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audi o encoded in Cpus [ RFC6716] or

. Mapping a granule position to a tine position .
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[ RFC3533] is a generic container format, enabling interleaving of
several tracks of frame-w se encoded content in a time-mnultiplexed
manner. As an exanple, an Ogg physical bitstream could encapsul ate

tracks of video encoded in [Theora] and nultiple tracks of
FLAC [ RFC9639] at the sane tine.

A player that decodes such a bitstream could then play one video
channel as the mmin video pl ayback, al pha-blend another one on top of

it (e.g. a caption track),
sever al

play a main Opus audio track together with
FLAC audi o tracks sinmultaneously (e.g. as sound effects), and

provide a choice of Cpus channels providing comentary in different

| anguages.

under st and what codecs are contained in such a file,
handl e and pl ay back such content.

Whi t ed
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Such a file is generally possible to create with Ogg, it
is however not possible to generically parse such a file, seek on it,

and dynam cally
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1.

2

1.

Qgg does not know anything about the content it carries and | eaves it
to the medi a mappi ng of each codec to declare and describe itself.
There is no neta information avail able at the Ogg | evel about the
content tracks encapsul ated within an Ogg physical bitstream This
is particularly a problemif you want to parse an Ogg file to find
out what type of data it encapsul ates wi thout having access to the
codec used to decode that data, or want to seek to a tenporal offset
wi t hout having to decode the data first (such as on a Wb server that
serves medi a).

Skel eton is designed to overcone these problens. Skeleton is a

| ogical bitstreamwithin an Ogg streamthat contains information
about the other encapsul ated | ogical bitstreans. For each |ogica
bitstreamit provides information such as its nedia type, and
expl ains the way that Ogg pages are mapped to tine.

Seeking in an Ogg file is typically inplenented as a bisection search
for the seek target timestanp. However when seeking over a high

| at ency connection, such as the internet, such searches can be sl ow.
Sone bitstreams, such as video streans, have keyfranes. |In order to
seek to a given tenporal offset in a video stream you nust first
performa bisection search to find the target frane, determne its
keyframe, and then perform another bisection search to |ocate that
keyframe and decode forwards to the tenoporal offset. This can be
very slow. (Ogg Skel eton provides an index of keyframes, or an index
of periodic sanples on streanms w thout the concept of a keyframe,
enabl i ng seeking over high-latency connections optimally with "one
hop".

Qgg Skeleton is also designed to allow the creation of substreans
from Ogg physical bitstreanms that retain the original timnng
informati on. For exanple, when cutting out the segnent between the
7th and the 59th second of an Ogg file, it is ideal to continue to
start this cut out file with a playback tinme of 7 seconds and not of
0. This is of particular interest if you're streaming this file from
a web server after a query for a tenporal subpart such as in
http://exanpl e. conl vi deo. ogv?t =7-59 .

Requi renent s Language

The key words "MJST", "MJST NOT*, "REQU RED', "SHALL", "SHALL NOT",
"SHOULD', "SHOULD NOT", "RECOMMVENDED', "NOT RECOMVENDED', "MAY", and
"OPTIONAL" in this docunment are to be interpreted as described in BCP
14 [ RFC2119] [ RFC8174] when, and only when, they appear in al
capital s, as shown here

The skel eton | ogical bitstream

Whi t ed Expi res 15 October 2026 [ Page 3]
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2.1. ldent Header
The skeleton logical bitstreamstarts with an ident header contai ning

information for the conplete Oyg physical bitstream The ident
header has the follow ng fornmat:

Whi t ed Expi res 15 October 2026 [ Page 4]
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Figure 1: Ident header packet |ayout

Fields with nore than one byte | ength MUST be encoded Least
Significant Byte (LSB) first byte order
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The fields in the skeleton ident header have the follow ng nmeaning:

ldentifier An 8 byte field that identifies this bitstreamas Ogg

Skel eton. It contains the magi ¢ nunbers:
*  0x66 'f°

*  0x69 i’

* 0x73°’s’

*  0x68 'h’

*  0x65 'e’

* 0x61 ’a’

*  0x64 'd

*  0x00 '\ 0O

Version major 2 byte unsigned integer signifying the nmajor version
nunber of the skeleton bitstream This docunment specifies the
maj or version 4.

Version mnor 2 byte unsigned integer signifying the mnor version
nunber of the skeleton bitstream This docunment specifies the
m nor version O.

Presentationtime nunmerator & denominator 8 byte unsigned integer
each. Together they represent the time at which to start
presenting the Ogg physical bitstream given as a rational nunber.
The denom nator represents the tenporal resolution at which the
presentationtinme is given. E. g. 5/1000 results in a
presentationtinme of 0.005 sec. This enables a very high tenporal
resol ution without having to store floating point nunbers. 1In a
new y created physical bitstream presentationtine and basetinme are
the sane. Wen remultiplexing a subpart of the stream this
nunber MJST be adapted to the requested start time offset of the
newy created stream Presentationtinme MJST be |arger than or
equal to zero

Baseti me nunerator & denominator 8 byte signed integer each.
Toget her they represent the basetinme of the Ogg physical bitstream
given as a rational nunber |ike the presentationtinme. This numnber
is fixed once the physical bitstreamis created and provides a
mapping to time for the beginning of the physical bitstream when
it starts with a granule position of O.

Whi t ed Expi res 15 October 2026 [ Page 6]
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2

2

UTC A 20 byte string containing a UTCtine in the form of
YYYYMVDDTHHMVSS. sssZ [1 SO. 8601.1988]. It associ ates a cal endar
date and a wall-clock time with the basetinme. |If unused the UTC
field MUST be a sequence of 20 NUL bytes, nmaking this ident packet
and thus the BoS page of the skeleton bitstream constant |ength.

Segrment length 8 byte unsigned integer representing the total |ength
of the segment.

Content byte offset 8 byte unsigned integer representing the offset
of the first non-header page in the segnent.

The possible temporal resolution of the presentation and basetine is
on the order of 27-64. For exanple, the tine formats in use for
medi a that are described in this docunent range from1/24 to 1/60 for
the different [SMPTE] formats. This resolution is enough for any one
of these. It is also expected to acconmodate any future needs of
time resolution for any other tine format and tine-continuously
sanpl ed dat a.

A denoninator of O in either presentationtime or basetine indicates
that the respective time is 0 regardl ess of the value of the
numer at or .

Secondary Header

The skel eton secondary headers are a sequence of packets that each
contain information about one of the other logical bitstreans
contained within the Ogg stream A skel eton secondary header packet
has the follow ng format:

Whi t ed Expi res 15 October 2026 [ Page 7]
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Byt e
0-3
4-7
8-11
12-15
16- 19
20- 23
24-27
28-31
32-35
36- 39
40- 43
44- 47
48-51

52-

Fields that are | onger than one byte MJST be encoded with LSB first

byt e order.

The fields in a skel eton secondary header packet have the foll ow ng

meani ng:

Identifier An 8 byte field that

secondary header for identifying other |ogical bitstreans.
contains the magi ¢ nunbers:

*  0x66 'f

* 0x69 i

Whi t ed

identifies this packet as a skel eton

It
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*  0x73 's’
*  0x62 'b’
*  Ox6f 'oO’

*  0Ox6e 'n’
*  0x65 'e’
*  0x00 "\ O

O fset to nmessage header fields 4 byte unsigned integer that
contains the number of bytes used in this packet before the
message header fields. For the version of the skel eton bitstream
described in this docunent this nunber is fixed to 44. This field
acconmodat es future changes to the skeleton bitstream all owi ng
i npl ementations to parse nessage header fields even if additiona
fields have been added in a future revision of Skeleton

Serial nunmber 4 byte signed integer containing the bitstream seri al
nunber of the logical bitstreamdescribed by this secondary header
packet .

Nunber of header packets 4 byte unsigned integer that contains the
nunber of header packets of the referenced |ogical bitstream
consi sting of the BoS page and the secondary header pages that are
i ncl uded before the Skel eton EoS page.

Granul erate nunerator & denominator 8 byte signed integer each
They represent the tenporal resolution of the logical bitstreamin
Hz given as a rational nunmber in the sane way as the basetine
field.

Basegranule 8 byte signed integer that represents the granul e nunber
with which this logical bitstreamstarts, which is originally O,
but will be a positive offset when only a subpart of the streamis

request ed.
Preroll 4 byte unsigned integer that contains the nunber of packets
to pre-roll in order to decode a current packet correctly. This

is for exanple the case with Oyg Vorbis, which requires a pre-rol
of 2 packets.

Granuleshift A 1 byte unsigned integer describing whether to
partition the granul e position ([RFC3533], Section 6) into two for
that |ogical bitstream and how nmany of the lower bits to use for
the partitioning. The upper bits signify a time-continuous

Whi t ed Expi res 15 October 2026 [ Page 9]



I nternet-Draft skel et on April 2026

2

2

granul e position for an independently decodabl e and presentabl e
data granule. The lower bits are generally used to specify the
relative offset of dependent packets, such as predicted franes of
a video. Hence these can be addressed, though not decoded without
tracing back to the last fully decodabl e data granule. This is
the case with Ogg Theora; the general procedure is given in
Section 4. 2.

Paddi ng/ future use 3 bytes of padding data that MJST be set to zero
but may be used in future versions of Skel eton

Message header fields Header fields follow ng the generic Internet
Message Format defined in [ RFC2822]. Each header field consists
of a name followed by a colon (0x3a ":") and the field val ue.

Fi el d nanes are case-insensitive. The field value MAY be preceded
by any anmount of white space, though a single space (SP, ASC I

val ue 32) is RECOMVENDED. Muilti-line header fields as described
in Section 2.2.3 of [RFC2822] MJUST be support ed.

1. Message Header Fields
The foll owi ng nessage headers are REQUI RED:

Content-type Mne type of the content encoded in this stream e.gqg.
audi o/ opus, video/theora, etc.

Rol e Describes the function of this track. Conmon exanples are
"video/ main", "audio/main", "text/caption". It is RECOMVENDED to
stick to the existing role nanes defined in Part Role of
[ Skel et onHeader s] .

Nanme A unique free text string which can be used to directly address
or identify the track and which may be shown in user interfaces
that Iist or allow for selection of tracks.

For nore nessage headers, see [ Skel et onHeaders].

As per [RFC2277], message header fields are considered protocol data,
i.e. they are not expected to have human readabl e text, and they MJST
be entirely encoded in UTF-8. In addition, the mandatory header
fields MUST be encoded in ASClI.

Whi t ed Expi res 15 October 2026 [ Page 10]
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2.3. Keypoint Index Packets

Bef ore the Skel eton EoS page in the segnent header pages cone the
keypoi nt index packets. Index packets are OPTIONAL in a valid

Skel eton bitstream |f index packets are included, there SHOULD be
at | east one keypoi nt packet for each content logical bitstreamin
the Ogg stream

In order to save space, the offsets and tinestanps in keypoint
packets are stored as deltas, and then vari abl e byte-encoded. The

of fset and tinestanp deltas store the difference between the
keypoint's offset and tinmestanp fromthe previous keypoint's offset
and tinestanp. To calculate the page offset of a keypoint, calculate
the sum of the offset deltas of up to and including the keypoint in
question. The variable byte encoded integers are encoded using 7
bits per byte to store the integer’'s bits, and the high bit is set in
the |l ast byte used to encode the integer. The bits and bytes are in
LSB first byte order. For exanple, the integer 7843, or 0001 1110
1010 0011 in binary, would be stored as two bytes: 0xBD 0x23, or 1011
1101 0010 0011 in binary.

Each i ndex packet contains the follow ng fields:
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'II'OI\.)

3
123456789 12345678901 Byte
i e s S I S i Suie U S S
|

e 0-3
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0 89
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Fi gure 3: Keypoint index packet [|ayout
The fields in an index packet have the foll ow ng meaning:

Identifier An 6 byte field that identifies this page as an i ndex
packet. It contains the magi c nunbers:

*  0x69 i’

*  (Ox6e 'n’

*  0x64 ' d
* 0x65 e’
*  0x78 ' X’
* 0x00 '\O

Serial nunmber 4 byte signed integer containing the bitstream seria
nunber of the Ogg | ogical bitstream described by this index
packet .

Nunber of keypoints 8 byte unsigned integer containing the nunber of
keypoi nts included at the end of this index packet. This value
MAY be zero.

Ti mestanp denom nator 8 byte signed integer representing the
presentation tine denomi nator for this stream Al tinestanps,
i ncludi ng keypoint tinmestanps and first and | ast sanple tinestanps
are fractions of seconds over this denominator. The tinestanp
denoni nat or MUST NOT be O.

First sanple tine nunerator 8 byte signed integer representing the
nunerator for the presentation tine of the first sanple in the
track.

Last sanple end tine nunerator 8 byte signed integer representing
the nunerator for the presentation end tinme of the |last sanple in
the track.

Keypoi nts ' Nunmber of keypoints’ key points, starting with the first
keypoi nt at offset 42

2.3.1. Keypoints

Each keypoint conprises the follow ng fields:

Whi t ed Expi res 15 October 2026 [ Page 12]
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1. The keypoint’'s page’'s byte offset delta, as a variable byte
encoded integer. This is the nunber of bytes that this keypoint
is after the preceeding keypoint’s offset, or fromthe start of
the segnent if this is the first keypoint. The keypoint’'s page
start is therefore the sumof the byte-offset-deltas of all the
keypoi nts which come before it.

2. The presentation tinme nunerator delta of the first keypoint which
starts on the page at the keypoint’s offset, as a variable byte
encoded integer. This is the difference fromthe previous
keypoint’'s timestanp nunerator. The keypoint’'s tinestanp
nunerator is therefore the sumof all the tinestanp nunerator
deltas up to and including this keypoint’s. Divide the tinestanp
nunerator sum by the tinestanp denom nator to determ ne the
presentation tinme of the keyframe in seconds

Keypoint’'s MJST be stored in increasing order by offset (and thus by
presentation tine).

The byte offsets stored in keypoints are relative to the start of the
Qgg bitstream segnent. For a physical Qgg bitstream made up of two
chai ned Oggs, the offsets in the second Ogg segnent’s bitstreans
index are relative to the beginning of the second Oyg in the chain,

not the first. |If a physical Ogg bitstreamis nmade up of chained
(ggs, the presence of an index in one segnent does not inply that
there will be an index in any other segnent.

The first-sanmple-tine and | ast-sanple-tine are rational nunbers, in
seconds. |If the denominator is O for the first-sanple-tine or the
| ast-sanple-tinme, then that value was unable to be determ ned at

i ndexing tine, and is unknown.

The exact nunber of keypoints used to construct the index is up to
the indexer, but it is RECOWENDED to include at nost one keypoint
per every 64KB of data, or every 1000ns, whichever is |east frequent.
For codecs which use key franes, indexers SHOULD create one keypoi nt
poi nting to each key frane.

3. (Ogg Medi a Mapping
Because Ogg may be used to encapsul ate any any type of tine-
continuous data streamit does not place requirenents on the order of
data streanms in the file. An Ogg physical bitstreamw th a Skel eton
track, however, MJST have the foll owi ng page order:

* Skel et on Begi nni ng- of - Stream ( BoS) page.

* BoS pages of the other |ogical bitstreans.
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Secondary header pages of all |ogical bitstreans (including
Skel et on secondary headers).

Skel et on keypoi nt i ndex packets (if present)
Skel et on End- of - Stream (EoS) page.

Dat a and EoS pages of |ogical bitstreans, excluding skel eton,
mul tiplexed in a time-synchronous fashion

addition, Skeleton has the followi ng further restrictions:

An QOgg segnment MJST NOT contain nore than one Skel eton | ogica
bi t stream

The skel eton BoS page MUST only contain the Skel eton |dent
(fishead) header as a single packet.

The secondary header pages of a Skel eton | ogical bitstream consi st
only of fisbone header packets.

The Skel eton stream MJUST NOT contain any content pages or data
packets ot her than keypoint index packets.

The skel eton EoS page MUST contain a single packet of length zero.

The skel eton EoS page MJUST appear before any data pages for any
other logical bitstreamin the Oyg bitstream

The skel eton EoS page MUST end the skeleton |ogical bitstream |If
an Ogg stream parser reaches the skel eton EoS page, it knows that
it has received all the BoS and secondary header pages and can
start setting up its decoding or parsing environnent.

4. Tinme Handling

Wth tinme-continuous data inside Ogyg, one needs to handl e data at
four different |evels:

*

at the byte | evel: upon seeking,
at the packet level: upon encapsul ati ng,
at the granule |evel: upon reconposing, and

at the tine |evel: upon displaying and addressing.

This section explains how they all fit together

Whi t ed
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4.1. Conceptual Overview

Qgg bitstreans represent a single tineline with multiple content
tracks. Al of these tracks relate to the sane tineline which starts
at a certain tinme point and ends when the |ast bitstream ends.

An exanpl e bitstream can be seen in the following figure. It
consists of an Ogg bitstreamthat contains 4 nedia bitstreans. The
picture is a conceptual representation of the time intervals covered
by the different |ogical bitstreans and the Ogg pages used to
encapsul ate the data. |In the flat representation these are

mul ti pl exed such that the data packets of each of these bitstreans
occur at the correct tine.

t_url
t 0 l/ t
LR R e L LT PP L PP P TP PP LR PR L PEPREP PP >
[ I I I e O R I O
audio bitstream1
T O 7 Y R R N N B
video bitstream1
et

vi deo bitstream 2
Figure 4: Qgg bitstream | ayout exanple

The tinme point at which an Ogg bitstreamstarts (t_O0 in Figure 4) is
called the "basetinme" and represents the tine in seconds associ ated
with the granule position of 0 on all logical bitstreans. Typically,
a newmy created Ogg file starts all its logical bitstreans at granule
position 0, and a typical extract of an Ogg bitstream such as the
one starting at t_url in Figure 4, starts each of its |ogica
bitstreams at different granule positions. These granule positions
are stored in the "basegranule" field of the skel eton secondary
header packets.
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The "basetine" of an Ogg bitstreamnmay be 0, but it can al so be any
positive time. For exanple, in professional video production, the
first frame of video of a programnornally refers to a SMPTE baseti nme
[ SMPTE] of 01:00:00: 00, not 00:00:00:00. Associating such a practice
to a digital video resource requires a way to store that basetine
with the resource and interpreting it correctly when addressing

of fsets such as t_url. Skeleton provides such a mappi ng through the
basetinme field in the skeleton ident header.

Al so associated with the basetinme is an [ISO 8601.1988] cal endar date
and wall -clock tine (a "UTC base") which represent a real-world tine

gi ving sonme neani ngful cal endar date association to the content such

as the creation tinme or the first presentation time. The UTC base is
specified in the "UTC' field of the Skel eton ident header.

4.2. Mapping a granule position to a tine position

Each one of the encapsul ated data bitstreans have their own tenporal
resolution at which they provide data to cover the given tineline.
This tenmporal resolution is usually given through the sanpling rate
of the particular bitstream For exanple, a raw audi o bitstream at
CD quality is sanpled with a sanpling rate of 44100 Hz. A video
bitstream may be sanpled with a frane rate of 25 frames per second

This tenmporal resolution is called the "granulerate". A granule is a
data elenment that is based on a regular data rate specific to the
content type, such as the frame rate for video or the sanpling rate
for audio. It even exists for bitstreans that are not sanpled at a
regular rate—then it is the highest resolution of any of the used
sanpling rates. The granulerate is specified in the skel eton
secondary header packets for each |ogical bitstream

Each one of the bitstreans insert data into the Ogg bitstreamthrough
packets which have an associ ated tenporal duration based on the
encoder packagi ng. Packets are packaged into Ogg pages, which have a
granul e position associated with them ([ RFC3533], Section 6). Not
taking the special case of a granuleshift into account, the granule
position specifies the nunber of granules that have been encapsul ated
since the inplicit start of the original bitstreamuntil and

i ncluding the given Ogg page.

The granul e position together with the granul erate and granul eshift

i nformati on of the skeleton secondary header packets for the
particul ar |logical bitstreamare used for the calculation of the tine
position for which a data packet of the |ogical bitstream conpletes
data. A granule position of -1 indicates a special case and MJUST NOT
be used for calculation of a mapping to tine.
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In principle, the granule position of an Ogg page divided by the
granul erate of this page’s |ogical bitstream provides the tinme
position that is reached in that bitstream after decoding all data
packets finished on this page. However, the granule position field
in an Ogg page allows for a nore finely-grained description of the
temporal position. The follow ng i mage explains the conposition of
the granule position field in an Ogg page:

granul e_position

Figure 5: Granule position field | ayout

The granul eshift field of the skel eton secondary header packets
descri bes how nmany of the granule position’s 64 bits are being used
for the keyoffset. The keyoffset part of the granule_position is
commonly used when the | ogical bitstream consists of packets that can
only be fully decoded when referring back to a previous packet. For
exanpl e, video streanms often consist of inter and intra coded franes,
where the intra franes are fully decodable and the inter franes are
intermedi ate franmes that require backtracking to the last inter frane
for accurate decoding. Another exanple is a |ogical bitstreamthat
is mapped as instantaneous information (i.e. their granul eposition
represents the start tinme and the end time of the packet data), but
actually has a duration associated to it, which is provided through a
subsequent packet. The keyindex part of the granule_position is then
used to provide the tenporal position of the reference packet and the
keyoffset part provides a counter for the data in between.

The cal cul ati on of the tenporal position of an Ogg page using
Skel eton is thus specified through the foll owi ng fornul a:

t _page = basetinme + ((keyindex + keyoffset) / granul erate)

Figure 6: Ogg page to tenporal position formula
The basetime provides the time offset used at the beginning of the
| ogical bitstreamfor the first data packet and thus MJST be added
for a correct calculation of the tenporal position
As an exanple regard an audi o bitstreamthat has a granul erate of
44100 (i.e. 44100 samples per 1 sec), a granuleshift of 0, and starts
at 4 sec. \When reaching a granul e_position of 88200, this maps to a
time position of 6 seconds:

t _page = 4 + ((88200 + 0) / 44100) =6
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Fi gure 7
This signifies that the bitstream has reached the second sec of the
audio bitstream after the end of decoding this page’s packets, but
maps to 6 seconds because of the basetine.
As anot her exanple consider a video bitstreamthat has a granul erate
of 25 (i.e. 25 frames per 1 second), a granuleshift of 3 (because it
encodes - say - 7 partial frames between each fully encoded frane),
and starts at 0 sec. Wen reaching a granule_position of 997, i.e.
a keyindex of 62 and a keyshift of 5, this nmaps to a fully decodabl e
time position of 2.68 seconds:
t_page = 0 + ((62 + 5) / 25) = 2.68 sec

Figure 8
The granul erate of a time-instantaneous bitstream can be chosen
arbitrarily by the bitstreammultiplexer. Per default, a granulerate
of 1000 is used, which is the resolution of npt. The resolution of
all the time schenes is given as:
npt 1000 (nmilliseconds)
snpte-24 24 (24 fps)
snpt e-24-drop 24/1.001 = 23.976 (approx. as per SMPTE)
snmpte-25 25
smpte-30 30

snpt e- 30-drop 30/1.001

29.970 (approx. as per SMPTE)
smpte-50 50

smpte-60 60

snpt e- 60-drop 60/ 1.001 59. 940 (approx. as per SMPTE)

The granul e position of the page finishing data of a time-

i nst ant aneous bitstream packet MJST signify the start tine of that
packet. For exanple, a CMML bitstreamwith a granul erate of 1000, a
basetime of 0, and a clip that lasts fromnpt=12.020 till npt=15.0
will get a granule_position of 12020. |In contrast, the

granul e_position of the page finishing data of e.g. an audio
bitstreamw th granul erate 44100, basetinme 0 and containing data from
npt=12.020 to npt=15.0 will be 661500.
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A note about field overflows: an overflow of the granule position
field can destroy the tenporal integrity of the Ogg physica
bitstream In this case, a nultiplexer MIST end the Ogg physica
bitstream and restart a new one resetting the counter to 0 and

adj usting the basetinme appropriately. This is also called sequential
mul ti plexing in Ogg. The sane neasure MJST be taken in case of an
overfl ow of the page_sequence_nunber on one of the |ogica

bi t streans.

4.3. Seeking into the bitstream

Seeking to a tine offset inside an Ogg logical bitstreamis a
fundamental activity frequently performed on nedia data. Tinme inside
an Ogg with a Skeleton track is specified as a tenporal offset from
the "begi nning" of the stream making use of the basetine field.

Time offsets can al so be specified as cal endar dates and tines. The
UTC base is then used as a basis for offsetting.

The basetinme allows to correctly map a tenporal offset point such as

a tenporal URI to a byte position in the stream In the above figure
take t_uri=npt:14.0 as the tenporal offset addressed on a streamwth
t O=npt:5.0 as the basetinme—this requires a streamoffsetting of only
9 sec to the appropriate granule position in each of the bitstreans,
in the figure marked through patterned pages.

The seeking action is performed on the interleaved bitstream in

whi ch the data packets occur in a tenporally consecutive order based
on the tine at which their data ends. These tinmes are represented in
the granul e positions of the Ogg pages, which are only allowed to
monotonically increase within one logical bitstream This inplies
that when having found an Ogg page with a granul e position that maps
to a given seek time (i.e. covers the tine or ends at it), the seek
has found the right location. This applies over all |ogica
bitstreans. |In the above exanple, this nmeans that the byte position
of the first occurring page of the patterned pages has been found.

There is a conplication to the seeking: some |ogical bitstreans have
backwar ds dependencies in their data packets and these have to be
taken into account for seeking. For exanple, a |ogical bitstream may
require several of its previous packets to allow a correct and

conpl ete decodi ng of the actual packet that occurs at the seektine.
This is the case for Theora which requires to go back to the previous
keyframe when decoding froma time offset. It is also the case for
Vorbi s which requires the previous 2 packets for accurate setup of
the frequency transform - Speex needs approxi mately 2 packets for
simlar reasons. Even instantaneous bitstreans nmay require to go
back to a previous packet to recover the |ast state infornation.
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Therefore, once seeking has |ocated the correct byte position that
refers to the given tenporal offset, it MJST seek back. For |ogica
bitstreanms that have a non-zero "granuleshift" in the skeleton, it
MUST seek back to the Ogg page that has a "keyi ndex" granule
position. For logical bitstreans that have a non-zero "preroll"” in
the skeleton, it MJST seek back that nany packets. The earliest byte
position that satisfies all these requirenents is the correct seek
posi ti on.

A player that presents froman offset MJST take into account that the
bitstream may contain sone packets that are only there to all ow
accurate decoding of the seek tine. When the backwards dependencies
were resolved for a specific |logical bitstream several non-rel evant
Qgg pages of may al so have ended up in the internediate. These have
to be skipped by a player. The tinme that a player MJST start
presenting fromis given in the "presentationtine" in the skel eton

i dent header.

4.4. Renultiplexing an Ogg Bitstream

Qgg with a Skeleton track allows for the creation of mashups of a
file without actual decoding and re-encoding. A mashup in the sense
used here is when a subpart of a Ogg physical bitstreamis required,
such as a tenporal sub-interval fromthe whole file. Skeleton allows
the creation of the mashup bitstreamthrough reconposition and

remul tiplexing. There are several ains for performng the
remultiplexing with as little effort and therefore as little delay as
possi bl e:

* no decoding of the logical bitstreans is perforned.

* no changes to the pages, in particular to the granule positions
are nade.

* changes occur only to the control section

The fields of the skeleton track all ow achievenent of all these ains.
Remul tiplexing is essentially achieved by seeking to the position as
descri bed above and then including fromeach | ogical bitstreamonly
the relevant Ogg pages into the new stream Changes to fields in the
bitstreamare restricted to the control section

* the "presentationtinme" MIST be adjusted to the requested start
tinme
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* the "startgranule" for each logical bitstream MJST be adjusted to
the granul e position at which each logical bitstreamstarts. This
is not the first granule position of the Ogg pages included into
the bitstream but rather the | ast one that did not get included,
as it represents the start tine of the bitstream

Everything else, and in particular the Ogg pages, stay the sane.
This is inportant to all ow caching of such files as is required for
Web proxi es.

5. | ANA Consi derati ons

/1 TODO define an Ogg Skel eton Header Registry and register the
[l stuff fromthe [Skel etonHeaders] w ki page? This neno includes no
request to | ANA

6. Security Considerations

Qgg format bitstreans contain several nultiplexed binary and non-
binary data bitstream There is no generic encryption or signing
mechani sm provi ded for the conplete bitstreamor anyone of its parts
As the format of the encapsul ated nedia bitstreans is not prescribed
and is identified through the "Content-type" Message header field in
that bitstream s skel eton secondary header packet, it is possible to
encrypt or sign that media bitstreamand then mark it accordingly
with a MMe type that signifies the encryption. It is up to the
applications that use this bitstreamto provide an appropriate codec
to handl e such bitstreans.

As Ogg format bitstreanms generally contain arbitrary bitstreans, it
is possible to include executable content in them This can be an
issue with applications that decode these bitstreans, especially when
they are used in a network scenario. Such applications MJST ensure
correct handling of manipul ated bitstreans, of buffer overflow and
the like.
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