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Chapter 1

Introduction

1 Introduction

1.1 Purpose and Scope

The Advanced Access Content System (AACS) specification defines an advanced, robust and
renewable method for protecting Audiovisual Content, including high-definition content. The specification is
organized into severa “books’. The Introduction and Common Cryptographic Elements book defines
cryptographic procedures that are common among the various defined uses of the protection system. The
Pre-recorded Video Book specifies additional details for using the system to protect audiovisual entertainment

content distributed on pre-recorded (read-only) storage media.

This Book (the AACSHD DVD and DVD Pre-recorded Book) defines detailed adaptation of the
AACS technical elements to the HD DVD-Video Specifications defined in the DVD Forum. Therefore, this
book defines copyright protection of the HD DV D-Video contents on the HD DVD and DVD Pre-recorded
media. An HD DVD-Video Player has capability of connecting to the Internet, and it has capability of
managing Persistent Storages as non-volatile storages external to the optical disc. The Player behavior can be
controlled by XML Documents and ECMA Script Codes provided by the Content Provider. These new
capabilities of an HD DVD-Video Player, together with capability of playing back high-definition audiovisual
and audio-only contents, could bring a brand-new user experience. This book provides a content protection
scheme for Persistent Storages aswell asan HD DVD-ROM or DVD-ROM medium itself.

Use of this specification and access to the intellectual property and the cryptographic materias
required to implement it will be subjects of alicense. A license authority referred to as AACSLA LLC
(hereafter referred to as AACS LA) is responsible for establishing and administering the content protection
system based, in part, on this specification.
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1.2 Overview

1.2.1 AACS Mode
An AACS-Compliant Player has two modes. AACS Mode and Non-AACS Mode. The method of

Provider Directory and the boot sequence changes in accordance with these two modes. The details are
described in Section 6.3. In AACS Maode, behavior of some APIsisdifferent from that defined in the HD
DVD-Video Specifications. The descriptionis seenin 6.2.3. And, in AACS Mode, some AACS APIsare
introduced. They are described in 5.5. Above all, in AACS Modeg, it is assumed that the content data may
have different formats. For instance, an EVOB may be encrypted and some XML files shall be encapsulated.

A Player shall enter into AACS Mode before executing its boot sequence if and only if it decides that
aDisc to be played back isan AACS Disc. Once a Player entersinto Non-AACS Mode, the Player is not

allowed to enter into AACS Mode before one of the following conditions hold:
e The Discis gjected.
e The Player loses power.
¢ The boot sequence for an AACS Disc starts.
»  Theboot sequenceis described in 6.2.2.2.

A Player shall decide that a Disc to be played back isan AACS Disc if the Encryption Drive for the Player is
ableto read the PMSN or if the Encryption Drive is able to read the Volume ID. The following description in
this book is applicable in AACS mode unless otherwise stated.

1.2.2 Overview

The following isthe general principles of data protection for the content and the AACS components
concerning an AACS-Compliant (HD) DVD-Video:

Onan AACSDisc:

a. Title Usage Files shall be protected by means of Content Hashing and MAC.

b. Title Key Filesshall be protected by means of encryption and MAC.

c. All the P’'S-EVOBs shall be protected by means of Content Hashing. They may also be
protected by packet-based encryption.

d. Advanced Elements such as images, animations, fonts, etc. may be protected by encapsulation in

Encapsulation Format for MAC or in Encapsul ation Format for Encryption.
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o Effect audios (WAYV files) must not be encapsulated in Encapsulation Format for MAC.

e Every Advanced Element, which isto be reproduced as a part of contents, shall be
encapsulated. See 4.3.5 for the details. Even a Non-Protected Advanced Element shall be

encapsulated in Encapsulation Format for Non-Protected Advanced Element. On the other
hand, for instance, a JPG file for a PC wallpaper or a JPG file used by a Player for showing
an explanation of a Provider Directory should not be encapsul ated.

e. All the XML Document files shall be protected by encapsulation in Encapsulation Format for
Hash.

e Exception: An XML Document for Advanced Subtitles may be protected by encapsulation in
Encapsulation Format for Encryption and Hash if the content author wants it to be encrypted.

o Exception: Managed Copy Manifest named “MNGCPY_MANIFEST.XML” must not be
encapsulated though it shall be protected by means of Content Hashing.

f.  All the ECMAScript files shall be protected by encapsulation in Encapsulation Format for Hash.

o Exception: An ECMAScript file may be protected by encapsulation in Encapsulation Format

for Encryption and Hash if the content author wants it to be encrypted.

In Persistent Storages:

a. Title Usage Files shall be protected by means of Content Hashing and MAC.
¢ A Title Usage File may override Usage Rules for a P/'S-EVOB on a Disc.
b. Title Key Filesshall be protected by means of encryption and MAC.
c. S-EVOBsmay be protected by packet-based encryption.
o No content hash isrequired for an S-EVOB in a Persistent Storage.

d. Advanced Elements such asimages, animations, effect audios and fonts may be protected by

encapsulation in Encapsulation Format for MAC or in Encapsulation Format for Encryption.

e A captured image must not be encrypted. It may, however, be protected by encapsulation in
Encapsulation Format for MAC.

o Effect audios (WAYV files) must not be encapsulated in Encapsulation Format for MAC.

e Every Advanced Element, which isto be reproduced as a part of contents, shall be
encapsulated. See 4.3.5 for the details. Non-Protected Advanced Element shall be
encapsulated in Encapsulation Format for Non-Protected Advanced Element. On the other
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hand, for instance, a JPG file for a PC wallpaper or a JPG file used by a Player for showing
an explanation of a Provider Directory should not be encapsul ated.

e. All the XML Documents shall be protected by encapsulation in Encapsulation Format for MAC.

¢ An application-generated XML Document shall also be encapsulated in Encapsulation
Format for MAC.

i) Itisautomatically encapsulated by the APIsfor saving XML Documents.

o Exception: An XML Document for Advanced Subtitles may be protected by encapsulation in

Encapsulation Format for Encryption if the content author wants it to be encrypted.

f.  All the ECMAScript codes shall be encapsulated in Encapsulation Format for MAC.

o Exception: An ECMAScript file may be protected by encapsulation in Encapsulation Format

for Encryption if the content author wantsit to be encrypted.

To or From a Network Server:

a.  AnAllowed Advanced Resource may be sent to or received from a server by a Player without

encapsulation.

o Dataare called an Allowed Advanced Resource (AAR) if and only if the data are one of the
followings: An XML document, a JPEG image, a PNG image, an MNG animation or aWAV
audio. Note that the MIME type of the XML document shall be text/xml or application/xml.

¢ Thefilename extension of an Allowed Advanced Resource shall be one of the followings:
XML, xml, JPG, jpg, PNG, png, MNG, mng, WAV or wav.

The protection methods are different between contents on a Disc and those in Persistent Storages. On
an AACS Disc, XML Document files and ECM A Script files, which govern navigation of contents playback
and define behavior of a Player, shall be strictly protected by means of Content Hashing. Those hashes are
compiled into a Content Hash Table and the hash of the Content Hash Table is contained in the Content
Certificate which is signed by the AACS LA. And the content hashes of P/S-EVOBs on aDisc are aso
compiled into another Content Hash Table whose hash is contained in the signed Content Certificate.

On the other hand, in a Persistent Storage, XML Document files and ECMA Script files shall be
protected by means of aMAC or encryption. There are no Content Hash Table and no Content Certificate for
contents in Persistent Storages though there is a Content Certificate file for the Title Usage File. Datain a
Persistent Storage which are associated with a Disc in an AACS-Compliant Player are stored in adirectory

whose name is known only by the Player which plays the concerned Disc. No other Content Provider is able

Final Revision 0.952 Page 14



Advanced Access Content System: HD DVD and DV D Pre-recorded Book

to alter or manipulate those associated data in the Persistent Storage. A Content Provider’ s directory in a
Persistent Storage is strictly protected from illegitimate access from other
AACS-Compliant/Non-AACS-Compliant Discs played back on an AACS-Compliant Player:

g. Configuration File “DISCID.DAT” and Directory Key File shall be protected by means of
Content Hashing.

The Configuration File has the datafield called “Provider ID”. Provider ID is cryptographically modified by
the Directory Key in the Directory Key Filein order to yield the name of the Provider Directory. These data
are strictly protected by means of Content Hashing so that segmentation among Content Providers will never
be violated.

Note that the above mentioned principle does not prohibit an XML document protected by MAC

from residing on a Disc. There may be such a scenario as follows:

i) An application copies, from the Disc, some XML documents, some ECMA Script codes and

some images which are protected by MAC or encryption, not by hash, to a Persistent Storage.

ii) Those XML documents, those ECMA Script codes or those images are read from the Persistent
Storage and used (parsed/executed/displayed/etc.) by the Player.

o The Player decapsulates the files verifying the MACs or decrypting the data.

Note also that there is an area called Resource Areain File Cache. The areaworks as a cache for some content
dataon aDisc, a Network Server, etc. and it is not regarded as a source of content data in this context. Evenin

the Resource Area, which works as a cache, those data shall retain the property of the original.

Datato be stored in a Provider’ s directory in a Persistent Storage shall be created as described above.
They shall have no content hash except the Title Usage Files. A content to be protected shall be encapsulated.
There are three sources for the data: thefirst isan AACS Disc, the second is a Network Server and the third is
application-generated data. Data from the Disc shall be, in the first place, encapsulated in the appropriate
format and stored on the Disc. Data prepared on the Server may be encapsulated. Note that All the Advanced
Elements to be displayed as a content shall be encapsulated in one of the five encapsulation formats.

The HD DVD-Video Specifications defines the terms “ Advanced Element” and “ Advanced
Navigation”. Advanced Navigation contains XML Documents and ECMA Script Codes which define the
architecture of content playback such as playback sequences, resource declarations, descriptions of menu,
actions for menu buttons, etc. Advanced Navigation also contains XML Documents for Advanced Subtitle.
Theterm “ Advanced Element” denotes data used by Advanced Navigation. Advanced Elements contain still
images, animations, fonts, etc. In this Adaptation Book, the term “ Advanced Resources’ is sometimes used to

mean the sum of the data set “ Advanced Navigation” and the data set “ Advanced Element”.
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There are five kinds of encapsulation formats for Advanced Resource Files. One is the Encapsulation
Format for Hash. Integrity of data encapsulated in this format is guaranteed by means of Content Hashing and
Content Certificate. The second encapsulation format is Encapsulation Format for Encryption and Hash. This
format is used for data which the content author wants to be encrypted when the data shall be protected by
means of Content Hashing. These two formats serve for integrity check of XML Documents and ECMA Script

Codes on an AACS Disc. The AACS signature isinvolved in the protection of them, which guarantees higher
integrity.

Thethird format is Encapsulation Format for MAC. Integrity of data encapsulated in thisformat is
guaranteed by means of MAC which is calculated using one of the Title Keys. The fourth format is
Encapsulation Format for Encryption, which isfor data to be protected by encryption. These two formats
serve for integrity check of XML Documents and ECMA Script Codes in Persistent Storages. The fifth format
is Encapsulation Format for Non-Protected Advanced Element. It is used to prevent aternation of a protected
file with anon-protected file. In the format, only the filename of an Advanced Element is encrypted and

protected.

An application may save aDOM Document in XML Parser into File Cache, into a Persistent Storage
or into a Network Server, in the form of an XML Document. In AACS Mode, an XML Document shall be
encapsulated in Encapsulation Format for MAC. Therefore, the API, XML Parser.write(), for saving a DOM
Document shall calculate the MAC value of the XML Document to save. The MAC valueis calculated using
aTitle Key which isindicated by the API, AACS.setMACKey().

Thereisan HD DVD-Video AP, FilelO.openTextFil&(), for reading an XML Document or
ECMA Script Codes from File Cache or a Persistent Storage into a buffer in Script Engine. This API does not
perform any AACS operation such as MAC verification. That is, an XML Document, for instance, read by
openTextFile() isnot MAC-verified and is not de-capsulated.

An AACS-Compliant Player provides two APIs for capturing image with MAC. Oneisfor the Main
Video Plane and the other is for the Graphics Plane. A captured image is saved in Encapsulation Format for
MAC. See 6.2.3 for the APIsfor loading/saving.

An HD DVD-Video disc may contain program streams, called P/S-EV OBs, of audiovisual data or
audio-only data. As stated above, those EV OB files may be protected by encryption. Encryption shall be
performed on a packet basis. Some packets may be encrypted and others not. The AACS protection format for
the EVOB fileis defined in Chapter 4 of this Book.

Figure 1-1 depicts an example of a system model for an HD DVD-Video Player with the AACS

modules. The pink portions of the figure denote the AACS functions such as decryption or data integrity
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check. A P-EVOB in aPrimary Video Set may contain ADV_PCK which is a container for Advanced
Resources. Advanced Resources are packetized and multiplexed into a P-EVOB. A Secondary Video Set shall
not contain a P-EV OB, but it may contain an S-EV OB, where an SSEVOB hasno ADV_PCK.

In Figure 1-1, packetized Advanced Resources go from DEMUX to File Cache Manger. Each
Advanced Resource Filein File Cache is no longer packetized but is in the composed form. No cryptographic
operation is performed in the DEMUX and the file transfer. Therefore, Advanced Resource Files shall be
protected by encapsulation before they are multiplexed as ADV_PCKsinto a P-EVOB. Thisis an important
point at the authoring stage or at the AACS encryption stage of an HD DV D-Video Disc creation.

From a Disc, Persistent Storages or Network Servers, Advanced Resources come into File Cache.
These Advanced Resource Files shall be encapsulated in the first place, except for allowed data coming from
network resources which is alowed not be encapsulated. The data transfer to File Cache from the Disc or
from a Persistent Storage is just bit-by-bit copy which involves no cryptographic operation. This means that
those Advanced Resource Files shall reside, in thefirst place, in the encapsulated format on the Disc or in a
Persistent Storage. The data transfer to File Cache from a Network Server may involve a cryptographic
operation such as HTTPS for protection of the data transfer. It is, however, considered as bit-by-bit copy of
data from the server to File Cache in the aspect of the AACS content protection. This means that a Network
Server shall prepare encapsulated Advanced Resource Files.

Streaming of audiovisual data or audio-only data comes from a Network Server or a Persistent
Storage. They are SSEVOBs and may be encrypted on a packet basis. Streamed data are decrypted in
Presentation Engine before decoding. Note that all the protected data are decrypted or MAC-checked just
before they are decoded, parsed or interpreted. Note that a Persistent Storage or a Network Server isnot a
source of a P-EVOB.

Following the above-mentioned policy for content protection, al the inputs from an AACS Disc to
XML Parser and Script Engine are strictly protected from data manipulation. This means that the inputs are
kept strictly the same asthey were originally created by the content participant to the AACS LA. A Video
Disc may leave some contents, XML Documents or ECMA Script Codes in Persistent Storages. If a content
participant follows the AACS content protection scheme defined in this book, all the resources in Persistent
Storages will never be affected on an AACS-Compliant Player by an HD DV D-Video Disc distributed by
another Content Provider, regardless of whether the HD DVD-Video Discis AACS-Compliant or not.
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Figure 1-1: An Example of an HD DVD-Video Player System M odel

For an Advanced Contents, there are two kinds of applications: Oneis a Disc Application and the

other isa P-Storage Application. A Disc Application is an application which isinvoked from an HD

DVD-Video disc, and a P-Storage Application is an application which isinvoked from a Persistent Storage.
An AACS Disc contains two Content Hash Tables: Content Hash Table #1 and #2. The Content Hash Table
#1 contains the hashes of all the EVOBU/TUs in the P/IS-EVOBs on the Disc. The Content Hash Table #2

contains the hashes of the following data:

i) TitleUsage Files onthe Disc

a. Thesefiles are not encapsul ated.

ii)  All the XML Document files on the Disc
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a. Thefilesare encapsulated in Encapsulation Format for Hash or in Encapsulation Format for
Encryption and Hash.

iii) All the ECMAScript files on the Disc

a. Thefiles are encapsulated in Encapsulation Format for Hash or in Encapsulation Format for
Encryption and Hash.

For a Disc Application, the AACS module verifies the Content Certificate, checks the hashes of the
Content Hash Tables #1 and #2, and the hash of the TUF. Before or while a P/'S-EVOB is played back,
Content Hash Checking is performed on the P/S-EV OB using the Content Hash Table #1. Before an XML
Document file or an ECMAScript fileis processed by XML Parser/Script Engine, the AACS module shall
check the hash of the concerned file referring to the Content Hash Table #2.

Figure 1-2 shows arough sketch of relationship among the components on an AACS Disc. A “hash’
arrow shows (a portion of) the source is hashed up into the sink. A “refer” arrow means that the source
contains the field which refersto an entry in the sink data. A Player keeps the name of Playlist which is
currently active and it checks the reference, for instance, when it loads a TKF so that the relationship among

the data can be kept.

XML Documents/
ECMA Scripts

CcC

hash / w hash Fepra

AACS Signature

TKF

hash

Tor [T

Figure 1-2: A Rough Sketch of Relationship among the Componentson an AACS Disc
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For a P-Storage Application, there is a Playlist in a Persistent Storage, and there are an associated
Title Usage File (TUF) and an associated Title Key File (TKF) in the same directory. No Content Hash Table
residesin a Persistent Storage. Thereis, however, a Content Certificate file associated with the Playlist in the
same directory. The hash of a TUF is contained in the Content Certificate file. For a P-Storage Application, an
AACS module shall verify the signature of the Content Certificate and the hash of the TUF. Figure 1-3 shows
arough sketch of relationship among the componentsin a Persistent Storage.

XML Documents/
ECMA Scripts

CcC

AACS Signature

e '

Figure 1-3: A Rough Sketch of Relationship among the Componentsin Persistent Storages

Note that this Book assumes a Playlist has one of the following names:. “V PL ST%%%.XPL" or
“APLST%%%.XPL" (case sensitive), where %%% runs 000 to 999. Although an arbitrary nameis allowed
for aPlaylist in the HD DVD-Video Specifications, this Book places a restriction on them because of name

convention used for a Playlist and the AACS components.

There are some AACS APIs exposed to the ECMA Script layer. The AACS APIs are enabled and
usable when and only when the systemisin AACS mode, i.e. when the AACS-Compliant Player plays back
an AACS Disc. Thereisan AACS abject, whose function properties are used mainly for network applications
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such as Online-Enabling. An Online-Enabling APl exchanges a TKF in order to enable playback of EVOBs.
AACS also requires some changes for the APIs defined in the HD DV D-Video Specifications which
load/save XML Documents or ECMASCript Codes. In AACS mode, the load/save APIs behave in adightly
different way from those described in the HD DVD-Video Specifications. The load APIsload and use contents
in encapsulated files with hash or MAC as long as verification of them succeeds. And the save APIs save
contents into encapsulated fileswith MAC. See 6.2.3 for the detalls.

Note that Bus Encryption/Decryption shall be applied for data transfer between a Licensed Drive and
a PC host. Bus Encryption shall be, however, applied only to the EV OB files, the P-EV OB files and the
S-EVOB files, on aDisc: A sector on aDisc isto be Bus Encrypted if and only if it stores part of an EVOB
file. Thereis aplayback scenario in which an EVOB file on aDisc is copied to a Persistent Storage. In this
case, aPC host shall perform Bus-Decryption of the sectors for an EVOB and copy the decrypted sectorsinto
a Persistent Storage, that is, FilelO.copy() shall perform such Bus-Decryption.

Some AACS components may be delivered to atitle creation process after regions for the
components have already been allocated. For convenience of title creation, it is alowed that superfluous data
follow the substantial data of the following AACS components and their backups: “MKBROM.AACS’,
“MKBRECORDABLE.AACS’, “SKBF.AACS’ and “CONTENT_REVOCATION_LIST.AACS'. For
instance, MKBROM.AACS may have aresidual at the end of thefile. It is not allowed to append such a

residual to any other data whose format is described in this Book.

1.3 Organization of this Document
This document is organized as follows:
e Chapter 1 provides an introduction and overview.

o Chapter 2 describes AACS components which reside in the Lead-in Area and the Burst Cutting
Areaof an HD DVD-ROM medium or aDVD-ROM medium.

o Chapter 3 provides a detailed description of the AACS components which reside in the Data Area
of an HD DVD-ROM medium or aDVD-ROM medium.

o Chapter 4 provides a detailed description of the protection scheme for the data which specifically
belong to the HD DV D-Video, especialy to the Advanced Contents.

e Chapter 5 describes functions and protocols which are required for online applications such as

downloading, streaming and Online-Enabling.
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o Chapter 6 provides adetailed description of the protection scheme for contents in Persistent

Storages.

e Chapter 7 describes the implementation and realization of the Sequence Key.

1.4 References

e DVD Specifications for High Density Read-Only Disc, Part 1: Physical Specifications, Version
12

e DVD Specifications for Read-Only Disc, Part 1: Physical Specifications, Version 1.04

e DVD Specifications for High Definition Video, Version 1.1

e AACSIntroduction and Common Cryptographic Elements.

e AACS Pre-recorded Video Book.

e Media Mark Specification for AACS-Protected Pre-recorded HD DVD and DVD, for CE System
Revision 0.91.

e Media Mark Specification for AACS-Protected Pre-recorded HD DVD and DVD, for PC System
Revision 0.91.

¢ Extensible Markup Language (XML) 1.0 (Third Edition), W3C Recommendation 04 February
2004.

o ECMAScript Language Specification 3™ edition, Standard ECMA 262.

This specification shall be used in conjunction with the preceding publications. When the publications are
superseded by an approved revision, the revision shall apply.

1.5 Document History

This document version 0.952 supersedes version 0.951 dated September 28, 2009 and contains NO
SPECIFICATION CHANGES. Version 0.951 superseded version 0.95 dated May 21, 2009 and contained NO
CHANGES.

1.6 Notation

Except where specifically noted otherwise, this document uses the same notations and conventions for
numerical values, operations, and bit/byte ordering as described in the Introduction and Common

Cryptographic Elements book of this specification.
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1.7 Terminology

e AnHD DVD-Video ROM medium means an HD DVD ROM medium which contains an HD DVD-Video
Content or aDVD-Video Content.

e In this specification, a DV D-Video ROM medium means a 3X-Speed DVD ROM medium which contains
an HD DVD-Video Content or aDVD-Video Content.

¢ A Video Disc means an HD DVD-Video ROM medium or aDVD-Video ROM medium.
»  Each side of adouble sided (HD) DVD-Video ROM medium is considered as one Disc.

e An HD DVD-Video Content is called AACS-Protected if it is protected by the AACS content protection

scheme.

e A DVD-Video Content is called AACS-Protected if it is protected by the AACS content protection

scheme.

e An AACS-Protected HD DVD-Video ROM medium means an HD DVD-Video ROM medium which
contains an AACS-Protected HD DV D-Video content or an AACS-Protected DV D-Video content.

e An AACS-Protected DVD-Video ROM medium means a DVD-Video ROM medium which contains an
AACS-Protected HD DV D-Video Content or an AACS-Protected DVD-Video Content.

¢ An AACS Disc means an AACS-Protected HD DVD-Video ROM medium or an AACS-Protected
DVD-Video ROM medium.

¢ Advanced Resources mean the sum of two data sets, Advanced Navigation and Advanced Element, both of
which are defined in the HD DVD-Video Secifications.

¢ An Advance Resource File means adatafile of Advanced Resources.

¢ An Allowed Advanced Resource means an XML document, a JPEG image, a PNG image, an MNG
animation or aWAV audio. See the preceding definition.

¢ A Disc Application means an HD DV D-Video application which is booted from a Disc.
o A P-Storage Application means an application which is booted from a Persistent Storage.

e A Sequence Key Section means, for a Standard VTS, a combination of a Cell Block and a corresponding
Interleaved Block in a P-EV OB which serves Sequence Key playback. For an Advanced VTS, a Segquence
Key Section means a combination of a TMAP and a corresponding I nterleaved Block in a P-EVOB which
serves Sequence Key playback.
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1.8 Abbreviations and Acronyms

e GUID: Global Unique Identifier.

e (P/S)EVOBU: EVOBU for P/S-EVOB respectively. An EVOBU is sometimes called just aVOBU.
o ARF: Advanced Resource File.

e ANF: Advanced Navigation File.

¢ HD DVD-Video Specifications: DVD Specification for High Definition Video, Version 1.0.
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Chapter 2
AACS Components in Lead-in Area and Burst

Cutting Area

2 AACS Components in Lead-in Area and Burst Cutting Area

2.1 Introduction

This chapter describes details of locations and/or formats of the AACS components defined in the
AACS Pre-recorded Video Book which are stored in the Lead-in Area and the Burst Cutting Area of an
AACS-Protected HD DVD-Video ROM or of an AACS-Protected DVD-Video ROM. The HD DVD-ROM
format and the DVD-ROM format are licensed by the DVD Forum. The DVD Forum publishes the concerned
specifications:
® DVD Specifications for High Density Read-Only Disc, Part 1: Physical Specifications
® DVD Specifications for Read-Only Disc, Part 1: Physical Specifications
A reader of this chapter is assumed to be familiar with the HD DVD-ROM format and the DVD-ROM format.

This chapter focuses on the format which is relevant to the AACS content protection scheme. An overview of
locations of the AACS components on an AACS-Protected (HD) DVD-Video ROM is shown in Figure 2-1.
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B_flag } «— CPR_MAI

Figure 2-1: Physical Layout of AACS Componentson an (HD) DVD-ROM

The Volume ID (IDygume) is Separated into two parts which are stored in the Burst Cutting Area (BCA)
and the Lead-in Area.

® ThePrerecorded Media Serial Number (PMSN) is stored in the BCA. It is optional.

The Key Conversion Data (KCD) is stored in the Lead-in Area.

The Media Key Block (MKB) for contents associated with the ROM medium is recorded in the Data

Areawhile some records of the MKB are also stored in the Lead-in Area.

Some formats of the AACS components recorded in the Lead-in Area or the Burst Cutting Area (BCA) are
different between an HD DV D-Video ROM and a DV D-Video ROM. The following subsections describe the
details.

An Encryption Drive which supports HD DV D-ROM/DVD-ROM may support commands for
format layer-change, which enable to change the format for a hybrid disc, i.e. an HD DVD-ROM/DVD-ROM
Twin Format Disc, without disc gjection or power-off. Note that, however, from the viewpoint of the AACS
content protection scheme, format layer-change from alayer which is protected by AACS to alayer whichis
not protected by AACS shall be regarded as disc gjection, even if no disc gjection isin fact occurred at the
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format layer-change. See the AACS Introduction and Common Cryptographic Elements for the Encryption
Drive behavior at disc gection.

2.2 Key Conversion Data

An AACS Disc may contain a Key Conversion Data (KCD) of 128 bits. The KCD is stored in the
Copyright Data Section in the manner described in the Media Mark Specification for AACS-Protected
Pre-recorded HD DVD and DVD, for CE System Revision 0.91. Certain classes of devices, which are defined
in the AACS Compliance Rules, need not perform the additional procedures for Drive-Host configuration
defined in Chapter 4 of the AACS Introduction and Common Cryptographic Elements, provided that they are
implemented with appropriate robustness defined in the AACS Robustness Rules. A Licensed Drive must not
output the KCD if the connected device is not in the classes. Those classes of devices shall perform, however,
key conversion in order to obtain a Media Key using the KCD if the KCD exists. The usage of KCD is
described in the AACS Introduction and Common Cryptographic Elements.

2.3 AACS Components on HD DVD-ROM

L ocations and formats of the AACS components stored in the BCA or a System Lead-in Area of an
AACS-Protected HD DVD ROM medium are described in this section. Figure 2-2 depicts the structure of the
BCA and the Lead-in Area of an HD DVD ROM medium. The details are provided in the following

subsections.
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Figure2-2: Structure of BCA and Lead-in Area of an HD DVD ROM Medium

2.3.1 Control Data

Figure 2-3 depicts the structure of the Control Data Zone. The Control Data Zone has 2 Control Data
Sections and 2 Copyright Data Sections. A Control Data Section is comprised of 16 Data Segments all of
which are equal one another. And a Copyright Data Section comprises 16 copies of the first Data Segment in
the section. Figure 2-4 depicts structures of three kinds of Data Segments in the Control Data Zone. Note that
each Data Segment consists of 32 Physical Sectors each of which has alength of 2048 bytes. Physical Sectors
reserved in a Data Segment of a Control Data Section shall be filled with 00,. A Data Segment in a
Copyright Data Section may contain copyright information. Otherwise, the Data Segment shall be filled with
004

Thethird Physical Sector in a Data Segment of a Control Data Section contains Copyright Protection
Information. Table 2-1 shows the format of the Copyright Protection Information. The Copyright Protection
System Type of 1 byte shall be equal to 0146 if the AACS content protection is adopted for the medium. The
following reserved field of 31 bytes shall be filled with 00,5. See the Media Mark Specification for
AACS-Protected Pre-recorded HD DVD and DVD, for CE/PC System Revision 0.91 for usage of the field of
Reserved for Copyright Protection System Use in the Copyright Protection Information.
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Figure 2-3: Structure of a Control Data Zone

Copyright information

Relative PSN Relative PSN
0 Physical format information 0
1 Disc manufacturing information 1
2 | Copyright protection information 2
3 3
(reserved)
31 31

(a) Control data section

(b) Copyright data section

Relative PSN

Copyright protection system
use information

31

(c) Copyright protection system use section

Figure 2-4: Structure of a Data Segment in a Control Data Zone

Table 2-1: Copyright Protection Information in an HD DVD-Video ROM medium

Bit
7 6 5 4 3 2 1
Byte
0 Copyright protection system type: 01;¢
1
Reserved
31
32 MKB Packs
33 Reserved for Copyright Protection System Use
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2047

Table 2-2 shows CPR_MAI in Lead-in Area.

Table2-2: CPR_MAI in Lead-in Area

Bit

Byte

Reserved

ga |l w | N|F,|O

A CPR_MAI inthe Lead-in Areashall consist of areserved field of 6 byteswhich shall be filled with 004.

2.3.2 Media Key Block

Each side of an AACS-Protected HD DVD-Video ROM medium shall contain one and only one
Media Key Block (MKB) for decryption of contents on the medium. The whole MKB shall be stored in the
Data Areawhile some records of the MKB shall also be stored in the Lead-in Area. The set of the records of
the MKB iscalled aPartial MKB (P-MKB). A P-MKB consists of the Type and Version Record and the Host
Revacation List Record. The AACS Drive Authentication shall use this P-MKB. See Chapter 4 of the AACS
Introduction and Common Cryptographic Elements for the details of the AACS Drive Authentication
Algorithm.

A P-MKB shall be recorded 8 times by a media manufacturer in the Copyright Protection System
Use Section of the Control Data Zone. See Figure 2-4. The Copyright Protection System Use Section is
divided into 8 portions. Each portion consists of contiguous 16 Data Segments. Every portion shall contain

the same P-MKB. A P-MKB is recorded in the portion as shown in Figure 2-5. The maximum size of a

Final Revision 0.952 Page 30



Advanced Access Content System: HD DVD and DV D Pre-recorded Book

P-MKB is1 MB = 1048576 bytes. If the size of aP-MKB islessthan 1 MB, the last MKB Pack may leave
some residual bytes. The residua shall befilled with zero.

The size of aP-MKB shall be stored in the 32™ byte of the Copyright Protection Information as
shown in Table 2-1. The MKB Packs field denotes the number of MKB Packs, which is equal to the smallest
integer which is greater than or equal to the quotient of the P-MKB size divided by 32768.

Portion of Copyright Protection System Use Section P-MKB
f 1st piece of P-MKB
- —————<
32 sectors 1st piece of P-MKB 2048 * 32 (Bytes)
NI
. 2nd piece of P-MKB
| ——————————— <
2nd piece of P-MKB 2048 * 32 (Bytes)
N ]
16 Data Segments : : ‘ ]
. Last piece of P-MKB
32,768 * n Last piece of P-MKB "
(Bytes) <2048 * 32 (Bytes)
e W0 ]
(reserved)
(reserved)

Figure 2-5: Example of storing MKB on Lead-in Area of an HD DVD ROM medium

2.3.3 Volume Identifier

Each side of an AACS-Protected HD DVD-Video ROM medium shall contain one and only one
Volume Identifier (IDyoume) Of 128 bits. The format of the Volume Identifier is shown on Table 2-3.
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Table 2-3: Volume I dentifier Format for an AACS-Protected HD DVD-Video ROM medium

Bit
7 6 5 4 3 2 1 0
Byte
0 Media Type: 4046
1 Reserved
2
Unique Number
13
14
Reserved
15

A Volume Identifier contains the following values:
® MediaType of 1 byte. Thisvalue shall be 40,5 for an HD DVD-ROM medium.

® Unique Number of 12 bytes. This value shall be assigned by a content participant in order to identify a
volume of an HD DVD-Video content.

The reserved fields shall be filled with 00s.

In an AACS-Protected HD DV D-Video ROM, the most significant 64 bits of the Volume Identifier
shall be stored in the Burst Cutting Area (BCA) as shown in Table 2-4. The least significant 64 bits of the
Volume Identifier shall be stored in a Copyright Data Section of the Control Data Zone (See2.3.1) ina

manner described in the Media Mark Specification for AACS-Protected Pre-recorded HD DVD and DVD, for
CE/PC System Revision 0.91.

Table 2-4: Format of BCA Record Containing a Volume | dentifier

Bit
7 6 5 4 3 2 1 0
Byte
0
BCA Record ID: 10024
1
2 Version: 1046
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3 Data Length: 084
4
Record Data: [Volume Identifier]ms, 6
11

The BCA may contain multiple contiguous data blocks called BCA Records. Each BCA Record begins with
an Application ID of 2 bytes which indicates use of the Record. A 1-byte value of Version and a 1-byte value

of Data Length follow the Application ID. The latter shows the length in byte of the remaining datain the

Record. A Player may use the Application ID and the Data Length of aBCA Record so that it may skip
Records and find the targeted one.

2.3.4 Pre-recorded Media Serial Number

A media manufacturer may write one and only one Pre-recorded Media Serial Number (PMSN) of
128 bitsin aBCA Record of an AACS-Protected HD DVD-Video ROM. If the Content Owner usesthe
Default Managed Copy Server, the PMSN follows the rule defined in the AACS Pre-recor ded Video Book.
Each Content Provider shall use'Y = 96, where the number Y isthe length of the check bits. If amedium has a

PMSN, it shall be contained in a BCA Record of the format shown in Table 2-5.

Table 2-5: Format of BCA Record Containing a Pre-recorded Media Serial Number

Bit
6 5 4 3 2 0

Byte

0

BCA Record ID: 100346

1

2 Version: 1046

3 Data Length: 1044

4

Record Data: Pre-recorded Media Serial Number
19
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2.4 AACS Components on DVD-ROM

L ocations and formats of the AACS components that are stored in the BCA or the System Lead-in
Areaof an AACS-Protected DVD-Video ROM medium are described in this section. Figure 2-6 depicts the
structure of the BCA and the Lead-in Areaof aDVD ROM medium. The details are provided in the following
subsections.

Sector number
Lead-in start
BCA Initial Zone
’ 02 FOO00,,
Reference Code Zone

02 F020,,

Lead-in Area Buffer Zone 1
02 F200,4

Control Data Zone

02 FE0D,,

DataArea Buffer Zone 2
02 FFFF

Figure 2-6: Structure of BCA and Lead-in Area of aDVD ROM Medium

2.4.1 Control Data

Figure 2-7 depicts structure of the Control Data Zone. The Control Data Zone has 2 Control Data
Sections and 2 Copyright Data Sections. A Control Data Section is comprised of 16 ECC blocks all of which
are equal to one another. And a Copyright Data Section comprises 16 copies of the first ECC Block in the
section. Figure 2-8 depicts structure of three kinds of ECC blocks in the Control Data Zone. Note that each
ECC Block consists of 16 Physical Sectors each of which has alength of 2048 bytes. The last 13 Physical
Sectors reserved in an ECC Block of a Control Data Section shall be filled with 0046. The last 14 sectorsin an
ECC Block of a Copyright Data Section may contain copyright information. Otherwise, each of the sectors
shall be filled with 0.

Thethird Physical Sector in an ECC Block of a Control Data Section contains Copyright Protection
Information. Table 2-6 shows the format of the Copyright Protection Information. The Copyright Protection
System Type of 1 byte shall be 01 if the AACS content protection scheme is applied to the medium. The
following reserved field of 31 bytes shall be filled with 00,. See the Media Mark Specification for
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AACS-Protected Pre-recorded HD DVD and DVD, for CE/PC System Revision 0.91 for usage of the field of

Reserved for Copyright Protection System Use in the Copyright Protection Information.

16 ECC Blocks

A

A 4

Control Data Section

16 ECC Blocks

A

A

Copyright Data Section

128 ECC Blocks

A

A

Copyright Protection System

Use Section

16 ECC Blocks

A

A

Control Data Section

16 ECC Blocks

A

Copyright Data Section

Sector number
02 F200,,

02 F300,,
02 F400,,
02 FCOO,

02 FDOO,
02 FDFF,

Figure2-7: Structure of the Control Data Zone

Relative
sector number

0 Physical format information

1 Disc manufacturing information

2 | Copyright protection information
3
(reserved)
15

(a) Control data section

Relative Relative
sector number sector number
0 Physical format information 0 Physical format information

1

2

3

15

Disc manufacturing information

1 Disc manufacturing information

Copyright information

2
3 . )
Copyright protection system
use information
15

(b) Copyright data section

(c) Copyright protection system
use section

Figure 2-8: Structure of an ECC block in Control Data Zone

Table 2-6: Copyright Protection Information in a DVD-Video ROM medium

Bit

4

3
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Byte
0 Copyright Protection System Type: 0146
1
Reserved

31

32 MKB Packs

33

Reserved for Copyright Protection System Use
2047

The last 14 sectorsin an ECC block of the Control Data Zone, including the Copyright Protection Information
in the Control Data Section, are called Content Provider Information Sectors.

2.4.2 Media Key Block

Each side of an AACS-Protected DVD-Video ROM medium shall contain one and only one Media
Key Block (MKB) for decryption of contents on the medium. The whole MKB shall be stored in the Data
Areawhile some records of the MKB shall also be stored in the Lead-in Area. The set of the records of the
MKB is called a Partial MKB (P-MKB). A P-MKB consists of the Type and Version Record and the Host

Revocation List Record.

A P-MKB shall be recorded 4 times by a media manufacturer in the Copyright Protection System
Use Section of the Control Data Zone. See Figure 2-8. The Copyright Protection System Use Section is
divided into 4 portions. Each portion consists of contiguous 32 ECC blocks. Every portion shall contain the
same P-MKB. A P-MKB isrecorded in the portion as shown in Figure 2-9. The maximum size of the P-MKB
is1MB - 128kB = 917504 bytes. If the size of the P-MKB islessthan 1 MB-128kB, the last MKB Pack may

leave some residual bytes. The residual shall befilled with zero.

The size of the P-MKB shall be stored in the 32™ byte of the Copyright Protection Information as
shown in Table 2-6. The MKB Packs field denotes the number of MKB Packs, which is equal to the smallest
integer which is greater than or equal to the quotient of the P-MKB size divided by 32768.
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Portion of Copyright Protection System Use Section P-MKB
1 Physical Format Information
2 sectors .
+ | DiscManufacturing Information 1st piece of P-MKB
A 2048 * 14 (Bytes)
14 sectors ist pieceof PMKB | ~4«— (T
2nd piece of P-MKB
- - 2048 * 14 (Bytes)
Physica Format Information
Disc Manufacturing Information T T T T T
2nd piece of P-MKB °
Last piece of P-MKB
. <2048 * 14 (Bytes)
32 ECC Blocks : :
Physical Format Information
Disc Manufacturing Information
32,768* n Last piece of P-MKB
BYtes) | | o]
____________ O ___________]
(reserved)
Physica Format Information
Disc Manufacturing Information
(reserved)

Figure 2-9: Example of storing MKB on Lead-in Area of a DVD-ROM medium

2.4.3 Volume ldentifier

Each side of an AACS-Protected DVD-Video ROM shall contain one and only one Volume
Identifier (IDyoume) Of 128 bits. The format of the Volume Identifier is shown in Table 2-7.

Table 2-7: Volume | dentifier Format for an AACS-Protected DVD-Video ROM medium

Bit
Byte

0 Media Type: 0136
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1 Reserved

Unique Number

13

14
Reserved
15

A Volume Identifier contains the following fields:
® MediaTypeof 1 byte. A DVD-ROM medium shall have 014 for this value.
® The Unique Number field of 12 bytes. This value shall be assigned by a content participant in order to

identify avolume of an HD DV D-Video content.

Note that the reserved fields shall befilled with 004.

In an AACS-Protected DV D-Video ROM, the most significant 64 bits of Volume Identifier shall be
stored in the BCA as shown in Table 2-4, and the least significant 64 bits of Volume Identifier shall be stored
in the Copyright Data Section in amanner described in the Media Mark Specification for AACS-Protected
Pre-recorded HD DVD and DVD, for CE/PC System Revision 0.91.

2.4.4 Pre-recorded Media Serial Number

An AACS-Protected DVD-Video ROM may have a Pre-recorded Media Serial Number (PMSN) of 128 hits,
which is placed in the Burst Cutting Area (BCA) by a media manufacturer. The format of PMSN is shown in

Table 2-5.
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Chapter 3
AACS Components in Data Area

3 AACS Components in Data Area

3.1 Introduction

This chapter describes details of locations and/or formats of the AACS components defined in the
AACS Pre-recorded Video Book which are stored in the Data Area of an AACS-Protected HD DV D-Video
ROM or of an AACS-Protected DVD-Video ROM. The HD DVD-ROM format and the DVD-ROM format
are licensed by the DVD Forum. The DVD Forum publishes the concerned specifications:
® DVD Specifications for High Density Read-Only Disc, Part 2; File System Specifications
® DVD Specifications for Read-Only Disc, Part 2: File System Specifications
A reader of this chapter is assumed to be familiar with the HD DVD-ROM format and the DVD-ROM format.
This chapter focuses on the format which is relevant to the AACS content protection scheme.

An overview of locations of the AACS components on an AACS Disc is shown in Figure 2-1. The
following data are stored in the Data Area with some of them being optional: a Media Key Block (MKB), a
Sequence Key Block File (SKBF), Segment Key Files (SKFs), Title Key Files (TKFs), Title Usage Files
(TUFs), a Content Certificate, Content Hash Tables (CHTS), a Content Revocation List (CRL), encrypted
contents and contents with MA C/hash. The encapsulation formats for Contents and other HD DVD-Video
specific datafor copyright protection are mentioned in the following chapters. An AACS Disc shall have, in
the root directory, adirectory for AACS components. The name“AACS’ is reserved for the directory.

There are some reserved fields in data formats defined hereafter. Note that a reserved field shall be
filled with 0, unless otherwise stated.

3.2 CPR_MAI in Data Area for an AACS-Protected HD DVD-Video ROM
Medium and for an AACS-Protected DVD-Video ROM Medium

Figure 3-1 depicts the configuration of Data Frame, which isthe logical structure of one physical sector. The
Table 3-1 shows CPR_MAI in Data Area.
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< 344 bytes >
2
4 bytes |bytes 6 bytes
DaalD [IED| CPR_MAI Main data 332 bytes
Main data 344 bytes
" :
5
©
Main data 344 bytes
Main data 340 bytes EDC
4 bytes

Figure 3-1: Data Frame Configuration of an HD DVD-ROM medium

Table 3-1: CPR_MAI in Data Areafor an AACS-Protected HD DVD-Video ROM medium

Bit
7 6 4 3 2 1 0
Byte
0
1
Reserved
2
3
4 B _flag Reserved
5 Reserved

A CPR_MAI in the Data Area shall consist of the following fields:

o A reserved field of 4 bytes which shall be filled with 004.

e B flag of 1 bit. Thisvalue indicates a sector to be Bus Encrypted or not:

0,: A sector not to be Bus Encrypted.

1,: A sector to be Bus Encrypted.

e A reserved field of 15 bits which shall be filled with Os.
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Note that B_flag shall be 1, if and only if the Data Frame stores part of an EVOB file, provided that BEE flag
in Content Certificate on the Disc isidentical to 1.

Figure 3-2 depicts the configuration of Data Frame, which isthe logical structure of one physical

sector. Table 3-2 shows the format of CPR_MA\I in Content Provider Information Sectors. And Table 3-3

showsthe CPR_MAI of a Data Frame in the Data area of an AACS-Protected DVD-Video ROM medium.

4bytes | bytes 6 bytes

172 bytes

12 rows

DatalD |IED| CPR_MAI

Main Data 160 bytes

Main Data 172 bytes

Main Data 172 bytes

Main Data 168 bytes EDC

4 bytes

Figure 3-2: Data Frame Configuration for a DVD ROM medium

Table 3-2: CPR_MAI Format in Content Provider Information Sectors

Bit
7 6 4 3 2 1 0

Byte

0 CPS TY: 03

1 PM _TY . 0015

2

3

Reserved
4
5

CPR_MAI in Content Provider Information Sectors shall consist of the following fields:
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CPS TY of 1 byte. This value indicates a copyright protection system applied to this medium. It shall be
03,6 for an AACS-Protected DVD-Video ROM medium.

PM_TY of 1 byte. Thisvalueindicates the pre-recorded media type. It shall be 00, for aDVD ROM
medium.

A reserved field of 4 bytes which shall be filled with 004.

Table 3-3: CPR_MAI in Data Areafor an AACS-Protected DVD-Video ROM medium

Bit
7 6 5 4 3 2 1 0

Byte

0 CPM: 0, | CP_SEC: 0, CGMS: 00, ADP_TY: 00, CP_MOD: 00,

1

2 Reserved

3

4 B_flag Reserved

5 Reserved

A CPR_MAI in Data area shall consist of the following fields:
CPM of 1-bit. Thisvalue shall be 0, for an AACS-Protected DV D-Video ROM medium.
CP_SEC of 1 hit. Thisvalue shall be 0, if CPM is0,.
CGMS shall be 00,.
ADP_TY of 2 bitswhich shall be equal to 00,
A CP_MOD of 2 hits. Thisvalue shal be 00, if CPM is 0,.
A reserved field of 3 byteswhich shall befilled with 00;.
B_flag of 1 bit. This value indicates a sector to be Bus Encrypted or not:
0,: A sector not to be Bus Encrypted.
1,: A sector to be Bus Encrypted.
A reserved field of 15 bitswhich shall be filled with O,.

Note that B_flag shall be 1, if and only if the Data Frame stores part of an EVOB file, provided that BEE flag
in Content Certificate on the Disc isidentical to 1..
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3.3 Media Key Block

An AACS Disc shall have one and only one Media Key Block (MKB) inthe “AACS’ directory for
decryption of encrypted contents on the medium. The MKB is stored as afile in the Data Area of the medium,
and the MKB file has the name “MKBROM.AACS"’. Additionally, an AACS Disc may have another MKB, a
Read/Write MKB for Update in the “AACS’ directory. A Read/Write MKB isto be stored in arecording
device, which is used to update the MK B on arecordable medium. The usage of the Read/Write MKB is
described in the AACSHD DVD and DVD Recordable Book. The name “MKBRECORDABLE.AACS’ is
reserved for the Read/Write MKB for Update on an AACS Disc. When an AACS Discisinserted into an
(HD) DVD recording device, the recording device may authenticate the Read/Write MKB for Update on the
medium and check the version of the MKB for update. (See the AACS Recordable Video Book).

3.4 Sequence Key Block and Segment Key Files

An AACS-Protected HD DVD-Video ROM medium may have one and only one Sequence Key
Block File (SKBF) inthe “AACS’ directory. The name “SKB.AACS’ isreserved for the SKBF. The SKBF
contains six SKBsin it. The format of SKBF is shown in Table 3-4. Details of the SKB format and the SKB
process are described in the AACS Pre-recorded Video Book. The SKB process for one SKB yields one
Volume Variant Unique Key (K,y,) and Variant Data. The lower 10 bits of the Variant Data are, in this book,
called Segment Key Unit Number (SKUN). Thus, the six times of the SKB processes for the SKBF yieldsin
order six Volume Variant Unique Keys and six SKUNSs: Ky [ 11, Kl 21, -y Kwd 61, SKUN[ 11,
SKUN[ 21, ..., SKUN[ 6]. Note that 0 <= SKUN[ j ] <= 1023 for an integer j suchthat 1 <=j <=6.

The SKBF accompanies a Segment Key File (SKF) inthe“AACS’ directory: “SKF.AACS’. An
SKF contains six Segment Key Group (SKG) fields. Each SKG field contains 1024 Segment Key Unit (SKU)
fields. An SKU field contains 32 encrypted pairs of a Segment Key Number (SEG_NO) and a Segment Key
of 16 bytes. Let j be an integer such that 1 <=j <= 6. From the 1024 SKU fieldsin the j-th SKG field, SKG #j,
one SKU field is chosen according to the number SKUN] j ]. The chosen SKU field, SKU #SKUN[ j ], are
decrypted by the Volume Variant Unique Key Ky[ j ]

One SK G corresponds to a Segment Key Range (SKR) which isa set of P-EVOBs on the AACS
Disc. Asdescribed above, an AACS-Compliant Player has 32 decrypted pairs of an SEG_NO and a Segment

Key for an SKR, which form atable called a Segment Key Table (SKT). Sequence Key Sectionsin a
P-EVOB in an SKR share the same SKT. See Chapter 7 for Sequence Key Section.
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Table 3-4: Format of SKBF

Bit
7 6 5 4 3 2 1 0
Byte
0
SKBF_ID

11
12

VERN
13
14

SKB_SIZE #1
17
18
SKB_SIZE #2 - #5
33
34
SKB_SIZE #6
37
38
Reserved

47
48

SKB #1

47 + L#1
48 + L#1
SKB #2

47 + L#1L + L#2
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48 + L#1 + L#2

47 + T "L#n

48+3,-°L#n
SKB #6

47+ 3,5 #n

The SKBF contains the following fields:

e SKBF_ID of 12 byteswhich is an identifier of a Segment Key File. The value shall be
“DVD_HD_VSKBF" with character set code of 1SO/IEC 646:1983 (a-characters).

¢ VERN of 2 byteswhich isthe version number of the Sequence Key Block File. Thisfield shall be 0

for the current version of SKBF.

o Thefieldsof SKB_SIZE #1 - #6. Each of the fields has length of 4 bytes. SKB_SIZE #n stores L#n,
where L#n indicates the size of SKB #n.

e Six SKBs. Seethe AACSPre-recorded Video Book for the detailed format of an SKB. The order of
the records shall be asfollows: Verify Media Key Record, Nonce Record, Calculate Variant Data
Record, (Conditionally Calculate Variant Data Records: Optional), End of SKB Record.

e Thereserved fields shall be filled with 004.

The format of SKF is shown in Table 3-5.
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Table 3-5: Format of Segment Key File

Byte

Bit

11

SKF_ID

12

15

HDV_SKF_SIZE

16

31

Reserved

32
33

VERN

34

39

Reserved

40

671783

SKG#1

671784

1343527

SKG #2

40 + 671744*2

39+ 671744*5
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40 + 671744*5
SKG #6
39 + 671744*6
40 + 671744*6
Reserved
4032511

The SKF contains the following fields:

e SKF_ID of 12 byteswhich is an identifier of a Segment Key File. The value shall be
“DVD_HD_V_SKF with character set code of 1SO/IEC 646:1983 (a-characters).

e HDV_SKF_SIZE of 4 bytes which indicates the size of the SKF.

e VERN of 2 byteswhich isthe version number of the Segment Key File. Thisfield shall be 0 for the

current version of SKF.

e Six SKG fields. The format of an SKG field is shown in Table 3-6, where the offset in the table is
relative. The length of SKG field is 671744 bytes.

e Thereserved field shall befilled with 00;.

Table 3-6: Format of SKG Field

Bit
7 6 5 4 3 2 1 0
Byte
0

SKU #0

655

656
SKU #1

1311
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1312

656*1023 - 1

656* 1023
SKU #1023

656*1024 - 1

Each SKG field consists of 1024 Segment Key Unit fields. Note that the index of the SKU fields start from O.
Table 3-7 shows the format of an SKU field. The offsets of thefieldsin an SKU arerelative.
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Table 3-7: Format of Segment Key Unit Field

(PPD) (sa1A0 959) uood perdAioug

0
Verification Data (0123456789ABCDEF || XX XXXXXXXXXXXX XX 16)
(Where XXX XXX XXX XXXXXXX 16 isany value of 8 bytes)
15
16
SEG_NO for Segment Key #1 g
19 3
X
2
20 m
2
Encrypted Segment Key #1 3
H
35
36
SEG_NO for Segment Key #2 g
39 3
X
2
40 m
=
Encrypted Segment Key #2 S
N
55
56
635
636
SEG_NO for Segment Key #32 ‘g
g
638 =
2
640 g
<
Encrypted Segment Key #32 P
N
655
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A Segment Key Unit field contains the following fields:

e Verification Data (V) of 16 bytes. This data may be used to verify the calculated Volume Variant
Unique Key which is used to decrypt Encrypted Segment Keysin thisfile. A Player may check the
validity of the Volume Variant Unique Key K,,, before it processes decryption of the subsequent
encrypted portion:

[ AES-128CBCD( Ky, Cetd ) Imsh_ 64 = 0123456789ABCDEF g,
where AES-128CBCD denotes decryption by the AES algorithm in the CBC mode defined in the
AACS Introduction and Common Cryptographic Elements.

o A seriesof 20-byte Segment Key Entries. There are 32 Segment Key Entries. Each Segment Key
Entry consists of the following fields:

0 SEG_NO of 4 bytes which indicates a segment (from 1 to 8) in the corresponding Sequence
Key Section. The segment can be decrypted by the following Segment Key.

0 Segment Key of 16 bytes.

In a Segment Key Unit field, the portion C,4 from the Oth byte to the 655th byte, which contains the

Verification Data and a series of Segment Key Entries, is encrypted as follows:
Cead = AES-128CBCE( K vy, Cid ),

where AES-128CBCE denotes encryption by the AES agorithm in the CBC mode defined in the AACS

Introduction and Common Cryptographic Elements.

An HD DVD-Video ROM medium shall have an SKBF and an SKF if it contains a P-EV OB which
has Sequence Key Sections (See Chapter 7). Conversely, no SKBF and no SKF shall be present on aHD
DVD-Video ROM medium which contains no P-EV OB with Sequence Key Sections.

3.5 Title Key File

An AACS Disc shall have at least one Title Key File (TKF) in which each Title Key datais
encrypted by AES-128E with K. K, isthe Volume Unique Key (K,,). Title Key Fileson an AACS Disc shall
residein the“AACS’ directory. The name“VTKF.AACS’, “VTKF%%%.AACS’ and “ATKF%%%.AACS’
arereserved for the TKFs, where %%% runs from 000 to 999. “VTKF.AACS’ isfor a Category 1 Disc which
is defined in the HD DVD-Video Specifications. For a Category 2 Disc, a TKF is associated with a Playlist.
Two or more Playlists are not allowed to share the same TKF. There is a name convention:
“VPLST%%%.XPL” shall be accompanied by “VTKF%%%.AACS’. “APLST%%%.XPL” shall be
accompanied by “ATKF%%%.AACS’. A Title Key File has the format shown in Table 3-8.
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Table 3-8: Format of TitleKey File

Bit
6 5 4 3 2 1
Byte
0
TKF_ID
11
12
HD VTKF SIZE
15
16
PLAYLIST NAME
T
27 §_
Q
28
Reserved
31
32
VERN
33
34
Reserved
127
128 BIFO for Title Key #1 =
)
x
129 N
Reserved rgl:l
<
131 *
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132
Encrypted Title Key #1 (K 1)
147
148
Binding MAC #1 (BM,)
163
164 BIFO for Title Key #2
165
Reserved
167 =
D
168 2
Encrypted Title Key #2 (K 2) g
183 %
184
Binding MAC (BM,)
199
2396 BIFO for Title Key #64
2397 -
Reserved g
2399 ﬁ-,
=
2400 %
Encrypted Title Key #64 (K¢ 64)
2415
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2416
Binding MAC (BMgy)
2431
2432
Reserved
2463
2464
TKFMAC
2479

e TKF_ID of 12 byteswhich isan identifier of the Title Key File. The value shall be
“DVD_HD_V_TKF" with character set code of 1SO/IEC 646:1983 (a-characters).

e HD_VTKF_SIZE of 4 bytes which indicates the end address of the Title Key File. The value shall be
2480, because the size of the Title Key File isfixed and has that length.

e VERN of 4 bytes which indicates the version number of the Title Key File. Thisvalue shall be O for
the current version.

e PLAYLIST _NAME of 12 bytes which stores the name of the Playlist which this Title Key File
accompanies. The name shall be “VPLST%%%.XPL" or “APLST%%%.XPL", where %%% runs
from 000 to 999 (case sensitive). The AACS module in a Player which plays back an Advanced
Content shall compare PLAYLIST_NAME with the name of a Playlist which is currently active.
Unless the names are identical, the Title Keysin this TKF must not be used. Note that only one
Playlist is active at one time. For a Standard Content which involves no Playlist for playback, this
field shall be filled with FF. Animplication of thisisthat the AACS module in a Player should
know which contents the Player plays back, an Advanced Content or a Standard Content.

o A seriesof Title Key Entries of 36 bytes. Each Title Key Entry consists of the following fields:

0 BIFO of 1 byte which indicates the Binding Information for each Title Key. The format of
BIFO isshown in Table 3-9.

0 A 3-bytereserved field which shall be filled with 00s.

0 A Encrypted Title Key of 16 bytes which is encrypted as follows: K ; = AES-128E(K,,
Kii), where AES-128E denotes encryption by the AES algorithm in the ECB mode defined
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in the AACS Introduction and Common Cryptographic Elements, K; ; isaTitle Key and K,
isthe Volume Unique Key defined in the AACS Pre-recorded Video Book.

0 Binding MAC of 16 bytes which stores the MAC value which is specified by BIND_TY PE

in the BIFO above. In the case that BIND_TY PE = 000,, all bytes of thisfield shall befilled
with FFs.

o All the Reserved fieldsin a TKF shall be filled with 004.

e The16-bytefield of TKF MAC. Thisfield stores the CMAC value of the data ranging from the 0" to
the 2463 byte of the Title Key File. The key for the CMAC calculation is the Volume Unique Key

(Kw)-
Table 3-9: Format of Binding I nfor mation
7 6 5 4 3 2 1 0
AV_FLG BIND_TYPE Reserved

The Binding Information shall consist of the following fields:
AV_FLG of 1 bit which shall be set as follows:

0,: the corresponding Title Key is not available

1,: the corresponding Title Key is available

BIND_TYPE of 3 bits. The meaning of the valueis asfollows:

000, The corresponding Title Key is bound only to the Volume ID (I1D,). The Binding
MAC field shall be filled with FFy.

001, The corresponding Title Key is bound to the Pre-recorded Media Serial Number
(PMSN), which means that the Binding MAC is calculated as follows:

Kt = AES‘128D( Kvu, Kte)1

MAC = CMAC( K, PMSN).

010, The corresponding Title Key is bound to the Device Unique Nonce (DUN), which
means that the Binding MAC is calculated as follows:
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Ki=AES-128D( Ky, Kte ),
MAC = CMAC(K;, DUN).

011, The corresponding Title Key is bound to both PMSN and DUN, which means that the
Binding MAC is calculated as follows:

Kt = AES-128D( KVU! Kte)’

MAC = CMAC( K., DM ), where DM = AES-G( DUN, PMSN ).

100, The corresponding Title Key is bound to the Temporary Nonce (TN), which means
that the Binding MAC is calculated as follows:

K, = AES-128D( Ky, Kee),
MAC = CMAC(K,, TN).

Others Reserved.

The BIND_TYPESsfor the Title Keys used to decrypt AACS Content on an AACS Pre-recorded Disc are 000,.
The other BIND_TY PEs may be used to protect contents stored in Persistent Storages. Before using a Title
Key, aPlayer shal verify the associated Binding MAC. If the verification fails, the Title Key must not be
used.

3.6 Title Usage File

This section describes the format of Usage Rule. Usage Rules are stored in a Title Usage File (TUF).
TUF is optional, which means that a Disc may not have a TUF on it. A Usage Rule Pointer in the CPI field in
aP/S-EVOB may indicate a Usage Rule Set in the Title Usage File. If a Usage Rule Pointer isvalid, at least
one TUF shall exist on the Disc. The Usage Rule Pointer in a P/S-EVOB shall not change within the
P/S-EVOB. Some P/S-EVOBs may share the same Usage Rule Set. Figure 3-3 shows an example of Usage
Rule application to EVOBSs.

Title Usage Files shall residein the “AACS’ directory if they exist on an AACS Disc. The names
“VTUF.AACS’, “VTUF%%%.AACS’ and “ATUF%%%.AACS’ arereserved for the TUFs, where %%%
runs from 000 to 999. “VTUF.AACS’ isfor a Category 1 Disc which is defined in the HD DVD-Video
Specifications. For a Category 2 Disc, a TUF accompanies a Playlist. Two or more Playlists are not allowed to
share the same TUF. Thereis a name convention: “VPL ST%%%.XPL" shall be accompanied by
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“VTUF%%%.AACS’. “APLST%%%.XPL" shall be accompanied by “ATUF%%%.AACS’. A Title Usage
File has the format shown in Table 3-10. The size of a Title Usage File shall be equal to or lessthan 64 KB. A

Title Usage File contains a set of Usage Rule Sets. In the table, X, denotes the length of the v-th Usage Rule

Set.
Coverage of Usage Rule #n1. Coverage of Usage Rule #n2.
Enhanced Video Object (EVOB) Enhanced Video Object (EVOB) Enhanced Video Object (EVOB) Enhanced Video Object (EVOB)
EVOBU/TU EVOBU/TU EVOBU/TU EVOBU/TU EVOBU/TU EVOBU/TU
NV_PCK V_PCK A_PCK NV_PCK V_PCK A_PCK NV_PCK V_PCK A_PCK
(with (without (without (with (without (without (with (without (without
GCl) GCl) GCl) GCl) GCl) GCl) GCl) GCl) GCl)
UR_PTR indicates UR_PTR indicates UR_PTR indicates
Usage Rule #n1. Usage Rule #n1. Usage Rule #n2.

Figure 3-3: An Example of Coverage of Usage Rules
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Table 3-10: Format for Title Usage File

Bit
6 5 4 3 2 1 0
Byte
0
URF_ID
11
12
HD_VURF_SIZE
15
16 URS_NUM (N)
17
HASH_SIZE
20
21
VERN
22
23
PLAYLIST_NAME
34
35
Reserved
127
128
Usage Rule Set (URS) #1
127 + X4
128 + X

Usage Rule Set (URS) #2
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127 + X1+ X5

128 + X1 + X
URS (#3 ... #N)

127 + 2,"X,

128 +3,_,"X,
Binding for Usage Rule Set (BURS) #1

127 + 17*1 + 3,_"X,

111 + 17*N + 2,,"X,
BURS#N

127 + 17*N + "X,

128 + 17*N + X,_,"X,
TUF MAC

143 + 17*N + £,,"X,

A Title Usage File consists of the following fields:

e URF_ID of 12 byteswhich isan identifier of aTitle Usage File. The value shall be
“DVD_HD_V_TUF" with character set code of 1SO/IEC 646:1983 (a-characters).

e HD_VURF_SIZE of 4 bytes which indicates the size in bytes of the Title Usage File. This size shall
be equal to or lessthan 64 KB = 65536 bytes.
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e URS NUM of 1 byte which indicates the number of the Usage Rule Setsin the Title Usage File.

This value shall be an integer which is equal to or more than zero and less than 28 = 256.

e TheHASH_SIZE fidd of 4 bytes contains the size of the TUF excluding the Binding for Usage Rule
Set fields and the TUF MAC. The hash value of the first HASH_SIZE bytes of the TUF, excluding
the BURSfields and TUF MAC, is contained in Content Hash Table #2 or in Content Certificate
respectively, depending on whether the TUF is on a Disc or in a Persistent Storage.

e VERN of 4 bytes which indicates the version number of the Title Usage File. The value shall be 0

for the current version.

e PLAYLIST _NAME of 12 bytes which stores the name of the Playlist which is accompanied by this
Title Usage File. The name shall be “VPL ST%%%.XPL" or “APLST%%%.XPL", where %%%
runs from 000 to 999 (case sensitive). The AACS module in a Player which plays back an Advanced
Content shall compare PLAYLIST_NAME with the name of a Playlist which is currently active.
Unless the names are identical, the Player shall go to the Stop State before playback of an EVOB
with which the TUF is associated starts. Note that only one Playlist is active at one time. For a
Standard Content which involves no Playlist for playback, thisfield shall be filled with FF5. An
implication of thisisthat the AACS module in a Player should know which content the Player plays
back, an Advanced Content or a Standard Content.

e A UsageRule Setisaset of Usage Rules. If URS NUM isequal to O, there exists no Usage Rule Set.
The format of a Usage Rule Set is described in Table 3-12.

e A Binding for Usage Rule Set (BURS) field corresponds to one and only one Usage Rule Set in
order. Thisfield consists of the following fieldsin order: a BIFO field of 1 byte and a Binding MAC
field of 16 bytes. The format of a BIFO is shown in Table 3-9. Here, however, AV_FLG in BIFO
shall always be 0,. The Binding MAC field storesthe MAC value of the Usage Rule Set. The format
of BURS isshownin Table 3-11. See also Figure 3-4 for reference.

e TUF MAC of 16 bytes. Thefield shall contain the CMAC vaue of the entire TUF except the TUF
MAC field itself. The CMAC value is calculated using the VVolume Unique Key (K,,). TUF MAC
shall be checked if and only if one of the following conditions holds:

a) TheAPI changeTUF(), which will be described later, is called.
b) A new boot sequence is started with a TUF being involved.
Thereserved field in TUF shall be filled with 0046. Before using a TUF, a Player shall verify the TUF MAC.

If the verification fails, the TUF shall not be used. In this case, the Player shall go to Stop State before
playback of an EVOB with which the TUF is associated starts.
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Table 3-11: Format of BURS

Bit
7 6 5 4 3 5 L o
Byte
0 BIFO
1
Binding MAC
16
TUF
TKF
[ N
Title Key URS #j
BURS #j
\ j
TKF MAC )
TUF MAC
Title Key Pointer UR_PTR
P/S-EVOB

Figure 3-4: The Reationship between a BIFO and Binding MAC field and a Title Key

According to the BIND_TY PE in the BIFO, the Binding MAC field in the BURS stores the
following value, where { URS} denotes the data of the corresponding URS:

000, Bound to the Volume ID:
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The Binding MAC field shall be filled with 00.
001, Bound to the Pre-recorded Media Serial Number ( PMSN):

The Binding MAC field stores CMAC( PMSN, { URS} ).
010, Bound to the Device Unique Nonce (DUN):

The Binding MAC field stores CMAC( DUN, { URS} ).
011, Bound to both PM SN and DUN:

The Binding MAC field stores CMAC( DM, { URS} ), where DM =
AES-G( DUN, PMSN).

100, Bound to the Temporary Nonce
The Binding MAC field stores CMAC( TN, { URS} ).

Others. Reserved.

Table 3-12 shows the format of Usage Rule Set. UR_PTR in an EVOB indicates the ordinal humber
of aURSinthe TUF. A Player shall apply a Usage Rule in the URS to the EVOB if the Player recognizes the
UR_ID for the Usage Rule. And, before the Usage Rule is applied, the BURS for the URS shall be verified,
that is, the CMAC value shall be calculated and compared with the Binding MAC value. If they are not

identical, the Player shall go to the Stop State before playback of an EVOB with which the TUF is associated
starts.

Table 3-12: Format of Usage Rule Set

Bit
7 6 5 4 3 2 1 0
Byte
0
URS VERSION c
! 8
I 3
2 g 2
Q —_—
URS_SIZE (Sp) %
5
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6
UR_NUM (N)
9
10
UR_ID#1
12
13 UR TYPE #1 c
14 %
2
UR_SIZE #1 (S)) o
iy
17
18
UR BODY #1
S+9
S, +10
UR ID#2
S +12
S, +13 UR TYPE #2 cC
S +14 ‘%
2
UR_SIZE#2 (S)) o
3
S, +17 ™
S, +18
UR_BODY #2
S +$+9
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S-Sy
UR_ID #N
SE-Sv+2
S-Sy +3 UR_TYPE #N -
S-Su+4 ‘%
UR_SIZE #N (Sy) §
S-Sv+7 2
S-Sy+8
UR_BODY #N
S-1

A Usage Rule Set consists of the following fields:

e URS VERSION of 2 bytes. Thisfield servesfor distinction of the same Usage Rule Set which has
different BURS. Suppose there are two Usage Rule Sets the Usage Rulesin which areidentical. If
the Usage Rule Sets are to have different Binding, this version field is used to distinguish the two
Usage Rule Sets.

e URS_SIZE of 4 bytes which indicates the size of the Usage Rule Set. This size includes the size of
URS VERSION (2 bytes) and URS_SIZE (4 bytes) itself.

e UR_NUM of 4 bytes which indicates the number of Usage Rules in the Usage Rule Set.

e UR_ID of 3bytesisan identifier of UR_BODY . If aPlayer recognizesthe UR_ID, the Player shall
process the Usage Rule stored in the following UR_BODY . If the Player does not recognize the
UR_ID, the Player shall read the following UR_TY PE and decide its behavior. A Usage Rule Set

shall not contain two or more Usage Rules which have the same UR_ID.

e UR _TYPE of 1 byte. The value stored in thisfield shall be 00,¢ or 10,6. Other values are reserved.
Suppose a Player does not recognize the preceding UR_ID. Then, UR_TY PE tells a Player what the
behavior for the Usage Rule should be.

0046: Ignore the Usage Rule and play back the EVOB.
104 Immediately go to Stop State.

Final Revision 0.952 Page 63



Advanced Access Content System: HD DVD and DV D Pre-recorded Book

e UR _SIZE of 4 byteswhich indicates the size in bytes of the Usage Rule including the UR_ID, the
UR_TYPE and the UR_SIZE itself.
e UR BODY isadescription of usage for contents.
A Player shall check all the Usage Rulesin a Usage Rule Set associated with an EVOB. The
priorities of Usage Rules are decided as follows:
i) UR_IDisnotrecognizable & UR_TY PE = 00.
ii) UR_ID isrecognizable.
iii) UR_ID isnot recognizable & UR_TY PE = 104.
The larger the number is, the higher the priority is. If two Usage Rules have the same priority, the earlier it
appearsin aURS, the lower the priority is. All the recognizable Usage Rules shall be applied to the EVOB,
and if two or more Usage Rules of the same priority which contradict each other are to be applied, only the

last one survives. Note that a Player shall process al the Usage Rulesif all the Usage Rulesin aURS are

recognizable or ignorable (i.e. i) above).

CCl for Update is one of Title Usage Rules. Table 3-13 shows the format of the Usage Rule of CCI
for Update. The UR_ID of CCI for Update shall be 000001, and the UR_SIZE shall be 10.

Table 3-13: Format of the Usage Rule of CCI for Update

Bit
7 6 5 4 3 2 1 0
Byte
0 PCCI APSTB ICT DOT
1 Reserved PRFG

The CCI field consists of the following fields:

e PCCI of 3 bitswhich stores the status of primitive copy control information for the EVOB associated
with this Usage Rule Set.

000,: Copy Freely
100,: Copy One Generation

010,: No More Copies
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110,: Copy Never

011,: Encryption Plus Non-Assertion. This status means that the encrypted EVOB may be copied
freely without re-distribution.

e APSTB of 3 bitswhich indicates a status of analog protection for the EV OB associated with this
Usage Rule Set:

000,: APSTB is OFF.

001,: Type 1 of APS1isON.
010,: Type 2 of APS1isON.
011, Type 3 of APS1isON.
110,: APS2 isON.

111,: APS2isON.

Other Combinations: Reserved.

e |ICT of 1 bit which indicates the status of the analog output for the EV OB associated with this Usage
Rule Set.

0,: High Definition Analog Output in High Definition Analog Form allowed.
1,: High Definition Analog Output in the form of Constrained Image allowed.

e DOT of 1 hit: Thisflag indicates the Analog Output status. If thisflagis 1,, an analog output of the
decoded video of the EVOB is not allowed.

e Thereserved field shall be filled with O,.

e Priority Flag (PRFG) of 1 bit which indicates which CCI isvalid: the one embedded in the associated
EVOB or thisone.

0,: The CCl embedded in the EVOB isvalid.
1,: The CCl inthis Usage Rule Set is valid and overrides the embedded CCI.

Time-Based Conditions are supported by an AACS-Compliant Player which supports a Secure Clock.
Support of a Secure Clock by an AACS-Compliant Player is optional. The implementation of a Secure Clock
may vary. It may be implemented based on a secure Internet connection which is proprietary to each Player as
long as the AACS Compliance Rules for a Secure Clock are satisfied. Time-Based Conditions are a Title
Usage Rule. The format of Time-Based Conditionsis shown in Table 3-14. The UR_ID of time-based
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conditions shall be 000002,¢. A Player which supports no Secure Clock must not recognize a Usage Rule of
Time-Based Conditions. The UR_SIZE of Time-Based Conditionsis 18.

Table 3-14: Usage Rule of Time-Based Conditions

Bit
7 6 5 4 3 2 1 0

Byte

0 PP_FLG

PERMISSION_PERIOD
1
2 VA_FLG
VALID_AFTER
5
6 VB_FLG
VALID_BEFORE
9

Time-Based Conditions consist of the following fields:

e PP_FLG of 1 hit. Thisflag indicates the following PERMISSION_PERIOD field isvalid or not.
The PERMISSION_PERIOD isvalid if and only if thisflagis 1,.

e The 15-bit field of PERMISSION_PERIOD which indicates the “ period” attribute defined in the

AACS Introduction and Common Cryptographic Elements. The unit of timeis hour.

e VA FLG of 1 hit. Thisflag indicates the following VALID_AFTER field isvalid or not. The
VALID_AFTERisvalidif and only if thisflagis 1,.

e Thefield of VALID_AFTER of 4 bytes which indicates the “ after” attribute defined in the AACS
Introduction and Common Cryptographic Elements. The unit of time is hour and the zero time
referenceis zero o’ clock of the 1% of July in 2005 (GMT).

e VB_FLG of 1 hit. Thisflag indicates the following VALID_BEFORE field isvalid or not. The
VALID_BEFORE isvalid if and only if thisflag is 1,.
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e Thefield of VALID_BEFORE of 4 bytes which indicates the “before” attribute defined in the
AACS Introduction and Common Cryptographic Elements. The unit of timeis hour and the zero

time reference is zero o' clock of the 1% of July in 2005 (GMT).

Suppose that a Player supports a Secure Clock. The Player must not play back the EVOB if at least
one of the three time-based conditions, PERMISSION_PERIOD, VALID_AFTER and VALID_BEFORE, is
valid and if al the valid conditions are not satisfied. In this case, the Player shall immediately go to Stop State.
The UR of Time-Based Conditionsisvalid only for an EVOB which belongsto an Advanced VTS. If a
Player encountersin a Standard VTS an EVOB which has the Time-Based Conditions, the Player shall
immediately go to Stop State.

A description by a Right Expression Language (REL) may be included in a TUF as a Usage Rule.
UR_ID for REL UR shall be 000003,¢. The UR_SIZE isNs + 11, where Ng is the value stored in the
STRING_LENGTH field. A Player which does not recognize the UR_ID shall ignore the Usage Rule. The
format of REL Usage Ruleis shown in Table 3-15.

Table 3-15: Format of REL Usage Rule

Bit
7 6 5 4 3 2 1 0

Byte

0 STRING_TYPE Reserved

1

STRING_LENGTH (Ns)
2
3
REL_STRING
2+ Ns

The REL Usage Rule consists of the following fields:

e STRING_TYPE of 2 hits:

00,: REL_STRING isadescription of rightin a REL.
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01,: REL_STRING isthe name of afile which contains a description of right in a REL.
10,: Reserved.
11,: Reserved.

¢ A reserved field of 6 bits.
e STRING_LENGTH of 2 byteswhich storesthe length, Ns, of the following REL_STRING field.
For the reserved value of the preceding STRING_TY PE, thisfield shall store 0000,.

e REL STRING of Ng bytes. Thisfield contains afile name if the preceding STRING_TYPE is
01,. Thisfield contains aright description if the preceding STRING_TY PE is 00,. For the
reserved values of the STRING_TY PE, thisfield shall not exist.

Usage Rule of Output Control Bits are one of the Usage Rules. UR_ID for Usage Rule of Output
Control Bits shall be 000004.6. The UR_SIZE is 24. Currently, no Player shall recognize this Usage Rule. The
format of Usage Rule of Output Control Bitsis shown in Table 3-16.

Table 3-16: Format of Output Control Bits

Bit
7 6 5 4 3 2 1 0
Byte
0
Output Control Bits
15

e Thefield of Output Control Bits contains Output Control Bits. See the Compliance Rules for

Output Control Bits and the semantics.

A URS s associated with an EV OB, not with a Title in this Book. Here, the reason is briefly
explained: The concept of Title liesin the application layer in the HD DVD-Video Specifications. In fact, a
Titleisanodein the DOM tree which is obtained by means of parsing the Playlist by XML Parser. Therefore,
the Titles are information which resides outside of the AACS module. On the other hand, in general, the

AACS module in aPlayer can recognize only the lower level structures such as EVOB or TUF, and it will
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directly process them. Thus, EVOB-TUF binding is more secure than Title-TUF binding. Thisiswhy
EVOB-TUF binding is adopted in this Book.

3.7 Content Certificate
An AACS Disc shall store one and only one Content Certificate file. The Content Certificate file on

an AACS Disc shall resideinthe“AACS’ directory. The name“CONTENT_CERT.AACS’ isreserved for

the Content Certificate file. A Content Certificate file has the format shown in Table 3-17.

Table 3-17: Format of Content Certificate on an AACSDisc for HD DVD-Video

Bit
7 5 4 3 2 1 0
Byte
0 Certificate Type: 0045
1 BEE Reserved
2
Total_Number_of HashUnits
5
6 Total_Number_of_Layers
7 Layer Number
8
Reserved
11
12
Number_of Digests
13
14
Applicant ID
15
16
Content Sequence Number
19
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20 Minimum CRL Version
21
22
Reserved
23
24
- Length Format_Specific_Section
26
Reserved
39
40
Content Hash Table Digest #1
59
60
Content Hash Table Digest #2
79
80
Signature Data
119

Content Certificate ID for an AACS Disc is acombination of the 2-byte field of Applicant ID and the 4-byte
field of Content Sequence Number. See the AACS Pre-recorded Video Book for Content Certificate ID and
CRL. The meaning of the fields in the Content Certificate on an AACS Disc is described in the AACS
Pre-recorded Video Book except following fields:

® BEE Flag of 1 bit. Seethe AACS Prerecorded Video Book for the meaning of this bit. Thisindicates
whether or not Bus Encryption/Decryption is required when a PC host reads an EVOB file on the Disc. If
thisflag is equal to 1,, Bus Encryption/Decryption is required. Otherwise, the value of the flag shall be
identical to 0s.

® A 4-byte Total_Number_of HashUnits field indicates the total number of hashesin CHT #1 and CHT
#2 on the optical media.

® A 1-byte Total Number_of Layersfield indicates the total number of layers on the optical media. For an
HD DVD ROM medium and aDVD ROM media, thisfield shall store 01;¢.
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® Layer Number of 1 byte which shall be 004 for an AACS-Protected (HD) DVD-Video ROM.

® Number_of Digestsof 2 byteswhich stores 0002;.

® | ength Format Specific_Section of 2 byte which shall be 000E,e.

@ Content Hash Table Digest #1 of 20 bytes which contains the SHA-1 hash value of the Content Hash
Table#1 (CHT #1). CHT #1 contains all the hash values of the Hash Units in the P/S-EV OBs on the Disc.
The details of CHT #1 are described in Subsection 3.8.1.

® Content Hash Table Digest #2 of 20 bytes which contains the SHA-1 hash value of the Content Hash
Table#2 (CHT #2). CHT #2 contains hash values of the navigation data, i.e. all the XML document files
and all the ECMAScript files on the Disc. In addition, CHT #2 contains the hash values of TKFs and
TUFs. The details of CHT #2 are described in Subsection 3.8.2.

All the reserved fields shall be filled with 0,.

Some clarifications and notes on Bus Encryption (BE) are provided here. BE is never applied to an S-EVOB
in a Persistent Storage. An S-EVOB in a Persistent Storage may come from a Disc, where B_flags may be
associated with the SEVOB. If B_flags are set at 1, in the sector headers of the sectors which carry the
S-EVOB, on a PC platform, the AACS module in a Player should intervene and perform Bus Decryption
when the Player copiesthe SSEVOB into a Persistent Storage. An S-EVOB may be stored in an ACA file (an
archive). No BE is required for such an SSEVOB.

3.8 Content Hash

3.8.1 Content Hash Table #1

An AACS Disc shall store two Content Hash Tables (CHTS): Content Hash Table#1 (CHT #1) and
Content Hash Table #2 (CHT #2). The CHTs on aDisc shal residein the“AACS’ directory. The name
“CONTENT_HASH_TABLE1.AACS’ isreserved for the CHT #1 for P/'S-EVOBs. CHT #1 has the format
shown in Table 3-18. CHT #1 contains the eight-byte hash values of al the EVOBU/TUsin PIS-EVOBsfor a
Standard Content or Advanced Contents on an AACS Disc.

Table 3-18: Format of Content Hash Table #1
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Bit
7 6 5 4 3 2 1 0
Byte
0
Number of Hash Values (NHV)
3
4
Reserved
7
8
Hash Vaue of EVOBU #1
15
16
Hash Value of EVOBU #2
23
8*NHV
Hash Vaue of EVOBU #NHV
7+ 8*NHV

CHT #1 consists of the following fields:

® Number of Hash Values (NHV) of 4 bytes which indicates the total number of Hash Valuesin the CHT.
The NHV shall not exceed 500000.

® A seriesof 8-byte Hash Values of EVOBUSs or TUs, each of which stores the hash value calculated from
the corresponding EVOBU or TU. The hash value isthe Ish 64 bits of the SHA-1 hash vaue. The SHA-1
hash value shall be calculated regardless of whether the EVOBU/TU is encrypted or not, which means
that a Player need not decrypt the EVOBU/TU before checking the hash value.

Note that hash values of EVOBUsin an ILVU in aP-EVOB for an Angle Block shall be contained in CHT #1.
Hash values of EVOBUsin an ILVUsin aP-EVOB for a Sequence Key Section (See Chapter 7) shall also be
compiled into CHT #1.
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The total number of the EVOBU/TUs on an AACS Disc shall not exceed 500000. If a Player
encounters an EVOBU/TU whose Content Hash Pointer (CH_PTR) exceeds the NHV, the Player shall
immediately go to Stop State.

3.8.2 Content Hash Table #2

Thename “CONTENT_HASH_TABLE2.AACS’ isreserved for the CHT #2. The CHT #2 hasthe
format shown in Table 3-19. The CHT #2 on an AACS Disc contains the eight-byte hash value of
Configuration File“/ADV_OBJDISCID.DAT”, Directory Key File, the full 20-byte hash value of Managed
Copy Manifest, the twenty-byte hash values of the TUFs on the Disc, the eight-byte hash values of all the
XML Documents and all the ECMA Script codes on the Disc. See Section 6.3 for the Configuration File and
the Directory Key File. The maximum number of Playlists for Video and Audio are 1000 respectively. And
thereisa TUF for a Standard Content, “VTUF.AACS’. Therefore, the CHT #2 has 2001 hash entries for

TUFs.
Table 3-19: Format of Content Hash Table#2 on an AACS Disc
Bit
7 6 5 4 3 2 1 0
Byte
0
Hash of DISCID.DAT
7
8
Hash of Directory Key File
15
16
Hash of MNGCPY_MANIFEST
35
36
Hash of VTUF.AACS
55
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56

Hash of VTUF000.AACS — Hash of VTUF999.AACS
20055
20056

Hash of ATUFO00.AACS — Hash of ATUF999.AACS
40055
40056

Number of Hashes of ANFs (NHA)
40059
40060
Hash of ANF #1
40067
40068
Hash of ANF #2 —Hash of ANF #NHA
40059 + 8*NHA

C

HT #2 consists of the following fields:

The eight-byte hash value of Configuration File “DISCID.DAT” inthe “ADV_OBJ’ directory. The hash
value isthe least significant 64 bits of the calculated result of the SHA-1 function. For a Category 1 Disc,
which has no Configuration File, this field shall be filled with FF. The Configuration File is described
in the HD DVD-Video Specifications. (See also Section 6.3.) In the boot sequence, an AACS-Compliant
Player shall verify the hash value of Configuration File using thisfield.

The eight-byte hash value of DKF, Directory Key File. See Section 6.3 for DKF. The hash valueisthe
least significant 64 bits of the calculated result of the SHA-1 function. Before the AACS modulein a
Player uses the Configuration File, the hash value of the DKF shall be verified using the value stored in
thisfield.

Hash of MNGCPY_MANIFEST stores the 20-bytes value of the SHA-1 hash function applied to
Managed Copy Manifest File“MNGCPY_MANIFEST.XML". See 5.3 for Managed Copy Manifest File.
Note that Managed Copy Manifest File shall not be protected in Encapsulation Format for Hash and that
the Hash Pointer filed in the encapsulation format shall indicate the offset of thisfield, i.e. 16. The
following Hash of ANF fields must not contain the hash value of Managed Copy Manifest File.
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The hash value of “VTUF.AACS’ which isthe calculated result of the SHA-1 function applied to the
first HASH_SIZE bytes of “VTUF.AACS’, excluding the BURS fields and TUF MAC. If the
VTUF.AACS s absent, thisfield shall befilled with FF.

® Thehash values of VTUF000.AACS, VTUFO01.AACS, ..., VTUF999.AACS. They arethe SHA-1
values. The hash function is applied to the first HASH_SIZE bytes of each TUF, excluding the BURS
fieldsand TUF MAC. If one of the VTUFsis absent, the corresponding field shall be filled with FFy.

® Thehash values of ATUF000.AACS, ATUFO01.AACS, ..., ATUF999.AACS. They arethe SHA-1
values. The hash function is applied to the first HASH_SIZE bytes of each TUF, excluding the BURS
fieldsand TUF MAC. If one of the ATUFsis absent, the corresponding field shall be filled with FFy.

® The Number of Hashes of ANFs (NHA) of 4 bytes. Theword “ANF” is an abbreviation of “Advanced
Navigation File” which means an XML Document or ECMA Script Codes. This number shall be equal to
or more than zero and less than 20000. Each hash unit size of an encrypted ANF is equal to or lessthan
512 bytes. Therefore, the maximum total size of all the encrypted ANFsis about 10 MB. On the other
hand, a non-encrypted ANF has only one hash entry in CHT #2. Thus, the maximum total size of al the
ANFs may be more than 10 MB. See Section 4.4.2 for reference.

® The eight-byte hash values of the hash unitsin the ANFs. The hash value is the |east significant 64 bits
of the calculated result of the SHA-1 function. The number of the hash valuesis equal to the NHA.

3.9 Content Revocation List

An AACS-Protected Disc shall store one and only one Content Revocation List (CRL) file. The CRL
shall residein the“AACS’ directory. The name“CONTENT_REVOCATION_LIST.AACS’ isreserved for
the CRL file. The format of a CRL fileis defined in the AACS Pre-recorded Video Book.

3.10 Boot Sequence for Disc Application

In the Startup Sequence of Advanced Content, a Playlist shall have the name, “VPL ST%%%.XPL”
or “APLST%%%.XPL", where %%% runs from 000 to 999 (case sensitive). On the other hand, the HD
DVD-Video Specifications does not specify afilename which may be used as a Playlist in a Soft Reset. This
Book puts arestriction, however, on a Playlist filename for a Soft Reset: A Playlist on a Disc which may be
used as an argument of Playlist.load() shall have the name, “VPL ST%%%.XPL” or “APLST%%%.XPL",

where %%% runs from 000 to 999 (case sensitive).
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When a Playlist, say, VPLST011.XPL on aDisc isloaded in the boot sequence, the associated
AACS components shall be automatically read and processed by the AACS module. The following associated
AACS components shall reside in the directory /AACS: VTKF011.AACS. And the following associated
AACS components may reside in the directory /AACS: VTUF011.AACS. If the associated TUF is absent,
thereis no TUF for EVOBsto be played back in the Playlist. The following is one example of the boot
sequence:

1. TheAACS module at first reads and processes/AACSMKBROM.AACS.

2. The AACS module then reads and processes /AACSTKF011.AACS so that the AACS
module may prepare Title Keys.
e TKF MAC isverified.

3. If/AACS/SKB.AACS and /AACS/SKF.AACS exist, the AACS modul e processes them to
yield six SKTs. (See Chapter 7.)

4. The AACS module verifies the signature of /JAACS/CONTENT_CERT.AACS.

5. The AACS module checks integrity of /AACS/CONTENT_HASH_TABLE1 and

/AACS/ICONTENT_HASH_TABLE2, respectively, based on the hash values recorded in
/AACS/CONTENT_CERT.AACS.

6. If/AACSIVTUFO11.AACSexists, itsintegrity is checked using the hash value recorded in
/AACS/CONTENT_HASH_TABLE2.
e TUF MAC isverified.

If one of the steps failsin the preceding boot sequence, the system immediately goes to Stop State. After the
preceding boot sequence for AACS components is successfully executed, the system proceeds to process the
Playlist, /ADV_OBJVPLSTO11.XPL.

Before a Title Key in a TKF is used, the associated Binding MAC shall be checked. If it fails, the
Title Key must not be used. Before a URS in a TUF is used, the associated BURS shall be checked. If it fails,
the URS must not be applied. In this case, the Player shall go to Stop State when playback of an EVOB with
which the TUF is associated starts.

3.11 Backups

Most AACS components (except the “MKBRECORDABLE.AACS’) have their backup imagein
the directory “AACS BAK”. An AACS-Compliant Player may use any of the backup componentsif it
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decidesthat it is not able to correctly read the original components. The following is alist of the backup

components:
e /AACS BAK/MKBROM.AACS.
e /AACS BAK/SKB.AACS and /AACS BAK/SKF.AACS (if they exist).

e /AACS BAK/VTKF.AACS (for the Standard Contents),
IAACS_BAK/VTKF%%%.AACS, /AACS BAK/ATKF%%%.AACS (if the corresponding Playlist
exists).

e /AACS BAK/NTUF.AACS (for the Standard Contents),
IAACS BAK/NTUF%%%.AACS, /AACS BAK/ATUF%%%.AACS (if the corresponding Playlist
exists).

e /AACS BAK/CONTENT_CERT.AACS.

e /AACS BAK/CONTENT_HASH TABLE1L.AACS.

e /AACS BAK/CONTENT_HASH_TABLE2.AACS.

e /AACS BAK/CONTENT_REVOCATION_LIST.AACS.

e /AACS BAK/MNGCPY_MANIFEST.XML.

An AACS Disc may have the following backup file for Directory Key File:
e /AACS BAK/DKF.AACS.

It is recommended that the original component and the corresponding backup component are recorded in a

physically separated manner.
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Chapter 4
Protection of an HD DVD-Video Content on a

Medium

4 Protection of an HD DVD-Video Content on a Medium

4.1 Introduction

This section describes the details of encryption and decryption of an HD DVD-Video Content on an
HD DVD-Video ROM medium. The HD DV D-Video format is licensed by the DVD Forum, which publishes
the HD DVD-Video Specifications. The following 2 types of content are defined in the specification:

e  Standard Content that consists of Navigation data and Video object data.

e Advanced Content that consists of Advanced Navigation, Primary/Secondary Video Set and

Advanced Element.

Figure 4-1 shows an overview of elements of an HD DVD-Video Content which are targets of the AACS
content protection. There are roughly two protection formats: Oneis a protection format for a P/IS-EVOB. An
EV OB may include an audiovisual content, an audio-only content or other contents. An EVOB is a series of
Packs each of which has length of 2048 bytes. Encryption of an EVOB is performed on a Pack basis. The
protection format for an EVOB is defined in Section 4.3. The other is a protection format for Advanced
Resources. Advanced Resources are the sum of two data sets, Advanced Navigation and Advanced Element.
Advanced Resources are recorded as files on an HD DV D-Video ROM medium, and, therefore, protection of
Advanced Resourcesis performed on afile basis. A file which contains data of Advanced Resourcesis called

Advanced Resource File (ARF) in this specification. The protection format of ARF is defined in Section 4.4.
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Figure4-1: Protection Targets of an HD DVD-Video Content on

an HD DVD-Video ROM Medium
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4.2 Stored data values in CPI field

This section describes stored data values in a Content Protection Information (CPI) field. A CPI field
islocated in a GCI packet (GCI_PKT). A GCI_PKT iscontained inan NV_PCK of an EVOBU inaP-EVOB
or inthefirst Pack of TU of an S EVOB. See the HD DVD-Video Specifications for the detailed |ocation of
CPI fieldinaGCI_PKT.

Table 4-1: Stored data valuesin Content Protection Information (CPI)

Bit
7 6 5 4 3 2 1 0
Byte
0
1
Key Management Information
2
3
4
5
Content Hash Management Information
6
7
8
Usage Rule Management Information
9
10
CCI_SS
11
12
CCl
13
14
Reserved
15

A CPI consists of the following values:

e Key Management Information (KMI) of 4 bytes which stores information of the key to encrypt the
encrypted PCKsin the EVOB containing this CPI. The format of KMI is described on Table 4-2.
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e Content Hash Management Information (CHMI) of 4 bytes stores information of the Content Hash
for the EVOBU containing this CPI. The format of CHMI is described in Table 4-3.

e Usage Rule Management Information (URMI) of 2 bytes which indicates information of the Usage
Rule for the EVOB containing this CPI. The format of URMI is described in Table 4-4.

e CCl_SSof 2 byteswhich indicates the status of CCI for the EVOB containing this CPI. The format
of CCl_SSisdescribed in Table 4-5.

e CCI of 2 bytes which stores copy control information for the EVOB containing this CPI. The format
of CCl isdescribed in Table 4-6.

e Areserved field of 2 byteswhich shall be filled with 004.

Table 4-2: Stored data valuein Key Management I nformation (KM1)

Bit
7 6 5 4 3 2 1 0

Byte

0 KEY_VF Reserved

1

TITLE KEY_PTR
2
3 SEG_KEY_PTR

The KMI consists of the following fields:

e Key Vdidity Flag (KEY_VF) of 2 bits which indicates the status of the Key Pointer fields:
00,: Neither the Segment Key Pointer nor the Title Key Pointer isvalid.
01,: The Segment Key Pointer isvalid.
10,: The Title Key Pointer isvalid.
11,: Reserved.
e Thereserved field shall befilled with O,.

o TitleKey Pointer value (TITLE_KEY_PTR) of 2 bytes which indicates the entry number of aTitle
Key in the Title Key File. Thisvalue shall be greater than 0 and equal to or lessthan 64. If
TITLE KEY_PTR is 0009, for instance, the encrypted PCKs in the EV OB which contains this
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KMI are encrypted by the Title Key (K;) #9. When the KEY_VF is 00, 01, or 11,, thisfield shall be
filled with 004e.

e Segment Key Pointer (SEG_KEY _PTR) of 1 byte which indicates an entry in the Segment Key
Table which contains a Segment Key. The usage of thisfield is described in Chapter 7. If KEY_VF
is00;, 10, or 11,, thisfield shall befilled with 00;6.

Table 4-3: Stored data value in Content Hash Management Infor mation (CHMI)

Bit

Byte

CH_PTR

The CHMI consists of the following fields:

e Content Hash Pointer (CH_PTR) of 32 bits which indicates the number of an entry of the CHT #1.
For example, if the CH_PTR is 000000096, the hash value of the current EVOBU shall be identical
to the value stored in the Hash Value of EVOBU #9 in the CHT #1. CH_PTR shall be more than
zero and equal to or less than 500000.

Note that the following conditions hold on an AACS Disc:
a CH_PTRisunique.

e There may be an exception: The HD DVD-Video Specifications say, when an archive (ACA) is
multiplexed into a P-EV OB, the copy of the archive shall exist as afile on the Disc. The archive
may contain an S-EV OB. In this case, the two S-EVOBSs, one in the multiplexed archive and the
other in the archivefile, may share CH_PTRs.

b) 1<=CH_PTR<=NHV.
¢) Letpbeaninteger suchthat 1 <= p <= NHV. There existsan EVOBU or aTU whose CH_PTR is
identical to p.

For an SSEVOB which isto be read from a Persistent Storage or from a place other than the Disc and which is
to be played back, the preceding conditions @), b) and c) do not necessarily hold for CH_PTR.
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Table 4-4: Stored data value in Usage Rule Management | nfor mation (URMI)

Bit
7 6 5 4 3 2 1 0
Byte
8 UR_VF
UR_PTR
9

The URMI shall consist of the following fields:

Usage Rule Validity Flag (UR_VF) of 1 bit which indicates the status of the Usage Rule Pointer field.
When the Usage Rule Pointer field isvalid, thisfield shall be 1,. Otherwise, this field shall be equal
to 0,. If URS NUM inthe TUF is zero, UR_VF shall be 0,.

Usage Rule Pointer (UR_PTR) of 15 bits which indicates the ordinal number of a Usage Rule Set in
the Title Usage File. If UR_PTR isequal to 000, || 0096, for example, usage of the EVOB which
contains this URMI shall be governed by the Usage Rule Set #9. It shall hold that 1 <= UR_PTR <=
255. When the UR_VF is set to 0y, thisfield shall befilled with 1,.

Table 4-5: Stored datavaluein CCl_SS

Bit
7 6 5 4 3 2 1 0
Byte
10 PCCI VF | APS VF | ICT_VF | DOT_VF Reserved
11 Reserved

The CCI_SS shall consist of the following fields:

PCCI Validity Flag (PCCI_VF) of 1 bit which indicates validity of the PCCI field in the CCI. If the
PCCI field isvalid, thisfield shall be equal to 1,. Otherwise, thisfield shall be 0,. If PCCI_VF is
equal to 0, the value of PCCI isregarded as 000,, i.e. Copy Freely, regardless of the value which is
assigned to PCCI.
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e APSVadlidity Flag (APS_VF) of 1 bit which indicates validity of the APSTB field in the CClI. If the
APSTB field isvalid, thisfield shall be equal to 1,. Otherwise, thisfield shall be equal to 0,. If
APS VFisequa to 0,, the value of APSTB isregarded as 000, i.e. APSTB is OFF, regardless of
the value which is assigned to APSTB.

e |ICT Validity Flag (ICT_VF) of 1 bit which indicates validity of the ICT field in the CCI. If the ICT
field isvalid, thisfield shall be equal to 1,. Otherwise, thisfield shall be 0,. If ICT_VFisequal to 0,,
the value of ICT isregarded as 0, regardless of the value which isassigned to ICT.

e DOT Vdidity Flag (DOT_VF) of 1 bit which indicates validity of the DOT field in the CCI. If the
DOT fieldisvalid, thisfield shall be equal to 1,. Otherwise, thisfield shall be equal to 0,. If
DOT_VFisequa to 0,, the value of DOT isregarded as 0,, i.e. the analog output of the decoded
video is allowed, regardless of the value which is assigned to DOT.

e Thereserved fields shall befilled with 0,.

Table 4-6: Stored data valuein CCI

Bit
7 6 5 4 3 2 1 0
Byte
12 PCCI APSTB ICT DOT
13 Reserved

The CCI shall consist of the following fields:

e PCCI of 3 hitswhich stores the status of primitive copy control information for the EVOBU/TU
which contains this CCl. When the PCCI_VF isequal to 0,, the PCCI field shall be 000,.

000,: Copy Freely

100,: Copy One Generation
010,: No More Copies
110,: Copy Never

011,: Encryption Plus Non-Assertion (This status means that the encrypted EVOB may be copied
freely without re-distribution.)

e APSTB of 3 bits which indicates a status of analog protection for the EVOB:
000,: APSTB is OFF.
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001, Type 1 of APS1isON.
010,: Type 2 of APS1isON.
011, Type 3 of APS1isON.
110,: APS2 isON.

111,: APS2isON.

Other Combinations: Reserved.

e |ICT of 1 bit which indicates the status of the analog output for the EVOBU/TU which contains this
CCl. When the ICT_VFis0,, the ICT field shall be equal to 0,.

0,: High Definition Analog Output in High Definition Analog Form allowed.
1,: High Definition Analog Output in the form of Constrained Image allowed.

e DOT of 1 hit: Thisflag indicates the Analog Output status. If thisflagis 1,, an analog output of the
decoded video of the EVOB is not allowed.

e Thereserved field shall be filled with O,.

If both Main Video and Sub Video are displayed, the CCl setting shall be equivalent to that of the
Main Video. Note that CCl does not change in one EVOB. Each field in CCl shall be identical throughout one
EVOB.

4.3 Protection format for EVOB

This section describes the protection format for an EVOB. An EVOB is protected by content
encryption on a Pack basis using a Title Key. The encrypted Title Key is stored in the Title Key Filewhich is
described in Chapter 3. Each encrypted Pack of an EVOB is able to be decrypted by the Title Key which is
indicated by TITLE_KEY_PTR of the CPI field. If an EVOBU/TU contains an encrypted Pack, the
EVOBU/TU shal haveavalid TITLE KEY_PTR in the CPI field. Otherwise, the EVOBU/TU shall not have
avalid TITLE KEY_PTR and the KEY_VF shall be 0,. A Title Key shall not be changed within one
P/S-EVOB. A Title Key may be shared by plural EVOBs. Figure 4-2 shows an example of Title Key
assignment to EVOBs.
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Encrypted by Title Key #n1. Encrypted by Title Key #n2.

A
4

Enhanced Video Object (EVOB) Enhanced Video Object (EVOB) Enhanced Video Object (EVOB) Enhanced Video Object (EVOB)

EVOBU/TU EVOBU/TU EVOBU/TU EVOBU/TU EVOBU/TU EVOBU/TU
NV_PCK V_PCK A_PCK NV_PCK V_PCK A_PCK NV_PCK V_PCK A_PCK
(with (without (without (with (without (without (with (without (without
GCl) GCl) GCl) GCl) GCl) GCl) GCl) GCl) GCl)
TITLE_KEY_PTR TITLE_KEY_PTR TITLE_KEY_PTR
indicates Title Key indicates Title Key indicates Title Key
#nl #nl #n2

Figure 4-2: An Example of Title Key assignment to EVOBs

4.3.1 Pack Types

This section lists the Pack types which may be protected. A P-EV OB which belongs to a Standard
Content consists of the following 5 types of Pack:

e Navigation Pack (NV_PCK)

e Video Pack (V_PCK)

e Audio Pack (A_PCK)

e  Sub-picture Pack (SP_PCK)

e Highlight Information Pack (HL_PCK)
NV_PCK isnot alowed to be encrypted.

A P-EVOB which belongs to an Advanced Content consists of the following 7 types of Pack:

e Navigation Pack (NV_PCK)

e Main Video Pack (VM_PCK)

e SubVideo Pack (VS _PCK)

e Main Audio Pack (AM_PCK)

e Sub Audio Pack (AS_PCK)
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e  Sub-picture Pack (SP_PCK)

e Advanced Pack (ADV_PCK)
NV_PCK and ADV_PCK are not allowed to be encrypted. Note that an encrypted ARF may be recorded as a
file on an AACS Disc or multiplexed into an ADV_PCK in aP-EVOB. The sameistrue for an ARF with
MAC.

An S-EVOB which belongs to an Advanced Content consists of the following 5 types of Pack:

e Navigation Pack (NV_PCK)

e Main Video Pack (VM_PCK)

e SubVideo Pack (VS _PCK)

e Main Audio Pack (AM_PCK)

e SubAudio Pack (AS _PCK)

Thefirst Pack in EVOBU/TU is not allowed to be encrypted.

4.3.2 Pack Encryption

Table 4-7 shows the Pack encryption format. For each encrypted Pack, the first 128 bytes are called
the Unencrypted Portion and the remaining 1920 bytes are called the Encrypted Portion. The Unencrypted
Portion is unencrypted and the Encrypted Portion is encrypted.

Each Encrypted Pack is encrypted by a 128-bit Content Key (K,). The Content Key (K,) is calculated
by a 128-hit Title Key (Ky), a32-bit Title Key Data (Dy) and the least significant 96 bits of the CPI field in
the GCI_PKT asfollows:

K¢ =AES-G (K, Dy || CPlig, g6),
where AES-G denotes the one-way function based on the AES algorithm defined in the AACS I ntroduction
and Common Cryptographic Elements. Note that Title Key Data (Dy/) isjust data between the 84™ byte and

the 87" byte of Pack, inclusive.

The Encrypted Portion is encrypted as follows:
C.= AES-128CBCE(K,, C),
where AES-128CBCE denotes encryption by the AES agorithm in the CBC mode defined in the AACS
Introduction and Common Cryptographic Elements. When a Pack is encrypted, the 2-bit
PES scrambling_control shall be 01,. Otherwise, the PES_scrambling_control shall be 00,.
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Table 4-7: Encrypted Pack Format

Bit
7 6 5 4 3 2 1 0
Byte
0
Data defined in the HD DVD-Video specification
19
PES_scrambling
20
B _control
&
s 21
AN
A
s Data defined in the HD DVD-Video specification
g 83
g
o
2 84
2
-) Title Key Data (Dy)
87
88
Data defined in the HD DVD-Video specification
127
c
2 | 128
s ¢
P
B 3 Encrypted Content
S g
s | 2047
]

Table 4-8 shows the Pack encryption format for HL_PCK. For each HL_PCK, the first 128 bytes are
called the Unencrypted Portion and the remaining 1920 bytes are called the Encrypted Portion. The
Unencrypted Portion is unencrypted and the Encrypted Portion is encrypted. Note that every HL_PCK on an
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AACSDiscisencrypted aslong asKEY_VF is 01, or 10,, that is, if the Title Key or the Segment Key is
valid.

Each HL_PCK isencrypted by a 128-hit Content Key (K). The Content Key (K,) is calculated by a
128-hit Title Key (Ky), a 32-bit Title Key Data (Dy) and the least significant 96 hits of the CPI field in the
GCI_PKT asfollows:

K¢ =AES-G (K;, D || CPligp g6),
where AES-G denotes the one-way function based on the AES agorithm defined in the AACS Introduction
and Common Cryptographic Elements. Note that Title Key Data (Dy) isjust data between the 85" byte and

the 88" byte of Pack, inclusive.

The Encrypted Portion is encrypted as follows:

C.=AES-128CBCE(K,, C),

where AES-128CBCE denotes encryption by the AES algorithm in the CBC mode defined in the AACS

Introduction and Common Cryptographic Elements.

Table 4-8: Encrypted Pack Format for HL_PCK

Bit
7 6 5 4 3 2 1 0
Byte
0
Data defined in the HD DVD-Video specification
i)
< 83
)
[e6]
N
A 84
c
=
§ Title Key Data (Dy)
8
2 87
P
(&)
3 88
)
Data defined in the HD DVD-Video specification
127
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128

Encrypted Content

2047

Encrypted Portion
(1920 bytes)

4.3.3 Content Hash Check for EVOBs

Before checking Content Hash of P-EVOBs on an AACS Disc, the integrity of Content Hash Table
#1 shall be verified based on the Content Certificate File. There are two ways of content hash checking. One
isto check 7 hash values which are randomly chosen from all the P-EVOBs on the disc. This content hash
checking shall be performed within 300 seconds after playback starts. Unless all the 7 hash values are
respectively equal to the corresponding hash values stored in CHT#1, playback shall be stopped.

Another way of Content Hash Checking isto check randomly chosen 1% of the hash values while
playback: Before starting playback, a Player loads the CHT #1 into the secure memory in the AACS module
with calculating the hash value of the CHT #1. After loading is finished, the hash valueis verified using the
Content Certificate. If the verification fails, the Player shall go to Stop State without playing back any content.
At playback of a P/S-EVOB, the Player chooses one EVOBU/TU with probability 1/200 or more. The
EVOBU has CH_PTR which indicates a hash entry of the CHT #1 in the secure memory. The Player
calculates the hash value of the EVOBU/TU and compares it with the value stored in the hash entry of the
CHT #1. If they are not equal, the Player shall immediately go to Stop State. Otherwise, playback of the P
-EVOB continues.

In some Trick Play Modes such as Forward/Backward Scan, only a portion of an EVOBU is read
from a Disc. For instance, the Player looks for the first [-Picture in an EVOBU and the found I-Picture is
displayed. Then, the Player looks for the first I-Picture in the next EV OBU, without reading the rest of the
current EVOBU. Thiskind of playback is sometimes called “[-Only-Playback”. In general,
“1-Only-Playback” isfor Forward Scan of the speed which is faster than 2x or for Backward Scan. A Player
shall perform Content Hash Check for randomly chosen 1% of the EVOBUs which are completely read. This
means that, in the “1-Only-Playback” as described above, no Content Hash Check is required.

The sources for P/IS-EVOBs are listed as follows: Disc, Network Server, Persistent Storage and File
Cache. Content Hash Check shall be performed only for P/S-EVOBs read from Disc.
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4.3.4 Pack Decryption

Before decrypting an EVOB, an AACS-Compliant Player shall verify the Content Certificate and the
MAC of the Title Usage File aslong as UR_PTR in the EVOB isvalid. If the verification fails, playback shall
be aborted. The Content Hash Table shall also be verified according to the verification procedure defined in
Section 4.3.3. If Content Hash Check fails, playback shall be aborted. Before using a Title Key, the Binding
MAC associated with the Title Key shall be verified.

Thefollowing is an example of decryption of an EVOB:

Stepl: Choose aTitle Key. To choose a Title Key for the current EVOB, a Player checks the
KEY_VFinthe GCI_PKT whichislocated in the NV_PCK in EVOBU/TU. If the KEY_VFis00,,
decryption is unnecessary for the current EVOBU/ TU. If the KEY _VF is 10,, the Player chooses an
Encrypted Title Key (K) inthe Title Key Fileindicated by the TITLE_KEY_PTR, and it decryptsthe
Encrypted Title Key as defined in the AACS Introduction and Common Cryptographic Elements.

Step2: Calculate the Content Key. If the PES_scrambling_control of the current Pack is 01, or if the
current Pack isan HL_PCK, the Player calculates a 128-bit Content Key (K.) using Title Key (K,), Title Key
Data (Dy) and the least significant 96 bits of the CPI field in the GCI_PKT asfollows:
K¢ =AES-G (K, Dy || CPlig, g6),
where AES-G denotes a one-way function based on the AES algorithm defined in the AACS Introduction and
Common Cryptographic Elements. If the PES_scrambling_control is 00, and if the current Pack isnot an
HL_PCK, decryption is unnecessary for the current Pack.

Step3: Decrypt the Pack. The Encrypted Portion (Ce) of the current Pack is decrypted as follows:
C =AES-128CBCD(K,, Co),
where AES-128CBCD denotes decryption by the AES algorithm in the CBC mode defined in the AACS

Introduction and Common Cryptographic Elements.

4.3.5 Bus Encryption/Decryption

See the AACS Introduction and Common Cryptographic Elements for Bus Encryption/Decryption.
Table 4-7 shows the Bus Encryption format for a Pack. If B_flag in a sector is set, the Main Data (See Figure
3-1 or Figure 3-2) shall be encrypted by a Licensed Drive as shown in Table 4-7. Note that Main Data of a
sector isidentical to the datain a Pack. For each Pack, the first 128 bytes are unencrypted (the Unencrypted
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Portion) and the remaining 1920 bytes are Bus Encrypted (the Encrypted Portion). Main Datais transferred to
a PC host in this Bus Encryption format.

Each Bus Encrypted Pack is encrypted by a 128-bit BE Key (Kpe). The BE Key (Ky,e) is calculated
with a 128-bit Read Data Key (K,q) and a 32-bit BE Key Data (Dy,) asfollows:
Kpe = AES-G (K4, Dye || DEADBEEFDEADBEEFDEADBEEF ).
Note that BE Key Data (Dye) is just data between the 15" byte and the 18" byte of a Pack, inclusive.

The Encrypted Portion (Cg) is encrypted as follows:
C. = AES-128CBCE( Ky, C),
where C isthe datain the Main Data, the size of which is 1920 bytes.

Table 4-9: Bus Encryption Format

Bit
7 6 5 4 3 2 1 0
Byte
0
Data defined in the HD DVD-Video specification
i)
< 13
1)
[e6]
AN
A 14
c
i)
§ BE Key Data (Dye)
g 17
P
(&)
3 18
)
Data defined in the HD DVD-Video specification
127
5
=R 128
5 8
2
E = Encrypted Content
S 5
s | 2047
L
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A PC host shall perform Bus Decryption when it reads an EVOB file (a P-EVOB file or an SSEVOB

file) on a Disc. Thefollowing is an example of Bus Decryption:

Stepl: Calculate the BE Key. When a PC Player reads an EV OB file, the Player calculates a 128-bit
BE Key (Kpe) using Read DataKey (K,4) and BE Key Data (Dye) as follows:
Kpe = AES-G (K4, Dye || DEADBEEFDEADBEEFDEADBEEF;; ).

Step2: Decrypt the Pack. The Encrypted Portion (C) of the current Bus Encrypted Pack is decrypted
asfollows:
C = AES-128CBCD(Kpe, Ce).

Note here that a BE Key for an ADV_PCK or for aNV_PCK isnot AACS confidential information

and need not be securely protected in arobust environment.

4.4 Protection Formats for Advanced Resources
This section describes protection formats for Advanced Resources. The Advanced Resources consist

of the following ARFs:

e XML Document Filesfor Playlist and Advanced Navigations

e ECMAScript Files for Advanced Navigations

e JPEG/PNG image filesand MNG image files for Advanced Elements

e CVI/CDW imagefilesfor captured images

e LPCM/WAY filesfor Advanced Elements

e OpenType font files for Advanced Elements

e Archived datafiles for Advanced Elements

4.4.1 Protection Types for ARFs
Asdescribed in the Introduction of this book (See Section 1.2), there are five kinds of encapsulation
formats: The first is Encapsulation Format for Hash, the second is Encapsulation Format for Encryption and
Hash, the third is Encapsulation Format for MAC, the fourth is Encapsulation Format for Encryption and the
fifth is Encapsulation Format for Non-Protected Advanced Element. Encapsulation Format for MAC may be
applied to the following ARFs:
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® JPEG/PNG images, captured images (CVI and CDW), MNG animations and fonts (OTF, TTF
and TTC) on an AACS Disc or in a Persistent Storage.

® XML Documents (XPL, MMF, XMU, XTS, XAS, XSS, etc.) in aPersistent Storage.
® ECMAScript Codes (JS) in a Persistent Storage.

Encapsulation Format for Encryption may be applied to the following ARFs:

® JPEG/PNG images, MNG animations, LPCM/WAYV effect audios, fonts (OTF, TTF and TTC)
on an AACS Disc or in a Persistent Storage.

® XML Documentsfor Advanced Subtitles (XAS) in a Persistent Storage.

® ECMAScript Codes (JS) in a Persistent Storage.

Encapsulation Format for Hash may be applied to the following ARFs:

® XML Documents (XPL, MMF, XMU, XTS, XAS, XSS, etc.) on an AACSDisc.
® ECMAScript Codes (JS) on an AACS Disc.

Encapsulation Format for Encryption and Hash may be applied to the following ARFs:

® XML Documentsfor Advanced Subtitles (XAS) on an AACS Disc.
® ECMAScript Codes (JS) on an AACS Disc.

Encapsulation Format for Non-Protected Advanced Element may be applied to the following

Advanced Elements:

® JPEG/PNG images, captured images (CVI and CDW), MNG animations, LPCM/WAYV effect
audios, fonts (OTF, TTF and TTC) on an AACS Disc or in a Persistent Storage.

An archived format for ARFsis defined in the HD DVD-Video Specifications. Although an archive
fileitself isan ARF, it must not be encapsulated. Each ARF contained in an archive file may be encapsulated
by a protection format. Note that a Resource Search Pointer, which is defined in the HD DVD-Video
Foecifications, in an Archived File shall indicate the attribute of not an original ARF but of an encapsulated
ARF. Each encapsulated ARF in an archived file has the MIME-Type FF.

Thereisapossibility that no video is displayed on the screen and the screen is composed only of

Advanced Elements. In such a case, the CCl setting for output shall be as follows:
e PCCI: 110,, Copy Never.

e APSTB: 000, APSis OFF.
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¢ ICT: 0,, High Definition Analog Output in High Definition Analog Form allowed.
e DOT: 0,.

4.4.2 Five Encapsulation Formats

Table 4-10 shows Encapsulation Format for Encryption, and Encapsulation Format for Encryption and Hash
isshown in Table 4-11.

Table 4-10: Encapsulation Format for Encryption

Bit
7 6 5 4 3 2 1 0
Byte
0
FILE_ ID
3
4 Protection Type: 0l
5 Reserved
6 TITLE_ KEY_PTR
.
Resource File Size (N¢s)
10
11
Encrypted Data (D)
N¢s + 282
Table 4-11: Encapsulation Format for Encryption and Hash
Bit
7 6 5 4 3 2 1 0
Byte
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0
FILE_ID
3
4 Protection Type: 1156
5 Reserved
6 TITLE_KEY_PTR
7
Resource File Size (Ngs)
10
11
Encrypted Data (D)
N¢s + 282
Nis + 283
Hash Pointer #1
Nss + 286
Nis + 287
Hash Pointer #2
Nts + 290
N¢s + 291
Hash Pointer #3 — Hash Pointer #(n — 1)
Nis+ 278 + 4*n
Nis + 279 + 4*n
Hash Pointer #n
Nis+ 282 + 4*n

Table 4-10 shows Encapsulation Format for Encryption. Encapsulation Format for Encryption shall consist of

the following fields:

e FILE_ID of 4 byteswhich stores the characters “AACS’ with the character set code of 1SO646

(a-characters).
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e Protection Type of 1 byte. Protection Type shall be 014 if the encapsulation format is Encapsulation
Format for Encryption, and it shall be 11,4 if the encapsulation format is Encapsulation Format for
Encryption and Hash.

o TitleKey Pointer (TITLE_KEY_PTR) of 1 byte which indicates the entry number of aTitle Key in
the Title Key File. The value shall be greater than 0 and equal to or less than 64. If the
TITLE KEY_PTRisequal to 09, the Resource Datais encrypted by the Title Key (Ky) #9 whichis
obtained as a decrypted value of Encrypted Title Key (K) #9.

e N Resource File Size of 4 bytes which indicates the size of the Resource Data. The size does not

include the Resource File Name field of 272 bytes.

e Encrypted Data of ( Ns + 272 ) bytes which contains encrypted data of the Resource File Name field
and the ARF data. The Resource File Name is the filename of the ARF followed by the “.AACS’
extension. For instance, if the filename of the encapsulated ARF is“FOO.JPG”, the Resource File
Nameis“FOO.JPG.AACS’. The HD DVD-Video Soecifications says that the maximum length of a
filename is 255 bytes. Thus, the length of the Resource File Name is not greater than 260 bytes. See
3.3.2 of the HD DVD-Video Specifications for the character code set which is alowed to be used for
afilename. The Resource File Name field shall be padded with 00,4 after the “.AACS’ extension so
that the length becomes 272 bytes.

Let Drpy be the Resource File Name field and let Dgp be the ARF data. The Encrypted Data D, is obtained as
follows:

De = AES-128CBCE( Ky, Dgren || Dro ),

where K; denotes the Title Key which TITLE_KEY_PTR indicates and AES-128CBCE denotes encryption by
the AES algorithm in the CBC mode defined in the AACS Introduction and Common Cryptographic Elements.
If thereisresidual data, the size of which islessthan 16 bytes, it shall be left unencrypted. Before using an
ARF encapsulated in Encapsulation Format for Encryption, the Player shall verify if the Resource File Name
stored in the Resource File Name field is identical to the filename of the encapsulated ARF followed by the
“.AACS’ extension. If they are not identical, the Player must not use the encapsulated ARF, and the Player
shall behave asif thefile did not exist. The Player throws the exception of HDDVD_E_FILENOTFOUND or
set error info of FILE_NOT_FOUND for the callback, etc. asis defined in the HD DVD-Video Specifications.
If the exception is not caught, it makes the Player immediately go to Stop State.

e Encapsulation Format for Encryption and Hash has, in addition to Encapsulation Format for
Encryption, n fields of the Hash Pointers each of which refersto the cardinal number of an entry of
the CHT #2, where n isthe smallest integer such that ( N¢s + 272 )/512 <=n.
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The k™ field of the Hash Pointer of 4 bytes indicates an entry in the CHT #2. The entry stores the SHA-1 hash
value of Encrypted Data calculated as follows:

[ SHA-1({ De}i) liso o4,

where { D} denotes the range between the 512* (k — 1) byte and the (512*k-1)" byte of the data D if (0 <) k
< n and { D} denotes the range between the 512* (n — 1)" byte and the end of the data D if k = n. Before
decrypting and using an ARF encapsulated in Encapsulation Format for Encryption and Hash, the AACS
module in a Player shall verify randomly chosen 5% of the hash values of the ARF. If n <= 20, at least
randomly chosen 1 hash value shall be verified. If the verification fails, the process of the ARF shall be
aborted and the Player shall behave asif thefile did not exist. The Player throws the exception of
HDDVD_E FILENOTFOUND or set error info of FILE_NOT_FOUND for the callback, etc. In addition, the
Player shall verify if the Resource File Name stored in the Resource File Namefield isidentical to the
filename of the encapsulated ARF followed by the “.AACS’ extension. If they are not identical, the Player
must not use the encapsulated ARF, and the Player shall behave asif the file did not exist. The Player throws
the exception of HDDVD_E_FILENOTFOUND or set error info of FILE_NOT_FOUND for the callback,
etc.

Table 4-12: Encapsulation Format for MAC

Bit
7 6 5 4 3 2 1 0
Byte
0
FILE_ID
3
4 Protection Type: 02
5 Reserved
6 TITLE_KEY_PTR
.
File Size (Nss)
10
11
Resource File Namefield
282
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283
Resource Data
N + 282
N + 283
MAC of Resource Data
N¢s + 298
Table 4-13: Encapsulation Format for Hash
Bit
7 6 5 4 3 2 1 0
Byte
0
FILE ID
3
4 Protection Type: 1244
5
Reserved
6
7
File Size (Ns)
10
11
Resource File Name field
282
283
Resource Data
Nis + 282
Nis + 283
Hash Pointer
N;s + 286
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Encapsulation Format for MAC is shown in Table 4-12. Encapsulation Format for MAC shall consist of the
following fields:

e FILE_ID of 4 bytes which stores the characters “AACS’ with the character set code of 1SO646
(a-characters).

e Protection Type of 1 byte. Protection Type shall be 025 if the encapsulation format is Encapsulation
Format for MAC, and it shall be 124 if the encapsulation format is Encapsulation Format for Hash.

e Thereserved field shall store 004.
e N Resource File Size of 4 bytes which indicates the size of the Resource Data.

e The Resource File Name field of 272 bytes which stores the Resource File Name. The Resource File
Name is the filename of the encapsulated ARF followed by the“. AACS’ extension. The HD
DVD-Video Specifications says that the maximum length of afilenameis 255 bytes. Thus, the length
of the Resource File Name is not greater than 260 bytes. See 3.3.2 of the HD DVD-Video
Secifications for the character code set which is allowed to be used for afilename. The Resource
File Name field shall be filled with 00, after the “.AACS’ extension.

e Resource Dataof N¢s bytes which contains data of the ARF.
Encryption Format for MAC has afield called MAC of Resource Data:

o A 16-bytefield for MAC of Resource Datawhich storesthe MAC of Resource File Name and
Resource Data such that MAC = CMAC( Ky, Dgen || Dro ), Where K, denotes the Title Key which
TITLE KEY_PTR indicates, Dgrry isthe Resource File Name field and Drp isthe ARF data.

Before using an ARF encapsulated in Encapsulation Format for MAC, the AACS module in a Player shall
verify the MAC value. If the verification fails, the Player must not use the ARF and shall behave as if thefile
did not exist. The Player throws the exception of HDDVD_E FILENOTFOUND or set error info of
FILE_NOT_FOUND for the callback, etc. If the exception is not caught, it makes the Player immediately go
to Stop State. In addition, the Player shall verify if the Resource File Name stored in the Resource File Name
field isidentical to the filename of the encapsulated ARF followed by the“. AACS’ extension. If they are not
identical, the Player must not use the encapsulated ARF, and the Player shall behave asif the file did not exist.
The Player throws the exception of HDDVD_E_FILENOTFOUND or set error info of FILE_NOT_FOUND
for the callback, etc.

On the other hand, Encapsulation Format for Hash has the field of the Hash Pointer which refersto
an entry of the CHT #2:

e TheHash Pointer of 4 bytesindicates an entry number of the hash of this ARF (actually an ANF) in
CHT #2. The value of the Hash Pointer starts from 1. If the value of the Hash Pointer is 3, for
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instance, the hash value lies between the 40076™ byte and the 40083 byte of CHT#2. The entry

stores the SHA-1 hash value of Encrypted Data calculated as follows:

[ SHA-1( Dren || Dro ) Jiss s
Before using an ARF encapsulated in Encapsulation Format for Hash, the AACS module in a Player shall
verify the hash values of the ARF. If the verification fails, the Player must not use the ARF and shall behave
asif thefile did not exist. The Player throws the exception of HDDVD_E_FILENOTFOUND or set error info
of FILE_NOT_FOUND for the callback, etc. If the exception is not caught, it makes the Player immediately
go to Stop State. In addition, the Player shall verify if the Resource File Name stored in the Resource File
Name field isidentical to the filename of the encapsulated ARF followed by the “.AACS’ extension. If they
are not identical, the Player must not use the encapsulated ARF, and the Player shall behave asiif the file did
not exist. The Player may throw the exception of HDDVD_E FILENOTFOUND or set error info of
FILE_NOT_FOUND for the callback, etc.

Table 4-14: Encapsulation Format for Non-Protected Advanced Element

Bit
7 6 5 4 3 2 1 0
Byte
0
FILE_ID
3
4 Protection Type: 2156
5 Reserved
6 TITLE_KEY_PTR
.
File Size (Nys)
10
11
Encrypted File Name field
282
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283

Resource Data

N¢s + 282

Encapsulation Format for Non-Protected Advanced Element is shown in Table 4-14. It shall consist of the
following fields:
e FILE_ID of 4 bytes which stores the characters “AACS’ with the character set code of 1SO646

(a-characters).
e Protection Type of 1 byte. Protection Type shall be 214.
e Thereserved field shall store 004.
e N Resource File Size of 4 bytes which indicates the size of the Resource Data.

e TheEncrypted File Name field of 272 bytes which stores the filename of the encapsulated ARF. The
filename must not have the “. AACS’ extension. See 3.3.2 of the HD DVD-Video Specifications for
the character code set which is allowed to be used for afilename. The File Name field shall be filled
with 004 after the filename. Let Drgy be the Resource File Name field. The Encrypted File Name
FNe s obtained as follows:

FNe = AES-128CBCE( Kt, Dgen ),

where Kt denotes the Title Key which TITLE_KEY_PTR indicates and AES-128CBCE denotes
encryption by the AES algorithm in the CBC mode defined in the AACS Introduction and Common
Cryptographic Elements.

e Resource Data of N¢s bytes which contains data of the ARF.

Before using an ARF encapsulated in Encapsulation Format for Non-Protected Advanced Element, the AACS
module in the Player shall decrypt the Encrypted File Name field. Then, the Player shall verify if the filename
stored in Encrypted File Name field isidentical to the filename of the encapsulated ARF. If they are not
identical, the Player must not use the encapsulated ARF, and the Player shall behave asif the file did not exist.
The Player throws the exception of HDDVD_E_FILENOTFOUND or set error info of FILE_NOT_FOUND
for the callback, etc.

Thefollowing MIME-Type is mandatory for a Content-Type header associated with an HTTP
transaction of HD DVD-Video. That is, if a Content-Type header for an encapsulated ARF exists, it has the
MIME-Types defined as follows:
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MIME type name: Application
MIME subtype name:  x-aacs

Required parameters.  None

Optional parameters.  datatype, charset

The datatype parameter specifies the media type/subtype of the original resource of the encapsulated ARF.
The use of this parameter is strongly recommended. If the datatype parameter is absent, a Player may freely
determine the media type/subtype of the original resource. The charset parameter specifies the character set of
the original resource. The charset parameter is applicable only when the parameter is applicable to the MIME
type of the original resource. The use of this parameter is strongly recommended when applicable. Suppose
the charset parameter is applicable to the MIME type, which is specified by the datatype parameter or is
automatically determined by a Player. Then, if the charset parameter is absent, the Player may automatically
determine the character set, UTF-16, UTF-8 or others.

For instance, the MIME-type of an encapsulated Playlist encoded in UTF-16 is as follows:
application/x-aacs; datatype=text/hddvdpl+xml, charset=utf-16

Note that the MIME type application/x-aacs is applicable only to an encapsulated ARF. It shall never be
used for an AACS-protected EVOB.

An AAR (Allowed Advanced Resource) may be downloaded from a Network Server without
encapsulation. An AAR may also be sent to a Network Server without encapsulation. Note that the

description in this section overwrites the relevant part in 6.2.3.

The Player shall check the filename extension of downloadFilel ocation of the HTTPClient Object.
Suppose that downloadFilel ocation is valid and that the extension isidentical to one of the AAR extensions,
i.e. XML, xml, JPG, jpg, PNG, png, MNG, mng, WAV or wav. Then, the Player shall check the MIME-Type
in the Content-Type header. If the MIME-Type is application/x-aacs, the Player shall store the payload data
obtained by the transaction as afile asthey are, where the data is assumed to be encapsul ated. Otherwise, the
Player shall encapsulate the payload data obtained by the transaction in Encapsulation Format for MAC with
Resource File Name being derived from downloadFilel ocation. The MAC calculation uses the Title Key set
by setMACKey(). If no Title Key is set by sstMACKey(), Title Key #1 is used.

Suppose that downloadFileL ocation is valid and that the extension isidentical to none of the AAR
extensions. Then, the Player shall check the MIME-Type in the Content-Type header. If the MIME-Type is
application/x-aacs, the Player shall store the payload data obtained by the transaction as afile. Otherwise, the
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data obtained by the transaction shall be discarded, the stateCode property shall be set at 70 and the state
property shall be set at STATE_ERROR.

Next, suppose that downloadFilel ocation is null. In this case, the data obtained from a server isheld in
an internal buffer of the instance of HTTPClient Object. The Player shall check the MIME-Typein the
Content-Type header. If the MIME-Type is application/x-aacs, the AACS module in the Player shall
intervene in a subsequent call of getResponseXML () and perform AACS-Decapsulation of the obtained data
in the buffer. If the MIME-Type is not application/x-aacs, the AACS module shall not intervenein a
subsequent call of getResponseXML (), which means that the data in the buffer is parsed without
AACS-Decapsulation and yields a Document.

The uploading scheme for a Document is as follows: When the API, sendXML (), is called, the Player
shall check the MIME-Type of the Content-Type header. If the MIME-Type is either text/xml or
application/xml, the AACS module in the Player shall not intervene with the call, which means no
AACS-Encapsulation occurs. Otherwise, the AACS-Encapsulation shall be performed for sendXML() asis
described in 6.2.3.

4.4.3 Verification of Hash and/or Decryption

As mentioned above, there are two Content Hash Tables recorded on an AACS Disc. Of these two,
the CHT #2 stores the hashes of the TUFs, the hashes of the ARFs encapsulated in Encapsulation Format for
Hash and the hashes of the ARFs encapsulated in Encapsulation Format for Encryption and Hash. See Table
3-19 for the format of CHT #2.

Before verification of the hashes, the Content Certificate file shall be at first verified. If the Disc to
be played back belongs to the Category 1, the SHA-1 hash value of “VTUF.AACS’ is calculated and the
value is compared with the value stored in the corresponding field in the CHT #2. If the values are not equal
to each other, the verification fails and the rest of the playback process shall be aborted. If the Disc belongsto
the Category 2 or 3, aPlaylist to be played back is at first chosen according to the procedure described in the
HD DVD-Video Specifications. The Playlist is accompanied by one and only one TKF and one and only one
TUF. The integrity of the TUF shall be verified by means of the content hash, that is, the SHA-1 hash values
of the TUF are calculated and compared with the stored values in the corresponding field in the CHT #2. If
the verification fails, the rest of the playback process shall be aborted and the Player shall immediately go to
Stop State.

Before using an ARF encapsulated in Encapsulation Format for Hash or in Encapsulation Format for
Encryption and Hash, the AACS module in the Player shall check the integrity by means of the content hash.
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Chapter 5
Downloading, Streaming and

Online-Enabling

5 Downloading, Streaming and Online-Enabling

5.1 Introduction

An HD DVD-Video Player has the capability to download contents from the Internet. A Disc
Application or a P-Storage Application controls the procedure of content downloading. What it downloads
and when are controlled by XML Documents and ECM A Script Codes in the application. In the AACS
content protection scheme, however, downloading or streaming of contents shall satisfy some conditions.
Those conditions are described in Section 5.4. Some AACS APIs exposed to an application for downloading

are also described there.

Streaming of audiovisual contents or audio-only contentsis defined in the HD DVD-Video
Soecifications. There are two scenarios for streaming: Oneis scheduled streaming. In this scenario, when to
start streaming is described in the Playlist. Streamed dataisan S-EVOB and it may be encrypted in the format
described in Section 4.3. The Title Key Pointer in the KMI indicates a Title Key in the active TKF, which is
used to decrypt the streamed data. When the Playlist on an AACS Disc is active, the active TKF isthe one on
the Disc. If the Playlist is booted from a Persistent Storage, the active TKF is the one in the Persistent Storage
associated with the Playlist. (See Section 6.2.2)

The other scenario is streaming on demand. In this scenario, for instance, an application calls,
according to a user operation, a URL of a streaming content. The assumption here is that the streamed content
is, at least partially, encrypted and that the application does not currently have the Title Key to decrypt it. The
application should set beforehand the Title Key for the streamed content in the AACS module of the system.

Section 5.4 describes how such a streaming scenario is dealt with in the AACS content protection scheme.

There is ausage called Online-Enabling, which is described in Section 5.1 of the AACS Introduction
and Common Cryptographic Elements. Asfor the AACS scheme, an application may realize the
Online-Enabling usage by means of the same APl used in streaming on demand. How to realize the

Online-Enabling usage is also described in Section 5.4.
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Note that the Internet connection, streaming and Online-Enabling is not available if the Discis
played back in Standard Content Playback State. Thus, the AACS Object and its function properties are not
availablein the State.

5.2 Binding

A concrete protocol for downloading is defined by each application by means of XML documents
and ECMA Script codes. There are, however, some conditions an application shall satisfy. Oneisthe
condition about Binding and Permissions. In order to download a content which has appropriate binding, a
Player shall send some information to a server. The information can be obtained by an application through

some APIs.

5.2.1 Binding and Permissions
See 5.5 in the AACS Introduction and Common Cryptographic Elements for binding allowed in the
AACS content protection scheme. An HD DV D-Video Player supports the following five kinds of binding:

a. Binding to Medium: Data are bound to 128 hits of the Volume Identifier and 128 hits of the
Pre-Recorded Media Serial Number. (See Section 2.3.3 for definition of Volume Identifier and
see Section 2.4.4 for definition of Pre-Recorded Media Serial Number.)

b. Binding to Content: Data are bound to the Volume I dentifier.

¢. Binding to Medium & Device: Data are bound to the Media and the Device Unique Nonce
(DUN). (See below for definition of the DUN.)

d. Bindingto Content & Device: Data are bound to Content and the DUN.
e. Bindingto a Temporary Nonce (TN) of 128 bits which is generated in the AACS modulein a
Player.
The DUN isan ID of 128 bitswhich is unique to each Player. This 1D may be assigned by a Player
manufacturer. Or, a Player may generate a GUID for the DUN when it isinitialized for the first time. Once

the ID is generated, it is stored in a persistent memory in a Player. The following condition shall hold for the

DUN: An application aswell as a user operation is not allowed to assign an arbitrary value to the DUN.

TN isanonce of 128 bitswhich is generated in the AACS module by an API call. A TN isused in an
API call for TKF exchange in order to verify Binding MACs. A value of TN shall be updated when and only

when the following conditions hold:
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1. Thereisanother cal for the API (the property TN of the AACS Object).

The Disc is gjected.
The Player loses power.

The Player goesinto Stop State.

o > w0 D

The boot sequence for an AACS Disc starts.

a) Theboot sequenceisdescribed in 6.2.2.2.

A TitleKey iscalled TN-bound if it is bound to the Temporary Nonce. A TN-bound Title Key shall be

discarded when and only when the relevant Temporary Nonce is cleared because of the preceding conditions,

2to 5. Note that, in condition 1 above, the TN-bound Title Key remains valid after another call of the TN

APL.

Medium Binding
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Process MKB

MAC
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Set of Device Keys
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Figure5-1: Key Retrieval Flowsfor Medium Binding and Content Binding
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Medium & Device Binding Content & Device Binding
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Figure5-2: Key Retrieval Flowsfor Medium & Device Binding and Content & Device Binding
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Content & Player Nonce Binding
Pre-Recorded Media

Playback Device

Persistent Storage |set of Device Keys

Process MKB

1 [ A

Encrypted Content | Decrypt Content

*Volume ID comes from Pre-Recorded Media

Figure5-3: Key Retrieval Flowsfor Content & Temporary Nonce Binding

The key retrieval flows are shown in Figure 5-1, Figure 5-2 and Figure 5-3. In those figures of

Medium Binding, PMSN_MAC denotes the MAC of PMSN, i.e. PMSN_MAC = CMAC( K, PMSN ).
DUN_MAC, MD_MAC and TN_MAC denote the following MACs respectively:

® DUN_MAC=CMAC(K, DUN),

® MD_MAC=CMAC(K; AES-G(DUN, PMSN)),

® TN_MAC=CMAC(K, TN).
Note that there are 64 Title Keysin the TKF file. Therefore, PMSN_MAC requires a Title Key which isused
to calculate the MAC value. The sameistrue for the DUN_MAC, MD_MAC and TN_MAC. On the other
hand, a Title Key is accompanied by a Binding Information which constrains use of the concerned Title Key.
Thisiswhy a TKF file has the field of Binding MAC. Each Title Key can be decrypted by Volume Unique
Key. The decrypted Title Key must not, however, be used to decrypt the AACS Content before the associated
Binding MAC is checked and confirmed.
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In the above figures, the Volume ID and PM SN shall be those which are read from the Disc. This
does not mean these values shall be read directly from the disc every time they are necessary. The Volume ID

and PM SN may be stored in the system memory of a Player until one of the following conditions holds:
1. TheDiscisgected.
2. ThePayer loses power.
3. ThePlayer goesinto Stop State.
4.  Theboot sequence for an AACS Disc starts.
a) Theboot sequenceisdescribed in 6.2.2.2.
A Player may also retain the decrypted Title Keys while playback continues. The decrypted Title

Keys shal be, however, discarded if one of the following conditions holds:
1. TheDiscis gected.
2. ThePlayer loses power.
3. ThePlayer goesinto Stop State.
4.  Theboot sequence for an AACS Disc starts.
a) Theboot sequenceisdescribed in 6.2.2.2.

A Permission for playback itself isin fact a TKF which resides on aDisc, in a Persistent Storage or
in the File Cache in aPlayer. Only aTitle Key which isbound to a TN is for an Instant Permission because
the TN in the AACS module to which the Title Key is bound is discarded once the Binding MAC is resolved.
In this context, a Binding MAC for TN, where BIND_TY PE = 100,, shall be verified every time the
corresponding Title Key is used. Note that a Permission associated with a Title Key with other binding is

considered to be “Basic” or “Cacheable”.

5.2.2 APIs used to Obtain the Binding Information

An application should send some information of an AACS Disc or a Player to a server in order to
obtain a content, a TKF, etc. which has appropriate binding. A Player shall provide some APIs (properties)
exposed to an application for that purpose: AACS.pmsn, AACS.volumel D, AACS.dun and AACS.tn.
AACS.pmsn returns 128 bits of the PMSN of the current Disc in the tray. AACS.volumel D returns 128 bits of
the Volume Identifier of the current Disc in the tray. AACS.dun returns the DUN which resides in the Player
system. See Section 5.2.1 for explanation of the DUN. AACS.tn returns 128 bits of the Temporary Nonce.
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In order to download a content which has appropriate binding, an application should send the

appropriate information for binding to a server. Required information for each binding islisted in Table 5-1.

Table 5-1: Required Information for Each Binding

Binding Medium  Content Medium & Device Content & Device  Temporary Nonce

Information

Volume ID YES YES YES YES YES
PMSN YES NO YES NO NO
DUN NO NO YES YES NO
TN NO NO NO NO YES

All theinformation, i.e. the Volume Identifier, the Pre-Recorded Media Serial Number, the Device Unique
Nonce and Temporary Nonce may be sent to a server in the clear: It is not necessary to use a secure protocol
such as HTTPS in order to protect any of those data. Note that the Default Connection Protocol defined in
Appendix of the AACS Introduction and Common Cryptographic Elements book shall be ignored for the

on-line transaction for HD DV D-Video.

5.3 Managed Copy
See Chapter 5 of AACS Pre-recorded Video Book for the concept of Managed Copy and

the protocols required for it.

5.3.1 Managed Copy of the Interim Media
The Interim Media hereafter mean those which are manufactured and released under the AACS

Interim Agreement. This section describes the data on an Interim Media which are used in Managed Copy.

There shall be afile, named “MNGCPY_MANIFEST.XML”, inthe“AACS’ directory. Thefileis
called Managed Copy Manifest File (MCMF). It may contain Managed Copy URLSs. The following isan

example of description of MCMF:
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<?xml version="1.0" encoding="UTF-8"?>

<mcManifest xmlns="http://www.aacsla.com/2006/02/hdmcManifest"

xmIns:xsi="http://www.w3.0rg/2001/XMLSchema-instance" ld="Clockwork_Tomato_V1.0">
<Cid>apX7MvTI8GirlcAM+bAy/Q==</Cid>
<serverlList>
<serverUri>http://www.xyz.com/mc/Clockwork_Tomato</serverUri>
<serverUri>http://www.aacs.com/mc/Clockwork_Tomato</serverUri>
</serverList>

</mcManifest>

The semanticsis as follows:

Cid This is a 128-bit Content ID expressed in the base64 encoded format. See
the AACS Introduction and Common Cryptography Elements for Content

ID.
Id This attribute is a string that stores a human-readable description of thetitle.
serverList This consists of a most 16 serverUris. An MCMF shall not contain more

than one <serverList>.

serverUri Thisis a Managed Copy URL which indicates a MCS. Multiple URIs may
be recorded in a serverList. A Managed Copy Machine may connect to one
of the available URIs. The method of choice of Managed Copy Server is
proprietary to each Managed Copy Machine.

See Appendix A for the schema for MCMF. MCMF is used by a Managed Copy Machine.
A Managed Copy Machine shall verify the MCMF on a Disc before using it based on the full
SHA-1 hash value which is contained in CHT#2 on the AACS Disc.

See Appendix C for APIswhich shall be implemented in a Managed Copy Machine which is ableto
process Advanced Navigations defined in the HD DV D-Video Specifications.

A menu for choosing an offer may run in an HD DV D-Video environment which residesin

Application Layer of the MCM. In order to initiate the menu, a Playlist is executed. The name of the Playlist

Final Revision 0.952 Page 114



Advanced Access Content System: HD DVD and DV D Pre-recorded Book

shal be*MCM_OFFER_MENU.XPL”. The MCM will likely want to filter out offers based upon its
capabilities prior to display to usersin the menu though such behavior is not required.

5.3.2 Managed Copy of the Final Media
The Final Media hereafter mean those which are manufactured and released under the AACS Final

Agreement. The data on a Final Media which are used in Managed Copy are identical to those on an Interim
Media See5.3.1.

5.4 APIs

5.4.1 APIfor Streaming
An AACS-Compliant Player shall provide an AACS API for streaming on demand: i.e.

changeTKF( tkf, mkb ), where “tkf” isa TKF fileand “mkb” isan MKB file. This API replaces the current
Title Keyswith the new Title Keysin the “tkf”. Thefile “mkb” is used to decrypt the new TKF. A Title Key
in the “tkf” must not be used for content decryption unless its associated Binding MAC is checked and
verified. The new TKF which is set in the AACS module by changeTK () shall be discarded if one of the
following conditions hold:

1. Thereisanother cal for changeTKF().

2. TheDiscisegected.

The Player loses power.

The Player goesinto Stop State.

o~ w

The boot sequence for an AACS Disc starts.
a) Theboot sequenceisdescribed in 6.2.2.2.

Streaming on demand is not scheduled in the Playlist, and the system does not currently have the
Title Key to decrypt the streamed data. Before pulling the streamed data from a server, the application should
download a TKF file which contains the Encrypted Title Key for the streamed S-EVOB. The application
should a so download an MKB file for decryption of the TKF. And then, the application should replace the
TKF by the API changeTKF() in order to set in the AACS module an appropriate Title Key set containing a
Title Key for the streamed S-EVOB. After the API call, the application may pull the streamed S-EVOB and

Final Revision 0.952 Page 115



Advanced Access Content System: HD DVD and DV D Pre-recorded Book

play it back. No content hash check is required for a streamed S-EV OB. changeTKF()throws an exception
AACS E _TKFif the TKF change fails. If the exception is not caught, it makes the Player go to Stop State.

5.4.2 APIs for Online-Enabling

The same API changeTKF() may also be used to realize the Online-Enabling scenario. Suppose that
the AACS modulein a Player system does not currently have the Title Key to decrypt a P/S-EVOB on adisc.
When auser requeststo play it back, an application connects to a server and downloads an appropriate TKF
fileand an MKB file for it. Then the application calls changeTKF() for replacement of the current TKF with
the new one containing the Title Key for the Online-Enabled P/S-EVOB. After the API call, the application
may play back the concerned P/S-EV OB on the Disc just by sending the EV OB to the Presentation Engine. A
Player shall perform content hash checking for the Online-Enabled P/S-EV OB based on the CHT #1 on the

Disc.

5.4.3 Examples of Usage Scenarios of Online-Enabling

This section describes some examples of usage scenarios of Online-Enabling. The first example

shows a scenario of Instant Permission. See Figure 5-4 for an image for an Online-Enabling scenario:
1.  Supposethe current TKF has no key for EVOB2.

2. Application 1 suspends playback of the video before entering into EVOB2 and displays a menu
which says“Do You Want to Buy ...” or something like that.

3. If theuser pushes the “Do Not Buy” button, playback jumpsto EVOB3.

4. If the user chooses to buy playback of EVOBZ2, the application obtains the AACS properties,
VolumelD and TN.

5. Theapplication sends to a server which is preliminarily defined in the script the values of the

Volume ID and the Temporary Nonce.

6. The server makes a TKF, where the TKF contains the Encrypted Title Key for EVOB2 which is

bound to the Temporary Nonce.

»  Note that the server may decide whether it allows the client Player to play back EVOB2 or
not at this stage.

7. The server sendsto the Player the new TKF and the MKB for it.
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The Player callsthe API, changeTKF(), with the new TKF and the MKB being set asthe

arguments.

The AACS module in the Player changes the current TKF with the new TKF on a successful
process of the MKB and the new TKF.

The application starts playback of EVOB2 which is now playable because the AACS module
hasthe Title Key for it.

The Title Key for EVOB2 isvalid unless one of the five conditions, 1to 5, listed in 5.4.1 holds.

Obtain a new TKF from the Internet.

PI ki
ayback is paused and Call changeTKF()

a menu is displayed

Y

Start playback Jump to playback of EVOB3
of EVOB2 _~Z"if the user does not “buy”
N
A Title Timeline

Applica@ Application 3
< Application 2 >

EVOB1 EVOB2 EVOB3 |

Figure5-4: Image of an Online-Enabling Scenario
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if ( lisSecureClockSupported || secureHour > X))
playback jumps to EVOBS;

else
start playback of EVOB2;

A Title Timeline

@@ Application 3
g Application 2 )

| EvoB1 EVOB2 EVOB3 |

Before X TUF

Figure 5-5: Image of an Online-Enabling Scenario

Another image of Online-Enabling scenario is shown in Figure 5-5. Suppose in this scenario that the

Player supports a Secure Clock:

1. Suppose that the TUF associated with EVOB2 has only the Time-Based Condition of
VALID_BEFORE.

® Letthetimein hoursbe X: The Time-Based Conditionis“VALID_BEFORE X”.
2. Application 1 hasthe value X, for example, as an inline value.
3. Before playback of EVOB2, Application 1 calls the API, isSecur eClock Supported. If the return
valueisfalse, playback jumpsto EVOBS3. Otherwise, go to Step 4.
® sSecureClockSupported returnstrueif a secure clock existsin the AACS module.
Otherwise, it returns false.

4. If the VALID_BEFORE condition holds, Application 1 goes to playback of EVOB2. The AACS
modul e allows decryption of EVOB2 because the Time-Based Condition in the TUF alowsiit.
Otherwise, go to Step 5.

5. Playback jumpsto EVOBS3.
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Suppose a content owner creates afree “Movie Lovers Club” that offers special offers, discounts and
rewards for customers who register online. For a particular movie, there is adirector’s commentary video
which isto be played back simultaneously with the Main Video and to overlay the Main Video with a
chroma-key. The director’s commentary is free but only available to the club members. The director’'s
commentary is contained in asingle S-EVOB for Sub Video. The playlist as shipped on the disc does not

allow access to the extra scenes. The scenario works as follows:

1.  Anapplication asksif the user would allow an online connection. If the answer isno, only the

normal Playlist is played back.

2. Otherwise, the application performs an online connection. If the user has aready been a club

member, the Player passes the membership ID to the server. Go to 4.

3. If theuser isnot aclub member, the server shows a screen which asksiif the user wantsto join

the club. The answer is yes the server issues a membership ID to the user.

4, The server sends the Player a collection of AACS components and resources, which contains a
new Playlist, anew Content Certificate file, anew TKF, anew TUF and XML Documents,
ECMA Script Codes, images and animations. The Player stores the AACS components and the

resources in a Persistent Storage.

» TheTUF and Title Keysin the TKF may be bound, for example, to the PMSN. This
means that the user is allowed to copy this permanent permission represented by the
collection of AACS components and resources to other Playersin his home --- in other

words, the permission is associated with the individual physical disc.

5. Now, with the latest Playlist, the director’s commentary video is allowed to be played.

5.5 AACS Object

All the APIswhich are proprietary to AACS introduced in the preceding sections are member
function of an Object, i.e. AACS Object. AACS Object isamember of Player Object defined in the HD
DVD-Video Specifications, which means that AACS Object shall be added as aread only member to Player
Object for an AACS-Compliant Player:

readonly AACS aacs;

An access to any property or any function property of the AACS Object which occurs when aPlayer isnot in
AACS mode shall lead to the exception HDDVD_E _INVALIDCALL, i.e. the Player shall throw the
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exception. See ANNEX L of HD DVD-Video Specifications for behavior in the case where a Player which
does not support AACS encounters declaration of AACS Object.

Properties of the AACS Object
readonly String  pmsn;
readonly String  volumel D;
readonly String  dun;
readonly String  tn;
readonly Boolean  isSecureClockSupported;
readonly Boolean  isMCM Supported;
readonly int  secureHour;

const unsigned int  INVALIDKEY = 10001;

Function Properties of the AACS Object
void  changeTKF( tkf: String, mkb: String);
void  changeTUF( tuf: String, cc: String );
void setMACKey( keyno: unsignedint);

void invokeMCM( calback : Function);

pmsn returns the PMSN of the AACS Disc currently played in the hexadecimal notation, i.e. as a String of 32
upper case letters. If the Disc has not PM SN, the value shall be filled with the character “Z”.

volumel D returns the Volume ID of the AACS Disc currently played in the hexadecimal notation, i.e. as a

String of 32 upper case letters.

dun returns the DUN of the AACS-Compliant Player in the hexadecimal notation, i.e. as a String of 32 upper
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case |etters.

tn returns a TN which is generated by the AACS-Compliant Player and is stored in the AACS module in the

hexadecimal notation, i.e. asa String of 32 upper case |etters.

isSecureClockSupported returns true if a secure clock exists in the AACS module. Otherwise, it returns
false.

isMCM Supported returns true if the Player has the capability to call and invoke a Managed Copy Machine.

Otherwisg, it returns false.

secureHour returns the elapsed time since the 1% of July, 2005 (GMT) measured in hours if the Player

supports a secure clock. If a secure clock is not supported by the Player, the return value is negative.

changeTKF changes the current TKF into the TKF given as the first argument. The second argument is an
MKB which is required for the key derivation. The first and the second arguments shall reside in the
following locations: APl Managed Area or Resource Area in File Cache or Disc, Persistent Storages. For the
details of uri reference, see Annex Z.3 of HD DVD-Video Specifications. This is a synchronous APl and a
call for this APl may take a few seconds. If a Title Key in the new TKF isidentical to the corresponding one
in the current TKF, playback of an EVOB which is decrypted by the Title Key shall continue seamlesdly, i.e.
without interruption or picture disorder. Note that the field of PLAYLIST_NAME in the new TKF shall be
compared to the current Playlist name, and if they do not match, the exception AACS E TKF shall be
thrown. Note also that the TKF MAC shall be verified. If the verification fails, the exception AACS_E TKF
shall be thrown.

IMPORTANT NOTE: changeTKF shal not be used to change the value of one of the current Title Keys.
changeTKF shall not be used to add a Title Key which is to decrypt an ARF to the current list of Title Keys.
It may only be used to add a Title Key which is only to decrypt (an) EBOV (S) to the current list of Title Keys.

Parameters tkf of type String This argument specifies the new Title Key File. ThisisaURI
defined in the HD DVD-Video Specifications.
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MKkb of type String This argument specifies the new MKB used to decrypt the

new Title Keys. Thisis a URI defined in the HD DVD-Video
Soecifications. changeTKF uses an MKB of Type 3 or Type
4. This argument may be a Type 4 MKB when it is identical
to the one on the Disc, i.e. MKBROM.AACS.

None

1

If TKF exchange does not succeed, an exception AACS_E_TKF is thrown. If the
exception is not caught, it makes the Player immediately go into Stop State. The
value of the exception AACS E TKF is “AACS E TKF". The old TKF shall

remain valid and survive through failure of this call.

If one of the arguments is not valid, the Player shall raise an exception
HDDVD_E _ARGUMENT and return immediately. A uri argument is valid if and
only if the uri has the right format. For URI, see 6.2.2 Content Referencing in the
HD DVD-Video Specifications.

If the file designated by one of the arguments does not exist, the Player shal raise an
exception HDDVD_E _FILENOTFOUND and return immediately.

If one of the arguments specifies afile on the Disc, the Player shall check the system
playback state. If a Primary Video Set on the Disc or a Secondary Video Set on the
Disc is currently played back, the Player shal raise an exception
HDDVD_E INVALIDCALL.

changeTUF changes the current TUF into the TUF given as the first argument. The second argument is a

Content Certificate in the format of Table 6-1 which is required to verify integrity of the new TUF. The first

and the second arguments shall reside in the following locations: APl Managed Area or Resource Areain File

Cache or Disc, Persistent Storages. For the details of uri reference, see Annex Z.3 of HD DVD-Video

Specification. Thisis a synchronous APl and a call for this APl may take a few seconds. If a URS in the new

TUF isidentical to the corresponding one in the current TUF, playback of an EV OB which is associated with

the URS shall continue seamlessly, i.e. without interruption or picture disorder. Note that the field of

PLAYLIST_NAME in the new TUF shall be compared to the current Playlist name, and if they do not match,
the exception AACS_E TUF shall be thrown. Note aso that the TUF MAC shal be verified. If the
verification fails, the exception AACS E TUF shall be thrown. If a URS for an EVOB is changed by
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changeTUF, the URS shall be applied to the EVOB &fter the call of changeT UF. Note that changeT UF shall
not be called when an EVOB is played back.

Parameters Tuf of type String This argument specifies the new Title Usage File. This is a
URI defined in the HD DVD-Video Secifications.

Ccof type String This argument specifies the new Content Certificate used to
verify integrity of the new Title Usage File. This is a URI
defined in the HD DVD-Video Specifications.

Return Value None

Exceptions 1. If TUF exchange does not succeed, an exception AACS_E_TUF is thrown. If the
exception is not caught, it makes the Player immediately go into Stop State. The
value of the exception AACS E_TUF is “AACS E_TUF’. The old TUF shal
remain valid and survive through failure of this call.

2. If one of the arguments is not valid, the Player shall raise an exception
HDDVD_E_ARGUMENT and return immediately. A uri argument is valid if and
only if the uri has the right format. For URI, see 6.2.2 Content Referencing in the
HD DVD-Video Specifications.

3. If thefile designated by one of the arguments does not exist, the Player shall raise an
exception HDDVD_E _FILENOTFOUND and return immediately.

4. If one of the arguments specifies afile on the Disc, the Player shall check the system
playback state. If a Primary Video Set on the Disc or a Secondary Video Set on the
Disc is currently played back, the Player shal raise an exception
HDDVD_E _INVALIDCALL.

setMACKey sets the index of a Title Key which is used to calculate the CMAC value when an XML
Document, a captured image, etc. are saved. Note that the default index of a Title Key for calculation of the
CMAC vaueis 1, which means that the CMAC value is calculated using the Title Key#1 before the first call
for thisAPI.

Parameters keyno of type unsigned int This argument specifies the number of aTitle Key.

Return Value None
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Exceptions If the value of the argument keyno is out of range, that is, if the value is less than 1 or
greater than 64, an exception AACS E SETMACKEY isthrown. If the exception is not
caught, it makes the Player immediately go into Stop State. The value of the exception
AACS E_SETMACKEY is“AACS E_SETMACKEY".

invokeM CM invokes an MCM (Managed Copy Machine) if an MCM is supported by the Player. If an MCM
isnot available, acall for this API yields an exception. This APl is asynchronous. If a Player does not support
MCM, the Player need not support this API.

Parameters callback of type Function

When the invoked MCM is terminated, this callback function is caled: void
callback( status);

Parameters  statusof typeint

The process of MCM s successfully finished if and only if the value of
status is equal to 0. If the call for an MCM fails or if the process of MCM

fails, the value is non-zero.
Return Value None

Exceptions HDDVD_E_INVALIDCALL if an MCM isnot available.
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Chapter 6
Protection of HD DVD-Video Contents in

Persistent Storages

6 Protection of HD DVD-Video Contents in Persistent Storages

6.1 Introduction

Asfor Advanced Contents, there are places where elements of an HD DV D-Video content may
possibly reside outside of an optical disc, i.e. Persistent Storages. A Persistent Storage may be, for instance,
an HDD in a Player, an SD-Card, aUSB memory, a Network Attached Storage and so on. For data categories
alowed in a Persistent Storage, see 4.3.6.5 in the HD DVD-Video Specifications. Section 6.2 of this book
describes data formats of an AACS-Protected content in a Persistent Storage and conditions required for the
data formats.

A data access method for Persistent Storage is defined in the HD DVD-Video Specifications. A
medium which serves as a Persistent Storage has a directory structure which is defined in the specification,
and a directory for a Content Provider is distinguished by the name generated from a Provider ID which isa
GUID given by the Content Provider. In order to prohibit an application from illegitimately using contents
which belong to another Content Provider, the name of the provider directory shall be protected from access

by another provider’s applications. Protection of the directory name is mentioned in Section 6.3.

6.2 HD DVD-Video Contents in Persistent Storages

A Disc Application may use datain Persistent Storages. A Persistent Storage may contain an
S-EVOB. A condition is assumed for the protection format for an S-EVOB in Persistent Storages used by a
Disc Application. The condition is described in Section 6.2.1. A Persistent Storage may contain Advanced
Elements such as Images, Effect Audio, Fonts and so on. It may also contain Advanced Navigations which
consist of XML Documents and ECM A Script Codes. The same condition is assumed for the encapsulation

format of Advanced Resources used by a Disc Application.

Update of contentsin Persistent Storages may occur. This causes introduction of a brand-new user

experience. Even a Playlist in a Persistent Storage may be updated. Such Playlist update implies update of
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content architecture itself including playback sequences. Playlist update shall satisfy some conditions defined
by the AACS content protection scheme. Section 6.2.2 describes the conditions for Playlist Update.

An application may generate some data which are to be stored in Persistent Storages. Among those
data, only the following categories of data are to be protected by AACS: Captured images and XML
Documents. Note that no method is provided for protection of application-generated ECMA Script Codes. An
HD DVD-Video Player does not provide afunctionality of data-encryption. It providesinstead aMAC API
for protection against data manipulation. Captured images may be protected by means of MAC from
malicious modification. An application-generated XML Documentsis not allowed to be encrypted. They shall,
however, be protected by means of MAC. Copyright protection of an application-generated content is
mentioned in Section 6.2.3.

The protection format for an S-EVOB in Persistent Storagesis equivalent to that defined in Section
4.3. Note that no Content Hash Check shall be performed for playback of an S EVOB in a Persistent Storage.
The Encapsulation Format for Encryption and the Encapsulation Format for MAC may be used to protect
ARFsin Persistent Storages. The Encapsulation Format for Encryption and Hash and the Encapsulation
Format for Hash, however, must not be used.

6.2.1 Contents in Persistent Storages Used by a Disc Application

Thereis a condition assumed for the protection format or the encapsulation format of contentsto be
used by a Disc Application. When a Disc Application is active and executed, the Title Keys which are active
and available for the application shall be those in a TKF on the Disc. This means that Title Key Pointer in
KMI (See 4.2) and Title Key Pointer in the encapsulation format (See 4.4.2) shall indicate a Title Key in the
TKF on the Disc which corresponds to the Playlist. And when a Disc Application is active, a TUF
corresponding to the Playlist on the Disc shall be used, which meansthat UR_PTR in URMI indicates a
Usage Rule Set in the TUF on the Disc aslong asthe UR_PTR isvalid. If UR_PTR inan EVOB isvalid and
if the TUF associated with the Playlist is absent, the Player shall immediately go to Stop State. Note that no
Content Hash Check shall be performed for playback of an S-EVOB in a Persistent Storage. It is assumed
here that the APIs, changeTKF() or changeTUF(), are not called. If changeTKF() is successfully called, for
instance, the new TKF shall be used in place of the TKF which is associated by the default name convention.
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6.2.2 Playlist Update

6.2.2.1 Datain aPersistent Storage

Playlist Update may occur for an Advanced Content in order to update or upgrade the user
experience. A Playlist in a Persistent Storage may be updated by a Disc. Following instructions issued by a
Disc Application or a P-Storage Application, a Player may copy a Playlist on the Disc into a Persistent
Storage. The Player may also copy some resources required for playback defined in the Playlist. Another way
to update a Playlist in a Persistent Storage is as follows: Suppose a Player connects to a server on the Internet.
Following instructions issued by a Disc application or a P-Storage Application, the Player downloads a
Playlist from the server and stores it in a Persistent Storage. The Player may also download related resources
from the server and store them into Persistent Storages. File Cache in a Player may a so be used to store a
Playlist and other resourcesin place of a Persistent Storage though File Cache may not keep its dataif the
Player goesto Stop State for instance.

A Playlistisan XML file, the name of which isreserved by the HD DVD-Video Specifications. 1000
names from “VPLST000.XPL” to “VPLST999.XPL" are reserved for audiovisual contents. 1000 names
“APLSTO000.XPL" to “APLST999.XPL" are reserved for audio-only playback. Playlistsin Persistent Storages
shall be encapsulated in Encapsulation Format for MAC so that they are protected from data manipulation.

Each Playlist in a Persistent Storage shall be accompanied by an MKB file. Two or more Playlists
must not share the same MKB file. Each Playlist in a Persistent Storage shall also be accompanied by a TKF.
Two or more Playlists are not allowed to share the same TKF. And each Playlist in a Persistent Storage may
be accompanied by a TUF. Two or more Playlists are not allowed to share the same TUF. The SHA-1 hash
values of the TUF shall be contained in a Content Certificate file which is signed by the AACS LA. A Playlist
file, an associated MKB file, an associated TKF file, an associated TUF file and an associated Content
Certificate file shall reside in the same directory in a Persistent Storage. There is afile name convention for
the combination of these five files: Suppose, for instance, “VPLST007.XPL" residesin a Persistent Storage. It
shall be accompanied by an MKB file “MKB007.AACS’, aTKF “VTKF007.AACS’ in the same directory,
and it may be accompanied by a TUF “VTUF007.AACS’ and a Content Certificate file“VVCC007.AACS’ in
the same directory. The file names “MKB%%%.AACS’, “VCC%%%.AACS’ and “ACC%%%.AACS’ are
reserved in Persistent Storages, where %%% runs from 000 to 999. “VCC%%%.AACS’ isfor an audiovisual

content and “ACC%%%.AACS’ isfor an audio-only content.

Combinations of AACS components and relevant contents in a Persistent Storage for Playlist update

are asfollows:

a AnMKB, aTKF and aPlaylist.
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b) AnMKB, aTKF, aPlaylist and contents.
¢) AnMKB, aTKF, aContent Certificate, a TUF and a Playlist.
d) AnMKB, aTKF, aContent Certificate, a TUF, a Playlist and contents.

Here, contents may include EVOBs, Advanced Navigations and Advanced Elements. The preceding
combinations for Playlist update may also be used for File Cache.

Table 6-1 shows the format of Content Certificate file in a Persistent Storage.

Table 6-1: Format of Content Certificate Filein a Persistent Storage

Bit
7 6 5 4 3 2 1 0
Byte
0 Certificate Type: 4044
1 Reserved
2
Total_Number_of HashUnits = 000000014
5
6 Total Number_of Layers= 00
7 Layer_ Number = 004
8
Number_of HashUnits = 000000016
11
12
Number_of _Digests = 000136
13
14
Applicant ID
15
16
Content Sequence Number
19
20
Minimum CRL Version
21
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22

Reserved
23
24
- Length_Format_Specific_Section = 000a¢
26

Reserved
35
36

Hash of TUF
55
56
Signature Data

95

Thefield of Certificate Type stores the value of 40,6. Content Certificate ID for Persistent Storage shall be
revoked by Revocation Record in CRL whose Record_Type = 0046, where Content Certificate ID for
Persistent Storage is a combination of the 2-byte field of Applicant ID and the 4-byte field of Content
Sequence Number. See the AACS Pre-recorded Video Book for Content Certificate ID and CRL. Note that, in
contrast to Minimum CRL Version of Content Certificate on a Disc (See 3.7), Minimum CRL Version of
Content Certificate in a Persistent Storage must not be checked against the CRL Version stored in the Player.
In addition to the fields described in the AACS Pre-recorded Video Book, the Content Certificatefilein a
Persistent Storage contains the following fields:

® Thefield of Hash of TUF of 20 bytes stores the SHA-1 hash value of the associated TUF. The SHA-1
function is applied to the first HASH_SIZE bytes of “VTUF%%%.AACS’ or “ATUF%%%.AACS’,
where HASH_SIZE isafield in the TUF. If the associated TUF is absent, this field shall be filled with
FF.

The reserved fields shall &l be filled with 004.
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6.2.2.2 Boot Sequence

In the first place, a Player shall determine the mode in which it starts playback of a Disc. Assume
hereafter that the Player detects an AACS Disc and that it starts playback in the AACS Mode. In addition,
assume that the Disc belongs to Category 2. The Player reads the Configuration file “DISCID.DAT” in the
“ADV_OBJ directory as defined in the HD DVD-Video Specifications. The file format of the Configuration
Fileis defined in the specification. If SEARCH_FLG in the Configuration Fileis 1,, the Player triesto find a
Playlist on the Disc whose number is the largest and proceeds to a boot sequence of the Playlist.

Suppose hereafter that SEARCH_FL G is 0,. In this case, too, the Player tries to find a Playlist on the
Disc whose number isthe largest. After that, the Player continues to find a Playlist in Persistent Storages
which has the largest number in the Persistent Storages. Then, the Player starts a boot sequence of the Playlist
which has the largest number among the Playlists on the Disc and in the Persistent Storages. Each Persistent
Storage has a Provider Directory which is specified by each Content Provider. The Player shall search
Playlistsin the Provider Directory in a Persistent Storage. The name of the Provider Directory is defined in
the manner described in Section 6.3.

In the Startup Sequence of Advanced Content, a Playlist shall have the name, “VPL ST%%%. X PL”
or “APLST%%%.XPL", where %%% runs from 000 to 999 (case sensitive). On the other hand, the HD
DVD-Video Specifications does not specify afilename which may be used as a Playlist in a Soft Reset. This
Book puts arestriction, however, on a Playlist filename for a Soft Reset: A Playlist which may be used as an
argument of Playlist.load() shall have the name, “VPLST%%%.XPL" or “APLST%%%.XPL", where %%%

runs from 000 to 999 (case sensitive).

Since a Playlist is AACS-protected by means of MAC, it is encapsulated by the format described in
Table4-12in 4.4.2. Note here that the Title Key Pointer in the header of “VPLST007.XPL", say, indicates a
Title Key in “VTKF007.AACS’. At the beginning of a boot sequence of the Playlist, the MAC of the Playlist
file shall be checked using the Title Key. This means that, before the booting process, “MKB007.AACS’ and
“VTKF007.AACS’ shall be processed by the AACS modulein the Player system so that Title Keysin the
TKF are available for the integrity check. Of course, the integrity of the TUF “VTUF007.AACS’, if it exists,
shall be verified based on the associated Content Certificate file*VCC007.AACS’.

An HD DVD-Video Player has an initial boot sequence, i.e. Startup Sequence, in which the Player
finds the latest Playlist for the Disc to be played back. The latest Playlist may reside in a Persistent Storage. In
theinitial boot sequence, the Player shall automatically find the MKB file and the TKF which are associated
with the Playlist and reside in the same directory. And if the associated TUF exists, the Player shall read it
and read the Content Certificate file which is associated with the Playlist. Then, the Player shall passthem to
the AACS module for processing. If the associated TUF is absent, there is no TUF for the EVOBs to be
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played back in the Playlist. The Player loads the Playlist in the Player system, and the boot sequence for a
Playlist defined in the HD DVD-Video Specifications follows. Suppose the uri of the Playlist to be loaded is
“file:///additional/’ Base Path’/’ Content 1D’/VPLST011.XPL". (cf. 10.3.1 of the HD DVD-Video

Specifications) The following is one example of the boot sequence:

1. The AACS module at first reads and processes “file:///additional /' Base Path’ /' Content
ID'/MKB011.AACS".

2. The AACS module reads and processes “file:///additional/’ Base Path’/’ Content
ID’/VTKF011.AACS’ so that the AACS module may prepare Title Keys.

e TKF MAC isverified.
3. If *file:///additional/’ Base Path’/ Content ID’/V TUF011.AACS’ does not exist, go to 4.

Otherwise:

e The Player reads and verifies “file:///additional/’ Base Path’/’ Content ID’/VCC011.AACS".

o The Player reads and verifiesintegrity of “file:///additional/’ Base Path’/’ Content
ID’/VTUF011.AACS’ using the hash value contained in “file:///additional/’ Base
Path'/’ Content ID’'/VCCO011.AACS'.

> TUFMACisverified.
4.  Proceed to process the Playlist.

If one of the steps, 1, 2 and 3 fails, the system immediately goes to Stop State. After the preceding boot
sequence for AACS components is successfully executed, the system proceeds to process the Playlist,
“file://ladditional/' Base Path’ /' Content ID’/VPLST011.XPL". Note that the associated AACS components
shall reside in the appropriate directory before the concerned Playlist isloaded. The Content Provider is
responsible for preparation of a Playlist and the associated AACS components. As mentioned before, possible

combinations of datain a Persistent Storage or in File Cache for Playlist update are as follows:
1) AnMKB, aTKF and aPlaylist.
2) AnMKB, aTKF, aPlaylist and contents.
3) An MKB, aTKF, aContent Certificate, a TUF and a Playlist.
4) AnMKB, aTKF, aContent Certificate, a TUF, a Playlist and contents.

When aboot sequence starts for a Playlist in File Cache, the Playlist is saved somewhere in the system before
cleanup of File Cache. The relevant AACS components, an MKB, a TKF, etc., shall also be saved and
appropriately processed by the Player. Note that the MKB shall be of Type 3 or Type4. A Type4 MKB is
usable only when it isidentical to the one for the Disc, i.e. MKBROM.AACS.
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Before a Title Key in a TKF is used, the associated Binding MAC shall be checked. If it fails, the
Title Key must not be used. When Before a URS in a TUF is used, the associated BURS shall be checked. If it
fails, the URS must not be applied.

In the boot sequence, the AACS module in the Player may keep the Title Keysin a secure manner. In
that case, the AACS module in the Player shall be reset and the decrypted Title Keys shall be cleared from the

system when the following conditions hold in the boot sequence:
i) A Player startsan initial boot sequence.
ii) Theassociated Disc is gected.
iii) The Player loses power.
iv) Another boot sequence starts.
e This may be caused by acall of the API, Playlist.load().

Every Title Key in the TKF file is bound to the Volume Identifier of a Disc. The associated Disc means such

aDisc.

When a P-Storage Application is active and executed, the Title Keys which are active and available
for the application shall be thosein a TKF in the Persistent Storage. This meansthat Title Key Pointer in KMI
(See 4.2) and Title Key Pointer in the encapsulation format (See 4.4.2) shall indicate a Title Key in the TKF
in the same directory which stores the Playlist. And when a P-Storage Application is active, a TUF
corresponding to the Playlist in a Persistent Storage shall be used, which means that UR_PTR in URMI
indicates a Usage Rule Set in the TUF in the Persistent Storage which is associated with the Playlist aslong as
the UR_PTRisvalid. If UR_PTRinan EVOB isvalid and if the TUF associated with the Playlist is absent,
the Player shall immediately go to Stop State. It is assumed here that the APIs, changeTKF() or changeTUR(),
are not called. If changeTKF() is successfully called, for instance, the new TKF shall be used in place of the
TKF which is associated by the default name convention. Note that no Content Hash Check shall be
performed for playback of an S-EVOB in a Persistent Storage.

6.2.2.3 Content Hash Check

Asmentioned in Section 6.2.1, no Content Hash Check is required when an S-EVOB in a Persistent
Storage is played back. Thereis, however, a case where playback of aP/S-EVOB on aDisc isdefined in a
Playlist in a Persistent Storage. In such a case, content hash checking of the P/'S-EVOB is necessary. The
CHT #1 on the Disc has the hashes of al the EBOVU/TUsin the P/'S-EVOB. A Player shall usethe CHT #1
for content hash checking of the P/S-EV OB on the Disc according to the method described in Section 4.3.3.
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And thereis also a case where XML Documents or ECMA Script Codes on aDisc are used by a
P-Storage Application. In this case, too, the integrity of the Advanced Navigation Files shall be verified in
accordance with the scheme defined in Section 4.3.5. Hash values of ANFs on the Disc shall be verified.

6.2.3 APIs for Loading and Saving

See Annex Z of the HD DVD-Video Specifications for the APIs described in this section. There are
some APIsfor loading/saving XML Documents from/to an HD DVD-Video Disc, File Cache, Persistent
Storages or a Network Server. Loading an XML Document, here, means that XML Parser reads the XML
Documents for parsing and processing. According to the content protection policy described in Section 1.2.2,
al the XML Documents and all the ECMA Sccript Codes shall be encapsulated. Therefore, loading an XML
Document shall be accompanied by de-capsulation and decryption and/or verification of MAC/hash. The
sameistrue for loading ECMA Script Codes.

There isno specific API for loading ECMA Script Codes. The APIsfor loading an XML Documents
includes the followings: Application.link( uri: String ), HTTPClient.getResponseXML (), Playlist.load( uri:
String ) and XML Parser.parse( uri: String, callback: Function ). Note that there occurs loading of an XML
Document when, for instance, the <link> element in a Markup become active. De-capsulation and decryption
and/or verification of MAC/hash shall be performed every time aMarkup isloaded. If the verification of
MAC/hash fails, asis described in Section 4.4.2, the Player must not use the Markup and shall behave as if
the Markup did not exist. The Player throws the exception of HDDVD_E_FILENOTFOUND or set error info
of FILE_NOT_FOUND for the callback, etc. Asto HTTPClient.getResponseXML(), a URI, requestUri, is
assigned to the HTTPClient object. “FILE.XML" shall be used as afilename for the Resource File Name
(RFN) field in an AACS-Encapsulated XML document that is obtained by getResponseXML (). A Player shall
check the RFN stores“FILE.XML.AACS'.

The API Playlist.load() makes a Soft Reset of the Player and starts a new boot sequence with the
designated Playlist. If the designated Playlist is on the Disc, the boot sequence for a Disc Application shall be
performed. And if the designated Playlist isin a Persistent Storage, the boot sequence for a P-Storage
Application shall be performed. There may be a case where the designated Playlist resides in File Cache (API
Managed Area). In this case, the same boot sequence as that for a P-Storage Application shall be performed.
That is, adirectory in APl Managed Areaisregarded as adirectory in a Persistent Storage, and the same
name convention as applied to AACS components in a Persistent Storage shall be applied to AACS
componentsin APl Managed Area.
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Thereisan APl which reads an XML Document from a buffer in Script Engine:
XML Parser.parseString( string: XMLString ). The AACS module does not assume the encapsulation format
for this API, and thus the AACS modul e does not intervene in the behavior of this API.
XML Parser.parseString() is not capable to read an XML Document which is protected by encapsulation.

Saving an XML Document, here, means that a DOM Document expanded in XML Parser is saved in
File Cache, a Persistent Storage or a Network Server in the form of an XML Document. In this case, the
CMAC value shall be calculated before the XML Document is written so that integrity of it is maintained.
The calculated MAC shall be attached to the XML Document, which means that it shall be encapsulated in
Encapsulation Format for MAC. The CMAC value shall be calculated using a Title Key set by
setMACKey().The APIsfor saving an XML Document includes the followings: HTTPClient.sendXML ( doc:
Document ) and XML Parser.write( doc: Document, uri: String, encoding: int, callback: Function ). If the
designated Title Key isinvalid, the APIsfor saving an XML Document shall throw the exception
AACS E_INVALIDKEY . Thevalue of the exception AACS_E_INVALIDKEY is
“AACS_E INVALIDKEY”. And, if the designated Title Key isinvalid, XMLParser.write() shall call the
callback function with setting the argument to AACS.INVALIDKEY.

If HTTPClient.sendXML () sends an AACS-Encapsulated data, it shall store“FILE.XML" asthe
filename for the RFN in the encapsulation: The Resource File Name field shall store “FILE.XML.AACS'.

Thereistwo APIsfor I/O which have a different meaning: Filel O.openTextFile() and
FilelO.saveTextFile(). Although the former may be used to read an XML Document into a buffer in Script
Engine, the XML Document is not parsed by Script Engine. No de-capsulation shall accompany
FilelO.openTextFile(). Therefore, MAC verification and/or decryption must not accompany
FilelO.openTextFile(). No DOM Document is saved by Filel O.saveTextFile(). Therefore, no MAC

calculation accompanies Filel O.saveTextFile(), and the saved text file is not encapsulated.

In the HD DVD-Video Specifications, there are three APIs related to image capturing:
DrawingArea.capture(), MainVideo.capture() and MainVideo.changel mageSize(). They respectively have the
MAC versions: DrawingArea.captureWithMAC(), MainVideo.captureWithMAC() and
MainVideo.changel mageSizeWithMAC(). The argument of the DrawingArea.captureWithMAC() isa URI of
afileto store the captured drawing image. The first argument of MainVideo.captureWithMAC() isaURI of a
file to store the captured video image. The second argument of MainVideo.captureWithMAC() is a callback
function. The first argument and the second argument of the callback function are respectively a status and a
uri which specifies the file storing the captured image. Note that these three APIs are defined only when a
Player isin AACS mode. Therefore, if they are called in non-AACS mode, an exception
HDDVD_E_INVALIDCALL isthrown.
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DrawingArea.captureWithMAC() saves the current drawing image in File Cache. Before writing the
drawing image, the CMAC value of the image shall be calculated using the Title Key which isindicated by
the APl setMACKey(). The saved image, thus, shall be encapsulated in Encapsulation Format for MAC. The
argument of DrawingArea.captureWithMAC() is a uri which specifies the file name to store the captured
image. If the designated Title Key isinvalid, DrawingArea.captureWithMAC() shall throw the exception
AACS E _INVALIDKEY. MainVideo.captureWithMAC() saves the current Main Video image in File Cache.
Before writing the captured image, the CMAC value of the image shall be calculated using the Title Key
which isindicated by the APl setMACKey(). The saved image, thus, shall be encapsulated in Encapsulation
Format for MAC. If the designated Title Key isinvalid, MainVideo.captureWithMAC() shall call the callback
function with setting the first argument at AACS.INVALIDKEY.

MainVideo.changel mageSizeWithMAC() changes the scale of a captured Main Video imagein File
Cache which is encapsulated in Encapsulation Format for MAC. MainVideo.changel mageSizeWithMAC()
shall guarantee the integrity of the scaled image. The first argument is a uri which specifies the source image
file and the second argument is a uri which specifies the destination file to store the scaled image. The third
argument and the fourth argument are the numerator and the denominator, respectively. Thefifth argument is
acallback function. The first argument and the second argument of the callback function are respectively a
status and a uri of the destination file. The destination file shall be afile encapsulated in Encapsulation Format
for MAC where the Title Key for MAC calculation iswhat is set by sstMACKey(). If the Title Key isinvalid,
MainVideo.changel mageSizeWithMAC() shall call the callback function with setting the first argument to
AACS.INVALIDKEY.

6.3 Protection of Directory Name for a Content Provider in Persistent
Storages
A Configuration File whose name is“DISCID.DAT” residesin the directory “ADV_OBJ' on aDisc.
The format of the Configuration Fileis defined in the HD DVD-Video Specifications. An AACS Disc contains
aDirectory Key Fileinthe “AACS’ directory. The name “DKF.AACS’ isreserved for the Directory Key File.
Directory Key Fileisrequired. It shall be ignored, however, for a Category 1 Disc by a Player. The format of
the Directory Key Fileis shown in Table 6-2.
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Table 6-2: Format of Directory Key File

Bit
7 6 5 4 3 2 1 0
Byte

0

DKF_ID
11
12

HD_VDKF_SIZE

15
16 g

Reserved %
31
32

VERN

33
34

Reserved
47
48

Encrypted Directory Key (Kpjre)

63

The Directory Key File consists of the following fields:

e DKF_ID of 12 byteswhich isan identifier of the Directory Key File. The value shall be
“DVD_HD_V_DKF’ with character set code of 1SO/IEC 646:1983 (a-characters).

e HD_VDKF_SIZE of 4 bytes which indicates the size of the Directory Key File. The value shall be 64.

¢ VERN of 2 bytes which indicates the version number of the Directory Key File. Thisvalue shall be O for

the current version.
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e Encrypted Directory Key (Kpre) Of 16 bytes. The following equation holds: Kpjre = AES-128E( K,
Kpir ), Where AES-128E denotes encryption by the AES algorithm in the ECB mode defined in the AACS
Introduction and Common Cryptographic Elements, Kp g isaDirectory Key and K, is the Volume Unique
Key defined in the AACS Pre-recorded Video Book. Note that the Volume Unique Key isthe one
calculated using the Media Key which is derived from the MKB on the Disc.

The reserved fields shall be filled with 004.

Suppose an AACS Discisinserted in a Player so that the Player will start playback in AACS Mode.
Intheinitial boot sequence, the Player system automatically reads the Configuration File
“/ADV_OBJDISCID.DAT” when the Player shall verify the integrity of the file by the Content Hash Check.
The hash value of the Configuration Fileis contained in the CHT #2 on the AACS Disc. Suppose
SEARCH_FLG isequal to 0,, which means the Player need search Playlists from Persistent Storages as well
as from the Disc. The Player passes the Configuration File to the AACS module which has already generated
the Volume Unique Key. The AACS module reads the Directory Key File when it shall check the integrity of
the file by the Content Hash Check. The hash value of the DKF is contained in the CHT #2 on the AACS Disc.
Then the AACS module decrypts the Directory Key (Kpr) in order to obtain the PROVIDER_DIR value of
16 bytes asfollows:

PROVIDER_DIR = AES-G( Kpir, PROVIDER_ID).
PROVIDER _ID, which isdefined asa GUID in the HD DVD-Video Specifications, is stored in the
Configuration File.

According to the HD DVD-Video Specification, a medium which serves as a Persistent Storage shall
have such a directory structure as shown in Figure 6-1. A Player system automatically creates the
“HD_DVD” directory in the medium if it does not already exist, and it stores the medium information in the
file“/HD_DVD/INFO.TXT". The Player system creates a Provider Directory if it does not already exist. The
directory name shall be the GUID which expresses PROVIDER_DIR. Thefile“INFO.TXT” in the Provider
Directory stores information about the Content Provider. It is not written by the system, but by applications.
The Content 1D directory is aso created by applications. The directory name is the string of the GUID which
expresses CONTENT _ID in Configuration File. According to the HD DVD-Video Specifications, the
“INFO.TXT” filein the Content ID directory should contain information about the content. The “INFO.TXT”
file iswritten by applications.

There may be some image filesin the “PROVIDER_DIR” directory which are used as icons to show

logos or explanations of the Content Provider or contents provided by the Content Provider. They may be
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used to display information of each provider and the contents in the management screen of a Player.

Therefore, they must not be encapsulated. See Sections 10.3 and 10.4 of the HD DVD-Video Specifications.

INFO.TXT | (storing Medium Information)

PROVIDER_DIR ]

INFO.TXT | (storing Provider Information)

Content ID

7 (storing Content Information)
—[veLsTooaxe
—[Aac.po|

Figure 6-1: Directory Structurefor Persistent Storage
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Chapter 7

Sequence Key

7 Sequence Key

7.1 Introduction

This section describes how a Player behaves for a VTS with Sequence Key. If an AACS Disc hasa
SKBF, there shall be at most six SKRs on the Disc. See Section 3.4 for SKBF, SKR and other related
terminologies. A P-EVOB in an SKR must not have more than 32 Sequence Key Sections. Each Sequence
Key Section is an Interleaved Block like an Angle Block. The Player behavior at a Sequence Key Sectionis
similar to that at an Angle Block. Section 7.2 describes the mechanism and the Player behavior for the
Sequence Key in the Standard VTS. Section 7.3 describes the mechanism and the Player behavior for the
Sequence Key in the Advanced VTS. Note that only a P-EV OB on a Disc may have Sequence Key Sections.
A Sequence Key Section continues in atime span. The time span has a minimum length which is defined in
the HD DVD-Video Specifications. That is, the duration of a Sequence Key Section shall be more than the

minimum time interval.

Before processing a P-EV OB with Sequence Key Sections, the AACS module shall processthefile
“/AACS/SKBF.AACS’ and thefile “/AACS/SKF.AACS’ and shall have six SKTs each of which consists of
32 pairs of an SEG_NO and a Segment Key. The order of the pairsisimportant. The order shall be kept in an
SKT asthey appear in the corresponding SKU field. The six SKTs shall be stored in the AACS module as one
table called Segment Key Table Set (SKTS). The first 32 entries of the SKTS areidentical to the entries of the
first SKT, the next 32 entries of the SKTS are identical to the entries of the second SKT, ..., thelast 32 entries
of the SKTS are identical to the entries of the sixth SKT. The order of the SKTs follows the order of the
SKGsin the SKF. The entry number of the SKTS varies from 1 to 192 and that is the number which
SEG _KEY_PTRin KMI of an EVOBU indicates. Note that SEG_NO runsfrom 1 to 8.

As mentioned in the preceding Chapters, there exists the case where playback starts by processing a
Playlist in a Persistent Storage. In this case, an MKB which accompanies the Playlist is used, which means
that MKB Process for the MKB may yield a Media Key different from the Media Key yielded by the MKB on
the Disc. Aslong as Sequence Key concerns, thus, there are two implications: i) All the MKBs on aDisc
which respectively accompany the corresponding Playlists shall yield the same MediaKey. ii) The Media
Key thus yielded by processing an MKB on the Disc shall be used for SKB Process. Suppose a Disc has an
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SKBF. In general, the SKBF is processed to yield an SKTS when the Disc isinserted into the Player. The
implication ii) above means that the same SKTS shall be used when a P-Storage Application plays back a
P-EV OB on the Disc equipped with Sequence Key Sections.

Playback of a Sequence Key Section shall be seamless as long as the conditions for seamless playback
described in the Annex K in the HD DVD-Video Specifications. Furthermore, atransition from an SKR to
another SKR must not prohibit seamless playback if seamless transition from aP-EVOB in the first SKR to a
P-EVOB in the second SKR is guaranteed by the conditionsin the Annex K.

7.2 Sequence Key for Standard VTS

InaStandard VTS, a Sequence Key Section is defined as a Cell Block corresponding to an Interleaved
Block in the P-EVOB. Each Cell which belongsto a Sequence Key Section has amark, i.e. the Cell Block
Typein C_CAT in C_PBI. If aCell belongsto a Sequence Key Section, the Cell Block Type of the Cell must
be equal to 11,. See the conceptual image of a Sequence Key Section in Figure 7-1. Inthe C_PBI fieldina
Cell of a Sequence Key Block, thereisafield of 2 bitswhich isreserved for KEY_VF inthe HD DVD-Video

Specification. The meaning of the KEY _VF valuesisasfollows:
® (00, SEG KEY PTRisnotvalid, 01,: SEG KEY_PTRisvalid, others: Reserved.

And, inthe C_PBI field in a Cell which belongs to a Sequence Key Block, thereis afield of 8 bitswhichis
reserved for SEG_KEY_PTR inthe HD DVD-Video Specification. The SEG_KEY_PTR indicates an entry
of the SKT. The value of the SEG_KEY_PTR runs from 1 to 192. See Table 7-1 for the bit assignment for the
reserved field in C_PBI.
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- [can)

Table 7-1: Bit Assignment for the Reserved Field of C_PBI

Sequence Key Section

Figure 7-1: An Image of Sequence Key Section

Cell Block Type = 11b
KEY_VF = 01b

SEG_KEY_PTR = 17 (example)

[cell#( +9)| |cell#(i+10)| -

Bit
7 5 4 3
Byte
0 KEY_VF SEG_KEY_PTR
1 SEG_KEY_PTR Reserved

7.2.1 Entering into a Sequence Key Section

If a Player encounters a Cell in PGCI which belongs to a Sequence Key Section, it shall execute the

following sequence:

1
2.

3.

Disable the function of Angle Change beforethe ILVUs are read into Track Buffer.

Read thefield SEG_KEY_PTR in C_PBI in thefirst Cell for the Sequence Key Section.
a. Thevaueof SEG KEY_PTR runsfrom 1to 192.
Look up the entry of SKT which the SEG_KEY_PTR indicates.

a. Lettheentry bethepair (SEG_NO*, SEG_KEY*).
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4. Find the SEG_NO*-th Cell in the Sequence Key Section.

5. Read C_FEVOBU_SA in C_PBI of the Cell found in 4 above.

6. JumptothelLVU pointed by C FEVOBU_SA read in 5 above.

7.  Decrypt the encrypted portion of the ILVU by the Segment Key SEG_KEY*.

e Packsinthe ILVU are decrypted in the same manner as defined in Section 4.3.4 with the
Segment Key being used in place of the Title Key. That is, the Content Key (K,) is calculated
asfollows:

K¢ =AES-G ( SEG_KEY*, Dy || CPlis; g6 ).

o |f the preceding SEG_KEY_PTR in C PBI isvalid and if SKB or SKF are absent, the Player
shall immediately go into Stop State.

There may be a case where playback jumpsinto a Sequence Key Section. Before jumping into a
Sequence Key Section and before the ILVUs are read into Track Buffer, the function of Angle Change shall
be disabled.

7.2.2 Transitions among Interleaved Units in a Sequence Key Section

After entering into a Sequence Key Section, a Player decrypts and plays back ILVVUsin the Interleaved
Block for the Sequence Key Section, making transitions among the ILV Us. This section describes how to
make the transitions. An ILVU in an Interleaved Block hastwo fields, KEY_VF (2 bits) and SEG_KEY_PTR
(8 bits), reserved in the HD DV D-Video Specification. The value of KEY_VF of anILVU in an Interleaved
Block corresponding to a Sequence Key Section must be 01,. The meaning of the value of KEY_VF isthe
same as defined above. The meaning of thefield SEG_KEY _PTR is also the same.

Thereisafield called SML_AGLI inthe DSI of an ILVU. Thisisafield for the function of Angle
Change defined in the HD DVD-Video Specifications. If the value of KEY _VF equals 01,, however, the
SML_AGLI field isreserved for SML_SEQI. Table 7-2 and Table 7-3 together describe the format of
SML_SEQI. In addition, SML_SEQ Cn DSTA = 7FFFFFFFFFFF6 for n not equal to SEG_NO*, which
means those fields are all invalid. Therefore, it dways holdsthat SML_SEQ C9 DSTA = 7FFFFFFFFFFF .
For nequal to SEG_NO*, SML_SEQ Cn DSTA stores the start address of the next ILVU. After playing
back the current ILVU, the Player jumps to the next 1LV U, decrypts the encrypted portion of the ILVU by the
Segment Key SEG_KEY* and plays back the ILVU. Note that a Segment Key is used in place of aTitle Key,
which means that the Pack decryption scheme follows the description in Section 4.3.4 with the Title Key
being replaced by the Segment Key. That is, the Content Key (K) is calculated asfollows: K, = AES-G
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(SEG_KEY*, Dy || CPlig, 06 ). If SEG_KEY_PTRin CPl inan ILVU isvalid and if SKB or SKF are absent,
the Player shall immediately go into Stop State.

Table7-2: SML_SEQI

Field Names Contents Number of bytes
SML_SEQ C1 DSTA Address and size of destination ILVU in SEQ_C1 6 bytes
SML_SEQ C2 DSTA Address and size of destination ILVU in SEQ_C2 6 bytes
SML_SEQ C3 DSTA Address and size of destination ILVU in SEQ_C3 6 bytes
SML_SEQ C4 DSTA Address and size of destination ILVU in SEQ_C4 6 bytes
SML_SEQ C5 DSTA Address and size of destination ILVU in SEQ_C5 6 bytes
SML_SEQ C6 DSTA Address and size of destination ILVU in SEQ _C6 6 bytes
SML_SEQ C7 DSTA Address and size of destination ILVU in SEQ C7 6 bytes
SML_SEQ C8 DSTA Address and size of destination ILVU in SEQ C8 6 bytes
SML_SEQ C9 DSTA Address and size of destination ILVU in SEQ _C9 6 bytes

Total 54 bytes

Table7-3: SML_SEQ Cn_DSTA

bit
7 6 5 4 3 2 1 0
Byte
SEQ_C o
0 ] Destination address of SEQ_C #n [30...24]
location
1 Destination address of SEQ C #n [23...16]
2 Destination address of SEQ_C #n[15...8]
3 Destination address of SEQ C #n[7...0]
4 Size of destination ILVU of SEQ_C #n[15...8]
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5 Size of destination ILVU of SEQ C#n|[7...0] I

7.2.3 Getting Out of a Sequence Key Section

At thelast ILVU to play in the Interleaved Block, all the SML_SEQ Cn_DSTA fieldsin the
SML_SEQI shall beinvalid, i.e. 7FFFFFFFFFFF. Thus, a Player finds an invalid SML_SEQ Cn DSTA for
n=SEG_NO*. Then, the Player enables again the function of Angle Change and continues to play the next
Contiguous Block or the next Sequence Key Section.

Note, for a Sequence Key Section, that the System Parameters such as SPRM 3 or SPRM 28 are not
referred to by a Player and that the value of any of the System Parametersis not changed by a Player. There
are some restrictions on the number of Anglesin a Angle Block (See 5.1.3.5.2 in the HD DVD-Video
Soecifications). The number of Anglesis, of course, independent of the number of Sequence Key Segmentsin

a Sequence Key Section which is equal to 8.

7.3 Sequence Key for Advanced VTS

Sequence Key isrealized almost in the same manner as described in the previous section. The
differenceisthat an Advanced VTS does not have the Cell structure but aPlaylist and TMAPs. TMAPI isan
element of TMAP and is used to convert from a given presentation time inside an EVOB to the address of an
EVOBU. A TMAPI consists of one or more EVOBU Entries. One TMAPI for one EVOB which belongsto a
Contiguous Block shall be stored in one TMAP file. TMAPIs for EV OBs which belong to one Interleaved
Block shall be stored in one TMAP file. A TMAP consists of a TMAP_GlI, one or more TMAPI_SRPs
(TMAPI Search Pointers), one or more TMAPIsand ILVUI if the TMAP isfor an Interleaved Block.

A Sequence Key Section is an Interleaved Block. The TMAP for the Sequence Key Section contains 8
TMAPIs. TMAP_GI of the TMAP has an 8-bit field reserved for SEG_KEY _PTR, and thereisafield
reserved for KEY_VFin TMAP_TY of TMAP_GI. Thevaue of KEY_VF shall be 01,, which means that the
TMAP isfor a Sequence Key Section. See Table 7-4 and Table 7-5 for the assignment of the SEG_KEY_PTR
fieldin TMAP_GI and the KEY _VFfieldin TMAP_TY. The meaning of the KEY_VF valuesisthe same as
described in 7.2:

e 00,: SEG KEY_PTRisnotvalid, 01,;: SEG KEY_PTRisvalid, others: Reserved.

The angleNumber attribute of <Video> Element in <PrimaryAudioVideoClip> Element must not be
specified, that is, it shall be omitted.
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Table 7-4: TMAP_GI for AACS-Compliant Disc

Field Name Contents Number of Bytes
TMAP_ID TMAP ldentifier 12
TMAP_EA End Address of TMAP 4
Reserved 2
TMAP_VERN Version Number 2
TMAP_TY Attribute of TMAP 2
Reserved 28
Reserved Reserved for Interoperable VTS 5
TMAPI_Ns Number of TMAPIs 2
ILVUI_SA Start Address of ILVUI 4
EVOB_ATR SA Start Address of EVOB_ATR 4
Reserved 49
VTS_FNAME Filename of VTSI 255
SEG_KEY_PTR SEG_KEY_PTR 1
ILVU_ENT_Ns Number of ILVU_ENT inILVB 4
Reserved 10
Totd 384
Table7-5: TMAP_TY for AACS-Compliant Disc
Bit
7 5 4 3 1 0
Byte
0 Application type KEY_VF ILVUI ATR
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1 Reserved Angle I

7.3.1 Entering into a Sequence Key Section
If aPlayer encountersa TMAP for a Sequence Key Section, it shall execute the following sequence:
1. Readthefieddld SEG_KEY_PTRin TMAP_GI of the TMAP.
a. Thevalueof SEG KEY_PTR runsfrom 1to 192.
2. Look up the entry of SKT which the SEG_KEY_PTR indicates.
a. Lettheentry bethe pair (SEG_NO*, SEG_KEY*).
3. Find the TMAPI #(SEG_NO*) in the TMAP using the TMAPI_SRPs.
a. Read 1STREF_SZ of the EVOBU_ENT#1 in the TMAPI
4. FindtheILVU_ENT #(SEG_NO*) inthe ILVUI in the TMAP.
a Read ILVU_ADR of thelLVU_ENT.
5. JumptothelLVU using the ILVU_ADR read in 4 and the 1ISTREF _SZ read in 3.
6. Decrypt the encrypted portion of the ILVU by the Sequence Key SEG_KEY*.

e Packsinthe ILVU are decrypted in the same manner as defined in 4.3.4 with the Segment Key
being used in place of the Title Key. That is, the Content Key (K,) is calculated as follows:
Kc=AES-G ( SEG_KEY*, Dy || CPlig o6 ).
o If the preceding SEG_KEY_PTRin TMAP_GI isvalid and if SKB or SKF are absent, the
Player shall immediately go into Stop State.
A Sequence Key Section looks like a Contiguous Block in a Playlist. In playback of an Advanced
VTS, aPlayer shall play back a Sequence Key Section as defined in this section ignoring the value of the
angleNumber attribute.

7.3.2 Transition among Interleaved Units in a Sequence Key Section

After entering into a Sequence Key Section, a Player decrypts and plays back ILVUsin the Interleaved
Block for the Sequence Key Section, making transitions among the ILVUs. The data required for the
transition and the mechanism for it are identical to those for the Standard VTS. See the Section 7.2.2 for the

description.
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7.3.3 Getting Out of a Sequence Key Section

Atthelast ILVU to play in the Interleaved Block, all the SML_SEQ Cn_DSTA fieldsin the
SML_SEQI shall beinvalid, i.e. 7FFFFFFFFFFF. Thus, a Player findsan invalid SML_SEQ Cn_DSTA for
n=SEG_NO*. Then, the Player continues to play the next Contiguous Block or the next Sequence Key
Section.
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Appendices

A Schema for Managed Copy Manifest File

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

<xs:schema xmlns:hdmc="http://www.aacsla.com/2006/02/hdmcMani fest"
xmIns:xs="http://www.w3.0rg/2001/XMLSchema"
targetNamespace="http://www.aacsla.com/2006/02/hdmcManifest"” elementFormDefault="qualified"

attributeFormDefault="unqualified">

<xs:element name="mcManifest'>
<xs:complexType>
<Xs:sequence>

<xs:element ref="hdmc:Cid"/>

<!-- Content ID -->

<xs:element ref="hdmc:serverList"” minOccurs="0"/>
</Xs:sequence>
<xs:attribute name="1d" type="'xs:string" use="optional'/>

<!l-- The length of ID shall be no more than 256. -->
</xs:complexType>

</xs:element>

<xs:element name="Cid" final="restriction">
<xs:simpleType>
<xs:restriction base="xs:base64Binary'>
<xs:maxLength value="24"/>
</xs:restriction>
</xs:simpleType>
</xs:element>

<I-- ISAN -->
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<xs:element name="serverList'>
<xs:complexType>
<xs:sequence>
<xs:element ref="hdmc:serverUri" maxOccurs="16"/>
</Xs:sequence>
</xs:complexType>

</xs:element>

<xs:element name="serverUri" final="restriction">
<xs:simpleType>
<xs:restriction base="xs:anyURI">
<xs:maxLength value="1024"/>
</xs:restriction>
</xs:simpleType>
</xs:element>
<!l-- The length of URI shall not be more than 1024

</xs:schema>
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B Additional requirement for carriage of SRM

B.1 Introduction
This chapter describes the method to store an SRM (System Renewability Message) on an AACS

Disc in the case where an SRM isto be stored on an AACS Disc.
B.2 SRM (System Renewability Message)

B.2.1 SRM for DTCP
The SRM for DTCP shall be stored as the file named “DTCP.SRM” in the root directory of the Data

Area

B.2.2 SRM for HDCP
The SRM for HDCP shall be stored as the file named “HDCP.SRM” in the root directory of the Data

Area
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C McmAACS Object for Managed Copy Machine

If aManaged Copy Machineis capable of processing Advanced Applications defined in the HD
DVD-Video Specifications, it shall support McmAACS Object, aread only Object:

readonly McmAACS mcmAacs,

The object shall have afunction property named completeT ransaction and properties named offer s and
mcui. See Chapter 5 in the AACS Pre-recorded Video Book for the detailed information.

completeTransaction informs the MCM of completion of a transaction. See 5.3.3 in the AACS Pre-recorded
Video Book for thisAPI.

This argument uniquely identifies the financial or
. account transaction. If no financial or account
Parameters Coupon of type String )
transaction has been completed, Coupon must be an

empty string.

The major ID of the managed copy output technology
major M cotID of type String selected for the managed copy, as defined in the
AACS Compliance Rules.

The minor 1D of the managed copy output technology
minor M cotID of type String selected for the managed copy, as defined in the
AACS Compliance Rules.

mcotOfferinfo of type String A Dbase64Binary encoded string which provides
MCOT specific information.  If thereis no value, this

will be an empty string.

An ID which identifies a particular offer that was
M CUi of type String .
selected as a part of transaction.

A string containing further information on the
Status of type String transaction. If the transaction failed, Status may

contain information about why that transaction failed.
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MCOTParams of type String

A string value with additional information specific to
the managed copy output technology to be used in
customization of MCOTInfo to be sent
ReguestPermission message. If this parameter is an
empty string, it means that no MCOTParams is passed

in the

to the MCM.
Return Value None
If this APl fails to inform the MCM of completion of transaction, an exception
) AACS E MCM is thrown. If the exception is not caught, it makes the Advanced
Exceptions

is“AACS_E_MCM".

Application immediately go into Stop State. The value of the exception AACS E MCM

offers of type String: This read only property provides the serialized result of the element <offers> which is
returned to this MCM by an MCS responding to a RequestOffer message. Note that the property contains the
<offers> and </offers> tags. See 5.3.3 in the AACS Pre-recorded Video Book. This property shall return an

empty string when no <offers> are returned by the MCS.

mcui of type String: Thisisaread only property that is referred to as MCUi in 5.3.3 of the AACS

Pre-recorded Video Book.
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