Mppe
availabilityStartTime and PS is the 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
me¢value of the media segments minus the value of the @presentationTimeoffset, if present,|for each
Representation.

—

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

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

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

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

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

— The

MPD can be used to construct and request segments until media time FT + MUP. The greatest

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

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

5.3.3

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 SAST,;x

The URLs of all segments availablerdt SAST,;,. If multiple segments are available at the samje
time, determine all of them.

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

h’
ime SAST,;, issue-HFTP GET requests for all segments that become available at this time,
rd the HTTP headers and store the segments.

0 a) and dowiload the next MPD at FT = SAST, ;..

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) At
recq
e) Gof
f) Con
In case ?
a) Do

TToad and store the MPDand record the fetch time, F T, of the 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 SAST, ;.

The URLs of all segments available at SAST,;,. 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 SAST,,;,,

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

© ISO/IEC 2020 - All rights reserved
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min

the HTTP headers.

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

g)

This initial operation results in a data set as follows:

For selected representations, issue an HTTP GET for segments that are available at this time.

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

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

d

s

g

K

5
T

a sequence of MPDs, each with a FT;

) 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;

at least for a selected set of representations, the correSponding segments.

rom the sequence of the MPDs, a single new MPD can be generated with MPDetype=static thatfincludes

all segments.

.3.3.3 Conformance checks

he conformance checks operate on the‘stored data set and include the following checks:

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

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

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

4 Conformancechecks for spatial relationship description

he conformanee'rules that relate to the spatial relationship description are provided in Table

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

Table 1 — Spatial relationship description conformance rules

=

Keference 1n

Conformance

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

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

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

Reference in
ISO/IEC 23009-1:
2019, Annex H

Rule

Conformance
check
implementation

H.2

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

R19.4

H.2

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

R19.5

H.2

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

R19.6

H.2

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

R19.6

H.2

If an EssentialProperty or SupplementalProperty,deseriptor
with @schemeldUri equal to “urn:mpeg:dash:sed:2014” is
present and the @value attribute contains th€ optional param-
eter spatial set id then the optional patameters wand H
shall be present too.

R19.6

H.2

For agiven source id of the @valueattribute, at least one of
the EssentialProperty or SupplementalProperty in the con-
taining Period shall specify the pptional parameters w and &.

R19.7

H.2

For a given source_id of the'@value attribute, if two SRD
elements (indistinctively ESsentialProperty or Supplemental-
Property) explicitly spedify a different pair of values for the
optional parameters\w;H) then all the remaining SRD element
shall explicitly specify a pair of values for (w, #) too.

R19.8

H.2

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

R19.9a and R19.9b

H.2

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

R19.10a and R19.10b

6 Segment conformance

6.1 Overview

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

ISO/IEC 23009-1.

This includes the conformance requirements for:

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

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

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

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

6.2.1 ISO 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 2.

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

Clause Conformance check
ISO/IEC 23009-1: Rule im lementation
2019 P

Media Segment formats shall comply with the respective ; X

1 6-1 container formats (ISO BMFF and MPEG-2 TS). implementpd

2 6.2.1 The Ianlallzatlor_l Segment shall not contain any media implementpd
data with an assigned presentation time

3 6.2.1 A Media S-egment shall contain a number of complete implementpd
access units.
If it is the first Media Segment in the Representation, it

4 6.2.1 shall contain only media streams that start witlya SAP of implementpd

type 1 or 2.

A Media Segment shall contain sufficientinformation to
time-accurately present each contained media compo-
5 6.2.1 nent in the Representation without\dccessing any previ- implementgd
ous Media Segment in this Representation provided that
the Media Segment contains a SAP for each media stream.

A Media Segment shall spe€ify all Media Presentation

times relative to the start of the Period and compensated
with the value of the .
6 6.2.32 @presentationTimeOffset. The presentation time in implementgd
Media Segments §hall be accurate to ensure accurate

alignment ofall Representations in one Period.

a) earliest presentation_time shall be equal to the
sumef all temporally preceding subsegments in the
tepresentation.

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

A media data box containing data referenced by a movie
fragment (‘moof’) box shall follow that movie fragment

7 61 box and precede the next movie fragment box, if any, implementpd
containing information about the same track.
For a Media Subsegment, the value of the reference_type

8 6.3.2.1 field in the describing Segment Index (‘sidx’) box shall be implementpd
setto 0.
If the Segment Index is 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

11 6.3.3 The Il’}’ltlahZ?tIOH 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).
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Table 2 (continued)

Clause in
ISO/IEC 23009-1:
2019

Rule

Conformance check
implementation

14

6.3.3

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

implemented

15

6.3.4.2

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

implemented

16

6.3.4.2

Each Media Segment shall contain one or more whole
self-contained movie fragments. A whole,

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

implemented

17

6.3.4.2

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

implemented

18

6.3.4.2

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

implemented

19

6.3.4.2

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

implemented

20

6.3.4.2

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

implemented

21

6.3.4.3

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

implemented

22

6.3.4.3

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

implemented

23

6.3.4.3

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

implemented

24

6.3.4.3

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

implemented

25

6.3.4.4

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

implemented

26

6.3.44

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

implemented

27

6.3.5.2

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

implemented

28

5.3.5.2

Tf 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
be assured of having enough data for continuous playout
providing playout begins after

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

implemented

6.2.2 MPEG-2 transport stream

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

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

10

© ISO/IEC 2020 - All rights reserved



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

ISO/IEC 23009-2:2020(E)

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

Clause in
ISO/IEC 23009-1:
2019

Rule

Conformance check
implementation

6.1

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

implemented

6.2.2

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

implemented

6.2.3.1

A Medta Segment shatt comtaimT a MuImber of COMpiete
access units.

implementdd

6.2.3.1

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

implemented for AVC
streams-(hot veriffiable on

centainer leviel)

6.2.3.1

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

implementgd

6.2.3.1

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 accurate t6.ensure accurate
alignment of all Representations\in one Period.

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

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

implementdd

6.4.2.1

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

implementdd

6.4.2.2

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

implementdd

6.4.2.3

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

implementdd

10

6:4.2.3

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

implementdd

11

6.4.2.3

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

implementdd

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
indexing byte ranges within a subsegment

implemented

13

6.4.2.4

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

implemented

14

6.4.3.2

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

implemented

15

6.4.3.2

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

implemented

© ISO/IEC 2020 - All rights reserved

11


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

ISO/IEC 23009-2:2020(E)

Table 3 (continued)

Clause in Conformance check
ISO/IEC 23009-1: Rule implementation
2019 P
The Initialization Segment shall contain mandatory
untimed initialization information as defined in ISO/
[EC 23009-1:2019, 6.4.3.1 in this order:
a) PAT, implemented
16 6.4.3.2 ) (/o ECM)
b) PMT;
c) If MPEG-2 conditional access is used, ECM.
17 6.4.4.2 Media Segments shall contain complete MPEG-2 TS implemesSial
packets
18 6.4.4.2 Media Segments shall contain exactly one program implemented

All time-varying initialization information shall be
19 6.4.4.2 present between Ig,p and Ig,; and/or in the Index Seg- implemented
ment, if present.

No Media Segment shall depend on initialization infor-

20 6.4.4.2 mation appearing in any preceding Media Segment. implemented
All information necessary for decrypting, or locating
information required to decrypt, the encrypted TS
21 6.4.4.3 packets in a (Sub)Segment shall be present before the implemented
T encrypted packet(s) to which they apply, either in the (as much as possible)

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

A Self-initializing Media Segmentshall contain, at the
22 6.4.4.4 least, all mandatory untimed and timed initialization implemented
information as defined in ISQZAEC 23009-1:2019, 6.4.3.1.

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

A Bitstream Switching Segment, when concatenated
24 6.4.5 with any Media Segment, shall not alter the Media Pres- implemented
entation timeline for the corresponding Media Segment.

23 6.4.5 implemented

If initialization information is carried within a
Bitstreamr-Switching Segment, it shall be identical to
the pne.in the Initialization Segment, if present, of the
Representation.

25 6.4.5 implemented

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

a) Each Single Index Segment shall begin with an

‘styp’ box, and the brand ‘sisx’ shall be present in
26 6.4:6:2 the ‘styp’ box. implemented

b) Each Single Index Segment shall contain one or
IHIUIrc SCBlllCllt {lldc}& IUUACD VV}liL}l iudc}& UIIT rﬁcdia
Segment.

If present, the ‘ssix’ shall follow the ‘sidx’ box that doc-
27 6.4.6.2 uments the same Subsegment without any other ‘sidx’ implemented
preceding the ‘ssix’.

If present, ‘pcrb’ shall follow the ‘sidx’ box that docu-

28 6.4.6.2 ments the same Subsegments. implemented
Each Representation Index Segment shall begin with an
29 6.4.6.3 ‘styp’ box, and the brand ‘risx’ shall be present in the implemented

‘styp’ box.
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Table 3 (continued)

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

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

30 6.4.6.3 Index box shall have one entry in its loop for each Media implemented
Segment, and each entry refers to the Segment Index
Information for a single Medla Segment.

31 6.4.6.4 IF shall be either a Single Index Segment or a Represen- imple@etdd
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- implementgd
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 implementdd
Segment Index (‘sidx’) box.

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

35 6.4.6.4 It shall carry ‘ssss’ in the Segment Type box (‘styp’) as a implementdd
compatible brand.
The Media Presentation shall be providéd such that

36 7.1 no mismatch between the media stream and the MPD implementdd
occurs.

q.3.1

-

6.3 Adaptation set conformance

ISO base media file format

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

The adaptation set conformance rules,as’well as the implementation status of the conformarjce rules
br ISO base media file format segments, are provided in Table 4.

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

If a Segment Index is present in a Media Segment of one

Representation within an Adaptation Set, then the fol-

lowing shall hold.

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

1 7.2.2 implemented

Segments of all Representations of an Adaptation

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

duration.

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

of an Adaptation Set shall have the same access unit

© ISO/IEC 2020 - All rights reserved
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Table 4 (continued)

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

As a consequence of @bitstreamSwitching being set to

‘true’, the following conditions are satisfied.

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

b) The conditions required for setting the
@segmentAlignment attribute to a value other than

2 73.3.2 'false’ for the Adaptation Set are fulfilled. impleménted

c¢) The conditions required for setting the
@startWithSAP attribute to 2 for the
Adaptation Set, or the conditions required for all
Representations within the Adaptation Set to share
the same value
of @mediaStreamStructureld and setting the
@startWithSAP attribute to 3 for the Adaptation
Set, are fulfilled.

If a SubRepresentation element is present in a
Representation in the MPD and the attribute
SubRepresentation@level is present, thenthe' Media
3 7.3.4 Segments in this Representation shall conform to a Sub- implemented
Indexed Media Segment as defined in

ISO/IEC 23009-1:2019, 6.3.4.4. Thedmitialization Seg-
ment shall contain the Level Assignment (‘leva’) box.

6.3.2 MPEG-2 transport stream

The adaptation set conformance rules, as well as the implementation status of the conformance rulgs
for ISO Base media file format segments, aré provided in Table 5.

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

Clause in Conformance check
I50/IEC 23009-1: Rule imol .
2019 implementation

iThe Media Presentation shall be provided such that no
mismatch between the media stream and the MPD values
1 71 occurs. If it does, the value in the media stream itself implemented
takes precedence over values expressed in the MPD, espe-
cially when used in the media decoding process.
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Table 5 (continued)

Clause in
ISO/IEC 23009-1:
2019

Rule

Conformance check
implementation

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

a) The order of Segment Index boxes for multiple media
streams induces an ordering on the media content

2 7.2.2

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

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

implemented

3 7.4.3.2

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

a) the Media Segment shall contajn pnly complete PES
packets;

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

implemented

4 7.4.3.3

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

implemenfted

5 74.3.3

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

implemenfted

6 7.4.3.4

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

implemented

7 7:4.3.4

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

implemented

If the @bitstreamSwitching is set to true, then the condi-

7.4.3.4

tions required for setting the @segmentAlignment attrib-
ute not set to 'false’ for the Adaptation Set are fulfilled.

implemented

7.4.3.4

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

implemented

7.4.4

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

implemented

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

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

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

profile, ISO Base Media File Format Extended On Demand profile, and ISO Base Media File Format Commojn
profile afe missing.

7.1 IS0 base media file format on demand profile

The profile-specific conformance rules, as well as the implementation status of the conformance rulds
for the IO base media file format on-demand profile, are provided in Table 6.

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

Clanse in Conformance check
[SO/IEC 23009- Rule impl .
1:2019 implementation

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

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

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

7.2 IS0 base media file format live profile

The profile-specific conformance rules, as well as the implementation status of the conformance rulds
for the IFO base media file formatilive profile, are provided in Table 7.

Table-7— ISO base media file format live profile rules

Clause in Conformance check
SO/IEC 23009- Rule imol .
1:2019 implementation

Media Segments containing multiple Media
1 8#4.3 Components shall comply with the formats defined in implemented
ISO/IEC 23009-1:2019, 6.3.4.3, i.e. the brand 'msix’.

tmMedia Segments; att Segmentimdex{ 'sidxjamd-Sub-=
2 8.4.3 segment Index ('ssix") boxes shall be placed before implemented
any Movie Fragment ('moof"') boxes.

7.3 IS0 base media file format main profile

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

16 © ISO/IEC 2020 - All rights reserved


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

ISO/IEC 23009-2:2020(E)

Table 8 — ISO base media file format main profile rules

Clause in
ISO/IEC 23009-1:2019

Rule

Conformance check
implementation

8.5.3

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

implemented

8.5.3

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

before
any Mavie Frngmpnf ('mnnf') boxes

implemented

8.5.3

Each Media Segment of the Representations not
having

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

implémented

1.4 MPEG-2 transport stream simple profile

|

he profile-specific conformance rule, as well as the implementation status of the conformarjce rules
br the MPEG-2 transport stream simple profile, are provided in Tabfe 9.

-

Table 9 — MPEG-2 transport stream Simple profile rules

Clause in
ISO/IEC 23009-1:2019

Rule

Conformance|check
implementgtion

PSI information, including versions, shall be iden-

8.7.3 tical within all Representations contained in an implemented
AdaptationSet
If MPEG-2 conditional access framework is used, same | Specific to a corjditional

8.7.3 ECM shall be-alid for the whole Subsegment, or for access system,|cannot
the whole, Segment, if Index Segment is not present. be tested genefrically.
For an'{hdex Segment, any single Segment Index

8.7.3 ('sidx') box may either reference media, or other implemented

'sidx’, but the same 'sidx' box may not reference both.

8 Conforming test'vectors

[Jetails on conforming test vectors are specified in Annex B.

9 DASH access engine reference software

9.1 ., General

This clause defines the DASH access nn(nnn reference software nrr‘nrr‘]lng to IQﬂ/"—'«'(‘ 23009-

clause, this reference software is referred to as libdash!8l.

. In this

NOTE Reference software implements requirements of a specification and typically serves the following
purposes, (1) validation of the written specification, (2) clarification of the written specification, and (3)
conformance testing for checking interoperability for the various applications against the reference software.

9.2 libdash overview

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

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

— an object-oriented interface into the MPD;

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

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

the dow
libdash
libdash

1 d o F o ) 1 4+ MDPD
1IUdu Ul DCSIIICIILD UcTolIlIIouTu Uy LIIC IVIT 1J.

mplements the full profile of ISO/IEC 23009-1.

Hoes not include adaptation logic and does not provide any segment- or codec-specific/featuresg.

9.3 libdash-enabled example system

Figure 3

of variolis representations described within the MPD) and client (requesting segihents according to t
he delivery of the MPD and client components such as the DASH streaming control (includi

MPD). T
adaptati

libdash

shows a libdash-enabled example system comprising a server (hosting thie MPD and segmentfs

on logic) and the media player are specified within ISO/IEC 23009-1;

provides interfaces for the DASH streaming control (including ‘adaptation logic) and the medi

i

[SSIY)

player tp access the MPD and downloadable media segments. The download order of such medi
segments is not handled by libdash as this is left open to the othér’components.
Conformance : DANE :
. < : ;
Client ; :
i Dumfay SAND HTTP
. DASH Client E4 Conformance
: Server
: D : SAND
: W ErSnle P 4 WebSocket
eCl' ocket Conformance
lent 5 Server
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Figure 3 — libdash-enabled example system
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In an example deployment, a server may provide segments in several bitrates and resolutions. The client
initially receives an MPD through libdash, which provides a convenient object orient interface to that
MPD. Based on that information, the client can download individual media segments through libdash
at any point in time. For example, varying bandwidth conditions can be handled by switching to the
corresponding quality level at segment boundaries in order to provide a smooth streaming experience.
This adaptation is not part of libdash and is left open to the application using libdash.

9.4 libdash availability

ljpdashisavattableat hittps//stamdardsisoorg/isosiec/23669/-2 /ed=3/em

10 Conformance software for ISO/IEC 23009-4

10.1 General

Ih each of these cases, output media segments are saved to the local disk, and.the MPD is transformed
dppropriately and also saved to the local disk. However, the input MPD and-thedia segments may come
from either the local disk or from URLs.

Ih order to compile the utility, open Eclipse and import "mpdCrypto” as an “Existing project’} Eclipse
JDT will compile the needed .class files automatically.

10.2 Design limitations and assumptions

-+ Asingle MPD is processed.

-+ Only the first Representation in the first Adaptationset of the first Period is processed.
-+ Segments are assumed to be listed in a single segmentList.

1 Asingleinstance of contentProtection descriptor of supported type is assumed in encrypted MPDs.
-+ Support for validating MPDs viaSchematron is coming at a later date.

-+ All of the operations are performed serially and synchronously.

10.3 Usage

=

npdEncryptionUtil[<a <authentication-scheme>] -d | -e <encryption-scheme> -i <inputfile.mpd>
[t-no-validate-schema] -o <output-dir>

h,--authenticate <authentication-scheme>

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

d,--decrypt

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

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

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

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

Whether to skip validation of MPD via DASH schema.

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

Directory to which encrypted/decrypted segments will be written.

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

111 C(lnformance rules

The con
conform

An MPD
SAND m

Table 10 — Conformance rules for SAND

formance rules related to ISO/IEC 23009-5 as well as the implementation status'of the
ance rules for SAND are provided in Table 10.

shall comply with the rules 5.G.1 to 5.H.3 in Table 10 in accordance with ISO/HEE23009-5.
pssages shall comply with therules 5.A.1to 5.B.6 in Table 10 in accordance with ISO/IEC 23009-5.

# Object Reference in ISO/ Normative statements from Conformance Status
1IEC23009-5:2017 ISO/IEC 23009-5:2017 rule
5.A.1 |messageType Table 9 When using XML representationformat, this field SAND schema | covered
shall (messageType) be represented by the tag
name of the message element.
5.A.2 |PAND message 7 While SAND network elethehts may implement SAND Schema | covered
epresentation format additional data representation formats, they shall
at least support SAND.thessages in XML format.
5.A.4 |PAND message 7 While SAND network elements may implement SAND Schema | covered
epresentation format additional data r'epresentation formats, they shall
at least suppoert SAND messages in XML format.
5.A.5 |PCOR1 SAND schema fix SAND Schema | covered
5.A.6 |RAbsoluteDeadline 6.4.4.1 AbsoluteDeadline message shall not be sent using SAND Schema | covered
theHTTP POST method.
5.A.7 |MPDValidityEndTime 6.5.4.3 mpdUrl and mpd parameters are mutually ex- SAND Schema | covered
clusive and one of the two shall be present in any
MPDValidityEndTime message.
5.A.7 |ResourceStatus Table’11 Either Representation ID or Base URL shall be used.| SAND Schema | covered
5.B.1 |$haredResource 6.5.3.3 The validityTime attribute in the SAND message SAND covered
\ssignment envelope shall be present for the schematron
SharedResourceAssignment message as it allows
the DASH client to discover for how long the re-
source assignment is available.
5.B.3 [RoSInformatiofy 6.5.7.3 Atleast one of the above parameters (@gbr, @mbr, SAND covered
@delay, @pl) shall exist in the message. schematron
5.B.4 |bytes Table 14 The string shall conform to the byte-range-set SAND covered
according to IETF RFC 7233:2014, subclause 2.1. Schematron
5.B.5 [RpvailabilityTimeOffset Table 21 Either Representation ID or Base URL shall be used. SAND covered
Calo e
5.B.6 |Throughput Table 19 Either Representation ID or Base URL shall be used. SAND covered
Schematron
5.C.1 |messageType Table 2 When using the HTTP header transport of 8.2.3, HTTP header covered
this field (messageType) shall be represented as syntax checker
the header name.
5.C.2 |bytes Table 14 The string shall conform to the byte-range-set HTTP header covered
according to IETF RFC 7233:2014, subclause 2.1. syntax checker
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Table 10 (continued)
# Object Reference in ISO/ Normative statements from Conformance Status
IEC23009-5:2017 ISO/IEC 23009-5:2017 rule
5.C.3 [Attaching a message to 8.2.3 The header value provides the message data. The HTTP header covered
requests for media header value shall conform to the following ABNF: | syntax checker
sand-message-value = sand-object
sand-object = sand-attr-or-list
*( "," sand-attr-or-list )
and—attr—or_—1ligst =— and=
attribute / sand-list
sand-list = "[" sand-object *(
";" sand-object ) "]"
sand-attribute = sand-attribute-
name "=" sand-value
5.C.4 |Attaching a message to 8.2.3 DATETIME shall follow the ISO 8601-1 format, HTTP header covered
requests for media with a dot and not a comma for fractions of se¢- syntax checker
ond to avoid confusion with comma separatihg
key=value pairs.
5.C.5 [Attaching a message to 8.2.3 If attributes defined for the envelope-enattributes HTTP header covered
requests for media defined as common to all messages are’included, syntax checker
they shall appear first in the messdge, and shall be
provided as key=value pairs.
5.D.2 |Transport Protocol to 8.1 This clause defines HTTR/s the minimum trans- SAND server covered
carry SAND Messages port protocol that shall’be\at least supported by
SAND enabled elemenits.
5.D.3 |Transport Protocol to 8.1 The following table.summarizes which HTTP SAND server covered
carry SAND Messages usages shall bésupported (in bold in the table) by
a SAND element'or may be optional depending on
the nature-efthe SAND message.
5.D.4 |[Sendinga message 8.2.2 The Content-Type shallbe application/ SAND server covered
directly to a DANE sand+xml, as defined in Annex C The message
deeirment itself is included as the body part of the
HTTP request.
5.E.1 |Transport Protocol to 8.1 This clause defines HTTP as the minimum trans- SAND client covered
carry SAND Messages port protocol that shall be at least supported by
SAND enabled elements.
5.E.2 |Transport Protocol to 81 The following table summarizes which HTTP SAND client covered
carry SAND Messages usages shall be supported (in bold in the table) by
a SAND element or may be optional depending on
the nature of the SAND message.
5.E.3 |Assistance 8.3.2 Upon receiving an HTTP entity that contains the SAND client covered
SAND header field in its entity head, the DASH cli-
entissues a GET request to the indicated element
to receive the SAND message. The following ABNF
syntax for the header field shall be used:
SAND-header-field = "MPEG-
DASH-SAND" ":" element-
address
element-address =
absolute-URI
5.F1 |[WebSocket messages 10.2.3 Each WebSocket message shall contain a valid WS SAND server | covered
SAND message compliant with the SAND message and client
XML schema.
5.G.1 |urn:mpeg:dash:sa Table 27 In this case, the @endpoint of the MPD schema covered
nd:2015:channel: sand:Channel shall be avalid HTTP-URL.
http:2016
5.H1 |urn:mpeg:dash:s Table 27 In this case, the @endpoint of the MPD covered
and:channel:hea sand:Channel shall not be present. schematron
der:2016
5.H.2 |urn:mpeg:dash:sa 10.1 In this case, the @endpoint of the MPD covered
nd:channel :webso sand:Channel shall be a valid WebSocket URI schematron
cket:2016 as specified in RFC 6455:2011, Clause 3.
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Table 10 (continued)

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

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

'npccngpln Tahle 2 The maximnm value for mpccqge]d isdecided hy Norule N’/A
senders and shall be high enough for receivers to
easily identify which message shall take prece-
dence even when messagelD values have looped
backto 0.

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

\cceptedAlternatives 6.4.3.1 As such message is sent at the same time as a DASH No'rule N/A
segment request, transport protocol defined in sub-
clause 8.2.3 (use of header extensions) shall be used.

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

lientID Table 16 This field shall use the same value as the Senderld No rule N/A
of the SharedResourceAllocation message sent by
the client.
PAND message 7 This clause defines XML as the fgrmat for SAND No rule N/A
epresentation format messages data representation’format. While SAND
network elements may implement additional data
representation formats (such'as JSON), they shall
atleast support SAND messages in XML format.
\ttaching a message to 8.2.3 For SAND messages(defined in another name- No rule N/A
equests for media space than the MPEG namespace (urn:mpeg:dash:
schema:sandmessage:2016), the namespace shall
be present in'the SAND message name with colon
characters-tieplaced with hyphens. For instance:
SAND:-urn-my-example-com-MyMessage.
ignalling of SAND 9.1 Thelsand:Channel@schemeIdUri specifies No rule N/A
ommunication channel which protocol the DASH client shall use with this
SAND channel. The table below lists the mandatory
protocols.

hrn:mpeg:dash:sa Table28 The identifier indicates that the DASH client shall No rule N/A

hd:2015:channel: use the protocol defined in ISO/IEC 23009-5:2017,

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

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

bnd:channel : hea use the protocol defined in ISO/IEC 23009-5:2017,

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

bignalling-efASAND com- 9.1 DASH clients which implement SAND shall sup- No rule N/A

municatiert channel port signalling of SAND channel via HTTP header
and MPD.

irpfmpeg:dash:sa 10.1 The identifier indicates that the DASH client shall No rule N/A
nd:channel :webso use the WebSocket Protocol as specified in ISO/

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

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

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

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

channel:2016 in ISO/IEC 23009-1.
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Table 10 (continued)
# Object Reference in ISO/ Normative statements from Conformance Status
IEC23009-5:2017 ISO/IEC 23009-5:2017 rule
SharedResource C.1 Implementation of these strategies shall follow No rule N/A
Allocation the normative algorithms described in this annex.
Allocation Strategies When DASH clients do not agree on the same strat-
egy, itis up to the DANE to decide which strategy
to apply.
11.2 Software
11.2.1 Design and architecture Qq/
[he conformance of ISO/IEC 23009-5 comprises two modules, namely the SAND Con oﬂnénce Clientand

ent by the HTTP server simulating a DANE (called Dummy DANE in Figure 4). nstance,a D
sert a URL pointing to a SAND message in the HTTP header of a segment onse. In this 3
e SAND Client verifies that the SAND HTTP header is present. If prese (;t sends a HTTP re
at URL. Upon reception, it checks the received SAND messages agai he SAND XML sch
hematron. Conversely, the SAND Server validates the SAND protoc6l'and the SAND message
an HTTP client simulating a DASH Client. K\

e SAND Conformance Server. The SAND Client validates the SAND protocol and~the SAND messages

ANE can
cenario,
quest to
bma and
5 sent by

QQ. Client

N

DASH Content

DASH Streaming Control

incl. Adaptation Logic
Various Representations ( 2 gic)

low bitrate high bitrate

Segment

MPD Parser

HTTP

Manager Segment Par:

el

§V Figure 4 — Scope of conformance software for ISO/IEC 23009-5
R
)

© ISO/IEC 2020 - All rights reserved

23


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

ISO/IEC 23009-2:2020(E)

11.2.2 Usage

11.2.2.1 SAND HTTP conformance client

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

Usage: sand client.py [OPTIONS]

Execyte the request and the validation of the received HTTP response. (i;>
Optiony: bel/
-u, q-url_to_request TEXT DANE URL to request, e.g. http://mydane.%g$§>
-p, q-protocol [assistance|enforcement|error] (l/
Protocols to carry PER messages sp§§§§;2d in
ISO/IEC 23009-5 %O
--help Show this message and exit. g\\
Example

|python sand client.py -u http://my—dane.com/trigger—asQ{§fance -p assistance

Examplp of valid assistance PER transport

INFO:rdot: [TEST] header OK|mpeg-dash-sand headers found in the response

INFO:rqot: [TEST] URL OK|The provided URL is.Valid|http://my-dane.example.com/messages/
MpdvValidityEndTimel.xml

DEBUG: Jequests.packages.urllib3.connecttonpool:Starting new HTTP connection (1): my-dane.
exampldg.com

DEBUG: jequests.packages.urllib3.cénnectionpool:http://my-dane.example.com:80 "GET /
messagdqs/MpdvalidityEndTimel . xf@\HTTP/1.1" 200 307

INFO:rqot: [TEST] content-type)header |OK|Valid content typel|application/sand+xml
INFO:rdot: [TEST] HTTP respense code|OK|value=200

INFO:rdot: [TEST] messeage|OK|XML message format valid

INFO:rqot: [RESULT{ /S¥ccess

Examplp of invalid error PER transport

INFO:rdqotfNIEST] content type header|KO|Wrong content type|expected=application/
sand+xnl uased=text/html; charset=utf-8

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

INFO:root: [TEST] message|KO|XML message format invalid
INFO:root: [RESULT] Failure
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11.2.2.2 SAND HTTP conformance server

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

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

By default, the server listens on port 5000.

Endpoints

header

]

his endpoint validates that a DASH client sends a SAND message via the HTTP header as spetified by
50/1EC 23009-5 SAND.

]

HTTP response — Failed validation

Report for SAND headers conformance:

band-Maxrtt: PASSED

HTTP response — Failed validation

Ieport for SAND headers conformance:

and-Maxrtt: FAILED

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

metrics

—

his endpoint validates that a DASH client sends a metric message via the HTTP POST m¢thod as
pecified by ISO/IEC 23009-5 SAND.

%)
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Example of valid request

Accept:

POST /metrics HTTP/1.1

application/json, */*

Accept-Encoding: gzip, deflate
Connection: keep-alive

Content-Length: 296

Contenfl-type: application/sand+xml Q
Host: dand-conf-server.my-example-server.com (]9(]/
User-Adent: HTTPie/0.9.9 ‘.
bel/
<?xml yYersion="1.0" encoding="UTF-8"?> (bQ
<SANDMdssage xmlns="urn:mpeg:dash:schema:sandmessage:2016" senderId="abcl "
generaflionTime="2016-02-21T11:20:52-08:00"> \\
<Tcpl}ist messageId="1234"> O
<TdpConnection tcpid="143" dest="542" topen="2016—04—21T14&}:52—08:OO"/>
</TcygList> QQ
</SANDMessage> \Q
HTTP/1J1 200 OK \QQ)
\.
Connecfjion: keep-alive $
.\@

Contenfi-Length: 12 A
Contenf|-Type: text/html; charset=utf—8\b\o
Date: TMue, 18 Jul 2017 12:35:27 GMTC}\(.)
Serverd gunicorn/19.6.0 ‘.,
Via: 1J1 vegur &
[RESULT] [OK] \O)O
Server log
INFO:rdot: [TEST\OK] HTTP method (POST)
INFO:rdot: [PEST] [OK] Content-Type (application/sand+xml)
INFO:rqden[TEST] [OK] SAND message validation
INFO:root: [RESULT] [OK]
26 © ISO/IEC 2020 - All rights reserved
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Example of invalid request (HTTP method, content-type header, message format failed)

PUT /metrics HTTP/1.1

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

Content-Length: 255

ontent-type: application/xml
ost: sand-conf-server.my-example-server.com

fser-Agent: HTTPie/0.9.9

?xml version="1.0" encoding="UTF-8"?2>

SANDMessage xmlns="urn:mpeg:dash:schema:sandmessage:2016" sendexrId="abcl234"
enerationTime="2016-02-21T11:20:52-08:00">

<TcpList messageId="1234">
<TcpConnection tcpid="socketl"/>
</TcpList>

/SANDMessage>

HTTP/1.1 400 BAD REQUEST

onnection: keep-alive

ontent-Length: 12

ontent-Type: text/html; charset=uté-8
ate: Tue, 18 Jul 2017 12:38: 2Q0\6MT
erver: gunicorn/19.6.0

VYia: 1.1 vegur

RESULT] [KO]

Server log

[NFO:roof %)V [TEST] [KO] Content-Type (application/xml != application/sand+xml)

b lementy ' {urn:mpeg:dash:schema:sandmessage:2016}TcpConnection', attribute 'tcpid':
sgcketl' is not a valid value of the atomic type 'xs:unsignedInt'., line 4

HroTootTEE ST oK e thod—BP5F——POo St

INFO:root: [RESULT] [KO]

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

11.2.2.3 SAND WebSocket conformance server

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

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

INFO:root: [TEST] [OK] Data frame type. Text frame received.

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

Example of invalid request

INFO:roof - [TEST] [OK] Data frame f/pr: Text frame received

Element
element

INFO:rdot: [TEST] [KO] SAND message validation

'{urn:mpeg:dash:schema:sandmessage:2016}BufferLevellist': Missing child
(s). Expected is ( {urn:mpeg:dash:schema:sandmessage:2016}BufferLevel )., lide)3

11.3 T¢st vectors

Test veck

test vecfors are provided.

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

12 Con

12.1 Arx

The confformance for ISO/IEC 23009-6 comprises a software module called PushDirective Validatdr

written

acknowledgements. Each input is validated against.the ABNF grammars defined in ISO/IEC 23009-6.
The conformance module simply returns the nutnber of correctly parsed valid examples and t
number |of incorrect inputs detected (see Figure®).

ors cover metrics, per, status messages and MPD with SAND signalling. Both'valid and invalid

formance for ISO/IEC 23009-6 server push

chitecture

n the Python®2) language. This module takes as'put one or more input push directives or push

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

named.
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( PushDirective

ABNF grammars

S L Generator

—

Conformance

software

PushDirective
Parser

|

v wl

support.

4

PushType Match?
List of pushed URLs

oK/ [NoK]

Containing:

Input = Test headers with push directives + segmen

Expected outputs:
- pushType

- pushed segments as a list of URLs

N

\
B
S

params]

Figure 5 — Description of ISO/IEC 23{@ conformance software

12.2 Status

.

rom the list of defined PushType in

N~
.\0

N

O

The Part-6 validator is written in Python langua%%\@
o\

N
.\@

[{@/ EC 23009-6:2017, Table 4, Table 11 indicates the

Table 11 — Level of sup,pgl’t for the different push types defined in ISO/IEC 23009

PushDirective
Validator

level of

6

‘\\
RN

PushType Status
urn:mpeg:dash:se@?push:2017 :push-fast-start covered
urn:mpeg:das}zl‘.@fverpush :2017:push-1list covered
urn:mpeg: @%h‘{serverpush :2017:push-next covered
urn:mp ;sh:serverpush:2017 :push-none covered
urnﬂ@ :dash:serverpush:2017:push-template covered
U&\Jpeg :dash:serverpush:2017 :push-time covered

N

v w]

0 'ﬁ&)ush types accepting parameters defined by an ABNF grammar, indicates the level of

support

foreach of these parameters

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

Attribute Type ABNF Status
Initialization ATTRIBUTE_ITEM = “init-only” covered
segments only
Media Type ATTRIBUTE ITEM = covered
“type=" MEDIATYPE
MEDIATYPE = “video” / “audio”

Start bitrate ATTRIBUTE_ITEM = “bitrate="” RATE covered
RATE = SQUOTE INTEGER SQUOTE

Resolutipn ATTRIBUTE ITEM = “height=” RESOLUTION covered
RESOLUTION = SQUOTE INTEGER SQUOTE

Languagde ATTRIBUTE ITEM = “lang=" SQUOTE STRING SQUOTE Covered 2

Media ajnount ATTRIBUTE ITEM = covered
“D=" SQUOTE INTEGER SQUOTE /
“B=" SQUOTE INTEGER SQUOTE

Media sfarting point |ATTRIBUTE ITEM = “t=” START POINT covered
START POINT = “begin” / “now”

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

Combindtion of the ATTRIBUTE LIST = ATTRIBUTE ITEM OWS “;” QWS ATTRIBUTE

above pjrameters LIST / ATTRIBUTE_ITEM covered

a  Somg¢ exceptional cases may not be well supported (extended languagé.subtags with their primary language).

This soffware is updated to support all the push types fromISO/IEC 23009-6:2017, Table 4.

12.3 Lggistics

This corfformance software is provided at https{//standards.iso.org/iso-iec/23009/-2/ed-2. The zip file

containg a readme file plus the following Python files:

1) DashPart6ABNF.py is the main file.{Running this file launches the validation on two sets of push
dirgctives: one valid set and one, invalid set. For the valid set, 100 % success is expected and fdr
invdlid test cases, the test is censidered successful when 100 % expected failures is obtained.

2) DashPart6Lang.py containsparsing code for lang attribute used in push-fast-start. (This file alsp
confains test samples from RFC 5646).

3) DashPart6RFC5646.py contains declaration related to RFC 5646 (for language).

4) DashPushFastSpart.py contains parsing code for fast start pushDirective plus valid/invalid tegt
samples.

5) DashPushList.py contains parsing cove for URL list push directive plus valid/invalid test samples,

6) DashPushiNext.py comtains the code for pUSIT-NexXt directive vaidation pius vatid/mvatid test
samples.

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

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

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

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

30

© ISO/IEC 2020 - All rights reserved


https://standards.iso.org/iso-iec/23009/-2/ed-2
https://standardsiso.com/api/?name=7c3ed6545b9973ed6a341d33620db81f

11) urlparse_.py contains code for URL parsing.

ISO/IEC 23009-2:2020(E)

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

12.4 Usage

Usage: DASHPart6ABNF.py [-h] [--mode {0,1,2}]

[——level {debug.info,warning.error.criticalll

[--directive DIRECTIVE]

ptional arguments:
-h, --help show this help message and exit
--mode {0,1,2}, -m {0,1,2}
Kind of tests to run: valid(0)

invalid(l) or both (2)

The logging level (as in python

"warning")

--directive DIRECTIVE, -d DIRECTIVE

start\";inkk4only;"

(the defeatidt) ;

--level {debug,info,warning,error,critical}, -1 {debugkimtfo,warning,error,critic

Logger, default =

Tests a user-provideddpush-directive (as a string
between double-qudtes). For example: -d

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

hl}

There are three testing modes:

valid push directives orpuishAck(s) are correctly parsed,

are correctly deteeted,

whether the push-directive is valid or not.

1

description of possible levels).

—+ running the grammar validator on valid test samples -m O (the default mode) or -m 2 to ch
—+ running the grammarvalidator on invalid test samples -m 1 or -m 2 to check that expected
-+ running the grammar validator against a user-provided push-directive. The software pi

or any testing mode, the level of logs can be controlled with the -1 option (see Python Logge

eck that

failures

ints out

r for the

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

MPD conformance checking

Al G

This an
in Claug
corresp

-2/ed-3

A.2 Step 1: XLink resolver

A2.1

The foll

a)

b)

URI
and

URI

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

bneral

hex provides detailed means for MPD conformance checking using the three steps.outlinefd
le 5. Detailed examples and expected output behaviour are described for each, step. Thie
nding software and more examples are provided at https://standards.iso.org/iso=iec/23009/
en.

zeneral
wing rules apply to the processing of URI references withingx*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.

shalll apply.

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

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

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

URI reference is relative then reference resolution as defined in ISO/IEC 23009-1:2019, 5.6.4

D

bd into the MPD by applying the following rules:

ibutes and elemernits 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

e of the-attribute in the remote element.

renote element referenced by the @xlink:href shall conform to the type definition of th|e
Yo tbho MDD +h ot oot ainc

elemest

oW B T y=d
TCTIC IIT CIICTIVIT I CITaC CUTICATIITS CX LT IR s IIre Ty

All XLink attributes shall be removed after dereferencing is completed.

c) URI
refe
d) Any|
e) Ifa
The re
embedd
a) Atty
the
valy
b) The
<)
d)

All resources in the remote element referenced by exlink:href shall have an availability end time
as specified by MPDRavailabilityEndTime.

A.2.2 Example 1

ex01 xlink valid.mpd shows a valid MPD with XLink references. The output of the program is a
success message for each step. This example comprises the following files: ex01 x1ink valid.mpd,
ex01 include.mpd, and ex0 1 include 1.mpd.
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A.2.3 Example 2

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

XLinkException: Circular referencing detected!

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

A.2.4 Example 3

[0)

x03 xlink_invalid ftp.mpd shows an invalid MPD with XLink references with a wrengpratocol. In
his example, the FTP protocol is used instead of HTTP. The program indicates the wrongprotdcol with
he following error message:

&

ALinkException: Only HTTP links are allowed!

—

his example comprises the following files: ex03 x1ink invalid ftp.mpd,

oY

.2.5 Example 4

x04 xlink invalid wrongelement.mpd shows an invalid MPD with XLink references where the XLink
efinition points to a different remote element than the lecal"element. In this example, injstead of
ointing to a Period element, the XLink points to a Representation element. The program indigates the
irong element type with the following error message:

<7D Qo 0

ALinkException: Referenced Document must contaln“same element type as referencing ellement!

x

eferencing element: Period
Referenced element: Representation

—

his example comprises the following~files: ex04 xlink invalid wrongelement.mpd anfl ex04
ilnclude.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 the MPD
schema defined in 1ISO/IEC 23009-1.

A.3.2 Example 1

ex01 valdditor valid.mpd shows a valid MPD. The output of the program is a success megsage for
ach step.

(o)

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

ex04_validator_missingprofile.mpd shows an invalid MPD with a missing profile attribute. Thé errdr
occurs dfter the MPD element and is indicated by the following error message:

Line:Co
XML val

A.4 Step 3: Schematron validator

A4.1
This su

validatign schema can be found in A.4.2. A description thereof (i.e,a;more readable version of the rules

and ass¢
The actu

Xampie &

| [8:66] :cvc-complex-type.4: Attribute 'profiles' must appear on element~'*MPD'.
idation not successful - DASH is not valid!

Feneral

pclause defines step 3 of the MPD conformance checking based on ISO/IEC 19757-3. The

rtion messages) is provided in A.4.3. The MPDs for conformance checking are defined in A4.
al MPDs and corresponding code can be found attached.to this document.

A.4.2 $Schematron validation schema
<?xml vprsion="1.0" encoding="UTF-8"?>
<schema| xmlns="http://purl.oclc.org/dsdl/schém@tron" xmlns:dash="urn:mpeg:dash:schema:
mpd: 201" xmlns:xsi="http://www.w3.0rg/2001/XMLSchema-instance”" xmlns:xlink="http://www.
w3.0rg/[1999/x1ink" queryBinding='xslt' schemaVersion='IS019757-3'>
<ns prefix="dash" uri="urn:mpeg:dashilschema:mpd:2011"/>
<ns prefix="xlink" uri="http://wwww3d.org/1999/x1link"/>
<ns prefix="xsi" uri="http://wwwl(w.org/2001/XMLSchema-instance"/>
<titlle>Schema for validating MPDs</title>
<patfern name="MPD element'">
<}-- R1.*: Check the codfprmance of MPD -->
<fkule context="dash:MRED'}>
<!-- R1.0 -—>
<assert test="¥f ldtype = 'dynamic' and not(@availabilityStartTime)) then false(
else trpe()">If MPD is~of’ type "dynamic" availabilityStartTime shall be defined.</assert>
<!-= R1.1 =%
<assert te€st="if (Q@type = 'dynamic' and not (@publishTime)) then false() else
true () "pIf MPD ig~0Of type "dynamic" publishTime shall be defined.</assert>
<!-==RI".3 -->
<l-z~Xassert test="if (@type = 'static' and not (@mediaPresentationDuration)) theh
false()| edse true()">If MPD is of type "static" mediaPresentationDuration shall be
defined} </assert> -->
<!-- R1.4 -->
<assert test="if (@type = 'static' and descendant::dash:Period[1l]/@start and

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

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

[

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

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

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

<!--— R1.5 -—>
<assert test="if (not (@mediaPresentationDuration) and not (EminimumUpdatePeriod))

then false () else true()">If mediaPresentationDuration is not defined for the MPD
minimumUpdatePeriod shall be defined or vice versa.</assert>
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<!-- R1.7 -->
<assert test="if (not (@profiles) or (contains(@profiles,
'urn:mpeg:dash:profile:isoff-on-demand:2011') or contains (@profiles,

'urn:mpeg:dash:profile:isoff-1ive:2011") or contains(@profiles,
'urn:mpeg:dash:profile:isoff-main:2011') or contains(@profiles, 'urn:mpeg:dash:profile:f
ull:2011') or contains(@profiles, 'urn:mpeg:dash:profile:mp2t-main:2011') or contains (@
profiles, 'urn:mpeg:dash:profile:mp2t-simple:2011"'))) then true() else false()">The
On-Demand profile shall be identified by the URN "urn:mpeg:dash:profile:isoff-on-
demand:2011". The live profile shall be identified by the URN
"urn:mpeg:dash:profile:isoff-1ive:2011". The main profile shall be identified by the URN
"urn:mpeg:dash:profile:isoff-main:2011". The full profile shall be identified by the URN
"Hrne-mpeag-dash:profile-f1111:-2011" The mp2t-main profile shall be identified by the URN
"lurn:mpeg:dash:profile:mp2t-main:2011". The mp2t-simple profile shall be identified by the
URN "urn:mpeg:dash:profile:mp2t-simple:2011".</assert>
<!-- R1.8 -->
<assert test="if (not (contains (@profiles, 'urn:mpeg:dash:profile:isofif-on
demand:2011"')) or not (@type) or @type='static') then true() else false()">Eor On-Demand
drofile, the MPD @type shall be "static".</assert>

<!-- R1.9 -—>

<assert test="if (not (@mediaPresentationDuration) and not (GminhimumUpdatePeriod)
nd not (dash:Period[last()]/@duration)) then false() else true()">If iMminimumUpdatePeriod
ils not present and the last period does not include the durations attribute the
nediaPresentationDuration must be present.</assert>
<!-- R1.10: Disabled, there is no such conformance point in DASH 2nd editijon
(cuurent) -->
<!-- assert test="if (@type='dynamic' and not (Qkd)Y~ then false () else truq()">If
thhe MPD type is dynamic, the id shall be present </asserty->

Q

</rule>
</pattern>
<pattern name="Period element">
<!-- R2.*: Check the conformance of Peri&dJ-->
<rule context="dash:Period">
<!-— R2.0 -—>
<assert test="if (string(@bitstrgamSwitching) = 'true' and string(child::dash:Ada
tationSet/@bitstreamSwitching) = 'falgse!) then false() else true()">If bitstreamSwlitching

o)

s set to true all bitstreamSwitching.declarations for AdaptationSet within this Period
ghall not be set to false.</assert>
<!-— R2.1 -—>
<assert test="if (@id ,spreceding::dash:Period/@id) then false() else trueg()">The
id of each Period shall be unidue.</assert>
<!-- R2.2: This rule™has been found to not work properly, hence disabled flor now
—+->
<!-- assert test="1if ((years-from-duration(@start) + months-from-duration (dstart)
days-from-duration (@start) + hours-from-duration(@start) + minutes-from-duration (|dstart)
seconds-from-duration (@start)) > (years-from-duration(following-sibling::dash:Period/@
tart) + months-from-duration(following-sibling::dash:Period/@start) + days-from-
uration (following<sibling::dash:Period/@start) + hours-from-duration (following-
ibling::dash:Period/@start) + minutes-from-duration(following-sibling::dash:Period/@
tart) + sec@nis-from-duration(following-sibling::dash:Period/@start))) then false[() else
rue () ">Perigds shall be physically ordered in the MPD file in increasing order of |their
tart time)\7/assert-->
A-- R2.3 --—>
<assert test="if ((child::dash:SegmentBase and child::dash:SegmentTemplatg and
dhild:¢dash:SegmentList) or (child::dash:SegmentBase and child::dash:SegmentTemplate) or
(jchinld: :dash:SegmentBase and child::dash:SegmentList) or (child::dash:SegmentTemplajte and

T | <l e O T PN W, £ L bl = JAN ] RN S = £ O £
Tt ST o e oM T T o ST et ot Sty —S |=E=a s w) o oSt T FEENCACAS Pl s s u e mie ye A —

W ct v O v 4 4

SegmentTemplate and SegmentList shall be defined in Period.</assert>

<!-— R2.4 -—>

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

<!-- R2.5 -->

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

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

<assert test="if (@duration = 0 and count(child::dash:AdaptationSet)) then
false () else true()">If the duration attribute is set to zero, there should only be a
single AdaptationSet present.</assert>
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<!-- DASH 8.3.2 —-->
<assert test="if (contains(ancestor::dash:MPD/Qprofiles,
'urn:mpeg:dash:profile:isoff-on-demand:2011"') and (child::dash:SegmentlList or
child::dash:SegmentTemplate)) then false() else true()">Neither the Period.SegmentList
element nor the Period.SegmentTemplate element shall be present for On-Demand profile,
violated here. </assert>
</rule>
</pattern>
<pattern name="AdaptationSet element'">
<!-- R3.*: Check the conformance of AdaptationSet -->
<rule context="dash:AdaptationSet">
l—— R3.Q --
<assert test="if (Qid = preceding-sibling::dash:AdaptationSet/Q@id) then false (9
else trpe()">The id of each AdaptationSet within a Period shall be unique.</assert>

<!-- R3.1 -->
<assert test="if ((@lang = descendant::dash:ContentComponent/Q@lang) or. (@
contentllype = descendant::dash:ContentComponent/@contentType) or (@par = descendant::dash
Contentfomponent/@par)) then false() else true()">Attributes from the AdaptatipnSet shall
not be fepeated in the descendanding ContentComponent elements.</assert>
<!--= R3.2 --—>
<assert test="if ((Q@Qprofiles and descendant::dash:Representation/@profiles) or (
width ahd descendant::dash:Representation/@width) or (@height and dese€émdant::dash:Repres
ntationf@height) or (@sar and descendant::dash:Representation/@sar)/ gr (@frameRate and de
cendant}f :dash:Representation/@frameRate) or (RaudioSamplingRate afiddescendant::dash:Repr
sentatipn/@audioSamplingRate) or (@mimeType and descendant::dash:R€presentation/@mimeType
or (@sepmentProfiles and descendant::dash:Representation/@segmentProfiles) or (@codecs an
descendpnt: :dash:Representation/@codecs) or (@maximumSAPPeriod and descendant::dash:Repre
entatioh/@maximumSAPPeriod) or (@startWithSAP and descendaft)::dash:Representation/@
startWifhSAP) or (@maxPlayoutRate and descendant::dash:R&présentation/@maxPlayoutRate) or
(QcodinpDependency and descendant::dash:Representation@codingDependency) or (@scanType
and desfendant::dash:Representation/@scanType)) then false() else true ()">Common
attribufes for AdaptationSet and Representation shall either be in one of the elements buf
not in poth.</assert>
<!l-- R3.3 -—>
<assert test="if ((@GminWidth > @maxWidth) or (@minHeight > @maxHeight) or (@
minBandpidth > @maxBandwidth)) then false () .&bdse true()">Each minimum value (minWidth,
minHeight, minBandwidth) shall be larger tian the maximum value.</assert>
<!l-- R3.4 -—>
<assert test="if (descendant,sdash:Representation/@bandwidth &lt; @minBandwidth
or descgndant::dash:Representation/@pandwidth > @maxBandwidth) then false() else
true () "pThe value of the bandwidth attribute shall be in the range defined by the
AdaptatfonSet.</assert>
<!-- R3.5 -->
<assert test="if (descendant::dash:Representation/Q@width > @maxWidth) then
false()]| else true()">The value of the width attribute shall be in the range defined by th
AdaptatfonSet.</assert>
<!-- R3.6 -—>
<assert test&™if (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.V/"-->
<assert/test="if (count(child::dash:Representation)=0) then false() else
true () "pAn AdaptationSet shall have at least one Representation element.</assert>
A-¢ R3.8 ——>
<gassert test="if ((child::dash:SegmentBase and child::dash:SegmentTemplate and
child: : BaskSegmentist—or—tehitd—deshrSeagmerntis arra—eh e dashSeagrertfemetate—or
(child::dash:SegmentBase and child::dash:SegmentList) or (child::dash:SegmentTemplate and
child::dash:SegmentList)) then false() else true()">At most one of SegmentBase,
SegmentTemplate and SegmentList shall be defined in AdaptationSet.</assert>

<!--= R3.9 --—>

<assert test="if ((@minFrameRate and (descendant::dash:Representation/@frameRate
&1t; @minFrameRate)) or (@maxFrameRate and (descendant::dash:Representation/@frameRate > @
maxFrameRate))) then false() else true()">ISO/IEC 23009-1:2019, 5.3.3.2: The value of the
frameRate attribute shall be in the range defined by the AdaptationSet.</assert>

o™

o

T

%

</rule>
</pattern>

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

ot

<!-- R5.1 -->
<assert test="if (not(child::dash:SegmentTemplate or parent::dash:AdaptatilonSet/
ash:SegmentTemplate or ancestor::dash:Period/dash:SegmentTemplate) and(contains (@
rofiles, 'urn:mpeg:dash:profile:isoff-1ive:2011') or contains (ancestorrdash:MPD/@
rofiles, 'urn:mpeg:dash:profile:isoff-1ive:2011') or contains (parent:idash:Adaptatfion
et/@profiles, 'urn:mpeg:dash:profile:isoff-1ive:2011'))) then falsel) else true()"pFor
ive profile, the SegmentTemplate element shall be present on atr least one of the three
evels, the Period level containing the Representation, the Adap€dtion Set containijpg the
epresentation, or on Representation level itself.</assert>
<!-- R5.2 -->

<assert test="if ((child::dash:SegmentBase and chiNd::dash:SegmentTemplateg and
hild::dash:SegmentList) or (child::dash:SegmentBase and¢hild::dash:SegmentTemplatfe) or
child::dash:SegmentBase and child::dash:SegmentList){er (child::dash:SegmentTemplajte and
hild::dash:SegmentList)) then false() else true()"XAH 'most one of SegmentBase,
egmentTemplate and SegmentList shall be defined iW/Representation.</assert>

o= =2 g g QO

Lo —~Q

<!-- Unique ID check -5
<assert test="if ((@id = preceding-sdbling::dash:Representation/Q@id) or (@
d=parent::dash:AdaptationSet/preceding-sibkbling: :dash:AdaptationSet/dash:Representajtion/@
d) ) then false() else true()">The id of edch Representation within a Period shall be
unique.</assert>

[SEEn

</rule>
</pattern>
<pattern name="SubRepresentatgon element">
<!-- R6.*: Check the comfdrmance of SubRepresentation -->
<rule context="dash:SubRepresentation">
<!-- R6.0 -—>
<assert test="if\¢tllevel and not (@bandwidth)) then false() else true()">Ifl the
evel attribute is defined for a SubRepresentation also the bandwidth attribute shalll be
defined.</assert>

|

</rule>
</pattern>
<pattern na&mé="SegmentTemplate element">
<!-- RZ+*: Check the conformance of SegmentTemplate -->
<rudgsctontext="dash:SegmentTemplate">
<A-- R7.0 -—>
<assert test="if (not (@duration) and not(child::dash:SegmentTimeline) and |pot (@
initdGalization) ) then false() else true()">If more than one Media Segment is present the
dutation attribute or SegmentTimeline element shall be present.</assert>

! kB |
7T

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

<!-= R7.2 —-=—>

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

<!-- R7.3 -->

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

<!-=- R7.4 -—>

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

<!-= R7.5-->

<assert test="if (matches (@media, '\$.["\$]*\$')) then every $y in (for $x in
tokenize (@media, '\$(Bandwidth|Time |Number |RepresentationID) (%.["\$]1*)?\$') return
matches ($x, '\$.["\$]1*\$')) satisfies Sy eq false() else true()">Only identifiers such as
$Bandwidth$, $Time$, SRepresentationID$, or $Number$ shall be used.</assert>

<!-- R7.6-->

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

</rule>

</pagtern
<patfern name="SegmentList element">

<[{l-- R8.*: Check the conformance of SegmentList -->
<fkule context="dash:SegmentList">
<!-- R8.0 -->
<assert test="if (not (Q@duration) and not (child::dash:SegmentTimeline))_ then if
(count (fhild::dash:SegmentURL) > 1) then false() else true() else true()">If more than ong

Media Spgment is present the duration attribute or SegmentTimeline element shall be
present) </assert>

<!-- R8.1 -->

<assert test="if (Q@duration and child::dash:SegmentTimeline) then false() else
true () "pPEither the duration attribute or SegmentTimeline element shalil¥pe present but not
both.</pssert>

<!-- R8.2 -->

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

<frule>

</paftern>
<patfern name="SegmentBase element">

<|'-- R9.*: Check the conformance of SegmentBase =%
<fule context="dash:SegmentBase">
<!-- R9.0 --—>
<assert test="if (not (@indexRange) and @indexRangeExact) then false() else
true () "pIf indexRange is not present indexRangeExact shall not be present.</assert>
<!-- R9.1 -->

<assert test="if (@timeShiftBuffénrDepth) then if (@timeShiftbuffer &1t;
dash:MPp/@timeShiftBufferDepth) then falsefy else true() else true()">The
timeShiftBufferDepth shall not be smaller “than timeShiftBufferDepth specified in the MPD
elementK/assert>
<Yrule>
</paftern>
<patfern name="SegmentTimeline, element">

<[l-- R10.*: Check the conformance of SegmentTimeline -->
<fkule context="dash:SegmentTimeline">
<!-- R10.0 -->

<assert test="if( ((1f (ancestor::dash:*[1]/Q@timescale) then (child::dash:S/@d diy
ancestof::dash:*[1]/Qtime€scale) else child::dash:S/@d) > (years-from-
duratioh (ancestor: :daéhiMPD/@maxSegmentDuration) + months-from-
duratioh (ancestor: :dagh:MPD/@maxSegmentDuration) + days—-from-duration (ancestor::dash:MPD/R
maxSegmpntDuratio)/+ hours-from-duration (ancestor::dash:MPD/@maxSegmentDuration) +
minutesffrom-duration (ancestor: :dash:MPD/@maxSegmentDuration) + seconds-from-
duratioh (ancestey: :dash:MPD/@maxSegmentDuration))) then false() else true()">The d
attribufe ofia, SegmentTimeline shall not exceed the value give bei the MPD
maxSegmentbutation attribute.</assert>

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

<!-- R12.1 -—>

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

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

</rule>
</pattern>
<pattern name="Role element'>
<!-- R13.*: Check the conformance of Role -->
rule context="dash:Role"
<!-- R13.0 -->
<assert test="if ((@schemeIdUri = 'urn:mpeg:dash:role:2011') and not (@¥allle =
'lcaption' or @value = 'subtitle' or @value = 'main' or @value = 'alternate' oxn\@valjue =
'supplementary' or @value = 'commentary' or @value = 'dub')) then false else*tfue ()['>The
vlalue of Role (role) shall be caption, subtitle, main, alternate, supplementdry,
dommentary or dub.</assert>
<!-- R13.1 --—>
<assert test="if ((@schemelIdUri = 'urn:mpeg:dash:stereoid:2011") and not (sftarts-
with (@value, 'l') or starts-with(@value, 'r'))) then false() else _trué()">The valuegl of
Role (stereoid) shall start with 'l' or 'r'.</assert>
</rule>
</pattern>
<pattern name="FramePacking element">
<!-- R14.*: Check the conformance of FramePacking —>
<rule context="dash:FramePacking">
<!-- R14.0 -->
<assert test="if ((@schemeIdUri = 'urn:mped:dash:14496:10:frame packing
grrangement type:2011') and not (contains (parent::dash:AdaptationSet/Qcodecs, 'avc')| or con
tlains (parent::dash:AdaptationSet/@codecs, 'svc')Nor contains (parent::dash:AdaptationSet/@
dodecs, 'mvc')) and not (contains (parent::dash:Répresentation/@codecs, 'avc') or conftains (p
grent::dash:Representation/@codecs, 'svc') orpeontains (parent::dash:Representation/|@
dodecs, 'mvc'))) then false() else true()"xThe URI urn:mpeg:dash:14496:10:frame packing
grrangement type:2011 is used for Adaptation Sets or Representations that contain a video
domponent that conforms to ISO/IEC 14496»20.</assert>
<!-- R14.1 -->
<assert test="if ((@schemeldUri = 'urn:mpeg:dash:13818:1:stereo_video_ format
tlype:2011') and not (parent::dash;AdaptationSet/@mimeType = 'video/mp2t') and not (parent::d
dsh:Representation/@mimeType = ,['wideo/mp2t')) then false() else true()">The URI
yYrn:mpeg:dash:13818:1:stereo wideo format type:2011 is used for Adaptation Sets or
Representations that contain a“video component that conforms to ISO/IEC 13818-1.</alssert>
<!-- R14.2 -—>
<assert test="if\{not (@schemeIdUri = 'urn:mpeg:dash:14496:10:frame packing
grrangement type:2011!))\and not (€schemeIdUri = 'urn:mpeg:dash:13818:1:stereo video [format
Hype:2011"')) then falseA) else true()">schemeldUri for FramePacking descriptor shalll be
Urn:mpeg:dash:14496(:10: frame packing arrangement type:2011 or
Urn:mpeg:dash:138¥8:1l:stereo video format type:2011.</assert>
<!-- RLA4M3 --—>
<assért test="if (not(@value = '0' or @value = 'l1l' or @value = '2' or @Qvallue =
3" or @valdg== '4' or @value = '5' or @value = '6')) then false() else true()">Thel value
df FramePadking shall be 0 to 6 as defined in ISO/IEC 23091 (all parts) .</assert>
<Arule>
</pattern>
pattern name="AudioChannelConfiguration element">
<!-- R15.*: Check the conformance of AudioChannelConfiguration -->
et rEext=ldashAudiochanretConfiguration!
<!-- R15.0 -->
<assert test="if ((@schemeIdUri = 'urn:mpeg:dash:outputChannelPositionList:2012")
and not (count (tokenize (@value, ' ")) > 1)) then false() else true()">If URI urn:mpeg:das

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

</rule>
</pattern>

<pattern name="EventStream element">

<!-- R16.*: Check the conformance of SegmentList -->
<rule context="dash:EventStream">
<!-- R16.0 —-—>
<assert test="if (QRactuate and not (Ghref)) then false() else true()">If href is
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not present actuate shall not be present.</assert>
<!-- R16.1 -—>
<assert test="if (not (@schemeIdUri)) then false() else true()">schemeIdUri shall
be present.</assert>
</rule>
</pattern>

<pattern name="Subset element">
<rule context="dash:Subset">
<!--R17.1-->
<assert test="if (@id = preceding::dash:Subset/@id) then false() else
true () "xThe id of each Subset shall be nunigue assert
</rule>
</ppttern>

<patfern name="UTCTiming element">

<|'-- R18.*: Check the conformance of UTCTiming -->
<fkule context="dash:UTCTiming">
<!-- R18.1 -->
<assert test="if ((@schemelIdUri = 'urn:mpeg:dash:utc:ntp:2014"') ox "Y@schemeldUri

= 'urn:jnpeg:dash:utc:sntp:2014"') or (@schemeIdUri = 'urn:mpeg:dash:utc:http head:2014"') of
(@schempIdUri = 'urn:mpeg:dash:utc:http-xsdate:2014') or (@schemeIdUri, =
'urn:mpgg:dash:utc:http-iso0:2014"') or (@schemeIdUri = 'urn:mpeg:dash:iufe:http-ntp:2014")
or (@schemeIdUri = 'urn:mpeg:dash:utc:direct:2014"')) then true() elSg\false()">@
schemeIfUri for UTCTiming is not one of the 7 different types speCified.</assert>

<Yrule>

</paftern>

<patfkern name="SupplementalProperty element">

<[l-- R19.*: Check the conformance of SupplementalPkgperty -->
<fule context="dash:SupplementalProperty">
<!-- R19.1 -->
<assert test="if ((@schemeIdUri= 'urn:mpeg:dash:chaining:2016') and
not ( (copnt (tokenize (@value, ','))=1) or (count (tokehize (@value, ','))>1)) )then false()
else trpe()">If schemeldUri urn:mpeg:dash:chaining:2016 is used, then value attribute

shall b composed of the comma separated parameters (no comma needed if only first
parametfr is present). </assert>

l-—— R19.2 -—>
<assert test="if (not (parent::dash«MPD) and (@schemeIdUri=
'urn:mppg:dash:fallback:2016"') )then false() else true()">MPD fallback chaining shall be

signalefl by Supplemental DescriptoronvMPD level with schemeIdUri
urn:mpefy:dash:fallback:2016. </assenrt>

l-— R19.3 -—>
<assert test="if ((@schemeIdUri= 'urn:mpeg:dash:fallback:2016"') and
not ( (copnt (tokenize (@value, A\.))=1) or (count (tokenize (@value, ' '"))>1)) )then false()

else trpe()">If schemelIdUri wrn:mpeg:dash:fallback:2016 is used, then value attribute
shall bp composed of one URL or whitespace separated URLs. </assert>
<frule>
</paftern>
</schema>

A.4.3 Description of schematron rule

Descriptiondormpeo:

Rule Description

if (@type = 'dynamic’ and If MPD is of type "dynamic"”, availabilityStartTime
not(@availabilityStartTime)) then false() else shall be defined.

true()

if (@type = 'dynamic’ and not(@publishTime)), If MPD is of type "dynamic”, publishTime shall be
then false() else true() defined.

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

if (@type ='static' and If MPD is of type "static",
not(@mediaPresentationDuration)) then false() mediaPresentationDuration shall be defined.

else true()
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Rule

Description

if (@type = 'static' and
descendant::dash:Period[1]/@start and (years-
from-
duration(descendant::dash:Period[1]/@start) +
months-from-
duration(descendant::dash:Period[1]/@start) +
days-from-
duration(descendant::dash:Period[1]/@start) +

hours-from-

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

start attribute, the start attribute shall be zero

uration(descendant::dash:Period[1]/@start) +
inutes-from-
uration(descendant::dash:Period[1]/@start) +
econds-from-
uration(descendant::dash:Period[1]/@start)) >
) then false() else true()

f (not(@mediaPresentationDuration) and

ot(@minimumUpdatePeriod)), then false() else

rue()

If mediaPresentationDuration.is not defined fo
MPD, minimumUpdatePeriod shall be defined
versa.

I the
r vice

f (@type = 'static' and @minimumUpdatePeriod)

hen false() else true()

If MPD is of type "static", minimumUpdatePeri
not be defined.

bd shall

i (not(@profiles) or (contains(@profiles,

live:2011") or contains(@profiles,
urn:mpeg:dash:profile:isoff-main:2011") or
ontains(@profiles,
urn:mpeg:dash:profile:full:2011") or

main:2011"))) then true() else false()

urn:mpeg:dash:profile:isoff-on-demand:2011") or
ontains(@profiles, 'urn:mpeg:dash:profile:isoff-

ontains(@profiles, 'urn:mpeg:dash:profile:mp2t-

The On-Demaiid profile shall be identified
by the URN

"urn:mpeg:dash:profile:isoff-on-demand:20111.

The live profile shall be identified by the URN
"urhimpeg:dash:profile:isoff-live: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".

if (not(contains(@profiles, For On-Demand profile, the MPD @type shall bg "static".
urn:mpeg:dash:profile:isoffron-demand:2011"))
r not(@type) or @type ="static') then true() else
false()
Description for péfiod:
Rule Description
If (string(@bitstreamSwitching) = 'true' and If bitstreamSwitching is set to true, all
tring(ehild::dash:AdaptationSet/@bitstream bitstreamSwitching declarations for
bwitching) = 'false’) then false() else true() AdaptationSet within this Period shall
not be set to false.
if (@id = preceding::dash:Period/@id), then The id of each Period shall be unique.
false() else true()
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Rule

Description

if ((year

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

duration(@start) + days-from-duration(@start) +
hours-from-duration(@start) + minutes-from-
duration(@start) + seconds-from-
duration(@start)) > (years-from-
duration(following-sibling::dash:Period/@start) +
months-from-duration(following-
sibling::dash:Period/@start) + days-from-
duration{following-sibling-*dash-Period /@start) +

Periods shall be physically ordered in the MPD file in
increasing order of their start time.

hours-from-duration(following-

sibling::

Hash:Period/@start) + minutes-from-

duratior](following-sibling::dash:Period/@start) +

seconds
sibling::
true()

from-duration(following-
lash:Period/@start))) then false() else

if ((childi:dash:SegmentBase and
child::dgsh:SegmentTemplate and
child::dgdsh:SegmentList) or

(child::d

hsh:SegmentBase and

child::dqsh:SegmentTemplate) or
(child::dash:SegmentBase and
child::dgsh:SegmentList) or
(child::dash:SegmentTemplate and
child::dgdsh:SegmentList)) then false() else true()

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

if (not(@id) and ancestor::dash:MPD/@type =

'dynami

t') then false() else true()

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

if (not(d

bscendant-or-self::dash:BaseURL) and

not(desdendant-or-self::dash:SegmentTemplate)

and not

|descendant-or-self::dash:SegmentList))

then falde() else true()

At leastone BaseURL, SegmentTemplate or
SegmentList shall be defined in Period,
AdaptationSet or Representation.

Description for AdaptationSet:

Rule

Description

if (@id qpreceding-

sibling::
true()

lash:AdaptationSet/@id) theiifalse() else

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

if (@lanlg =

descend
(@conte
Content

hnt::dash:ContentComponent/@lang) or
ntType = descenddant::dash:
Component/@céntént

Type) orf (@par =

descend

hnt::dash;GontentComponent/@par))

then falde() else true()

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

Description

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

descendant::dash:Representation/@sar) or
(@frameRate and

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

Jiescendant::dash:Representation/@frameRate) or

@audioSamplingRate and
escendant::dash:Representation/@audioSampling
Eate) or (@mimeType and
escendant::dash:Representation/@mimeType)

r (@segmentProfiles and
flescendant::dash:Representation/@segment
Profiles) or (@codecs and
flescendant::dash:Representation/@codecs) or
@maximumSAPPeriod and
flescendant::dash:Representation/@maximumSAP

Period) or (@startWithSAP and
flescendant::dash:Representation/@startWithSAP)
r (@maxPlayoutRate and
escendant::dash:Representation/@maxPlayout
Eate) or (@codingDependency and
escendant::dash:Representation/@coding
Dependency) or (@scanType and
]Iescendant::dash:Representation/@scanType))

hen false() else true()

maxHeight) or (@minBandwidth >

f (@minWidth > @maxWidth) or (@minHeight >
maxBandwidth)) then false() else trué()

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

f (descendant::dash:Representation/@bandwidth
It; @minBandwidth or
escendant::dash:Representation/@bandwidth >

maxBandwidth) then false(}/else true()

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

f (descendant::dash:Representation/@width &lt;
minWidth or

escendant::dash:Representation/@width >
maxWidth) thenyfalse() else true()

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

f (descendantitdash:Representation/@height &lt;
minHejght or

escendant::dash:Representation/@height >
maxHeight),then false() else true()

The value of the height attribute shall be in the Fange
defined by the AdaptationSet.

1f fcount(child::dash:Representation)=0)

An AdaptationSet shall have at least one

then false() else true()

Representation element.

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

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

Rule

Description

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

else true()

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

Description for Representation:

Rule

Description

if (not(@mimeType) and
not(par¢nt::dash:AdaptationSet/@mimeType))
then falde() else true()

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

if (not(child::dash:SegmentTemplate or
parent::¢lash:AdaptationSet/
dash:SegmentTemplate or
ancestor::dash:Period/dash:SegmentTemplate)
and (contains(@profiles,
'urn:mpeg:dash:profile:isoff-live:2011") or
containd(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 true()

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

the Adaptation Set containingthe
Representation, or on Représentation
level itself.

if ((childf:dash:SegmentBase and
child::dg4sh:SegmentTemplate and
child::dgsh:SegmentList) or
(child::dpsh:SegmentBase and
child::dqsh:SegmentTemplate) or
(child::dpsh:SegmentBase and
child::dg4sh:SegmentList) or
(child::dpsh:SegmentTemplate and
child::dqsh:SegmentList)) then false() else true()

At most, oneof SegmentBase,
SegmentTemplate and SegmentList
shall be'defined in Representation.

Description for subRepresentation:

Rule

Description

if (@levdl and not(@bandwidth)), then false()
else trug()

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

Description for segmédsTemplate:

Rule

Description

if (not(@dupation) and
not(chilji::dash:SegmentTimeline]) then false()

L

If more than one Media Segment is present, the dura-
tion attribute or SegmentTimeline element shall be

else trueQy

4
PTCSTITT

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

Either the duration attribute or SegmentTimeline ele-
ment shall be present but not both.

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

If indexRange is not present, indexRangeExact shall not
be present.

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

then false() else true()

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

Description

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

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

included in the bitstreamSwitching attribute.

if (matches(@media, '\$.[*\$]*\$')) then every $y
in (for $x in tokenize(@media,
"\$(Bandwidth|Time|Number|RepresentationID)

AN EA k)

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

$RepresentationID$, or $Number$ shall be used.

atisfies $y eq false() else true()

If (matches(@media,
$RepresentationID%.[*\$]*\$")) then false()
lse true()

$RepresentationID$ shall not have a formattag

Description for segmentList:

Rule

Description

f (not(@duration) and
ot(child::dash:SegmentTimeline)), then if
count(child::dash:SegmentURL) > 1) then false()
lse true() else true()

If more than one Media‘Segment is present, the dura-
tion attribute or SegmentTimeline element shalll be

present.

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

Either theduiration attribute or SegmentTimelihe ele-

ment shallbe present but not both.

it (not(@indexRange) and @indexRangeExact) If indexRange is not present, indexRangeExact ghall not
then false() else true() bepresent.

[Jescription for segmentBase:

Rule Description

iIf (not(@indexRange) and @indexRangeExact) If indexRange is not present, indexRangeExact ghall not
then false() else true() be present.

Description for segmentTimeline!

Rule Description

if ((if (ancestor::dash:*[1] /@timescale), then The d attribute of a SegmentTimeline shall notexceed

child::dash:S/@d div

incestor::dash:*[1] /@timescale) else
hild::dash:S/@d) &(years-from-
dluration(ancesteri:dash:MPD/@maxSegment
Duration) + months-from-
dluration(ancestor::dash:MPD/@maxSegment
Duration):+’days-from-
dluration(ancestor::dash:MPD/@maxSegment
Duration) + hours-from-

the value give by the MPD maxSegmentDuratio
tribute.

n at-

dnrnfinn(nhr‘pcfnr--dnch-MDﬂ/ffﬂmanngmpnf
Duration) + minutes-from-
duration(ancestor::dash:MPD/@maxSegment
Duration) + seconds-from-
duration(ancestor::dash:MPD/@maxSegment
Duration))) then false() else true()

Description for ProgramInformation:

Rule

Description

If

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

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

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

attribute.
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Description for contentProtection:

Rule

Description

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

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

if ((@schemeldUri =
'urn:mpeg:dash:13818:1:CA_descriptor:2011') and

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

not(striggtengtht@vatuey == themnfatse)
else trug()

Description for role:

Rule

Description

if (@sclemeldUri = 'urn:mpeg:dash:role:2011")
and not&l@value ='caption’ or @value = 'subtitle’
or @vallie = 'main’ or @value = 'alternate’ or
@value ¥ 'supplementary’ or @value =
'commentary' or @value ='dub')), then false
else trug()

The value of Role (role) shall be caption;subtitle, main,
alternate, supplementary, commentaty or dub.

if (@scemeldUri =
'urn:mpeg:dash:stereoid:2011') and not(starts-
with(@value, '1') or starts-with(@value, 'r'))), then
false() else true()

The value of Role (stereoid) shall start with 'l' or 'r'.

Description for FramePacking:

Rule

Desgription

if (@scemeldUri =
'urn:mpg¢g:dash:14496:10:frame_packing_
arrangement_type:2011") and
not(contlains(parent::dash:AdaptationSet/
@codecs, 'avc') or
containg(parent::dash:AdaptationSet/@codecs,
'svc') or
containd(parent::dash:AdaptationSet/@codecs,
'mvc')) gnd
not(contlains(parent::dash:Representation/@codecs,
'avc') or
containg(parent::dash:Representation/@codecs,
'svc') or
containg(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 Representa-
tions that contain a video component that conforms to
ISO/IEC 14496-10.

if (@sclemeldUri*
'urn:mpeg:dash:13818:1:stereo_video_format_
type:20117) and

The URI
urn:mpeg:dash:13818:1:stereo_video_format_
type:2011 is used for Adaptation Sets or Representa-

not(part nr-'dach-Adnpf:ﬂ'innan,/@mimpTypn =
'video/mp2t') and
not(parent::dash:Representation/@mimeType =
'video/mp2t")) then false() else true()

tions that contain a video component that conformstao

ISO/IEC 13818-1.

if (not(@schemeldUri =
'urn:mpeg:dash:14496:10:frame_packing_
arrangement_type:2011') and not(@schemeldUri =
'urn:mpeg:dash:13818:1:stereo_video_format_
type:2011")), then false() else true()

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

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

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

Description

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

If URI
urn:mpeg:dash:outputChannelPositionList:2012 is

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

Description for subset:

Rule

Description

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

The id of each Subset within a Period shdll'\be ynique.

Description for EventStream:

Rule

Description

f (@schemeldUri =
receding::dash:EventStream/@schemeldUri) and
@value = preceding::dash:EventStream/@value))
hen false() else true()

A Period shall contain at'most one EventStream ele-
ment with the same value for the schemeldUri pttrib-
ute and value attribute.

it ((@schemeldUri = 'urn:mpeg:dash:event:2012")
ind not(@value = '1' or @value = '2")) then false()
lse true()

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

Description for InbandEventsStream:

Rule

Description

f (@schemeldUri =
receding::dash:InbandEventStream/@scheméldUri)
nd (@value =
receding::dash:InbandEventStream/@valug))

hen false() else true()

There shall be only one InbandEventStream el¢ment
with the same value for the schemeldUri attribjute and
value attribute.

it ((@schemeldUri = "'urn:mpeg:dash:event:2012")
ind not(@value = '1" or @value = '2/)) then false()
lse true()

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

Description for Event:

ibling::dashiEvent/@presentationTime) else
@presentationTime &lt; preceding-
ibling::dash:Event/@presentationTime)) then false()
elsé true()

Rule Description
if (if (not(@preseéntationTime)), then (0 &lt; Events shall be in non-decreasing order based pn the
preceding- presentation time.
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Description for uTcTiming:

Rule

Description

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

or (@schemeldUri = 'urn:mpeg:dash:utc:http-

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

xsdate:2014")
or (@SC}‘ emeldUri = ’11rn'mppg'd;mh'nfr'hﬂ'p-
is0:2014{) or (@schemeldUri =
'urn:mpeg:dash:utc:http-ntp:2014")
or (@scjemeldUri = 'urn:mpeg:dash:utc:direct:2014"))
then trug() else false()
Description for Representation:
Rule Description
if (not(@associationld) and @associationType) The attribute(@associationType) shall not be present
then falde() else true() when @associationld is notpresent.
if (countftokenize (@associationType,"'")) != The attribute(@associatienlype) shall have as many
count(tdkenize (@associationld))) then false() values as the number df identifiers declared in the
else trug() @associationld attribute.
if (@ass¢ciationType and not(every $x in The value of the@ttribute @associationType shall be
tokenizd(@associationType,' ') satisfies the 4 characters codes defined in ISOBMFF fro the track
string-lngth($x)= 4)) then false() else true() reference type.
if (@ass¢ciationType and not(every $x in Representation(s) indicated in
tokenizd(@associationType,' ') satisfies Représentation@associationld is(are) not present
string-lgngth($x)= 4)) then false() else true()
Description for Spatial Relationship Description:
Rule Description
if (evqry $AdaptationSet in When every Adaptation Set in an MPD has a SRD
child: {dash:AdaptationSet satisfies descriptor, at least one of these descriptors shall be a
SAdaptdtionSet/dash:EssentialProperty/ SupplementalProperty.
@schemgIdUri = 'urn:mpeg:dashiisprd:2014")
then fdlse () else true()
if (@sdqhemelIdUri = An EssentialProperty or
"urn:mgeg:dash:srd: 2014 and SupplementalProperty descriptor with @schemeldUri
(parenf::dash:AdaptationSet or equal to “urn:mpeg:dash:srd:2014” shall be the child
parent {:dash:SubRepresentation)) then element of an AdaptationSet or a SubRepresentation
true () |else falsey) element.
if (@sqhemeIdUny/ = If an EssentialProperty or
'urn:mgeg:daegh:srd:2014' and @value) SupplementalProperty descriptor with @schemeldUri
then tyued), ‘else false() equal to “urn:mpeg:dash:srd:2014” is present, then the
@value attribute must be present.
if (@schemeldUri = If an EssentialProperty or

'urn:mpeg:dash:srd:2014"

and

matches (@value,

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

then true/()

else false ()

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

y, w, h.

Xy

if

(@schemeIdUri =

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

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

If an EssentialProperty or

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

Description

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

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

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

If an EssentialProperty or

SupplementalProperty descriptor with @schemeldUri

equal to “urn:mpeg:dash:srd:2014” is present

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

If an EssentialProperty or

SupplementalProperty descriptor with @schemeldUri

equal to “urn:mpeg:dash:srd:2014” is present

and thre @ vatue attribute contains the optionatparame-
ter H then the optional parameter w shall be-pregent too.
If an EssentialProperty or
SupplementalProperty descriptor with‘@schenjeldUri
equal to “urn:mpeg:dash:srd:2014’is;present
and the @value attribute contajns the optional param-
eter spatial set id then theloptional parameters w
and H shall be present too.
| £ (some $source id in (for $srd in For a given source idofthe
escendant: :dash:* [@schemeIdUri = @value attribute, at least’one of the
urn:mpeg:dash:srd:2014'] return EssentialProperty.ar SupplementalProperty
ubsequence (tokenize ($srd/@value, ', "), in the containing Period shall specify the optional pa-
|,1)) satisfies (every $srd in rameters w and‘.
escendant: :dash:*[@schemeIdUri =
urn:mpeg:dash:srd:2014"' and
Eubsequence (tokenize (@value,','),1,1)
- Ssource 1id] satisfies
hatches ($srd/@value, '~ (\d+,) {4}\d+$")
) then false () else true()
| f (count (descendant: :dash:* [ (@schemeId For a given source id of the @value attribute, if two
Pri = 'urn:mpeg:dash:srd:2014')]) > 0) SRD elements (indistinctively EssentialProperty or
then if (some $source id in (for $srd SupplementalProperty) explicitly specify a diff¢rent
| n descendant::dash:* [@schemeIdUri_g pair of values for the optional parameters (w, ) then all
urn:mpeg:dash:srd:2014'] return the remaining SRD elements shall explicitly specify a
bubsequence (tokenize ($srd/@valuéy’, '), pair of values for (w, H) too
|,1)) satisfies ( if (count (distinct-
Values (for S$srd in
escendant: :dash:* [@schemedUri =
urn:mpeg:dash:srd:2014" Jand
ubsequence (tokenize (@value,',"'),1,1)
- Ssource_id and matc¢hes (@value,
A (\d+,) {6}\d+")J*Deturn
foncat (string(s¥bsequence (tokenize
Ssrd/@valuesN,/'),6,1)),
tring (subsgquence (tokenize ($srd/
ivalue, '¢Y,7,1))) ) ) > 1 ) then
bvery $sxd in
esgewdant: :dash:*[@schemeIdUri =
uZnmpeg:dash:srd:2014"' and
L ubbeguencettokenizet@alue Lttt 13
= $source id] satisfies
matches ($srd/@value, '~ (\d+,){6}\d+")
else true() ) ) then true() else
false () else true()
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Rule Description

W is present in the descriptor For a given source id of the @value attribute, the val-
ues of X, w and w shall be such that, for each descriptor,
the sum of x and w is smaller than or equal to w.

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

matches (@value, '~ (\d+,){6}\d+")]
satisfies

sum ( (nyMbET (SUDSEgUEliCe (CORenize (vsrd
@value,',"'),2,1)),number (subsequence
(tokenilze ($srd/@value, ', "), 4,1)) ) )
le
number (subsequence (tokenize ($srd/
@value,|',"'),6,1))

W is not present in the descriptor

if (court (descendant: :dash:* [ (@schemeId
Uri = furn:mpeg:dash:srd:2014')]) > 0)
then iff (some $source id in (for $srd
in desdendant::dash:*[@schemeIdUri =
'urn:mgeg:dash:srd:2014"'] return
subseqyence (tokenize ($Ssrd/@value, ', "),
1,1)) datisfies ( every $srd in
descendant: :dash:*[@schemeIdUri =
'urn:mgeg:dash:srd:2014"' and
subseqgyence (tokenize (Gvalue,',"'),1,1)
= $souyce id and matches (€value,

A (\d+,]) {4}\d+"')] satisfies

sum ( (nymber (subsequence (tokenize ($srd/
@value,',"'),2,1)),number (subsequence
(tokenize ($srd/@value, ', "'),4,1)) ) )
le
number {subsequence (tokenize (descendant
::dash]*[ (@schemeIdUri =
'urn:mgeg:dash:srd:2014"') and
(subsequence (tokenize (@value, '8, 1,1)
= $sou106_id) and (matches (@vealue,
'AM(\d+,)) {6}\d+"))]/@value, ' NJ),6,1)) )
) then |true () else false.()

else txue()

H is present in the descriptor For a given source_id of the @value attribute, the val-
ues of y, h and H shall be such that, for each descriptor,
the sum of y and h is smaller than or equal to H.

every {srd in

descendant:¢dash: * [@schemeIdUri =

'urn:mgegfdash:srd:2014"' and

matched (@value, '~ (\d+,){6}\d+")]

satisfies

sum ( (number (subsequence (tokenize ($srd/

@value,',"'),3,1)),number (subsequence

(tokenize ($srd/@value,',"'),5,1)) ) )

le

number (subsequence (tokenize ($srd/

@value, ', "), 7,1))
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Rule Description

H is not present in the descriptor

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

'urn:mpeg:dash:srd:2014"')]) > 0)
then i1if (some $source id in (for
$srd in

escendant::dash:*[ (d@schemeldUri =
urn:mpeg:dash:srd:2014")] return
bubsequence (tokenize ($srd/@value, ', ")
1,1)) satisfies ( every $srd in
escendant: :dash:*[ (@schemeIdUri =
urn:mpeg:dash:srd:2014"') and
subsequence (tokenize (@value,',"'),1

1) = $source_id) and
(matches (@value, '~ (\d+,) {4}\d+"'))]
atisfies

bum ( (number (subsequence (tokenize
Ssrd/@value,','),3,1)),number
subsequence (tokenize ($srd/@value,
') 5,1)) ) ) e

humber (subsequence (tokenize
descendant: :dash:* [ (@schemeIdUri =
urn:mpeg:dash:srd:2014") and
bubsequence (tokenize (@value,','),1
1) = S$source id and matches (@value,
A(\d+,) {6}\d+")1/@value, ', "),7,1)) )
then true() else false() else

[ rue ()

A.4.4 MPD examples for conformance checking

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

NOTE The validation schema is called schematron.xsd.

jlava -jar saxon/sax6n®.jar -versionmsg:off -s:schematron.xsd
-o:tmp/new séhemal.sch -xsl:schematron/iso dsdl include.xsl
jlava -jar saxongsaxXon9.jar -versionmsg:off -s:tmp/new schemal.sch
-o:tmp/newyschema2.sch -xsl:schematron/iso abstract expand.xsl
jlava -jar saxkl/saxon9.jar —versionmsg:off -s:tmp/new schema2.sch
-o:ouffjput/val schema.xsl -xsl:schematron/iso svrl for xsltl.xsl

—

he firSttwo commands resolve inclusions and abstractions. The last command generates the XSLT
tyleshieet, which can then be applied to the XML description. The command generates an XSLT 1.0
escription.

[@Pl%]

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

— command to validate the example;

— output generated during the validation;

— description of erroneous output (relevant parts).
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A4.4.2

Example 1

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

java -jar saxon/saxon9.jar -versionmsg:off -s:examples/ex01.mpd

-0

A4.4.3

routput/result ex0l.xml -xsl:output/val schema.xsl

Example 2

ex02.mpd is an invalid DASH MPD and the result is result ex02.xml. The error occurs in the MPD. The

commar

Java —j
-0

The vali
which 3

else tr
shall b

A4.44

ex03.mp
commarlj

Java -j
-0

The vali

d used 1s as tollows:

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

dation error is shown in the lines 19 to 22. Lines 19 and 20 show a failed assertion. The teqdt
iled is also shown: “if (etype = '"dynamic’ and not (RavailabilityStartTime)(\then false (|
e () “ Line 21 shows the error message “If MPD is of type "dynamic" availabilityStartTin
b defined.”

0]

Example 3

i is an invalid DASH MPD and the resulti result ex03.xml. The error occurs in the MPD. Thie
d used is as follows:

br saxon/saxon9.jar —-versionmsg:off -s:examples/ex03vmpd
L output/result ex03.xml -xsl:output/val schema.xsl

(s

dation error is shown in the lines 19 to 22. Lines 29 and 20 define a failed assertion. The tes

which fdiled is also shown: “if (@type = 'static’ and@timeShiftBufferDepth) then false() elsfe
true () “{Line 21 shows the error message: “1f MPDwis of type "static" timeShiftBufferDepth
shall npt be defined."“
A.4.4.5 | Example 4
ex04.mpf is an invalid DASH MPD and the resultis result ex04.xml. There are two errors which occur
in the MPPD. The command used is as follows:
java -jpr saxon/saxon9.jar -vérslonmsg:off -s:examples/ex04.mpd

-ofoutput/result ex04.xml -xsl:output/val schema.xsl
The validation errors are §hown in the lines 19 to 22 and lines 23 to 26. Lines 19 and 20 show thie
first failed assertion. The ‘test which failed is also shown: “if (etype = 'static’ and not (e
mediaPrpsentationDurafion)) then false() else true()".Line 21 shows the errorlnessage:“lf
MPD is| of type t&3tatic” mediaPresentationDuration shall be defined.” Furthermore, therje
is another failed{assertion shown in lines 23 and 24: “if (not (@mediaPresentationDuration) anld
not (@mipimunUpdatePeriod)) then false() else true()“ Line 25 shows the error message: “Ijf
mediaPrgsentétionDuration is not defined for the MPD minimumUpdatePeriod shall be defined
or vice| fersa.”
A.4.4.6 Example 5

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

java -jar saxon/saxon9.jar -versionmsg:off -s:examples/ex05.mpd

-0

routput/result ex05.xml -xsl:output/val schema.xsl

The validation error is shown in the lines 19 to 22. Lines 19 and 20 show a failed assertion. The test
which failed is also shown: “if (@type = ’'static’ and descendant::dash:Period[1]/@start
and (years-from-duration (descendant::dash:Period[1]/@start) + months-from-

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

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

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

A.4.4.7 Example 6

H o LA NDACILLMDD 4] P Tl i 1o h
(XUOIMPA IS Al ITIVAIIU DUAOTT IVIT IV dIIU LIIT TTSUIL IS TSSULL SXUD . XIML. TTITT T dI'C LVWU TIHTUIL'S VWILIILE Occur

in the MPD. The command used is as follows:

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

The validation errors are shown in the lines 19 to 22 and lines 23 to 26. Lines:19 and 20 show the
flrst failed assertion. The test which failed is also shown: “if (@type =/'ystatic’ and not (@
rlediaPresentationDuration)) then false() else true()". Line 21 shews’the error mesdage: “if
MPD is of type "static” mediaPresentationDuration shall be defined.” Furthermore)|there is
another failed assertion shown in lines 23 and 24: “if (@type = 'statik® and @minimumUpdatdqPeriod)
then false() else true()". Line 25 shows the errorlnessage:”lf MPD 1is of type '|static"
niinimumUpdatePeriod shall not be defined.”

A.4.4.8 Example 7

D

x07.mpd is an invalid DASH MPD and the result is résult ex07.xml. The error occurs in the¢ Period.
The command used is as follows:

jlava -jar saxon/saxon9.jar -versionmsg:off %stexamples/ex07.mpd
-o:output/result ex07.xml -xsl:outputyval schema.xsl

he validation error is shown in the lines 24:to 24. Lines 21 and 22 show a failed assertion. The test
Uhich failed is also shown: “if (string@bitstreamSwitching) = 'true’' and
tring (child: :dash:AdaptationSet/@bitstreamSwitching) = 'false') then

alse () else true()".LHﬁfZBshovvstheerrorrnessage:"If bitstreamSwitching is set
0 true all bitstreamSwitching declarations for AdaptationSet within this

L N e O O B |

eriod shall not be set to\false.”

A.4.49 Example 8

<08 .mpd is an inyalid’DASH MPD and the resultis result ex08.xml1. The error occurs in the Perfiod. The
dommand usedds,as follows:

jlava -jar &axon/saxon9.jar -versionmsg:off -s:examples/ex08.mpd
-o:€utput/result ex08.xml -xsl:output/val schema.xsl

The validation error is shown in the lines 22 to 25. Lines 22 and 23 show a failed assertion. [The test
whieh failed is also shown: “i ((@id = preceding::dash:Period/@id)) then false() else true()"
Lime24shows the error messager “The 1d of each Period shall be Unique. .

A.4.4.10 Example 9

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

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

The validation error is shown in the lines 22 to 25. Lines 22 and 23 show a failed assertion. The test
which failed is also shown: “i £ ((years—-from-duration(@start) + months-from-
duration(@start) + days-from-duration(@start) + hours-from-
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duration (@start)

+ minutes-from-duration (@start) + seconds-from-

duration(@start)) &gt; (years-from-duration(following-
sibling::dash:Period/@start) + months-from-duration (following-
sibling::dash:Period/@start) + days-from-duration (following-
sibling::dash:Period/@start) + hours-from-duration (following-
sibling::dash:Period/@start) + minutes-from-duration (following-
sibling::dash:Period/@start) + seconds-from-duration(following-
sibling::dash:Period/@start))) then false() else true() .Line 24 shows the error
Inessage:"Periods shall be physically ordered in the MPD file in increasing
order of—thetr—start—time—

A.4.4.11 Example 10

ex10.mpf is an invalid DASH MPD and the result is result ex10.xml. The error oecurs in the
AdaptatjonSet. The command used is as follows:

Java -j
-0

The validation error is shown in the lines 24 to 27. Lines 24 and 25 show a-failéd assertion. The teg

which f4

else tr
shall b

A4.4.12

exll.mp
Adaptat

java -3
-0

The vali

failed is
desce]

onent/@
Adaptat

A.4.4.13

ex12.mp
Adaptat

Java -j
-0

The vali
which

br saxon/saxon9.jar -versionmsg:off -s:examples/ex10.mpd
foutput/result ex10.xml -xsl:output/val schema.xsl

iled is also shown: “if (eid preceding-sibling: :dash:AdaptagienSet/@id) then false (|

ue () ”. Line 26 shows the error message: “The id of each AdaptéationSet within a Period
3 unique."

Example 11

i is an invalid DASH MPD and the result is resiit ex11.xml. The error occurs in the

i onset. The command used is as follows:

br saxon/saxon9.jar -versionmsg:off -s:eXamples/exll.mpd
L output/result exll.xml -xsl:output/valdschema.xsl

ation erroris shown in the lines 23 to 26-Lines 23 and 24 show a failed assertion. The test whic
also shown: “if ((€Glang descendant: :dash:ContentComponent/Q@lang) or (@contentTyp
ndant : :dash:ContentComponent fARcohtentType) or (@par descendant: :dash:ContentComn
bar)) then false() else true<)’. Line 25 shows the error message: “attributes from thl

ionSet shall not be repeated in the descendanding ContentComponent elements.’

Example 12

i is an invalid PASH MPD and the result is result ex12.xml. The error occurs in the
i onset. The command used is as follows:

br saxon/saxon9.jar -versionmsg:off -s:examples/ex12.mpd
output /Ffesult ex12.xml -xsl:output/val schema.xsl

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

Slan chavaza, ¢

failed is

o = Lo — k]
arsO-SIIoVvWIT.. I'LT ((CProrrre aITCer

descendant: :dash:Representation/@profiles) or (@width and

descendant: :dash:Representation/@width) or (Q@height and

descendant: :dash:Representation/@height) or (@sar and

descendant: :dash:Representation/@sar) or (@frameRate and

descendant: :dash:Representation/@frameRate) or (QaudioSamplingRate and
descendant: :dash:Representation/@audioSamplingRate) or (@mimeType and
descendant: :dash:Representation/@mimeType) or (@segmentProfiles and
descendant: :dash:Representation/@segmentProfiles) or (@codecs and
descendant: :dash:Representation/@codecs) or (@maximumSAPPeriod and
descendant: :dash:Representation/@maximumSAPPeriod) or (@startWithSAP and
descendant: :dash:Representation/@startWithSAP) or (@maxPlayoutRate and
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descendant: :dash:Representation/@maxPlayoutRate) or (Q@codingDependency and
descendant: :dash:Representation/@codingDependency) or (@scanType and
descendant::dash:Representation/@scanType)) then false() else true()".Line
25shovvstheerrorrnessage:"cOmmon attributes for AdaptationSet and Representation
shall either be in one of the elements but not in both.”

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

. Tl a | ph L£o11
AOIPTaCTOoOIIoE G TITCCUIITTITAITO USTU TS a5 TUTTU VWS,

java -jar saxon/saxon9.jar -versionmsg:off -s:examples/ex13.mpd
-o:output/result exl3.xml -xsl:output/val schema.xsl

he validation errors are shown in the lines 23 to 26 and lines 27 to 30. Lines 237and 24 show the
rst failed assertion. The test which failed is also shown: “if ((@minwidth sgtyl)@maxWidth| or (@
inHeight &gt; @maxHeight) or (@minBandwidth &gt; @maxBandwidth)) then“false() else true()ﬂ
Hu325shovvstheerrorrnessage:“Each minimum value (minWidth, minHeigh¥, minBandwidtl) shall
e larger than the maximum value.” Furthermore, there is another failed-assertion shown in|lines 27
and 28: “if (descendant::dash:Representation/@bandwidth &lt; @uminBandwidth or descqndant::
dash:Representation/@bandwidth &gt; @maxBandwidth) then false«) else true () “ Line 29 shows
theerrorrnessage:“The value of the bandwidth attribute shallbe in the range defined by the
AdaptationSet."

o = 3 =

A.4.4.15 Example 14

x14.mpd is an invalid DASH MPD and the result is in*e5sult ex14.xml. There are two errors ofcurring
N AdaptationSet. The command used is as follows:

—- D

jlava -jar saxon/saxon9.jar -versionmsg:off\ -s:examples/ex14.mpd
-o:output/result exl4.xml -xsl:oufplit/val schema.xsl

he validation errors are shown in the lines 23 to 26 and lines 27 to 30. Lines 23 and 24 showl|the first

hiled assertion. The test which failedtis also shown: “if (descendant::dash:Representatior/@width
1t; @minWidth or descendant:sdash:Representation/@width &gt; @maxWidth) then falsd() else

rue () “. Line 25 shows the error'message: “The value of the width attribute shall be| in the
ange defined by the AdapthtionSet.” Lines 27 and 28 show the second failed assertion. The second
st which failed is also shown: “if (descendant::dash:Representation/@height &lt; @minHdight or
escendant: :dash:Représéntation/@height &gt; @maxHeight) then false() else true()" Line 29
hows the error message: “The value of the height attribute shall be in the range deflined by
he AdaptationSetﬁ

W QO ot Bt e =h

A.4.4.16 Example 15

gx15.mpanis an invalid DASH MPD and the result is result ex15.xml. There are two errors dccuring,
dne intthe Period and one in the adaptationset. The command used is as follows:

jlav® -jar saxon/saxon9.jar -versionmsg:off -s:examples/ex15.mpd
—O:output/result exIb.xml -Xsl:output/val schema.xsl

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

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

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

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

© ISO/IEC 2020 - All rights reserved 55


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

ISO/IEC 23009-2:2020(E)

A.4.4.17 Example 16

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

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

The validation error is shown in lines 27 to 30. Lines 27 and 28 show a failed assertion. The test which

failed is also shown: “if (eid = preceding-sibling: :dash:ContentComponent/@id) then false/()
a . " I P o . = o . .

else tj T
AdaptatfionSet shall be unique.

A.4.4.18 Example 17

ex17.mpf shows an invalid DASH MPD with the resultin result ex17.xml1. There is one efrotr occurring
in Reprgsentation. The command used is as follows:

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

The validation error is shown in the lines 26 to 29. .Lines 26 and 27 defined-the first failed assertion.
The tesf which failed is also shown: “if (not (@mimeType) and not (parent::dash:AdaptationSet/[d
mimeTypf)) then false() else true()”. Line 38 shows the error message “Either the Representation
or the pontaining AdaptationSet shall have the mimeType ateribute.”

A.4.4.19 Example 18

ex18.mpf shows an invalid DASH MPD with the result iffesult ex18.xml. The error occurs in the
SubReprksentation. The command used is as follows:

java -jpr saxon/saxon9.jar -versionmsg:off -swexamples/ex18.mpd
-ofoutput/result exl8.xml -xsl:output/val schema.xsl

[

The validation error is shown in the lines 28:to 31. Lines 28 and 29 show a failed assertion. The tes
which fdiled is also shown: “if (@levelyand not (@bandwidth)) then false() else true()’. Line 3
shows the error message “1f the level “attribute is defined for a SubRepresentation also thfe
bandwidfh attribute shall be de€&ihed.”

(=]

A.4.4.2(Q Example 19

ex19.mpfl shows an invalid-DASH MPD with the result in result_ex19.xml. The error occurs in the
Segmentfremplate. Thecommand used is as follows:

java -jpr saxon/daxon9.jar -versionmsg:off -s:examples/ex19.mpd
-ofoutputAresult exl19.xml -xsl:output/val schema.xsl

The validation error is shown in the lines 29 to 32. Lines 29 and 30 show a failed assertion. The teqt
which fjiled ‘is also shown: “if (not (@duration) and not(child::dash:SegmentTimeline)) thejn
false() else true() -LiNe 31 Showsthe eTTOr MESSage 1T more than one Media Segment 1s present
the duration attribute or SegmentTimeline element shall be present."

A.4.4.21 Example 20

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

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

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

A.4.4.22 Example 21

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

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

he validation error is shown in the lines 29 to 32. Lines 29 and 30 show a failed assertion/[The test
hich failed is also shown: “if (not (@indexRange) and @indexRangeExact) then (falsel) else
rue () ”. Line 31 shows the errorrnessage“lf indexRange is not present indexRangeExacjt shall
ot be present."

St <

o~y

.4.4.23 Example 22

x22.mpd shows an invalid DASH MPD with the result in result ex22. %¥ml. There are twp errors
ccurring in segmentTemplate. The command used is as follows:

o 0

jlava -jar saxon/saxon9.jar -versionmsg:off -s:examples/ex2% .aipd
-o:output/result ex22.xml -xsl:output/val schema.xsl

he validation errors are shown in the lines 30 to 33 anddines 35 to 38. Lines 30 and 31 deffined the
rst failed assertion. The test which failed is also shown:™if (einitialization and (mdtches (@
nhitialization, "\SNumber (%$.[*\$]*)?2\$") or matches (@initialization, ' \4Time (%.
~\$1*%)2\$' ))) then false() else true()"“ Line\32 shows the error message “Neither {Number$
or the $Time$ identifier shall be included~%h the initialization attribute.” Linep 35 and
6 defined the second failed assertion. The test.which failed is also shown: “if (@initializatlion and
matches (@initialization, '\S$Number (%.[ANS]*)?\$') or matches (@initialization, '\JTime (%.
~\$1*%)2\5'))) then false() else true()“Line 37 shows the error message “Neither $Numljer$ nor
he $Time$ identifier shall be included in the initialization attribute.”

[P O © e B i i e e |

o~y

.4.4.24 Example 23

x23.mpd shows an invalid PASH MPD with the result in result ex23.xml. There are twp errors
ccurring in SegmentTemplate. The command used is as follows:

o 0

jlava -jar saxon/saxen9vjar -versionmsg:off -s:examples/ex23.mpd
-o:output/result/ ex23.xml -xsl:output/val schema.xsl

he validation erfors are shown in the lines 30 to 33 and lines 35 to 38. Lines 30 and 31 deffined the

rst failed assertion. The test which failed is also shown: “if (@bitstreamSwitching and (mgtches (@
itstreamSwitching, '\$Number (%$.["\$]*)?\S$') or matches(@bitstreamSwitching, '\{Time (%.

~\$1%)288)))) then false() else true()”. Line 32 shows the error message “Neither $Numljer$ nor
he $Time$ identifier shall be included in the bitstreamSwitching attribute.” Linep 35 and

6 _defined the second failed assertion. The test which failed is also shown: “if (e@bitstreamSyitching
nd”_)(matches (@bitstreamSwitching, '\S$Number (%.["\$]*)?\$') or matches (@bitstreamSwitching,
STime (5. ["\$]*)?\S"))) then false() else true()"“. Line 37 shows the error message “Neither

SNumber$ nor the $Time$ identifier shall be included in the bitstreamSwitching attribute.”

-~ )t o — O h g

A.4.4.25 Example 24

ex24.mpd shows an invalid DASH MPD with the result in result ex24.xml. The error occurs in the
SegmentList. The command used is as follows:

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 (@duration) and not(child::dash:SegmentTimeline)) then if
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(count (child::dash:SegmentURL) &gt; 1) then false() else true() else true()".LHK33ZShOVVS
the error message “If more than one Media Segment 1s present the duration attribute or
SegmentTimeline element shall be presentﬂ

A.4.4.26 Example 25

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

java -jar saxon/saxon9.jar —-versionmsg:off -s:examples/ex25.mpd
-ofoutput/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. Fhe teg
which fdiled is also shown: “if (@duration and child::dash:SegmentTimeline) then falSe() els
true () “{Line 32 shows the error message “Either the duration attribute or Segn@dtTimelin|
element| shall be present but not both.”

(O]

A.4.4.27 Example 26

ex26.mpfl shows an invalid DASH MPD with the result in result ex26.xmiwThe error occurs in the
Segmentl.ist. The command used is as follows:

java -jpr saxon/saxon9.jar -versionmsg:off -s:examples/ex26.mpg
-ofoutput/result ex26.xml -xsl:output/val schema.xsl

(i

The validation error is shown in the lines 30 to 33. Lines 30 anid 31 show a failed assertion. The tesg
which failed is also shown: “if (not (@indexRange) and  @indexRangeExact) then false() els
true () “|Line 32 shows the errorrnessage"lf indexRange_ s not present indexRangeExact shalfl
not be present.”

0]

A.4.4.28 Example 27

ex27.mpfl shows an invalid DASH MPD with the’ result in result ex27.xml. The errors occur in thee
Segmentpase and another in RepresentationyThe command used is as follows:

java -jpr saxon/saxon9.jar -versionmsg:off -s:examples/ex27.mpd
-ofoutput/result ex27.xml -xslsoutput/val schema.xsl

The valiflation errors are shown-in.the lines 26 to 29 and lines 36 to 39. Lines 26 and 27 defined the
first
failed adsertion. The test which failed is also shown: “if ((child::dash:SegmentBase and
child::fash:SegmentTepmplate and child::dash:SegmentList) or

(child:[dash:SegmentfBase and child::dash:SegmentTemplate) or

(child:[dash:SegmertBase and child::dash:SegmentList) or

(child:}kdash:Se@mentTemplate and child::dash:SegmentList)) then false()

else trfie ()" kih& 28 shows the error message “At most one of SegmentBase,

Segmentfllemgldte and SegmentList shall be defined in Representation.” Lines 36 and 37 defined
the secondfailed assertion. The test which failed is also shown: “if (not (@indexRange) and @
indexRangeExact) THen Talse() €lse true () . LiNe 38 SHOWS the erTor MeSSage 1T 1ndexRange 15
not present indexRangeExact shall not be present."

A.4.4.29 Example 28

ex28.mpd shows an invalid DASH MPD with the result in result ex28.xml. The error occurs in the
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
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(child::dash:S/@d div ancestor::dash:*[1]/@timescale) else
child::dash:S/@d) &gt; (years-from-

duration (ancestor::dash:MPD/@maxSegmentDuration) months—-from-
duration (ancestor::dash:MPD/@maxSegmentDuration) days-from-

duration (ancestor::dash:MPD/@maxSegmentDuration) hours-from-

+ o+ o+ o+

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
L}.IC aluc \jJ‘_ < by L}.IC IK?D Ia SC&JIHCILLD\ALGLJ‘_ULI ClLL,J_J'_l)uLC."

A.4.4.30 Example 29

x29.mpd shows an invalid DASH MPD with the result in result ex29.xml. The error occuys in the
HrogramInformation. The command used is as follows:

D

jlava -jar saxon/saxon9.jar -versionmsg:off -s:examples/ex29.mpd
-o:output/result ex29.xml -xsl:output/val schema.xsl

he validation error is shown in the lines 35 to 38. Lines 35 and 36,show a failed assertion. [The test
Uhich failed is also shown: “if (count (parent::dash:MPD/dash:ProgramInformation) &gt; 1 and

ot (@lang)) then false() else true()".Line 37 shows the, error message “If more than one
rogramInformation element 1is given each ProgramInformation element shall have|a lang

ttribute.”

O S < e

A.4.4.31 Example 30

(0]

x30.mpd shows a valid DASH MPD with the result in result ex30.xml. The error occurp in the
HramePacking. The command used is as follows:

jlava -jar saxon/saxon9.jar -versionmsgi&ff -s:examples/ex30.mpd
-o:output/result ex30.xml -xsl:otdput/val schema.xsl

The validation error is shown in the\lines 45 to 48. Lines 45 and 46 show a failed assertion. [The test
which failed is also shown: “if (net (@value = '0' or @value = 'l1' or @value = 'J' or @
vlalue = '3' or @value = '"4' ot (@value = '5' or @value = '6')) then false() else true()ﬁ
lline 47 shows the error mesSage “The value of FramePacking shall be 0 to 6 as deffined in
IBO/IEC 23091 (all parts).”

A.4.4.32 Example 31

x31.mpd shows-an invalid DASH MPD with the result in result ex31.xml. The error occugs in the
dontentProtedt¥on. The command used is as follows:

[0)

jlava -jaf saxon/saxon9.jar -versionmsg:off -s:examples/ex31.mpd
-owoldtput/result ex3l.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—faledis—also—shewn—F—tfschemidir+———rrmmpegdesimpdrrotectiom 26+ ') and
not (string-length (@value) = 4)) then false() else true () Line 37 shows the error message “The

value of ContentProtection shall be the 4CC contained in the Scheme Type Box.”

A.4.4.33 Example 32

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

java -jar saxon/saxon9.jar -versionmsg:off -s:examples/ex32.mpd
-o:output/result ex32.xml -xsl:output/val schema.xsl
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The validation error is shown in the lines 35 to 38. Lines 35 and 36 show a failed assertion. The test
which failed is also shown: “if ((@schemeIdUri = ‘'urn:mpeg:dash:13818:1:CA descriptor:2011")
and not (string-length (@value) = 4)) then false() else true()”. Line 37 shows the error message
“The value of ContentProtection shall be the 4-digit lower-case hexadecimal Representation."

A.4.4.34 Example 33

ex33.mpd shows an invalid DASH MPD with the resultin result ex33.xml. The error occurs in the role.
The command used is as follows:

java -jpr saxon/saxon9.jar -versionmsg:off -s:examples/ex33.mpd
-ofoutput/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 assertiom The teqt

which fqiled is also shown: “if ((@schemeIdUri = ‘'urn:mpeg:dash:role:2011') and n6t{(Evalue [
'captioh' or @value = 'subtitle' or @value = 'main' or @value = 'alternatell\dTY @value [
'supplepentary' or @value = 'commentary' or @value = 'dub')) then false els€ true()".Line:38

shows the error message “The value of Role (role) shall be caption, subtitle, méin, alternate]
supplemgntary, commentary or dub.”

A.4.4.33 Example 34

4

ex34.mpf shows an invalid DASH MPD with the resultin result ex34.xml: The error occurs in the ro1¢.
The conjmand used is as follows:

java -jpr saxon/saxon9.jar -versionmsg:off -s:examples/ex84.mpd
-ofoutput/result ex34.xml -xsl:output/val schema.xsl

The validation error is shown in the lines 37 to 40. Lines37 and 38 show a failed assertion. The tegt
which fdiled is also shown: “if ((@schemeIdUri = 'urn:mpeg:dash:stereoid:2011') and not (starts|
with (@vplue, 'l') or starts-with(@value, 'r'))y) *then false() else true()".LHK§39ShOVVSthE
errorrnessage"The value of Role (stereoid) shall start with 'l' or et

A.4.4.34 Example 35

ex35.mpf shows a valid DASH MPD with the resultin result ex35.xml. The command used is as follows:

java -jpr saxon/saxon9.jar -vessltonmsg:off -s:examples/ex35.mpd
-ofoutput/result ex35.xmM-xsl:output/val schema.xsl

A.4.4.37 Example 36

ex36.mpfl shows an invalid DASH MPD with the result in result ex36.xml. The error occurs in the mpp.
The conjmand used.is as follows:

java -jpr saxonkséaxon9.jar -versionmsg:off -s:examples/ex36.mpd
-ofoutputy result ex36.xml -xsl:output/val schema.xsl

The valifgation error is shown in the lines 19 to 22. Lines 19 and 20 show a failed assertion. The test
which failed is also shown: “if (not (@profiles) or (contains (@profiles,

'urn:mpeg:dash:profile:isoff-on-demand:2011"') or contains (@profiles,
'urn:mpeg:dash:profile:isoff-1ive:2011"') or contains(@profiles,
'urn:mpeg:dash:profile:isoff-main:2011"') or contains (@profiles,
'urn:mpeg:dash:profile:full:2011') or contains (@profiles,
'urn:mpeg:dash:profile:mp2t-main:2011') or contains (@profiles,
'urn:mpeg:dash:profile:mp2t-simple:2011"'))) then true() else false()ﬂ

Line 21 shows the error message “The on-Demand profile shall be identified by the URN
"urn:mpeg:dash:profile:isoff-on-demand:2011". The live profile shall be identified by the
URN "urn:mpeg:dash:profile:isoff-1ive:2011". The main profile shall be identified by the
URN "urn:mpeg:dash:profile:isoff-main:2011". The full profile shall be identified by the
URN "urn:mpeg:dash:profile:full:2011". The mp2t-main profile shall be identified by the
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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".

A.4.4.38 Example 37

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

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 (contaids\€pgofiles,
'wrn:mpeg:dash:profile:isoff-on-demand:2011"')) or not (@type) or @type='static')s then true ()

dise false()”. Line 21 shows the error message “For On-Demand profile, the MPD, @type ghall be
"static™.” Lines 41 and 42 defined the second failed assertion. The test which(failed is alsq shown:
L £ ((@schemeIdUri = 'urn:mpeg:dash:mp4protection:2011') and not (stming-length (@vhlue) =
4)) then false() else true()“.Lhma43shovvstheerrorrnessage“The valtue, of ContentPrqtection
shall be the 4CC contained in the Scheme Type Box.”

A.4.4.39 Example 38

Q

x38.mpd shows an invalid DASH MPD with the result in resuit ex38.xml. The error occurts in the
dontentpProtection. The command used is as follows:

java -jar saxon/saxon9.jar -versionmsg:off -s:exanmples/ex38.mpd
-o:output/result ex38.xml -xsl:output/val sthema.xsl

he validation error is shown in the lines 37 to 40 and lines 37 to 38. Lines 37 and 38 defined the failed
ssertion. The test which failed is also shown: “if ((@schemeIdUri = 'urn:mpeg:dash:mp4protecti
n:2011"') and not(string-length (@value) =x4)) then false() else true(fﬂLdnei39shovvstheerror
1essage"The value of ContentProtection\shall be the 4CC contained in the Scheme Typs Box."

= 0 9

A.4.4.40 Example 39

ex39.mpd shows an invalid DASH_MPD with the result in result ex39.xml. The error occuys in the
epresentation. The command used is as follows:

o)

jlava -jar saxon/saxon%s%ar -versionmsg:off -s:examples/ex39.mpd
-o:output/result “ex39.xml -xsl:output/val schema.xsl

he validation erroris shown in the lines 26 to 27. Lines 26 and 27 defined the failed assertion.|The test
Uhich failed is alsashown: “if (not (child::dash:SegmentTemplate or parent::dash:AdaptaflionSet/
ash:SegmentTemplate or ancestor: :dash:Period/dash:SegmentTemplate) and (corjtains (@
rofiles, !urn:mpeg:dash:profile:isoff-1ive:2011") or contains (ancestor::dadh:MPD/@
rofilesy 'urn:mpeg:dash:profile:isoff-1ive:2011') or contains(parent::dash:AdagtationsS
t/Qprofdles, 'urn:mpeg:dash:profile:isoff-1live:2011'))) then false() else true()" Line 30
hovvstheerrorrnessage"For live profile, the SegmentTemplate element shall be prgsent on
t(_deast one of the three levels, the Period level containing the Representatipn, the

O v O TH O <
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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

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 (matches (@media, '"\$RepresentationID%. ["\$]*\$')) then false() else
true()“. Line 31 shows the error message “$RepresentationID$ shall not have a format tag."

© ISO/IEC 2020 - All rights reserved 61


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

ISO/IEC 23009-2:2020(E)

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

The validation error is shown in the lines 21 to 24. Lines 21 and 22 show a failed assertion. The test
which failed is also shown: “i £ (not (descendant-or-self::dash:BaseURL) and not (descendant-or-

.. h-g £T lotal) o £ Ld = ko = 1£f. .4 h-g £l oot ) +th fol L
self::d o S Y n 1<) ndan r = o E . = )

else true()“ Line 23 shows the error message “At least one BaseURL, SegmentTemplate (or
Segmentfist shall be defined in Period, AdaptationSet or Representation.”

A.4.4.43 Example 42

ex42.mgd shows an invalid DASH MPD with the result in result_ex42.xml. The errgrloccurs in the
AdaptatjonSet. The command used is as follows:

java -jpr saxon/saxon9.jar -versionmsg:off -s:examples/ex42.mpd
-ofoutput/result ex42.xml -xsl:output/val schema.xsl

The valifdation error is shown in the lines 23 to 26. Lines 23 and 24 show a\failed assertion. The test
which fqiled is also shown: “if ((child::dash:SegmentBase and child::dash;SegmentTemplate and
child::d4sh:SegmentList) or (child::dash:SegmentBase and child::dashiSegmentTemplate) or
(child::dpsh:SegmentBase and child::dash:SegmentList) or (childzdash:SegmentTemplate and
child::dgsh:SegmentList)) then false() else true()“ Line 25 shows the error message “At most one of
SegmentBase, SegmentTemplate and SegmentList shall be défined in AdaptationSet.”

A.4.4.44 Example 43

ex43.mpf shows avalid DASH MPD with the resultinnfesult ex43.xml.The command used is as follows:

java -jpr saxon/saxon9.jar -versionmsg:offii-s:examples/ex43.mpd
-—o:outppht/result ex43.xml -xsl:output/yal schema.xsl

A.4.4.43 Example 44

ex44.mpf shows an invalid DASH_MPD with the result in result ex44.xm1. The error occurs in thie
Segmentlremplate. The command-ised is as follows:

java -jpr saxon/saxon9.Jdr -versionmsg:off -s:examples/ex44.mpd
-ofoutput/resultlex44.xml -xsl:output/val schema.xsl

The validation errerds shown in the lines 29 to 32. Lines 29 and 30 show a failed assertion. The teg
which fdiled is alsg‘shown: “if (matches(@media, "\$.[*\$]*\$')) then every $y in (for $x in tokenize(d
media, | "\$(Bandwidth|Time|Number|RepresentationID)(%.[*\$]*)?\$') return matches($x, '\$
[M\$1*\$])) satisfies $y eq false() else true()“. Line 31 shows the error message “Only identifiers such a
$Bandwjidth$, $Time$, $RepresentationID$, or $Number$ shall be used.”

»n I e~

A.4.4.46 Example 45

ex45.mpd shows an invalid DASH MPD with the result in result ex45.xm1. The error occurs in the
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

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:AdaptationSet/@codecs, 'avc') or
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contains (parent::dash:AdaptationSet/Q@codecs, 'svc') or

contains (parent::dash:AdaptationSet/@codecs, 'mvc')) and

not (contains (parent: :dash:Representation/@codecs, 'avc') or

contains (parent::dash:Representation/Q@codecs, 'svc') or

contains (parent::dash:Representation/@codecs, 'mvc'))) then false() else

true () “. Line 40 shows the error message “The URI urn:mpeg:dash:14496:10:frame packing
arrangement type:2011 is used for Adaptation Sets or Representations that contain a video

component that conforms to ISO/IE(:14496—lOﬂ

4.4 477 1 1 4.4
e T O W4 l.aAallllJlU xTU

x46.mpd shows an invalid DASH MPD with the result in result ex46.xml. The error ©ceuys in the
HramePacking. The command used is as follows:

D

jlava -jar saxon/saxon9.jar -versionmsg:off -s:examples/ex46.mpd
-o:output/result ex46.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: “i £ ((@schemeTduri =
'lurn:mpeg:dash:13818:1:stereo_video format type:2011') and

nlot (parent: :dash:AdaptationSet/@mimeType = 'video/mp2t') and

not (parent: :dash:Representation/@mimeType = 'video/mp2t'),) “tHen false()

dise true()“. Line 40 shows the error message “The URI urn:mgey:dash:13818:1:stereo vid¢o
flormat type:2011 is used for Adaptation Sets or RepreS§gntations that contain a videp
domponent that conforms to ISO/IEC 13818-1.°

o~y

.4.4.48 Example 47

x47.mpd shows an invalid DASH MPD with thelresult in result ex47.xml. The error occuis in the
ramePacking. The command used is as follows:

= O

java -jar saxon/saxon9.jar -versionmsgw9off -s:examples/ex47.mpd
-o:output/result ex47.xml -xskioutput/val schema.xsl

The validation error is shown in thélines 38 to 41. Lines 38 and 39 show a failed assertion. The test
Uhich failed is also shown: “if (not(@schemeldUri =
']:rn:mpeg:dash:14496:10:frame_packing_arrangement_type:2011') and not(@schemeldUri =
"irn:mpeg:dash:13818:1:stexeo_video_format_type:2011')) then false() else true()“. Line 40 shows the
rror message “schemeldUri for FramePacking descriptor shall be
rn:mpeg:dash:14496:10:frame_packing_arrangement_type:2011 or
rn:mpeg:dash:13818:1:stereo_video_format_type:2011.“

<

o o @

A.4.4.49 Example 48

[0)

x48.mpd shows an invalid DASH MPD with the result in result ex48.xml. The error occuys in the
HrameRacking. The command used is as follows:

jlafzay —jar saxon/saxon9.jar -versionmsg:off -s:examples/ex48.mpd

- - T 40 2 3 - - 2 k)
U.0UCPUC/ TCoULC C©X=20 . XRITL T.oucpuc [cES CIrCne . T

The validation error is shown in the lines 38 to 41. Lines 38 and 39 show a failed assertion. The test
which failed is also shown: “if (not(@value = '0' or @value = 'l1' or Q@value = '2' or @
value = '3' or @value = '4' or (@value = '5' or (@value = '6')) then false() else true()ﬂ
Line 40 shows the error message “The value of FramePacking shall be 0 to 6 as defined in
ISO/IEC 23091 (all parts)”.

A.4.4.50 Example 49

ex49.mpd shows an invalid DASH MPD with the result in result ex49.xml. The error occurs in the
AudioChannelConfiguration. The command used is as follows:
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java -jar saxon/saxon9.jar -versionmsg:off -s:examples/ex49.mpd
-o:output/result ex49.xml -xsl:output/val schema.xsl

The validation erroris shown in the lines 39 to 42. Lines 39 and 40 show a failed assertion. The test which
failed is also shown: “if ((@schemeIdUri = 'urn:mpeg:dash:outputChannelPositionList:2012") and
not (count (tokenize (@value, ' ')) &gt; 1)) then false() else true ()“. Line 41 shows the error
message “If URI urn:mpeg:dash:outputChannelPositionList:2012 is used the wvalue attribute
shall be a space-delimited list as defined in ISO/IEC 23091 (all parts)”.

A.4.4.51 Example 50

ex50.mgd shows an invalid DASH MPD with the result in result_ex50.xml. The error occurs ifn thle
Segmenf{Template. The command used is as follows:

java -jpr saxon/saxon9.jar -versionmsg:off -s:examples/ex50.mpd
-ofoutput/result ex50.xml -xsl:output/val schema.xsl

[

The validation error is shown in the lines 19 to 22. Lines 19 and 20 show a failed assertion. The tes
which f3iled is also shown: “if (Gtype = 'dynamic' and not (@publishTime))( then false() else
true () “{Line 21 shows the error message “1f MPD is of type "dynamic" «p@blishTime shall be
defined|”

A.4.4.53 Example 51

ex51.mp shows an invalid DASH MPD with the result in resul€ ¥%51.xm1. The error occurs in the
Segmentlremplate. The command used is as follows:

java -jpr saxon/saxon9.jar -versionmsg:off -s:exampleSyex51.mpd
-o:outppht/result ex51.xml -xsl:output/val schema.xsl

(i

The validation error is shown in the lines 41 to 44. Lines 41 and 42 show a failed assertion. The tesg
which fgiled is also shown: “if (@id = preceding<dibling::dash:Subset/@id) then false() elsf
true () “|Line 43 shows the error message “The i@.of each Subset within a Period shall be unique."

A.4.4.53 Example 52

ex52.mpf shows an invalid DASH MPD with the result in result ex52.xm1. The error occurs in the
EventStkeam The command used js:as follows:

java -jpr saxon/saxon9.jar -wersionmsg:off -s:examples/ex52.mpd
-ofoutput/result ex52.xml -xsl:output/val schema.xsl

The validation error is_.$hown in the lines 41 to 44. Lines 41 and 42 show a failed assertion. The tegt
which fdiled is also shown: “if ((@schemeIdUri = preceding::dash:EventStream/@schemeIdUri) an(d
(Qvalue| = preceding::dash:EventStream/@value)) then false() else true ()". Line 43 shows thie
error message “A Périod shall contain at most one EventStream element with the same valufe

for the|scheméIduri attribute and value attribute.”

A.4.4.5 Fyamplp 53

ex53.mpd shows an invalid DASH MPD with the result in result ex53.xm1. The error occurs in the
EventStream. The command used is as follows:

java -jar 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
= '1' or @value = '2')) then false() else true()“ Line 42 shows the error message “1f URI
urn:mpeg:dash:event:2012 is used the value attribute shall have the value 1 or 2.
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A.4.4.55 Example 54

ex54.mpd shows an invalid DASH MPD with the result in result ex54.xml. The error occurs in the

InbandEventStream. The command used is as follows:

java -jar saxon/saxon9.jar -versionmsg:off -s:examples/ex54.mpd
-o:output/result ex54.xml -xsl:output/val schema.xsl

The validation error is shown in the lines 42 to 45. Lines 42 and 43 show a failed assertion. The test

which failed is also shown: “if ((@schemeIduri =

PLCL,CCH‘_“R_.}. .d.ct ll.J.J.ll)d.lJ.d.L ClILoLLCSalll/ T Lllblllbldu!_i} c!.].ld (¢ aluc -
dreceding: :dash:InbandEventStream/@value)) then false() else true()ﬂldnel44shovvstl
Dlessage“There shall be only one InbandEventStream element with the same valug\fpTr
dchemeIduri attribute and value attribute.”

o~y

.4.4.56 Example 55

x55.mpd shows an invalid DASH MPD with the result in result ex55.xml.|The error occuj
TlnbandEventStream. The command used is as follows:

[0)

jlava -jar saxon/saxon9.jar -versionmsg:off -s:examples/ex55.npd
-o:output/result ex55.xml -xsl:output/val schema.xsl

—

he validation error is shown in the lines 41 to 44. Lines 41 and 42 show a failed assertion.
Phich failed is also shown: “if ((@schemeIdUri = ‘'urnympeg:dash:event:2012') and nof

"l' or @value = '2')) then false() else true(/."Line 43 shows the error message
rn:mpeg:dash:event:2012 is used the value attriblite shall have the value 1 or 2.”

<

o

A.4.4.57 Example 56

%56 .mpd sShows an invalid DASH MPD with theresultin result ex56.xml. The error occurs in th
The command used is as follows:

[0)

jlava -jar saxon/saxon9.jar -versionmsg:off -s:examples/ex56.mpd
-o:output/result ex56.xml .-&sl:output/val schema.xsl

The validation error is shown in the lines 46 to 49. Lines 46 and 47 show a failed assertion. The
which failed is also shown: “4£\(if (not (@presentationTime)) then (0 &1t;
dreceding-sibling: :dashtEvent/@presentationTime) else (@presentationTime

§1t; preceding-siblingesdash:Event/@presentationTime)) then false() else

tlrue () “. Line 48 shows the error message “Events shall be in non-decreasing order

Hased on the presenmtation time.“

A.5 Step4:Segment validator

A.5.13IS0 base media file format segments

l€ error
fhe

s in the

The test
(@value
“If URI

1e Event.

test

A5-1+—Gemerat

The ISO base media file format validator software has two parts: a software backend and a web-based
frontend. The only input required to generate the conformance results is an MPD that can either be

hosted on a web-server or stored locally on the file system.

A.5.1.2 Generating conformance results

In order to generate the conformance results, the user-interface of the web-based front-end is used

to provide the URL or local file system location of the MPD to be verified. The processi
automatically in the following steps.

a) The MPD is loaded.
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b) The

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

c) A small amount of data is downloaded from each segment to re-create the relevant parts of the
representation at the server running the conformance software. ‘ftyp’, ‘moov’, ‘styp’, ‘sidx’, ‘ssix’,

and
also

‘moof” are the box types included in the downloaded data. The headers of any ‘mdat’ boxes are
downloaded.

d) Each representation is tested following the conformance checks documented in the previous

sect

ions, including cross-representation conformance checks.

e) The
linki
errd

f) The

In genet
complet
for para

A.5.2

A.5.2.1
The ts_v]
— MPH
— SAP
— Seg
— Ind¢
— Init
— Bits
The ts_v

To run t
MPD as

ts vali

The vali

ts vali

The rep

USEer Interiace idicates 1f the segments are conforming or not. If they are not, an error report |
ed in the user interface. Opening the error report provides the description of each confornrande
r found in relation with the specification.

[72)

cached data used for processing is deleted automatically without user interventiop,

al, operating the user interface is self-explanatory, with descriptions provided to allow fdr
on of conformance testing. Each conformance test run is isolated in its own‘instance, allowinjg
lel concurrent testing.

MPEG-2 transport stream segments

General

alidator verifies:

G transport stream syntax and conformance;

type conformance;

ment timing (for audio and video);

x file conformance;

alization segment conformance;

tream switching segment conformance.

alidator reads all required metadata directly from the MPD.

he ts_validator, openrayshell for a command line, and run ‘ts_validate_mult_segment’ with thie
hn input parameter-Eor example:

Hate mult segm&fit example.mpd

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

Hate mmult segment example.mpd > myTestOutput.txt

rtgontains a lot of information, including pass/fail information for each initialization segment,

index se

gment, and media segment. below we provide more detail on a rew of the reatures.

By default, only conformance problems, warnings and errors are written to the output. If you want
more information, run with -v for info-level logging and -vv for debug level.

A.5.2.2

The rep
"SEGME

Individual segment results

ort contains a pass/fail result for each media segment. To find these, search for the text
NT TEST RESULT". If a segment test has failed, then more info on the failure will be provided in

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

A.5.2.4 Audio and video gap matrices

The report contains audio and video timing gap matrices in order to measure the timing gaps that a
user would experlence if sw1tch1ng between representatlons Examples are shown below For example

bl D R~ A ¢ M iy

o>y

udioGapMatrix

o

f3/seg-00001.ts

o

f7/seg-00001.ts

o

f12/seg-00001.ts

o

f28/seg-00001.ts

=

ideoGapMatrix

o

f3/seg-00001.ts

o

f7/seg-00001.ts

o

f12/seg-00001.ts

o

f28/seg-00001.ts

uf3/seg-00002.ts
0
0

uf3/seg-00002.ts
0

0
0
0

uf7/seg-00002.ts

0
0

uf7/seg-00002.ts

0

o o O

A.5.2.5 Audio andvideo timing summaries

rhen switching between these segments. The test report contains matrices for all segment palirs in an
daptation set. The matrices are tab-delimited, so they look clumsy in the test report, but display nicely
fpasted into a spreadsheet.

uf12/seg-00002.ts uf28/seg-0p002.ts

o o o o

o o o o

uf12/seg-00002.ts uf28/seg-00002.ts

0

o o O

o o o o

A tabular sumimdry of segment timings for each representation is given near the end of the tesft 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
displaypnicely if pasted into a spreadsheet.

tdeotiming
segmentFile expectedStart expectedEnd videoStart videoEnd  deltaStart deltaEnd
uf28/seg-00001.ts 6000 906000 6000 906000 0 0
uf28/seg-00002.ts 906000 1806000 906000 1806000 0 0
uf28/seg-00003.ts 1806000 2706000 1806000 2706000 0 0
uf28/seg-00004.ts 2706000 3606000 2706000 3606000 0 0
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uf28/seg-00005.ts 3606000 4506000 3606000 4506000 0 0
uf28/seg-00006.ts 4506000 5406000 4506000 5406000 0 0
uf28/seg-00007.ts 5406000 6306000 5406000 6306000 0 0
uf28/seg-00008.ts 6306000 7206000 6306000 7206000 0 0
uf28/seg-00009.ts 7206000 8106000 7206000 8106000 0 0
uf28/seg-00010.ts 8106000 9006000 8106000 9006000 0 0
uf28/seg-00011.ts 9006000 9906000 9006000 9906000 0 0
uf28/seg-00012.ts 9906000 10806000 9906000 10806000 0 0
uf28/seg-00013.ts 10806000 11706000 10806000 11706000 0 0
uf28/seg-00014.ts 11706000 12606000 11706000 12606000 0 0
uf28/seg-00015.ts 12606000 13506000 12606000 13506000 0 0
uf28/seg-00016.ts 13506000 14406000 13506000 14406000 0 0
uf28/seg-00017.ts 14406000 15306000 14406000 45306000 0 0
uf28/seg-00018.ts 15306000 16206000 15306000~ 16206000 0 0
uf28/seg-00019.ts 16206000 17106000 16206000 17106000 0 0
uf28/seg-00020.ts 17106000 18006000 17106000 18006000 0 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
The follgwing test yvéctors conform to the ISO BMFF on-demand profile.

Features Comment

5] Test Vector(1): association-1.mpd

6 COTtains one metadatd REPTESENtation associated witlr a video Representation using

associationld alone (no associationType)
7) Test Vector(2): association-2.mpd
8) Contains one metadata Representation associated with multiple video

Representations using multiple associationld values.

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

10) Contains one metadata Representation associated with a video Representation using
associationld and associationType, each having one value
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Features Comment

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

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

13) Test Vector (5): association_signallingl.mpd

14) In this example, a metadata Representation in an Adaptation Set is associated with a
media Rpprncpnfnfinn inanather Arhpfqﬁnn Setforvidea Each metadata ngmpnf

corresponds to a media Segment.

15) Test Vector (6) Association-greenMetadata.mpd contains a specific Adaptation
Set within the MPD that defines the available Green Metadata representations
and their association with the available video representations. More description
available in m34934.

o |

he following test vector conforms to the ISO base media file format live profile.

16) Test Vector (1): association_signalling2.mpd

17) Inthis example, a metadata Representation in an Adaptation Set is associated
with media Representations in another Adaptation Set for'wvideo. The metadata
Representation multiplexes timed metadata tracks cartying quality information for
the associated media Representations

Features Comment

—

he additional test vectors below provide invalid testcases.

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‘associationld. This is not allowed

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 (assogiationType 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@'video Representation, has an associationType value that is not a four character
string. This is not a valid MPD.

Features Comment

A
2

.5.2.5:3> "Example association-1

3)-association-1.mpd shows a valid DASH MPD with the result in result_association-1.xml

The command used is as follows:

J

ava -Jjar saxon/saxon9.jar -versionmsg:off -s:examples/association-1.mpd
-o:output/result association-1l.xml -xsl:output/val schema.xsl

A.5.2.5.2 Example association-2

24) association-2.mpd shows a valid DASH MPD with the result in result_association-2.xml

The command used is as follows:
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