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The present invention relates to a data processing system and in particular, but not

. exclusively, to an improved data processing system for transmitting video information.

Still more particularly, the present invention relates to an improved video storage
architecture for ti'ansmitting and manipulating multipie video data streams.

With the advance of new compression technologies, the storing of video, audio, and
user-data into disk storage devices has become feasible. In addition, improvements in data
transmission technologies provide sufficient bandwidth for multimedia traffic. As aresult,
applications such as video—on—demand (VOD), video editing, interactive games, home
shopping, and other multimedia applications have been developed. Video—on-demand
services may include, for example, movies, sporting events, textural information,

educational programs, and arts programs.

A "multimedia application” is an application that uses different forms of
communication as one application. For example, information can be displayed ona data
processing system using voice, text, and video simultaneously. A multimedia data
processing system allows text, graphics, and audio to be displayed simultaneously. These
types of multimedia applications are referred to collectively as "video", and it should be
understood that a video generally includes both video and audio portions, although, in.
some instances, a video may only include an image portion as in textual information, or

only in audio portion, for example music.

Typically consumers, also called "users”, want videos of their choice to be
available to them at times and locations convenient to them. It would be an advantageous
if the videos could be delivered by any transmission medium, such as commercial
telephone, cable, and satellite networks. The videos should be Eompatible with readily

available display systems, such as NTSC standard televisions or personal computers.

Furthermore, real-time interactive control of the VOD similar to video cassette
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recorder (VCR) type commands that are presently available VCRs provide is a particular
requirement. These types of commands are called "virtual VCR commands" — fast
forwarding, pausing, or replaying portions of the video at will. Furthermore, video in the
form of home shopping and video games require a much higher level of interaction and
control between the video and the consumer than a video in the form of a movie. In
addition, the data processing system used to provide video services should be séalable at
a reasonable cost to maximize the availability of the service to large populations of

consmmers.

Such applications demand a coﬁvergence of video, computing, and
telecommunication technologies to meet demands of consumers. The convergence of these
technologies necessary to meet the control and delivery of video, renders obsolete the
standard architectures employed in both the computing and telephony industri;s. For
example, video server 10 in Fig. 1 illustrates a conventional data processing system
architecture employed to deliver video to consumers. Video server 10 includes a system
bus 12 connected to a processor 14 and a memory 16. Video server 10 also includes disk
arrays 18. Disk arrayé 18 are connected to disk array controllers 20, which are in turn
connected to system bus 12 via host adapters (HA) 22. Additionally, video server ld
contains network adapters (INA) 24, each having two connections, one connection to
system bus 12 and another connection to a communications network (not shown). Disk
arrays 18 contain compressed video data containing videos. Videos located on disk arrays
18 are sent to consumers located across a network by moving the video data from disk |
arrays 18 to system bus 12. From this location, the video data is moved to the network via
network adapters 24. Multiple streams of video data also called "video data streams" are

sent to consumners across the network from video server 10.

As the number of consumers requesting videos on the communications network
increase, the amount of video storage needed increases, as does the amount of traffic on
system bus 12, resulting from the movement of video daia to system bus 12 and then to the
communications network. In effect, a mismatch can occur in the connection of computer

hardware and software to the communications network. System bus 12 in video server
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becomes a bottle neck for the transfer of video data from disk arrays 18 to the
communications network. In addition to increased amounts of video data being
transferred, the amount of traffic increases on system bus 12 because of commands
received from various consumers. In particular, commands requésting new videos and’
commands representing VCR-like commands, also called "virtual VCR commands", for

controlling the videos are received by video server 10 and processed by processor 14.

To improve the performance of video server 10, current computer technology
requires implementation of high performance hardware with corresponding high cost.
Typically, very high performance internal input/output (I/O)' system buses are required to
carry video traffic in video server 10 for any signiﬂcant number of users. In addition, most

very high perfomiance system buses are vender unique and expensive. For a small number
of users, the cost per video stream containing a video is not feasible.

~ The present invention seeks to provide a data processing system, and in particular

a video data processing system, having advantages over known such systenis.

According to one aspect of the present invention there is provided apparatus for
processing video data comprising storage means containing video data stored as a digital
video file, system connection means, arranged for providing a connection to a data
processing system, network connection means providing a connection to a communications
network, and transfer means for transferring the digital video file from the storage means

to the communications network using the network connection means.

According to another aspect of the present- invention there is provided a data
storage apparatus arranged for storing and transferring data to a user system on 2
communications network and comprising a bué, system connection means connected to the
bus and arranged to provide a connection to a data processing system, network connection
means connected to the bus and arranged to provide a connection to the communications
network, buffer means having a first connection to the bus and a second connection to the

network connection, storage means having a connection to the bus, wherein the storage

-
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" means contains the data, and a processor including a first processor means arranged for

transferring data from the storage means to the buffer means, a second processor means
for transferring data from the buffer means to the network connection means, and a third
processor means for transferring data from the network connection to the user system on

the communications network.

According to yet another aspect of the present invention there is provided a data

~ processing system comprising video server means, a communication bus, and storage

means including, a storage device containing a data file, a network connection to a
communications network, a connection to the communication bus, and transfer means for
transferring the data file from the storage device to the communications network by way

of the network connection.

According to a further aspect of the present invention there is provided a distributed

data processing system comprising a communications network, a plurality of user systems

connected to the communications network, video server means connected the
conimunicat_ions network, and video storage means connected to the video server, the
video storage unit including a bus, first network connection means connected to the bus
and arranged to provide a connection to the video server means, second network
connection means éonnccted to the bus and arranged to provide a connection to the
communications network, buffer means having a first connection to the bus and a second
connection to the second network connection, a storage device connected tc the bus,
wherein the storage device contains data representing a video, and a video storage unit
processor including a first processor means for transfemring data from the storage device
to the bus, a second processor means for transferring data from the buffer means to the
second network connection and a third processor means for transferring data from the

second network connection to the user system on the communications network.

According to still a further aspect of the present invention there is provided a data -
processing system comprising a computer including, a processor, 2 memory, a storage

device, and a system bus connected to the processor, the memory, and the storage device,

This Sheet Has Been Rcilaced
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and a data storage unit including a second storage device in which data can be stored, a
network connection directly connected to a communications network, a connection to the
system bus, and transfer means for transferring the data from the second storage device to

the communications network by way of the network connection. ’

The invention is therefore advantageous in providing an improved method and

apparatus for delivering videos to users that overcomes the problems described above.

In addition, the present invention can include means for receiving commands from
the network. These commands can be processed in the apparatus and may be used to .

control the video and the manner in which it is transferred from the storage device to the

_ communications network.

In particular, data representing the video may be transferred from the storage device |
to the network connection by transferring the data from the storage device to a bus
connected to the storage device and then from the bus to a buffer connected to the bus.
The buffer can also includes a connection to the network connection, and data is
transferred directly from the buffer to the network connection.

The invention is described further ‘hereinafter, by way of example only, with

reference to the accompanying drawings in which:

Fig. 2 is a data processing system embodying the present invention ahd for
providing video; '

Fig. 3 is a diagram of a video server according to an embodiment of the present
invention;

Fig. 4 is a block diagram of the architectural arrangement for a video storage unit
according to an embodiment of the present invention;

Fig. 5 is a block diagram of functional components in a video storage unit
according to an embodiment of the present invention; and

Fig. 6 is a diagram illustrating pacing of data in such a video storage unit.
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With reference to Fig. 2, a distributed data processing system 50 for providing
video is depicted in accordance with a preferred embodiment of the present invention.
Distributed data processing system 50 includes one or more data processing systems 52,
user systems 54 distributed over a large geographical area, and a communications network
56. Generally, videos are transferred from data processing system 52 to user systems 54
over communications network 56. In addition, videos may be transferred between data

processing systems 52.

The physical medium ezﬁployed in communications network 56 for communicating
befween data processing system 52 and ﬁser system 54 can be, for example, a twisted pair
of wires, a coaxial cable, a fibre optic cable, a microwave link, or a satellite link. The
continuous physical path .used for communicating is called a "circuit”. The circuit inciudes
a relatively small bandwidth "bi-directional” channel for communicating control signals
and a relatively large bandwidth "downstream" channel for communicating video data.
This circuit may include additional channels, for example, a medium bandwidth channel

 allocated for two—way communications such as telephone service may be employed.

In the depicted example, distributed data processing system 50 is a broadband
communications system including Synchronized Optical Network (SONET),
Asynchronous Transfer Mode (ATM), and Intelligent Networks (IN). Services available
across distributed data processing system 50 may include home shopping, video games,
and VOD. In addition to these, numerous other mulimedia applications may be provided
by broadband communications in distributed data processing system S0.

To support audio and video, video servers in distributed data processing system 50

‘must support vast amounts of data. For example, 10 minutes of uncompressed full motion

video typically consumes 10 or 11 gigabytes of memory. Presently available compression
standards, such as Joint Photogr_aphic Experts Group (JPEG) and Motion Picture Experts
Group (MPEG) are employed to compress data. More information on communication
networks involving broadband communications networks and architecture along with data
transfer standards can be found in KXumar, Broadband Communications: A Professional’s
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Guide To ATM, Frame Relay, SMDS, SONET, and BISDN, McGraw-Hill, Inc. (1995).

User systems 54 comprise an interface/controller box connected to the network and
a viewing device such as a monitor or a television in the depicted ex'ample. Alternatively,

the configuration of user systems 54 may be work stations.

With reference now to Fig. 3, a diagram of a data processing system is illustrated
according to the present invention. Data processing system 52 includes a video server 100
that contains a system bus 102, interconnecting a number of components. In particular,
processor 104, memory 106, and storage device 108 are in communication with each other
via system bus 102 inside video server 100. Programs supporting system and network
management are executed by processor 104. While any appropriate processor can be used
for processor 104, the Pentium microprocessor, which is sold by Intel Corporation, and the
PowerPC 620, available from International Business Machines Corporation and Motorola,
Inc., are examples of suitable processors. "Pentium" is a trademark of the Intel
Corporation and "PowerPC" is a trademark of International Business Machines
Corporation. Additionally, business support databases may be found on storage device
108. These databases are employed to track incoming requests for videos and statistical
data, such as peak request times for videos, frequency of requests for videos, and
identification of users requesting videos. Video server 100 is connected to a

communications bus 110, such as ethernet.

Specifically, videé server 100 may be impiemented using any suitable computer,
such as the IBM PS/2 or an IBM RISC SYSTEM/6000 computer, both products of
International Business Machines Corporation, located in Armonk, Ne\# York. "RISC
SYSTEM/6000" is a trademark of International Business Machines Corporation.

Additionally, video storage units 112 are connected to communications bus 110.

According to this embodiment of the present invention, video sforage units 112
provide a solution to the problem of video/multimedia storage and I/O associated with

transferring large amounts of data from storage onto a communications network.
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Additionally, video storage units 112 improve access time to video along with continuous
isochronous delive1:y of video while providing interactive control to users connected to
communications network 56. Video storage unit 112 provides video to consumers at user
systems 54 in distributed data processing system 50 by directly ti'ansferring data from
video storage unit 112 to communications network 56, avoiding the bottle necks and slow -

downs associated with transferring dafa- on system bus 102 in video server 100,

Video storage unit 112 also is configured to match the content capacity/network
bandwidth and provides the needed capacity in bandwidth from small to very large server
applications. Additionally, video storage units 112 are each capable of delivering a
number of video data streams simultaneously and capable of delivering a number of video
data streams from a single stored copy of a video just-in-time to users connected to
commuinications network 56. Video storage units 112 contain a combination of high level
interface command structure, video stream control, video file management control
functions, and a broadband or LAN network connection. Further, the distributed

‘connection of video storage units 112 on communications bus 110 allows for additional

video storage units to be added to scale the performance capacity of data processing system
52 based on the demands on data processing system 52.

Turning now to Fig. 4, a block diagram of the architectural arrangement for a video
storage unit is illustrated. As can be seen in this figure, video storage unit 112 contains a.
network connection 150, a processor 152, a parity protected storage 154, a video data
buffer 156, and a network connection 158. All of these components are connected to each
other by bus 160. Network connections 150 and 158, also called "network adapters", are
connection mechanisms that connect video storage unit 112 to communications bus 110
and communications network 56. Disk drives 162 are arranged to provide parity protected
storage 154.

Bus 160 may be implemented using any type of bus that provides bandwidth that
is matched to the capabilities of disk drives 162 and to the networks connected to video
storage unit 112 through network connections 150 and 158. In the depicted example, bus
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160 is a Peripheral Component Interconnect (PCI) bus. Network connection 150 provides

a connection to communications bus 110 in Fig. 3.

Next, network conmection 150 provides an interface to receive high level

corﬁmands from communications bus 110. Although the depicted example shows network

connection 150 being connected to communications bus 110, network connection 150 or
some other type of connector xﬁay be connected to a data processing system, such as video
server 100, using other connection mechanisms. For example, a PCI bus, an RS 232
interface, or a SCSI system may be utilized according to the present iﬁvention. The
requirement for a connection mechanism employed to connect network connection 150 or
some other type of connector to video server 100 is that the connection mechanism must
support the transfer of commands between the video server 100, and video storage unit
112. Commands received by network connection 150 are processed by processor 152.
Processor 152 provides the intelligence for video storage unit 112. For example,
processor 152 executes data stream management, video file management, video driver,
RAID/data striping algorithms and network connection software for attachment to a
communications network at network connection 158. The communications network is
typically a broadband network such as ATM SONET. Processor 152 may be implemented
using a variety of presently avaiiable low cost processors. In particular, a Pentium
processor from Intel Corporation may be employed for providing the intelligence to video

storage unit 112.

Parity protected storage 154 contains the circuitry necessary to provide redundant

. disk operations for data availability in the event of a disk failuré. In addition, parity

protected storage 154 also provides data striping over muitiple disk drives for increased
bandwidth and controls movement of data from disk drives 162 to bus 160 in preparation
for moving video data to the communications network. Parity protect storage 154 may be
implemented using presently available systems that provide for drive correction in the

event of disk failure.

Video data buffer 156 is used to receive data from disk drives 162 placed onto bus
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160 by parity protect storage 154. The video data is transferred directly to network
connection 158 for transmission to communications network 56 in a just-in-time mode of
delivery to user systems 54. Video data buffer 156 also receives data that is to be sent to
disk drives 162. Video data buffer 156 may be implemented in a number of ways presently
known to those of ordinary skill in the art. In the depicted example, the hardware used for
video data buffer 156 is selected such that it can handle data streams of 3 megabyte p&
second transfer rate and up to 100 of these data streams. Video data buffer 156 can be
organized in a number of different ways known to those of ordinary skill in the art. For
example, a rotating buffer or FIFO scheme may be employed. Network connection 158
is connected to the commurﬁcations network 56, breferably a broadband network
employing ATM. According to the present invention, network connection 158 may be

connected to multiple channels leading to communications network 56.

Network connection 158 controls the flow of video data from video data buffer 156
to communications network 56. Additionally, network connection 158 formats the data
in a network compatible format. In the depicted example, the format is an ATM cell
format. Additionally, network connection 158 allows for isochronous data delivery of

video and audio data.

Furthermore, network connection 158 also may receive high level commands from
user systems 54 attached to communications network 56. Thus, although separate physical
connéctions are depicted by network connections 150 and 158, these two connections may
be viewed asa single logical connection and perform the same function. In other words,
network connections 150 and 158 maj both provide for control and video data delivery.
More information on ATM networks can be found in Goralski, /ntroduction to ATM
Networking, McGraw-Hill, Inc. (1995).

Turning now to Fig. 5, a block diagram of functional components in the video
storage unit is illustrated. The software components my be implemented in processor 152 _

_in Fig. 4 according to the present invention. Video data for video, such as, for example,

a movie, is stored on video storage unit 112 as an MPEG file. An MPEG file for a video
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that is a full length movie requires a number of gigabytes of storage on the disk drives in
video storage unit 112. Commands for video playback, virtual VCR commands, and video
storage unit management functions are sent to the video storage unit 112 either through the
video storage unit’s 112 connection to the communications network or through the video
storage unit’s 112 connection to communications bus 110 which connects video storage

unit 112 to video server 100.

Video command handler 200 receives and parses these commands. Depending on
the command received, video command handler 200 either performs the command itself
or dispatches it to other task components. Video command handler 200 dispatches
commands through message queues 190 and 192 and by making direct calls. When video
command handler 200 receives a result in response to a dispatched command, the result
is formatted in the form of a response message and sent to the system originating the
command. | '

Video stream manager 202 is responsible for issuing read requests to video file
system 204. These requests are made in response to ;/irtual 'VCR commands for starting,
stopping, pausing, and resuming video streams passed from video command handler 200
to video stream manager 202. Video stream manager 202 issues read requests to video file
system 204 to maintain a continuous flow of data for each active video stream. This
component manages the pacing of file read requests for all active video streams. The

pacing of video streams is explained in more detail below.

Video stream manager 202 may be pacing multiple video streams, e.g. 100 video
streams. Additionaily, two or more user systems may be requesting the same video. As
a result, multiple video streams may be reading data from the same video file. For
example, one user system may be receiving data at the end of a video, while another user

system is receiving data at the beginning of the same video.

Consequently, video stream manager 202 may be playing muitiple -streams from

the same video, and hence may be making request for different sections from the same .
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ATM protocol stack 206 manages the establishment and tear down of ATM

network connections between the video storage unit 112 and the user terminals 54.

Video file system 204 implements a file system for digitized video files. Video file
system 204 maps requests to read or write data from a video file into request to read of
write specific blocks of data on a (virtual) disk.

Video file system 204 is responsible for storing information about each video in the
video storage unit and for keeping information about the location and current status of
videos. Addiﬁonaﬂy, video file system 204 also tracks where each active video is
currently playing. .

Video driver 208 provides an interface between video file system 204 and RAID
engine 210, which includes, virtual disk driver 210a and destination driver 210b. This
layering of combonents: video driver 208 and RAID engine 210 allows replacement of
these éomponents with other video drivers or RAID engines. .Video driver 208 is
responsible for vidéo command execution, requesting the actual disk I/O from RAID
engine 210, and for passing data read (for: read requests) to ATM.driver 212. Video
command execution involves maintaining controiler, logical unit, and command contacts
information, and based on that delivering commands to RAID engine 210. In addition, this
type of command execution also involves notifying the video application of a buffer full
condition and holding commands until RAID engine 210 is able to accept commands

again.

Next, ATM driver 212 controls ATM hardware (i.e., network connection 158 in
Fig. 4) that executes commands and packetizes data into ATM cell format. ATM driver
212 takes completed RAID engine requests and indicates that requested dataon disk drives

'214 have been transferred to video buffer 216 and are ready for transmission to the

communications network by ATM hardware 218. Disk drives 214 correspond to disk
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drives 162 in Fig. 3 while buffer 216 corresponds to video data buffer 156 in Fig. 3. ATM
hardware 218 is an adapter that can be implemented for network connection 158 to connect
video storage unit 112 to the communications network 56.

Still with reference to Fig. 5, a description of the data flow involved in processing
a play command is described below. Other virtual VCR commands follow a similar data
flow in Fig. 5, but alter the rate at which data is transferred from ATM hardware 218 to
communications network 56. For example, a pause command would stop playing the
video while a scan forward command would send video data forward by jumping over

video sections.

In response to a command to play a video from a user system, video command
handler 200 makes a call to video file system 204 to open the file for the video. In

-response to this call, video file system 204 opens the file and returns a file descriptor to

video command handler 200. Then, video command handler 200 updates its
connection/file handle association table using the file descriptor. Video command handler
200 also sends a request to ATM protocol stack 206 to establish a connection to the user
system requestiné the video through queue 190. Such a call may require an asynchronous
call to obtain the result of the test. Video command handler 200 then sends a play request
to video stream manager 202 by placing the play request on queue 192. Video stream
manager 202 pulls the play request off the request queue and sets up internal data
structures to process the play request. Thereafter, video stream manager 202 issues a read
request to video object manager 204, According to the present invention, video stream
manager 202 actually issues two read requests. The read requests are double buffered to
video file system 204 to keep data flowing efficiently.

In response to the read request from video stream manager 202, video file system
204 allocates a video operation structure and initializes it for ﬁe current play request from
video stream manager 202. Video driver 208 is directly called by video file system 204

using the allocated video operation data structure as input.

In response to receiving thé read request for video data, video driver 208 makes an
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I/O call to virmal disk driver 210a in RAID engine 210. Virtual disk driver 210a processes
the I/0 call received from video driver 208. Data is transferred to buffer 216 'frorp disk
drives 214 in response to the I/O call processed by virtual disk driver 210a. After the
requested video data is placed into buffer 216, RAID engine 210 returns information
identifying the location of video data in buffer 216 to video driver 208. In response, video
driver 208 takes the data buffer list from virtual disk driver 210a in RAID engine 210 and
transforms the parameter list into a format useable by ATM driver 212. Video driver 208
initiates a data transfer to the ATM network by calling ATM driver 212 and passing the
transformed parameter list identifying the video data and the buffer to be transferred.

In response to being called by video driver 208, ATM driver 212 formats and sends
the video data out from ATM hardware 218 to the communications network. After the
video data has been transferred to the ATM network, ATM driver 212 calls video driver
208 to indicate that ATM driver 212 has completed transferring video data to the
communications network. At that time, video driver 208 cleans up data structures used for
the transfer of video data by the ATM hardware. Video driver 208 also provides virtual
disk driver 210a an indication that the data transfer has been completed. In response,
virtual disk driver 210a cleans up the I/O request by freeing up cache memory blocks
employed to process the I/O request. Video driver 208 sends an I/O done event back to
queue 192 of video stream manager 202.

In response to receiving an I/0 done notification in queue 192, a determination is _
made as to whether the video is finished playing. If the video is not finished, video stream
manager 202 issues another read request to video file system 204. If the video has finished
playing, video stream manager 202 places an I/O done event on the request queue of video
command handler 200. As a result, video command handler 200 notifies the requesting
user system that the video has finished.

At the end of a video, an end—of-file error is sent back to video stream manager
202, which results in the video stream manager setting a command complete flag and

returning the operation to video command handler 200 for disposition.
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The video storage unit of the preéent invgntioﬁ also mﬁy be eniployed in writing
data (i.e., 2 new movie) to the disk drives contained in the video storage unit. For writing
video data, incoming data is typically entering the video storage unit at the control network
connector attached to the ethernet. Video command handler 200 receives a write command
to be processéd, resulting in a video operation data structure beihg created and other
command handler data structures being updated to process the write request. Video
command handler 200 calls video file system 204 to open the file for the video. Video file
system 204 opens the requested file. '

Afterwards, video command handler 200 issues a write request to video file system
204. Video file system 204 is responsible for storing the video data. In response to
receiving the write request, video file system 204 allocates a video operation data structure
and initializes it for the current write request. Thereafter, video driver 208 is called
dire;ﬂy using the allocated video operation structure as an input. Video file system 204
is responsible for storing information about each video in the video storage unit and

keeping information about the video's location and a current status.

Thereafter, video driver 208 makes an /O call to virtual disk driver 210a in RAID
engine 210. Vlrtual disk driver 210a is responsible for filling data structures to perform
the I/0 request. Virtual disk driver 210a pfocesses ‘the write request and sets up buffers
in video buffer 216 for receiving video data. When the data buffers are ready, virtual disk
driver 210a initiates a transfer of data from video buffer 216 into disk drives 214. This
process continues until the data transfer is complete. An ethernet interface known to those
skilled in the art is employed. Typically, the ethernet interface will obtain the video data
from the ethernet, perform any necessary data translation or formatting, and place it into
the buffer chain.

After the data transfer is complete, an indication of the completion is sent to video
driver 208. This indication is relayed to video file system 204, which informs virtual disk
driver 210a that the transfer has taken place.
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Afterward, video driver 208 cleans up data structures used for the write request and
calls virtual disk driver 210a to free up cache blocks used for I/0.

Thereafter, video command handler 200 formats the done notification for the host
application requesting the write and sends the notification over the ethernet.

With reference now to Fig. 6, a diagram illustrating pacing of data in a video
storage unit is depicted. Maintaining continuous transmission of data at the proper rate for
each video data stream in the video storage unit is important for uninterrupted yideo
display at user systems. Data pacing is used at three different levels in the depicted video
storage unit in Fig. 4 according to the present invention. The three levels of pacing
include: level 1 pacing, moving data from the ATM adapter to the communications
network; level 2 pacing, moving data from the video data buffer to the ATM adaptei; and
level 3 pacing, moving data from the disk drives to the video data buffer. Level 1 pacing
involves transmitting ATM cells from the ATM adapter to the ATM network at the
required rate for each video stream. Typically, this function is performed by the ATM
adapter. Level 1 pacing is employed to maintain continuity of each video stream as long
as the ATM adapter has some number of cells buffered in its memory for each active video
stream. If, however, the ATM adapter has scheduled a cell to be transmitted for a video
stream, but no cell for that videp stream is present in the ATM adapter, a discontinuity in

playback may occur at the user system.

In level 2 pacing, the ATM network driver and/or the ATM DMA hardware work
to ensure that the ATM adapter always has a non—zero number of cells buffered for each

active video stream.

In level 3 pacing, the video stream manager, the video file system, and the video
driver are responsible for exisuring that a sufficient amount of data is moved from the disks
to the buffers in the video storage unit. Most of the level 3 pacihg is driven by the video
stream manager. A double buffering approach is employed ig which, when the playback

of a new video stream is started (or a video stream which was in the paused state is
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resumed), two back—to—back read requests are issued by the video stream manager. When
data from one reqﬁest has been transferred to the ATM adapter, the video driver is notified
by the ATM driver, resulting in the video driver placing a read complete notification
message in the video stream manager's message queue. In respohse, the video stream
manager will check to make sure that the video stream is still in the active state (not paused
and not at the end of file), and if so, issues a new read request to the video file system.

If the ATM driver does not have any data buffered for a video stream when a DMA
transfer to the ATM adapter for that video stream is scheduled, an underflow error will
occur. Since data transmission for a data stream s started with two back-to—back file read
requests, data will still be buffered in the ATM driver when the first read—complete
notification message is posted to the video stream manager's meésage queue.

As mentioned before, the video storage units provide an interface for virtual VCR
commaﬁds, content management commands, and network connection management
commands. Virtual VCR commands are employed to control the streaming of video data.
For example, a play command would stream data at some selected rate while a fast forward .
command would cause streaming of data by skipping frames of the video. Content
management commands are employed to create new videos and query existing videos
controlled by the video stbrageuﬁit.- Network connection management commands provide
connections setup and teardown between the video storage unit and a user system. Content
management commands and connection management commands are typically issued by
the video server to which the video storage unit is connected, while virtual VCR
commands typically originate from a user system. Below are examples of interface
commands that demonstrate the functions of the invention. Other commands, not
described, also can be employed in the video storage unit according to the present
invention. '

Virtual VCR commands are used to control rate of video streams and to control the
playback of video. The following is an example of a list of the virtual VCR commands:

Stream_Open _

Reserve stream resources and prime a video for play. This
command returns a stream handle that can be used for other
virtual VCR operations.
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Stream_Play
Play the video at normal rate from the specified start
position to the specified end position.
Stream_Pause
Stop playing the video and maintain position as current
position of video stream. The actual presentation of video
frames — freeze frame,' blanked, or alternate display is
implementation specific.
Stream_ScanKForward
'Send video data at forward rates below or above the niormal
rate. Provides slow forward and fast forward functions.
Stream_ScanReverse
Send video data at reverse rates below or above the normal
rate. Provides slow reverse and fast reverse functions.
Stream_Jump
Jump to specified position in the \'rideo.
Stream_Status
Return the current status of the stream.
Stream_Close |
De-activate the stream and invalidate the stream handle.
These virtual VCR commands are ones that originate from user systems to control the
video.

Content management commands are used to add content to the video storage unit

-and to manage the content in the video storage unit (i.e., 2 new video). The following is

an example of a list of the confent management commands that may be employed:

Video_Create
Create an entry for a video and its attributes, A video has
to be created before it can be recorded.
Video_Delete
Delete the video entry and free the storage space occupied
Video_Write
Record the video for which an entry was earlier created. If
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data for this video has been previously written, then append
data to the video.

Video_Read
Returns data in a content file

Video_GetAttributes
Query the attributes of a video. These attributes could
include the size in bytes, play time duration, compressxon
format, bit-rate requirements, etc.

Video_List
List the names of the videos stored in the invention.

These content management commands are typically generated by the video server to which
the video storage unit is attached, although another data processing system such as another
video server may send the video storage unit content management commands. For
example, Video_Write is employed when a new video is to be stored in a video storage

unit.

Network connection management commands provide establishment and teardown
of network connections between the invention and a remote destination. The remote
destination may be a set~top box (e.g. A'I'M. to the house), a hybrid fiber/coax access node
(e.g. hybrid fiber/coax to the house) or a remote server. Network connection management
commands are employed by the system unit to initiate a connection between the video
storage unit and a user system in response to a consumer at a user system requesting a

video.

The following is a list of the invention network connection management commands
that may be employed:

Connection_Open
Establish a network connection between the invention and
the destination. '

Connection_Close
Tear down an established network connection between the
invention and the destination.

The process is depicted and the figures above may be implemented by those of

ordinary skill in the art within the data processing systems depicted in Figs. 2 and 3.

The present invention allows implementation in large to small scale video servers
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for use in providing video. The present invention provides this scalable system by a
combination of the video stream manager, the video, and the controlled network
connections in combination with the hardwarg depicted in the figures and described above.
In addition, the presently claimed invention provides a video storagé unit architecture that
provides direct network attachment to the communications network to scale the bandwidth
of the.video storage unit of the presently claimed invention by connection to multiple

connection mechanisms to a communications network.

Furthermore, the video storage unit of the present invention .provides a first
connection to the video server that allows for high level commands to be sent and received
through the connection mechanism connecting the video server to the video storage unit.
In addition, the present invention provides the advantage of a second network connection
directly connecting the video storage unit to the communications network. The present
invention provides the advantage of a concise architecture containing the disk drives, the

video stream control, and the direct connection to the communications network. The

_ present invention also allows for the video storage unit to receive and process commands

from user systems without requiring intervention or aid from the video server. -

While the fnvention has been particulariy shown and described with reference to
a preferred embodiment, it will be understood by those skilled in the art the present

invention is not restricted to the details of the foregoing embodiment.
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1. Apparatus for handling video data comprising

storage means (162) containing video data stored as a digital video file;

system connection means (150), arranged for providing a connection to a data
processing system (102-108); '

network connection means (158) providing a connection to a communications
network (56); and '

transfer means for transférring the digital video file from the storage means (162)

to the communications network (56) using the network connection means (158).

2. Apparatus as claimed in Claim 1, further comprising reception means for receiving
commands from the communications network (56).
3. Apparatus as claimed in Claim 2, wherein the reception means receives commands

through the system connection (150) from the data processing system (1 02-108).

4, Apparatus as claimed in Claim 2 or 3, wherein the reception means receives

commands from the network connection (158).

5. Apparatus as claimed in-any one of Claims 2,3 or 4, wherein said commands
comprise virtual VCR commands.
6. Apparatus as claimed in any one of Claims 1-5, wherein the system connection

(150) to the data processing system (102-108) is connected to the data processing system
(102-108) by means of an ethernet (110).

7. Apparatus as claimed in any one of Claims 2 to 5, and arranged to transfer the

digital video file to the communications network (56) at a preselected rate.

8. Apparatus as claimed in Claim 7, further comprising alteration means for altering
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the preselected rate of transfer of the digital video file in response to reception means

receiving 2 command from the communications network (56).

9. Apparatus as claimed in any one of the preceding claims, further comprising a bus
(160) arranged to connect the storage device (162), the system connection (150), and the
network connection (158) together.

10.  Apparatus as claimed in Claim 9, further comprfsing a buffer (156) connected to
the bus (160} and also providing a connection to the network connection (158).

11.  Apparatus as claimed in Claim 10, wherein the buffer (156) comprises a rotating
buffer. |

12.  Apparatus as claimed in Claim 10 or 11, and arranged for three modes of operation
compnsmg '

2 first mode of operation in which a connection is made between the apparatus and
a user (57) on the communications network (56) using the network connection (158);

a second mode of operation in which a digital video file is transferred from the
storage device (162) to the user (54) on a path from thie storage device (162) to the buffer,
(156) from the buffer (156) to the network connection (158) and from the network
connection (158) to the user (54) using the communications network (56); and

a third mode of operation in which the apparatus receives commands and the
transfer of the digital video file on the path is controlled by the received commands.

13.  Apparatus as claimed in Claim 10 or 11, wherein the storage device (162) contains
a plurality of videos stored as digital video files and the apparatus includes three modes of
operation comprising:

a first mode of operation in which a plurality of connections is made between the
apparatus and a plurality of users (54) on the communications network (56) using the
network connections (15 8); | .

a second mode of operation in which a portion of the plurahty of digital video files

//
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is ransferred from the storage device (162) to the user on a path from the storage device
(162) to the buffer (156), from the buffer (156) to the network comnection (158), and from
the network connection (158) to the plurality of users (54); and

a third mode of operation in which the apparatus receives commands and the

transfer of the portion of the plurality of digital video files is controlled by the received

‘commands.

14. A data storage apparatus (112) arranged for storing and transferring data to a user
system (54) ona communicatiéns network (56) comprising:

a bus (160);

system connection means (150) connected to the bus (160), and arranged to provide
a connection to a data processing sjrstem (102-108);

network connection means (158) connected to the bus (160) énd arranged to
provide a connection to the communications network (56);

buffer means (156) having a first connection to the bus (160) and a second

connection to the network connection (158);

storage means (162) having a connection to the bus, wherein the storage means
contains the data; and ' '

a processor (152) including a first processor means arranged for transferring data
from the storage means (162) to the buffer means (156), a second processor means for
transferring data from the buffer means (156) to the network connection means (158), and
a third processor means for transferring data from the network connection (158) to the user

system (54) on the communications network.

15.  Storage apparatus as claimed in Claim 14, further comprising fourth processor
means for transferring data from the data storage apparatus (162) at a selected rate.

16.  Storage apparatus as claimed in Claim 15, further comprising fifth processor means
for processing commands received at the network connection (158) and a sixth processor

means for altering the selected rate of data transfer in response to receiving a command.

R
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17.  Data processing system comprising:
video server means (100);
a communication bus (110); and
storage means (112) including:
a storage device (162) containing a data file;
a network connection (158) to a communications network (56);
a connection (150) to the communication bus (110); and
_transfer means for transferring the data file from the storage device (162)
to the communications network (56) by way of the network connection (158).

18. A data processing system as claimed in Claim 17, wherein the communications bus

(110) comprises an ethernet.

19. A data processing system as claimed in Claim 17 or 18, wherein the storage means
(112) further includes a second transfer means for transferring a second data file to the
storage device (162). '

20. . A data processing system as claimed in Claim 17, 18 or 19, wherein the data file

comprises a video file.

21. A data processing system as claimed in any one of Claims 17-20, wherein the
storage means (112) includes a reception means for receiving commands through the
network connection.

22. A data processing system as claimed in Claim 19, wherein the second transfer
means is arranged to transfer the second data file to the storage device (162) from the

communications network (56) through the network connection.

23. Adata proces;ing system as claimed in Claim 19.or 22, wherein the second transfer
means is arranged to transfer the second data file to the storage device (162) through the

connection (150) to the communications bus (110). -
Been Re‘laoed
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24. A data processing system as claimed in Claim 21, wherein the storage means (112)
further includes a second reception means for receiving commands from the connection

(150) to the communications bus (110).

25. A data processing system as claimed in Claim 21 or 24, and arranged such that a
transfer of the data file by the transfer means is controlled by the received commands.

26. A distributed data processing system comprising:
a communications network (56);
a plurality of user systems (54) connected to the communications network (56);
video server means (100) connected the communications network (56); and
video storage means (112) connected to the video server (100),. the video storage
unit (112) including:
a bus (16);
first network connection means (150) connected to the bus (160) and
arranged to provide a connection to the video server means (100);
' second network connection means (158) connected to the bus (160) and
arranged to provide a connection to the communications network (56);
~ buffer means (156) having a first connection to the bus (160) and a second
connection to the second network connection means (158); |

a storage device (162) connected to the bus (160), wherein the storage

‘device (162) contains data representing a video; and

a video storage unit processor (152) including a first processor means for
transferring data from the storage device (162) to the bus (160), a second processor means
for transferring data from the buffer means (156) to the second network connection (158)
and a third processor means for transferring data from the second network connection

(158) to the user system (54) on the communications network (56).

27. A system as claimed on Claim 26, wherein the vi&eo server (100) includes a video
server processor (108) arranged to receive a request for a video from one of the plurality

of user systems (54) and arranged to initiate a transfer of the reqﬁested video from the
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video storage unit (162) to the one of the plurality of user systems (54).

28. A system as claimed in Claim 26 or 27, wherein the video storage unit (162) is

connected to the video server (100) by a communications channel ( 110).

29. A system as claimed in Claim 28, wherein the communications channel compﬁseé
an ethernet (110).

30. A system as claimed in Claim 26, 27, 28 or 29, wherein the second network
connection (158) comprises an ATM network adapter.

31. A data processing system comprising:
a computer (100) including:
a processor (104);
a memory (106);
a storage device (108); and
a system bus (102) connected to the processor (104), the memory (106), and the
storage device (108); and |
a data storage unit (112) including:
a second storage device (162) in which data can be stored;
a network connection (158) directly 6onnected to a communications
network (56);
a connection (150) to the system bus (102); and
transfer means for transferring the data from the second storage device
(162) to the communications network (56) by way of the network connection (158).

32. A system as claimed in Claim 31, wherein the connection to the system bus (102)
is provided by an ethernet (110) connected both to the system bus and to said connection

(150) in the data storage unit (112).

33. A system as claimed in Claim 31 or 32, wherein the data comprises a video stored
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as a digital video file.

34. A system as claimed in Claim 31, 32 or 33, wherein the data storage unit (112)

includes a reception means for receiving commands at the network connection (158).

35. A system as claimed in Claim 31, 32, 33 or 34, wheréin the data storage unit (112)
includes additional storage devices.

36. A system as claimed in any one of Claims 31 to 35 and arranged such that the
transfer of the data from the second storage device (162) to the communications network
(56) by the transfer means is controlled by the commands received by the reception means.

37. A system as claimed in any one of Claims 31 to 36, wherein the network
connection (158) comprises an ATM network adapter.

38. A system as claimed in Claim 35, wherein the additional data storaéé devices
comprise hard disk drives.

39.  Asystem as claimed in any one of Claims 31 to 38, further comprising a bus (160)
connected to the second storage device (162) and the network connection (158).

40. A system as claimed in Claim 39, and further comprising a buffer (156) connected
to the bus (160) and the network connection (158).

41. A system as claimed in Claim 40, and further comprising a processor (152)
connected to the bus (160) and wherein the transfer means is located in said processor
(152).
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