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(57) Abstract

The invention provides for an apparatus for handling video data and including a storage device (162) containing a video for playback
on a user system (54) located on a communications network (56) and a system connection (150) to a data processing system (100) and a
network connection (158) to the communications network (56). ‘The apparatus further includes a transfer means for transferring the video
from the storage device (162) to the network (56) using the network connection (158), wherein the video is directly transferred from the
apparatus to the network (56).
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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
10  transmission technologies provide sufficient bandwidth for multimedia traffic. Asaresult,
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. '
15 - |
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
20 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.

25 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.

30

Furthermore, real-time interactive control of the VOD similar to video cassette



.recérder (VCR) type commands that ‘are presently available VCRs provide is a

particul ar requi renment. These types of conmands are called "virtual
VCR conmands" - fast forwardi ng, pausing, or replaying portions of the
video at will. Furthernore, video in the. form of hone shoppi ng and

Vi deo ganes rwqames3a much hi gher level of interaction and PETABI¢0183S

. bet'ween the video and the consuner than a video in the formof a novie. In
addi tion, the data processing systemused t@ provide video services should
be, scal abl e at a reasonabl e cost to maxim ze the availability of the
servi ce to | ar gereporger (MCR) tpe gémmands thas areypmesertly availdble VCRs proSidelis a particular
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Vi deo server 10 al so i i:l udes di sk, ar_[a'gﬁ,s 12. D sk arrays 18 are
connected to di skr%ﬁs?%?ec‘iﬂﬁ foomeximize the aypilaplity, of the seryige,to large pogplationscef ¢ o
system bus 12 vi gyR@strsadapters (HA) 22. Additionally, video server 10
contai ns network adapters (NA) 24, each having two connections, one
connection to 20 system bus- 12 and anot her connection to a conmuni cati ons

network (not shown). Disk . .arrays 18 contain conpressed video data
cont ai ni ng videos. \ﬁfgf)‘lé%s qpglicatians o‘xmfﬁ‘- k *aFPRYFEBence "ol gnidioe  SUPRUIRE, and
consuner s | ocat eftleash@hicitionchidlbgitito Mestidriards 6f donélders] Athe cordverghiibe dkthese
arrays 18 to systembus 12. Fromthis |location, the video data is noved to

the network via technologies Rcssarydp meettho sontipliand delivest ofovide, smders gbslete the
al so called "vidgg, {laf Qrcﬁﬁéfgﬁé?émﬁﬁfed%ﬁ bofii the E&nﬁ&ﬂ:ﬁ%ﬁrtaeﬁ%ﬁﬁu&tﬁ&. For

network from vi deo server
example, video server 10 in Fig. 1 illustrates a conventional data processing system

15 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

20 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

25 sent to consummners 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

30 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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To improve the performance of video server 10, current computer technology

requires implementation of high performance hardware with corresponding high cost.

10 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.

15 ~ 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

20 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.

25 According to another aspect of the present- invention ;here 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
30 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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T
very high performance system buses are vender. uni que and expensive.. For a
smal | nunber of users, the cost per video streamcontaining a video is
not feasi bl e. 15 The present invention seeks to provide a data
processing system and in particul ar a video data processing system
havi ng advant w@=g/eesar known such systens. AC POTHHBAGOLBIB Oone
aspect of the present invention there is provided apparatus for
handl i ng vi deo data conprising a plurality o4 storage units each contai ni ng
video data 20 stored as a digital video file, and system connecti on nmeans
arranged for prowiedisnrgntains the datapande s progessoreinghidingtatfisst pragesspt means arrgnged dore
units and a data_precessi e el f Rl lity of
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storage unit andmeﬁordmqurm%ﬁsgmmwgemmkmmmmmersymmon
transferring tShe ic%inn%ﬂic\éij% ' fromthe storage unit to the
communi cati onS networ kK usSi ng the s€écond network connection neans.
Accordi ng to another aspect of the present invention there is provided a

dat a storage apparatys.arranged for storing and transferring.data to a
user systemon a 30 &6 gﬁ"a’fﬁt@g@h‘?ﬁéﬂ?ﬁﬁ’rq Eﬁnﬁﬂmanﬁlﬁg"',‘sﬂ"r"é‘gdﬁé%rk
connection ”Eansgfd&%ﬁfgt §SteinGomprising Wileb Yerva e r@&%ﬂﬁ&%% Afhd3storage
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means connect ed wmsanhénchuinganadtomgeadeyisd covtainingya data dile; anmewoikoeonnection to & he
communi cat i oy NeLUOLIGeatidl fihortR BndRA Rinocich Hical SR Yol lr Sllhs e
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

15 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

20 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

25 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 -
30 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




4 second connection to the network connection, storage neans having a

cgonnection to the bus, wherein the storage neans contains the data and
a processor including a first processor nmeans arranged for transferring
data fromthe storage neans; to the buffer neans a second processor

means: for traweferésng data fromthe buffer neans to the se®CREGBI6MIEI\or k
connection neans, and a third processor neans for transferring data from
t he second network connection to the useér systemon the communications
net wor K. According to yet another aspect of the present

i nvention there aml pdatstorage unitiimchiding a segond storage dgvics én which data cansbegored, a
communi cation bus, video server nected to the 10 lcatians
bus, and a plur ap?twgrkgpngefﬁwggcﬁi%@e%%ggwg"' ngat{%n%tgvﬁ%g%@f%%m%e
bus, each of t hegsystest i@ and®@nsferinisahs!fdr Bansteniigthd@aa e itltesecondistiripedgvide that a
file a network connection to a communi cations network,. a connection
connecting the sth§capmupicatiensmgtwork by WaE oLBaAYIWPHAONBEtBRs, and transfer
means for transferring the data file fromthe storage device to the
comunmi cati onS network by way of the network connection. 15

Accordi ng to a furt heThempenionds therefore advantageous dn pravidingan improvadrmesthetbahda

di stributed data progessi,ng .system coppri sing a,co ni cati.on
network, a pl uraP!i’Ha?“B‘ft{’ e%%‘f‘é%’ém“ser“ggﬁﬁ%? ?mﬁpﬁg@@ﬁmﬁﬁﬁ%ﬁo%ns

networ k, video server nmeans connected the

et

In addition, the present invention can include means for receiving commands from
10 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 |

15 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.

20 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; '
25 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
30 according to an embodiment of the present invention; and

Fig. 6 is a diagram illustrating pacing of data in such a video storage unit.



communi cati ons network, and video storage nmeans connected to the video
server, the 20 video storage unit including a bus, first network
connecti on means connected to the bus and arranged to provide a
connection to the video server neans, second network connecti on neans
connect ed to W@@7M16383 and arranged to provide a connection tBCTAGBI6/01838
cormuni cations network, buffer neans having a first connection to the bus
and a second connection to the second fAetwork connection, a storage
devi ce connected to the bus, 25 _ wherein_the storage device contains data .
representing a vi deo Wisheeferendeda &g 2o digtribyreridata processing-sysissy 59 fo£ PIRIIHEE a

first processor _k ' | . to
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system on the casensistems yhdistripyted eyera largs geographical area, andg-cogymHnirgtions netwark 5

further aspec g tdeﬁaaﬁigmas.&@m@pfﬁomagaﬁ%@ﬁg& fh 5 Qs systems 54

processi ng systém conprising a conpu I'nc rocessor, a nenory, a
st or age dewiverconamunications tewodk 6. dmadditden dideos magebgiransfesred betwekne data
menory, and the storz%ge devi %;3 WO 97/07633
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The physical medium ezﬁployed in communications network 56 for communicating

10 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.

15 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),
20 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.

25 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
30 networks involving broadband communications networks and architecture along with data
transfer standards can be found in KXumar, Broadband Communications: A Professional’s



and a data storage unit including a second storage device in which data can

be stored, a - network connection directly connected to a communi cati ons
network, a connection to the system bus, and transfer neans for
transferring the data fromthe second storage device to t he

comuni cat i onWOR¥BEK by way of the network connection. 5PCI/GB96/1838 The
i nvention is therefore advantageous in providing an inproved nethod and
apparatus for delivering videos to users thal overcones the probl ens

descri bed above. In addition, the present invention can
i ncl ude means f ofuidedeidliMirameRelan SMDPS SONET, twed BESDN McGrawdiill, bon(i899s
can be processed in the apparatus and may be used to control the video

and the manner in which it is transferred fromthe storage device to the

communi cati ons net wor Wser systems 54 comprise ah thtdtficé/boiitloBér, botl edrRedt@idtb @aidtvidib atd1€ .
video*may be transferred fromthe storage device 15 to the.network

connection by traKsyigderige such aggmanitor ghe tefraisiondn thyalepiated exampls. Altsreatively,
d h ' ' buf f ed
connected to & eﬂﬁ%@ﬁ%ﬁ&%\&%-%ﬂgﬁ%ym&&§m%§s.tO a buffer connecte

to theé bus. er can al so I ncludes a connection to the network
connection, and data is transferred directly fromthe buffer to the
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acconpanyi ng dr aychiiingith théfprésbhit invention. Data processiigystem!sS ifthfied fviBEPLHRS 161
system enbodyi ng the present invention and for

that contains a system bus 102, interconnecting a number of components. In particular,

10  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,

15 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

20 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

25 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
30 providea solution to the problem of video/multimedia storage and I/O associated with

transferring large amounts of data from storage onto a communications network.



prO\;i di ng video; 25 Fig. 3 is a diagramof a video server according

to an enbodi nent of the present I nventi on; Fig. 4is a

bl ock diagram of the architectural arrangenent for a video storage unit
according to an enbodi nent of the present invention; Fig. 5is
a bl ock di agrWP0763ncti onal conponents in a video storagePORGBIGNS3S _
according to an enbodi nent of the present invention; and Fig.
6 is a diagramillustrating pacing of data i8 such a video storage unit.
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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
10 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
15 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.

20 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

25 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
30 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



The physi cal nmedi um enpl oyed i n conmuni cati ons network 56 for comunicating
10 between data processing system 52 and user system 54 can be, for
exanple, a twisted pair of wires, a coaxial cable, a fibre optic
cable, a mcrowave link, or a satellite link. The conti nuous physi cal
pat h used forweQaTenass catl ng |s called a "circuit". The circhCT/GBY1838cS

a relatively small bandwi dth "bidirectional"™ channel for conmunicating
control signals and a relatively |arge $%andw dth "downstreani channel
for communicating video data. 15 This circuit may include additional
channel's, for ex@ds ePe@mquMdmomcﬂﬁﬁbélus Networkl dooneztienl S0gprovides
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In the depicted & 7%5’ 1 FWP?J‘E&“@EP@‘E%A ’§e sing system50 is a
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(IN). Services avail dﬁ?’@s networle; sprnsetioni £30 ipravided avainterface de getaive bight evel50
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Br oadband Conmuni cati ons: A Professional’

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,
15 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
20 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
25 protected storage 1.54 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. o '

30

Video data buffer 156 is used to receive data from disk drives 162 placed onto bus
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To ATM Frane Rel ay, SMDS, SONET, and BISDN, McGawHill, Inc. (1995).

User systens 54 conprise an interface/controller box connected to the
network and WO9#768Bewi ng devi ce such as a nonitor or a telPSEGRYPISHH t he
depicted exanple. Alternatively, 5 the configuration of user systens 54

may be work stations. "~ Wth reflrence nowto Fig. 3, a diagram
of .a data processing systemis illustrated ‘according to the present
i nvention. Data 69@)2’&%%’91"@%?%5‘215410%@1&51%49@(}%&“@&%@1@9@ to netwohat

o PR 5 il e B U R S PGl

conmuni cati on wi delivescto userispstems 54. Video dayesbufer bialsoleceives deke thet a6 be Sén¢ &
processor 104 VKGRI 6%y PUBTARRER  ShTesdhs mplsee ip imber of ey presenly
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Busi ness Machi neyidgo dptarbaffertf6éeasnselédtadosuch that it can handle data streams of 3 megabyte per

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 HFO scheme may be employed. Network connection 158

10 is connected to the communications 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

15 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. '

20 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.

25 More information on ATM networks can be found in Goralski, Mntroduction 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 _
30 inFig. 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



15 | nc., are exanples of suitable processors. "Pentiun is a trademark of

the Intel Corporation and "PowerPC' is a trademark of International
Busi ness Machi nes Corporation. Additionally, business support
dat abases may be found on storage device 108. These dat abases are

enpl oyed to tWaEKVIoni ng requests for videos and stati sti EEF/GBI6OISFKt g
such as peak request tines for videos, frequency of requests for videos,
and 20 identification of users requesting vildeos. Video server 100 is
connected to a communi cati ons bus 110, such as ethernet.

Speci fically, vi thatissdulllength@viepquiires & nphberefi gigdbytes of gtonage onuhet dikit drives in

gg{rﬁu:)(ra(r)ducts of 9@?%&?&?‘?&{ ﬁ%ﬁ?%@s%ém%%&ég%}gooo hds g %@i n

Armonk, New Yor Kstorabt St managehefit Riviéia @R serit o ﬁeﬁfd@@'ﬁaﬁgéﬂuﬁfuw&hﬂrﬂ&bﬁ@’tﬁé

Busi ness Machi nes_ Cor por ati_gn. Additional ly, video storage units 112
are connected t ovidemsOmEs WRiF's hi2 WCEQID"O the commumcauons nepwerk oy thiepshdhe video

Colut Fon Lot he RPRer aire 1 2XaRk AR i %?E%e“?n‘%fﬁf*?‘%%%%o@%v%%&&?t .

transferring | ar gsit Aidontideockrvenl 0. from st orage onto a conmuni cations
net wor K.

Video command handler 200 receives and parses these commands. Depending on
the command received, video command handler 200 either performs the command itself
10 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. | '
15
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
20 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

25 streams. Additionally, 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.

30 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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Additionally, video storage units 112 inprove access tinme to video al ong
wi th continuous i sochronous delivery of video while providing

I nteractive cWQ@9M76330 users connected to conmmuni cat i OrECTVGES601838 56.
Vi deo storage unit 112 provides video to consuners at user systens 54
in distributed data processing system S0 by girectly transferring data from
5 video storage unit 112 to conmuni cations network 56, avoiding the bottle
necks and sl ow videodD®Ns associated with transferring data on system bus
102 in video server 100. Vi deo storage unit 112 also is
configured to match the content capaci‘ty/ network bandwi dth and

provi des the needed c i i, to very |ajge ser
10 applications. Addi orﬁ?{tf’&n SBB g‘%"ﬂ' %ge uﬁgfabéls ?‘taﬁ’g c‘{?%@a?)é‘ﬁ%&[ of
delivering a nemmbetrnneétmm E&Weedﬂhavﬁéd St6rabe ﬁhmbmﬁﬁ%érﬁemwabl €.

of delivering a nunber of video data streans froma single stored copy
of a video just-in-tine to users connected to comuni cations network

56. Video storage uni SRR ' . e

i nterface command strﬁ}z‘%eé%ige iV| geo stream con%gl&{‘l’m %%:'m %“r%“ﬁagé‘#eﬁée
control 15 func'symmzoamtparehumdbwadwlwrheﬁ&im&bmm\}ideoﬁnﬂﬁﬁéte@ﬁestﬁ%ehd‘@f,

t he di stributed @E%ﬁiﬁk‘ Vi deo sé ge units 112 on

communi cat i ons bt‘j‘g"t'ii‘??c vi deo storage units to be.
added to scale the perfornance capaci ty of data processing system 52

based on the demands on data processing system 52. 20 Turni ng
now to Fig. 40 a bl oc¥idepilpsystera204 heesawmiﬂdfemlmfmmaogmmacﬁoﬂde@n\mdﬂeo

storage unit is ) n this fiqu deo storage

unit 112 cont ai ng &egi{ol;&teq'ﬂ{taﬁg&&% P’? h%’bab%ft %@E%‘b%ndi@zf%swp y

prot ect ed storageidebst, Aaiditionsily, dided file system 204 also tracks where each active video is
currently playing.

15 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

20 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 untll RAID engine 210 is able to accept commands

25 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

30 214 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



buffer 156, and a network connection 158. Al of these conponents are
.connected to each ot her by bus 160. Network connections 150 and 158,
al so called "network adapters”, are 25 connection nmechani sns that connect
vi deo storage unit 112 to communi cations bus 110 and conmuni cati ons
network 56. WoSRAWBBves 162 are arranged to provi de parity POTEIRIEHISE
storage 154. Bus 160 may be i npl enented using any type of bus
that provides bandwi dth that 30 is matched18o the capabilities of disk
drives 162 and to the networks connected to video storage unit 112

t hr ough net wor kdrives béXiniFig:3 whil@buffer 216 orresponiisie videpidata bufearl 46 Eg. 1 usTM

\Ié\gT? 2{38 ZS? g i g3g hardware 218 is an adapter that can be implemented for network connection 158 to connegts

i s a Peripher al vjgayHer il NLeS SR RBMEIunidBEdns Hetivork B§t Wor kK connection 150

provi.des a connection to comunications bus 110 in Fig. 3.
Next, network connection 150 provides an interface to receive high |evel
-, 5 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

10 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
15 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
20 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

25 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



5 commands from comuni cations bus 110. Al though the depicted exanple
shows net wor k connection 150 being connected to comuni cations bus
110, network connection 150 or sonme ot her type of connector may be
connected to a data processing system such as video server 100, using
ot her connect wa®7mzedani sns. For exanple, a PCl bus, an RS 2£2/GB%:/01838

i nterface, or a SCSI system my be utilized according to the present

i nvention. The 10 requirenent for a connectigon nmechani sm enpl oyed to
connect network connection 150 or sone ot her type of connector to

vi deo server 100 liGcdiravirnilaiskarive 2l 0in RAIDlengines2 10 Vitual disk didvep PI0alprdceges

t f f d 10Q, d t t .
112 Commands. T odl QAT JFoRYE o idrR At A0f, Do i ramtisdas Sulbri foseak of
152. - dBVES RIS resharseltb M MG Tall PR céstddsly ﬂﬂ:ﬁﬂctﬂskf &vet Qi’(f'a? RbH BRI

unit 112. For exanple, 15 processor 152 executes data stream nmanagenent,
vi deo file manageegested vidde datdris placed into buffRAR D8, RAID edginen2 FDretirgoinfiriatorand

gtet \r/]\xe){ &D?Engg%i 0@1@{3}&%@; foregt t1acpnen},6&g2ﬂ% comm | cat i gﬂr&gﬁn%emqgr k

broadband net wor lgrigstcing dked thé/ bt Diiter iR REOAREA d&l‘é&’n@?m% %rt | cu?%r

using a variety of presently avail abI e | ow cost processors
a Pentium 20 pr mwmqmqw&ﬁmﬁﬁmtwlww ‘h'rvptbmedhﬂendnverzos

providing the i.n uni

Parity protect ed@“%efggg ?g'lg&“flﬁg%q?%ap h@é@gﬁﬁ%}%ﬁdﬁmﬁg&e

r edundant d mhsfamucmm tisvidehtifyingtha lvidacbﬂdta ind the baffe t8 e Rhnsfimed. di sk
failure. In addltlon parity 25 protected storage 154 al so provi des data

striping over TR pI e disk drives for increased bandw dt h and

control s movenent of okieqabﬂlhg&ug&w/ﬁ&eojcﬁ% 288%:'1%\4%99 2 éraﬁl&%egas

for noving video data to the co ni catl ons networ y prote ct st orage
154 may be |thq)1nécﬁemgluttfmnng.TM m&mrbm&mahé echhmumyatoasrnembﬁi Afterthale
for drive corr eCtv.irPeg d'atg h%shgeen transfé: A‘HV[S St ak Aul[l& dnver 212 calls video driver
208 to indicate that ATM driver 212 has completed transferring video data to the
15 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
20 queue 192 of video stteam 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

25 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
30 202, which results in the video stream manager setting a command complete flag and

returning the operation to video command handler 200 for disposition.



Vi deo data buffer 156 is used to receive data fromdisk drives 162 pl aced
onto bus WD 97/ 07633 _
PCT/ GB96/ 01838 10 160
by parity protect storage 154. The video data is transferred directly to
net wor k worsaeaddd on 158 for transm ssion to communi cati @C3/GBG/ISBK 56
in-a just-in-tinme node of delivery to user systens 54. Video data

buf fer 156 al so receives data that is to be 15ent to di sk drives 162.
Vi deo data buffer 156 may be inplenented in a nunber of vvays presently 5

K to th f ord
nown to those of or 1I‘Hé‘{’meégﬂ"L"%"hrﬁt(;i*.ﬂ':feﬁ{"kmﬂﬂ%ﬂd&ﬁect @ggsucw It ER%

har dwar e used for deo data buffer” 156 1s' se
handl e dat a stredm(lmt,aslewegmm)ttethpé:skdnvescmmddntheambbetoragt\mtaﬁdrwpung)

100 of these data tr data buffer 156. ani.zed in a
nunber. of dlffer(‘:( 9@9%“‘1?!?6‘6&@?&6 ?g’ Fﬁ?ﬁ&’%ﬁ%?ﬁ?ﬂ% nizol metwork
exanpl e, a rot at ighebiof dt@Eheto the fifdradt NVilRo BIYmAR HARMEIP00 teceiMey AWWHtE command
connection 158 10 is connected to the conmmuni cati ons network 56, preferably

a broadband ndt wir ke processedysraitingqin ATvieorppemtion dgta: sructze brieg; oreated aud othienn,

net wor k connecti e
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the flow of vi deeortimad fiandler 200ckalls WiddofilOsyistety 204 %open the file for the video. Video file
system 204 opens the requested file.

10 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
d1rect1v using the allocated video operation structure as an input. Video file system 204

15 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

20 the I/O 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

25 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
30 driver 210a that the transfer has taken place.



15 to communi cations network 56. Additionally, network connection 158
formats the data In a network conpatible format. In the depicted
exanple, the format is an ATM cel |l format. Additionally, network
connection 158 allows for isochronous data delivery of vi deo and audi o
dat a. 20 woo9miesx t hernore, network connection 158 al so PEE/GB®OFe hi gh
| evel commands from user systens 54 attached to communi cati ons network
56. Thus, although separate physical cgganections are depicted by
network connections 150 and 158, these two connections may be vi ewed

as-a single |ogical cAfaad] AlecrMbeiZD8 RS vpiitn SMitturbdited foPthe write re{lRStand
wor ds, networ k connections_ 150 and 158 may both t;{;row de for control

and vi deo data deailsyipl disiedriven? H0atp fige we eachmblacksaed i88VQor ks can be found
in Goral ski, Introduction to ATM Net wor ki ng, McGawHi Il, Inc. ('1995).
Turning nowto Fig. 5, a block diagram of functional conponents in the

vi deo st or age unfHerdafter| Videtsdobrtihietyd harkdied 200 fokmets thelonPrstifithtion for 1he host

i mpl emented in processor 152 30 in Fig. 4 according to the present

i nvention. Vi deo?RPHFRIONSPqUESLING e Writeiand sends the nanfigalprover the ethergbyi e, i s
stored on video storage unit 112 as an MPEG file. An MPEG file for a video
WO 97/ 07633 ' _
PCT/ GB96/ 01838 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
10 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
15 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
20 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

25 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

30 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



11 that is a full length novie requires a nunber of gigabytes of
.Storage on the disk drives in vi deo storage unit 112. Conmands for

vi deo pl ayback, virtual VCR conmands, and video - storage unit
managenent functions are sent to the video storage unit 112 either through
the vi dW® %03633ge unit's 112 connection to the comuniRYGRAGQIEIR: wor k
or- through the-video 5 storage unit's 112 connection to comuni cations
bus 110 whi ch connects vi deo storage dfit 112 to video server 100.

Vi deo conmand handl er 200 receives and parses these comands. Dependi ng on

t he command r eceisimmed), miothack-¢ebmackirehdirequeitesre RSGkddiyttivevidepatréam mandger Whemand
itself 10 or dispatches it t t her task conponents. Videq conmand handl er
200 di spat ches datg%M?ﬁﬁ?ﬂ?sﬂ%%ME%B@%ME@&%%&%@%W@J
making direct cgllge AYHEBrivérdRSulting in the VIR &riva slhdhe g%drc%ﬁx%le‘(@gotﬁicraﬁﬁh” t

in response to a dispatched command, the result s formatted in the
form of a respomessagein thpevideoostream manager's snessage awsugs il responseghe mideo stream

command. 15 .. Vi deo strea ager 202 is .responsible for issuing
read requests t paprgsFL yil} %ﬁeg(mmlke 5%%3%&2%_&@ S%ﬁ”ég'g qx@&}ﬁg@vg%te%o&gaﬁﬁl
response to vi I antBhot dEiRe @AABEAIER aﬁ@ﬂ'_s@ﬁﬁﬁésl-:ﬂﬁwread req@dsOid Rhe ded il Sy $iem. and -
resum ng video streans passed from vi deo command handl er 200 to video

stream manager 202. UiterobThdrivenopenesbavie amodats uffeesd foraider sierss when aDMAleo

b0, Dot o A5 e APV bl ook o860 SEEMIS,

for all active uéaheoSiate dazatsansnhisgion for a dgiasttean ioftartadavith ted backrw-bckdieotead ned

' more det .%' peecllugsl/tvé, data will stiil 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.

15 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

20 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

25 invention. '

Virtual VCR commands are used to control rate of video streams and to control the

R 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
30 command returns a stream handle that can be used for other
virtual VCR operations.



Vi deo stream nmanager 202 may be pacing nultiple video streans, e.g. 100
video 25 streans. Additionally, two or nore user systens nmay be requesting

t he sane video. As a result, nultiple video streans may be readi ng
data fromthe sane video file. For exanpl e, one user system nay be
recei vi ng dat wo7/7¢38 end of a video, while another user PCTHSBI6/GA§IY S
recei ving data at the beginning of the sane video. 30

Consequently, video stream nanager 202 may bgg playing nmultiple streans from
the sane video, and hence may be making request for different sections from

t he same VWO 98hitdm3Play
PCT/ GB96/ 01838 ) . 12
video file. Pley b ideoc 8 narmal: kate fremy, the ospscified, stagst ap | shment

and tear down of ATM np&gw%waﬁu%ﬁmgﬁgmeen t he vi deo storage
[ nal's 54. :

unit 112 and the user ter
Stream_Pause

5 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
10 '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.
15 Stream_Jump
Jump to specified position in the \'rideo.
Stream_Status
Return the current status of the stream.
Stream_Close |
20 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
25 -and to manage the content in the video storage unit (i.e., a new video). The following is
an example of a list of the content 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.
30 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



5 Video file system 204 inplenments a file systemfor digitized
video files. Video file system 204 maps requests to read or wite data
froma video file into request to read or wite specific blocks of
data on a (virtual) disk. 10 Video file system 204 is responsible
for storing IWO8TE33 on about each video in the vi deo BCD/GREA01838i t and
for- keeping information about the | ocation and current status of

videos. Additionally, video file system 204yql so tracks where each active
video is currently playing. 15 Vi deo driver 208 provides an

i nterface between video figsforvst Gae Gt : | 10, which

i ncludes, virtual disk dr hy@&oég%e@ﬁ%égibgti natuiggrY"r(ltlttrein’\elﬁtg‘fH Ob. This

| ayering of conponenkfges/gRig® driver 208 and RAID engine 210 allows

repl acenent of these'Rg&%odAFa%% Wi t} t her video drivers or RAID

engi nes. Vi deg dri verv.§08 ?‘? . r §%‘3?fsi ¥ e for video command executi on,
requesting the actual 1BF %k '8'*"!‘3 RAI D, 20.. engine 210Q, and for passing
data read (for read reques thg apmpes pf e vidsqo Theseaigributes cogldmand

execut’i on invol ves mai nt aingiudg thegvizeria bytss, playsime dyration, compressianormmand
contacts i nf or mat i on formay bisaretedequirempats, edel | veri ng commands to RAI D
~engine 210. In addit Video_iLists . type of command execution al so invol ves
notifying th&video appli Listihemambs ef theillens sfomdd in the invediogi t i on and hol di ng

comands unti | | D engine 210 is able to acgcept co nds 25, again. .
Next, ATM dri ve%ﬁ”ém %ﬂ&mwgew%%wm@y gengidieddy theaden severapwiish

/TT?A’ dfi) Vte ?at eX e ildd stagERRi §s AcheR At Gigh2RSthehf pratk Qi SV4aR Sichfad hibkter

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

15  umit.

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

20 (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.

25 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. '
30 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.
35

The present invention allows implementation in large to small scale video servers



2;2’takes conpl eted RAID engi ne requests and indicates that requested data
on disk drives 30 214 have been transferred to video buffer 216 and are

ready for transmission to the comuni cati ons network by ATM hardwar e
218. Disk drives 214 correspond to disk WO 97/ 07633

PCT/ GB96/ 0183%0 97/07633 PCT/GBR36/01838
drives 162 in Fig. 3 while buffer 216 corresponds to video data buffer 156
in Fig. 3. ATM hardware 218 is an adaptmy that can be inplenented for
networ k connection 158 to connect video storage unit 112 to the

conmuni cati ons ndbmuosekinpBoviding ideo. The preséiitiihventldd Providbethenealable dyktem l%« ad
description of the data flqw inypolved in processing a play command is
descri bed bel ow. SBFTERUCH r“? g SR eRERessTo [t Xidgos and ther copfrolled network oy

in Fig. 5, but alhglechd if ntbidtioNRitsihe ﬁ%@aﬁe?eﬁié@@ﬁﬁﬁg i:i’%:?esfaﬁ@gésé:ﬁwd above.
har dware 218 to - comuni cati ons network 56.° For exarple, a pause
command woul d st dpaqlition, thg prasently claimedineatioprovides asviduo sfoeageanit aschitepaurel that
would send vigeo pgo%gc%s%%c\{vanétgvo&yat&c'ﬂg)ehtr{g ﬂx%\-églgam%:git:atyoln(sj xelgtwgr %ct) Isc%lnesﬂle 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

10 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

15 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 invention has been particularly shown and described with reference to

20 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.

25



In response to a coomand to play a video froma user system video comand
handl er 200 nakes 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 15 video conmand handl er 200. Then,

vi deo comandMeA7@7683 200 updates its connection/fil e HRETAFRI6O1338
associ ation table using the file descriptor. Video command handl er 200
al so sends a request to ATM protocol stack 2D6 to establ4 '
t he user system requesting the video through queue 190. Such a :
may require an LhAMMSonous call to obtain the resul UIHII!J&UF“’}M"I“I
Vi deo conmand handl er 200 then sends a play request 20

manager 202 by placing the play request on queue 192. Vi deo stream

manager 202 pul Iis the\mhﬁmrfmingaﬁdeotdaﬁobﬁ@ﬁggg gueue and sets up

I nternal data structures to_process the y request..Thereafter,
vi deo stream manager StoEeimeantd 62) qoataining vid e‘?&ﬁﬁ% d ppa digitelyvideejfidlest manager

204. According to th Y

sctual Ty | ssubs tuo. SLRGE REHechitt Hkds30s0) bidied 1eifdine o HRAGARE 8 ?ata to
25 wvideo file Sptademg@ﬁeﬁqmbem)data flowing efficiently.

response to the read request fromvideo_ stream manager 202, video file

system 204 al | oS8k gonneghon @wsémarprgvmstwenmn th 2 CPRmuBiEations
for the current JRha ﬁ@ uegat from vi deo stream manager 202. Vi deo
driver 208 is directly Called by video file system 204 usi ng the

al | ocated video oper &ensfer meansifos transferming-the digitalnideo fie from the storage mearisi{(162)

response 0. §geql Yl g, LSRR doRALEThe) kg e R SIR L Ame el 145, 208

2. Apparatus as claimed in Claim 1, further comprising reception means for receiving

commands from the communications network (56).

15 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).

20
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

25 (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.

30 |
8. Apparatus as claimed in Claim 7, further comprising alteration means for altering
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WO 97/ 07633

PCT/ GB96/ 01838 14 /0O
call to virtual disk driver 210a in Bwﬂ“ﬂ B Virtual disk driver
210a processes the I/Ocall rec driver 208. Data is
transferred tWOIPTE3 216 from di sk dr| ves 214 in r esp®aTEBIEOIBI%e |/ O
call processed by virtual disk driver 210a. After the request ed vi deo

data is placed into buffer 216, RAID engine2210 returns information 5
|dent|fy|ng the | ocation of video data in buffer 216 to video driver 208.

I n response, vidée preselecudlrwtewfmferadfelm digital ofidea fibeifrf esponksto feceptivn imetnsal
di sk driver 210a_in. RAI D en | t?‘eand . trans?,%( the paraneter |ist
into a format usé%ﬁ’lvglgk?f" 08 initiates a
data transfer to the ATM netvvork by calling ATMdriver 212 and passing the
transformed parameter |ist identif ing the video data and the buffer to be
transferred. 10 9 Apparatus as|chaimeskip emyenetof the preseding¢lbiod, fasthericomprising a/bus

208, ATM driv r a .t i deo data out. fr AT

har dwar e 218 t%(r) J;!oﬂ'ﬁ%int?é at Sﬁtge %8%??’.“’8&&2&&? fygtem co 6@@(@3%}’55
been transferrednémofmmaﬂom-elswtogeth&TM driver 212 calls vi deo driver

208 to indicate that ATMdriver 212 has conpleted transferring video data
to the 15 comruni cations netvvork At that ti rre vi deo driver 208 cI eans up
data structures yged f; :

har dware. Vi deo dri verﬁéz%% a?sso prow es \/l rtua b%’ﬁ& %?‘mﬁﬁﬁdtgn

i ndication that thedusl6s) andabsiprovidiag a baectivhWpihe inetivork BorleEiA($58).
virtual disk driver 210a cleans up the I/O request by freeing up cache

menory bl ockd enpl oyed to process the |/O request. Video driver 208
sends an |/ 0 dongy eveRppiefkashild HHEHE 10 ¥nekinthd 5o (1 R DABRAIE ol
buffer. '

12.  Apparatus as claimed in Claim 10 or 11, and arranged for three modes of operation
15 comprising: '
2 first mode of operation in which a connection is made between the aﬁparatus 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,
20 (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.

25 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
30 network connections (15 8); | | .

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

i “



In response to receiving an |/ O done_notification in queue 192, a

determ nation is made as to whether the video is finished playing. If
the video is not finished, video stre 2 issues anot her
read request to video file system 204am||||llmmﬂmlr|ﬂg finished 25

pl ayi ng, vi deWOSFAOEEIN manager 202 pl aces &n I/ O"dohe event @®CTIGRI6HEIMest
queue of video command handl er 200. As a result, video comrand handl er
200 notifies the requesting user systepsthat the video has finished.

At the end of a video, an end-of-file error is sent back to video stream
manager 30 202, isinandferrecisfront theistordgedleviceli62)to tieanenmnapqt fromithe storage dsigeand

]? 8 ;Yplj?g S ofs i ? Ig Oﬁ.n862) to therb%r(g%g&gg §:e%%§raa(1§é3 rt]o gm\a/tlwoﬁcoco(r:xgergurgrrx] ((11 585'% r:]md %(r)m

PCT/ GB96/ 01838  the network connection (158) to the plurality of users (54); and - 15

The vi-deo storage unit of the present inhvention also”may be enployed in

witing - dat a (i .athirdzmodsvefraperatipn im which thé spparatis/receivesrtommends iand thee

vi deo storage.unjt. ~FoL Witin vi.deq . data. incom ng d s typi.cally

entering the vi d%@sgeﬁ'(??g’ﬁé’oﬂ‘}?ﬁ%fgfe legjltg(?%ﬂggtfﬂa ‘ﬂ‘&%ﬁ(‘s Bt cHed by She rebeived
commands.

14. A data storage apparatus (112) arranged for storing and transferring data to a user
system (54) ona communicatiéns network (56) comprising:
10 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);
15 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
20 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.

25 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

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

I
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connector attached to the ethernet. Video comrand-handler 200 receives a
wite conmand 5 to be processed, resulting in a video-operation data
structure being created and ot her Jm mmiwﬂm\ data structures

cl' ; § *

bei ng updated to process the wite redi® command handl er 200
call s video fwWD878%¥3x em 204 to open the file for the vi deo. PGE/GBRS/01§3B e
system 204 opens the requested file. 10 ) Aft erwards, video
command handl er 200 issues a wite request 240 video file system 204.
Video file system 204 is responsible for storing the video data. In
response to 171 eC ®aa procebsing systetncomprisiag:t , vi deo file system 204

all ocates a video operation data ato{)/gctur.e and initializes it for the
current write request9csRRIVER@EBT 100% deo driver 208 is called . directly

using the allocated YicdpmmaRefq sl ®l;Mgt ure as an input. Video file
system 204 15 is responsibl-e for storing information about each video in

t he vi deo storage unstoragadneans (11%daglnding:i nf or.nati on about the video's
| ocati on and current status. e %ter, vi deo driver 208

. .. Th
makes an 1/O%all to virt ASPHEF dgvics (162 comsiging, engi ne 210.

Virtual disk driver 210a hgetvofisdnfiedib®(158) tofd dohintthicdabms detwoik [3g)es t o
perform20 the I/Orequest. Virtual disk driver 210a processes the wite

request and sets up buf f epgonnection;(h5G)iterthe communicationdus H0)@8di vi ng vi deo
data. Wen the data buffegﬁg [ Vit | river .
initiates a transfer of dg a %ﬁ%%ﬁﬁ@e%‘%@% o |s%5°r%$eid\%¥1i§$9f@
Thi s pr oC ess te@dinnfuniatiotsinetwdrb (S6) by way ofihe hetwotiSconneaibe{158). An

ethernet interface known to those skilled in the art is enpl oyed.
Typically, tH ethernet interface will obtain the video data 25 fromthe

ethernet, perforg a”%Ler CRdintg 8t ab EiHRN B C1th P7, wheteifthd dotnunftfiordvas ©

it into t he buf ‘chal n.
(110) comprises an ethernet.

19. A data processing system as claimed in Claim 17 or 18, wherein the storage means
15 (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.

20
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.

25 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
30 means is arranged to transfer the second data file to the storage device (162) through the

connection (150) to the communications bus (110). -

i



After the data transfer is conpl ete, amindication of the conpletion is
sent to video driver 208. This in ed to video file
system 204, which inforns virtual disk tm“mm]m “Hﬂ that the transfer

has taken pl ace. WD 97/ 07633 *

PCT/ GB96/ 0183¢0 97/67633 PCT/GRB5/01838
Afterward, video driver 208 ctleans up data structures used for the wite
request and calls virtual disk driver 2d0a to free up cache bl ocks
used for I/0Q Thereafter, video conmand handl er 200 formats

the done notific#ti omﬁnapmbasihg)systerrﬁsakaiﬂiédanﬂannZl,aetwmﬁlthagtotdgemmﬁs(elzynd
sends the notifi |onl %}gr t he,et hern P E_oret{xerence now
to Fig. 6, a dlzf FhG PF&W%&“&%EHW“B’P %aecawmg c&“’ﬂaﬂ% € Cqupe

unit is depict ectlsmbmeadomnmmﬁ%ﬁslmgm@%transm ssion of data at the proper
rate ftor each video data streamin the video storage unit is inportant

for uninterrupted video 10 display at user systens. Data pacing is used at
three ,dl ffere§1t ifvelgditgp}&gss%@&s% asglI de81nCla1m21 or 24, andarrangedsuchthata

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);

10 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) inciuding:
. a bus (16);
15 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
20 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

25 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
30 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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storage unit in Fig. 4 according to tm on. The three |evels
of pacing i nclude: level 1 pamg” ata fromthe ATM adapter to
t he communi cati ons network; | ev ”fm&gﬁ}j ng data fromthe video
data buffer to the ATM adapter; and ¢ lev ng, novi ng. data from
the di sk drive¥O9¥0%¥}e video data buffer. Level | paci ng 15 PER/GPIs0Is3s

transmtting ATMcells fromthe ATM adapter to the ATM network at the
required rate for each video stream Typicallg/, this function is perforned

by the ATM adapter. Level 1 pacing is enployed to maintain continuity
of "'each vi deo st rvédemstwageamit (162) to the ohédref thel pluenligpifasertsysterno(®d).nunber of
cells buffered in its nmenory for each active video stream |If,

however, the ATM adapter has scheduled a cell to be transmtted for a video
20 stream but nogcel A §fent Bdlaitied $9 CRirh 288k 27, m&éﬁmeﬁ&otémaﬁmmeﬂ@r
a discontinuity in pl ayback may ‘occur at the user system

In | evel 2 paci ngonnduted AT thervideasetveniil 0@)dy aomhumicatiensAameMAl®ar dwar e wor k
to ensure that _the ATM adapter always has a non-zero nunber of cells
buffered for edch 25 active video stream In | evel 3 pacing,

the video st reammnagaegyszehmclﬁrﬂaﬂnbldlmsywﬁ@émm%ré&n;ﬂnﬁxcm&e&me1coﬂﬁﬁgeer
are responsible for ensuring that a sufficient anount of data is noved from

the disks t cantethernet}l8ks in the video storage unit. Mst of the |evel
3 pacing is driven by the video 30 stream manager. A double buffering
approach is enployed in which, when the playback of a new video stream

is started (or a 30, deq\ systemnnrs whiimeéd inClaind 26127, (28usre2d, shedein the second network
10 connection (158) comprises an ATM network adapter.

31. A data processing system comprising:
a computer (100) including:
a processor (104);
15 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:
20 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
25 (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). |

30
33. A system as claimed in Claim 31 or 32, wherein the data comprises a video stored
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resuned), two back-to-back read rejﬂﬂﬂlm by the vi deo stream
manager . \Wen -data fromone r ml Tﬂlransferred to the ATM
adapter, the WQ¥#768i ver is notified M dri vereC/aRoglo1838g i n
the video driver placing a read conpl ete not | f | cation nessage in the
vi deo stream manager's nessage queue. |In regponse, the video stream 5
manager will check to nake sure that the video streamis still in the
active state (nogsgpdigiifidideo file. and not at the end of file), and if so,

I ssues 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 DVA
transfer to the &fM a : L s e

under fl ow error %I I ﬂ%?&t@ﬁzaégfraeﬁ%gh&g%ﬁé ?r"gﬁsrﬁh}éﬁﬁ%ﬁg% Sg"’%@ gpit Ql}%)am
is started with incmdesateceptiohmesnsffot receiving cirfimandsaqtiths netwosledchnedtioh (SSS)J | be
buffered in the ATMdriver when the first read conpl ete notification-
message is posted to the video stream nanager's nessage queue

As nentioned befgge, ARGsath JoPaiRbPinAGn Y f

virtual VCR 95(:'0m"r%nds content{ngnagemga%tSIgc?gmn’rrgﬁ1 %ﬁé\%&\%g &rﬁf(llZ)
connecti on nanagmnblﬁﬁsaddltlon@GM(ﬁsVlc&ﬁ-rtual VCR cormands are enpl oyed to

control the stre NGAQ 15 Fqg Xa | a ul d
stream data at s%ér?e sl ct%(‘hgg ?Rgdaﬂiapeogengfa’%nBt&%saa& ar}é@ﬁ?ﬁg%@%
cause streanm ng wénsfbrofthbats fomphe@condsmeageadevich ¢162) @aRe conafiinfitdtions network
nmanagenment cq &gs are | oyed .to create new videos and query existing

vi deos d8nt )b!é@eaytg? o giegns dxcontrplind-ydhe rommandgreceived by thetecsptiommeans.
managenent conmands provi de connections setup and teardown between the
video storage unit and a user system Content 20 nanagenent comrands and
connect i on manag&#hent Acsysteanaisclaimedt ippanyabdrey of Chirasl 3byto 36, wherein the network

connection (158) comprises an ATM network adapter.

15 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).

20
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)
25 connected to the bus (160) and wherein the transfer means is located in said processor
(152).
[
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the'video server to which the video storage unit is connected, while

virtual VCR commands typically originate froma user system Below are
exanpl es of interface commands that denonstrate the functions of the
i nvention. QG her commands, not descri bed, al so can be enployed in the

vi deo st or ageWO¥P763tcording to the present 25 invention. PCT/GB96/01838
Virtual VCR commands are used to control ¥6ate of video streans and to

control the pl Kk _gf vi deo. Th e of a list
of the virtual VCR nde: Stree‘n%éa)gﬂ,mF
Reserve streamresources and prine a vj deo for ay. Hi s 30
command returns a stt®am handl e that cjan be useq for other
virtual VCR operati ons\.’\ WO 97/)07633
PCT/ GB96/ 01838 | 22 19 _
Stream Pl ay Play t Ldeo atl normal rate frjomthe
specified start SCSI 20 MB/s pdsi't_'L n to|the specified gnd position.
24
20 DISK ARRAY NA
CONTROLLER
NA
DISK '
ARRAY :
. - )
SCSI 20 MB/ 12
: HA
s
DISK ARRAY '
]
20" | CONTROLLER PROCESSOR
DISK
ARRAY
18 20
\ MEMORY
SCSI 20 MB/s HA g
16
) DISK ARRAY
20~""| CONTROLLER
) DISK
18 ARRAY
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St,réam Pause 5 Stop playing the video and maintain

position as current position of video stream The actual
presentation of video franes - freeze frame, blanked, or
al.ternate display is i npl ement ati on specific.

St r eanScanFor WaS#01633 Send vi deo data at for RETASBIGEEISIS bel ow
or above the normal . ra#6e. Provides slow forward and fast
forward functions. St r eanScanRever se Send

vi deo data at reverse rates bel ow or above the nornal
rate. Provides slow reverse and fast reverse functions. 15

Stream Junp Junp to specified position in the video.
Stream St at us Return the current status of the stream
StreanCl ose 20 < De-activatesg he stream and inyalidate the
stream handl e. ¥hese virtual VCR conm¥hds are ones thatoriginate from
user systens to .cont {/ol t he vi deo. Cont et managenent
conmands are used t| nt to thevioeEo r age uni t 2 a9
manage t he content ' o storagg LIE" , a new Vi ) ul <
following is a #rpf a list Jof theg Hidt ent managgent 5‘,|5=
that nmay be enpl oye 1‘ Vi deg f:reatue (litdat e an
entry for a video a Ml i butes. A Wi ded s J 0

o) o o

FIG. 2

COMMUNICATIONS
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to be created before it can be recorded. 30 Vi deo Del ete
Del ete the video entry and free the storage space occupi ed

Vi deoWite Record the video for which an entry was
earlier created. If WO 97/ 07633

PCT/ GB96/ 018380 97/07633 ) PCT/B96/01838
data for this video has been previously3pritten, then append

data to the video. Vi deo_Read Ret urns data
in a content file 5 - Video GetAttributes Query

the attributes of a video. These attributes could
I ncl ude the size in bytes, play tinme duration, conpression
format, bit-rate requirenents, etc. Vi deqqli st 10,

[72]
Li st the names of the video& stored in the igventiong . Th@&e content
managenment commands are typﬁsgl |y generated '@gthe vi@? servEiE o whi cf
: o o ae
| - 2E SE 22 g2 7
jm i =W 2w
== == == ==
5 = & i
[ 5] (& ] (&) (&)
o
:/\ Lt g"/\ Ll e T3]
o(D'__ o‘ﬂ ™ OCD
[ = [} = a =
] o5 o5
& =5 5 o
S - w8
- & &S w -
(=) L8
5 =g
¢ =0
= o s
e
o
[=]
z
S~ 2
- Q.

FIG. 3
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the video storage unit is attached, although another data processing system
such as_ anot her vi deo server may send the video storage unit content
managenent conmmands. For exanpl e, VideoWite is enployed when a new
video is to be stored in a video storage 15 unit. Net wor k
connecti on maM¥QEWMESB commands provi de eskgéil i shment and t e RQRIGRI60I838 of
net wor k connections between the invention d a renote destination. The
renot e . destination my be a set-top box (e.g. ATMto the house), a
hybrid fi ber/coax access node 20 (e.g. hybrid fiber/coax to the house) or
a renote server. Network connection nmanagenent commands are enpl oyed
by the systemunit to initiate a cohnecti on tween the video st or age
unit and a user systemin response {o a consujrer at a user system
requesting a vi deo. 25 The follpwing is a list ofthe

i nventd on network connecti on nmanagefent Fecommramds that may be enpl oyed:
Connecti on_QOpen . Fst aplishs [ wor k connection between
t he invention and t hp destfnat’|on. 30 _
Connecti ond ose Tear | dovag zan ept abl i shed network
connecti on between the —> i;@nti bn and t he destination.
The process is depi&t ed and the figyres abdg@may be i npl enented by those
of ordi nary sl in the art wthih tHE&at a|] processi ng systens
depicted in Figs. 2 any 3. 35 Q_~ Th@prepent invention allows

i npl enentation in larga&to snmalf scgle 'Hnnimvars

"FIG. 4

152

156

PROCESSOR

VIDEQ DATA
BUFFER
HIGH SPEED

-
3
)
a 8w
ERE
gp— o O
€3 £w
= 0 i o
hs
=0
o
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WD 97/ 07633

PCT/ GB96/ 01838 20 for
use in providing video. The present invention provides this scal able system
by a conbi nation of the video stream nanager, the video, and the
control | ed nevo®rMI633 connections in conbination wth thePGHCBHMAIS3S
depicted in the figures and descri bed abogges In addition, the

presently clainmed invention provides a video storage unit architecture that
5 provides direct network attachnent to the comunications network to scale

t he bandw dth of the video stora mit of the presently clained
i nvention by connection to nmultiple CWPEQ=Cct i qn nechani sms to a
communi cati ons net wor k. FCOMMANDSor §, the vi deo storage unit

of the present invention provides a first 19 connection to the video
servet that allows for high |level conmands o be sent and received
t hrough the connecti on nechani sm connectingjthe video server to the video

storage unit. In addition, the presentvinventicn1éabovides t he
advantage of a second network connect fon dirgdetTy connecting the video .
storage unit to the communications ng{ WHER COMYANDrlesent i nvention

provi des the advantage of a conci sg”afchi MBLER e donNai ni ng the di sk

drives, the
180" queue quece | 192
206 I : —_——l |
ATM PROTOCOL 204 VIDEO STREAM
STACK : 5 MANAGER | 202
' A 4
VIDEO FILE '
SYSTEM  |*
212 208
N Y y
ATM | VIDEO
A 4 \
210~ RAID VIRTUAL
DISK
210B—+ DESTINATION DRIVER
SOFTWARE
¥ VIDEO v
ARE e DATA -]
. ATM HARDW BUFFER DISK DRVES I™_ 214
HARDWARE kzw L216

FIG. 5

SUBSTITUTE SHEET (RULE 26)



——— e

15°video streamcontrol, and the direct connection to the communications .

_network. The present invention also allows for the video storage unit
to receive and process commands fromuser systens w thout requiring
intervention or aid fromthe video server. Wil e the

i'nventi on hawommmsaparticul arly shown and described with r SCICBINUSY, o0 5
preferred enmbodinent, it will be understd&@ by those skilled in the art the

pr esent invention is not restricted to the details of the foregoing
enbodi nent . 25 30 ‘

O 00800

) VIDEC STREAM

MANAGER : .
VIDEO OBJECT LEVEL 3 PACING:
MANAGER DISK TO MEMORY
VIDEO DRIVER Y '
- . = ﬂ .
L 3 ]
—>
G — B
- : b j o 00 ; .
] C ] C ]
v L L 1
ATM NETWORK
z\?[!)vf)?q LEVEL 2 PACING:
/ MEMORY TO
ATM DMA ATM ADAPTOR
HARDWARE Y
ATM
DATAPATH CHIP
(BK ATM CELLS)
ATM
NETWORK LEVEL 1 PACING:
~ ADAPTOR ATM ADAPTOR
BOARD | TO NETWORK
FIG. 6
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Apparatus for handling video data conprising

pl umllty of stora e unlts (112) each cont a| ning video data stored as a

digital
prOV|d|ng

t e €orInect ¢ one rmans o(11Qf 7. arrangedtor
tweensthe plur@l ity of sstbrabe urfii$ (112) and

a .

i

storage units (112) conprises;
_providing a connection betw
connection neans (110); and

(102- 408)

V\,he-r-enn--eac . <) nI WAL %t y/ of

t he storage unit!

first networ (11 ?ﬁy&‘?@[ 2 Sys-féSO) §(§)r .

second networ k conmR&dripfdh TH2aes..C1lo0)p @d!"

I on bet ween

provi ding a qqnR the storage u ) 21,23 v et
comuni cati ons network (56); t ransf er r\ﬁ%‘{lﬂ:&é@'? aélga%s'f'éiirol 5 é he

~digital video file fromthe storage unit (112) 104 Dt’%"“féﬂé ‘R i -cald

Zg;\g?;tugg)s lgisglng t he Sij%éﬂﬁ?diﬁ"f"&{ef’ﬁé ncgg_%is&g Mebstsact 158)aged ....:;t(?;:‘arged '
recel ving Qﬁ’feﬁméé}{?(fl | CORATAIMY Fiald @8 stoedd i Kdighfvideo fllS, 3
- Appar atus as. cI al n Caim2, wherein the recepti on neans receives

commands 5t hr ousgitemivenfidction meads/(b5®), arcanged farqroyidbg)a donoeatiohdetyeren the
B aher el n ¢ RETERBEEAI A dadhrsint G (Rt Fom the second
network connectio rheév@é'ﬁl:onnectlon means (138) prov1d1ng a connection between the storage means
(162) and a commumcatmns network (56), and |
transfer means for transferring the digital video ﬁle from the storage means (162)
10 tothe commumcatlons 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).

15 3. Apparatus as claimed in Claim 2, wherein the reception means receives commands
- throug_h the system connection (150) from the data processing system (102-108). |
. 4. Apparatus as claimed in Claim 2 or 3, wherein the reception means receives
comma;hds from the néhNork connection (158).

20

5. Apparatus as claimed in any one of Claxms 2,3 or 4, wherem said commands

compnse virtual VCR commands.

)

6. Apparatus as claimed in any one of Claims 1-5, wherein the system connection
(150) to the data processmg system (102-108) is connected to' the data processmg system
(102-108) by means of an ethernet (110).

7. Apparatus as clatmed in any one of Cla1ms 2 to 5, and arranged to transfer the

dxgltal v1deo file to the commun1cat1ons network (36) at a preselected rate.

8. Apparatus as claimed in Claim 7, further somprising al_tearation means for altering

g
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5. Appar at us as clainmed in any one of €ains 2,3 or 4, wherein said
commands %mnds 6. Apparat us—as _
claimed in any one o erein the- systenhﬁé)g},@& Jé) nR aclEanNs

~(110) conpri ses ? 7. Appar RECY 1 any
one of Clains 2 m m ﬂ dtotransfer t he. I file
to the .comruni cat |*ons ne ).at a preselected r

Apparatus as clained in daim?7, further %)nprlsmg alteratlon nmeans for
altering - t he

presel ect ed sﬁtt £ pF Lrans gh%rst&ggg &Q,m% n(ggéﬁg tl\lle'[ %‘29 Emlﬁﬁth f?oritﬁ ?ﬁeoé-t’&%g? 38??? |

reception med recelving a ni'cations n
(56). 162) to tﬁEFb@ffBﬁ(ll%)aﬁoﬁ'ﬂ tﬁd: s@ﬂeﬂ(m@w&@memrkwmeaﬁ@c@dsn @né s,
further conprising a bus

the network connectmn (158) to the plurality of users (54); and

. a third mode of operatlon in which the apparatus receives coin_ma_nds and the
5 transfer of the portion of the pluralify of digital video files is controlled by the received

commands.

14. Adata storage apparatus (112) arranged for 'stdring and transferring data: to a user
- system (54) on a communications network (56) comprising: |
10 abus (160); -
ﬁrst network connectlon means (150) connected to the bus (160), and arranged to
provide a connection to a data processmg system (102-1 08),
a second network connection means (1 58) connected to the bus (160) and arranged
| to provide a connection to the communications network (56); _ :
15 buffer means (156) having a first connection to the bus (160) and a second
connection to.th'e network connection (158);
storage means (16_2) having a connection to the bus, wherein the storage means
_ contains the data; and | |
a processor (152) including a first processor means afranged for transferring data
20 from the storage means (162) to the buffer means (156), a second processor means for
transferring data from the buffer means (156) to the second network connection means
(158), and a third processor means for transferring data from the seéoﬁd network

‘connection (1 5'8’) to the user system (54) on the communications network.

25 15. Storage .apparatus as claimed in Claim 14, further compnsmg fourth processor

means for transfemng data from the data storage apparatus (162) ata selected rate.

16.  Storage apparatus as claimed in Claim 15, further comprising fifth processor means
for processing commands received at the second network connection (158) and a sixth
30 processor means for altering the selected rate of data transfer in response to receiving a

command.
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57 (160) arranged to connect the storage device (162), the first network

connection (150), and the second network connection (158) together.
10. . Apparatus as claimed in Caim9, further conprising a buffer (156) -
connected to the bus (160) and al so providing a connection to the _
second network c - 11, Appamismetamsmdeali

€ aim 10, wherei mmmm H ) conprises a rotati

12. Apparatus as cFkalne «»ai m 10 or 2111 and arr e m)des
of operation 15 conprising: iTst node oper at | on I n whi

a connection {p naggtaﬁgmgﬂggmrﬁe@aﬁﬁglyg and a user (57) on the
communi cations network (56) using the second network connection (158);

a second node of opeemmupication bis @h0} digital video file is transferred

fromthe storage device (1 to the  us a f he
storage device (16%¥€P VHM 2@0) conn tefé%ﬁ" C&’Mﬁ?ﬁlﬁ*ﬁloﬂgg ?“Pi@é? to the
second network con g b Akahd B3D) ARMhdidem the second network connection
(158) to the user %\%‘% using the co ni cati ons network. (56): and

a third nofle of oper at|mstorage\davmb(t&?x)cemmrmajdataﬁteei ves comTands and t he
transfer of the digital vi deo file on ﬁgg ath is controlled Qgs

recei ved commands. 252 ngtyork connsction (198}, agommuRicatpngngtWRT r 11,

wherein the storage devjc C | &%in I t 0% SiHar ed
as digital video files gngoé%egélrbp ?g us |%cé1n§dg}éé)t%§%gé nix)%g‘gs \éég ?
operation conprising: = communication bus (110); and

transfer means for transferring the data file from the storage device (162)

10 tothe communicatio_ns network (56) by way of the network connection (158).

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

(110) comprises an ethernet. |

15 19. A dataprocessing 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 Systern as claimed in Claim 17, 18 or 19, wherein the data file

20 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. Adata proceésing 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 'th_e network connection.

30 23. A dataprocessing 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 |
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a‘first node of operation in which a plurality of connections is nmade
between the apparatus and a plurality of users (54) on the
conmmuni'cations network (56) using the - ~second network connections

(158); operatlon in WhICh a portlon of the
plurality of di glt MIDWEI IIﬂ[I T“'I
23 ' L

Is-transfesr r OM orage device (162) to. the user on a path
fromthe storage device (162) to the kpsffer (156), fromthe buffer
(156) to the second network connection (158), and fromthe network
connecti on ( l&fhedtion (150 Plotheddrhniusitativngbes (B4). and ~athird
nmode of operation in which the apparatus receives commands and the 5 '
transfer of t2k pomdatﬁpfmestlhksyptm@ﬂqlmmeéin Glagnﬂéu wherefg dhef §torage mgans (112)
controlled by.the re

appar at s ( 11ByREr PERGENE fesond resBRYGR Brvps frrrerivind Soatids Hegn BefoResion

system (54) 0((15@) m%ﬁ%[@ﬂgngﬁ{s\(@fd’ (56) conprising: 10 . abus
(160); first network connection nmeans (150) connected to the
bus (160),5and arranged to ~ provide a connection to a data processing

system (102-108); . . . . Ty
Y ( 258: ) 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:
10 - ‘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) mcludmg '
15 ~ abus(16);
first network connection means (150) connected to the bus (160) and
arranged to prov1de 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); |
20 buffer means (156) havmg a first connection to the bus (160) and a second
connectron to the second network connection means (158), .
' a storage device (162) connected to the bus (160), wherein the storage
device (162) contains data representmg a video; a.nd
a video storage unit processor (152) including a first processor means for
25 transferrrng 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).

30 27. A system as claimed on Clair'nl26, wherein the video server (100) irtcludes a video

servt:r processor (108) arranged to receive a request for a video from one of the plurality
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a‘second network connection means (158) connect ed to the bus (160) and

arr anged to provide a connection to the communi eati-ens—network (56); 15
buf fer neans (156) having a first connectlon to the hus (160) and a second

connection to the net l ﬁ ﬁ 158) ; - ThisS nRepliced ( 162)
havi ng a connecti on tm umm HM n the storage neg I ins the
data; and . A procdes8or®(152) including a fi means

arranged for transfering data 20 fromtheggtorage neans (162) to the buffer .-

means (156), a second processor neans for transferring data fromthe
buf fer means Jrl3l) sykRnid\64p aRPATArRES W IO RIAGLPBY HE38uested videbHim w1 2
third processor ns 1o rans ring data fromthe second network
connecti on ( %o steragdranitElé2) tn,nhe.ene 66tk phialithof asersystema(349ns net wor k.
25 15. ‘St orage apparatus as clainmed in Caim14, further conprising
fourth processor . means for transferring data fromthe data storage
apparatus (1 at t : o
o o med i n G2 m b Sy RE R e P Claim 26 0r 27, whercth BAR.FRRREGLIR () is -
processi Nng CQyHRédEd toahie vided saver (160)d8cntuinmeaniosatidaschanet (110h (158) and a
sixth 30 processor neans for altering the selected rate of data transfer
I n response to receiving a command. :

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

10 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:
15 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
20 a data storage unit (112) including:
a second storage device (162) in which data can be stored;
a network connection (158) connected_ to the second storage device and for
'directl); connecting the second storage device (162). to a communications ’
network (56); |
25 o a connection (150) for connecting the second storage device (162) to the
system bus (102); and |
transfer means for .transferring'the data from the second storage device |

(162) to the communications networic'(56) by way of the network connection (158).

30 32. A systemas 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
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24 17. Dat a processi ng system conpr+si ng: a conmuni cation

bus (110); . vi deo server means (100) connected to the

communi cations bus (110); and a plurality of storage neans (112)
connected to the conmruni cation bus (110), each of _ the storage
means (112) including: 5 a storage device (162): contai ning
a data file; a netmnrk connectlén (158) to a

communi cati ons network (56); 27 a ¢o
connecting the storage neans (112) to the ? Mim"m 'nﬂ;m-‘ ’!Hatlon
bus (110); anglsg) 1nthedatastorageumtéirz?nSfer means fpr.trahsfler ™ ng the data

~file fromthe st'orage device to the communi cati ons network (56)
by way of the network connection (158) ~18. . A data processing

systemas clajned jn Caiml7, el th co ni cations bus

conprises an 3e*t herh&ystem a3 glaimeg in ?ﬁ‘iﬂé"gﬁ& 1 HRYIEY,; ‘ﬁ§5§§7§?@ﬂ’i‘s§§ aé’llda‘ﬁoﬁé‘?fe%
Claim17 or dﬁgﬂl%'l% olffle storage neans (112) further includes a
second transfer ans tor transferring a second data file to the

storage deyice (162). 20. A data processing systemas clained in |
daimir, 18 3cl)’fr. 19A s\;rw;tg{rleésnclélpn%dqg tC('ilaljnl :’lole B%OOr%%rr\pwﬂllerse?ns th% d\é{ads%graéé Lmt (112)
includes a reception means for receiving commands at the network connection (158). .
35. . Asystemas claimeci in Claim 31, 32, 33 or 34, wherein the data storagé unit (112)
- 10 includes additional storage devices.
36. A system as claimed in any one cf 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.

15 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 storage devices
comprise hard disk drives. | |
20 | | _
- 39. A system as claimed.in any one of Claims 31 to 38, ﬁ.lrther comprising a bus (l 60)
connected to the second storage dev1ce (162) and the network connectlon (158)
40. A system as claimed in Claim 39, and Mer comprising a buffer (156) connected
25 .to the bus (160) and the net_work connection (158). |

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

(152).

by
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21, < A data processing systemas clained ip M’!y"mm:f 1Gred IE 14 2226] ..
Wherein the storage neans (112) incl udeb W Tieedpy i orwgaa .Szt't)(%}%,ed .....

receiving commands t
processing system as| cla
means i s arranged td tjransfe
(162) fromthe '
connect i on.

22, wher ei nPaCRBES AcPs
second dat AcdrhiBnieSidhl Sne
25

connecti on (150)'t 0 0 ni cati ons hus

dat a procesgm&@smmmwﬁlmc IPEresses AR systemts bﬁqﬁﬁsesP%P%@aﬁé‘&ns

(112)

5

10
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e net wor k £anmpeyiQis) 2hged .7 t8%aged Anddt a

19, wherieimgthe sqg@g@i t:rtarpa oot
afile to the storage device

fromthe c o{?ﬁé%?‘f %ﬂmr\?anggse SorRueftO M Jaffe Gl RhBRR SedulbtingbiRy Vidags gagmands

commands representing VCR~like commands, also called "virtual VCR commands”, for

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

To improve the performence of video server 10, current computer technology
tequires implementation of high performance hardware with corresponding high cost.
Typically, very high performance internal input/output (I/0) system buses are required to

~ carry video traffic in video server 10 for any significant number of users. In addition, most

very high performance syster 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 systems.

According to one aspect of the present invention there is provided apparatus for
handling video data comprising a plurality of storage units each containing video data
stored as a digital video.file, and system connection means arranged for providing a
connection between the plurality of storage units and a data processing system, wherein
each of the plurality of storage units comprises first network copnection means’for
providing a connection between the storage unit and the system connection means and
second network connection means for providing a connection between the storage unit and
a communications network, transfer means for transferring the digital video file from the

storage unit to the communications network using the second 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 a
communications network comprisirig a bus, first network connection means connected to
the bus end arranged to provide a connection to a data processing system, a second
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



(150) to the comunications bus (110). 5 25. A data prfo¢gpp
systemas clained in Caim21 or 24, and arranged such that a
of the data file by the transfer neans is controlled by the re¢cgived
comands. 26. A distributed data processing system cprpr it FEgB
a communi cati ons network (56); a plurality of usgr ystens (
connected to the comuni cati ons network ‘t56); vi deo server
means (100) connected the conmmunications network (56);,and ~
vi deo st or agpsondeennertiony theatwerkaeonpectionestorage Bieans RAYHIS & RAPCCHIRO\ T Es
st orage b s | LAg: : ”

first net V\otrnﬁsuc@ o]#ﬁé%gt' ?%ﬁﬂo%g;{gé%SCg%é&s ntr?gc%aéadar%do %Rgocﬁﬁgy%%‘%m%r?dﬁm
arranged t opjetayordeeans areamged for trangferring dataiftbenths storage mesnsite the Bigffer means
second networ k cqnnecti on nea 158) conpected to,t bus 6 n

ar r anged toaﬁF‘ERF%d@c.fs%ﬁH@@tsir}gﬁ&F%& gc‘gfﬁwf}ﬂ?f‘c ibélﬁgr th&%%%csn%
buf f er MeangetivbAbornBMioAdnaarks] &fd a GERTHOEERSK tbark or Basfdriif@)datinfioa thecond
connection to the second network connection neans (158&; ,

a storage desgpadnerwork cozpentiontte theuser sistepnen thecopmupitaHensnatwerkst or age
device (162) contains data representing a video; and . a
vi deo storage unit processor ((152) including a first processor neans for 25

transferring dat Actordingttb getsinothey asptetofithe presait inventionsthpresis pradded adatecond
rocessor neans ., for transferring data . fromt uf f to

Ito he second RECTHSTE SETHR EURPRTOE 4 W%M%%Wav%%@%%wg%s@gﬁﬁi%@ﬁ% or

transf engi ngodunickiions Bub Sanderplarhling bfGtbiage eieasycdonfiected to‘thé tofjnundcatibn user

system (54) on the communi cations_ network (5@ . .
bus, each of the storage means including a storage dévice containing 4 data file a network

connection to a communications network, a connection connecting the storage means 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.
15 __ - '
According to a further aspect of the present invention there is provided a distributed
data processing system comprising 2 communications network; a plurality of user systems
conpected to the communications network, video server means connected the
communications network, and video storage means connected to the video server, the
20 video storage unit including a bus, first network connection means connected to the bus
aﬁd arranged to provide a connection to the video server means, second network
connection means connected fo the bus and arranged to provide a connection to the
communications network, buﬁ'er'means baving a first connéction to the bus and a second
connection to the second network connection, a storage device connected to the bus,

[)
n

wherein the storage device contains data representing a video, and a video storage unit
processor including a first processor means for transferring data from the storage device
1o 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 10 the user system on the corsmunications network.

According to still a further aspect of the present invention there is provided a data
processing system comprising a computer including, a processor, a memory, a storage
device, and a system bus connected to the processor, the memory, and the storage device,



30 v 27. A systemas claimed on Claim26, wherein t vi deo server (100)
"tncludes a video server processor (108) arranged to recei equest
for a video fromone of the plurality

26 of user systens (54) and arranged to initia"iel w J’ﬂ
requested video fromthe vi deo sto?za]ge unit (162) toct

plurality efapggr systems (54). 28. A syst emas clained ih al m 26
or 27, whererm the video storage unit (162) 5 connected to the video
server (10D) byAppxamsinnhend! mgq\gd@méaia@ompmm; 29. A systemas

claimed in df%’ t ri ses an
et her net (1?‘ hl'ﬁy%ﬁst i (lli' S?éé’:ﬁ’@ggh?ﬁﬁ#?ﬂfgo ﬁg@{e%& gp 27, 28 or 29,

wherein t hdngaelcmdeb filet and Isystem conncmmmmenné ISB)) aoapeddes a
adapter.

SHEET
proyldmg a connection between the plurality of storage units (112) a REPLACEMENT

a data processing system (102-108); wherein each of the plurality of
storage units (112) comprises;

11FEB 999

first network connection means (150) for providing a connection betwden

the storage unit (112) and the system connection means (110); and
second network connection means (158) for providing a connection between
the storage unit (112) and a communications network (56);
transfer means for transferring the dxgztal video file from the stora,,e unit (l 12)

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

2. Apparatus as claimed in Claim 1, further comprising reception means for receiving

commands from the communications network (56).

15 3. Apparatus as claimed in Claim 2, wherein the reception means receives commands
through the first network connection (150) from the data processing system (102-108).

4, Apparatus as claimed in Claim 2 or 3, wherein the reception means recejves
commends from the second network connection (158).
S. Apparatus as claimed in any one of Claims 2,3 or 4, wherein said commands

comprise virtual VCR commands.

6. Apparzius as claimed in any one of Claims 1-5, wherein the system connection

means (110) comprises an ethernet (110).

7. Apparatus 2s claimed i in 2ny one of Claims 2 to 5, and arrenged to wansfer the

digital video file to the commurications network (56) 2t 2 preselected rate,

8. Apparatus as claimed in Claim 7, further comprising alteratioh means for altering




31.¢* A data processing system conprising: a conputer (100)

i.ncl udi ng: 15 a processor (104); a nmenory
(106); a storage device (108); and

bus (102) connected to the processor (104), the menory (10Mlllummmmmml
storage device (108); and 20 a déta storage unit (112) fnctud ng: =

a second storage devi ceﬁé;&) I n which data can be stored;
a net wor k tmopreseledteshragal ansferedcthe dligitel nideosiledn despossedgaeerpiiosanis f or

directly conpecting the, second storage deV|ce 1 to a comuni cations
net wor k (5@9&“!253001?@3114!!0!!1‘?‘ 5"%‘8& gg%'for connecting the data

storage unit (112) to the system bus (102); and
transfer nmeans for transferring the data fromthe second storage device

(162) to ?he C%&ﬂt&%&bl@ﬁﬁe@&téﬁ?fdﬁew@)eﬁ?&/ce Wik chfim$, feriie tumplisingartast i on
(158) . A systemas clainmed in aim3'1, wherein theﬁ]{ﬁ%gnectlon

t o t he 3yl atrasced1029nnect theisworagendavited163), the Bush aetwerk canmgytion t ed
both to the e {&Tht Hendii cbnddticH (S8 BEbter!

10.  Apparats as claimed in Claim 9, further comprising a bufier (156) connected o
_' the bus (160) and also providing a connection to the second network connection (158). -
10

11.  Apparats 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 threé modes of operation
15 comprising:

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

torage device (162) to the user (54) on a path from the storage device; (162) to the buffec.
(156), from the buffer (156) to the second network connection (158) and from the

second 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.

25°'°13.  Apparatus as claimed in Claim 10 or 11, wherein the storage dévice (162) contains

2 plurality of videos stored as digital video files and the apparatus includes three modes of
operzation comprising:

2 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 (5§).tsing th L
second network connections (158); REPLAGCEMENT SHF7T

a second mode of operation in which a portion of the plurality of digite} videofieFER 1999




* Sueed
(150) I n the daf a, st-orage unl't”\( 12). 33. A systemas clained in
"Caim31 or 32,{wherein th onprises a video stored "“a\a‘drgﬁ—aﬁ—

video file. 5 34 Ksyste s claimed in Caim 31, e|n
q_gi_]‘._,(..‘L;a——-'Jnl cludes a receptlon mea "ﬂml ﬂ

the data storag
commands at the lnetwork connect.i (158). A systema

in Claim31, 32, erein the 2ata storage unit (112) 10 incl udes _
addi ti onal storage devi ces 36. A system as clai'med i.n any one of

Clains 31 ;sqxas,&eﬁswlnemrtMQeﬁgsdeﬁcé (62) tdrehe user ort 2 pathffomn Ui stdvegeodavicef r om
the second storage device (162) to the conmunications network &6) by
the transf gi62neahsbufier C56), Kom e bwffer HS6} trhaserond asbyarkoppeatioa @&Sept i on

neans. . tem as..cl d 0 of i 31 to 36,
wherein t hénc}lgrlo\‘lbtt’?“ S LYt @é%ﬁ‘@? P&%‘W %ﬁﬁ\#net wor k adapt er .
~ a third mode of operation in which the apparan.s rccewes comumands and the
5 transfer of the portion of the plurality of digital video files is controlled by the received

commands.

14. A data storage apparatus (1 12) arranged for storing and transferring data to a user
system (54) on a communications network (56) comprising:
10 a bus (160); ' | _
first nerwork connection means (150) connected to the bus (150), and arranged to
provide a connection to a data processing system (102-108); '
a second network connection means (158) connected to the bus (160) and arranged
to provide a connection to the communications network (56);
15 _ buffer means (156) having a first connection to the bus (160) and a second
conhection 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) inc;luding a first processor means arranged for transferring data
20 from the storage means (162) to the buffer means (156), a second processor means for
transferring data from the buffer means (156) to the second network connection means
(158), 2=d a third processor means for transferring dzta from the second.network

connection (158) to the user system (54) on the communications nerwork.

15,  Storage zpparatus as claimed in Claim 14, further comprising fourth processor -

o
U

means for transferring data from the data storage apparatus (162) zt 2 selected rate.

16.  Storage apparatus as claimed in Claim 135, further comprising fifth processor means
for processing commeands received at the second network connection (138) and a sixth
30 processor means for altering the selected rate of data transfer in response to recejving a

commaend.
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38.* A systemag clained in Cainj35 wherein the additional data storage
devi ces comrﬂri se hard disk drjves. 20 39. A system as
0

clained.in any ope}ofl Uraivd9®L {o| 38, further conpri-si us (160)
connected to thejs¢cond storage feyice (162) and th t wor kK connection

(158). 40} TASystémas clhimgg in Claim 391@@”{,@"””,#”%? ng

a buffer (156) chdnnected 25 to thk bus (160) and't x
(158). [ %ig@:? clained in Caim40, and furthers canpri sing
a processolr7' (1@%‘&1”0&5&%% ne éoan_rgrgqghe bus (160) and wherein the transfer

nmeans is | ocat adomfmudREGorHBCERHOr (152). 30

video server means (100) connected to the communications bus (110); and
a plurality of storage means (112) connected to the communication bus (110), each of

the storage means (112) including:

a storage device (162) containing a data fite;

(V.

a nerwork connection (158) to a communications network (56)

a connection (130) connecting the storege means (112) f0 the

communication bus (1.1 0); and A

transfer means for ransferring the data file from the .storage device (162)
10 to the communications nctv}ork (56) by way of the network connection (158).

18. A dataprocessing system as claimed in Claira 17, wherein the communications bus
(110) comprises an ethernet.

15 19. A dataprocessing system as claimed in Claim 17 or 18, wheréin 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
20 comprises a video file.

21, Adata processing system as claimed in 2ny one of Claims 17-20, wherein the
storage means (112) includes a reception means for receiving corimands through the

network connection.

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

communications network (56) through the network connection.

30 23.  Adataprocessing system as claimed in Claim 19 or 22, wherein the second transfer

means is arranged to transfer the: second data file to the storage deviée (162) through the
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of user systems (54) and arranged to initiate a transfer of the requested video from the

video storage unit (162) to the one of the plurality of user systems (34).

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

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

29. A system as claimed in Claim 28, wherein the communications channel comprises
an ethemnet (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.  Adataprocessing system coi:nprising:
a computer (100) including: -

a processor (104);

amemory (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) inciuding:
a second storage device (162) in which data can be stored;
anetwork connection (158) connected to the second storage device and for
cirectly connecting the second storage device (162) gto a communications
 network (56); '
a connection (150) for tonnecting the data storage unit (112)
to the system bus (102); ad
transfer means for transferring the data from the s;acond storagé device
(162) to the communications netviork' (56) by way of the network ¢onnection (158).
32.  Asystemeas claimed in Claim 31, wherein the connection to: the systemi bus (102)

is provided by an ethernet (110) connected bath to the system bus and to said connection



