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METHOD AND APPARATUS FOR PROVIDING STREAM LINKING IN
AUDIONVIDEO DISK MEDIA

BACKGROUND OF THE INVENTION

1. Field of the invention.
This invention relates in general to a method and apparatus for processing
audio/video information, and more particularly to a method and apparatus for providing

stream linking in audioideo disk media.

2. Descripfion of Related Art.

Advancements in communications technology and increased consumer
sophistication have challenged the distributors of multimedia programming to provide
the subseribing public with entertainment services more convenjent and accessible
than those traditionally made available over cable television and telephone systems.
An improving coramunications infrastructure has resulted in a profiferation of pay-per-
view media services in many of the larger broadca.st markets. Most pay-per-view
systems permit the consumer to choose from a relatively small number of motion’
picture selections for home viewing, with the selected programs generally being
presented only at pre-écheduled viewing times,

In recent years, the media industry has expanded its horizons beyond traditional
analog technologies. Audio, photographs, and even feature films are now bging
recorded or converted into digital formats, To encourage compatibility between

products, standard formats have been developed in many of the media categories.



As would be expécted, the viewers of digital video desire the same functionality
from the pl"oviders of digital video as they now enjoy while watching analog video
tapes on video cassette recorders. For example, viewers want to be able to make the
video jump ahead, jump back, fast forward, fast rewind, slow forward, slow rewind
and freeze frame,

Various approaches have been developed fo provide non-sequential playback
of digital video data. With respect to digital video data, non-sequential playback refer_s
to any playback operation that does not play all of the encoded frames in the exact
order in the sequence in which they were encodeci. For example, jump ahead and
fast forward operations are ﬁon-sequentiai in that some frames are sl&pped. Rewind
operations at any speed are non-sequential in that during a rewind operation, frames
are not played in the sequence in which they are encoded.

Data used for Audio/Video (AV) applications is typically stored in configuous
anea's on disk drives and accessed sequentially, Computer systems access disk
drives by logical block number. For digital Audio/Video applications it is useful to refer
fo thé data structure for disk drives as a stream. A stream is a range of addresses on
the disk media in which a contiguous area of Audio/Video data is stored. AV
applications stream data on and off disk drives by writing ct;ntiéuws blocks, which are

typically linear streams of data. |
' The ATA (Advanced Technology Attachment) Interface is the dominant storage -
interface for personal computers. ATA was originally defined as a standard for
embedded fixed disk storage on IBM AT™ compatible personal computers. AT™

stands for “Advanced Technology”, which refers primarily to it's then "revolutionary™
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16-bit bus. In recent years ATA-3 and ATA-4 have enhanced the functionality of the
ATA interface to increase performance and interface a wider range of personal
computer storage devices.

The ATA command set is designed for random access to blocks of data. The
design of Audio/Video products which use ATA hard disk drives would be simplified by
providing a stream oriented AV command system. In a system for addressing ‘
Audio/Video (AV) data using contiguous areas called streams, it may be useful to
quickly set up additional reading or writing locations in streams that have been
previously established. An easy way to do this is to have a linked stream capability.

It can be seen then that there is a need for a method and apparatus that ........___ ..

provides stream linking in audiofvideo disk media.



SUMMARY OF THE INVENTION

To overcome the limitations in the prior art described above, and to overcome
other fimitations that will become apparent upon reading and undefstanding the
present specification, the present‘invention discloses a method and apparatus for
providing stream finking in audio/video disk media. ‘

The present invention solves the above-described problems by setting-up an
audio/video stream on a disk drive, using read and write commands for accessing
contiguous data and, given an established stream, a finked stream is established by
sending 4 linked stream request with the humber of a primary stream to the drive. The
new stream inherits the beginning énd ending addresses of the primary stream.
Passed pointer detection is enabled for linked stream pointers passing primary stream
pointers. | |

A method in accordance with the principles of the bresent invention includes
when additional reading or writing locations in streams are desired, sending a linked
stream reque;st with a number of a primary stream, initiating a linked stream that is
. linked to the primary stream, setfing a pointer for the linked stream to the same
location as a pointer for the primary stream and during operation, processing the
pointers for both the linked stream and the primary stream.

Other embodiments of a method in accordance with the pririciples of the
invention may include alternative or optionat additional aspects. One such aspect of
the present invention is that the setting of a pointer for the linked stream fo the same

location as a pointer for the primary streamn further comprises setting a read



audiofvideo pointer for the linked stream to the same location as the read audio/video
pointer of the primary stream.

Another aspect of the present invention is that the linked stream inherits a
beginning and ending address from the primary stream.

Another aspect of the present invention is that the linked stream and the
primary stream each include a read audiofvideo pointer and a write audio/video
pointer.

Another aspect of the present invention is that a passed pointer warning is set
when the'linked stream read AV pointer passes the primary stream write AV pointer.

Ancther aspect of the present invention is that a stream may not be linked to a
linked stream. |

Another aspect of the present invention is that the linked stream is disabled
, when the primary stream is disabled. .

Another aspect of the present invention is that the linked stréam and the
ptimary stream may be read gnd written to simultaneously. ‘

Another aspect of the present invention is that the linked stream and the

.primary stream each include a read audio/video pointer and a write audioivideo |
pointer.

Another aspect of the present invention is that the read audio/video pointer
points to the next sector to read from and the write audio/video pointer points tc; the
next sector to write to.

Another aspect of the present invention is that the method fuﬁher includes

moving the pointers with a command,



In another embodiment of the present invention, a remote multimedia server is
provided. The remote multimedia server includes a mass storage library for storing a
plurality of multimedia programs each segmented into at least one audioivideo stream,
transmission means for transmiiting the at least one audiovideo stream to a
communication channel and a local media control system, including a direct access
storage device including at least one data storage disk and a controller for processing
the coordinating writing of the at least one audio/video stream received from the
communication channel to the data storage disk, and for coordinating reading of the at
least one audioivideo sh'ean; from the data storage disk, the controller providing
stream linking in audio/video disk media by sending a finked stream request with'a
number of a primary stream when additional reading or writing locations in streams are
’ desired, initiating a linked étream that is linked to the pripnary stream, setting a pointer
for the linked strear'n fo the same loc;ﬁon as a pointer for the primary stream, and,
during operation, processing the pointers for both the linked stream and the primary
stream. '

In another embodiment of the present invention, a direct access storage device
is provided, The direct access storage device includes at least one data storage disk
and a controller for processing the coordinating writing of the at least one audioivideo
stream received from the commuﬁicaﬁon channel to the data storage disk, and for
coordihating reading of the at least one audiolvide6 stream from the data storage disk,
the controller further providing stream linking in audio/video disk media by sending a
linked stream request with a number of a pﬁmar)" stream when additional reading or

writing locations in streams are desired, initiating a linked stream that is linked to the



primary stream, setting a pointer for the linked stream to the same location as a
pointer for the primary stream, and, during operation, processing the pointers for both
the finked stream and the primary stream.

in another embodiment of the present invention, an article of manufacture is
provided. The article of manufacture includes a program storage medium readable by
a computer, the medium tangibly embodying one or more programs of instructions
+ executable by the computer to perform a method for providing stream linking in
audio/video disk media, the method includes when addifional reading or writing
locations in streams are desired, sending a linked stream request with a number of a
primary stream, initiating a linked stream that is linked to the primary stream, settinga
poiﬁter for the linked stream to the same location as a pointer for the primary stream
and during operation, processing the pointers for both the linked stream and the
primary stream, .

These and various other advantages and features of novelty which characterize
the invention are pointed out with particularify in the claims anr'\exed hereto and form a°
part hereof, However, for a better understanding of the invention, its advantages, and
the objects obtained by its use, reference should be made 1o the drawings which form
a further part hereof, and to accompanying descr{pﬁve matter, in wi)ich there are
Nustrated and described specific examples of an apparatus in accordance with the

invention.
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BRIEF DESCRIPTION OF THE DRAWINGS .

heferring now to the drawings in which like reference numbers represent
corresponding parts throughout;

Fig. 1 illustrates a system block diagram of a novel intelligent set-top controf
éystem adapted for communicating with a remote multimedia server;

Fig. 2 is a plan view of a disk drive;

Fig. 3 lllustrates an AV stream according to the present invention;

Fig. 4 fllustrates relative addressing for the read and write AV stream commands
according to the present invention;

Fig. 5 flustrates a table of the AV stream set feafure functions;

Fig. 6 illustrates the disable AV stream mode subcommand;

Fig. 7 illustrates the enable read continuous mode subcornmand;

Fig. 8 illustrates the enable Time-based Read- Error Recovery Procedure Limitation
subcommand having code ODh;

Fig. 9 illustrates the enable Time-based Write Efror Recovery Procedure Limitation
. subcommand having code OEh;
Fig. 10 illustrates.the registers and the field DEV for indicating the selected device;
Fig. 11 illustrates the error outputs for the AV stream addresses;
Fig. 12 illustrates a table for the data format used for sefting the AV stream addresses
i ac;:ording to the present invention;
Fié. 13 illustrates the inputs for disabling the AV stream;
Fig. 14 illustrates the error outputs when disabling the AV stream;

Fig. 15 illustrates the inputs for reading the AV stream addresses;



.Fig. 16 fllustrates the normal outputs when reading the AV stream addresses;
Fig. 17 illustrates the error outputs when reading the AV stream addresses;
Fig. 18. illustrates the inputs for setting/reading AV pointers;
Fig. 19 is a table illustrating the read/write AV write pointer or AV read pointer;
* Fig. 20 fllustrates the normal outputs when setting/reading AV pointers;
Fig. 21 illustrates the error outputs when setting/reading AV pointers;;
Fig. 22 illustrates the read DMA AV stream command;
Fig. 23 illustrates the normal outputs when readying DMA AV stream commands; .
Fig. 24 illustrates the error outputs when readying DMA AV stream commands;
Fig. 25 illustrates the write DMA AV stream command;
Fig. 26 illustrates ihe normal outputs for the write DMA AV stream command;
Fig. 27 illustrates the emvor outputs for. the write DMA AV sfream cornmand; and
Fig. 28 illustrates a flow chart of a me?héd for providing stream linking in audio/ivideo

¥

disk media..
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DETA!-LED DESCRIPTION OF THE INVENTION

In the follovﬁng description of the exemplary embodiment, reference-is made to
the accompanying drawings which form a part hereof, and in which is shown by way of
illustration the specific embodiment in which the invention may be practiced. Itis to be
understood that other embodiments meay be utilized as structural changes may be
made without departing from the scope of the present invention,

The present invention provides @ method and apparatus for providing stream
linking in audio/video disk media. The present invention sets-up an audioNideo stream
on a disk drive, uses read am'i write commands for accessing contiguous data and,
given an established stream, establishes a linked stream by sending a linked stream
request with the number of a primary stream to the drive, The new stream inherits the
beginning and ending addresses of the primary stream. Passed pointer detection is
enabled for linked stream pointers passing primary stream pofnters

Referring now to Fig. 1, there is illustrated a system block diagram 100 of a novel
intelligent set-top control system 162 adapted for communicating with a remote
multimedia server 130 prefgrably of thé type described hereinabove. In'accordance
with one embodiment, a refatively low-cost set-top control system 162 configuration
includeé a moderate amount of local memory for receiving an au'diolvideo sfream
fransmitted from the multimedia server 150 over a communication channel 144. The
set-top control system 162 may include a set-top controlier 164 that communicates
with an input buffer 166, output buffer 172, and a decoder 174 to coordinate decoding
- of the received audio/video stream for presentation on a local monitor or television

1786.
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The set-top control system 162 includes a novel multimedia direct access storage
device (DASD) 168 adapted.to buffer aitdio/video streams representative of a portion
or all of a multimedia program received from a communication channel 144. An
important feature afforded a subscribing customer when eriploying a set-top control
system 162 in acpordance with this embodiment concerns the capability to effectuate
full local VCR-type control over the presentation of a portion of a selected multimedia
program on a real-time basis. Full VCR-type control over the presentation of the entire
multimedia program may also be realizable provided a sufficient amount of DASD 168
storage capacity is a'llocated for this puspose. The amount of available DASD 168
storage capacity generally impacts the degree to which a sqbscﬁbilig customer can
effectuate VCR-type control over the presentatilon of a selected multimedia program.

With further reference to Fig. 1, the set-top controller 164 of the set-top control system
162 preferably communicates with a remote multimedia server 130 over a '
communication channel 144, and coordinates the operation of the set-top control
system 162. Media-on-demand data is generally transmitted 'from'the multimedia
server 130 to the set-top control system 1 sé over the communication channel 1.44 ata
very high burst d?ta rate. The éet-top controller 164 preferably communicates with
other comp.onenm of the set-top control system 162 to coordinate the reception,
storage, and decoding of audiofvideo streams received from the multimedia server
130, and the presentation of the decoded audio/video sh';am ona subsoribipg
customer’s television 176. The set-top controller 164 preferably communicates cc;ntrol
signals to the multimedia server 130 over a server control line or channel 178 of the

communication channel 144 to Initiate transmission of, for example, a pay-per-view



muitimedia program. During the preséntaﬁon of-a multimedia program, for example,
the viewer may temporarily stop, reverse, or fast forward the presentation of a
program by communicating a pause command to tﬁe sef-top control system 162,
typically by use of an |R remote control handset 125.
Fig. 2 is a plan view of a disk drive 200. Disk drive 200 includes a disk pack 212,

which is mounted on a spindle motor (not shown) by a disk clamp 214. Disk pack 212,
in one preferred embodiment, includes a plurzlity of individual disks which are
mounted for co-rotation about a central axis 215. Each disk surface on which data is
stored has an associated hqad gimbal assemply (HGA) 216 which is mounted to at
least one actuator assembly 218 in disk drive 200. An actuator assembly as shown in
Fig. 2 is of the type known as a rotary moving coil actuator and includes a voice coil
motor (VCM) shown generally at 220. A voice coil motor 220 rotates an actuator
assembly 218 with its attached HGAs 216 about a pivot axis 221 to position HGAs 216
over desired data tracks on the associated disk surfgces, under the controf of
" electronic circuitry housed within disk drive 200. .

More specifically, én actuator assembly 218 pivots about axis 221 to rotate head
- gimbal assemblies 216 generally along .a_n arc 219 which causes each head gimbal
. assembly 216 to be positioned over a desired one of the tracks on the surfaces of
disks in disk pack 212. HGAs 216 can be moved from tracks lying on the innermost
radius, to tracks lying on the outermost radius of the disks. Each head gimbal
assembly 216 has a gimbal which resifiently supports a slider refative to a load beam

so that the slider can follow the topegraphy of the disk. fhe slider, in turn, includes a -
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transducer which is utilized for encoding flux reversals on, and reading fiux reversals
from, the surface of the disk over which itis flying.

As described above, digital audio and video data are typically linear strearns of
data. The ATA command set, (AT Attachment), a disk drive implementation that
integrates the controller on the'disk drive itself, is designed for random access to
blocks of data. The design of audio/video products which usé ATA hard disk drives
would be ;simpliﬁed by providing a stream oriented AV command system. This
requires commands for establishing, controlling, rea'ding|, and writing multiple AV
streams on ATA devices. In addition to stream management, controls for efror
recovety procedure time and cache management would be needed. Moreover, an AV
Stream Feature set for ATA interface Hard Disk Drives should include:

1. Astream oriented ReadANrite commands
AV Data is frequently accessed linearly with forward and
backward searching. The AV data access pattern should be
reflected in the commands used to'access AV data.

2. Independent Stream LBA support
AV devices require multiple simultaneous reading and writing
streams. ' .

3. Limited ime for retries for read / write errors

. Error Recovery Procedure time must be limited to prevent
buffer under-run. The time limit for ERP must be flexible as
different applications use different data rates and buffer sizes.

4, Suppression ECC errors during read (Read Continuous)
Some AV applications prefer contintious data transfer to time
consuming ERP.

5, Error Reporting for the Read Continuous operation
Even though uncorrected ECC error data is transferred
without ERP in Read Continuous the host may need to know if
uncorrected ECC data was passed. '

6. Error Reporting for Cached Write operations with Time-
Limited ERP. When write ERP is time limited the probability
that a cached write will not be successfully completed. Itis
important to have a mechanism to report cached write failures
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so the host system know some data previously written has
been lost. .

7. AV (8ingle) Write Cache (Cache Depth of one.)
A mode restricting the write cache to one command at a time
simplifies the problem of reporting cached write failures,

8. A fransfer size of greater than 256 sectors
The Big LBA proposal covers this need.

9. Variable Write Cache Segment Size and Multiple Segment
Read Cache Configuration for Multiple Streams
The number and type of AV streams should control cache
management.

The commands defined in the current ATA standard are designed to handie
data for computers which are used in Information Tecr'mology (iT) oriented
applications. Data integrity is the most important factor in IT applications. For
Audio/Video (AV) data, on the other hand, the data rate is also an important factor.
The data integrity of AV data may be Sacriﬁced to some extent to maintain the
required data rate. Fig. 3 illustrates an AV stream 300 according to the present
invention. AV appliclaﬁons use series of data In time per source: an AV Stream. An
interface that allows easy stream access is needed for AV applications. Based on AV
Stream data characteristics, two stream-oriented data access commands are
provided for users of AV applications, Read DMA'AV Stream and Write DMA AV
Stream.

The Set AV Stream Addresses comman;i sets up an AV Stream for reading and
writing. The starting 310 and ending 312 LBAs are passed In a single sector of data.
Each stream has two pointers, a Read AV Pointer and a Write AV Pointer 300. The

pointers point to the next sector to be read or written, respectively.
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The Read Pointer 320 and Write Pointer 330 are initialized to point to Stream
LBA 0 340. In Fig. 3, the pointers have been moved using the Set/Read AV Pointers
Command or the Read or Write DMA AV Stream Commands. Thus, up to 256
simultaneous overlapping streams may be defined. If during a read or write operation
a pointer is moved forward or backward past the other pointer, the Passed Pointer
Wharning bit is setin a étatus Register. This feature is used when playing and
| recording simuitaneously. Reversing or Fast Forwarding the play stream’s Read AV
Pointer 320 past the Write AV Pointer 330 would result in a sudden time jump. All
streams are disabled on hard reset, power on rese{, or Se¢t Features bisab}e AV
Stream Mode. '

Fig. 4 ilustrates relative addressing 400 for the read and write AV stream commands
a;:cor;ling to the present invention. The focation of the next read is based on the
location of the last read or write. The Pointers point to the next LBA after the last
operafion. To do continuous reads or writes the host need only specify the Iengtlh° and
a relative address of 0. The Wrap bit, set during the Set AV Stream Addresses
command, determines if the write or read pointer wrap around the at the ends of the
stream data area. In Fig. 4, a portion is set fo a starling point position 410, le.at LBA
1000. After.a seek-200 .420, the pointer wotild point to LBA 800. A read 200430 -
wollld set the pointer at LBA 1000 with a count relative-200 432, {f instead of seek
* 200, another read 200 was performed, the pointer would be LBA 1200 and pointer set
at count relative 0 440.

Multiple streams. may be assigned to the same drive LBA range. To facilitate multiple

play operation while recording in a single LBA range streams may be linked. A flinked
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stream is initialized to the primary streams LBA range and read pointer positions.
Linked streams do not have a Write AV pointer. Write DMA AV Stream commands to
a linked stream are aborted. The Passed Pointer Warning ig set when the Linked
streams .pointers pass the agsociated pointer in the primary stream.

For example, if stream 1 is initiated with drive LBA range 2000 to 2999, stream
2 is initiated as a stream linked to stream 1. Stream 2 is inifialized to LBA range 2000
to 2999, The Stream 2 Read AV Pointer is set to the ‘same locations as the Stream 1
Read AV poinier. If the Stream 2 Read AV Pointer passes the Stream 1 Write AV
Pointer a Passed Pointer Waming is set. Further, a stream may not be linked toa -
linked stream, Whén a linked stream’s primary stream is disabled all subsidiary linked
streams are-disabled.

Fig. 5 illustrates a table 500 of the AV stream set feature functions. Prior to AV
Stream operations the host enables the AV Stream features with Set Features
Command. Funcﬁ;ar;s. The table 500 includes the register values for each feature 510
.and a description for each feaﬁxr;a §520. Each feature 520 will be degcribed herein
below. The first function illustrated is the enable AV stream mode 530.

Fig. 6 illustrates the enable AV stream mode subcommand 600. The 8Bh
subcommand then disables the AV Stream mode in devices that implement AV
feature set (see 540 in Fig, 5). Subcommand code 0Bh 610 aliows the host to enable
Read Continuous mode in devices that implement Read Continuous function. In Read
Continuous mode uncorrected ECC errors are passed to the host. Uncorrected ECC
errors are reported at the end of the command if the ER bitis setto 1. Non ECC error

recovery behavior is controlled by, the Enable Time-base Read Error Recovery
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Procedure Limitation feature (discussed below). Read Continuous takes precedence
over the Time-base Read Error Recovery Procedure Limitation. When Read
. Continuous is enabled uncorrected read data is transferrgd without invoking ERP.

Fig. 7 illustrates the enable read continuous mode subcommand 700: Subcommand
code 0Ch 710 allows the host to enable Read Continuous mode. Subcommand code -
8Ch allows the host to disable Read Continuous mode m devices that implement Read
Continuous function (see 542 in Fig. 5). ER 720, bit 0, shall be set to one to report
uncorrected ECC errors at the end of command. Subcommand code 0Ch 710 allows
the host to enable Time-base Error Recovery Procedure Limitaﬁt;n for read
operations. The maximum time in milliseconds allocated for Error Recovery
Procedures par command is transferred in the Sector Count register.

Fig. & illustrates the enable Time-based Read Error Recovery Procedure Limitation
subcomimand 800 having code 0Dh 810. The cylinder low field 820 sets the least
sighificant byte of the maximum time allowed for Error Recovery Procedures 822, in
milliseconds per command. The cylinder high field 830 s;ets the most significant byte
of ﬂ;e maximum fime allov;ed for Error Recovery Procedures 832, in milliseconds per

command, Subcommand code 8Dh allows the host to disable Time-base Error
Recovery Procedure Limitation for read operaﬁbns (see 544 in Fig. 5}.

Fig. 9 llustrates the enaiale Time-based Write Error Recovery Procedure Limitation

subcommand 900 having code OEh 910, Subcommand code 0Eh 210 allows the host
' to enable Time-base Error Recovery Procedure Limitation for write operations. The '
maximum time in milliseconds allocated for Error Recovery Procedures per command

is transferred in the Sector Count register 912. Setting sector number 914 bit 0, ER
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9186, to one returns the deferred error information from previous cached write
commands during Time-base Write ERP Limitation at the end of write command. The
cylinder low register 920 is used to set the least significant byte of the maximum time
aflowed .fo.r Error Recovery Procedures 922, in milliseconds per command. The
cylinder high register 930 is used to set the most significant byte of the maximum time
allowed for Error Recovery Procedures 932, in milliseconds per comman&.
Subcommand code 8Eh allows the host to disable Time-base Error Recovery
Procedure Limitation for write operations (see 546 in Fig. 5).

Refening to Fig. 5, subcommand code 0Fh 550 and 8Fh 548 allow the host to enable
or disable AV Wiite Cache in devices that implement AV Write Cache function. AV
write caching enables deferred error reporting.. ‘The data from only one write
command is cached at a time. This allows deferred write error reporting. When
cached write data is not successfully written to the media, th_e error is reported at the
end of the next-write ct;mmand as a deferred error (See Wri;(e DMA AV Stream
command).

The AV Sfream |dentify data allows a host to determine if the AV Stream
Feature Setis supported, AV Stream configuration data is available after the AV
Stream Feature Set is enabled. . .

Bit 7 of word 83 indicates AV Stream feature set is supported and bit 7 of word 86

indicates AV Stream mode is enabled.

+ Bit 1 of word 94 indicates Time-base Read ERP Limitation is supported and bit 9
of word 94 indicates Time-base Read ERP Limitation is enabled,

‘e Bit2 of word 94 indicates Time-base Write ERP Limitation is supported and bit 10
of word 94 indicates Time-base Write ERP Limitation is enabled.



« Bit 3 of word 94 indicates AV Write Cache is supported and bit 10 of word 94
" indicates AV Write Cache is enabled.
Word 95 indicates the maximum number of AV Streams the device supports.
Word 96 indicates the number of AV Streams currentfy configured.
Word 97 indicates the maximum number of linked streams per primary stream.

The host shall set AV Stream Addresses for each AV Sfream prior to use. The
device/head register includes the field DEV which indicates the selected device. Fig.
10 illustrates the inputs 1000 for setting AV stream addresses including rggiéters 1010

and the field DEV 1020 for indicating the selected device.
- Fig.-11 illustrates the etror oinpuls 1100 for the AV stream addresses. Int Fig. 11,
ABRT is set to one if AV Stream mode is disabled or the LBA values specified in the
" AV Stream Addresses Data (Table 1) are ‘m\;aiid, or If the stream number is in use,

‘Fig. 12 illustrates a'table 1200 for the data format used for setting the AV stream
addresses according to the present invention. T_he Stream Number 1210 indicates the
stream initialized by this command. During simultapeous write and read from the
same area oh the disk several streams may interact. The link field 1244 indicates that
the stream being initialized is a subsidiary stream of stream Link Stream Number
1230. The Write AV Stream Pointer and Read AV Stream Pointer are inherited from
the Link Streamn. The starting 1240 and ending 1242 LBA fields are ignored when Lnk
1244 is set to one. The field Lnk 1244 is set to indicated the new stream is a
subsidiary stream linked to the stream Link Stream Number. The Starting LBA 1240
and Ending 1242 LBA are set to the Starting LBA and Ending LBA of stream Link
Stream Number 1230 and the values passed are ignored. When Wp 1250 (Wrap) is
setto one, the Read AV Pointer and AV Write AV Pointers wrap around. ‘



Command code F8h disables an AV stream enabled with Set AV Stream
Addresses. All streams linked to the specified stream are also disabled. Fig. 13
ilustrates the inputs for disabling the AV stream 1300. Fig. 14 fllustrates the error
otfputs 1400 when disabling the AV streams. ABRT 1410 is set to one if the AV
Stream mode is disabled or the stream specified in the AV Stream number is not
enabled.

Fig. 15 illustrates the inputs 1500 for reading the AV stream addrésses. Command .
code FCh 1510 allows the host to retrieve the address range of an AV stream when
the AV Stream mode is enabled. The AV Stream Number 1520 indicates which AV
Stream addresses are retumed. Th?s is valid only when AV Stream mode is enabled.
Fig. 16 illustrates the norimal outputs 1600 and Flg. 17 illustrates the error outputs
1700. Again ABRT 1710 is be set to one if AV Stream mode is disabled or if AV
Stream Number is not ;lalid. The LBA Addresses for the AV Stream indicated in the
features register is returned in the format described in the table illustrated in Fig. 12.

Fig. 18 ilustrates the inputs 1800 for setting/reading AV pointer'.s. The AV Stream
Number 1820 indicates which AV Stream is handled with command code C3h 1822.
This is valid only when the AV Stream mode is enabled. The sector coun.t 1824
contains the coded valué for the action required. Fig. 19 is a table 19800 illustrating the
AV write pointer 1908 or AV read pointer 1910. The value in the sector count 1920 -
indicates the action to be taken. \

Fig. 20 illustrates the normal outputs 2000 for the ‘setlread.AV pointers and Fig. 21
illustrates the error outputs 2100 for the setiread AV pointers. ABRT is set to one if

A\_l Stream mode is disabled or if AV Stream Number is not valid.



_ Fig. 22 illustrates the read DMA AV stream command 2200. Command Ceh 2210
allows the host to read AV Stream data without setling the start LBA using the DMA
data transfer profocol. The device reads data from the next LBA of the end LBA of
" the previous Read AV Stream command which hias the same AV Stream Number
2220 specified in Feature register. The device shall wrap around to the first LBA after
reading the last LBA of the AV Stream when the host reads the AV Stream data with
this command from a stream which was initialized with Wrap set to one. The AV
Stream Number 2220 indicates which AV Stream is handled with this command. This
is valid only when AV Stream mode is enabled. The LBA 2230, bit 6, is set fo one.
The Relative Address 2240 is the number of logical blocks to move the Read AV
Pointer prior to reading. The Relative Address is a two's complement positive or
negative number. Fig. 23 illustrates the normat outputs 2300 for the read DMA AV
stream. The PP bit 231 0, passed pointer, is set to one if the offset and count for the

' command result in the Read AV Pointer passing the Write AV Pointer, The Stream |
LBA address of the Wirite AV Pointer is returned on a PP status. Fig. 24 illustrates the
error outputs,

Fig. 25 illustrates the write DMA AV stream command. Command CFh 2510 allows
the host to write AV Stream data without setting the start LBA using the DMA data
transfer protocol, The device writes data from the next LBA of the end LBA of the
previous Write AV Stream command which has the sam'e. AV Stream Number 2520 -
specified in Feature register. The device shall wrap around to the first LBA after
writing the last LBA of the AV Stream when the host writes the AV Stream data with

this command to a stream which was initialized with Wrap set to ohe. The AV Stream
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Number indicates which AV Streém is accessed with this command. This is valid only
when AV Stream mode is enabied. The LBA 2530, bit 6, shall be set to one. The
Relative Address 2540 is the number of logical blocks to move the Write- AV Pointer
prior to reading. The Relative Address is a two’s complement positive or negative
number. Fig. 26 illustrates the normal outputs 2600 for the write DMA AV stream
command. The PP bit 2610, Passed Pointer, is set to on.e if the offset and count for
the command result in the Write AV Pointer passing the Read AV Pointer. The
Stream LBA address of the Read AV Pointer is returned on a PP status. Fig. 27'
illustrates the error outputs 2700 for the write DMA AV stream command. DFER 2710
is setto one if unsuccessful completion of write operation of the cached previous
command has occurred.

Fig. 28 ilustrates a flow chaﬁ 2800 of a method for providing stream linking in
audiofvideo disk media. In Fig. 28, a determination is made as to whether additional
{eading or writing locations in streams are needed 2810, If not 2812, the stream is
handled with normal pointer processing 2814. If yes 2820, a linked stream request is
sent with a number of a primary stream 2830. The new stream is initiated as a stream
linked to the primary stream with a beginning and ending address inherited from the
ptimary stream 2840, As described above, a first stream Is initiated, for example, with
drive LBA range 2000 to 2999. A second stream is iniiated as a linked stream, i.e.,
linked fo the first stream. The second stream is initialized with the same LBA range
2000 to 2999. Then, a read audio/video pointer is set to the same location as the read
audio/video pointer of the primary stream 2850. During operation, the pointers for

both the linked stream and the primary stream are processed 2860. if the second
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stream read AV pointer passes the first streams write AV Pointer, then a passed
pointer warning is set. A stream may not be linked to a linked stream. Linked streams
are disabled when the primary stream is disabled 2870.

The process illustrated with reference to Fig. 28 may be téngibly embodied in a
computer-readable medium or carrier, e.g. one or more of the fixed and/or removable
data storage devices 168 fllustrated in Fig. 1, or other data storage or data
commuhications devices. The computer program 190 may be loaded into the
memory 192 or into the storage device 168 to configure tﬁe controller 167 of Fig. 1, for
execution. The computer program 190 comprise instructions whi(:h, when read and
executed by the controller 167 of Fig. 11 , causes the storage de;zice 168 to perform the
steps necessary to execute the steps or elements of the present invention.

* The foregoing descnphon of the exemplary embodiment of the invention has been
presented for the purposes of 1llustrahon and descnptuon It Is not intended to be
exhausﬁve o to limit the mventlon to the precise form dlsclosed Many modifications
.ahd variations are possible in light of the above teaching. 1t is intended that the scope
of the invention be timited not with this detailed description, but rather by the clalms

" appended hereto.
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WHAT (S CLAIMED IS:
1. A method for providing stream linking in audio/video disk medja,
comprising:

when additional reading or writing locations in streams are desired, sending a
linked sfream request with a number of a primary stream;

initiating a linked stream that is linked to the primary stream;

setting a pointer for the linked siream to the same location as a pointer for the
primary stream;, and .

during operation, processing the pointers for both the linked stredm and the
primary stream.

2. The method of claim 1 wherein the setting of a pointer for the linked
stream to the same location as a pointer for the primary stream further comprises
setting a read audiofvideo pointef for the linked stream to the same locat-ion as the
read audiofvideo pointer of the prima& stream. _

3. The method of claim 1 wherein the linked stream inherits a beginning
and ending address from the primary strea}n.

4. . The method of claim 1 wherein the linked stream and the primary
stream each include a read audio/video pointer and a write audio/video pointer.

5. The method of claim 4 wherein a'passed pointer warning is' set when the
linked stream read AV pointer passes the primary stream write AV pointer.

6. The method of claim 1 wherein a sfream may not be linked to a linked

stream.
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7.  The method of claim 1 wherein the linked stream is disabled when the
pfimary stream is disabled.

8. The method of claim 1 wherein the linked stream and the primary
stream may be read and written to simultaneously.

8. The method of claim 1 wherein the linked stream and the primary
siream ea.ch include a read audioivideo pointer and a write audio/video pointer.

10.  The method of claim 9 wherein the read audioNvideo pointer points to the
next sector to read from and the write audio/video pointer points to the next sector to
write to. |

11.  The method of claim 1 further including moving the pointers with a

command.
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12.  Aremote mulfimedia server, comprising:

a mags storage librasy for storing a plurality of mukimedia programs each
segment;ad into at least one audio/video stream;

transmission means for transmitting the at least one audio/video stream to a
communicaﬁon channel; and

a local media control system, comprising:

a direct access storage device including at least one data storage disk;
and

a controller for processing the coordinating writing of the at least one
audio/video stream received from the communicatiort channel io the data storage disk,
and for coordinating reading of the atleast one aﬁdiolvidéo stream from the. data
storage disk, the controller providing stréam lini(ing in audio/video disk m;.-dia by
sending a linked stream request Yvith a humnber of a primary stream when additional
reading or writing locations in streams are desired, ini_ﬁaﬁng a linked stream that is
linked to the primary stream, setting a pointer for the' linked stream to the same
location as a pointer for the primary stream, and, during operation, processing the
pointers for both the linked stream and the primary stream.

13.  The remote multimedia server of claim 12 wherein the setting of a
pointer for the linl;ed stream to the same location as a pointer for the primary stream
further comprises setting a read audio/video pointer for the linked stream to the same
location as the read audioivideo pointer of the primary stream.

14.  The remote multimedia server of claim 12 wherein the linked stream

inhetits a beginning and ending address from the primary stream.
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15.  The remote muftimedia setver of claim 12 wherein the linked stream and
the primary stream each include a read audio/video pointer and a write audio/video
pointer.

18. The remote multimedia server of claim 15 wherein a passed pointer
waming is set when the linked stream reati AV pointer passes the primary stream
write AV pointer.

17.  The remote multimedia server of claim 12 wherein a stream may not be
finked to a finked stream.

18.  The remote multimedia server of claim 12 wherein the linked stream is
disabled when the primary -stream Is disabled.

19. T'he re'mote multimedia server of claim 12 wherein the linked stream and
the primary stream may be read and written to simultaneously.

‘ 20. The remote multimedia setver of claim 12 wherein the linked stream and
the pﬁmar}; stream each include a read audio/video pointer and a write audio/video
pointer. .

21. The remofe multimedia server of claim 20 wherein the read audiofvideo
pointer points to the next sector to read from and the write audio/video pointer points
1o the riext sector to write to.

22,  The remote multimedia server of claim 12 further including moving the

pointers with a command.
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23. A direct access storage device, comprising:

at least one data storage disk; and

a controller for processing the coordinating writing of the at least one
audioivideo stream received from the communication channel to the data storage disk,
and for coordinating reading of the at least one audiovideo stream from the data
storage disk, the controller further providing stream linking in audio/video disk media
by sending a linked sireaim request with a number of a primary stream wher; additional
reading or writing locations in streams are desired, initiating a linked stream that is
linked to the pti'mary stream, setting a pointer for the linked strearq to the same
location as a pointer for the primary stream, and, during t;peration. processing the
pointers for both the linked stream-and the primary stream.

24. The directaccess storage device of ciaim 23 wherein the setiing of a
pointer for the linked stream to the same location as a pointer for the pfimary stream
further comprises. setting a read audiofvideo pointer for the linked stream to the same
location as the read audioivideo pointer of the primary stream.

25. The direct access storage device of claim 23 wherein the linked stream
inhetits a beginning and ending address from the primar‘y stream.

26. The direct access storage device of claim 23 wherein the linked stream
and the primat.y stream each include a read audiovideo pointer and a write
audio/video pointer, ' '

27. ‘The direct access storage device of claim 26 wherein a passed pointér
waming is set when the linked stream read AV poinfer passes the primary stream

write, AV pointer.
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28. The direct access storage device of claim 23 wherein a stream may not
be linked to a linked stream,

29. The direct access storage device of claim 23 wherein the linked stream
is disabled when the primary stream is disabled, |

30. The direct access storage device of claim 23 wherein the linked stream
and the primary.stream may be read and written to simultaneously.

31. The direct access storage device of claim 23 wherein the linked stream
and the primary stream each include a read audiolvidgo pointer and a write
audio/video pointer.

32.  The direct access storage device of claim 31 wherein the read
audio/video pointer points to the next sector to read from and the write audio/video
pointer points to the next sector to write to.

33. The direct access storage device of claim 23 ﬂlrlﬂ\e'r'inciuéing moving

the pointers with a command.
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34. Anarticle of manufacture comprising a program storage medium
readable by a computer, the medium tangibly embodying one or more programs of
instructions executable by the computer to perform a method for providing stream
finking in audioivideo disk media, the method comprising:

. when additional reading or writing locations In streams are desired, sending a
linked stream request with a numbelj of a primary stream,

initiating a finked stream that Is linked to the prima'ry stream;

setﬁng a pointer for the linked stream to the same location as a pointe;' for the
primary stream; and ‘ :

during operation, processing the polnters for both the linked stream and the
pﬁmary stream.

35. The article of manufacture of claim 34 wherein the-setting of a pointer

for:the linked stream to the same location as a pointer for the primary stream further

comprises setting a read audioivideo po}n'ter for the linked stream to the same location

as the read auwdio/video pointer of the primary stream.
36. The article of manufac_mre of claim 34 whereln the linked stream Inherits
a beginning and ending address from i_l.)e primary stream.

a7, The article of manufacture of claim 34 whereln the linked stream and the

primary stream each Include a read audioivideo pointer and a write audioVideo
pointer.

38. The article of manufactdre of claim 37 wherein a passed pointer waming
is set when the linked stream read AV pointer passes the primary stream write AV '

pointer,

[P Sy S
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39.  The arlicle of manufacture of claim 34 wherein a stream may not be
linked to @ linked stream.

40. The #ticle of manufacture of claim 34 wherein the linked stream is
disabled when the primary stream is disabled.

41.  The arficle of manufacture of claim 34 whereln the linked stream and the
primary stream may be read and written to slmulhneously

42. The article of manufacture of clalm 34 whereln the linked stream and the
prfmary stream each include a read audio/video pointer and a write audio/video
pointer. |

43.  The article of manufacture of claim 42 wherein the read audio/video
pointer points to the next secior to read from and the write audioMdeo pointer points
to the next sector to write to. |

} .'44., The arficle of manufacture of claim 34 further including moving the

pointers with a command.




