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VIDEQ OPTIMIZED MEDIA STREAMER DATA FLOW ARCHITECTURE

Field of the Invention

5 This invention relates to a system for delivery of
multimedia daté and, more particularly, an interactive
video server system that provides video simultaneously to
a plurality of terminals with minimal buffering,

10 Background of the Invention

The'playing of movies and video is today accomplished with
rather old technology. The primary storage media is analog
tape, such as VHS recorders/players, and extends up to the

15 very - high quality and very expensive D1 VIR's used by
television studios and broadcasters. There are many
jroblems with this technology. A few such problems
include: the manual labor required to load the tapes, the
wear and tear on the mechanical units, tape head, and the

20 tape itself, and also the expense. One significant.
limitation that troubles Broadcast SFations is that the
VTRs can only perform one function at a time, sequentially.
Each tape unit costs from $75,000 to $150,000.

25 v stations' want to incfease their revenues from
commer01als, which are nothlng more than short movies, by
1nsert1ng special commer01als into their standard programs
and thereby targeting each city as a separate market. This
is a'difficult'task with tape technology, even with the

30 very expensive Digital D1 tape systems or tape robots.

Traditional methods of delivery of multimedia data to end

users fall into two categories: 1) broadcast industry
methods and 2) computer industry methods. . Broadcast
35 methods (including motion picture, cable, television

network, and record industries) generally provide storage
in the form of analog or digitally recorded tape. The
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tape itSelf, and also the expense. One significant limitation that

t roubl es BripShde iiagB ] is that the VIRs can only perform one function
at “a tine, i“ﬁi Each tape unit costs from $75,000 to $150, 000. TV
stations their revenues from conmercials, which are .
not hing nore than short novies, by inserting special commercials into their-
standard prograns and thereby targeting each.city as a separate narket.
This is a difficult task with tape technol ogy, even with the very expensive
Digital Dl tape systens or tape robotqr Tradi ti onal nethods o?’delivery of
mul timedia data to end users fall into two categories: 1) broadcast

I ndustry nethods and 2) cqﬂggtggx i$gustry nmet hods. Br oadcast net hods

(i ncluding notion picture, Cable, fe evr §T6H net wofk, and record
i'ndustries) generally provide storage in the formof analog or digitally
recorded tape. The playing of tapes causes isochronous data streams to be

generated which are then moved through broadcast industry

~ equipment to the end user. Computer methods generally
provide storage in the form of disks, or disks augmented

5 - with tape, and record data in compressed digital formats
such as DVI, JPEG and MPEG. On request, computers deliver
non-isochronous data streams to the end user, where
hardware buffers and special application code smooths the

data streams to enable continuous viewing or listening.

10
Video tape subsystems have traditionally exhibited a cost
advantage over computer disk subsystems due to the cost of
the storage medla. llowever, video tape subsystems have the
disadvantages of tape manayement, access latency, and

15 relatively low reliablilty. These disadvantages oro
increasingly significant as computer storage costs have
dropped, in combination with the advent of the real-time -
digital compression/decompressioh techniques.

20 Though computer subsystems have exhibited compounding
cost/performance improvements, they. are not generally
considered to be %“video friendly". Computers interface
primarily - to workstations and other computer terminals
with interfaces and protocols that are ‘termed "non-

25 isochronous!". To assure smooth (isochronous) delivery of
multimedia data to the end user, computer systems require
special application code and large buffers to overcome
inherent weaknesses in their traditional communication
methods. Also, computers are not video friendly in that

30 they lack compatible interfaces to equipment in the
multimedia industry which handle isochronous data streams
and switeh among them with a hiéh degree of accuracy.

With the introduction of the use of computers to compress’
35 and store video matefial in digital format, a revolution
has begun in several major industries such as television
broadcasting, movie studio production, "Video on Demand"
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cver telephone lines, pay~-per-view movies in hotels, etc..
Compression technology has progressed to the point where
acceptable results can be achieved with compression ratios
of 100x to 180x. Such compfession ratios' make random
access disk technology an attractive alternative to prioxr
art tape systems.

With an ability to random access digital disk data and the
very high bandwidth of disk systems, the required system
function and performance is within the performance,
hardware cost, and expendability of disk technology. 1In
the past, the use of disk files to store video or movies
was novor raeally a conaidaratlon hecause of the cost of
storage. That cost has seen significant reductions in the

recent past.

For .the many new cmerying markets that utilize compressed
video data, uaing MUEG sbumdards, thoers are naveral wnyn In
which video data can be stored in a cost effective manner.
This inventlon provides a hlerarchleal solutlon ta many
different performance requirements and results in a modular
systems approach that can be cuutumlzcd to meet market

requirements.

Summary of the Invention

The invention provides a .%video friendly" computer
subsystem which enables isochronous data stream delivery in
a multimedia environment over traditional interfaces for
that industry. A media streamer in accordance with the
invention is optimized for the delivery of isochronous data
streams and can stream data into new computer networks with
ATM (Asynchronous Transfer Mode) technology. This invention
eliminates the disadvantages of video tape while providing
a VTR (video tape recorder) metaphor for system control.
The system of this invention provides the following
features: scaleability to deliver from 1 to 1000's of



advantagé,nyeL-G@ﬁputér—disk'subsyStehs due to the cost of the storage

medi a. Fbm§v§r gwn ond.ape subsystems have the disadvantages of t ape

manage Y ncy, and relatively low reliability. These _
di:sadvant easi ngly significant-as: conputer storage costs have :
dr opped, i with the advent of -the real-tine digital

conpr essi on/ deconpr essi on t echni ques. Though conput er subsystens have
exhi bi ted conpoundi ng cost/performance i nprovenents, they are not generally
considered to be "video friendly". co uters interface primar{ly to .

wor kst ati ons and other conputer termnals with interfaces and protocols
that are ternmed "non- isochronous”. To assure snooth (isochronous) delivery

of multinedia data to the eHGCM§€N° cafApUt-e87systens require speci al
application code and | arge buffers to overcome inherent weaknesses in their

tradi tional conmunication independently controlled data streams to end users; an
ability to deliver many isochronous data streams from a

single copy of data; mixed output interfaces; mixed data

rates; a simple "open system” control interface; automation

5 control support; storage hierarchy support; and low cost

per delivered streamn.

A media streamer in accordance with an aspect of this
invention includes at least one storage node comprising
10 mass storage for storing a digital representation of at
{ _ least one video presentation; and a plurality of
communication nodes each having at least one input port
that is coupled to an output of the at least one storage
node for receiving a digital representation of -a video
15 presentation therefrom. Each of the plurality of
communication nodes further includes a plurality_of output
ports, individual ones of the plurality of output ports
being operable for transmitting a digital representation as.
a data stream to a consumer of the digital representation.
20 Individual ones of the output ports have an associated data
buffer for buffering a portion of a digital representation
prior to a transmission of the digitai représentation.

Each of the plurality of communication nodes further

25 includes a scheduler for scheduling, for individual ones of
the data buffers, a read request to the at least one
storage node for a next sequential portion of the digital
répresentation for storage within individual ones of the
data buffers. Each read request for a particular individual

30 one of the data buffers is scheduled at a predetermined
time such that a requested next sequential portion of the
digital representation is available to a requesting
communications node, prior to a time that the requested
next seéuential portion is required to be transmitted from

35 the output port that is assdciated with the data buffer for
which the read request was scheduled.
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met hods. Al so; ﬁ“@re not video friendly in that they |ack :
conpat i bl¥his equi prent in the nul'tinmedia industry which handle
|sochronou$ﬁﬂ ﬁ‘ ~and switch anbng them wi th ‘a high degree of.’ :
accuracy uction of the use of -conputers to conpress and
store video material in digital format, a revolution has begun in several
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progressed to the point where
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. The at least one storage node further includes a scheduler
for scheduling a read resquest to the mass storage. The read
request is Scheduled such that a next sequential portion of
a digital representation is available for outputting, prior

5 to the at least one storage node receiving a read request
for the next sequential portion from one of the

communication nodes.

The scheduler of individual ones of the communication nodes
10 schedules read requests such that only one read request
from the individual one of the communication nodes is
pending at the at least one storage node at any given time.

Technfques-are also disclosed for optimizing disk storage

15 units for delivering and receiving video data.

Brief Description of the Drawings

Fiq.'l is a block diagram of a media streamer incorporating

20 the invention hereof;

Fig. 1A is a block diagram which jllustrates further

details of a circuit switch shown in Fig. 1;

'

25 Fig. 1B is a block diagram which illustrates further

details of a tape storage node shown in Fig. 1;

Fig. 1C is a block diagram which illustrates further
details of a disk storage node shown in Fig. 1;

30
Fig. 1D is a block diagram which illustrates further

details of a communication node shown in Fig. 1:

Fig. 2 illustrates a list of video stream output control
35 commands which are executed at high priority and a further
list of data management commands which are executed at

lower priority:
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acceptable results can be achi eved with conpression ratios of 100x to 180x.
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Thi sodrRY ENY.i 6w proys-des a hj erarchi erit solutionn to

Flg. 3 Is a block diagram illustrating communication node
data fiow;

Fig. 4 is a block diagram illustrating disk storage node
data flow;

Fig. 5 illustrates control message flow to enable a connect

to be accomplished;

Fig. 6 illustrates control message flow to enable a play to

ogccur;.

Fig. 7 illustrates interfaces which exist between the media

streamer and client control systems;

Fig. 8 illustrates a display panel showing a plurality of
"soft!" Kkeys used to operate the media streamer:

Fig. 9 illustrates a load selection panel that is displayed
upon selection of the load soft key on Fig. 8;

Fig. 10 illustrates a batch selection banel that is
displayed when the batch key in Fig. 8 is selected;

Fig. 11 illustrates several client/server relationships
which exist between a client control system and the media

streamer;

Fig. 12 illustrates a prior art technique for accessing
video data and feeding it to one or more output ports;

Fig. 13 is a block diagram indicating how plural video
ports can access a single video segment contained in a

communications node cache memory:

Fig. 14 is a block diagram illustrating how plural video
ports have direct access to a video segment contained in

-I1BM CONTFIDENTIAL



d|ffefgﬁ?fﬁéTfofﬁanc&“LQQU|renents and results in a nodul ar systens

appr oacti hﬁ&ﬂ&ﬁﬁm;_tcuston1zed to neet market requirenents. Summary of the
Inventlo;- iy ALRESH - provides a "video friendly" . computer . -
subsyst‘f N d%ﬂr: #s i sochronous data streamdelivery in a nmuitinedia .
envi Fonment ' tional interfaces for that industry. A medi a

streaner in accordance with the invention is optim zed for the delivery of.

i sochronous data streans and can stream data into new conputer_ networks

wi th ATM (Asynchronous. Transfer Nbde)(technology Thi s |nvent(bn el i m nates
t he di sadvant ages of video tape while providing a VIR (video tape recorder)
met aphor for systemcontrol. The systemof this invention provides the
foll owi ng features: scal ealfiorkety Npo SheHPy€r87f rom 17t 0 1000' s of | BM

CONFI DENTAL : - :

cache memory on the disk storage node;

Fig. 15 illustrates a memory allocation schene enployed by
the invention hereof: '

5
Fig. 16 illustrates a segmented logical file for a video 1;
Fig. 17 illustrates how the various segments of video 1 are
striped across a plurality of disk drives;
10 '

Fig. 18 illustrates a prior art switch interface between a
storage node and.a cross bar switch;

Fig. 19 illustrates how the prior art switch interface
15 shown in Fig. 18 is modified to provide extended output
bandwidth for a storage node;

Fig. 20 is a block diagram illustrating a procedure for
assuring constant video output to a video output bus:

20
Fig. 21 illustrates a block diagram of a video adapter used
in converting digital video data to analog video data:

Fig. 22 is a block diagram showing control modules that

25 enable SCSI bus commands to be employed to control the
video adapter card of Fig. 21.

Detailed Description of the Invention

30
GLOSSARY
In the following description, a number of terms are used
that are described below: '

35

AAL-5 ATM ADAPTATION LAYER-5: Refers to a class of
ATM service suitable for data transmission.

IEM COXFIDENTIAL



ThIS s the replacenent Terr] . 4 independently controlled data streans to
end—usergr“aﬁ“éblr“fy to deliver many isochronous data streans froma
SI ngh@ss;,gd@)qascﬁee acedm xed output interfaces; mxed data rates; a si rrpl e

"opent i nt erfade; automation control. support ‘storage” = -
hi er ai nd | ow cost: per .- delivered stream A nedia strearrer in
accor spect -of this invention includes at |east one storage

node conprising nmass storage for storing a digital representation of at

| east one video presentation; and a p(ur ality of ' (
Docket tlo. .SAG-94-087 5
ATM ASYNCRIONUUS  'I'RANSFER  MOUE: A high speed

swltdhlng and transport technology that can be
used In a local or wlde area network, or both,

it Ll deslgned  to earry  hoth  data  nand

5 video/audio.
Betacam A professional quality analog video format.
CCIR 601 A standard resolution for digital television.

10 ’ 720 x 840 (for NTSC) or 720 x 576 (for PAL).
luminance, with chrominance subsampled 2:1

horizontally.
CPU : CENTRAL PROCESSING UNIT: In computer
15 architecture, the main entity that processes

. 2o
computer instructions.

CRC CYCLIC REDUNDANCY CHECK. A data error detection
scheme.

20 . .

D1 Digital video recording format conforming to
CCIR 601. Records on 19mm video tape.
D2 Digital video recording format conforming to

25 SHMPTE 244M. Records on 19mm video tape.

D3 - Digital video recording format conforming to
SMPTE 244M. Records on 1/2'" video tape.

30 DASD DIRECT ACCESS STORAGE DEVICE: Any on-line data
storage device or CD-ROM player that can be
addressed is a DASD. Used synonymously with
magnetic disk drive. -

35 bMA DIRECT MEMORY ACCESS: A method of moving data in

a computer architecture that does not require

the CPU to move the data.
IBM CONFIDENTIAL



comuni_sation _nodes each ‘having at |east one input port that is coupled to
an outpu%,of the " at—teast_.one storage node for receiving a digital

represent _Bﬁ&B&mﬁg eo presentation therefrom . Each of the
plurallty : 4 : °f6n “nodes further includes a plurality of output
ports, indf f the- plurality of output ports being operable for

transnlttlng“a. epresentation as a data streamto a consuner of the
digital representation. Individual ones of the output ports have an

associ ated data buffer for buffering f-poftiOn of a digital (épresentation
prior to a transnission of the digital representation. Each ‘of the
plurality of comrunication nodes further includes a scheduler for
schedul i ng, for individual Joskst ¢.t$re-dat@7buffers, a read rrequest to the
at | east one storage node for a next sequential .portion of the digital

representatlon for storagepythin |pd|Véf§{lve neslég téhall;y digital video
compre551on format usually used to play video
from CD- ROM disks to computer screens.

5 El European equivalent of T1.

FIEO FIRST IN FIRST OUT: Queue handling method that
operates on a first-~come, first~served basis.

10 GenLock Refers to a proceés of synchronization to
another video signal. It is required in computer
capture of video to synchronize the digitizing
process with the scanning parameters of the
video signal. '

15

I/0 INPUT/QUTPUT

Isochronous = Used to describe information that is time

sensitive rand that is sent (preferably)

20 ‘without interruptions. Video and audio
data sent in real time are isochronous.

JPEG ‘JOINT PHOTOGRAPHIC EXPERT GROUP A working

committee under the ausplces 6f the

25 International Standards Organization that is-

defining a proposed universal standard for

digital compression of still images for use in

computer systems.
30 KB KILO BYTES: 1024 bytes.

LAN LOCAL AREA MNETWORK: High~speed transmission
over twisted pair, coax, or fiber optic cables
that connect terminals, computers and

35 peripherals together at distances of about a

mile or less. .

IBM CONFIDENTIAL



dat a bufiers Each 1 read request for a partlcular i ndi vi dual one of the data
buffers s scheduled at a predetermined tine such that a.requested next :-:

sequent huﬂe epresentation is available to a
requesti " ons node, prior to a tine that the requested next
sequent i reqU|red to be transmtted fromthe output port that

is associ.ated with the data buffer for which the read request was
schedul ed. This is the replacenent sheet [err] =~ 5 The at-|east one

st orage node further
t he mass storage.

The read
Docket No.
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25
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includes a schedgler for scheduling a rgad request to
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LEAST RECENTLY USED

MOVING PICTURE EXPERTS GROUP: A working
conmittee under the auspicés of the
International Standards Organization that is
defining standards for the digital
compression/decompression of motion video/audio.
MPEG-1 is the initial standard and is in use.
MPEG-2 will be the next standard and .will

- support digital, flexible, scaleable video

transport. It will cover multiple resolutions,
bit rates and delivery mechanisms.

EG-2 See MPEG
MOST RECENTLY USED

MOST TIME TO NEXT USE

Vd
t NATIONAL TELEVISION STANDARDS COMMITTEE:
The color television format that is the
standard in the United States and Japan.

PHASE ALTERNATION LINE: The . color
television format that is the standard for

Europe except for France.

PERSONAL COMPUTER: A relatively low cost
computer that can be used for home or business.

‘REDUNDANT ARRAY of INEXPENSIVE DISKS: A storage

arrangement that uses several magnetic or
optical disks working in tandem to increase
bandwidth output and to provide redundant
backup.

P

SMALL COMPUTER SYSTEM INTERFACE: An industry

[BX CONFIDEX I%L



f request is schedq,gd,such that a next sequential portion of a digital
‘representation is a ajlable for outputting, prior to the at |east one

stor§g§gﬁadasBen .a read request for the next sequential portion from

. one tlon nodes.. The schedul er . of .individual ones of the ‘
: connun schedul'es read requests such that only one read request

: fronlt |V|dual one of the communication nodes is pending at the at

| east one storage node at any given time. Techniques are al'so disclosed for
optim zing disk storage units for - dgrlverlng and receiving yi deo dat a.
Brief Description of the Draw ngs Fi'g Is a block diragram of a nedia
_streamer incorporating the invéntion hereof; Fig. 1A is a block diagram
which illustrates furtherPf¥esifes 6R9FPicPfTtuit swittch showh in Fig: 1

standard for connecting peripheral devices and
their controllers to a computer.

SIF SOURCE INPUT FORMAT: One quarter.the CCIR 601
5 resolution.
' SMPTE . SOCIETY OF MOTION PICTURE & TELEVISION
ENGINEERS.
10 SSA SERIAL STORAGE ARCHITECTURE: A standard for

connecting peripheral devices and their
controllers to computers. A possible replacement

for SCSI.

15 T1 Digital interface into the telephone network
with a bit rate of 1.544 lb/sec.

TCP/IP TRANSMISSION CONTROL PROTOCOL/INTERMNET PROGRAM:
A set of protocols developed by the Department

20 of Defense to link dissimilar computers across
networks. .
VHS VERTICAL HELICAL SCAN: A common format for
recording analog video on magnetlc tape.
25
VTR VIDEO TAPE RECORDER: A device for recording
video on magnetic tape.
VCR VIDEO CASSETTE RECORDER: Same as VTR.
30

A. GENERAL ARCHITECTURE

A video optimized stream server system 10 (hereafter
referred to as media streamer) is shown in Fig. 10 and
35 includes four archiﬁecturally distinct components to
provide scaleability, high availability and configuration

flexibility. The major components follow: -



Fig. 1B'is a block diagramwhich illustrates further details of a tape.

st orage node strown—n-Fi-g- 1; Fig. .1Cis a block di agram which iILustraté§ 
f urt her ThieSkded Has BlenRefligk St Or age node shown-in Fig. 1;.Fig. 1D i's a block

di agram es further details of -a communication node shown in
Fig. 1; Hi | tes a list of video stream output control commands
whi ch are e t"Bhi gh priority and a further |ist of data managenent

commands which are executed at |lower priority; This is the F§placenent

sheet [err] Fig. 3 is a block diagfanliLlustrating communi{cati on node
Daaleale o, a4 any [
1) Low Latency Switch 12: a hordware/microcode

component with a primary task of delivering data

and control information between Comrmunication

Nodes 14, one or more Storage Nodes 16, 17 and
5 one or more Control MNodes 18.

2) Communication Node 14: a hardware/microcode

component with the primary task of enabling the

“playing" (delivering data isochronously) or

10 "recording” (receiving data isochronously) over
an externally defined interface usually familiar

to the broadcast industry: NTSC, PAL, Di, D2,

etc. The digital-to-video interface is embodied

in a videc card contained in a plurality of

15 video ports 15 connected at the output of each

communication node 14.

3) Storage Node 16, 17: a hardware/microcode
component with,/the primary task of, managing a
20 storage medium such as disk and associated

storage availability option§.

4) ‘Control Node 18: a hardware/microcode component

with the primary task of receiJing 'and executing

25 ~control commands from an externally defined
subsystem interface familiar to the computer

industry.

A typical media streamer with 64 nodes implementation might
30 contain 31 communication nodes, 31 storage nodes, 2 control
nodes interconnected with the low latency switch 12. A
smaller system might contain no switch and a single
hardware node that supports communications, storage and
control functions. The design of media streamer 10 allows
35 a small system to grow to a large system in the customer
installation. In all configurations, the functional
capability of media streamer 10 can remain the same except

IBX CONFIDEXTIAL



data flow, Fig. 4 is a block diagramillustrating disk storage node data
flow~Frg—5 ilTustrates control nmessage flowto enable a connect to be
actoNnp s bee: HaBegn Replackd ystrates control nmessage flow to enable a play to

occur; H tes 'interfaces which exist between the nedia streaner
and c1i£B tems; Fig. 8 illustrates a display panel showng a =
pluralit soft" keys used-to operate the nedia streamer; Fig. 9 S
illustrates a | oad sel ection panel that is displayed upon selection of the
| oad soft key on Fig. 8; Fig. 10_iLIg§trates a batch sel ectifn panel that
i s displayed when the batch key in Fi'g. 8 is selected; Fig. 11 illustrates

several client/server relationships
Docket No. SA9-94-087 13

for the number of streams delivered and the number of

rnultimedia hours. stored.

In Fig. 1A, further details of low latency switch 12 are
5 shown. A plurality of circuit switch chips (not shown) are
interconnected on crossbar switch cards 20 which are
interconnected via a planar board (schematically shown).
The planar and a single card 20 constitute a low latency
crossbar switch with 16 node ports. Additional cards 20 may

10 be added to configure additional node ports and, if
desired, active redundant node ports for high availability.
Each port of the low latency switch 12 enables, by example,
a 25 megabyte per second, full duplex conmunication
channel.

15
Information is transferred through the switch 12 in
packets. Each packet contains a header portion that
controls the switching state of individual crossbar switch
points in each of the switch chips. The control node 18

20 provides the other nodes (storage nodes 1§,. 17 and
communication nodes 14) with the infogmatiop necessary to
enable peer-to-peer operation via the 1qw latency switch
12. ) ,'

25 In Fig. 1B, internal details of a tape storage node 17 are
illustrated. As will be hereafter understood, tape storage
node 17 provides a high capacity storage facility for
storage of digital representations of video presentations.

30 As employed herein a video presentation can include one or
more images that are suitable for display and/or
processing. A video presentation may include an audio
porﬁion. The one or more images may be logically related,
such as sequentiai frames of a film, movie, or animation

35 sequence. The images méy originally be generated by a
camera, by a digital computer, or by a combination of a
camera and a digital computer. The audio portion may be

IBM COXNFIDENTIAL



whi ch eXLSf between a client control sySten1and the nedia streamer; Fig. 12
i |l ustrates—a--prior art technique for accessing video data and feeding it
to one ofp@Le out put “ports; Fig. 13 is a bl ock diagramindicating how

pl ural  vi TReplaagCesS a single video segnent contained in a-
QonnunicalMﬂﬂ
how pl ur a Hh

This is the repl acenen
node;

10

15

20

25

30

35

e nenory; Fig. 14 is a block diagramillustrating
ave direct raccess to a video segnment  contained in
sheet [err] 7 cache nenory on the disk storage

¢
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synchronized with the display of succesive images. As
employed herein ., a2 data representation of a video
presentation can be any suitable digital data format for
representing one or more images and possibly audio. The
digital data may be encoded and/or compressed.

Referring again to Fig. 1B a tape storage node 17 includes
a tape library controller interface 24 which enables access
to multiple tape records contalned in a tape library 26.
A further Interface 28 cnables access to other tape
libraries via an SCSI bus interconnection. An internal
system memory 30 enables a bufféring of video data received
from either of interfaces 24 or 28, or via DMA data
transfer path 32. System memory block 30 may be a portion
of a PC 34 which includes software 36 for tape library and
file management actions. A switch interface and buffer
module 38 (used also in disk storage nodes 186,
communication nodes 14, and control nodes 18) enables
interconnection between the tape storage node 17 and low
latency switch 12. That is, the module 38 is responsible
for partitioning a data transfer intq packets and adding
the header portion to each packet that the switch 12
employs to route the packet. When receiving a packet from
the switch 12 the module 38 is responsible for stripping
off the header portion before locally buffering or

otherwise handling the received data.

video data from tape library 26 is entered into system
memory 30 in a first buffering action. Next, in response
to initial direction from control node 18, the video data
is routed through low latency switch 12 to a disk storage
node 16 to be made ready for substantially immediate access

when needed.

In Fig. 1C, internalndetails of a disk storage node 16 are
shown. Each disk storage node 16 includes a switch
interface and buffer module 40 which enables data to be

M COMNFIDENTIAL



Fig. 15 illustrates a nenory allocation schene enployed by the invention
hereof;‘?TQT“&64LLLQ§;rates a segnented logical file for a video 1; Fig. 17
i.|l'ustraligsshaqyy, t he various segments of video 1.are striped across a .
plurality d Fig. 18 illustrates a.prior art switch interface-
betmEen=a/ MHF nd a.cross bar switch; Fig. 19 illustrates how the
prior. art t ace shown in Fig. 18 is nodified to provide. extended
out put bandwi dth for a storage node; Fig.- 20 is a bl ock diagram _

il lustrating a procedure for assuringgconstant vi deo out put te a video

output bus; Fig. 21 illustrates a bl dck diagramof a video adapter used in
converting digital video data to analog video data; Fig. 22 is a bl ock

di agram show ng control nmogyhes hats,gnapl,g,SCSI Qus commands to be
enpl oyed to control the

transferred from/to a RAID buffer video cache and storage.
interface module 42. Interface 42 passes received video
data onto a plurality of disks 45, spreading the data
across the disks in_a quasi-RAID fashion. Details of RAID
5 memory storage are known in the prior art and are described
in "A Case for Redundant Arrays of Inexpensive Disks
(RAID)", Patterson et al., ACM SIGMOD Conference, Chicago,
IL, June 1-3, 1988 pages 109-116. ' |

10 A disk storage node 16 further has an internal PC 44 which
includes software modules 46 and 48 which, respectively,
provide storage node control, video file and disk control,
and RAID mapping for data stored on disks 45. 1In essence,
each disk storage node 16 provides a more immediate level

i5 of video data availability than a tape storage node 17.
Each disk storage node 16 further ls enabled to buffer (in
a cache manner) video data in a semiconductor memory of
switch intorfaca and buffer module 40 ro an to provido aven
faster availahility of video data, upon receiving a request

20 thercefor.

In general, a storage node includes a mass stbrage unit (or
an interface to a mass storage unit) and a capability to
locally buffer data read from or to be writteh to the mass

25 - storage unit. The storage node may include seguential
access mass storage in the form of one or more tape drives-
and/or disk drives, and may include random access storage,
such as one or more disk drives accessed in a random access
fashion and/or semiconductor memory.

30
In Fig. 1D, a block diagram is shown of internal components
of a communications node 14. Similar to each of the above
noted nodes, communication node 14 includes a switch
interface and buffer module 50 which enables communications

35 with low latency switch 12 as described previously. Video
data is directly transferred between switch interface and
buffer module 50 to a stream buffer and communication

IBM CONFIDENTIAL



;.video-adapter card of Fig. 21. Detailed Description of the Invention
-G.OSSARY‘I““"I‘h‘E“f-UH-ﬁw—ﬁg description, a nunber of .terns are used that are
descri mﬂdsmalmy\gee ATM ADAPTATI ON 'LAYER- 5: Refers to a class of
ATM ser or dat.a transmi'ssion. This is the replacenent sheet

'[err] m’,’ NCRHOMONUS TRANFER MODE A high "speed switching
and trans ogy that can be used in a Iocal or wi de area network,
“or both. video/audi o.
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interface 52 for transfer to a user terminal (not shown).
A PC 54 includes software rmodules 56 and 58 which provide,
respectively, communication node control (e.g., stream
start/stop actions) and enable the subsequent generation of
S an isochronous stream of dats. An additional input 60 to
stream buffer and communication interface 52 enables frame
synchronization of output data. That data is received from
automation control equipment 62 which 1is, in turn,
controlled by a system controller 64 that exerts overall
10 operational control of the stream server 10 (see Fig. 1).
System controller 64 responds to inputs from user control
set top boxes 65 to cause commands to be generated that
enable media streamer 10 to access a requested video
presentation. System controller 64 is further provided with
15 a user interface and display facility 66 which enables a
user to input commands, such as by hard or soft buttons,
and other data to enable an identification of video
presentations, the scheduling of video presentations, and
control over the playing of a video presentation.
20 _
Each control node 18 is configured as a PC and includes a
switch interface module for interfaciﬁg with .low latency
switch 12: Each control node 18 responds to inputs from
system controller 64 to -provide information to the
25 communication nodes 14 and storage nodes 16, 17 to enable
desired interconnections to be created via the low latency
switch 12. Furthermore, control node 18 includes software
for enabling staging of requested video data from one Or
more of disk storage nodes 16 and the delivery of the video
30 data, via a stream delivery interface, to a user display
terminal. Control node 18 further controls the operation
of both tape and disk storage nodes 16, 17 via commands
sent through low latency switch 12. ‘

35 The media streamer has three architected external
interfaces, shown in Fig. 1. The external interfaces are:

I3 CONPIDENTIAL



Béfacan1 A professional quality analog video format. CCIR 601 A standard
resolution for digital television. 720 x 840 (for NISC) or 720 x 576 (for

- PAL Iun1nance w t'hTthr om nance subsanpled 2:1-horizontally. CPU
CEN eaEGmladd  UNIT: - . - I'n .. cohputer architecture, -the main
.enti Hlises conputer instructions. CRC 'CYCLI C REDUNDANCY -

or detection schene.. D1 = Digital Video recording
“f or mat conforn1ng to CCIR 601. Records on 19 mmvi deo tape. D2
Digital video recording format conform ng to SMPTE 244M Regords on 19nm

"video tape. D3 Di gital Video(}ecording format confdrmng to SMPTE
244M Records on 1/2" video tape. '
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1) Control Interface: én open system interface

executing TCP/IP protocol (Ethernet  LaN,
TokenRing LAN, serial port, modem, etc.)

5 2) Stream Delivery Interface: one of several
industry standard interfaces designed for the
delivery of data streams (NTSC, D1, etc.).

3) Automation Control Interface: a collection of
10 industry standard control interfaces for precise
synchronization of stream outputs (GenLock,

BlackBurst, SMPTE clock, etc.)

Application commands are issued to media streamer 10 over
15 the control interface. When data load commands are issued,
the control node breaks the incoming data file into
segments (i.e. data blocks) and spreads it across one or
more storage nodes. Material density and the number of
simultaneous users of thesdata affect the placement of the
20 data on storage nodes 16, 17. Increasing density and/or
simultaneous users implies the use of more storage nodes

for capacity and bandwidth.

When commands are issued over the cont;ol'interface to

25 start the streaming of data to an end user, control node 18
selects and activates an appropriate communication node 14
and passes control information indicating to it the
location of the data file segments on the storage nodes 16,
17. The communications node 14 activates the storage nodes

30 16, 17 that need to be involved and proceeds to communicate
with these nodes, via command packets sent through the low
latency switch 12, to begin the movement of data.

Data 1is moved between disk storage nodes 16 and
35 communication nodes 14 via low latency switch 12 and "just

in time" scheduling algorithms. The technique used for

scheduling and data flow control is mére fully described

IBM COXFIDENTIAL
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below. = The data stream that is emitted from a
communication node interface 14 is multiplexed to/from disk
storage nodes 16 so that a single communication node streanm
uses a fraction of the capacity and bandwidth of each disk
storage node 16. In this way, many communication nodes 14
may multiplex access to the same or different data on the
disk storage nodes 16. For example, media stfeamer 10 can
provide 1500 individually controlled end user streams from
the poocl of communication nodes 14, each of which is
multiplexing accesses to a single multimedia file spread
across the disk storage nodes 16. This capability is

termed "single copy multiple stream”.

The commands that are received over the control interface

are executed in two distinct categories. Those which
manage data and do not relate directly to stream control
are executed at "low priority". This enables an

application to load new data into the media streamer 10
without interfering with,the delivery of data streams to
end users. The commands that affect stream delivery (i.e.

output) are executed at *high priority".

The control interface commands are shown in Fig. 2. The
low priority data management commands for loading and
managing data in media streamer 10 include VS-CREATE, VS-
OPEN, VS-READ, VS-WRITE, VS-GET_POSITION, VS-SET_POSITION,
VS~CLOSE, VS-RENAME, VS-DELETE GET_ATTRIBUTES, and VS-

GET_NAMES.

The high priority stream control commands for starting and
managing stream outputs includeé VS-CONNECT, VS-PLAY, VS-

' RECORD, VS-SEEK, VS-PAUSE, VS-STOP and VS-DISCOMNMNECT.

Control node 18 monitors stream control commands to assure
that requests can be executed. This "admission control™
facility in control node 18 may reject requests to start
streams when the capabilities of media streamer 10 are

exceeded. This may occur in several circumstances:

IBM COXNFIDENTIAL



El o EurOpean.equiyglént of T1. FIFO FIRST I N FI RST OQUT: Queue
hand| i ng net hod-that—operates on a first-cone, first-served basis. GenLock

ture of video to synchronize the digitizing process

Refers™ to a JoLsTo) lacedf  synchroni zation to another video signal: It is
f equi r edhissh !

with the - %\ ters of the video signal. I/0 : | NPUT/ QUTPUT

| sochr ono describe information that is tine sensitive /and

that is sent (preferably) wi thout interruptions. Vi deo and audi o data
sent in real tinme are isochronous. JP, JO NT PHOTOGRAPMFC EXPERT
GROUP: A working conm ttee under the ° auspices of he
I nternational Standards Organization that is
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1) when some component fails in the system that

10
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35

prevents maximal operation:

2) when a specified number of simultaneous streams
to a data file (as specified by parameters of a
VS—-CREATE command) is exceeded; and

3) when a specified number of simultaneous streans
from the system, as specified by an installation
configuration, is exceeded.

The communication nodes 14 are managed as a heterogeneous
group, each with a potentially different bandwidth (stream)
capability and physical definition. The VS-CONNECT command
directs media streamer 10 to allocate a communication node
14 and some or all of its associated bandwidth enabling

isochronous data stream delivery. For example, media
streamer 10 can play uncompressed data stream(s) through
communication node(s) ~14 at 270 MBits/Sec while

simultaneously playing compressed data stream(s) at much
lower data rates (usually 1-16 HMbits/Sec) on other

communication nodes 14.

‘Storage nodes 16, 17 are managed as a heterogeneous group,

each with a potentialiy different bandwidth (strean)
capability and physical definition. The VS-CREATE command
directs media streamer 10 to allocate storage in one or
more storage nodes 16, 17 for a multimedia file and its
associated metadata. The VS-CREATE command specifies both
the stream density and the maximum number of simultaneous

users required.

Three additional commands support automation control
systems in the broadcast industry:  VS-CONNECT-LIST, VS-
PLAY-AT-SIGNAL and VS-RECORD-AT-~SIGMAL. VS-CONNECT-LIST
allows applications to specify a sequence of play commands
in a single command to the subsystem. Media streamer 10



defining a proposed uhi versal standard for digital conpressi on of still
I mges for use in corrputer systens. KB KI LO BYTES: = 1024 bytes. LAN

LOCAL AREA ‘NETWERK:-—---Hi-gh-speed transni ssion over twi sted pai r, coax,. or
fiber optic ¢gbhie P;ap ey nnect . termnals, ' conputers and- . .

o
peripheral s t %i’n es of about a. mIe of less. This is the
repl acement sqmﬂ ﬂm ” 0 LRU - 'LEAST RECENTLY USED D
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will execute each play command as if it were issued over
the control interface but will transition between the
delivery of one stream and the next seamlessly An example

sequence follows:

1) Control neode 18 receives a VS-CONNECT~LIST
command with play subcommands indicating that
all or part of FILEl, FILE2 and FILE3 are to be

, played in sequence. Control node 18 determines
10 the maximum data rate of the files and allocates
that resource on é communication node 14. The
allocated communication node 14 is given the
detailed play list and initiates the delivery of
the isochronous stream.
15 |

2) llear the end of the delivery of FILEl, the
communication node 14 initiates the delivery of
FILE2 but it does not enable it to the output

- port of the node. When FILEl conmnpletes or a
20 signal from the Automation Control Intérface
occurs, the communication node 14 switches the
output port to the second stfeam ffon the first.
This is done within 1/30th of a second or within
one standard v1deo frame time.
25
3) The communication node 14 deallocates resources

associated with FILELl.

VS~-PLAY-AT-SIGNAL and YS-RECORD~AT-~SIGNAL allow signals
30 from the external Automation Control Interface to enable
data transfer for play and record operations with accuracy
to a video fame boundary. In the previous example, the VS~
~ CONNECT-LIST includes a PLAY-AT-SIGNAL subcommand to enable
the transition from FILEl to FILE2 based on the external
35 automation control interface signal. If the subcommand
were VS-PLAY instead, the transition would occur only when
the FILE1l transfer was completed.

Imy CONFIGERTIAL



MPEG EXPERTS GROUP: A working commttee:
under . ThifShset HALSRL RESTaced OF the International Standards Organization that

i s defini for  the di gital conpression/deconpression
of m)tloﬂﬂmwm% I\/PEGl is the initial standard-and is in use. MPEG 2
rd and will support digital, flexible, scaleable

wi | |

video transport. It will cover nultiple resolutions, bit rates and delivery
mechani sms. MPEG 1, MPEG 2 See MPEG MRU MOST RECENTLY USED MINU
MOST TI ME TO NEXT USE NTSC f or mat TI ONAL TELEVI SI ON ST/{NDARDS

COW TTEE: The color television fornat that is the standard the United

States and Japan.
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Other commands that media streamer 10 executes provide the
~ability to manage storage hierarchies. These commands are:
Vs-DUMP, -VS-RESTORE, YS-SEND, VS-RECEIVE and Vs-
RECEIVE_AND_PLAY. Each causes one or more multimedia files
to move between storage nodes 16 and two externally defined

hierarchical entities.

u

1) VS-DUMP and VS-RESTORE enable movement of data

between disk storage nodes 16, and a tape

10 storage unit 17 accessible to control node 18.
Data movement may be initiated by the

controlling application or automatically by

control node 18.

15 2) VS-SEND and VS-RECEIVE provide a method for

transmitting a multimedia file to another media
streaner. Optionally, the receiving media

streamer can play the incoming file immediately
to ,a preallocated communication node without

20 waiting for the entire file.

In addition to the modular design and function set defined
in the media streamer architecture, data flow is optimized
for isochronous data transfer to significantly reduce cost.

25 In particular:

1) bandwidth of the low latency switch exceeds that
of the attached nodes: communications between

nedes is nearly non-blocking;

30
2) data movement into processor memory is avoided,
more bandwidth is provided:
3) processing of data is avoided; expensive
35 processing units are eliminated:; and

4) data movement is carefully scheduled so that:
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large data caches are avoided.

In traditional computer terms, media streamer 10 functions
as a system of interconnected adapters with an ability to
perform peer-peer data movement between themselves through
the low latency switch 12. The low latency switch 12 has
access to data storage and moves data segments.from one

adapter’'s memory to that of another without a "host

computer” intervention.

B. HIERARCHICAL MANAGEMENT OF DIGITAL COMPRESSED VIDEO
DATA FOR ISOCHRONOUS DELIVERY

Media streamer 10 provides hierarchical storage elements.
It exhibits a design that allows scalability from a very
small video system to a very large system. It also
provides a flexibility for storage management to adapt to
the varied requirements necessary to satisfy functions of
Video on ngand, Mear. Video on Demand, . Commercial
insertion, high quality uncompressed video storage, capture

and playback.

Bli. TAPE STORAGE
In media streamer 10, video presentations are moved from
high performance digital tape to disk, to be played out at
the much lower data rate required by the end user. In this
way, only a minimum amount of video time is stored on the
disk subhsystem. If the system is "Near Video on Demand”,
then only, by example, 5 minutes of each movie need be in
disk ptorage ot any one timo. This roquiros only 22
seguenta of 5 minuten each for a'typleal 2 hour movie. The
result is that the total dlsk storage reguiroment for a
video presecntatlon ls reduced, since not all of the video
presentation is kept on the disk file at any one time.
Only that portion of the presentation that is being played
need be present in the disk file.

e .~ -
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In other words, if a video presentation requires a time T
to present in its entirecty, and is stored as a digital
representation having N data blocks, then each data block
stores a portion of the video presentation that corresponds
to approximately a T/N period of the video presentation. A
last data block of the N data blocks may store less than_a
T/N period. '

As demand on the system grows and the number of streams
increases, the statistical average is that about 25% of
video stream requests will be for the same movie, but at
different sub-second time intervals, and the distribution
of viewers will be such that more than 50% of those sub-
second demands will fall within a group of 15 movie

segments.

An aspect of this invention is the utilization of the most
appropriate technology that will satisfy this demand. A
random access cartridge loader (such as produced by the IBM
Corporation) is a digital tape system that has high storage
capacity per tape, mechanical robotic ;oadiqg of 100 tapes
per drawer, and up to 2 tape drives per drawer. The result
is an effective tape library for movie- on demand systems.

However, the invention also enables very lOd cost digital
tape storage library systems to provide the mass storage of
the movies, and further enables low demand movies to be
played directly from tape to speed~ matching buffers and
then on to video decompression and distribution channels.

A second advantage of combining hierarchical tape storage
to any video system is that it provides rapid backup to any
movie that is stored on disk, in the event that a disk

becomes inoperative. A typical system will maintain a
"gpare' disk such that if one disk unit fails, then movies
can be reloaded from tape. This would typlcally be

combined with a RAID or a RAID-like systen.

DV oINPT
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B2. DISK STORAGE SYSTEMS

When demand for video streams increases to a higher level,
it becomes more efficient to store an entire movie on disk
and save the system performance overhead required to
continually move videco data from tape to disk. A typical
ayatom will rntill contain a Vibrary of movies that are
stored on tape, since the usual number of movies in the
library is 10x to 100x% greater than the number that will be
playing at any one time. When a user requests a specific
movie, segments of it are loaded to a disk storage node 16

and started from there.

When there are large numbers of users wanting to see the
same movie, it is beneficial to keep the movie on disk.
These movies are typically the "Hot" movies of the current
week and are pre-loaded from tape to disk prior to peak
viewing hours. This tends to reduce the work load on the

system during peak hours. .
B3. MOVIES OUT OF CACHE

As demand- for "hot" movies grows, media streamer 10,
through an MEU-based algorithm, decides to move key movies
up into cache. This requires substantial cache memory, but
in terms of the ratio of cost to the number of active
streams, the high volume that can be supported out of cache
lowers the total cost of the media streamer 10.

Because of the nature of video data, and the fact that- the
system always knows in advance what videos are playing and
what data will be required next, and for how long, methods
are enmployed to optimize the use of . cache, internal
buffers, disk storage, the tape loader, bus performance,

etc.

Algorithms that control the placement and distribution of

e VR -
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1) Low Latency—Switch 12: a hardware/ m crocode conponent Mﬁth a primary.
task of - delThi@hdeNg, 2t 8 and control information between Communication Nodes

14, one or h s 16, 17 and one or nore Control Nodes-18. 2)
Conmuni cat i o] a hardwar e/ m crocode conponent: with the primary.
task of enabl ing" (delivering data isochronously) or
"recordi ng" (receiving data isochronously) over an externally defined
interface usually famliar to the broadcast industry: NISC, PAL, D1, D2,
etc. The digital-to-video interface izfenbodied in a video cagd cont ai ned
in a plurality of video ports 15 connécted at the output.of each

conmmuni cati on node 14. 3) Storage Node 16, 17: a
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the content across all of the storage media enable delivery
of isochronous data to a wide spectrum of bandwidth
requirements. Because the delivery of isochronous data is
substantially 100% predictable, the algorithms are very
5 much different from the traditional ones used for other
segments of the computer industry where caching of user-~

accessed data is not always predictable.

C. MEDIA BTREAMER DATA FLOW ARCHITECTURE
10
Ao indicntnd abave, mrdia streamer 10 delivers video
streams to various outputrs rfuch as TV sats and set tép
boxes attachad via a network, auch as a TAN, ATM, ate. To
meect tho roquirementa for sbkorange capacity and the number
15 of almultancoun ntreoamn, a dintributnd architecture
cotndnbing of mattiple rlararge and communiaation nodes s
preferred.' The data is stored on storage nodes 16, 17 and
is delivered by communication nodes. A communication node
14 obtains the data from .appropriate storage nodes 16, 17.
20 The control node 18 provides a single system image to the
external world. The nodes are conqected by the cross-

.

connect, low latency switch 12.

Data rates and the data to be delivered is predictable for
25 each stream. The invention makes use of this predictability
to construct a data flow architecture that makes full use
of resources and which insures that the data for each

stream is available at every stage when it is needed.

30 Data flow between the storage nodes 16, 17 and the
communication nodes 14 can be set up in a number of

different ways.

A communication node 14 is generally responsiblé for
35 delivering multiple streams. It may have requests
outstanding for data for each of these streams, and the
required data may come from different storage nodes 16,17.



conponent -with/the pfi mary task of managing a storage nedium such as disk
and aSsoci at ed storage availability optlons 4)  Control Node 18: a

. rdvvar’&lsmh@tﬁ lggdnent: with the primary task of receiving and
“executin - nds froman external |y defined subsystemint erface
famliar I i ndustry. Atyplcal medi a streamer with 64

‘nodes i np errent atlon m ght contain 31 communi cati on nodes, 31 storage
nodes, 2 control nodes interconnected with the low latency switch 12. A
-smal ler system m ght contain no sw t(h and a singl e hardwar g node t hat
supports conmmuni cations, storage and control functions. The design of nedia
streaner 10 allows a snmall systemto growto a |large systemin the custoner
i nstal | ation. In all Dookdt yar stAvens-087t he fasncti onal

If different storage nodes were to attempt, simultaneously,
to send data to .the same communication node, oniy one
storage node would be able to send the data, and the dther
storage nodes would be blocked. The blockage would cause
5 these storage nodes to retry sending the data, degrading
switch utilization and introducing a large variance in the
time required to send data from a storage node to the
communication node. In this invention, there is no
contention for an input port of a communication node 14

10 among different storage nodes 16, 17.

The amount of required buffering can be determined as
follows: the communication node 14 determines the mean
time required to send a request to the storage node 16, 17
15 and receive the data. This time is determined by adding
the time to send a request to the storage node and the time
to receive the response, to the time needed by the storage
node to process the reqﬁest. The storage node in turn
determines the mean time reéquired to process the request by
20 adding the mean time required to read the data from disk
and any delays involved in processing the request This is
the latency in processing the request The amount of
buffering ‘required is the memory storage needed at the
stream data rate to cover the latency. The solution
25 described below takes advantage of special conditions in
the media streamer environment to reduce latency and hence
to reduce the resources required. The latency is reduced
by using a just-in-time seheduling algorithm at every stage
of the data (e.g., within storage nodes and communications
30 nodes), in conjunction with anticipating requests for data

from the previous stage.
Contention by the storage nodes 16, 17 for the input port
of a communication node 14 is eliminated by employing the

35 following two criterion:

1) A storage node 16, 17 only sends data to a



capability of | medi a streanmer 10 can renmain the sanme except This is the-
repl ac nent sheé*"TETTT“‘ 13 for the nunber of streans delivered and the.

nunmber hhﬁurs stored. In Fig. 1A further details of low
| at ency shomn A plurallty of circuit swtch chips (not
-shown) cted on crossbar. switch cards 20 which are

i nterconnect ed V|a a planar board (schematically shown). The planar and a
single card 20 constitute a'low | atency crossbar switch with 16 node ports.
Additional cards 20 may be added to Qonflgure addi ti onal nodg—ports and, - if
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communication node 14 on receipt: of a specific

request,

2) A given communication node 14 sériélizes all
5 requests for data to be read from storage nodes
so that only one request for receiving data from
the communication node 14 is outsténding at any
time, independent of the number of streams the
communication node 14 is delivering.
10
As was noted above, the reduction of'latency relies on a
just~in-time scheduling algorithm at every stage. The
basic principle is that at every stage in the data flow for
a stream, the data is available when the reguest for that
15 data arrives. This reduces latency to the time needed for
sending the request and performing any data transfer.
'Thus, when the control node 18 sends a request to the
storage node 16 for data for a specific stream, the storage
node 16 can respond to the request almost jmmediately.
20 This characteristic is important to the solution to the
contention problem described above. .
Since, in the media streamer environment, ‘access to data is
sequential and the data rate for a stream is predictable,
25 a storage node 16 can anticipate when a next request for
data for a specific stream can be expected. The identity
of the data to be supplied in response to the request is
also known. The storage node 16 also knows where the data
is stored and the expected requests for the other streams.
30 Given this information and the expected time to process a
read request from a disk, the storage node 16 schedules a
read operation so that the data is available just before

the request from the communication node 14 arrives. For
example, if the stream data rate is 250KB/sec, and a
35 storage node 16 contains every 4th segment of a video,

requests for data for that stream will arrive every 4
seconds. If the time to process a read request is 500 msec



desi red, active-redundant node ports for high'availability. Each poft of
t he Iownmﬁmagﬁ%ffmﬁéch 12 enabl es, by exanple,. a 25 negabyte per second,

full dup fedn channel . Information is transferred through the
switch 1 nﬂ _ IEach packet contains a header portion that controls
the swit I ndi vi dual crossbar switch points in each of the
swtch chips. The control' node 18 provides the other nodes (storage nodes
16, 17 and communi cation nodes 14) with the information necessary to enable
peer-to-peer operation via the low lagency switch 12. In Fig.,-1B, internal
details of a tape storage node 17 are“illustrated. As will be hereafter
under st ood, tape storage node 17 provides a high capacity storage facility

for storage of digital repPedefst¥ri §AR-097 deo preésent ati ons. '

(with the requisite degree of confidence that the read
request will complete in 500 msec) then the request. is
scheduled for at least 500 msec before the anticipated
receipt of request from the communication node 14.

Cl. CONTROL NODE 18 FUNCTIONS

The control node 18 function is to provide an interface
between media streamer 10 and the external world for
10 control flow. It also presenﬁs a single system image to
the external world even if the media streamer 10 is itself
implemented as a distributed system. The control node
functions are implemented by a defined Application Program
Interface (API). The API provides functions for creating
15 the video content in media streamer 10 as well as for real-
time functions such as playing/recording of video data.
The control node 18 forwards real-time requests to play or

stop the video to the communication nodes 14.

s «

20 C2. COMMUNICATION NODE 14

A communication node 14 has the folloaing threads (in the
same process) dedicated teo handle a real time video
interface: a thread to handle connect/disconnect requests,

25 a thread to handle play/stop and pause/resume requests, and
a thread to handle a jump request (seek forward or seek
backward). 1In addition it has an input thread that reads
data for a stream from the storage nodes 16 and an output
thread that writes data to the output ports.

30 '
A data flow structure in a communication node 14 for
handling data during the playing of a video is depicted in
Fié. 3. The data flow structure includes an input thread
100 that obtains data from a storage node 16. The input

35 thread 100 serializes receipt of data from storage nodes so
that only one storage node is sending data at any one time.
The input thread 100 ensures that when an output thread 102

Tirace ~ wrwsy .
{3 ONNT lr‘f‘*':‘z‘,f_,



As eangygg_hereln a V|deo ‘presentation can include one or nore |nages t hat
are SU|tabIe “for disptay-and/ or processing. A video presentation may. -
i ncl udéhi Lhidsbe Ré;ildc&fl The one .or ‘nore images may be logically relat ed

such as
| mages
0

by a conblnatlon

nes of ‘a film -novie, or animtion sequence. The
be generated by a canera, by a digital conputer, .or
canmera and a digital -conputer. The audi o portion nmay

be [err] 14 synchronlzed with the display of succesive imges. As

.enpl oyed herein a data

representa(]on of a video presqﬁtatlon can be

any suitable digital data format for-

10

15

20

25

30

35
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needs to write out of a buffer for a streaﬁ, the buffer is
already filled with data. In addition, there is a
scheduler function 104 that schedules both the input and
output operations for the streams. This function is used
by both the input and output threads 100 and 102.

Each thread works off a 4ueue of reguests. The request
queue 106 for the output thread 102 contains :eéuests that
identify the stream and that points to an associated buffer
that needs to be emptied. These requests are arranged in
order by a time at which they need to be written to the
video output interface. When the output thread 102 empties
a buffer, it marks it as empty and invokes the scheduler
function 104 to queue the request in an input queue 108 for
the stream to the inpuf thread (for the buffer to be
filled). The queue 108 for the Input thread 100 is also
arranged in order by a time at which buffers need to be
filled.

. ' ) . |
Input thread 100 also works off the request gqueue 108
arranged by request time. Its task lS teo flll the buffer
from a storage node 16. For each request in its queue, the
input thread 100 takes the following actlons. The input
thread 100 determines the storage node 16 that has the next
segment of data for the stream (the data for a video stream
is preferably striped across a number of storage nodes).
The input thread 100 then sends a request to the determined
storage node (using messages through switch 12) requesting
data for the stream, and then waits for the data to arrive.

This protocol ensures that only one storage node 16 will be
sendinq data to a particular communications node 14 at any
time, i.e.; it removes the conflict that may arise if the
storage nodes were to send data asynchronously to a
communications node 14. when the requested data is
received from the storage node 16, the input thread 100
marks the buffer as full and invokes the scheduler 104 to

F R R
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representing one or nore images and possibly audi 0. The digital data may be..
encoded~and/or conpressed. Referring again to Fig. 1B a tape storage node -j_:
17 InChﬂﬂm&ﬁH%EﬁaﬂR labsdary controller interface 24 which enabl es ‘access to.
nultlpl contained in a tape I|brary 26: A further interface’

28 enab MH! ther tape libraries via an SCSI bus |nterconnect|on.

An inte ry 30 enables a buffering'of vi deo data received
fromeither of interfaces 24 or 28, or via DVA data transfer path 32.
System nenory bl ock 30 may be a portiph of a PC 34 which incl@ides software
36 for tape library and file managenent actions. A switch interface and
buffer nodule 38 (used also in disk storage nodes 16, conmunication
nodes 14, and control node¥ck8} ¥habrtP4i-Ater connétti on bet ween the tape

storage node 17 and |l ow |l atency switch 12. That is, the nodule 38 is
responsi bl e buffer a request (based on the stream's data rate) to the

output thread 102 .to empty the buffer.

C.3. STORAGE NODE 16.

The structure of the storage node 16 for data flow to
support the playing of a stream is depicted in Fig. 4. The
storage node 16 has a pool of buffers that contain video
data. It has an input thread 110 for each of the logical
10 disk drives and an output thread 112 that writes data out
to the communications nodes 14 via the switch matrix 212.
It also has a scheduler function 114 that is used by the
input and output threads 110, 112 to schedule operations.
It also has a message thread 116 that processes requests

15 from communications nodes 14 requesting data.

When a message is received from a communications node 14
requesting data, the message thread 116 will normally £ind
the requested data already buffered, and gueues. the request
20 (gueue 118) to the output thread. The requests are gqueued
in time order. The output thread 112 w111 ennty the buffer
and add it to the list of free buffers. Each of the input
threads 110 have their own request queues For each of the
active streams that have v1deo data on the assocxated disk

25 drive, a queue 120 ordered by request time (based on the
data rate, level of striping, etc.) to fill the next buffer
is maintained. The thread takes the first request in

gueue 120, associates a free buffer with it and issues an
1/0 fequest to fill the buffer with the data from the disk
30 drive. When the buffer is filled, it is added to the list
of full buffers. This is the list that is checked by the
message thread 116 when the request for data for the stream
is received. When a message for data is received from a
communication node 14 and the required buffer is not full,

35 it is considered to be a missed deadline.

ey “ve
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for partt+t+oent | ng a data | transfer into packets and addi ng the header portion

to eacﬁm@ hat the switch 12 enploys-to route the packet. Wen:
recei VI ¢¢th t he switch 12 the nodule 38 is responsible for
stri pp| ﬁﬁmr eader portion before locally buffering or

ot her w e received data. Video data fromtape library 26 is
ent er ed |nto systemnenory 30 in a first buffering action. Next, in
Tesponse to initial direction fromcontrol node 18, the video data is
routed through |ow [atency swtch 12(fo a di sk storage node to be nmade
ready for substantially imediate access when needed. In Fig. I nt er nal
details of a disk storage node 16 are shown. Each di sk storage node 16
includes a switch interfacecesd vbufferormdul e 40 shi ch enabl es data to be
This is the replacenent sheet

C4. JUST-IN-TIME SCHEDULING

A just—in—ﬁime sdheduling technique is used in both the

' communications nodes 14 and the storage nodes 16. The
5 technigque employs the following parameters:
bc = buffer size at the communications node 14:
bs = buffer size at the storage node 16;
= video stream data rate;
10 n = number of stripes of video containing the

data for the video stream;

sr = stripe data rate; and
sr = r/n.
15 The algorithm used is as follows:

(1)' sfc = frequency of requests at the communications node
for a étream = r/bc; and
(2) dfc = frequency of disk read requests at.the Storage

20 Node = sr/bs.

The "striping” of video data is described in detail below
in section H. ] '

25 - The requests are scheduled at a frequency determined by the
expressions given above, and are scheduled so that they
complete in advance of when the data is needed. This is
accomplished by "priming" the data pipe with data at the
start of playing a video stream.

30
Calculations of sfc and dfc are made at connect time, in
both the communication node 14 playing the stream and the
storage nodes 16 containing the video data. The freguency
(or its inverse, the interval) is used in scheduling input

35 from disk in the storage node 16 (see Fig. 4) and in
scheduling the output to the port (and input from the

storage nodes) in the communication node 14 (see Fig. 3).



['err]_ 15 transferred fromto a RAID buffer video cache and storage
I nt erf acenmodul-e42—-tnterface 42 passes received video data onto a

plurality 'thsSﬁéeSHa%B@é:Re Reegadi ng the data across the disks in a quasi-RAID
fashi on.” Det menory storage are known in.the prior art and are

described i Redundant Arrays of | nexpensive Disks (RAID)",
Patt erson e Conf erence, Chicago, IL, June 1-3, 1988 pages
109-116. A disk storage node 16 further has an-internal PC 44 which

i ncl udes software nodul es 46 and-48 ch, respectively, prov'(de st orage
node control, video file and disk control, .
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Example of Just-In~Time Scheduling:

Play a stream at 2.6 mbits/sec (250,000 bytes/sec.) from a
video striped on four storage nodes. Also assume that the
5 buffer size at the communication node is 50,000 bytes and
the buffer size at the disk node is 250,000 bytes. Also,
assume that the data is striped in segments of 250,000

bytes/sec.

10 The values for the various parameters in the Just-In-Time

algorithm are as follows:

be = 250,00 bytes (buffer size at the communication

node 14); _
15 bs = 250,000 bytes (buffer size at the storage node)
! 16;
r = 250,000 bytes/sec (stream data rate):
n = 4 (number of stripes that video for the streanm
is .striped over); .
20 sr = r/n = 6250 bytes/sec. or 250,000/4 sec., i.e.
250,000 bytes every four segonds:
sfec = r/bc = 1l/sec, (freguency of réquests at the
communication node 14); and
dfc = r/bs = 1l/sec. (freguency of reduests at the
25 ’ storage node 16).

The communication node 14 responsible for playing the
stream will schedule input and output requests at the
frequency of 1l/sec. or at intervals of 1.0 seconds.
30 Assuming that the communication node 14 has two buffers
dedicated for the stream, the communication node 14 ensures
that it has both buffers filled before it starts outputting

"the video stream.

35 At connect time the communication node 14 will have sent
messages to all four storage nodes 16 containing a stripe
of the video data. The first two of the storage nodes will



and RAI D mappi ng for data stored on disks 45. 1n essence, each disk storage -
node 16 provides a nore i medi ate |evel of vi deo .dat a availability than a
,tape—sto#age-ﬂedew17—”Each di sk storage node" 16 further is enabled to

buf f.erpf er). video data in a seniconductor menory of switch L

|nterfa lﬂ@&ﬁg dul e 40 no as to provide gven faster availability of

vi deo d ving a request therefor. In general, a storage node

'|nclude e unit (or aninterface to a nass storage unit) and a

_capablllty to locally buffer data read fromor to be wittensto the nass

storage unit. The storage node may inhclude sequential access*nass storage

in the formof one or nore tape drives and/or .di sk drives, and may incl ude
random access storage, suRdrkas ¥meSat-3toPe? di sk dBi ves accessed in a random:
access fashion and/or sem conductor nenory.

- anticipate the requests for the first segment from the
stripes and will, schedule disk requests to fill the
buffers. The communication node 14 will schedule input
requests (see Fig. 3) to read the first two segments into

S - two buffers, each of size 250,000 bytes. When a play
request comes, the communication node 14 will first insure
that the two buffers are full, and then informs all storage
nodes 16 that play is about to commence. It then starts
playing the stream. When the first buffer has been output

10 (which at 2 Mbits/sec. (or 250,000 bytes/sec.) will take
one second), the communication node 14 requests data from
a storage node 16. The comnunication ﬁdde 14 then regquests
data from each of the storade nodes, in sequence, at
intervals of one second, i.e. it will request data from a
15 specific storage node at intervals of four seconds. It
always requests 250,000 bytes of data at a time. The
calculations for the frequency at which a communication
node requests data from the storage nodes 16 is done by the
communication node 14 at .connect time. .
20
The storage nodes 16 anticipate the requests for the stream
data as follows. The storage node 16'contdining stripe 3
(see section H below) can expect a reguest for the next
250,000 byteé segment one second after the play has
25 commenced, and every four seconds thereafter. The storage
node 16 containing stripe 4 can expect a request two
. seconds after the play has commenced and every four seconds
thereafter. The storage node 16 containing stripe 2 can
expect a request four seconds after play has commenced and
30 four seconds thereafter. That is,.each storage node 16
schedules the input from disk at a frequency of 250,000
bytes every four seconds from some starting time (as
described above). The scheduling is accomplished in the
storage node 16 after receipt of the play command and after
35 a buffer for the stream has been output. The calculation
of the request frequency is done at the time the connect

request is received.




I'n Fig. 1D, a bl ock di agramis shown of internal conmponents of a
communi cat i ons node 14 Simlar to each of the above noted nodes,

:connunldhﬁsmﬁﬂi ed i ncludes a switch interface and buffer nDduIe 50
- whi ch en ul tions with low latency switch 12 as. descri bed -
fpreV|ousI is:directly transferred between switch interface and

~buffer nDduIe 50 to a stream buffer and communication This is the
repl acenent sheet [err] 16 interface 52 for transfer to a user termnal
(not shown). A PC 54 includes softway e nmodul es 56 and 58 mhleﬂ provi de,
respectively, communication node control (e g., Sstream
Docket No. SA9-94-087 34

It is also p-.ssible to use different buffer sizes at the
"communication node 14 and the storage node 16. For
example, the buffer size at the communication node 14 may
be 50,000 bytes and the .buffer size at the storage node 16
5 may be 250,000 bytes. In this case, the freguency of
requests. at the communication node 14 will  be
(250,000/50,000) 5/sec. or every 0.2 seconds, while the
frequency at the storage node 16 will remain at 1/sec. The
communication node 14 reads the first two buffers (100,000
10 bytes) from the storage node containing the first stripe
' (note that the segment size is 250,000 bytes and the
storage node 16 containing the first segment will schedule
the input from disk at connect time). When play commences,
the communication node 14 informs the storage nodes 16 of
is same and outputs the Ffirst buffer. When the buffer
empties, the communication node 14 schedules_ the next

input. The buffers will empty every 0.2 seconds and the
communication node 14 requests input from the storage nodes
16 at that fregquency, ahd.also schedules output at the same

20 frequency.

In this example, storage nodes 16 ean anticipate five
requests to arrive at intervals of 0.2 seconds (except for
the first segment where 100,000 bytes have' been already
25 read, so initially three request will come after
commencement of play every four seconds, i.e., the next
sequence of five requests (each for 50,000 bytes) will
arrive four seconds after the last request of the previous
sequence). Since, the buffer size at the storage node is
30 250,000 bytes, the storage nodes 16 will schedule the input

from disk every four seconds (just as in the example

above).

C.5. DETAILS OF A PLAY ACTION

35
The following steps trace the control and data flow for the

playing action of a stream. The steps are depicted in

LN -.'-;:\.'_\‘"7.‘.:""1‘ L "‘L



startfstop.a ctlons) and enabl e t he subsequent generation of an isochr.onous .

streaqhof dat a. An additi onal input 60 to stream buffer and communication

interf BednlReplackg ame synchroni zati on of output data. That data is
receiv . ion control .equipment 62 which.i's, i'n'turn, controlled
by.a s I|f§er- 64 that exerts overall operational control. of the
‘stream server ‘Fig. 1). Systemcontroller 64 responds to |nputs from
-user control set top boxes 65 to cause commands to be generated that enable
~nmedi a streaner 10 to access a requesgpd vi deo presentation. stem .
controller 64 is further provided wi tth a user interface and displ ay

facility 66 which enables a user to input commands, such as by hard or soft

buttons, and other data te.&abhe. aRolglenkhficatign of video presentations,
t he scheduling of video presentations, and control over the playingof a

vi deo presentation. . . .
Figure 5 for setting up a video for play. The steps are in

time order.

i. The user invokes a command to setup a'port with a
S ‘ specific video that has been previously loaded. The

reguest is sent to the control node 18.

2. A thread in the control node 18 receives the request
and a VS-CONNECT function.

10
3. The control node thread aopens a catalog entry for the
video, and sets up a memory descriptor for the video
with the striped file information. -’mﬁ-
15 4. The control node 18 allocates a communication node 14
and an output port on that node for the reguest.
5. Then control node 18 sends a message to the allocated
communication node 4. -
20 ’
6. A thread in the communication node 14 receives the
message from the control node 18.
7. The communication node thread sends an open request to
25 the storage node 16 containing the stripe files.

8,9. A thread in each storage node 16 that the open request
is sent to receive the reguest and opens the requested
stripe file and allocate any needed resources, as well

30 as scheduling input from disk (if the stripe file
contains the first few segments).

10. The storage node thread sends a response back to the
communication node 14 with the handle (identifier) for

35 the stripe file.

11. The thread in the communication node 14 waits on



Each control node 18 is conflgured as a PC and includes a switch interface.
nmodul e~for—imterfacing wth [ow | atency .switch 12: Each control node 18
reSpond'ﬁlsgl%eﬂHh@BéeiiRE 1@8d system control | er 64 to provide information to the_

and storage nodes 16, 17 to enabl e desired
created via the IOM/Iatency switch 12. FurthernDre

conmuni :
b-ntercony
contr ol c udes software for enabling staging of requested video

data fromone or nore of disk storage nodes 16 and the delivery of the
video data, via a streamdelivery intd;face to a user display. term nal
p

Control node 18 further

controls the

eration of both tape aftd di sk

storage nodes 16, 17 via commands sent through low | atency swtch 12. The
medi a streamer has three aoetwdreatedaexssional inteyfaces, shown in Fig. 1.
The external interfaces are:

10

15

20

25

30

35

12.

- 13.

14.

This is the replacenent sheet

responses from all of the storage nodes involved and
on receiving successful responses allocates resources
for the stream, including setting up the output port.

The communication node 14 then schedules input to

prime the video data pipeline.

The communication node 14 then sends a response back

to the control node 18.

The control node thread on receipt of a successful
response from the communication node 14 returns a
handle for the stream to the user be used in
subsequent requests related to this instance of the

stream.

The following are the steps in time order for the actions
that are taken on receipt of the play request after a video
stream has been successfuily set up. The steps are

depicted in Fig. 6.

1.

The user invokes the play command.
A thread in the control node 18 receives the request.

The thread in the control node 18 verifies that the
request is for a stream that is set up, and then sends

a play réquest to the allocated communication node 14.

A thread.in the communication node 14 receives the

play request.

The communication node 14 sends the play request to
all of the involved storage nodes 16 so that they can
schedule their own operations in anticipation of
subsequent requests for this stream. .An "involved"
storage node is one that stores at least one stripe of

frens UONPITIINTIAL



[err] . 17 1) Control Interface: an. open system interface executing

TCP/ | P ~pretecol——Ethertret LAN, TokenRing LAN, serial port, nodem

etc.) 2) mile&dNB képyag{?y- Interface: one of several industry standard
e

i nterfaces delivery of data streams (NTSC,.Dl, etc.). 3)
Aut omat i-on MHH mu mﬂ ace: a collection of industry standard control
I nterfaces nchroni zati on of stream out puts (GenLock,
Bl ackBurst, SMPTE cl ock, etc.) Application commands are issued to nedia
streamer 10 over ' ( _ C
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the video presentation cf interest.

6. A threéd in sach involved storage node 16 receives the
request and sets up schedules for ser@icing future

5 requests for the stream. Each involved storage node
16 sends a response back to the communication node 14.

7. The communication node thread ensures that the
pipeline is primed (preloaded with video data) and

10 enables the stream for output.
8. The communication node 14 then sends a response back

to the control node 18.

15 9. The control node 18 sends a response back to the user

that the stream is playinhg.

The input and output threads continue to deliver the video
presentation. to the spetified port until a. stop/pause

20 command is received or the video completes.
D. - USER AND APPLICATION INTERFACES TO MEDIA_ STREAMER

Media streamer 10 is a passive server, which éerforms video
25 server operatijons when it receives control commands from an
external control systen. Figure 7 shows a systenm
configuration for media streawmer 10 applications and
illustrates the interfaces present in the system.

30 Media streamer 10 provides two levels of interfaces for
users and application programs to control its operations:

a user interface ((A) in Fig. 7): and
35 an application program interface ((B) in Fig. 7).

Both levels of interface are provided on client control



the eontrot—interface. ~VMen'data | oad commands are issued, the control

node vhﬁmkésﬂasthRq Bedning data file into segnents (i.e. data bl ocks)
and spr one or nore storage nodes. . Material density and the
nunber users of the/data affect the placenent of the data
on- stor , 17. Increasing density and/or sinultaneous users

I npl i-res the use of m)re storage nodes for capacity and bandw dt h. -Wen
comands are issued over the control interface to start the stream ng of
data to an end user, control node 18 (sel ects and activates a?r appropriate
conmuni cati on node 14 and passes contY information indicathng to it the
| ocation of the data file segnents on the st orage nodes 16, 17. The
comuni cati ons node 14 actlogieediot hgassbPere®fe nodeds 16, 17 that need to be
i nvol ved and proceeds to communicate with these nodes, via conmand packets

sent through the |ow systems, which communicate with the media streamer 10
Lhrough a renote. p;ocedure call (RPC) mechanisn. By
prov1d1nq the interfaces on the client control systenms,
instead of on the media streamer 10, the separatlon of

5 application software from media streamer 10 is achieved.
This facilitates upgrading or replacing the media streamer
10, since it does not require changing or'replacing the
application softwvare on the client control system.

10 Dl. VUSER COMMUNICATIONS
Media streamer 10 provides two types of user interfaces:

a command line interface; and
15 a graphical user interface.

Dl.1. COMMAND LINE INTERFACE

The command line interface displays a prompt .on the user

20 console or interface (65,66 of Fig. 1). After the command
prompt, the user enters a command, startlng with a command
keyword followed by parameters. After the command is

executed, ‘the interface displays a prompt agaln and waits
for the next command input. The media streamer command
25 line interface is especially suitable for the following two

types of operations:

Batch Control: Batch control involves starting execution of
a command script that contains a series of video control
30 commands. For example, in the broadcast industry, a
command script can be prepared in advance to include pre-
recorded; scheduled programs for an extended period of
time. At the scheduled start time, the command script is
executed by a single batch command to start broadcasting

35 without further operator intervention.

Automatic Control: Automatic control involves executing a

I e .oy
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|l atency switch 12, to begin the novenent of data. Data is noved between
di sk storage nodes 16 and conmmunication nodes 14 via | ow latency switch
12 “andThig 1 cedchedul i ng al gorithms. ©  The techni‘que used for
schedul i u ﬁ ow control is nore fully described This is the

repl ace ' ] below. ~ .The® data stream that is enitted
from a communication node interface 14 is multiplexed to/fromdisk storage
nodes 16 so that a single conmmunicati on node streamuses a fraction of 'the
capacity and bandw dth of each di sk orage node 16. In thisgsway, many
communi cation nodes 14 may nultiplex access to the same or dffferent data
on the
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list of commands generated by a prograﬁ to update/play
materials stored on media streamer 10. For example, a news
agency may load new materials into the media streamer 10
every day. An application control program thdt manages the

5 new materials can generate media streamer commands (for
exanple, Load, Delete, Unload) to update the media streamer
10 with the new materials. The generated commands may be
piped to the command line interface for execution.

10 Di.2. GRAPHICAL USER INTERFACE

Fig. 8 is an example of the media streamer graphical user
interface. The interface resembles the control panel of a
video cassette recorder, which has control buttons such as
15 Play, Pause, Rewind, and Stop. In addition, it also
provides selection panels when an operation involves a
selection by the user (for example, load regquires the user
to select a vwideo presentation to be 1loaded.}) The
graphical user interfaceris especially useful for direct

20 user interactions.

A "Batch" button 130 and an “Import/Export"'button 132 are
included in the graphical user interface. Their functions

are described below.

25
D2. TUSER FUNCTIONS
Media streamer 10 provides three general types of user
functions: '
30
Inmport/Export:
VCR-like play controls: and
Advanced user controls.
'35 D2.1. IMPORT/EXPORT

Import/Export functions are used to move videb data into

¢ vy e R -
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di sk-steragemodes I6. For exanple, nedia streamer 10 can provi de 1500
indiViﬂMﬁh&ﬂHﬁﬂnﬁﬁmﬁhadend user ‘streans fromthe pool of communication

Eh

is nultiplexing accesses to a single multinedia

nodes- 1 Pl
file sp E di sk storage nodes 16. = This .capability is terned .
"single I"Ui'pl'e” streant. The conmands that are recei ved over the

control interface are executed in two distinct categories. Those whi ch:
manage data and do not relate directly to streamcontrol are executed at

"low priority".

the nedia streaner 10 without interf

Thi s enablesg‘an application to | oad-new data into
r

ing with/the delivery of data streans

to end users. The commands that affect streamdelivery (i.e. output) are
executed at "high priority". The control inteérface conmands are shown in
Fig. 2. The low priority data nmanagenent comands for |B&di R@NHGENTIAL
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and out of the media streamer 10. When a video is moved
into media streamer 10 (Import) from the client control
system, the source of the video data is specified as a file
or a device of the client control system. The target of
the video data is specified with a unigue name within media
streamer 10. When a video is moved out of media streamer
10 (Export) to the client control system, the source of the
video data is specified by its name within media streamer
10, and the target of the video data is specified as a file
or a device of the client control system.

In the Import/Export category of user functions, media
streamer 10 also provides a "delete" function to remove a
video and a "get attributes" function to cbtain information
about stored'videos (suc@ as name, data rate).
To invoke Import/Export functions through the graphical
user interface, the user clicks on the "Import/Export" soft
button 132 (Fig. 8). This brings up a new panel (not
shown) that contains *"Import"”, "Export", "Delete"{ "Get
Attribute"” buttons to invoke the individual functions.

D2.2. VCR-LIKE PLAY CONTROLS

Media streamer 10 provides a set of VCR-like play controls.
The media streamer graphical user interface in Fig. 8 shows
that the following functions are available: Load, Eject,
Play, Slow, Pause, Stop, Rewind, Fast Forward and Mute.
These functions are activated by clicking on the
corresponding soft buttons on the graphical user interface.
The media streamer command line interface provides a

similar set of functions:

Setup - sets up a video for a specific output port.
Analogous to loading a video cassette into a VCR.

‘Play - initiates playing a video that has been set up or



nmanagi ng B sdeanmer 10 incl ude.VS- CREATE, VS- -OPEN, VS- READ,
VS- WRI TE, VS- SETPCSI Tl ON, VS- CLOSE, VS- RENAME, VS- DELETE
GET ATTRI B TNAVES.. The hi'gh priority stream control commands
for starting and nmanagi ng streanloutputs i ncl ude VS- CONNECT, .VS- PLAY, VS-
RECORD, VS- SEEK, VS-PAUSE, VS-STOP and VS:- DI SCONNECT. ‘Control node 18 -

noni tors stream control commands to assure that requests can be executed.
This "adm ssion control" facility in control node 18 may reject requests to
start streams when the capabilities of media streaner 10 are{exceeded. Thi s

may occur in several circunstances: 19
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rasumes playiqg a video that has been paused.
Pause ~ pausés playing a video.
5 Detach -~ analogous to ejecting a video cassette from a VCR.

Status - displays the status of ports, such as which video

is playing, elapsed playing time, etc.
10 D2.3. ADVANCED USER CONTROLS

In order to support specific application requirements, such
as the broadcasting industry, the present invention
provides several advanced user controls:

15 '
Play list - set up multiple videos and their sequence to be

played on a port

Play length -~ limit the time a video will be played
20
Batch operation - perform a list of operations stored in a

command file.

The Play list and Play length controls are'accomplished
25 with a "Load" button 134 on the graphical user interface.
Each "setup” command will specify a video to be added to
.the Play list for a specific port. It also specifies a
time limit that the video will be played. Fig. 9 shows the
panel which appears in response to clicking on the "load"
30 soft button 134 on the graphical user interface to select
a video to be added to the play list and to specify the
time limit for playing the video. When the user clicks on
a file name in the "Files” box 136, the name is entered
into “File HName" box 138. ‘When the user clicks on the
35 "Add" button 140, the file name in "File Name" box 138 is
appended to the "Play List" box 142 with its.time limit and
displays the current play list (with time limit of each

e raee ey
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nunber of sinultaneous streans fromthe system as

rameters of a VS- CREATE conmand) is exceeded;. and

‘l'ation configuration, is exceeded. The conmuni cation

al |

s a heterogeneous group, each with a potentially

of its associated bandw dt h enabling isochronous
For exanpl e, nedia streaner 10 can play

video on the play list).

The batch operation is accomplished by using a "Batch” soft
button 130 on the graphical user interface (see Fig. 8).

When the "Batch” button 130 is activated, a batch selection
panel is displayed for the user to select or enter the
command file name (see Fig. 10). Pressing an "Execute”
button 144 on the batch selection panel stérts the
execution of the commands in the selected command file.
Fig. 10 is =an example of the "Batch" and "“Execute"
operation on the graphical user interface. For example,
the user has first created a command script in a file
"batch2'" in the c:/batchcmd directory. The user then
clicks on "Batch®" button 130 on the graphical user
interface shown in Fig. 8 to bring up the Batch Selection
panel. Mext, the wuser «c¢licks on "“c:/batchemd" in
"Directory" box 146 of the Batch Selection panel. This
results in the display of-“a list of files in "Files” box
148. Clicking on the "batch2” line in "Files” box 148
enters it into the "File Hame" box 150. Finally, the user
clicks on the "Execute" button 144 to execute in sequence

the commands stored in the "batch2' file.
D3. APPLICATION PROGRAM INTERFACE

Media streamer 10 provides the above-mentioned Application
Program Interface (API) so that application control
programs can interact with media streamer 10 and control

its operations (reference may be made again to Fig. 7).

The API consists of remote procedure call (RPC)-based
procedures. Application control programs invoke the API
functions by making procedure calls. The parameters of the
procedure call specify the functions to be performed. The
application control programs invoke the API functions
without regarding the logical and physical location of

LN NN RITAT g e
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sinulténeously pLgxihg conpressed data strean(s) at nmuch | ower data rates
(usual I'y 1-16 Miits/Sec) on other conmunication nodes 14. Storage nodes 16,

17 are icftheat HasBeen Replaesdogeneous group, - each with a potentially different
bandwi dt h l" iﬁ ility and physical definition. The VS- CREATE
i
or

command di reamer 10 to allocate storage in one or nore
st orage nodes , a multimedia file and its associ ated netadata. The
VS- CREATE conmand specifies both the streamdensity and the nmaxi num nunber
of simultaneous users required. Threq’additional comands support
automati on control systens in the broadcast industry: VS NECT- LI ST, VS-
PLAY- AT- SI GNAL and VS- RECORD- AT- SI GNAL.  VS- CONNECT- LI ST al | ows
applications to specify aPsigqudivcesaf-9ptag7 conmmamsls in a si‘ngle command to
t he subsystem Media streanmer 10 '
media streamer 10. The identity of a media streamer 10 to
provide the video services is established at either the
client control system startup time or, optionally, at the
application control program initiation time. Once the
5 identity of media streamer 10 'ls establlshed, the procedure
calls are directed to the correct media streamer 10 for

servicing.

Except as indicated below, APL functlons are processged
10 synchronously, l.e., once a functlon call ls recturned to
the caller, the function is completed and no additional
processing at media streamer 10 is needed. By configuring'
the API functions as synchronous operations, additional
processing overheads for context switching, asynchronous
15 signalling and feedbacks are avoided. This performance is
important in video server applications due to the stringent

real—-time requirements.

The processing of API functions is performed ip the order
20 that requests are received. This ensures that user
operations are processed in the correct order. For
example, a video must be connected (setdp) before it can be
played. Another example is that switching the order of a
"Play" request followed by a “Pause" reqhest’will have a

25 completely different result to the user.

A VS-PLAY function initiates the playing of the video and
returns the control to the caller immediately (without
waiting until the completion of the video play). The
30 rationale for this architecture is that ;ince the time for
playing a video is typically long (minutes to hours) and
unpredictable (there may be pause or stop commands), by
making the VS-PLAY function asynchronous, it frees up the
resources that would otherwise be allocated for an

35 unpredictably, long period of time.

At completion of video play, media streamer 10 generates
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This is the replacenent sheet [err] 20 wi || execute each pl ay conmand as

if it Were—i-sswed_aver the control interface but will transition between

t he- delThiy Sey; 1 one stream and the next seanl essly. An exanple sequence - -
fol | ows: lacedhode 18 .receives a VS- CONNECT- LI ST conmand wit k-
pl ay SU*! mylﬁati ng that all or part of FILEl, FILE2 and-FILE3 are
to be pl ce. Control node 18 deternines the maxi rumdata rate

of the files and all ocates that resource on a communi cati on node 14. The
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an asynchronous call to a system/port address specified by

the application control program to notify the application
control proéram of the video completion event. The
system/port address is specified by the application control

5 program when it calls the API 'VS-CONNECT function to
connect the viaeo. It should be noted  -that the callback
system/port address for VS-PLAY is specified at the
individual video level. That means the application control
programs have the freedom of directing video completion

10 messages to any control point. For example, one
application wmay desire the use of one central system/port

to procesy the video completion mennagen for many or all of

the client control systems. In another application,
several different system/port addresses may be employed to

15 process the video completion messages for one client

control system.

With the API architecture, media streamer 10 is enabled to
support multiple concurrent client control systems with
20 heterogeneous hardware and software platforms, with
efficient processing of both synchronous and asynchronous
types of operations, while ensuring the'corrébt Sequencing
of the operation requests. For example, the media streamer
10 may use an IBM 0S/2 operating system rhnnihg on a PS/2
25 system, while a client control system may use an IBM AIX
operating system running on an RS/6000 system (IBM, 05/2,
P5/2, AIX, and RS/6000 are all trademarks of - the

International Business Machines Corporation).
30 D4. CLIENT/MEDIR STREAMER COMMUNICATIONS

Communications between a client control system and the
media streamer 10 is accomplished through, by exanple, a
known type of Remote Procedure Call (RPC) facility. Fig.
35 11 shows the RPC struéture for the communications between
a client control system 11 and the media streamer 10, In
calling media streamer functions, the client control system

IBM CONFIZENTIAL
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al | ocatg ggmﬁg@uﬁaklaﬁdnode 14 is given the detailed play list and

|n|t|ate ; -of. the isochrohous stream 2) Near the end of the
dellvery “ ﬂ “ heaconnunlcatlon node 14 initiates the delivery of
FI LE2- bu enable it to the output port of the node. -Wien FILEl

conpletes or a signal . fromthe Automation Control Interface occurs,
t heconmuni cat i on .node 14 swi tches the output port to the second strean1from
the first. This is done within 1/30th of a second or within one standard
video frame tinme. 3) The conmuni cat jon node 14 deal | ocat es s#esources
associ ated.- wi th 'FI LEL. VS-PLAY-AT-SI GNAL and VS- RECORD- AT- Sl L all ow
signals fromthe external Automation Control Interface to enable
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11 functions as the RPC client and the media streamer 10
functions as the RPC server. This is indicated at (A) in
Fig. 11. 'However, for an asynchronous function, i.e., Vs~
PLAY, its completion causes media streamer 10 to generate

5 a call to the client control system 11. In this case, the
client control system 11 functions as the RPC server, while
media streamer 10 is the RPC client. This is indicated at
{B) in Fig. 11.

10 D4.1. CLIENT CONTROL SYSTEM 11

In the client control system 11, the user command line
interface is comprised of three internal parallel processes
({threads). A [lurst procens pnroon a unor.command line
15 input and performs the reocquented operation by invoking the
API functions, which result in RPC ‘calls to the media
nbraamar 10 ((A) in Flegurn i1).- Thin promesr also keeps
track of the status of videos heing set up and played for
varloun oubtpub. portn. A nadietl procenn periodically chacks
20 the elapsed playing time of cach video against their
specilled btlme i1imlt. If n vidoo hag roachod its timo
limit, the video is stopped and disconnectediand the next
video in the wait queue (if any) for thc same output port
is started. A third process in the client control system
25 11 functions as an RPC server to recelve the VS-PLAY
asynchronous termination notification from the media

streamer 10 ((B)in Fig. 11).

D4.2 MEDIA STREAMER 10
30
During startup of media streamer 10, two parallel processes
(threads) are invoked in order to support the RPCs between
the client control system(s) 11 and media streamer 10. A
first proceés functions as an RPC server for the API
35 function calls coming from the client control system 11
({A) in Fig. 11). The first process receives.the RPC calls

and dispatches the appropriate procedures to perform the



data transfer for- ‘plray—anrd record operations with accuracy to a video fane
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\ut omat i on control interface signal. tf the.

i nstead, .the transition would occur only mhen the
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requested functions (such as VS-CONNECT, VS-PLAY, VvS-
DISCONNECT). A second process functions as an RPC client
for calling the approprlate client control system addresses
to notify the application control programs with
asynchronous termination events. The process blocks itself
waiting on an internal pipe, which is written by other
processes that handle the playing of videos. When the
latter reaches the end of a video or an abnormal
termination condition, it writes a message to the pipe.
The blocked process reads the message and makes an RPC call
((B) in Fig. 11 to the appropriate client control system 11
port address so that the client control system can update
its status and take actions accordingly.

E. MEDIA STREAMER MEMORY ORGANIZATION AND OPTIMIZATION
FOR VIDEO DELIVERY

An aspect of this invention provides integrated mechanisms
for tailoring ,cache management and related I/0.operations
to the video delivery environment. This aspect of the

invention is now described in detail.

El. PRIOR ‘ART CACHE MANAGEMENT
Prior art mechanisms for cache management are built into
cache controllers and the file subsystems of operating
systems. They are designed for general purpose use, and
are not specialized to meet the needs of video delivery.

Fig. 12 1illustrates one possible way in which a
conventional cache management mechanism may be configured
for video delivery. This technique employs a video split
between two disk files 160, 162 (because it is too large
for one file), and a processor containing a file system
164, a media server 168, and a video driver 170. Also
illustrated are two video adapter ports 172, 174 for two
video streams. Also illustrated is the data flow to read



RECEIVETKNDFPEAxgﬁanCh causes one or nore nultinmedia files to move bet ween
gﬁEthand“rmﬁ externally defined hierarchical entities. 1)

st or age’s Sig
VS- DU / enabl e novenent of -data between -di sk st orage nodes
16,  angigpgf y|be uni't 17 accessible to control node 18. Data
noverment initiated by the controlling application or
“automat.ically by control node 18. 2) VS- SEND and VS-RECEI VE provide a
method for transmtting a nmultinedia file to another nedia streaner.
Optionally, the receiving nediagsstreaner can play the iggoning'file
I medi ately to a preallocated co ni cation node w thout iting for the
entire file. In addition to the nodul ar design and function set defined
Nacket to, GA0-04-0R7 47 )

a seqment of <disk Filn 160 into main storage, and to
subsequently write.the data to a first video port 172, and

also the data flow to read the same segment and write it to

_ a second video port 174. Fig. 12 is used to illustrate

5 problems incurred by the prior art which are addressed and

overcome by the media streamer 10 of this invention.

Description of steps Al-Al2 in Fig. 12.

10
Al. Media server 168 calls file system 166 to read segment
Sk into a buffer in video driver 170.
A2. File system 166 reads a part of Sk into a cache buffer
15 in file system 166.
A3. File system 166 copies the cache buffer into'a buffer
in videc driver 170. '
. /
20 Steps A2 and A3 are repeated multiple times.
A4. File system 166 calls video driver 170 to write Sk to
video port 1 (176).
25 AS. video driver 170 copies part of Sk to a buffer in
video driver 170.
A6. Video driver 170 writes the buffer to video port 1
(178) . '
30
Steps A5 and A6 are repeated multiple times.
Steps A7-Al12 function in a similar manner, except that port
1 is changed to port 2. If a part of Sk is in the cache in
35 file system 166 when needed for port 2, then step A8 may be

skipped.

IBM CONPIDENTIAL



in the—nﬂed-fa—st—Feaﬁe—:;ar_chi tecture, data flowis optimzed for isochronous
dat a t rg0§de Ha§§ee§ ni cant |y reduce cost. - In particular: 1) bandw dt h
of the | h exceeds that of the attached nodes; -
'com‘ru__nli Hm -nodes is nearly non-blocking; 2) data novenent into
process oi ded, nore bandwi dth is provided; 3) processing -
of data 1is avoided, expensive processing.units are elimnated; and 4)
data novenent is carefully scheduled so that; This is the replacenent [err]
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As cai be realized, video delivery involves massive amounts
of data being transferred over multiple data streams. The
overall usage pattern fits neither of the two traditional
patterns used to optimize caching; random and’ sequential.
5 If the random option is selascted, most cache buffers will ~
probably contain data from video segments which have been
recently read, but will have no video stream in line to
read them before they have expired. If the sequential
option is chosen, the most recently used cache buffers are
10 re-used first, so there is even less chance of finding the
needed segment part in the file system cache. As was
described previously, an important element of video
delivery is that the data stream be delivered
isochronously, that is without breaks and interruptions
15 that a viewer or user would find objectionable. Prior art
caching mechanisms, as just shown, cannot ensure the
isochronous delivery of a video data stream to a user.

Additional praoblems illustrated by Fig. 12 are:

20 .
a. Disk and video port I/0O is done in relatively small

segments to satisfy general file system requirements. This
requires more processing time, disk seek oVerhead, and bus
overhead than would be required by video segment size

25 - segments.

b. The processing time to copy data between the file
system cache buffers and media server buffers, and between
media server buffers and video driver buffers, is an
30 undesirable overhead that it would be desirable to

eliminate.

¢. Using two video buffers (i.e. 172, 174) to contain
copies of the same video. segment at the same time is an
35 inefficient use of main memory. There is even more waste
when the same data is stored in the file system cache and

also in the video driver buffers.

R
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22 Iarge”da%aﬁcaehes are avoi ded. In traditional conputer ternms, nedia
streéhssmﬁgﬂggnctlans as a systemof interconnected adapters with an

abilit T r-peer data-novenent between thenselves through the |
- owI ' 2. The low | atency switch 12 has access to data.storage
~and nove ' nts fromone adapter's nmenory to that of another
wi t hout a. "host conputer"” intervention.. B. . .H ERARCH CAL MANAGEMENT OF
DI G TAL COVPRESSED VI DEO DATA FOR | SOCHRONOUS DELI VERY Medi a streamer 10
provi des hierarchical storage ele ts. It exhibits a desi that all ows
scalability froma very snall video systemto a very large system It

“al so provides a flexibili ty for storage nanagerrent to adapt to the vari ed
requirements. necessary e ht % 52 F31ctT ons of ¢

E2., VIDEO-QPTIMIZED CACHE MANAGEMEN

There are three principal facets of the cache management
operation in accordance with this aspect of thHe invention:
sharing segment size -cache buffers across streams;

‘n

predictive caching; and synchronizing to optimize caching.
E2.1. SHARING SECMENT SIZE CACHE BUFFERS ACROSS STREAMS

10 Videos are stored and managed in [ixed size segments. The
segments are sequentially numbered so that, for example,
segment 5 would store a portlon of a video presentation
that is nearer to the beginning of the presentation than
would a eeqmcnt numbered 6. ‘I'he segment slze ls chosen to

15 optimize disk I/0, video 1/0, bus usage and processor
usage. A segment ol a video has a Lixed vontent, whlich
depends only on the video name, and the segment number.
All I/0 to disk and to the video output, and all caching
operations, are done aligmed on segment boundaries.

20
This aspect of the invention takes two.forms, depending on
whether the underlying hardware supports' peer-to-peer
operations-with data flow directly between disk and video
output card in a communications node 14,-wi€hout passing

25 through cache memory in the communications node. For peer-
to-peer operations, caching is done at the disk storage
unit 16. For hardware which does not support peer-to-peer
operations, data is read directly into page-aligned,
contiguous cache memory (in a communications node 14) in

30 segment-sized blocks to minimize I/0 operations and data
movement. (See F. Video Optimized Digital Memory

Allocation, below}.

The data remains in the same location and is written
35 directly from this location until the video segment is no
longer needed. While the video segment ie cached, all

video streams needing to output the video segment access

IBM CONTIDENTIAL
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V‘deo “on Denand Near/ Video on Denmand, Cbnnercial i nsertion, high

qualit unconpres“ﬁ*vrdeo storage, capture and playback. Bl. TAPE STORAGE
I'n medt. B&lacdgi deo presentations are noved from hi gh performance

digital H to be played out at the much | ower data rate required
by the I's way, only a m nimum anount -of video tinme is stored
on the dISk su sy - If the systemis "Near Video on Demand”, then only,

by exanple, 5 mnutes of each novie need be in disk storage at any one
time. = This requires only 22 segnent§ of 5 ninutes each for g‘typlcal. 2
hour novio. The result is that the total disk storage requirenment for a
vi deo presentation is red%ped since not all of the video presentation is
kept on the disk file at any on&°titE 6% that ortion of the

presentation that is being played
the same cache buffer. Thus, a single copy of the video

segnent is used by many users, and the additional I/0,
processor, and buffer memory usage to read additional
copies of the same video segment is avoided. ' For peer to
S peer operations, half of the remaining I/0 and almost all
of the processor and main remory usage are avoided at the

communication nodes 14.

Fig. 13 illustrates an embodiment of the invention for the

10 case of a system without pser-to-peer operations. The
video data is striped on the disk storage nodes 16 so that
odd numbered segments are on first disk storage node 180
and even numberad segments are on second disk storage node
182 (see Section H bhelow).

15
The data flow for this configuration is also illustrated in
Fig. 13. As can be seen, segment Sk is to be read from
disk 182 into a cache buffer 184 in communication node 186,
and is then to be writtenrto video output ports 1 and 2.

20 The SK videra data seqment is read directly into cache
huffar 184 with ona T/0 operation, and is then written to
port 1 Hext the SK video data seqmént ls written from

cache huffar 184 to port 2 with one I/0 operation.

25 As can be realized, all of the problems described for the
conventional approach of Fig. 12 are overcome by the system

illustrated in Fig. 13.

Fig. 14 illustrates the data flow for a configuration
30 containing support for peer-to-peer operations between a
disk storage node and a video output card. A pair of disk
drives 190, 192 contain a striped video presentation which
is fed directly to a pair of video ports 194, 196 without
passing through the main memory of an intervening

35 communication node 14.

The data flow for this configuration is to read segment Sk



need "be bresent in the disk file. This is the replacement sheet [err] 23

| n ot her words—i$-.a .video presentation requires atime T to present inits
eﬁk red as a digital .representation havi ng N data bl ocks,

entlreﬂMsﬂﬁ&dhgﬁ

t hen ea bres a portion of the video presentation that
corresp nately a TIN period of the video presentation. A |ast
C

data bl o ta blocks may store Iess than a TIN period. As demand
on the systen1groms and the nunber of streans increases, the statistical
average is that about 25% of e _ ¢
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from disk 192 directly to pért 1 (with one I/0 operation)

via disk cache buffer 193.

If a call follows to read segment SK to port 2, segment Sk
5 is read directly from disk cache buffer 198 into port 2
{with one I/O operation).

When the data read into the disk cache buffer 1938 for port
1 is still resident for the write to port 2, a best

10 possible use of memory, bus, and processor resources
results in the transfer of the video segment to ports 1 and
2.

It is possible to combine the peer to peer and main memory
15 caching mechanism, e.g., using peer to peer operations for
video presentations which are playing to only one port of
a communication node 14, and caching in the communications
node 14 for video presentations which are playing to
multiple ports of the communication node 14.
20
A policy for dividing the caching responsibility between
disk storage nodes and the communication node is chosen to
maximize the number of video streams which can be supported
with a glven hardware conflguration. If the number of
25 streams to be supported known, then the amount and
placement of cachlng storage can then be detormined.

E2.2. PREDICTIVE CACHING

30 A predictive caching mechanism meets the need for a caching
policy well suited to video delivery. Video presentations
are in general very predictable. Typically, they start
playing at the beginning, play at a fixed rate for a fairly
lengthy predetermined period, and stop only when the end is

35 reached. The caching approach of the media streamer 10
takes advantage of this predictability to optimize the set

of video segments which are cached at any one time.
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vi deo str an1re uégfg_ﬁTTT_be for the same novie, but at different

sub- secon Jaced and the distribution of viewers will be such
t hat nore se sub- second demands will fall within a group of
15 novie s pect of. this invention is the utilization of the

nost appropriate technology that will satisfy this demand. A random access
cartridge 1 oader (such as produced by the IBM Corporation) is a digital
tape systemthat has high storage capacity per tape, mechanical robotic

| oadi ng of 100 tapes per drawer, and{up to 2 tape drives persdrawer. The
result is an effective tape library for novie-on-demand systens. However,
the invention also enables very |ow cost digital tape storage library .
systens to provide the nBREe$t BPafeot*™lé novi &2, and further enables | ow
dermand novies to be played directly fromtape to speed- matching buffers
and The predlctabLllty is used both to schedule a read

operation to fill. a cache buffer, and to drive the
algorithm for reclaiming of cache buffers. Buffers whose
contents are not predicted to be used before they would
5 expire are reclaimed immediately, freeing the space for
higher priority use. Buffers whose contents are in line
for use within a reasonable time are not reclaimed, even if

their last use was long ago.

10 More particularly, given videos v1, v2,..., and streams sl,
$2,... playing, these videos, =each stream sj plays one
video, v(sj), and the time predicted for writing the k-th

~segment of Q(sj) is a linear function:

15 t(sj, k) = a(sj) + r(sj)k,

where a({sj} depends.on the start time and starting segment
number, r(sj) is the constant time it takes to play a
segment, and t{sj,k) is the& scheduled time to play the k-th

20 segment of stream sj.

This infaormation is used both to schedule a read operaticn
"to £ill a cache buffer, and to drive the aigorithm for re-

using cache buffers. Some examples of the operation of
25 the cache management algorithm follow:
EXAMPLE A

A cache buffer containihng a video segment which is not
predicted to he played by any of the currently playing
30 video streams is re-used before re-using any buffers which
are predicted to bes played. After satisfying this
constraint, the frequency of playing the video and the
segment number are used as weights to determine a priority
for. keeping the video segment cached. The highest
35 retention priority within this group is assigned to video
segments that océur early in a frequently played video.



fhen“on'fo vi deo’

dlsfflbutlon channels A second

advantage of conblnlng hlerarchlcal .tape-storage to any vi deo systemis

that it
event t
"spare"

from tape. ThIS

backup to any nmovie that is stored on disk, in the

nmes i noperative. A typical systemw Il maintain a

if one disk unit. fails, then novies can be rel oaded

would typically be conmbined with a RAI'D or a

RAID-1i ke system This is the repl.acenent sheet [err] 24 B2. DI SK
STORAGE SYSTEMS Vhen demand for videe streans increases to ?-higher | evel ,
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EXAPLE b .

For a cacha huffor containing a video seqment which fs
pracdicted ta ba played, the next predictod play time and

the number. of streams left to play the video' segment are
used as welghts to determine the priority for keeping the
video segment cached. The weights essentially allow the
retention priority of 'a cache buffer to be set to the
difference between the predicted number of I/Os {for any
_video segment) with the cache buffer reclaimed, and the
predicted number with it retained.

For example,-if

vs is playing on s7, _ !

v8 is playing on s2 and s3, with s2 running 5 seconds
behind s3, and

v4 is playing on streams s12 to s20 with each stream 30
seconds behind the next,
then: _

buffers cantaiﬁihq v5 sdata already used by s7 are
reclaimed first,

followed by buffers containiné v8 data already used by
.2, . P . :

followed ‘by buffers containing v4 data ‘already used by
s12, ' . .

followed by,remaining buffers with the lowest retention

'pfiqrity.

j;Thé”cache management algorithm provides variations for
special cases such as connection operations (where it is

possible to predict that a video segment will be played in
the near future, but not exactly when) and stop operations
(when previous predictions must be revised).

E2.3. SYNCHRONIZING STREAMS TO OPTIMIZE CACHING

It is desirable to cluster all streams that require a given
video segment, to minimize the time that the cache buffer




It becores mere-efft+etent to store an entire novie on di sk and save the
systemsgﬂgeiﬂgsrgggp@e pxgrhead required to continually nove video data from

t ape t caI system will still conatain a library nf novies

t hat a maﬁﬂm since the usual nunber of movies in the library is
10x to han t he nunber that wll be playing at any one tine:
Wien a user requests a specific novie, segnents of it are |oaded to a disk
storage node 16 and started fromthere. Wien there are | arge nunbers of
users wanting to see the sane novie, (it is beneficial to keeg the novie on
di sk.- These novies are typically the "Hot" novies of the curtent week and

are pre-loaded fromtape to disk prior to peak viewing hours. This tends to
reduce the work | oad on CREk&§FeeniduPiTiP’peak hdurs. B3. MOVIES OUT OF

CACHE

containing that segment must.remain in storage and thus
leave more of the system capacity available for other video
streans. For video playing, there is usually little
flexibility in the rate at which segments "are played.
However, in some application'of video delivery the rate of
playing 1s flexlble (that |is, video and audio may be
accelerated or decelerated slightly without evoking adverse

[8}]

human reactlons). Moreover, videos may be dellivered for
purposes other than immediate human viewing. When a
10 = varliation in rate is allowed, the streams out in front

(timewise) are played at the minimum allowable rate and
those in back (timewise) at a . maximum allowable rate in
order to close the gap between the streams and reduce the

time that segments must remain buffered.

The clustering of streams using a same video presentation
is also taken into account during connection and play
operations. For example, VS-PLAY-AT-SIGNAL can be used to
start playing.a video on_muitiple streams at the same time.
20 This improves clustering, leaving more'systém resources for
other video streams, enhancing the effective capacity of
the system. More specifically, clustering, by delaying one
stream for a short period so that it coincides in time with
a second étream, enables one copy of segments in cache to
25 be used for both streams and thus conserves processing

assets.
F. VIDEO OPTIMIZED DIGITAL MEMORY Z\LLOC}\TION
30 Digital video data has attributes_unlike those of normal

data prdcessinq data in that it is non-random, that |is
sequential, large, and time critical rather than content

critical. Multiple streams of data must be delivered at
high bit rates, requiring all nonessential overhead to be
35 minimized in the data'path.' Careful buffer management is

required to maximize the efficiency and capacity of the
media streaner 10. tiemory allocation, deallqcaticn, and



As denmand for “hot“Tnovi es grows, nedia streaner 10, through an MRU based
al gorThtsPShqetM&dﬂ& l&dnove key novies up into cache. This requires
subst nory, but in terns of the ratio of cost to the nunber
of act he high volune that can be supported out of cache

| owers t t of the nedia streaner 10. Because of the nature of
vi deo data, and the fact that the system al ways knows in advance what

vi deos are playing and what data will be required next, and for how | ong,

met hods are enployed to optimzg the use of cache, (Tnternal
buffers, disk storage, the tape |oader, bus performance, etc. A gorithns

that control the placenent and distribution of This is t he repl acenment
sheet [err] Docket No. SA9-94-087 55

access are Key elements in this process, and improper usage
can result in memory fragmentation, decreased efficiency,

and delayed'or corrupted video data.

5 The media streamer 10 of this invention employs a memory
allocation pfocedure which allows high level applications
to allocate and deallocate non—swabpable, page aligned,
contiguous memory segments (blocks) for digital video data.
The procedure provides a simple, high level interface to

10 video transmission applications and utilizes low level
operating system modules .and code secgments to allocate
memory blocks in the requested size. The memory blocks are
contiguous and fixed in physical memory, eliminating the
delays or corruption possible from virtual memory swapping

15 or paglng, and Lthe cumplexliy of having to lmplemont
gather/scatter routines In the data transmission gsoftware.

The high 1level interface also returns a variety of

_ addressing'mode values fdr the requested memory block,
20 eliminating the need to do costly dynamic address
conversion to fit the various memory models that can be
operating concurrently in a media streamer environment.

The physical address is available for direct access by

other device drlvers, such as a fixed disk devxce, as well

25 as the process linear and process segmented addresses that

are used by various appiications. A déallocation routine

is also provided that returns a memory block to the systenm,

eliminating fragmentation problems since the memory is all

returned as a single block.

30 _
F.1l. COMMANDS EMPLOYED FOR M_EMORY ALLOCATION
1. Allocate Physical tlemory:

35 . - Allocate the requested size memory block, a control

bleck 1is returned with the various memory model
addresses of the memory area, along with the length of



25 the content across al

- of the stor i a :
i sochr onous : age nedi a enabl e
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strenms, a distri chi
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ot her

the block.
2. Dealloéa:e Phyéicai Memory:

5 Return the memory block to the operating system and

free the associated memory pointers.
F2. APPLICATION PROGRAM INTERFACE

10 A device driver is defined in the system configuration
files and is automatically initialized as the system
starts. An application then opens the device driver as a
pseudo device to obtain its labél, then uses the interface
to pass the cqmmands and parameters. The supported

15 . commands are Allocate Memory and Deallocate Memory, the
paraméters are memory size and pointers to the logical
nemory addresses.. These addresses are set by. the device
driver once the physical plock of memory has peen allocated
and the physical address is converted to logical addresses.

20 A null is returned if the allocation fails.

Fig. 15 shows a typical set of applicaéions that would use
this procedure. Buffer 1 is requestéd by a 32-bit
application for data that is modified and-theh placed into
25 buffer 2. This puffer can then be directly manipulated by
a 16 pit application using a segmented address, or by a
physical device such as a fixed disk drive. By gsing this
allocatioh scheme to preallécate the fixed, physical, and
contiguous buffers, ecach application is enabled to use it's
30 native direct addressing to access the data, eliminating
the address translatidn and dynamib memory allocation
delays. A video application méy use this approach to
minimize data movement by placing the digital video data in
the buffer _directly from the physical disk, ‘then
35 transferring it directly to the output device without

moving it several times in the process.



con5|st|ng nulrtrp+e~s{orage and communi cation nodes preferred. The data is
storTSﬁnetﬂhmeaxggen pges 16, 17 and is delivered by conmmunication nodes. A

conmu
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ins the data from appropriate storage nodes 16,

18 provides a single systemimge to the external
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nected by the cross- connect, |low |atency switch

.12. Data rates and the data to be delivered is predlctable for each stream
The invention makes use of this predictability to construct a data fl ow
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needed. Data

0931% 9;&9 ng &n,d t he g_pmmnl cati on nodes 14 can be
erent Wway connunlcatlon node 14 is generally

"DISK DRIVE OPTIMIZED FOR VIDEO APPLICATIONS

It is imporatant that video streams be delivered to their
destination isochronously,. that is without delays that can
be perceived by the human eye as discontinuities in
movement or by the ear as interruptions in sound. Current
disk technology may involve periodic action, such as
performing predictive failure analysis that may cause
significant delays in data access. . While most I/0
operations complete within 100 ms, periodic delays of 100
NS are common gnd delays of three full seconqs can occur.

The media streamer 10 must also bhe capable of efficiently
sustaining hiqh data transfer rvates. - A disk drive
canfiqured far general purpose data storage and retrieval

will suffer inefficiencies in the use of memory, disk

buffers, SCSI bus and disk capaclity LI not optlimized fov

the video server application.

Vd

~In accordance with an aspect of the invention, disk drives

employed herewith are tailored for the role of smooth and
timely delivery of large amounts of data by optlmlzlng disk
parameters. The parameters may be incorporated into the
manufacture of disk drives specialized for video servers,
or they may be variables that can be set through a command

mechanism.

Parameters controlling periodic actions are set to minimize
or eliminate delays. Parameters affecting buffer usage are
set to allow for_trénsfer of very large amounts of data in
a single read or write operation. Parameters affecting

" speed matching between a SCSI bus and a processor bus are

tuned so that data transfer starts neither too soon nor too
late. The disk media itself is formatted with a sector

size that maximizes sffective capacity and band-width.

To accomplish optimization:

v,':l FARE N SO L T A S|
Rr L T T S |
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dat &his
diffe
diffe

-streans. It may have requests outstanding for
%e streans, and the required data nmay cone from

odes 16,17. This is the replacenent sheet [err] 26
odes were to attenpt, sinultaneously, to send data to

t he sane connunlcation node, only one storage node would be able to send
the data, and the other storage nodes woul d be bl ocked. The bl ockage woul d
cause these storage nodes to retry sendlng the data, degrading switch

utilization and introducing alarde variance in the tine

data froma storage node to the

10
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The physical disk mnedia is formatted with a maximum
allowable physical sector size. This formatting option
minimizes the amount of space wasted in gaps between
sectors, maximizes device capacity, and méximizes the burst

data rate. A preferred implementation is 744 byte sectors.

Disks may have an associated buffer. This buffer is used
for reading data from the disk media asynchronously from
availability of the bus for the transfer of the data.
Likewise the buffer is used to hold data arriving from the
bus asynchronouély from the transfer of that data to the
disk media. The buffer may be divided into a number of

' segments and the number is controlled by a parameter. If

15

20

25

30

_results in fewer disconnect/reselect cycles on the SCSI &L

there are too many segments, each may be too small to hold
the amount of data requested in a single transfer. When
the buffer is full, the device must initiate reqonnection
and begin transfer; if the bus/dévice is not available at
this time, a rotational delay will ensue. In the preferred
implementatiop, this value is set so that any buffer
segment is at least as large as the data transfer size,

e.g., set to one.

As a buffer segment begins to fill on a read, the disk
attempts to'reconnect to the bus to effect a data transfer
to the host. The boint.in time that the disk attempts this
reconnection affects the efficiency of bus utilization.
The relative speeds of the bus and the disk determine the
best.point'in'time_during the fill operation to begin data
transfer to the host. Likewise during write operations,
the buffer will fill as data arrives from the host and, at
a certain point in the fill piocess, the disk should

attempt a reconnection to the bus. Accurate speed matching

n

with resulting higher maximum throughput.

i

The parameters that control when the reconnection

attempted are called "read buffer full ratio®” and "wr:-

V]

(equired to send

| f



connunl atlon‘“HBHe“'—~+ﬁ this invention, there 1is no contention for an

i nput p sBamHM hegt i on node 14 anong different storage nodes 16, 17.
The anDu buffering can be determ ned as foll ows: t he
connunlc etermnes the nean tine required to send a request
to the storage no e , 17 and receive the data. This tinme is determ ned by

adding the time to send a request to the storage node and the tine to
receive the response, to the tine needed by the storage node to process the
reguest. The storage node in turn ﬂetern1nes t he nmean tlanreqU|red to
process the request by adding the nean tine required to read the data from

di sk and any del ays |nvolagéle£ (frge§§§|ggfthe reguest. This is the
| at ency in processing the reques The "anount o buffering required is

t he nenory storage needed “at the stream data rate to cover the |atency.
The sol uti on buffer empty ratlo". For video dJdata, the . preferred

algorithm for _calculating these ratios in 256  x
(Instantaneous SCSI Data Transfer Rate ~ Sustainable Disk
Data Transfer Rate) / Instantaneous SCSI Data Transfer

5 Rate. Presently preferred values for buffer-full and
buffer-empty ratios are approximately 204.

Some disk drive dasigns require periodic recalibration of
head position with changes in temperature. Some of these
10 disk drive types further allow control over whether thermal
compensation'ié done for all heads in an assembly at the
same time, or whether thermal compensation is done one head
at a time. If all heads are done at once, delays of
hundreds of milliseconds during a read operation for video
15 data may ensue. Longer delays in read times results in the
need for larger main memory buffers to smooth data flow and
prevent artifacts in the multimedia presentation. The
preferred approach is to program the Thermal Compensation
Head Control function to allow compensation of.one head at

20 a time.

The saving of error logs and the performancerof predictive
failure analysis can take several seconds to complete.

These delays cannot be tolerated by video server

25 applications without very large main memory'buffers to
smooth over the delays and prevent artifacts in the
multimedia presentation. Limit 1Idle Time Function
‘parameters can be used to inhibit the seving of error logs

) and performing idle time functions. The preferred
30 ~ implementation sets a parameter to-limit these functions.

H. DATA STRIPING FOR VIDEO DATA

In video applications, there is a need to deliver multip;e
35 stfeams from the same data (e.g., a nmnovie). This
requirement translates to a need to read data at a high
data rate; that is, a data rate needed for deliverihg one



descr%bed—beLQMLLakeg advant age of special conditions in the nedia streaner
| at ency and hence to reduce the resources required.

enVIr(ﬁﬂﬁgh Mﬁ_

The Iat
every s 'ﬂﬂﬂ'l
nodes) ,

by using a just-in-tinme scheduling al gorithm at

a (e.g., within storage nodes and conmuni cati ons
n with anticipating requests for data fromthe
previ ous stage. Contention by the storage nodes 16, 17 for the input port

of a comuni cation node 14 is eliqinated by enpl oying the follow ng two

criterion: 1) A storage node 16,

17 only sends data to(é This is the

repl acenent sheet [err]
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stream multiplied by the number of streams simultaneously
accessing the same. data. Conventionally,-this problem was
gaonerally solved by Having'multiplo coples of the data and
thus raonulted In additional eoxpenre. The medfa streamer 10
of this Iinvention unoa a tachnlqua for mexving many
simultancoun ctrenme from a single copy of the data. The
technique takes into account the data rate for an
individual stream and the number of streams that may be

simultaneously accessing the data.

The above-mentioned data striping involves the concept of
a logical file whose data is partitioﬁed to reside in
multiple file components, called stripes. Each stripe is
allowed to exist on a different disk volume, thereby
allowing the logical file to span multiple physical disks.
The disks may be either local or remote.

When the data is written to the logical file, it is

'separated into logical lengths (i.e. segmentg) that are

placed sequentially into the stripes. As depicted in Fig.
16, a'logical file for a video, video 1, is segmented into
M segments or blocks each of a specific size, e.g. 256 KB.
The last segment may only be partially filled with data.
A segment of data is placed in the first stripe, followed
by a next segment that is placed in the second stripe, etc.
When a segment has been written to each of the stripes, the
next seqmeﬁt is written to the first stripe.. Thus, if a
file is being striped into N stripes, then stripe 1 will
contain the segments 1, N+1, 2*N+1, etc., and stripe 2 will

contain the segments 2, M+2, 2*N+2, etc., and so on.

A similar striping of data is known to be used .in data
processing RAID arrangements, where the purpose of striping
is to assure data integrity in case a disk is lost. Such

‘a RAID storage system dedicates one of N disks to the

storage of parlty data that ls used when data rocovery la

required. The disk storage nodes 16 of the media streamer

foens AFR RS ST I T PPI .
ISR (uﬁf:dtk:iﬁh

=1



27 communi cation node 14 on receipt of a specific request. 2) A given
conmmunication mode 14-serializes all requests for data to be read from
&llacén| y one request for receiving data fromthe

is outstanding at any time, independent of the nunber

st or ag @hlﬂﬂd&fﬂasneeﬁ R

connunl
of stre
reductlon o

any data transfer.

ccation node 14 is delivering. As was noted above,

t he

elies on a just-in-tine scheduling algorithmat every
st age. The basic principle is that at every stage in the data flow for a
stream the data is available when tfile request for that datg arrives. This
reduces latency to the time needed for sending the request and performng

Thus,
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when t'he control node 18 sends a reqguest to the
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10 are organized as a RAID-like structure, but parity data
is not requlred (as a copy of the video data is avallable

from a tape store).

Fig. 17 illustrates a first important aspect of this data
arrangement, i.o., the  soparation of each video

~ presentation into data blocks or segments that are spread

acrons the availahle disk drives to enable each video

presentation to he accessed simultaneously from multiple

drives without requiring multiple copies. Thus, the
concept is one of striping, not for data integrity reasons
or pérforMnncc reasons, par sa, but for concurrency or
bandwidth reasona. Thun, tha mndia stream 10 stripes video
presentation by play segments, rather than by byte block,

etc.

As is shown in Fig. 17, where a video data file 1 is
segmented into M.segments and split into four stripes,
stripe 1 is a file containing'segments i, 5,. 9, etc. of
video file 1; stripe 2 is a file containing segments.z, 6,
10, etc., of video file 1, stripe 3 @s a file containing
segments 3, 7, 11, etc. of the video file Snd stripe 4 is
a file conhtaining the segments 4, 8, 12, etc., of video
file 1, until all M segments of video fiie 1'are contained

in one of the four stripe files.

Given the described striping strategy, paraneters are
computed as follows to customize the striping of each

individual video.

First, the segment size is selected so as to obtain a
reasonably effective data rate from the disk. However, it
cannot be so large as to adversely affect the latency.
Further it should be small ehough to buffer/cache in
memory.' A preferred segment size is 256KB, and is constant
for video presentations of data rates in ranges from
128KB/sec. to 512KB/sec. If the video data rate is higher,



to tl
medi ronrrent access to data is sequential and the data rate

for a stream | s predi ctabl e, a storage node 16 can antici pate when a next
request for data for a specific streamcan be expected. The identity of the
data to be supplied in response to,the request is also known. The storage
node 16 al so knows where the data \'s stored and the expectled requests for
the other streans. G ven this I nformation and the expected tine to process
a read request froma dis the storage_node 16_schedul es a read operatlon
so that the data is ava?q éBF M3-udt°Bef8fe the PBquest fromthe
comuni cation node 14 arrives. For exanple, if the streamdata rate is
250KB/ sec, and a then it may be preferable to use a larger segment size.

' The segment size depends on the basic unit of I/O operation

for the range of video presentations stored on the same

sto a,ge node 16 for data for a specific stream the storage node 16 can
res henR @st al nost immedi ately. This characteristic is inportant
Wdt he contention probl em descri bed above. Since, in the

media. The principle employed is to use a’ segment size
5 that contains approximately 0.5 to 2 seconds of video data.

Next, the number of stripes, i.e. the number of disks over
which video data is distributed, is determined. This
number must be large enough to sustain the total data rate
10 required and is computed individually for each video,
presentation'pased on an anticipated usage rate. More
specifically, each disk has a logical volume associated
with it. Each video presentation is divided into component
files, as many components as the number of stripes needed.
15 Each component file is stored on a different logical
volume. For example, if video data has to be delivered at
250 KB/sec per stream and 3J0 simultaneous streams are
supported from the same video, started at say 15 second
intervals, a. total data ‘rate of at least 7.5 MB/sec is
20 obtained. If a disk drive can support on the average 3
MB/sec., at least 3 stripes are‘reqpired‘for the video

presentation.

The effective rate at which data can be read from a disk is
25 influenced by the size of the read operation. For example,
if data is read from the disk in 4KB blocks (from random
positions on the disk), the effective data rate may be
1MB/sec. whereas if the data is read in 256KB blocks the
_ rate may be 3 MB/sec. However, if data is read in very
30 large blocks, the memory required for buffers also
increases and the latency, the delay in using the data
read, also'increases because the operation has to complete
before the data can be accessed. Hence there is a trade-off
in selecting a2 size for data transfer. A size is selected
35 based on the characteristics of the devices and the menmory
configuration. Preferably, the size of the.data transfer

is the selected segment size. For a given segment size the

3% CONFIDuNTIAL



storage node 16 contains every 4th segnent of a video, requests for data

f or t [TAis Sheet e BeeniReplacedr i ve every 4 seconds. If the tine to process a read
request [ his is the replacenent sheet [err] 28 (with the
requi si onfidence that the read request will conplete in 500
nmsec) then the request is scheduled for at |east 500 nsec before the
antici pated recei pt of request fromthe comuni cation node 14. Cl. CONTRCL
NCODE 18 FUNCTI ONS The control node 18.function is to provide an interface
bet ween nedia streamer 10 and the exfernal world for (
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effective data rate from a device is determined. For
example, for some disk drives, a ZSSKB segment size
provides a‘qood balance for the effective use of the disk
drives (effecti#e data rate of 3 MB/sec.) and buffer size

5 (256 KB).

If striping is not used, the maximum number of streams that

can be supported is limited by the effective data rate of

the disk, e.g. if the effective data rate is ﬁMB/s and a

10 stream data rate is 200KB/s, then no more than 15 streams
can be éupplied from the disk. If, for instance, 50
streams of the same video are needed then the data has to

be duplicated on 4 disks. However, if striping is used in

~ accordance with this invention, 4 disks of 1/4 the capacity

15 can be used. Fifteen streamsncan be simultaneously played
from each of the 4 stripes for a total of 60 simultaneous
streams from a single copy of the video data. The start

times of the streanms are skewed.to ensure that the requests

for the 60 streams are evenly spaced among the stripes.

20 Note also that if the étreams are started close to each
other, the need for I/0 can be reduced by uéinq video data

that is cached.

The number of stripes for a given video.is'influenced by
25 two factors, the first is the maximum number of streans
that are to_be supplied at any time from the video and the
other is the:total number of streams that need to be
supplied at any time from all the videos stored on the sane

disks as the video.

30
The number of stripes (s) for a video is determined as
follows: '
s = maximum (r*n/d, r*m/d),.

35 where: o _
t = nominal data rate at which the stream is to be plav~id;
n = maximum number of simultaneous streams from this +: izo



wor | d

control fTow Tt afso presents .a single systeminage to the externa
eveﬂhmﬁmtﬁéwﬂadl Rapladed eaner 10 is itself inplenented as a distributed
syste ol node functions are inplenented by a defined
Appll Interface (APl). The APl provides functions for
creatlng t e VI €0 content in nedia streaner 10 as well as for real- tine
functions such as playing/recording of video data. The control node 18

forwards real -time requests to play
nodes 14. C2. COVMJNI CATI ON NCDE 14
follow ng threads (in the sane process)
a threachdReband gxL£anogsst / di scgnnect requests,

video interface:

to handl e play/stop and pause/resune requests,
junp request (seek formard or seek. backward).

thread that reads

10

15

20

25

30

35

to 4

g{ stop the video to the comunication
comruni cati on node 14-6és t he
dedicated to handle a-real tine

a thread
and a thread to handle a

In addition it has an input

presentation at the nominal rate;

d = effective data rate from a disk
(Note " that the effective data rate from disk is
influenced by the segment size):

m = maximum number of simultaneous streams at nominal rate
from all disks that contains any part of this video;
presentation; and _

s = number of stripes for a video presentation.

The number of 'disks over which data for a video

presentation is striped are managed as a set, and can be
thought of as a very large physical disk. Striping allows
a video file to exceed the size limit of the largest file
that a system's physical file system will allow. The video
data, in general, will not always require the same amount
of storage on all the disks in the set. To balance the

usage of the disk, when a video is striped, the striping is

begun from the disk that has the most free space.

As an example, consider the case of a video presentation
that to be ‘'played at 2 (250,000
bytes/sec.), i.e., r is equal to 250,000 bytes/sec., and
that it to deliver up to 30
simultanedus streans from this video, i.e., n is 30.
Assume in this example, that m is also 30, the total
number of streams to be delivered from all disks is also
30. Further, assume that the data is striped in segmenﬁs
of 250,000 bytes and that the effective data rate from a
disk for the given segment size (250,000 bytes) is
3,000,000 bytes/sec. Then n, the number of stripes needed,
is'(zso,OOO * 30 / 3,000,000} 2.5 which is rounded up to 3

needs mbits/sec.

assume is necessary

i.e.,

(s = ceiling(r*n/d)).

If the maximum number of streams from all disks that
then 250,000 * 45 /

which is rounded up

contain this data is, for instance 45,
3,000,000 or 3.75 stripes and -needed,

stripes.



data _for a streamfromthe storage nodes 16 and an output thread that _
wites data to the output ports. A data flow structure in a conmmunication

node Ths ‘HasBeth Repdaceliat a during the playing of a video is depicted in Fig.
3. The cture includes an input thread 100 that obtains data
froma 6. The input thread 100 serializes receipt of data
from storage nodes so that only one storage node is sending data at any one
time. The input thread 100 ensures that when an output thread 102 This is

t he repl acenent sheet [err] 29 feeds to wite out of a fuffer for a

stream the buffer is
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Even though striping the video into 3 stripes is sufficient
to meet the requirement for delivering the 30 streamé from
the single copy of the video, if disks containing the video
also contain other content, and the total numBer of streams
from that video to be supported is 45, then four disk

ui

drives are needed (striping level of 4).

The manner in which the algorithm is used in the media
streamer 10 is as follows. The storage (number of disk
10 drives) is divided into groups of disks. Each'group has a
certain capacity and capability to de;iVer a given number
of simultaneous streams (at an effective data rate per disk

based on a predetermined segment size). The segment size
for each group is constant. Different groups may choose
15 different segments sizes (and hence have different

effective data rates). When a video presentation is to be
striped, a group is first chosen by the following criteria.

The segment size is consistent with the data rate of the
20 video, i.e., if the stream data rate is 250,000 Bytes/sec.,
the segment. size is in the range of 125K to 500 KB. The
next criteria is to ensure that the number of disks in the
group are. sufficient to support_the maximum number of
simultaneous streams, i.e., the number of disks where "r"
25 is the stream data rate and. "n" the maximum number of
simultaneous streams, and "d" the effective data rate of a
disk in the group. Finally, it should be insured that the
sum total of simultaneous streams that need to be supported
from all of the videos in the disk group does not exceed
3o its cépacity. That is, if "m" is the capacity of the
group, the "m - n" should be greater than or equal to the
sum of all the streams that can be played simultaneously

from the videbs already stored in the group.
35 The calculation is done in control node 18 at the time the

video data is loaded into the media_streamgr 10. In the
simplest case all disks will be in a single pool which
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already—1t|ed-with._ data. In addition, there is a scheduler"

f ungd t schedul es both the input and output operations for the :
st ?gﬁmget ABeE{]Qe i e:Elon is used by both the input and output threads 100 and
102. Iﬁ H ﬂﬂﬂ rks off a queue of requests. The request queue 106 for
t he 102 contains requests that identify the stream and that
points to an associated buffer that needs to be enptied. These requests are
arranged in order by a tine at whvch they need to be witten to the video
out put interface. Wen the output {thread 102 enpties a bu(Ter; it marks it
as enpty and i nvokes the schedul er function 104 to queue the request in an
i nput queue 108 for the streamto the input thread (for the buffer to be
filled). The queue 108°PEFe% A8 1\JGf*1%ead 10t is al so arranged in order

by a tine at which buffers need to be filled. _
defines the total capacity of the media streamer 10, both

for storage and the number of supportable streams. In this
case the number of disks (or stripes) necessary to support
a given number of simultaneous streams is calculated from
5 ‘the formula m*r/d, where @ is the number of streams, r is
the data rate for a stream, and d is the effective data
rate for a disk. Mote that if the streams can be of
different rates, then m#*r, in the above formula, should be
'replaCed by: Max (sum of the data rates of all simultaneous

10 streams) .

The result of using this technique for writing the data is
that the data can be read for delivering many étreams at a
specified rate without the need for multiple copies of the
15 digital representation cf the video presentation. By
striping the data across multiple disk volumes the reading
of one part of the file for delivering one stream does not
interfere with the reading of another part of the file for

delivering another strean.

20 _
' I. MEDIA STREAMER DATA TRANSFERS AND CONVERSION PROCEDURES
I.1. DYNAMIC BANDWIDTH ALLOCATION FOR VIDEO DELIVERY TO THE
SWITCH 18 '
25

Conventionaliy video servers generally fit one of two
profiles. Either they use PC technology to build a low
cost (but also low bandwidth) video server or they use
super-computing technology to build a high bandwidtﬁ (also
30 expensive) video server. A object of this invention then
is to_deiiver high bandwidth video, but without the high

cost of super-computar technology.

A preferfed approach to achieving high pandwidth at low
35 cost is to use the low latency switch (crossbar circuit
switch matrix) 18 to interconnect low cost PC based '"nodes”

into a video server (as shown in Fig. 1). An important

IBM CONFIDEXNTIAL



Lnput _thread 100 al so works off the request queue 108 arranged by request
ti s task is to fill the buffer froma storage node 16. For each

e, |
1 ed\iaeEt t eede, the input thread 100 takes.the followi ng actions. The
I npy H H_‘ determ nes the storage node 16 that has the next segnent
of . : tream (the data for a video streamis preferably striped

"across a nunber of storage nodes). The input thread 100 then sends a
request to the determi ned storage node (using nessages through switch 12)
requesting data for the stream ar‘@'then waits for the dat@g to arrive. This
protocol ensures that only one storage node 16 will be sending data to a

particul ar conmuni cati ons node 14 at any tine, i.e., it renobves the
conflict that may arisePyF<etn® sfd? @fe*hbdes wéfe to send data
asynchronously to a communi cati ons node 14. When the requested data

is received fromthe staypage dr0dRe hedid RerbamH atdHiR8t 0 is efficient use
of the video stream bandwidth that is available in each of
the storage nodes 16 and communication nodes 14. The
bandwidth is maximized by combining the special nature of
5 video data (write once, read many times) with the dynamic,
real time bandwidth allocation capability of a low-~cost
switch technology. '

Fig. 18 shows a conventional logical connection between a
10 switch interface and a storage node. The switch interface
rmust be full duplex (i.e., information can be sent in
either direction simultaneously) to allow the transfer of.
video (and control information) both into and out of the
storage node. Becauseé video content is written to the
i5 storage node once and then read many times, most of the
bandwidth requirements for the storage node are in the
direction towards the switch. In the case of a typical
switch interface, the bandwidth of the storage node is
under-utilized because that half of the'bandwidth_devoted

20 to write capability is so infrequently used.

Fig. 19 shows a switch interface in accordance with this
invention. This interface dynamically allocates its total
bandwidth in real time either into or out of the switch 18
25 to meet the current demands of the node. (The storage node
16 is ﬁsed as an example.) The communication nodes 14 have
similar requirements, but most of their bandwidth is in the

direction from the switch 18.

30 The dynamic allocation is achieved by grouping two or more
of the physical switch interfaces, using appropriate
routing headers for the switch 12, into one logical switch
interface 18a. The video data (on a read, for example) is

_ thenlsplit between the two physical interfaces. This is

35 facilitated by striping the data across'multiple storage

units as described previously. The receiving node combines

the video data back into a single logical stream.



mar ks the buffer as full and invokes the scheduler 104 to This is the
repl acenent sheet—ferrt— 30 buffer a request (based on the streanis data

rate) thnssmtmqume legad 102 to enpty the buffer. C. 3. STORAGE NODE 16
The str torage node 16 for data flow to support the playing
of a str % in Fig. 4. The storage node 16 has a pool of
buffers t con a ideo data. It has an input thread 110 for each of the

| ogi cal dISk drives and an output thread 112 that wites gata out to the
conmuni cations nodes 14 via the sitch matrix 12.
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As an example, in Fig. 18 the switch interface is rated at
2X_MB/séc. full duyplex i.e., X MB/sec. in each direction.

. But video data is usually sent only in one direction (from

the storage node into the switch). Therefore only X

5 MB/sec. of video bandwidth is delivered from the storage
node, even though the node has'twice that capability (2X).

The storage node is under utilized. The switch interface

~of Fig. 19 dynanically allocates the entire 2X MB/sec.
bandwidth to transmitting video from the storage node into

10 the switch. The result is increased bandwidth from the
node, higher bandwidth from the video server, and a lower

cost per video stream.

J. ISOCHRONOUS VIDEO DATA DELIVERY USING COMMUNICATIONS
15 ADAPTERS

Digitai video data is sequential, continuous, large, and
time'cfitical, rather than content critical. Streams of
video data must be delivered isochronously at high bit
20 rates, reqguiring all nonessentiél overhead to be minimized
in the data path. Typically, the receiving'hardware is a
video set top box or some other suitable video data
receiver. - Standard serial communication protocols inser:t
additional bits and bytes of data into the stream for
25 synchronization and data verification, often at the
hardware level. This corrupts the video data stream if the
receiver is not able to transparently remove the additional
data. The addltlonal overhead introduced by these bits and
bytes also decreases the effective data rate which creates

30 video decompre551on and conversion errors.

It has been determined that the transmission of video data
_ over standard conmunications adapters, to ensure
isochronous deleivery to a user, requires disabling most of

35 the standard serial communications protococl attributes.
The methods for achieving this vary depending on ine
communications adapters used, but the following descrit-s

I3 CCGXRIDING

al



\"__“ .
s a schedUTer function 114 that is used by the input and out put

It al sQ.

threa sm 1%=b®hedule operations. It also has a nessage thread 116
t hat “pr ts from comuni cati ons nodes 14 requesting data. Wen
a nmess froma comuni cati ons node 14 requesting data, the

nmessage t hread 116 wll normally find the requested data al ready buffered,
and queues. the request (queue 118) to the output thread. The requests are
queued in tinme order. The output thread 112 will enpty the buffer and add
it to the list of free buffers. Eagh of the input threads {10 have their
own request queues. For each of the active streans that have video data on

-the associ ated di sk drive, %ueue 120 ordered b request tinme (based on
the data rate, |evel onSFF?b 8¢y "Yo fillthe next buffer is

mai nt ai ned. The thread takes the flrst request in queue 120, associates a
free buffer with it andthssuesleapying concepts.  In Fig. 20, a serial

communications chip 200 in a communications node 14
disables data formatting and integrity information, such as
the parity, start and stop bits, cyclic redundancy check
5 " codes and sync bytes, and prevents idle characters from
‘being generated. Input FIFO buffers 202, 204, 206, etc.
are émployed to insure a constant (isochronous) output
video data stream while allowing bus ctycles for loading of
the data blocks. A 1000 byte FIFO buffer 208 51mplif1es
10 the CPU and bus loadlng logic.

If communications output chip 200 does not allow the
disabling. of an initial synchronization (sync) byte
generation, then-the_value of the sync byte is programmed

15 to the value of the'first byte of each data block (and the
data block éointer is incremented to the second byte).
Byte'alignmeht must also be manéged with real data, since
any padding bytes will corrupt the data stream if they are
not part of the actual compressed video data.

20

To achieve the constant, high speed serial data outputs
required for the high quality levels of compressed video
data, either a circular buffer or a plurality of large
buffers (e.g. 202, 204, 206) must be uséd. This is
25 necessary-to allow sufficien; time to fill an input buffer

while outputting data from a previously filled buffer.
Unless buffer packing is done earlier in the video data
stream path, the .end of video condition can result in a

. very small buffer that will be output before the next
30 buffer transfer can complete resulting in a data underrun.
This necessitates a minimum of three large, independent
buffers. A circular buffer in dual mode memory (writable

while reading) is also a suitable embodiment.

35
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I /O ref uest to fill the buffer with the data fromthe disk drive. Wien the
buffer_is f| lTed; it+-4+s—added to the list of full buffers. This is the |ist

that i Shi HeﬂBeJang edTESSage thread 116 when the request for data for the
en a nessage for data is received froma

stream |
communi M?L ‘and the required buffer is not full, it is considered
to be a n1sse This is the replacenent sheet [err] - 31 4.
JUST- I N-TI ME SCHEDULING A just-in-tinme scheduling technique is used in both
the communications nodes 14 and the §torage nodes 16. The
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J1. CONVERSION OF VIDEO IMAGES AND MOVIES fROH COMPRESSED
MPEG-1, 1+, OR MPEG~2, DIGITAL DATA FORMAT INTO
INDUSTRY STANDARD TELEVISIONS FORMATS (NTSC OR PAL)

5 As described above, digital video data is moved from disk
to buffer memory. Once enough data is in buffer memory, it
is moved from memory to an interface adabter in a
communications node 14. The interfaces used are the SCSI
20 MB/sec., fast/wide interface or'the SSA serial SCSI

10 interface. The SCSI interface is expanded to handle 15
addresses and the SSA architecture supports up to 256.
Other suitable interfaces include, but are not limited to,
RS§422, V.35, V.36, etc.

15 As shown in Fig. 21, video data from the interface is
’ ' passed from a communication node 14 across a communications

bus 210 to NTSC adapter 212 (see also Fig. 20) where the
data is buffered. Adapter 212 pulls the data from a local
buffer 214, where multiple blocks of data are stored to

20 maximize the performance of the bus. The key goal of
adapter 212 is to maintain an 1sochronous flow of data from
the memory 214 to MPEG chlps 216, 218 and thus to NTSC chip
220 and D/A 222, to insure that there are no interruptions
in the delivery of video and/or audio. '

25 ' _ '
MPEG logic modules 215, 218 convert the digital
(compressed) video data into component level video and
audia. An NTSC encoder 220 converts the signal into NTSC
baseband analog signals. MPEG audio decoder 216 converts

30 the digital audio into parallel digital data which is then
passed through a Digital to Analog converter 222 and
filtered to generate audio Left and Right outputs.

 The goal in creating a solution to the speed matching and
35 Isochronous delivery problem is an approach that not only
maximizes . the bandwidth delivery of the system but also

imposes the fewest performance constraints.

2 (OO .
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techni que enpl oys the quLomAng parameters: bc = buffer size at the
conmunications nodé 14; bs buffer size at the storage node 16; r =

vi deo snﬁ@sm%naﬁaamap mﬂh = nunber of stripes of video containing the
data for mn sr = stripe data rate; and sr = r/n. The

al gorithr Ilomsz (1) sfc = frequency of requests at the
conmuni ca node a stream=r/bc; and (2) dfc = frequency of disk

read requests at.the Storage Node = sr/bs. The "strlplng of video data is
described in detail belowin sectiof H The requests are scﬁéduled at a

frequency determ ned by the

10

15

- 20

25

30

35
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Typically, application developers have wused a bus
structure, such as SSA and SCSI, for control and delivery
of data_beﬁween processors and mechanical storage devices
such disk files, tape files, optical storage units, etc.
Both of these buses contain attributes that make them
suitable for high bandwidth delivery of video data,
prov;ded that means are taken to control the speed and

isochronous delivery of video data.

The SCSI bus allows for the 'bursting of data at 20
Mbytes/sec. which minimizes the amount of time that any one
video signal is being moved from buffer memory to a
specific NTSC adapter. The_adapter card 212 contains a
large buffer 214 with a performance capability to burst
data into memory from bus 210 at high peak rates and to
remove data from buffer 214 at much lower rates for
delivery to NTSC decoder chips 216, 218. Buffer 214 is
further segmented into smaller buffers' and connected via
software controls to act as multiple buffers connected in

a circular manner.

This allows the system to deliver vafyinq block sizes of
data to separate buffers and controls the sequence of
playout. An advantage of this approach is that it frees
the system software to deliver blocks of video data well in
advance of any requirement for the video data, and at very
high delivery rates. This provides the media streamer'lo
with the ability to manage many multiple video steams on a
dynamic throughput requirement. When a processor in a
communications node has time, it can cause delivery of
several large blocks of data that will be played in
sequence. Oonce this is done, the processor is free to
control other streams without an immediate need to deliver

slpw continuous isochronous data to each port.

To further improve the cost effectiveness qf the decoder
system, a small FIFO memory 224 is inserted between the

A L I I
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expr esstons glvéﬁ*aﬁavgﬂjand are schedul ed so that they conplete in advance
of whefk SiRetdias Beeh 1€ ed. This is acconplished by "primng" the data pipe

wi t h dat} of playing a video stream Calcul ations of sfc and
dfc are t time, in both the conmunicati on node 14 pl aying the
stream a he storage nodes 16 containing the video data. The frequency

(or its inverse, the interval) is used in scheduling input fromdisk in the
storage node 16 (see Fig. 4) and in scheduling the output to the port (and
i nput fromthe storage nodes) in théfconnunication node 14 (%ee Fig. 3).
This is the replacenent sheet [err] ’
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larger decoder buffer 214 and MPEG decoders 216, 218. The
FIFO memory 224 allows controller 226 to move smaller
blocks, typically 512 bytes of data, from buffer 214 to
FIFO 224 which, in turn, converts the data irlto serial bit -

5 streams for delivery to MPEG decoders 216, 218. Both the
audio and the video decoder chips 216, 218 can take their
input from the sahe serial data stream, and internally
separate and decode the data required. The transmission of

_ data from the output of the FIFO memory 224 occurs in an

10 isochrbnqus manner, or subétantially isochronous manner, to
ensure the delivery of an uninterrupted video presentatidn
to a user or cénsuher of the video presentation.

K. TRANSMISSION OF DIGITAL VIDEO TO SCSI DEVICES
15 '
As shown in Fig. 22, compressed digital video data and
command streams from buffer ﬁemory are converted by device
level software into SCSI commands and data streams, and are
transmitted over SCSI bus 210 to a target adapter 212 at
20 SCSI II fast data rates. The data is then buffered and fed
at the required content output rate to MPEG logic for
decompressioﬁ and conversion to analog video and audio
data. Feedback is provided across SCSI bus 210 to pace the
data flow and insure proper buffer managemenf. .
25 '
The SCSI NTSC/PAL adapter 212 provides a high level
interface to SCSI bus 210, supporting a subset of the
standard SCSI protocol. The normal mode of operation is to
open the adapter 212, write data (video and audio) streams
30 to it and, closing the adépter.le only when completed.
Adapter 212 pulls data as fast as necessary to Keep its
. buffers full, with the communication nodes 14 and storage
. nodes 16 providing blocks of data, that' are sized to
optimize the bus data transfer and minimize bus overhead.
35 J
' System parameters can be overwritten via control packets

using a Mode Select SCSI command if necessary. Video/Audio-

Te™a . e e w e
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...... - | _
ust-1n-Time Scheduling: Play a streamat 2.0 nbits/sec

My E#) froma video striped on four storage nodes. Also
uffer size at the conmmuni cation node is 50,000 bytes and
t the disk node is 250,000 bytes. Al so, assune that the
-data is striped in segnents of 250,000 bytes/sec. The values for the
various paraneters in the Just-In-Tinme algorithmare as follows: bc =
250, 00 bytes (buffer size at the communication node 14); bs.= 250,000 bytes
(buffer size at the storage node)(16; r = 250,000-bytes/$§c (stream dat a
rate); n = 4 (nunber of stripes that video for the stream '
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synchronization is internal to the adapter 212 and no
external controls are required. Errors are minimized, with
automatic resynchronization and continued audio/video

output.
Kl. SCSI LEVEL COMMAND DESCRIPTION

A mnix of direct access' device and sequential device
commands are used as well as standard common commands to

- 10 £it the functionality of the SCSI video output adapter. As
with all SCSI commands, a valid status byte is returned
after every command, and the sense data area is loaded with
the error conditions if a check condition is returned. The
standard SCSI commands used include RESET, INQUIRY, REQUEST

15 SENSE, MODE SELECT, MODE SENSE, READ, WRITE, RESERVE,
RELEASE, TEST UNIT READY. '

Video Commands:

2

20 The video control commands are user—lével videq output
control commands, and are extensions to the standard
commands listed above. They provide a sfmplified user
level front-end.to the low level operating system or SCSI
commands that directly interface to the SCSI'video output

25 adapter 212. The implementation of each coﬁmand gmploys

' microcode to emulate the necessary video device function
and avoid video and audio anomalies caused by invalid
control states. A single SCSI command; the SCSI START/STOP
UNIT comﬁand, is_used to translate video control commands

30 to the target SCSI video output.adapter 212, with any
necessary parameters moved along with the command. This
simplifies bhoth the user application interface and the

" adapter cé:d'élz-microcode. The followlng commands are
employed.

35 ' :

Stop (SCSI START/STOP 1 - parameter = node).



I s.striped over)' ST :Ar/n = 6250 bytes/sec. or 250,000/4 sec., i.e.

250, 000 ? t four seconds; sfc r/ibc = 1/sec, (frequency of
reques catlon node 14); and dfc = r/bs = 1/sec. (frequency
of reqt mﬁﬁi} orage node 16). The communi cati on node 14 responsible
for pI n1mn|| schedul e i nput and output requests at the

frequency of 1/sec. or intervals of 1.0 seconds. Assum ng that the
conmmuni cati on node 14 has two buffers dedicated for the stream the
comuni cati on node 14 ensures thatf(it has both buffers fi{Ted before it
starts outputting the video stream At connect tinme the conmunication node

14 will have sent nessages to all four storage nodes 16 containing a stripe
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The data input into the MPEG chip set (216, 218) is halted,

the audio 'is muted, and the video is blanked. The

parameter field selects the stop mode. The normal mode is

for the buffer and position pointer to remain current, so

5 that PLAY continues at the same location in the video

stream. A second (end of movie or abort) mode is to set

-the buffer pointers to the start of the next buffer and

release the current buffer. A third mode is also for end

of movie conditions, but the stop (mute and blank) is

10 delayed until the data buffer runs empty. A fourth mode

may be employed with certain MPEG decoder implementatiohs

to provide for a delayed stop with audio, but freeze frame

for the last valid frame when the data runs out. In each

of these cases, the video adapter 212 microcode determines

15 the'-stopping point so that the video and audio output is
halted on the proper boundary to allow a clean restart.

Pause (SCSI START/STOP 2 - no parameters)
' ’

20 The data input intofthe MPEG chip set (216, 218) is halted
and the audio is muted, but the video ;s not blanked. This
causes the MPEG video chip set (216, 218) to hold a freeze
frame of the last good frame. This is limited to avoid
burn-in of the video tube. A Stop coﬁménd is p;eferably

25 issued by the control node 18 but the video output will
automatically go to blank if no commands are received

~within 5 minutes. The adapter 212 microcode maintains the
buffer poSitions and decoder states to allow for a smooth
transition back to play.

30 o
Blank-Mute (SCSI START/STOP 3 - parameter = mode)

This command.blanks the video.output without impacting the
audio output, mutes the audio output without impacting the
35 v1deo, or both. Both nutlnq and blanklng can be turned off
with a single command using a Mode parameter,, which allows
a smoother transition and reduced command overhead. These

gz



of thepyislap data. The first two of the storage nodes will This is the

repl ace ‘i"]’ 33 anticipate the requests for the first segnent
fromthHMl H wi Il schedul e disk requests to fill the buffers. The
conmuni wi || schedul e i nput requests (see Fig. 3) to read the
first two segnents into two buffers, each of size 250,000 bytes. When a
pl ay request cones, the comrunication node 14 wll - first insure that the

two buffers are full,

and then inforns all storage nodes 16 that play is

about to commence. It then starts(ﬁl aying the stream V\he(the first buffer

has been out put

10

15

20
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are implemented on the video adapter 212 after
decompression and. conversion to analog, with hardware
controls to ensure a positive, smooth transition.

Slow Play (SCSI START/STOP 4 - parameter = rate)

This command slows the data input rate into the MPEG chip
set, (216, 218) causing it to intermittently freeze frame,
simulating a slow play function on a VCR. The audioc is
muted to avoid digital error noise. The parameter field
apocifian A ralativa spead from 0 to 100. An alternative
implomentation disnhlies the decoder chip set (216, 218)
error handling, and thon modlfina tho data clocking speed
into the decoder chip rebt ta tha drnired pfaying speed.
This is dependeont on tha flexihility of tha video adapter's
clock archlieccture.

Play (SCSI STARL/STOP 5 - paramcter = buffer)
’

-

This command starts the data feed process into the MPEG

“chip set. (216, 218), enabling the audio'and video outputs.

25

.30

35

A buffer selection number is passed to determine which

buffer to béegin the playing sequence from, and a zero value
indicates that the current play buffer should be used

(typical operation). A non-zero value is only accepted if -

the adapter 212 is in STOPPED mode, if in PAUSED mode the
buffer selection parameter is ignored and "playing is
resumed using the current buffer selection and position.

When 'PLAYING', the controller 226 rotates through the
buffers sequentially maintaining a steady stream of data
into the MPEG chip set (216, 218). Data is read from the

buffer at the appropriate rate into the MPEG bus start;ng

at address zero until N bytes are read, then the controller
226 switches to thé next buffer and continues reading data.
The adapter bus and microcode provides sufficient bandwidth
fof both the SCSI Fast data t:ansfer into the adapter

PR R TN N R P
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(whi ch a at t 2 Nblts/ ({or 250, 000 bytes/sec.) wll take one second), the
comiun ?equests data froma storage node 16. The
comuni “t then requests data from each of the storage nodes,

in sequ val s of one second, i.e. it wll request data froma
specific storage node at intervals of four seconds. It al ways requests
250, 000 bytes of data at a tine. The cal cul ations for the frequency at

whi ch a conmuni cati on node requestsédata fromthe storage ngdes 16 is done
by the conmuni cati on node 14 atconné&ct tinme. The storage no&gs 16
anticipate the requests for . the streamdata as follows. The storage node 16
containing stripe 3 (see section H belo can expect. a request for the next

250,000 byte segment Dogfiet Noec®hftto¢alt’er thé5 play has commenced, and
every four seconds thereafter. The storage node 16 containing stripe 4 can

expect a request two buffers 214, and the steady loading of the data onto the
output FIFO 224 that feeds the MPEG decompression chips
(216, 218). '

5 Fast Forward (SCSI START/STOP 6 - parameter = rate)

This command is used to scan through data in a manner that
emulates fast forward on a VCR. There are two modes of
operation that are determined by the rate parameter. A

10 rate of 0 means that it is a rapid fast forward where the
video and audio should be blanked and muted, the buffers
flushed, and an impligit play'is executed when data is
received from a new position forward in the video streanm.

an integer value between 1 and 10 indicates the rate that

15 the input stream is being forwarded. The video is
" 'sampled' by skipping over blocks of data to achieve the
specified average data rate. The adapter 212 plays a

- portion of data at nearly the normal rate, jumps ahead,

then plays the next portién to emulate the fast forward

20 action.
Rewind (SCSI START/STOP 7 - parameter = buffer)

-This command is used to scan backwards tﬁrouéh data in a
25 . manner that emulates rewind on a VCR. There are two modes
of operation that are determined by the rate parameter. A
rate of 0 means that it is a rapid rewind where the video
and audio should be blanked and muted, the buffers flushed,
and an implicit play executed when data is received from a
30 new position forward in the video stream. An integer value
between 1 and 10 indicates the rate that the input stream
is béing rewound. The video is 'sampled’ by skipping over
blocks of data to achieve the specified average data rate.
The-re&ind data stream is built by assembling small blocks
35 of data that are ;sampled' from progressively early
positions in the video stream. The adapter card 212

smoothly handles the transitions and synchronization to

184 LL.wz‘Ll“F3‘\L



our seconds thereafter.

That

IS,

g stripe 2 can expect a request four seconds after

each storage

seconds after the ﬁ hQ§ commenced and every four seconds thereafter. The

st or age
pl ay has
node 16 sc

four seconds fron1sone starting time (as described above).

put fromdisk at a frequency of 250 000 bytes every

The schedul i ng

I's acconplished in the storage node 16 after receipt of the play comrand
The cal cul ation of the

request frequency is done at the tln{'the connect request |s(?ece|ved Thi s

and after a buffer for the stream has been out put.

is the replacenent sheet [err]

10

15

20
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30

35
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play at the normai rate, skipping back to the next sampled
portion to emulate rewind scanning.

K2. BUFFER MANAGEMENT

Digital Qideo servers provide data to many concurrent
output devices, but digital video data decompression and
conversion requires a constant data stream. Data buffering
techniques are used to take advantage of the SCSI data
burst mode transmission, while still avoiding data underrun
or buffer overrun, allowihg media streamer 10 to traﬁsmit
data to many streams with minimal intervention. SCSI video
adapter card 212 (Figs. 21, 22) includes a large buffer 214
for video data to allow full utilization of the SCSI burst
mode data transfer process. An ekemplary configugation
would be one buffer 214 of 768K, handled by local logic as
a wrap-around circular buffer. Circular buffers are
preferred to dynamically handle varying'data block sizes,
rather than fixed length buffers that are inefficient in
terms of both storage and management overhead when

transferring digital video data. .

The video édapter card 212 microcode s#ppo;ts several
buffer pointefs, keeping the last top of data as well as
the current length and top of data. This allows a retry to
overwrite failed transmission, or a pointer to be
positioned to a byte position within the current buffer if
necessary. The data block.length is maintained exactly as
transmitted (e.g., byte or word speéific even if long word
alignment is used by the intermediate logic) to insure
valid data delivery to the decode chip set (216, 218).
This approach minimizes the steady state operation
overhead, while still allowing flexible control of the data

buffers.

1}33! "r‘-\“n:.:";':l l



34 Tt is also possible to use different buffer sizes at the conmunication
node Thid SheetdlasiBeeh Replacad or age node 16. For exanple, the buffer size at

the ¢ de 14 may be 50,000 bytes and the buffer size at the
stora be 250, 000 bytes. In this case, the frequency of
requests . at comuni cati on node 14 will be _
(250, 000/ 50, 000) 5/sec. or every 0.2 seconds, while the frequency at the
storage node 16 will remain at 1/sec. The comuni cati on node 14 reads the

first two buffers (100,000 bytes) fromthe storage node cgntaining t he.
first stripe (note that the segnent size is 250,000 bytes and the storage

node 16 containing the first segment will schedule the input fromdi sk at
connect tine). Wen pbeskedotpreyéds’!-t"Hé conmutti cati on node 14 inforns the
storage nodes 16 of same and outputs the first buffer. When t he
buf f er K2.1. BUFFER SELECTION AND POSITION ' '

Assunming mulfiple sets of buffers are required, mulﬁiple

pointers are available for all buffer related'operations.

s For example, one set may be used to select the PLAY buffer

- and current position within that buffer, and a second set

to select the write buffer and a'position within that

buffer (typically zero) for a data preload operation. A

current length and maximum leﬁgth value are maintained for

10 -each block of data received since variable length data
_ blocks are also supported. '

K2.2. AUTOMATIC MODE

15 - The buffer operation is managed by the video adapter's
controller 226, placing the N bytes of data in the next
available buffer spéce starting at address zero of that
buffer. Controller 226 keeps track of the length of data
in each buffer and if thatr data has been "played" or not.

20 Whenever sufficient buffer space is free, the card accepts
the next WRITE command and DMA's the data into that buffer.
If not enough buffer space is free to éccept'the full data
block (typically a Slow Play or Pause condition), the WRITE
is not accepted and a buffer full return code 'is returned.

25
K2.3. MANUAL MODE
A LOCATE command is used to select a 'current' write buffer
and position within that buffer (typically zero) for each
30 buffer access command (Write, Erase, etc.). The buffmr
positlion is relative to the start of data for the las:
block ol dala that wan nuccenalfully trannmitted. This
“done preférably for video stream transition management,
with the automatlic mode rcnctivntod.ns soon As possible uo
35 minimlze command ovverhead Iin tha ayntam.

PNY e armea e e
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enpti es, the communi_ce t| n node 14 schedul es the next input. The buffers
wll enah Sbw nREPEEONds and the communi cati on node 14 requests i nput
fromthe 16 at that frequency, and al so schedul es output at

t he sane hi s exanple, storage nodes 16 can anticipate five
requests to arrlve at intervals of 0.2 seconds (except for the first
segment where 100, 000 bytes have been already read, so initially three
request will cone after commencenent of play every four seconds, i.e., the
next sequence of five requests (each(’or 50, 000 bytes) wll éﬁrlve f our
seconds after the |ast request of the previous sequence). Since, the buffer
size at the storage node is 250,000 bytes, the storage nodes 16 wil |
schedul e the input fromParks é’Versgl‘9f'8bT°3§econds79(J ust as in the exanple

above).
K2.4. ERROR MANAGEMENT

Digltal video data transmission has different error
management requirements than the random data éccess.usage
5 that SCSI is normally used [for In data processing
' applications. ‘Minor data loss is less critical than
_tranSmission interruption, so the conventional retries and
data validation schemes are modified or disabled. The
normal SCSI error handling procedures are followed with the
10 status byte being returned during the status phase at the
completion of each command. The status byte indicates
- either a GOOD (00) condition, a BUSY (8h) if the target
SCSi chip-227 is unable to accept a command, or é CHECK
CONDITION (02hH) if an error has occurred.
15 ' ' '
K2.5. ERROR RECOVERY

The controller 226 of the SCSI video édapter 212
automatically generates a Reguest Sense command.on a Check
20 condition response to load the error and status
information, and determines if a recaovery prbcedure is
possible. The normal recovery procedure is to clear the
error state; discard any corrupted data, aﬁd resume normal
play as quickly as possible. In a worst case, the adapter
25 212 may have to be reset and the daté_reloaded before the
play can resume. Error conditions are logged and reported
back to the host.system with the next INQUIRY or REQUEST

SENSE SCSI operation.
30 K2.6. AUTOMATIC RETRIES

For buffer full or device busy conditions, retries are
automated up to X number of retries, where X is dependent
on the stream data rate. This is allowed only to the point
35 in time that the next data buffer arrives. At that point,
an error ls loggad if the condition is unexpected (i.e.,
Buffer full but not PAUSED or in SLOW PLAY mode) and a

IZNY Fa$ '\ I
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C. 5. DETALLS -OF-A-PLAY-ACH-ON The follow ng steps trace the control and
data fl ow 'fh?erhE ﬁas_pﬁegryﬁeggﬁgction of a stream The steps are depicted in

This is the : eet [err] 35 Figure 5 for setting up a video
for play: TMW'M“E ull? time order. 1. The user invokes a conmand to
setup a por 3 ' I c video that has been previously | oaded. The

request is sent to the control node 18. 2.© A thread in the control node
18 receives the request and a VS- CONNECT functi on.

Docket No. SA9-94-087 380

‘device reset or clear may be necessary to recover and

continue video play.

Although described primarily in the context of delivering

5 a video presentatibn to a user, it should be realized that

bidirectional video adapters can be employed to receive a

videco prenscntation, to digitize the video presentation as

a data reprasentation thercof, and to transmit the data

roprarantation aovar the bus 210 to a communication node 14

10 for storagn, via low latency switch 18, within a storage
noda or noden 16, 17 as specified by the control node 18.

It should be undaerstood that the foregoing descfiption is
only illustrativc of the lnvention. Various alternatives

15 and modifications can be devised_by those skilled in the
art without departihg from the invention. Accordingly, the
present invention is intended to embrace all such
alternatives, modifications and variances which fall within
the scope of the appended c¢laims. , .

20

IBM CONPFIDES7TIAL



_HW

up a
The ¢
that n
aIIocat

IIocates a conmmuni cati on node 14 and a

3. Theaeeﬁ%fUT‘n‘H”ihread opens a catalog entry for the yj . and sets
RM for .the video with the striped fllel

L1

uest. Then control node 18 sends a nessage 0%t he
catlon node [err]. 6. A thread in the comuni cati on node
14 receives the nessage fromthe control node 18. 7. The comruni cati on

node thread sends an open request to the storage node 16 containing the
stripe files. 8,9. Athread in eaqﬁ storage node 16 t hat qﬁe open request

Is sent to receive the request and opens the requested stripe file and

all ocate any needed resources, as well as scheduling |nput fromdisk (
the stripe file contaPaskethdof i(SASt9f €@ 7segnerftls) .

What

' CLAIMS

is claimed is:

1. A media streamer, comprising:

at ieast one storage node comprising mass storage for
storing a digital representation of at least one video
presentation; and

a plurality of communication nodes each having at
least one input port that is coupled to an output of
sald at least one storage node for receiving a digital
rnprnqonrntlon of a video presentation therefrom each
of said plurality of communication nodes further
having a plurality of output ports, individual ones of
said plurality of output ports being operable for
transmitting a digital representation as a data stream
toc a consumer of ’“the digital representation,
individual ones of said output ports having an
assoclated data buffer for buffering a‘portion of a
digital representation prlor to a transmlssion ol the
digital representation; wherein - '
each of said plurality of communication nodes further
compriseé a scheduler for scheduling, for individual
ones of said data buffers, a read request to said at
least one storage node for a next sequentiai,pdrtion
of the digital representation for storage within
individpal ones of said data buffers, each read
reQuest for a particular individual one of said data
buffers being scheduled at a predetermined time such
that a requested next sequential portion of the
di@ital representation is available to a requesting

" communications node, prior to a time that the

requested next sequential portion is required to be
transmitted from the output port that is associated

M CONFIBENTIAL
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10. The storage node thread sends a response back to the communicati on node
14 with the_-h&ﬁdf'e/("dentlfler) for the stripe file. 11. The thread in the

conmuni catl fts on This is the repl acenent sheet | "
r esponsed e storage nodes involved and on recei Ve"n I”"II"“""II””“
successful m ocates resources for the stream includingtsettihg s *
up the out 2. The communi cati on node 14 then schedul es input to

prinme the video data pi peline. 13. The conmuni cati on node 14 then sends a
response back , ¢ _ (
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with the data buffer for which the read reguest was
scheduled; and.wherein

said at least one storage node further comprises a
scheduler for scheddling a read request to the mass
storage such that a next sequential portion of a
digital representation is available for outputting,
prior_to said at least one storage node receiving a
read request for the next sequential portion from one

of said communication nodes.

2. A media streamer as set forth in claim 1 wherein said
scheduler of individual ones of said communication nodes
schedules read requests such that only one read request
from the individual one of the communication nodes is
pending at said at least one storage node at any given

time.

3. A media streamer as set’ forth in claim 2 wherein said
scheduler of individual ones of said communication nodes
schedules read requests for a Dartlcular output port at a
frequency cqual to a data rate of a data steam output by
the particular output port, dxvrded by a storaqe capaclty
of the data huffer associnted wlth the particular output

port.

4, N madia rkreamar an rat forth in elaim 1 wherein said
mann otoraga {n comprisal af a plurality of disk units,
wharaln macquential portiens af individual onas of digital
representations are stored as a sot of stripes over
differant oﬁhﬂ of at leant come of caid plurality of &isk
units, wherein said storage node includes a data buffer
associated with a set of stripes, and wherein said
scheduler of said at least one storage node schedules read
requests for a particular one of said digital
representations at a frequency equal to a rate at which
data is read from a corresponding set of stripes divided by

IZM CONFIENIAL
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to the contrtolmode—18— 14. The control node thread on receipt—ef—-a _____
succesml‘ssﬁeetrmggggﬁgpljcgpmthe conmmuni'cati on node 14 returns a handl

g e e st eps Tt ve order ror (AR

t hat ariﬂﬂﬂmnwm ei pt of the play request after a video st reai Has "beén

stream

of the

successfully set up. The steps are depicted in Fig. 6. 1. The user

i nvokes the play command. 2.

A thread in the control node 18 receives the

request. 3. The thread in the contr@l node 18 verifies tha(.the request
Is for a streamthat is set up, and then sends a play request to the

al  ocated comuni cation pode 14. 4. . A fhread in the comunication node 14

recei ves the

a storage capacity of the data buffer associated with the

set of stripes.

5. A media streamer, comprising:

at least one storage node comprising at least one disk

unit for storing a digital representation of at least
one video presentation, said at least one disk unit
having an associated data buffer for at least storing
data read from the disk unit; and

a plurality of communication nodes each having at

least one input port that is coupled to an output of
said at least one storage node for receiving therefrom
seéuential ones of portions of a digital
representation'of_a video presentation, eacq of said
pluraiity of communication nodes further having a
plufality of output ports, individual ones of said
plurality of output ports being operable for
transmitting a digital representation as a data stream
to a consumer of the data stream;|individual ones of

_ said output ports having an associated pért buffer for

buffering at least one of said sequential portions of
the digital representation prior to a transmission of

thereof:_and

" a circuit switch for controllably interconnecting said

at least one storage node and input ports of said
plurality of communication nodes; wherein

said at least one disk storage unit is configured so
as to insure a transmission of said digital
repreéenﬁation from each of said plurality of output
ports such that a substantially isochronous data
stream is enabled to be generated from each individual
one of the transmitted digital representations.

~
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play_Lequesf 5. Hre—conmmuni cation node 14 sends the play request to_all

of the voI 9%9 nodes 16 so that they can schedule th
operaﬂ‘ |on of subsequent requests for this stim’”m“"l
invoI is one that stores at |east one strip lﬂ”'ﬂ"ﬂ
t he re [err] the video presentation of interest.

t hr ead |n each I nvol ved storage node 16 receives the request and sets up

schedul es for servicing future requests for the stream Each_jnvol ved
storage node 16 sends a response back to the communication nbde 14.

Docket No. SA9-94-087 a4

6. A media streamer as set forth in claim 5, wherein said
at least one disk storage unit is configured such that:

raid at least one disk storage unit is Formatted to
have a maximum allowable sector size;

said associated data buffer is partitioned into
segmeﬁts; each of said segments having a storage
‘capacity that is at least equal to a size of
individual ones of said portions of said digital

representation; and

said associated data buffer is programmed to attempt
connection to an input port of one of said plurality
" of communication'hodes, via said circuit switch, upon
a condition wherein a éegment of said associated data
buffer has stored a predetermined amount of a portion
of a digital representation that is read from said
disk storage unit,.the.predetefmined amount being a
function of an instantaneous transmission data rate of
a communication node output port that is associated
with said communication node'inﬁut port and also a
function of a sustainable data rate at which data is
read from said disk storage unit to said segment.

7. A medla streamer as set forth in claim 6 wherein sald at
~ least one disk storage unit is further configured so that
any thermally-related disk storage unit read/write head
compensation occurs on but one read/write head at a time.



7. The— communi cati on
pri med ([qﬁ% ﬁaded with video data) and enables the stream for output. 8.

The. conmmun
T

18. 9. '
streamis

video presentation to t )
received or the video conpletes. D. - _USER AND APPLI CATI ON | NTERFACES TO

MEDI A STREAMER Medi a streaner 10 is a(passi ve server, which gerforns video
server operations when it receives control conmands from an external

contr ol
streaner .
system

system Fi gu
10 applicatio
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node thread ensures that the pipeline is

~ 18 sends a response back to the user that the
nput and output threads continue to deliver the
e specified port until a. stop/pause command is

Hm'm bdedt hen sends a response back to the control node

re .7
n®°kghd'9 PRSP R

ABSTRACT OF THE DISCLOSURE

" shows. a -systen1ggnfiguration for nedia
s the 'nterfaces present in the

A media streamer (10) includes at least one storage'node
(16, 17) comprising mass storage for storing a digital
representation of at least one video presentation; and a
plurality of communication nodes (14) each having at least
one input port that is coupled to an outbut of the at least
one storage node fbr receiving a digital representation of
a video presentation therefrom. Each of the plurality of
communication nodes further includes a plurality of output
ports, individual ones of the plurality of output ports
being operable for transmitting a digital representation as
a data stream to a consumer of the digital representation.
Individual ones of the output ports also have an associated
data buffer for buffe;ing a portion of a digital
representation prior to a transmission of the, digital
representation. "Each of the plurality of communication
nodes further includes a scheduler for scheduling, for
individual ones of the data buffers, a read request to the
at least one storage node for a next sequential portion of
the digital representation for storage within individual
ones of the data buffefs. Each reéd reéuest for a
particular individual one of the data buffers is scheduled
at a predetefmined time such that a -reqhested next
sequential portion of the digital representation is
available to a requesting communications node prior to a
time that the requested next sequential portion is required
to be transmitted froh the output port that is associated
with the data buffer for which the read reguest was
scheduled. Tﬁe at least one storage node further includes

a scheddlef_for scheduling a read request to the mass

35

storage such that a next sequential portion of a digital
;epresentation is available for outputting, prior to the at
least one storage node receiving a read request for the
next sequential portién- from one of the communication

nodes. ' -
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Medi a streaner 10 provides two |evels of interfaces for users and
appl.icatien—prograns to control its operations: a user interface ((A) in

Fig. f):g30¢aéBARBHcant i on programinterface ((B) in Fig. 7). Both levels
of intqj i ded on client control This is the replacenent sheet
[err] \M&Bﬂﬂ ch communi cate with the nedia streaner 10 through a

r enot e. call (RPC) nechanism - By providing the interfaces
.on the client control systens, instead of on the nedia streaner 10, the _
separation of application softwafe friRndENLEYrBAE 10 is achieved. This
facilitates upgrading or replacihg thP fe8A? R4cR8
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i

g. 1).
starting with a conmand keyword fol | owed 4y paraneters.
the command is executed, the interface di spbaPs pOBMHt again and waits
dia streamer command |line interface is

interfa
conmand,

sof t ware—on—the-eH-ent—econtr ol

user interface.

D1. 1. COVIVAND

10, since it does not require changing or replacing the applicat?on

system Dl. USER COMMUNI CATI ONS Medi a
S8plid@ types of user interfaces: a command |ine

St I eanmB; kPl Heds

interfa

LI NE | NTERFACE

face di splays a pronpt on the user console or

for the next command i nput.
especially suitable for the follow ng two types of operations:
Control: Batch control involves starting execu#}iﬁgtﬂ]l\

The

After the conmand pronpt, the user enters a
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a _C_,o_rrma_m:i~ sm—pfc——t—hat—cont ains a series of video control commands. For
exa Rrigagicast  industry, a command script can be prepared in
adva et as re- recorded, schedul ed prograns for an extended period
of ti duI ed start time, the command script is executed by a
- single to_ start broadcasting w thout further operator '
i nterventi on. Aut omatic Control: Automatic control involves executing a
This is the replacenent sheet [erg 39 |isBrsf commands generated by a

t

‘programto update/play materials §tored oBAReUP4-O687ecame 10. For exanpl e,
a news

swich FIG. 1C, 6
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agency“ﬁﬁy_fﬁad—ﬂeupnﬁLeriaIs into the nedia streamer 10 every day. An
appl i camis Qﬁet%Je,?k r%g.'r am t hat ‘'nmanages the new materials can generate

media s (for exanple, Load, Delete, Unload) to update the
media s the new materials. The generated commands may be
pi ped t ine interface for execution. DI1.2. - GRAPHI CAL USER.

| NTERFACE Fig. 8 is an exanple of the nedia streaner graphical user
interface. The interface resenbles the control 4garsel of a video cassette
recorder, which has control buttong such aSAPaP4 -08idse, ( Rewi nd, and

St op. In addition, it also provides selection panels when an operation
I nvol ves a selection by the user (for exanple, load requires the user to
select a video presentation to be | oaded. The graphi cal user

interface/is especially useful for direct user frpxr£tions.

STREAM CONTROL COMMANDS (HIGH PRIORITY EXECUTION)

VS - CONNECT
VS-PLAY
VS- RECORD
VS - SEEK
VS -PAUSE
VS -STOP
VS -DISCONNEGCT
' VS-CONNECT-LIST
VS-PLAY_AT_SIGNAL
VS -RECORD_AT_SIGNAL

DATA MANAGEMENT COMMANDS (LOW PRIORITY EXECUTION )

VS-CREATE
VS-0OPEN
VS-READ
VS-WRITE
VS-GET_POSITION
VS-SET_POSITION
VS-CLOSE
VS-RENAME
VS-DELETE
VS-GET_ ATTRIBUTES
VS-GET..NAMES
VS -DUMP
VS ~-RESTORE
VS-SEND
VS-RECEIVE
VS-RECEIVE_AND_PLAY



A "Batch" b_LLQﬂ~130#and an "lnport/Export" button 132 are included in the
gr aphi cal user |nt erf‘ﬂge ~Their functions are described bel ow. D2. USER

FUNCF'h 10 provides three general types of user functions:
ort |ke play controls; rand Advanced user controls. D2.1.
[ Export functlons are used to nove video data into This
|s the repl acenent sheet [err]
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: .streaner

d|a streaner

9m9§%a Ehme 10. Wen a video is noved into nedia
) fromthe client control
l C|f|ed as-a file o [ '

video data is spe
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client control system
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user interface, the user clicks on the "Inport/Export" soft button 132

( Fg—8)+——Fhis—bri+ngs up a new panel

in Fi
Pl ay,

i Exﬁ‘ﬂfs Sheet I:iapﬁle tR%'_'laced
funct
set 0 iE ,IHiﬂy controls.

Gl

Sl ow, Pause,

"Get Attribute" buttons to invoke the individual

VCR- LI KE PLAY CONTROLS Medi a streaner
The medi a streaner graphica
t the follow ng functions are avail abl e:
Rewi nd, Fast ForwardAaad Miute. These functions are

St op,

10 provides a
user
Load, FEject,

activated by clicking on the cor (espondiﬁgas-oﬁa—mﬁz ons on the graphical

user

i nterface.

simlar set of functions: Setup - sets up-a video for a specific output
port. Anal ogous to | oading a video cassette into a VCR Play - initiates
pl aying a video that has been.seif_up._or _
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Thls‘Ts—fhe-LepLacenent sheet [err] 41 resunes playing a video that has
been pRYSH Ihp use - pauses playihg a video. Detach - anal ogous to ejecting
a vide (h VCR. Status - displays the status of ports, such as
whi ch W g, elapsed playing time, etc. D2.3. ADVANCED USER

support specific application requirenents, such as the
broadcastlng |ndustry the present invention provides several advanced user
. controls: Play list - set up nmultiple video8s/afd their sequence to be

: -( SA9 94-087 ' ?

FIG. 8.
"OUTPUT PORT 3 T TIME ELAPSED '94sec
[ PLAYING “"CATS" - ]
IMPORT/
| BATCH
LOAD cogct  EXEORT
l34———'J"' l_—'l -‘I
/
132 130
MUTE REWIND PAUSE STOP  SLOW  PLAY

FIG. 9.

LOAD SELECTION
FILE NAME: [ CATS I |
TIME LiMIT: [ 20 | \138
DIRECTORY IS: G:\ VIDEOS . 142
FILES 3% DIRECTORY PLAY LIST  /
A | _ e
SPLS - [CA\]Y'DEOS BANKS I: 20
BANKS [o];

ADD DONE CANCEL

/

7

140



played on a port Play length - limt the tine a video will be pl'ayed Bat ch

opeglﬁttlon - performa list of operations stored in a commnd file. The Pl ay
lis &l controls are acconplished with a "Load" button 134 on

t he gm l J ‘interface. Each "setup" command will specify a video to
be a iRy |ist for a specific port. It also specifies a tine
I m eo wll be played. Fig. 9 shows the panel which appears

in response-to clicking on the "load" soft but®dm 134 on the graphical user
interface to select a video to be added t 8ABe I aP8T st dnd to specify the
time limt for playing the video. Wien the user clicks on a fite nanme in -

the "Files" box 136, the nane is entered into "File Nane" box 138. When

the user clicks on the "Add" button 140, the file nane in "File Nane" box
138 is _ ' FlG

 BATGH SELECTION
FILE NAME ° [BATCH 2 \ ]
- - Niso
DIRECTORY 1S : C:\BATCH CMD
a8 146
FILES - DIRECTORY )
|BATon & | G+ \BATCH CMD
UPDATE Lal:
- . (Cl:
144 — | EXECUTE | | CANGEL
I ——] CLIENT
CONTROL
SYSTEM
) .
- RPG T [rPc -
FIG. 1. CLIENT ~ |SERVER
- | (B)
(A) P
RPC - RPC
SERVER| | CLIENT
10 MEDIA

STREAMER




appended—to—+he-"“PlayList" box 142 with its tine limt and displays the
currenq-hipé}@&}ii;mggenﬁw]t time limt of each This is the replacenent sheet

[err] ) e play list). The batch operation is acconplished by
usi ng aim miﬂ , utton 130 on the graphical user interface (see Fig.
8). We ( outton 130 is activated, a batch selection panel is

di spl ayed for the user to select or enter the command file nane (see Fig.
10) . Pressing an "Execute" button 144 on thm)Aetch sel ection panel starts
the execution of the commands in t{fe sel efh@+8emaswl filel
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Fig. 10 is an exanple of the "Batch" and: "Execute" operation on the
gr aphieal- user_interface. For exanple, the user has first created a command

i eé‘bat'th" in the c:/batchcnd directory. The user then
-"B 0

ScCripg..i f

cli CE%ISSH%% ﬁﬁ‘ Y n 130 on the graphical user interface shown -in Fig.
8 to btm ; H _

"c:/ba e i rectory” box 146 of the Batch Selection panel.  This

tch Sel ection panel. Next, the wuser clicks on
results in the display of a list of files in1Fi4es" box 148. Clicking on
the "batch2" line in "Files" box ¥48 ent e3A9i94n087 he "File Name" box
150. Finally, the user clicks on the "Execute" button 144 to execute in
sequence the commands stored in the "batch2" file. D3. APPLI CATI ON PROGRAM
| NTERFACE Medi a streanmer 10 provides the above-nentioned Application
Program Interface (API) so that application control
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prograns can interact with nedia streaner

(reference _may be made-again to Fig. 7).

FLgcgﬁgre cal% @Fq&m
procedh‘ w t
contro

physi cal |ocation of This is the replacenentr

streanmer- 10. The identity of a ngdia str
services is established at either the

The API

10 and contr ol

consi sts of
Rased procedures. Application control prograns invoke
maki ng procedure calls.

Its operations
renot e

The paraneters of the

y the functions to be perfornmed. The application

ke the API

functi ons w t hout

et [err]

regardi ng the | ogical

43 nedi a
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client control systemstartup tine or, optionafly, at- the application
y of nedia streanmer 10 Is

cont Mg Sheetdizs Beeh Regldcédat i on tine.” Once the identit
est abl cedure calls are directed'to the correct nedia streaner
10 fo | cept as indicated below, APl functions are processed .
. nce a function call is returned to the caller, the
function is conpleted and no additional processing at nedia streaner 10 is
needed. By configuring the APl functions_as ISy#ehronous operations,
addi ti onal processing overheads for cont®R€-K#TEBI™ng, dsynchronous

signal ling and feedbacks are avoided. This performance is inportant in

vi deo server applications due to the stringent real-tinme requirenents. The
processing of APl functions is perforned in the order that requests are

synchr onously,

recei ved. This ensures Rhat user O <
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oper-ations—are processed in the correct order. For exanple, a
e conpnected (setup) before it can be played. Another exanple is

videanf t

that s cplceder of a "Play" request followed by a "Pause" request
will h l I y different result to the user. A VS-PLAY function
initia of the video and returns the control to the caller

i medi ately (without waiting until the conpletion of the video play). The
rationale for this architecture is that sincelth&tine for playing a video

is typically long (minutes to hours) and ®HhPe&41@BFe (there may be pause

or stop commands), by making the VS-PLAY function asynchronous, it frees up
t he resources that woul d otherwi se be allocated for an unpredictably, |ong

period of tinme. At conpletion of video play, nedia streaner 10 generates
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N

[err] 44 an asynchronous cal |l g@a-gysten pprt hddpli@@mﬂ@o‘iﬁﬁw by SGhe
application control programto notify the appl c@’tﬁl‘ftsnnmt:rmed pl.dgraged &..
the video conpletion event. The syst enl pof t@Adding(sk i spagpdci\.fib guhghy ..

the application control programwhen it calls IRWingGs) CNECTinfro g d (Fa
to connect the video. It should be noted that| tBeAlsahtthackagyd 38w QRkd ..
address for VS-PLAY is specified at the indivifual video |evel. That neans

the application control progranms have thelfreefogueg ékrﬁﬁbfsfﬁr!m_,‘ﬂ““‘

conpletion nessa 0 r Oi I et Fe—aBBlreation
may desire the u% o PEuE2PL B0 SR e anER " DATR HEDW ARCRITEOTORE

Field of the Invention

This invention relates to a system for delivery of
multimedia data and, more particularly, an interactive
video server system that provides video simultaneously to
a plurality of terminals with minimal buffering.

Background of the Invention

The playing of movies and video is today accomplished with
rather old technology. The primary storage media is anélog
tape, such as VHS recorders/blayers, and extends up to the
very high quality and very expensive D1 VTR's used by
television studios and broadcasters. There are many
problems with this <technology. A few such problems
include: the manual labor required to load the tapes, the
wear and tear on the mechanical units, tape head, and the
tape itself, and also the expense. One significant
limitation that troubles Broadcast Stations is that the
VITRs can only perform one function at a'time,'sequentially.
Each tape unit costs from $75,000 to $150,000.

TV stations want to incfease -their revenues from
commercials, which are nothing more than‘short:movies, by
insérting special commercials into their standard programs
and' thereby targeting each city as a separate market. This
is a difficult task with tape technology, even with the
very expensive Digital D1 tape systems or tape robots.

Traditional methods of deliQery of multimedia data to end
“users fall into two categories: 1) broadcast industry
methods and 2) computer industry methods. Broadcast
methods (including motion picture, cable, television
network, and record iﬁdustries) generally provide storage
in the form of analog or digitally recorded tape. The

This is the: replacement sheet

SO AR Date: 00 SEP 16



to process the video conpleti-on nessages for many or all of the client
control systens. I n anot her application, several different systeniport
addresses may be enpl oyed to process the video conpletion nessages for one
client control system Wth the APl architecture, nedia streanmer 10 is
enabl ed to support nultiple concurrent cljent control systenms with

het erogeneous hardware and software platforns, wth efficient
processing of both synchronous and asynchronous types of operations, while
enzurl ng the cmragahgsequmacpleleg I\c/slafusbbe i@pehabhoils ' BAYES ke refRS e&amlpgl 2t he
medi a streaner S OPSI At N st.em runni n a
system while gLQ\ﬁQgﬁ Hc@h crq‘ola% QF%?n Iﬁ%@ecﬁlsemg’n Bbfﬂ?gfﬁ)rer C%“ﬁ(ﬁ'rﬁ’ystem
runni ng on an RSP6906n§y§9eﬁh€IBWF Q8e2. PFupytiex mefitbdsRYHBROGLIxre al

trademarks of prbbedé NEesafd alehBUFoRASS £ MBEEBkEE S0 0l B Atd Rfented -
with tape, and record data in compressed digital formats
such as DVI, JPEG and MPEG. On request, computers deliver
non-isochronous data streams to the end user, where
hardware buffers and special application code smooths the
data streams to enable continuous viewing or listening.

Video tape subsystems have traditionally exhibited a cost
advantage over computer disk subsystems due to the cost of

the storage media. Illowever, video tape subsystems have the
disadvantages of tape management, access latency, and
relatively low reliablilty. These dlsadvantages are

increasingly significant as computer storage costs have
dropped, in combination with the advent of the real-time
digital compression/decompression techniques.

Though computer subsystems have exhibited compounding
cost/performance improvements, they are not generally
considered to be 'video friendly". Computers interface
pfimarily'to workstations and other computer terminals
with interfaces and protocols that are ‘termed "non-
isochronous"”. To assure smooth (isochronous) delivery of
multimedia data to the end user, computer systems require
special application code and large buffers to overcome
inherent weaknesses in their traditional communication
methods. Also; computers are not video friendly in that
they lack compatible interfaces to equipment in the
multimedia industry which handle isochronous data streams
and switch among them with a high degree of accuracy.

With the introduction of the use of computers to compress
and store video material in digital format, a revolution
has begun in several major industries such as television
broadcastinq, movie studio production, "Video on Demand"

This is the replacement .
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D4. CLIENT/ MEDI A STREAVER COMMUNI CATI ONS Communi cati ons between a client
control systemand the nedia streanmer 10 is acconplished through, by
exanpl e, a known type of Renpote Procedure Call (RPC) facility. Fig. 11
shows the RPC structure for the-conmunications between a client control
system 11 and the nmedia streamer 10. In calling nedia streaner functions,
the client control system This is.the replacenent sheet [err] 45 11
functions as the RPC client and the nmedia streanmer 10 functions as the RPC

server. This isobngigggéxLéﬂé &é%égn Fig. 1£~,H%Mevsn, for an asynchronous
function, i.e.. Vg_ P » pay-per-view movies 1In hotels, etc.
Compression technology has progressed to the point where
acceptable results can be achieved with compression ratios
of 100x to 180x. Such compression ratios make random
access disk technology an attractive alternative to prior

art tape systems.

With an ability to random access digital disk data and the
very high bandwidth of disk systems, the required system
function and performance is within the performance,
hardware cost, and expendability of disk technology. In
the past, the use of disk files to store video or movies
was novor roally a consideration hecause of the cost of
storage. That cost has seen significant reductions in the

recent past.

For the many new emerying markets that utilize comprossad
video data, uslng MG aslLandard:n, thore nve novoral wayn in
which video data can be stored in a cost effective manner.
This inventlon provldes a hlerarchlenl solution to many
different performance requirements and results in a modular
systems approach Lthat can bue cuutomizcd to meet market

requirements.

- Summary of the Invention

The invention provides a "video friendly" computer
suﬁsystem which enables isochronous data stream delivery in
a multimedia environment over traditional interfaces for
that industry. A media streamer in accordance with the
invention is optimized for the delivery of isochronous data
streams and can stream data into new computer networks with
ATM (Asynchronous Transfer Mode) technology. This invention
eliminates the disadvantages of video tape while providing
a VTR (video'tape recorder) metaphor for system control.
The system of this invention provides the following
features: scaleability to deliver from 1 to 1000's of

IRM CONFIBENTIAL
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PLAY, its conpletion causes nedia streaner 10 to generate a call to the
client control system1l. In this case, the client control system 11
functions as the RPC server, while nedia streamer 10 is the RPC client.
This is indicated at (B) in Fig. 11. D4.1. CLIENT CONTROL SYSTEM 11 In the
client control system 11, the user conmand line interface is conprised of
three internal parallel processes (threads). A first process parses a user
command | i ne input and perforns the requested operation by invoking the API

function, which cfer{t'l R%%n@oliﬁﬁofdarl%emt%' At reaner (éA%‘él n Figure

11) . This rocess Reeps trac Xus ot vi Thg®Bet tip
and pl ayed fora’ehﬂﬁﬁst%u'ilwveﬁar“taé‘y ASSEEERNCBF0EaE3 FEFRONS cBFPY Zhecks

the elapsed playlegoogy rer afataachixedeoutpat Nitddmidesspagikbiedats ne
limt. 11 a videq ) as; f9aChEeh IS dtel® control interface; automation
contreol support; storage hierarchy support; and low cost

per delivered streamn.

A media streamer in accordance with an aspect of this
invention includes at least one storage node comprising
mass storage for storing a digital representation of at
least one video presentation; and a plurality of
communication nodes each having at least one input port
that is coupled to an output of the at least one storage
node for receiving a digital representation of -a video
presentation therefrom. Each of the plurality of
communication nodes further.ihcludes a plurality of output
ports, individual ones of the plurality of output ports
being operable for transmitting a digital representation as
a data stream to a consumer of the digital representation.
Individual ones of the output ports have an associated data
buffer for buffering a portion of a digital representation
prior to a transmission of the digitai'representation.

Each of the plurality of communicatién nodes further
includes a scheduler for echeduling, for individual ones of
the data buffers, a read request to the at least one
storage node for a next sequentlal portlon of the digital
representatlon for storage within individual ones of the
data buffers. Each read request for a particular individual
one of the data buffers is scheduled at a predetermined
time such that a requested next sequential portion of the
digitel representation is available to a requesting
communications node, prior to a time that the requested
next sequential portion is required to be transmitted from
the 6utput port that is asseciated with the data buffer for
which the read request was scheduled.
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limt, the video is stopped and di sconnected and the next video in the wait
queue (if any) for the sane output port is started. A third process in the
client control system 11 functions as an RPC server to receive the VS PLAY
asynchronous termnation notification from the nedia streanmer 10
((B)in Fig. 11). D4.2 MEDI A STREAMER 10 During startup of nedia streaner

10, two parallel processes (threads) aresi nvoked in order to support the
RPCs between the client control systen(s) 11 and nedia streanmer 10. A first
process functions as _an RPC server for the APl functjon calls comng from
the client cont?dIBtsy&R8maAe ECRF2AR B9 fpFfFherThRckyqet appehedulercei ves
the RPC cal | s fowd sghepgalties rhedappnest abetlpy maedusesrdge pahkoread he Thi s

is the replaceB@HUeéihggtééﬁaaﬁhed such that a next sequential portion of
a digital representation is available for outputting, prior
to the at least one storage node receiving a read request
for the next sequential portion from one of the

communication nodes.

The scheduler of individual ones of the communication nodes
schedules read requests such that only one read request
from the individual one of the communication nodes is
pending at the at least one storage node at any given time.

Techniques are also disclosed for optimizing disk storage
units for delivering and receiving video data.

Brief Description of the Drawings

Fig. 1 is a block diagram of a media streamer incorporating

the invention hereof:

Fig. 1A is a block diagram which illustrates further

details of a circuit switch shown in Fig. 1;

Fig. 1B is a block diagram which illustrates further

details of a tape storage node shown in Fig. 1;

Figi 1C is a block diagram which illustrates further
details of a disk storage node shown in Fig. 1;

Fig. 1D is a block diagram which 1illustrates further

details of a communication node shown in Fig. 1;

Fig. 2 illustrates a list of video stream output control
commands which are executed at high priority and a further
list of data management commands which are executed at

lower priority;

This is the replacement oy

09 SEP ‘ggg

Date:



46 requested functions (such as VS- CONNECT, VS-PLAY, VS- DI SCONNECT). A
second process functions as an RPC client for calling the appropriate
client control system addresses to notify t he application cont rol
progr ans wi th asynchroneus term nation events. The process bl ocks itself
waiting on an internal pipe, which is witten by other processes that
handl e the pl ayi ng of videos. When the latter reaches the end of a video
or an abnormal termnation condition, ifh wites a nessage to the pipe. The
bl ocked process reads the nmessage and nmakes an RPC call ((B) in Fig. 11 to

t he appropri cli ent I ystem ddr t the client
contr ol systgngah 9 | b ocﬁ)df; gram l&&uggrat ng mn&nlcggion node

data Llow,

Fig. 4 is a block dlagram illustrating disk storage node
data flow;

Fig. 5 illustrates control message flow to enable a connect

to be accomplished;

Fig. 6 illustrates control message flow to enable a play to

occur;

Fig. 7 illustrates interfaces which exist between the media

streamer and client control systems;

Fig. 8 illustrates a display panel showing a plurality of
"soft" keys used to operate the media streamer;

Fig. 9 illustrates a load selection panel that is displayed
upon selection of the load soft key on Fig. 8;

Fig. 10 illustrates a batch selection ﬁanel that 1is
displayed when the batch key in Fig. 8 is selected:

Fig. 11 illustrates several client/server relationships
which exist between a client control system and the media

streamer;

Fig. 12 illustrates a prior art technique for accessing
video data and feeding it to one or more output ports;

Fig. 13 is a block diagram indicating how plural video
ports can access a single video segment contained in a

communications node cache memory;

Fig. 14 is a block diagram illustrating how plural video

ports have direct access to a video segment contained in
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its status and take actions accordingly. E. VEDI A STREAMER MEMORY

ORGANI ZATI ON AND OPTI M ZATI ON FOR VI DEO DELI VERY An aspect of this

i nventii on provides integrated mechanisnms for tailoring cache nmanagenent and
related I/ O operations to the video delivery environnment. Thi s aspect of
the invention is now described in detail. El. PRIOR ART CACHE MANAGEMENT
Prior art mechani snms for cache nmanagenent; are-built into cache controllers
and the file subsystens of operating systens. They are designed for general
pur pose use, and are not specialized to neet the needs of video delivery.
Fig. 12 il ustecadites menerpossi bhe disk istosagehnadeenventi onal cache
managenent mechani sm nmay be configured for video delivery. This techni que

enpl oys a video split.between two disk files 160, 162 (because it is too
| ar ge Fig. 15 illustrates a memory allocation scheme employed by

the invention hereof;
Fig. 16 illustrates a segmented logical file for a video 1;

Fig. 17 illustrates how the various segments of video 1 are
striped across a plurality of disk drives;

Fig. 18 illustrates a prior art switch interface between a

storage node and a cross bar switch;

Fig. 19 illustrates how the prior art switch interface
shown in Fig. 18 is modified to provide extended output
bandwidth for a storage node;

Fig. 20 is a block diagram illustrating a procedure for
assuring constant video output to a video output bus;

Fig. 21 illustrates a block diagram of a video adapter used
in converting digital video data to analog video data;

Fig. 22 is a block diagram showing control modules that
enable SCSI bus commands to be employed to .control the
video adapter card of Fig. 21.

Detailed Description of the Invention

GLOSSARY

In the following description, a number of terms are used

that are described below:

AAL-S ATM ADAPTATION LAYER-S: Refers to a class of
ATM service suitable for data transmission.

This is the replacement =
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for one file), and a processor containing a file sySten1164, a nmedi a server

168, and a video driver 170. Also illustrated are two video adapter ports
172, 174 for two video streans. Also illustrated is the data flow to read
This is the replacenent sheet [err] 47 a segnent of disk file 160 into

mai n storage, and to subsequently wite the data to a first video port

172, and also the data flow to read the sane segnent and wite it to a
second video port 174. Fig. 12 is used o illustrate problens incurred by
the prior art which are addressed and overcone by the nedia streaner 10 of

this invention. .
AI'M ASYNCRIIONOUS PRANSEER MODE: A hlgh speed

swltehing and transport technology that can be
used In a loval or wlde area network, or both.

It L doslguesd to  carry  both  data  and

video/audio.
Betacam A professional quality analog video format.

CCIR 601 A standard resolution for digital television.
’ 720 x B840 (for NTSC) or 720 x 576 (for PAL)

luminance, with chrominance subsampled 2:1
horizontally.
CpPU : CENTRAL PROCESSING UNIT: In computer

architecture, the main entity that processes

. 2.
computer instructions.

CRC CYCLIC REDUNDANCY CHECK. A data error detection
scheme.
D1 Digital Video recording format conforming to

CCIR 601. Records on 19mm video tape.

D2 Digital video recording format conforming to
SMPTE 244M. Records on 19mm video tape.

D3 Digital Video recording format conforming to
SMPTE 244M. Records on 1/2" video tape.

DASD DIRECT ACCESS STORAGE DEVICE: Any on-line data
storage device or CD-ROM player that can be
addressed is a DASD. Used synonymously with

magnetic disk drive.

DMA DIRECT MEMORY ACCESS: A method of moving data in
a computer architecture that does not require
the CPU to move the data.

This is the replacement sheet

pate: ‘09 SEP 19%



Description of steps Al-Al12 in Fig. 12. Al.. Media server 168 calls file
system 166 to read segnent Sk into a buffer in video driver 170. A2. File
system 166 reads a part of Sk into a cache buffer in file system 166. AS.
File system 166 copies the-cache buffer into a buffer in video driver 170.
Steps A2 and A3 are repeated nultiple tines. A4. File system 166 calls
video driver 170 to wite Sk to video porgy 1 (176). A5. Video driver 170
copies part of Sk to a buffer in video driver 170. A6. Video driver 170
wites the buffer to video port 1 (176). Steps A5 and A6 are repeated

mul tiple tinmespvHteps Al AlZeflaptvéDyn | Now Si gubkitymnrEgitaicepvidé@t port

compression format usually used to play video
from CD-ROM disks to computer screens.

El European equivalent of T1.

FIFO FIRST IN FIRST OUT: Queue handling method that
operates on a first-come, first-served basis.

GenLock Refers to a process of synchronization to
another video signal. It is required in computer
capture of video to synchronize the digitizing
process with the scanning parameters of the

video signal.

I/0 INPUT/OUTPUT

Isochronous Used to describe information that is time
sensitive vand that is sent (preferably)
without interruptions. Video and audio

data sent in real timelare isochronous.
JPEG ‘JOINT PHOTOGRAPHIC EXPERT GROUP: A working
committee under the ausﬁicés of the
International Standards Organization that is
defining a proposed universal standard for
i digital compression of still images for use in

computer systems.

KB KILO BYTES: 1024 bytes.

LAN LOCAL AREA MNETWORK: High~speed transmission
over twisted pair, coax, or fiber optic cables
" that connect terminals, computers and

peripherals together at distances of about a

mile or less. ;
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1 is changed to port 2. If a part of Sk is in the cache in file system 166

when needed for port 2, then step A8 may be skipped. This is the
vi deo delivery invol ves

nmul tiple data streans. The

repl acenent sheet [err] As can be reali zed,
massi ve anounts of data being transferred over

overall usage pattern fits neither of the two traditional

patterns used to

optim ze caching; random and sequential. |f the random option is sel ected,
nost cache buffers will probably contain agta from vi deo segnents which

have been recently read, but will have no video streamin

bef ore they havgexpi r edpgaskf rbSEnERAURYY 2l

MPEG MOVING PICTURE EXPERTS GROUP: A

committee under the

auspices

working

the

International Standards Organization that is

defining standards

for the

digital

compression/decompression of motion video/audio.
MPEG-1 is the initial standard and is in use.
MPEG-2 will be the next standard and .will

support digital, flexible,

scaleable

video

transport. It will cover multiple resolutions,

bit rates and delivery mechanisms.

MPEG-1, MPEG~2 See MPEG

MRU MOST RECENTLY USED
MTNU MOST TIME TO NEXT USE
/ : -

NTSC format NATIONAL TELEVISION STANDARDS COMMITTEE:
' The color television format that is the

standard in the United States and Japan.

PAL format  PHASE ALTERNATION

LINE: The

color

television format that is the standard for

Europe except for France.

PC PERSONAL COMPUTER:

relatively low

cost

computer that can be used for home or business.

RAID REDUNDANT ARRAY of INEXPENSIVE DISKS:
arrangement that wuses

optical disks working
bandwidth . output and
backup.

SCSI SMALL COMPUTER SYSTEM INTERFACE:

A storage

several magnetic or

in tandem to increase

to provide redundant
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option is chosen, the nost recently used cache buffers are re-used first,
so there is even | ess chance of finding the needed segnent part in the file
syst em cache. As was described previously, an inportant elenent of video
delivery is that the, data stream be deli-vered isochronously,
that is without breaks and interruptions that a viewer or user would find
obj ectionable. Prior art caching nechani sns, as just shown, cannot ensure

t he i sochronous delivery of a video dataldtreamto a user. Additional
problens illustrated by Fig. 12 are: a. Disk and video port I/Ois done in

relatively small segneng§akga§gtkg ycgg E@l % ésrféﬁéf{gj ?ﬁﬁﬁé%;%%fhalhis

requires nore proceSS|ng€ see over
woul d be required by vi 61§e$ﬂ@$ﬁ°%ﬁ%ﬁ§ §égﬁeﬁP@PU§?r The processing tine

to copy data between the file ,
SIF SOURCE INPUT FORMAT: One quarter the CCIR 601

resolution.

SMPTE SOCIETY OF MOTIONMN PICTURE & TELEVISION
ENGINEERS.

SSA SERIAL STORAGE ARCHITECTURE: A standard for

connecting peripheral devices and their
controllers to computers. A possible replacement
for SCSI. '

Tl Digital interface into the telephone network
with a bit rate of 1.544 Mb/sec.

TCP/IP TRANSMISSION CONTROL PROTOCOL/INTERNET PROGRAM:
A set of protoools developed by the Department
of Defense to link dissimilar computers across

networks.

VHS VERTICAL HELICAL SCAN: A common format for
' recordlng analog video on magnetlc tape.

VTR VIDEO TAPE RECORDER: A device for recording

' video on magnetic tape.

VCR: VIDEO CASSETTE RECORDER: Same as VTR.

A. GENERAL ARCHITECTURE

A video optimized stream server system 10 (hereafter
referred to as media streamer) is shown in Fig. 10 and

" includes four archifecturally distinct components to
provide scaleability, high availability and configuration
flexibility. The major components follow:
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system cache buffers and nedi a server buffers,

and bet ween medi a server

buffers and video driver buffers, is an undeS|rabIe overhead that it woul d
be desirable to elimnate. ¢c. Using two video buffers (i. 172, 174) to

contain copies of the same.video, segment at the sane tlne |s an
inefficient use of main nenory. There is even nore waste when the sane data

in the video driver buffers.

is stored in the file system cache and al,

This is the replacenent sheet [err] 49 E2. VI DEO OPTI M ZED CACHE

MANAGEMENT

1) Low Latcncy Switch 12: a hardware/microcode
component with a primary task of delivering data
and control information between Communication
Nodes 14, one or mdre Storage Nodes 16, 17 and
one or more Control Nodes 18.

2) Communication tNode 14: a hardware/microcode
component with the primary task of enabling the
“"playing" (delivering data isochronously) or
"recording” (receiving data isochronously) over
an externally defined interface usually familiar
to the broadcast industry: NTSC, PAL, D1, D2,
etc. The digital-to-video interface is embodied
in a video card contained in a plurality of
video ports 15 connected at the output of each

communication node 14.

3) Storage Node 16, 17: a hardware/microcode
component with sthe primary task of, managing a
storage medium such as disk and associated
storage availability options.

4) ‘Control Node 18: a hardware/microcode compbnent
with the primary task of receiJing and executing
control commands from an externally defined
subsystem interface familiar to the computer

i industry.

A typical media streamer with 64 nodes implementation might
contain 31 communicatidn nodes, 31 storage nodes, 2 control
nodes interconnected with the low létency switch 12. A
smaller system might contain no switch and a single
hardware node that supports communications, storage and
control functions. The design of media streamer 10 allows

~a small system to grow to a large system in the customer

installation. In all configurations, the functional

capability of media streamer 10 can remain the same except

This is the replacement st

Date: - g SEP 9%



There are three principal facets of the cache managenent operation in
accordance with this aspect of the invention: sharing segnent size cache
buffers across streans; predictive caching; and synchronizing to optim ze
caching. E2.1. SHARI NG SEGVENT S| ZE CACHE BUFFERS ACROSS STREAMS Vi deos are
stored and managed in fixed size segnents. The segnents are sequentially
nunbered so that, for exanple, segment 5 4wuld store a portion of a video
presentation that is nearer to .the beginning of the presentation than woul d
a segnent nunbered 6. The segnment size is chosen to optimze disk 1/0
video 1/0 bderusdge mambgyr ocfsstreansgeelivaegienindoftite Vvhagwehassa fi xed

content, whi cRudepRoEsa M YrLLdigqvi deo nane, and the segnment number. All
I/Oto disk and to the video output, and all caching operations,. are done

al i gned on segnent boundaries. This aspect of the .invention takes two
forms, dependingFog. 1A, further details of low latency switch 12 are

shown. A plurality of circuit switch chips (not shown) are
interconnected on crossbar switch cards 20 which are
interconnected via a planar board (schematically shown).
The planar and a single card 20 constitute a low latency
crossbar switch with 16 node ports. Additional cards 20 may
be added to configure additional node ports and, if
desired, active redundant node ports for high availability.
Each port of the low latency switch 12 enables, by example,
a 25 megabyte per second, full duplex communication

channel.

Information is transferred through the switch 12 in
packets. Each ' packet contains a header portion that
controls the switching state of individual crossbar switch
points in each of the switch chips. The control node 18
provides the other nodes (storage nodes 16, 17 and
communication nodes 14) with the info;matiop necessary to
enable peer-to-peer operation via the low latency switch
12. -

In Fig. 1B, internal details of a tape storage.node 17 are
illustrated. As will be hereafter understood, tape storage
node: 17 provides a high capacity storage fécilify for
storage of digital representations of video presentations.

.As employed herein a video presentation can include one or
more images that are suitable for display and/or
processing. A video presentation may include an audio
portion. The one or more images may be logically related,
such as sequential frames of a film, movie, or animation
" sequence. The images may originally be generated by a
camera, by a digital computer, or by a combination of a
camera and a digital computer. The audio portion may be
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whet her the underlying hardware supports peer-to-peer operations with data
flow directly between di sk and video output card in a conmuni cati ons node
14, wi thout passing through cache nmenory in the conmuni cati ons node. For
peer- to-peer operations, caching is done at the disk storage unit 16. For
har dwar e whi ch does not support peer-to-peer operations, data is read
directly into page-aligned, contiguousnfgche menory (in a conmunications
node 14) in segnent-sized blocks to m ni e 1/ O operations and data

novenent . (See F. Video Optimzed Digital Menory Allocation,
bel ow). The dats@neaafahmseanwma seHe anaiapn o&ﬂdsuéca!wé eEm\%éECt!{% from
le the

this location until g Kldeo se rreréla S no Iong F

vi deo segment I"SPE¢S¥Rd, ﬁFflvldg F8and REES Hé b°5ut85t fhe WH8g80

segnent accessprhssntstih@ capl becmmnt ssikzdile digital data format for
representing one or more images and possibly audio. The

digital data may be encoded and/or compressed.

Referring again to Fig. 1B a tape storage node 17 includes
a tape library controller interface 24 which enables access
to multiple tape records contained in a tape library 26.

A further Interface 28 cnables access to other tape
libraries via an SCSI bus interconnection. An internal

system memory 30 enables a buffering of video data received
from either of interfaces 24 or 28, or via DMA data
transfer path 32. System memory block 30 may be a portion
of a PC 34 which includes software 36 for tape library and

file management actions. A switch interface and buffer

module 38 (used also in disk storage nodes 16,

communication nodes 14, and control nodes 18) enables

interconnection between the tape storage'node 17 and low
latency switch 12. That is, the module 38 is responsible

for partitioning a data transfer intq packets and adding

the header portion to each packet that the switch 12

employs to route the packet. When receiving a packet from

the switch 12 the module 38 is respohsib;é for stripping

- off the header portion before 1locally buffering or

othérwise handling the received data.

Video data from tape library 26 is entered into system

memory 30 in a first buffering action. Next, in response

to initial direction from control node 18, the video data -
is routed through low latency switch 12 to a disk storage

node 16 to be made ready fof substantially immediate access

when needed.
In Fig. 1c, internal'details of a disk storage node 16 are

shown. Each disk storage node 16 includes a switch
interface and buffer module 40 which enables data to be
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[err] 50 the same cache buffer. Thus, a single copy of the video
segnent is used by many users, and the additional /0, processor, and.
buffer nmenory usage to read additional copies of the same video segnent is
avoi ded. For peer to peer operations, half of the remaining I/0O and al nost
all of the processor and main nenory usage are avoided at the communi cation
nodes 14. Fig. 13 illustrates an enbodi nent of the invention for the case
of a system w t hout peer-to-peer operatiﬁgs. "The video data is striped on
the di sk storage nodes 16 so that odd nunbered segnents are on first disk

storage node 180
transferred from/to a RAID buffer video cache and storage

interface module 42. Interface 42 passes received video
data onto a plurality of disks 45, spreading the data
across the disks in a quasi-RAID fashion. Details of RAID

2 memory storage are known in the prior art and are described
in "A Case for Redundant Arrays of Inexpensive Disks
(RAID)", Patterson et al., ACM SIGMOD Conference, Chicago,
IL, June 1-3, 1988 pages 109-116.

A disk storage node 16 further has an internal PC 44 which
includes software modules 46 and 48 which, respectively,
provide storage node control, video file and disk control,
and RAID mapping for data stored on disks 45. 1In essence,
. each disk storage node 16 provides a more immediate level
of video data availability than a tape storage node 17.
Each disk storage node 16 further is enabled to buffer (in
a cache manner) video data in a semiconductor memory of
switch interfaca and huffar modula 40 so an to provide oven

faster availahility of video data, upon receiving a request

C . tharafor.

In general, a storage node includes a mass stbrage unit (or
an interface to a mass storage unit) anq'a gapability to
locally buffe? data read from or to be written to the mass
storage unit. The storage node may include sequential
access mass storage in the form of one or more tape drives:
and/ér disk drives, and may include random access storage,
such as one or more disk drives accessed in a random access

fashion and/or semiconductor memory.

In Fig. 1D, a block diagram is shown of internal components
of a communications node 14. Similar to each of the above
noted nodes, communication node 14 includes a switch
_interface and buffer module 50 which enables communications
with low latency switch 12 as described previously. Video
data is directly transferred between switch interface and
buffer module 50 to a stream buffer and communication
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and even nunbered segnents are on second di sk storage node 182 (see Section
H below). The data flow for this configuration is also illustrated in Fig.
13. As can be seen, segnent Sk is to be read fromdisk 182 into a cache
buffer 184 in conmunicati on node 186, and is then to be witten to video
output ports 1 and 2. The SK video data segnent is read directly into cache
buffer 184 with one I/O operation, and is then witten to port 1. Next the
SK video data segnment is witten fromcacly buffer 184 to port 2 with one

| /O operation. As can be realized, all of the problens described for the
conventional approach of Fig. 12 are overcone by the systemillustrated in
Fig. 13. Fig. ZIaterfasersa efon Herad@ttarf kowafesen tarmimair ariodn sborhai ni ng

support for pearpé%@qe{clga%gagbeaﬁap@tme@ QleSkndt 95 A8F PP o0hded Vi deo
output card. Arggbécgiveif communlcatlon node control (e.q. streanm
'

start/stop actions) and enable the subsequent‘generation of
an isochronous stream of data. An additional input 60 to
stream buffer and communication interface 52 enables frame
synchronization of output data. That data is received from
automation control egquipment 62 which is, in turn,
controlled by a system controller 64 that exerts overall
operational control of the stream server 10 (see Fig. 1).
System controller 64 responds to inputs from user control
set top boxes 65 to cause commands to be generated that
enable media streamer 10 to access a regquested video
presentation. System controller 64 is further provided with
a user interface and display facility 66 which enables a
user to input commands, such as by hard or soft buttons,
and other data to enable an identification of video
presentations, the SCheduling of video presentations, and
control over the playing .of a video presentation.

Each control node 18 is configured as a PC and includes a
switch interface module for interfacihg with .low latency
switch 12: Each control node 18 responds to inputs from
system controller 64 to provide information to the
communication nodes 14 and storage nodes 16, i? to enable
desired interconnections to be created via the low latency
swiéch 12. Furthermore, control> node 18 includes software
for énabling staging of reqguested video data from one or
more of disk storage nodes 16 and the delivery of the video
data, via a stream delivery interface; to a user display
terminal. Control node 18 further controls the operation
of both tape and disk storage nodes 16, 17 via commands
sent through low latency switch 12. -

The media streamer has three architected external
interfaces, shown in Fig. 1. The external interfaces are:
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to a pair of video ports 194, 196 w thout passing through the nmain

menory

of

an

drives 190, 192 contain a striped video presentation which is fed directly

i nterveni ng comuni cati on node 14. The data flow for this
configuration is to read segnent Sk This is the replacenent sheet [err]

fromdisk 192 directly to port 1 (with one 1/0O operation) via disk cache

buf f er

198.

read directly fromdi sk cache buffer 198ipnto port 2 (with one 1/0

operation). Wen the data read into the disk cache buffer 198 for port

1) Control Interface: an open system interface
executing TCP/IP protocol (Ethernet  LaN,
TokenRing LAN, serial port, modem, etc.)

2) Stream Delivery 1Interface: one of several
industry standard interfaces designed for the
delivery of data streams (NTSC, D1, etc.).

3) Automation Control Interface: a collection of
industry standard control interfaces for precise
synchronization of stream outputs (GenLock,
BlackBurst, SMPTE clock, etc.)

Application commands are issued to media streamer 10 over
thé control interface. When data load commands are issued,
the control node breaks the incoming data file into
segments (i.e. data blocks) and spreads it across one or
more storage nodes. Material density and the number of
simultaneous users of thesdata affect the placement of the
data on storage nodes 16, 17. Increasing density and/or
simultaneous users implies the use of more storage nodes

for capacity and bandwidth.

When commands are issued over the coﬁtfol interface to
start the streamiﬁg of data to an end user, control node 18
selects and activates an appropriate communication node 14
and ‘passes control information indicating to it the
location of the data file segments on the storage nodes 16,
17. The communications node 14 activates the storage nodes
16, 17 that need to be involved and proceeds to communicate
with these nodes, via command packets sent through the low

latency switch 12, to begin the movement of data.

Data is moved between disk storage nodes 16 and
communication nodes 14 via low latency switch 12 and "just '

in time” scheduling algorithms. The technique used for
scheduling and data flow control is more fully described

If a call follows to read segnent SK to port 2, segnent Sk is



1 is still resident for the wite to port 2, a best possible use of nenory,
bus, and processor resources results in the transfer of the video segnent
to ports 1 and 2. It is possible to conbine the peer to peer and nain
menory cachi ng nmechanism e.g. , using peer to peer operations for video
presentations which are playing to only one port of a comruni cation node
14, and caching in the comruni cati ons node 14 for video presentations which
are playing to nmultiple ports of the comhgni cati on node 14. A policy for

di viding the caching responsibility between di sk storage nodes and the

conmmuni cati on gongis ch Fen 30 maxi m ze the nunber .of yjdeo streans which
can be supportdd Wth a ﬁ Tendhh? dwBFE2¥BNf FRAT at £Bn. PPIEReA nufBRR of
streans to beommuppeatisth kadenintdrface 1hes amdtnplared Hoommend i sk

cachi ng storaget&pdyd heRele) el kAbRed single communication node stream
uses a fraction of the capacity and bandwidth of each disk
storage node 16. 1In this way, many commﬁnication nodes 14
may multiplex access to the same or different data on the
disk storage nodes 16. For example, media streamer 10 can
provide 1500 individually controlled end user streams from
the pool of communication nodes 14, each of which is
multiplexing accesses to a single multimedia file spread
across the disk storage nodes 16. This capability is
termed "single copy multiple stream".

The commands that are received over the control interface
are executed in two distinct categories. Those which
manage data and do not relate directly to stream contrbl
are executed at "low priority". This enables an
application to load new data into the media streamer 10
without interfering with,the delivery of data streams to
end users. The commands that affect stream delivery (i.e.
output) are executed at *"high priority".
The control interface commands are shown in Fig. 2. The
low priority' data management commands for loading and
managing data in media streamer 10 include VS-CREATE, VS~
OPEN, VS-READ, VS-WRITE, VS—GET_POSITION, VS~SET_POSITION,
VS—éLOSE, VS-RENAME, VS-DELETE GET_ATTRIBUTES, and VS-

GET_NAMES.

The high priority stream control commands for starting and
managind stream outputs include VS-CONNECT, VS-PLAY, VS-
" RECORD, VS-SEEK, VS-PAUSE, VS-STOP and VS-DISCONNECT.
Control node 18 monitors.stream control commands to assure
that requests can be executed. This nadmission control”
facility in control node 18 may reject requests to start
streams when the capabilities of media streamer 10 are
exceeded. This may occur in several circumstances:

oet:
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E2.2. PREDI CTI VE CACHI NG A predictive caching nechani sm neets the need for
a caching policy well suited to video delivery. Video presentations are in

general very predictable. Typically, they start playing at the beginning,
play at a fixed rate for a fairly lengthy predeterm ned period, and stop
only when the end is reached. The caching approach of the nedia streaner
10 takes advantage of this predlctablllty Qﬁ optim ze the set of video
segnents which are cached at any one time.”'This is the replacenent sheet
[err] 52 The predictability is used both to schedule a read

1) when some component fails in the system that
prevents maximal operation:

2) when a specified number of simultaneous streams
to a data file (as specified by parameters of a
VS-CREATE command) is exceeded; and

3) when a specified number of simultaneous streams
from the system, as specified by an installation
configuration, is exceeded.

The communicatién nodes 14 are managed as a heterogeneous
group, each with a potentially different bandwidth (stream)
capability and physical definition. The VS—~CONNECT command
directs media streamer 10 to allocate a communication node
14 and some or all of its associated bandwidth enabling
isochronous data stream delivery. For example, media
streamer 10 can play uncompressed data stream(s) through
communication node(s) - 14 at 270 MBitsg/Sec while
simultaneocusly playing compressed data stream(s) at wmuch
lower data rates (usually 1-16 ﬂbits/Sec) on other

communication nodes 14.

‘Storage nodes 16, 17 are managed as a heferoéeheous group,
each with a potentially different bandwidth (stream)
capability and physical definition. The VS-CREATE command
directs media streamer 10 to allocate storage in one or
more storage nodes 16, 17 for a multimedia file and its
associated metadata. The VS~CREATE command specifies both

the stream density and the maximum number of simultaneous

users required.

Three additional commands support automation control
systems in the broadcast industry: VS-CONNECT-LIST, VS-
PLAY-AT~SIGNAL and VS—HECORD—AT-SIGNAL. VS-CONNECT-LIST
allows applications to specify a sequence of play commands
in a single command to the subsystem. Media streamer 10

LA A
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operation to fill a cache buffer, and to drive the algorithmfor reclaimng
of cache buffers. Buffers whose contents are not predicted to be used
before they woul d expire are reclainmed i nmediately, freeing the space for

hi gher priority use. Buffers whose contents are in line for use within a
reasonable tinme are not reclained, even if their |ast use was |ong ago.
More particularly, given videos vl, v2, > and streans sl1l, s2,... playing
t hese vi deos, each streamsj plays one V|8eo v(sj), and the tine predicted

for witing the k-th segnment of v(sj) is a linear function: t(sj, k) =

a( rST{:)) + I‘Esjgkwllmeé‘eeﬁ(ﬁej Jedt2P Ay QBmEnEEdS&BFth i fewangd st&Sidd ngvéfgmi‘ﬂg

nunber, r(s] t t I it f.a (o} g and_t (S]

i's the schedul%‘?ﬂetggn(e?gf qmte&fggﬁ hnl.(tt 91?1}. t F%¥f\§1§§ rLBeQ: een  the
delivery of one stream and the next seamlessly An example

sequence follows:

1) Control node 18 receives a VS-CONNECT-LIST
command with play subcommands indicating that
all or part of FILEl, FILE2 and FILE3 are to be
played in sequence. Control node 18 determines
the maximum data rate of the files and allocates
that resource on a communication node 14. The
allocated communication node 14 is given the
detailed play list and initiates the delivery of

the isochronous stream.

2) Near the end of the delivery of FILEl, the
communication node 14 initiates the delivery of
FILE2 but it does not enable it to the output

- port of the node. Wben FILEl completes or a
signal from the Automation Control Interface
occurs, the communication node 14 switches the
output port to the second stream fron the first.
This is done within 1/30th of a second or within
one standard v1deo frame time.

" 3) The communication node 14 deallocates resources

P associated with FILEL.

VS-PLAY-AT-SIGNAL and VS-RECORD-AT-SIGNAL allow signals
from the external Automation Control Interface to enable
data transfer for play and record operations with accuracy
to a video fame boundary. In the previous example, the VS-
CONNECT-LIST includes a PLAY~AT-SIGNAL subcommand to enable
the transition from FILE1l to FILE2 based on the external
automation control interface signal. If the subcommand
were VS-PLAY instead, the transition would occur only when

the FILEl transfer was completed.

This is the _replaooment sheet
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This information is used both to schedule a read operation to fill a cache
buffer, and to drive the algorithmfor re- using cache buffers. Some
exanpl es of the operation of the cache managenent al gorithm follow EXAVPLE
A A cache buffer containing a video segnent which is not predicted to be

pl ayed by any of the currently playing video streans is re-used before
re-using any buffers which are predicted2ito be played. Af ter
satisfying this constraint, the frequency of playing the video and the
segnent nunber are used as weights to determine a priority for Kkeeping

the video se@fBsE cenpdeds thatTRedip|gireamgedénersrupes @ravyids then this

group is assignedlieyvtdeanaggnBtdadddliepeedhiedl | YhieBedcdmmninkky . pl ayed
video. This Ishe,[pp! achBils3Reet [€5fdenp, vs-RECEIVE ana  vs-
RECEIVE_AND_PLAY. Each causes one or more multimedia files
to move between storage nodes 16 and two externally defined

hierarchical entities.

1) VS-DUMP and VS-RESTORE enable movement of data
between disk storage nodes 16, and a tape
storage unit 17 accessible to control node 18.
Data movement may be initiated by ° the
controlling application or automatically by

control node 18.

2) VS-SEND and VS-RECEIVE provide a method for
transmitting a multimedia file to another media
streamer. Optionally, the receiving media
streamer can play the incoming file immediately
to . a preallocéted communication node without

waiting for the entire file.

In addition to the modular design and function set defined
in the media streamer architecture, data flow is optimized
« for isochronous data transfer to significantly reduce cost.

In particular:

1) bandwidth of the low latency switch exceeds that
of the attached nodes:; communications between

nodes is nearly non-blocking;

2) data movement into processor memory is avoided,

more bandwidth is provided:

3) processing of data is avoided; expensive
processing units. are eliminated; and

4) data movement is carefully scheduled so that;

This is the replacement shasai
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53 For a cache buffer containing a video segnent which is predicted to be
pl ayed, the next predicted play tine and the nunber of streans left to play
the video segnent are used as weights to determne the priority for keeping
the video segnent cached. The weights essentially allow the retention
priority of a cache buffer to be set to the difference between the

predi cted nunber of 1/0Cs (for any video i%gnent) with the cache buffer
recl ai med, and the predicted nunber with®t retained. For exanple, if v5is
playing on s7, v8 is playing on s2 and s3, with s2 running 5 seconds

large data caches are avolided.

In traditional computer terms, media streamer 10 functions
as a system of interconnected adapters with an ability to
perform peer-peer data movement between themselves through
the low latency switch 12. The low latency switch 12 has
accesé to data storage and moves data segments from one
adapter‘s memory to that of another without a "host

computer"” intervention.

B. HIERARCHICAL MANAGEMENT OF DIGITAL COMPRESSED VIDEO
DATA FOR ISOCHRONOUS DELIVERY

Media streamer 10 provides'hierarchical storage elements.
It exhibits a design that allows scalability from a very
small video system to a very large systemn. It also
provides a flexibility for storage management to adapt to
the varied requirements necessary to satisfy functions of
vVideo on .ngand, Mear, Video on. Demand, . Commercial
‘insertion, high gquality uncompressed video storage, capture
and playback.

Bl. TAPE -STORAGE’
In media streamer 10, video presentations are moved from
high performance digital tape to disk, to be played'out at
the much lower data rate required by the end user. 1In this
way, only a minimum amount of video time is stored on the
disk subsystem. If the system is "Near Video on Demand”,
then only, by example, 5 minutes of each movie need be in
disk storage at any one tima. ilsa requiraes only 22
scgmentn of S minuten cach for n"typical 2 hour movie. Tho
result le that the total disk storage reoguiroment for a
video presentation is reduced, since not all of the video
presentation is kept on the disk file at any one time.
only that portioh'of the presentation that is being played

need be present in the disk file.

This is the replacement Sty

Daes 039 SEP 1998



behind s3, and v4 is playing on streans sl12 to s20 with each stream 30
seconds behind the next, then: buffers containing v5 data al ready used by
s7 are reclainmed first, followed by buffers containing v8 data al ready used
by s2, followed by buffers-.containing v4 data al ready-used by s12, followed
by remaining buffers with the |owest retention priority. The cache
nmanagenent al gorithm provides variations,for special cases such as
~connection operations (where it .is possible to predict that a video
segnent will be played in the near future, but not exactly when) and stop

oper ati ons In other words, if a vidco presentation requires a time T
to present in its entirety, and is stored as a digital
representation having N data blocks, then each data block
stores a portion of the video presentation that corrasponds
to approximately a T/N period of the video presentation. a
last data block of the N data blocks may store less than a

T/N period.

As demand on the system grows and the number of streanms
increases, the statistical average is that about 25% of
video stream requests will be for the same movie, but at
different sub-second time intervals, and the distribution
of viewers will be such that more than 50% of those sub-
second demands will fall within a group of 15 movie

segments.

An aspect of this inveﬁtion is the utilization of the most
appropriate technology that will satisfy this demand. A
random access cartridge loader (Such as produced by the IBM
Corporation) is a digital tape system that has high storage
capacity per tape, mechanical robotic loading of 100 tapes
per drawer, and up to 2 tape drives per drawér. The result
is an effective tape library for movie-on-demand systems.
However, the invention also enables very.low'cost digital
tape storage library systems to provide the mass storage of
the movies, and further enables low demand movies to be
played directly from tape to speed- matching buffers and
then on to video decompression and distribution channels.

A second advantage of combining hierarchical tape storage
to any video system is that it provides rapid backup to any
movie that is stored on disk, in the event that a disk
becomes inoperative. A typical system will maintain a
"spare" disk such that if one disk unit fails, then movies

' can be reloaded from tape. This would typically be
combined with a RAID or a RAID-like system. .

This is the replacement sheet
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(when previous predictions nust be revised) E2.3. SYNCHRONI ZI NG STREAMS TO

OPTIMZE CACHING It is desirable to cluster all streans that require a
gi ven video segnment, to mnimze the time that the cache buffer This Is the

repl acenent sheet [err] 5 4 containing that segnent nust remain in
storage and thus | eave nore of the system capacity avail able for other
vi deo streans. For video playing, therg is usually little flexibility

in the rate at which segnents are played. However, in some application of
video delivery the rate of playing is flexible (that is, video and audio
may be B2. DISK STORNGE SYSTEMS

When demand for video streams increases to a higher level,
it becomes more efficient to store an entire 'movie on disk
and save the system performance overhead required to
continually move videco data from tape to disk. A typical
ayrtrm will rntill econtain an lihrary of moviea that are
stored on tape, since the usual number of movies in the
library is 10x to 100x greater than the number that will be
playing at any one time. When a user requests a specific
movie, segments of it are loaded to a disk storage node 16

and started from there.

When there are large numbers of users wanting to see the
same movie, it is beneficial ‘to keep the movie on disk.
These movies are typically the "Hot" movies of the current
week and are pre-loaded from tape to disk prior to peak
viewing hours. This tends to reduce the work lcad on the

system during peak hours.’ X

B3. MOVIES OUT OF CACHE .
As demand for "hot" movies grows, media streamer 10,
through an MRU-based algorithm, decides to move key movies
up into cache. This requires substantial cache memory, but
in terms of the ratio of cost to the number of active
streams, the high volume that can be supported out of cache
lowers the total cost qf the media streamer 10.

Because of the nature of video data, and the fact that: the
system always knows in advance what videos are playing and
what data will be required next, and for how long, methods
are employed to optimize the use of. cache, internal
buffers, disk storage, the tape loader, bus performance,

etc.

Algorithms that control the placement and distribution of

This is the replacement —_
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accel erated or decelerated slightly w thout evoking adverse human
reactions). Moreover, videos nmay be delivered for purposes other than

i mmedi at e hurman vi ewi ng. When a variation in rate is allowed, the streans
out in front (tinmewi se) are played at the mninmum all owabl e rate and those
in back (tinmew se) at a maxinum all owable rate in order to close the gap
between the streans and reduce the tine that segnents nmust renmain buffered.
The clustering of streans using a same A7 deo presentation is also taken

i nto account during connection and play operations. For exanple,

VS- PLAY- AT- SkENAL, Gadh P8 crsed 410 lrathe N tDHAE RedidathA¥) Tk PLE, St €ans
at the sane tine, This inproyes clusteréggg%leaV|ngbnnre system,resSources

for other vi8&0 LIIEHACUENNEHER ndA hd t FRESEEPRCiI?Y 8PPEKEIEY st em
Mor e speci fi caghyremnéntst.er Bagauby thed apligeryeoft isarhforous ghoat igeri od so

that it coingdeshdidi e Wdd predictable, the algorithms are very
much different from the traditional ones used for other
segments of the computer industry where caching of user-
accessed data is not always predictable.

C. MEDIA BTREAMER DATA FLOW ARCHITECTURE
Ao indiented ahove, madin streamer 10 delivers video

streams to varlous outputs nuch as TV sets and set top
boxes atlached via a network, auch as a TAN, ATM, etc. To

moel tha reoqguivementn for storage aapacity and the number
of osimultancous ntroams, A dintributed architecture
connlablng of mlkiple slorarge and comminination nodes s

preferred. The data is stored on storage nodes 16, 17 and
is delivered by communication nodes. A communication node
14 obtains the data from .appropriate storage nodes 16, 17.
The control node 18 provides a single system image to the
external world. The nodes are conqected by the cross-

-

connect, low latency switch 12.

Data rates and the data to be delivered is predictable for
each stream. The invention makes use of this p#edictability
to construct a data flow architecture that makes full use
of 'resources and which insures that the déta for each

 stream is available at every stage when it is needed.

Data flow between the storage nodes 16, 17 and the
communication nodes 14 can be set up in a number of

different ways.

A communication node 14 is generally responsible for
delivering multiple streams. It wmay have reguests
outstanding for data for each of these streams, and the
required data may come from different storage nodes 16,17.

Thig is the replacement sheet
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a second stream enables one copy of segnments in cache to be used for both
streans and thus conserves processing assets. F. VI DEO OPTI M ZED DI G TAL
MEMORY ALLOCATION Digital video data has attributes unlike those of nornmal
data processing data in that it is non-random that is sequential, |arge,
and tinme critical rather than content critical. Miultiple streans of data
must be delivered at high bit rates, requiring all nonessential overhead to
be mnimzed in the data path. Careful ¥ f er managenent is required to
maxi m ze the efficiency and capacity of ‘the nedia streanmer 10. Menory

al location, degll ocadd Qe 808rddU Siokile ¢ER RCHBLenSOEYink8thheous1y,
to send data to .the same communication node, only one
storage node would be able to send the data, and the other
storage nodes would be blocked. The blockagé would cause
these storage nodes to retry sending the data, degrading
switch utilization and introducing a large variance in the
time required to send data from a storage node to the
communication node. In this invention, there is no
contention for an input port of a communication node 14

among different storage nodes 16, 17.

The amount of required buffering can be determined as
follows: the communication node 14 determines the mean
time required to send a regquest to the storage node 16, 17
and receive the data. This time is determined by adding
the time to send a request to the storage node and the time
to receive the response, to the time needed by the storage
node to process the regquest. The storage node in turn
determines the mean time réquired to process the request by
adding the mean time required to read the data from disk
and any delays involved in processing the reguest. This is

the latency in processing the reque§t. The amount of
buffering ‘required is the memory storaée needed at the
stream data rate to cover the latency. The solution

described below takes advantage of special cond;tions in
the media streamer ehvironment to reduce latency and hence
to reduce the resources Fequired. The latency is reduced
by using a just-in-time scheduling algorithm at every stage
of the data (e.g., within storage nodes and communications
nodes), in conjunction with anticipating requests for data

from the previous stage.
Contention by the storage nodes 16, 17 for the input port
of a communication node 14 is eliminated by employing the

following two criterion:

1) A storage node 16, 17. only sends data to a

This Is the raptacement sheet

pae: 09 SEP 1995



I n menory fragnentation, decreased efficiency, and del ayed or corrupted

video data. The nedia streamer 10 of this invention enploys a nenory

al | ocati on procedure which allows high | eve

deal | ocat e non-swappabl e, page aligned, contiguous nenory segnents

(bl ocks) for digital video data. The procedure provides a sinple, high

applications to allocate and

level interface to video transnission applications and utilizes |ow [evel
operating system nodul es and code segnents to allocate nmenory bl ocks in the

requested size. The nmenpgy. bl acks; A & duahty QUi

elimnating the delays or corruption po

menory,

swappi ng or pagi ng, andre®eetlonpl exi ty or having to inpl enent

2) A given communication node 14 sérializes all
reguests for data to be read from storage nodes
so that only one request for receiving data from
the communication node 14 is outstanding at any
time, independent of the number of streams the

communication node 14 is delivering.

As was noted above, the reduction of latency relies on a
just-in-time scheduling algorithm at every stage. The
basic principle is that at every stage in the data flow for
a stream, the data is available when the request for that
data arrives. This reduces latency to the time needed for
sending the request and performing any data transfer.

Thus, when the control node 18 sends a request to the
storage node 16 for data for a specific stream, the storage
node 16 can respond to the request almost jmmediately.
This characteristic is important to the solution to the

contention p:oblem described above.

' 4

Since, in the media streamer environment, ‘access to data is
sequential and the data rate for a stream is predictable,
a storage node 16 can anticipate when a next -request for
data for a specific stream can be expected. The identity
of the data to be supplied in response to the request is
also known. The storage node 16 also knows where the data
is stored and the expected requests for the other streams.
Given this information and the expected time to process a
read request from a disk, the storage node 16 schedules a
read operation so that the data is available just before
the request from the communication node 14 arrives. For
example, if the stream data rate is 250KB/sec, and a
storage node 16 contains every 4th segment. of a video,
requests for data for that stream will arrive every 4
seconds. If the time to process a read request is 500 msec

.cal

SRS M e o
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gat her/scatter routines in the data transm ssion software. The high |evel
interface also returns a variety of addressing node val ues fdr the
request ed nmenory block, elimnating the need to do costly dynam c address
conversion to fit the various nmenory nodels that can be operating
concurrently in a nmedia streaner environnment. The physical address is
avai l able for direct access by other devgﬁp drivers, such as a fixed disk
device, as well as the process |linear and process segnmented addresses that
are used by various applications. A deallocation routine is also provided
that returns a(nEﬁnryhblQ@huﬁeitbed&g&éemoﬁﬂ&dﬂﬂﬁaéﬁaéfﬁﬁ&ﬂ“%ﬂéikéﬁa

pr obl ens si nce i tyrn as a | e bl.ock. COVIVANDS

EMPLOYED FOR NE%%%%%”?%T?&%HQE% 'Ifocggg PRSi carhq’el\%r}mey r%\‘?‘re‘o"‘tfatbst he

request ed si zesaepinled| fek, ak deaskolS00 msec before the anticipated
receipt of request from the communlcatlon node 14,

Cl. CONTROL NODE 18 FUNCTIONS

The control node 18 function is to provide an interface
between media streamer 10 and the external world for
control flow. It also presents a single system image to
the external world even if the media streamer 10 is itself
implemented as a distributed system. The control node
functions are implemented by a defined Application Program
Interface (API). The API provides functions for creating
the video content in media streamer 10 as well as for real-
time functions such as playing/recording of video data.
The control node 18 forwards real-time requests to play or
stop the video to the communication nodes 14.

C2. COMMUNICATION NODE 114

A communication node 14 has the follo&ing threads (in the
same process) dedicated to handle a real time video
interface: a thread to handle connect/disconnect requests,
a thread to handle play/stop and pause/resume réquests, and
a thread to handle a jump request (seek forward or seek
backward). In addition it has an input thread that reads
data for a stream from the storage nodes 16 and an output
thread that writes data to the output ports.

A data flow structure in a communication node 114 for
handling data during the playing of a video is depicted in
Fié. 3. The data flow structure includes an input thread
100 that obtains data from a storage node 16. The input
thread 100 serializes receipt of data from storage nodes so
that only one storage node is sending data at any one time.
The input thread 100 ensures that when an output thread 102

This is the replacement sheet
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‘block is returned with the various nmenory nodel addresses of the nenory
area, along with the length of This is the replacenent sheet [err] t he
bl ock. 2. Deal | ocat e Physical Menory: Return the nmenory block to the
operating systemand free the associated nenory pointers. F2. APPLI CATI ON
PROGRAM | NTERFACE A device driver is defined in the system configuration
files and is automatically initialized,gas the systemstarts. An
application then opens the device driver as a pseudo device to obtain its
| abel , then uses the interface _

needs to write out of a buffer for a stream, the buffer is

already filled  with data. In addition, there is a
 scheduler ‘function 104 that schedules both the input and
output operations for the streams. This function is used
by both the input and output threads 100 and 102.

Each thread works off a queue of requests. The regquest
queue 106 for the output thread 102 contains requests that
identify the stream and that points to an associated buffer
that needs to be emptied. These requests are arranged in
order by a time at which they need to be written to the
video output interface. When the output thread 102 empties
a buffer, it marks it as empty and invokes the scheduler
function 104 to queue the request in an input queue 108 for
the stream to the input thread (for the buffer to be
filled). The queue 108 for the Input thread 100 is also
arranged in order by a time at which buffers need to be

filled.

Input thread 100 also works off the request gueue 108
arranged by request time. Its task %s to £ill the buffer
from a storage node 16. For each requést iﬁ its queue, the
input thread 100 takes the following actions. The input
thread 100 determines the storage node 16 that has the next
segment of data for the stream (the data for a video stream
is preferably striped across a number of storage nodes) .
The: input thread-loo then sends a request to the determined
storage node (using messages through switch 12) requesting
data for the stream, and then waits for the data to arrive.

This protocol ensures that only one storage node 16 will be
sending data to a particular communications node 14 at any
time, i.e., it removes the conflict that may arise if the
storage nodes were to send data asynchronously to a
communications node 14. Wwhen the requested data is
received from the storage node 16, the input thread 100
marks the buffer as full and invokes the scheduler 104 to

This is the replacement _7.°
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to pass the commands and paraneters. The supported conmmands are
Al | ocate Menory and Deal | ocate Menory, the paraneters are nenory size

pointers to the logical nmenory addresses. These addresses are set by the

devi ce driver

once the physical block of nenory has been all ocated and

physi cal address is converted to | ogical addresses. A null is returned

the all ocation
woul d use this

fails. Fig. 15 shows a typjgal set of applications that
procedure. Buffer 1 is requested by a 32-bit

application for data that is nodified and then placed into buffer 2.
buf fer can thebuféedi aeceyestmnihasest ot bhieasifetmts apyttd cattie)n tusithg a
segnent ed addr @a%pull th¥eda PIYSitAlend@y €ReSHGRras. @ fixed disk drive. By

using this al

ocation schene to preall 0cate the fixed, physical, and

and

t he
i f

Thi s

contiguous buffers, each application is enabled to use it's native direct

addressing to

&c8esSSTORAGEINQDER26M nat i ng

The structure of the storage node 16 for data flow to
support the playing of a stream is depicted in Fig. 4. The
storage node 16 has a pool of buffers that contain video
data. It has an input thread 110 for each of the logical
disk drives and an output thread 112 that writes data out
to the communications nodes 14 via the switch matrix 12.
It also has a scheduler function 114 that is used by the
input and output threads 110, 112 to schedule operations.
It also has a message thread 116 that processes reguests

from communications nodes 14 requesting data.

When a messége is received from a communications node 14
requesting data, the meséage thread 116 will normally find
the requested data already buffered, and queues. the request
(gqueue 118) to the output thread. The requests are gueued
in time order. The output thread 112 will empty the buffer
and add it to the list of free buffers. Each of the input
threads 110 have their own request queues: For each of the
active streams that have video data on the associated disk
drive, a queue 120 ordered by request time (based on the
data rate, level of striping, etc.) to fill the next buffer
is maintained. The thread takes the first request in
queue 120, associates a free buffer with it and issues an
I/0 request to £ill the buffer with the data from the disk
drive. When the buffer is filled, it is added to the list
of full buffers. This is the list that is checked by the
message thread 116 when the request for data for the stream
is received. When a message for data is received from a
communication node 14 and the required buffer is not full,

it is considered to be a missed deadline.

Ti's Is the reptaqoment
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the address translation and dynam c nenory all ocation del ays. A vi deo
application may use this approach to mnimze data novenent by placing the
digital video data in the buffer directly from the physical disk,
then transferring it directly to the output device without noving it
several tines in the process. [err] 57 G DI SK DRI VE OPTI M ZED FOR

VI DEO APPLI CATIONS It is inporatant that video streans be delivered to
their destination isochronously, that is % t hout del ays that can be

percei ved by the human eye as discontinuities in novenent or by the ear as

interruptions ic}, soypsr-fNUFAH scHEDULING
A just-in—éime scheduling technique is used in both the
communications nodes 14 and the storage nodes 16. The

technique employs the following parameters:

bc = buffer size at the communications node 14;

bs = buffer size at the storage node 16;

x = video stream data rate;

n = number of stfipes of video containing the
data for the video stream;

sr = stripe data rate; and

sr = r/n.

The algorithm used is as follows:

(1)‘ sfc = frequency of requests at the communications node
for a stream = r/bc; and
(2) dfc = frequency of d&isk read requests at.the Storage
Node = sr/bs.

The "striping" of video data is described in detail below

in section H.

The requests are scheduled at a fregquency determined by the
expréssions given above, and are scheduled so that they
complete in advance of when the data is needed. This is’
accomplished by "priming" the data pipe with data at the
start of playing a video stream.

Calculations of sfc and ‘dfc are made at connect time, in
both the communication node 14 playing the stream and the
storage nodes 16 containing the video data. The frequency
(or its inverse, the interval) is used in scheduling input
from disk in the storage node 16 (see Fig. 4) and in
scheduling the output to the port (and input from the
storage nodes) in the communication node 14 (see Fig. 3).

This is the rcplamme_nt P
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di sk technol ogy may involve periodic action, such as perform ng predictive
failure analysis that may cause significant delays in data access.
While nost [1/O operations conplete within 100 ns, periodic delays of 100
ms are common and del ays of three full seconds can occur. The nedia
streanmer 10 nust al so be capable of efficiently sustaining high data
transfer rates. A disk drive configured for general purpose data
storage and retrieval will suffer i neffici*éncies in the use of menory, disk
buffers, SCSI bus and di sk capacity if not optimzed for the video server

application. |ngageeordafcer Wil hnanifsPehe®hy fhie: i nvention, disk drives
enpl oyed herewith are tailored for the role of snooth and tinely delivery

of large anmounts of data by opti-mizing disk paraneters. The paraneters may
be i ncorporat edPlay & tsttereamnat axziombidis/diesk (2150 yes0 Ipcmesyidsezed foomva deo

servers, video striped on four storage nodes. Also assume that the
buffer size at the communication node is 50,000 bytes and
the buffer size at the disk node is 250,000 bytes. Also,
assume that the data is striped in segments of 250,000
bytes/sec.

The values for the various parameters in the Just-In-Time

~algorithm are as follows:

bc = 250,00 bytes (buffer size at the communication

node 14);

bs = 250,000 bytes (buffer size at the storage node)
16: .

r = 250,000 bytes/sec (stream data rate):;

n = 4 (number of stripes that video for the streanm

is .striped over): .
sr = r/n = 6250 bytes/sec. or 250,000/4 sec., i.e.
250,000 bytes every four seconds;

sfc = r/bc = 1/sec, (frequency'of réquests at the
communication node 14); and
dfc = f/bs = 1/sec. (freguency of reéuests at the

.storage node 16).

The' communication node 14 responsible for playing the
stream will schedule input and output requests at the
frequency of 1/sec. or at intervals of 1.0 seconds.
Assuming that the communication node 14 has two buffers
dedicated for the stream, the communication node 14 ensures
that it has both buffers filled before it starts outputting

the video stream.

At connect time the communication node 14 will have sent
messages to all four storage nodes 16 containing a stripe
of the video data. The first two of the storage nodes will

This Is the replacement _..-
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or they may be variabl es that can be set through a conmand mechani sm
Paranmeters controlling periodic actions are set to mnimze or elimnate
del ays. Paraneters affecting buffer usage are set to allow for transfer of
very large anobunts of data in a single read or wite operation.

Paraneters affecting speed matchi ng between a SCSI bus and a processor bus
are tuned so that data transfer starts ngsther too soon nor too late. The
disk nedia jtself is formatted with a sector size that nmaxim zes effective

capacity and band-wi dth. To acconplish optim zation: This is the
repl acenent shegticipaté the requests for the first segment from the

stripes and will schedule disk requests to f£fill the
buffers. The communication node 14 will schedule input
requests (see Fig. 3) to read the first two segments into
two buffers, each of size 250,000 bytes. When a play
request comes, the communication node 14 will first insure
that the two buffers are full, and then informs all storage
nodes 16 that play is about to commence. It then starts
playing the stream. When the first buffer has been output
(which at 2 Mbits/sec. (or 250,000 bytes/sec.) will take
one second), the communication node 14 requests data from
a storage node 16. The communication node 14 then requests
data from each of the storade nodes, in sequence, at
intervals of one second, i.e. it will request data from a
specific storage node at intervals of four seconds. It
always requests 250,000 bytes of data at a time. The
calculations for the frequency at which a communication
node requests data from the storage nodes 16 is done by the

communication node 14 at .connect time. .

The storage nodes 16 anticipate the requests for the stream
data as follows. The storage node'ls.contalning stripe 3
(see section H below) can expect a regquest for the next
250,000 byte segment one second after the play has
commenced, and every four seconds thereafter. The storage
node 16 containing stripe 4 can expect a reguest two
. secands after the play has commenced and every four seconds
thereafter. The storage node 16 containing stripe 2 can
expect a request four seconds after play has commenced and
four seconds thereafter. That is, each storage node 16
schedules the input from disk at a frequency of 250,000
bytes every four seconds from some starting time (as
described above). The scheduling is accomplished in the
storage node 16 after receipt of the play command and after
a buffer for the stream has been output. The calculation
of the request frequency is done at the time the connect

request is received.
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58 The physical disk nmedia is formatted wth a maxi mrum al | owabl e physi cal
sector size. This formatting option mnimzes the anount of space wasted
i n gaps between sectors, maxim zes device capacity, and maxi m zes the burst
data rate. A preferred inplenentation is 744 byte sectors. Disks nmay have
an associ ated buffer. This buffer is used for reading data fromthe disk
medi a asynchronously from avail ability of 3she bus for the transfer of the
data. Likewi se the buffer is used to hold data arriving fromthe bus
asynchronously fromthe transfer of that data to the disk nedia. The

buf fer may be dfvi P15 P TihHfetoorseediffesentidPrREeRuRbReS |at the
control | ed by acqananietatrionl fnédeer @4arsnd oeheanytoegfEnhsdecardl Myrde t 00

small to hold tgﬁa nt. f T S ' ' I .r.an . en the
buffer is full, t g gévigg ﬁgg%gfn%??iﬁ%?ﬁgggﬁ%@@@?@ﬁStagﬁ ELSL 1}Mhay
be 50,000 bytes and the buffer size at the storage node 16

may be 250,000 bytes. In this case, the frequency of
requests at the communication node 14 will be
(250,000/50,000) 5/sec. or every 0.2 seconds, while the
frequency at the storage node 16 will remain at 1/sec. The
communication node 14 reads the first two buffers (100,000
bytes) from the storage node containing the first stripe
(note that the segﬁent size is 250,000 bytes and the
storage node 16 containing the first segment will schedule
the input from disk at connect time). When play commences,
the communication node 14 informs the storage nodes 16 of
same and outputs the £first buffer. When the buffer
empties, the communication node 14 schedules the next
input. The buffers will empty every 0.2 seconds and the
communication node 14 requests input from the storage nodes
16 at that frequency, and.also schedules output at the same

frequency.

In this example, storage nodes 16 Ean anticipate five
regquests to arrive at intervals of 0.2 seconds (except for
the first segment where 100,000 bytes have' been already
read, so initially three request will come after
commencement of play every four seconds, i.e., the next
sequence of five requests (each for 50,000 bytes) will
arrive four seconds after the last request of the previous
sequence). Since, the buffer size at the storage node is
256,000 bytes, the storage nodes 16 will schedule the input
from disk evgry four seconds (just as in the example

above).
C.5. DETAILS OF A PLAY ACTION

The following steps trace the control and data flow for the
playing action of a stream. The steps are depicted in

This Is the replacement s7iss+
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and begin transfer; if the bus/device is not available at this tinme, a

rotational delay will ensue. In the preferred inplenentation, this value
is set so that any buffer segnent is at |least as large as the data transfer
size, e.g., set to one. As a buffer segnent begins to fill on a read, the

disk attenpts to reconnect to the bus to effect a data transfer to the
host. The point in tine that the disk attenpts this reconnection affects
the efficiency of bus utilization. The rlPati ve speeds of the bus and the
di sk determne the best point in time during the fill operation to begin

data transfer £9qife Q8L sbikeWh 35 dUiiaGo Wdd §1QRET abhONSheddG RUES €

will fill as data arrives fromthe host and, at a Certain point in the fil
process, the dFYR®sHAAT, attenpt a reconnection to the bus. Accurate speed
mat ching results in fewer disconnect/resel ect cycles on the SCSI bus

1. The user invokes a command to setup a'port with a
specific video that has been previously loaded. The
request is sent to the control node 18.

2. A thread in the control node 18 receives the request
and a VS~CONNECT function.

3. The control node thread opens a catalog entry for the
video, and sets up a memory descriptor for the video

with the striped file information.  :: ooy

Lowt

4. The control node 18 allocates a communication node 14
and an output port on that node for the reguest.

5. Then control node 18 sends a message to the allocated

communication node Y4. _ .

6. A thread in the communication node 14 receives the

message from the control node 18.

7. The communication node thread sends an open request to

the storage node 16 containing the stripe files.

8,9 A thread in each storage node 16 that the open request
is sent to receive the request and opens the requested
stripe file and allocate any needed resources, as well
as scheduling input from disk (if the stripe file

contains the first few segments).

10. The storage node thread sends a response back to the
communication node 14 with the handle (identifier) for

the stripe file.

-

11. The thread in the communication node 14 waits on

lThl!s, Is the r;ptaq_oma’nt -
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with resulting higher maxi mumthroughput. The parameters that contro

when the reconnection is attenpted are called "read buffer full ratio”
and "write This is the replacenent sheet [err] 59 buffer enpty ratio".
For video data, the preferred algorithm for <calculating these ratios
in 256 x (Instantaneous SCSI Data Transfer Rate - Sustainable D sk Data
Transfer Rate) / Instantaneous SCSI Data Transfer Rate. Presently
preferred values for buffer-full and buPfer-enpty ratios are approximtely"
204. Sone disk drive designs require periodic recalibration of

responses from all of the storage nodes involved and
on receiving successful responses allocates resources
for the stream, including setting up the output port.

12. The communication node 14 then schedules input to

prime the video data pipeline.

* 13. The communication node 14 then sends a'response back

to the control node 18.

14. The control node thread on receipt of a successful
response from the communication node 14 returns a
handle for the stream to the user be used in
subsequent requests related to this instance of the

stream.

The following are the steps in time order for the actions
that are taken on receipt of the play request after a video
stream has been successfully set up. The. steps are

depicted in Fig. 6.

1. The user invokes the play command.

2. A thread in the control node 18 receives the request.
3. The thread in the control node 18 verifies that the

request is for a stream that is set up, and then sends
a play réquest to the allocated communication node 14.

4. A thread in the communication node 14 receives the

play request.

5. The communication node 14 sends the play request to
all of the involved storage nodes 16 so that they can
schedule their own operations in anticipation of
subsequent requests for this stream. .An "involved"

storage node is one that stores at least one stripe of

This is the replacement sheet
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head position with changes in tenperature. Sonme of these disk drive types
further allow control over whether thermal conpensation is done for al
heads in an assenbly at the same tine, or whether thermal conpensation is
done one head at a tine. If all heads are done at once, del ays of
hundreds of mlliseconds during a read operation for video data nmay ensue.
Longer delays in read tines results in the need for |larger main nenory
buffers to smooth data flow and prevent aifacts in the nultinmedia
present ati on. The preferred approach is to programthe Therna

Conpensati on Head ntral, function, to.allow conpensati on of one head at a
time. The saving cé%hﬁ'P&Pefosgegﬁat?ﬁéoﬁe?g%?%%% & of predictive failure

anal ysis can take several seconds to conplete. These del ays cannot be
tol erated by vé deo seryehaaipldachl i RPS1Ved AR Yokl 96 FERidY VERRRY

ffer ..
buffers to request and sets up schedules for servicing future
requests for the stream. Each involved storage node

16 sends a response back to the communication node 14.

7. The communication node thread ensures that the
pipeline is primed (preloaded with video data) and
enables the stream for output.

8. The communication node 14 then sends a response back

to the control node 18.

9. The control node 18 sends a response back to the user

that the stream is playing.

The input and output threads continue to deliver the video
presentation - to the spetified port until a. stop/pause
command is received or the video completes.

D. USER AND APPLICATION INTERFACES TO MEDIAR STREAMER

Media streamer 10 is a passive server, which éérforms video
server operations when it receives control commands from an
external control system. Figure 7 shows a system
configuration for media streamer 10 applications and
illustrates the interfaces present in the system.

Media streamer 10 provides two levels of interfaces for
users and application programs to control its operations:

a user interface ((A) in Fig. 7); and
an application program interface ((B) in Fig. 7).

Both levels of interface are provided on client control

This is the replacement sheet
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snoot h over the delays and prevent artifacts in the nultinedia

presentati on. Limt |Idle Tine Function paranmeters can be used to
inhibit the saving of error logs and performing idle tinme functions.
The preferred inplenentation sets a paraneter to limt these functions. H
DATA STRI PI NG FOR VI DEO DATA In video applications, there is a need to
deliver nultiple streans from the I?% data (e.g., a novie). Thi s
requirenent translates to a need to read data at a high data rate; that is,
a data rate needed for delivering one This is the replacenent sheet [err]

€ systems, which communicate with the media streamer 10
through a remote. procedure call (RPC) mechanism. By
providing the interfaces on the client control systems,
instead of on the media streamer 10, the separation of
application software from media streamer 10 is achieved.
This facilitates upgrading or replacing the media streamer
10, since it does not require changiné or replacing the
application software on the client control system.

D1l. USER COMMUNICATIONS
Media streamer 10 provides two types of user interfaces:

a command line interface; and
a graphical user interface.

Dil.1l. COMMAND LINE INTERFACE

The command line interface displays a prompt .on the user
console or interface (65,66 of Fig. 1) After the command
prompt, the user ehters a command, startlng w1th a command
keyword followed by parameters. After the command is
executed, 'the interface dlsplays a prompt agaln and waits
for the next command input. The media streamer command
line interface is especially suitable for the following two

types of operations:

Batch Control: Batch control involves starting execution of
a command script that contains a series of video control
commands. For example, in the broadcast industry, a
command scrlpt can be prepared in advance to include pre-
recorded, scheduled programs for an extended period of
time. At the scheduled start time, the command script is
executed by a 51ngle batch command to start broadcasting

without further operator intervention.

Automatic Control: Automatic control involves executing a

This is the replacement sheet
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streammultiplied by the nunber of streans sinultaneously accessing the
sane data. Conventionally, this problemwas generally sol ved by having

mul tiple copies of the data and thus resulted in additional expense. The
medi a streanmer 10 of this invention uses a technique for serving many
simul taneous strens froma single copy of the data. The technique takes
into account the data rate for an individwal stream and the nunber of
streans that may be sinmultaneously accessing the data. The above-nenti oned
data striping involves the concept of a logical file whose data is
partitioned tdisdsio® Ffampends pgeneraeedohposernrpgnss | vel spdapespléiach

stripe is all wztﬁlgxsﬁérémcﬁu ﬁlb&&grmeme&k 190! UF@yr é)&ﬁr Ay, al Aﬁv! ng the
|l ogical file to span _rnul- The, di sk be ei ther | ocal

or remote. WWETHE Fa¥a P |§ E Qﬁgﬁﬁl?%ﬁ FBEP chipe P 13 tygamer 10

every day. An application control program that manages the
new materials can generate media streamer commands (for
example, Load, Delete, Unload) to update the media streamer
10 with the new materials. The generated commands may be
piped to the command line interface for execution.

Di.2. GRAPHICAL USER INTERFACE

Fig. 8 is an example of the.media streamer graphical user
interface. The interface resembles the control panel of a
video cassette recorder, which has control buttons such as
Play, Pause, Rewind, and Stop. In addition, it also
provides selection panels when an opefation involves a
selection by the user (for example, load requires the user
to select a video presentation to be loaded.) The
graphical user interfaceris especially useful for direct

user interactions.

A "Batch! button 130 and an ”Import/Export"‘button 132 are
included in the graphical user interface.’ Their functions

are described below.

D2. USER FUNCTIONS
Media streamer 10 provides three general types of user

functions:
Import/Export:
VCR~1like play controls: and
Advanced user controls.

D2.1. IMPORT/EXPORT

Import/Export functions are used to move video data into

S
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separated into logical lengths (i.e. segnents) that are placed sequentially
into the stripes. As depicted in Fig. 16, a logical file for a video, video
1, is segnented into M segnents or bl ocks each of a specific size, e.g. 256
KB. The | ast segnent may only be partially filled with data. A segnent of
data is placed in the first stripe, followed by a next segnent that is

pl aced in the second stripe, etc. Wien a segnent has been witten to each
of the stripes, the next segnent is witt#@en to the first stripe. Thus, if a
file is being striped into N stripes, then stripe 1 will contain the

segnents 1, N+, 2*N+l, etc., and stripe 2 will contain the segnents 2,
N+2, 2*N+2. etdd Oy &b Wie mediEnistzeaderi pPng YheRapaviderndfnmevede used

in data proc_esmtng_rmlﬁ ag t PRI NL 5, (mﬁ;eduet)t hﬁrwrﬂ@éecmieﬁﬁrbaheﬁols to
assure data i negiddy b 68368 oF 2hel 91485 uaraSYE N JuEE R ALY 29 PY ST oM
or a device of the client control system. The target of
the video data is specified with a unique name within media
streamer 10. When a video is moved out of media streamer
10 (Export) to the client control system, the source of the
video data is specified by its name within media streamer
10, and the target of the video data is specified as a file
or a device of the client control system.

In the Import/Export cétegory'of user functions, mnedia
streamer 10 also provides a "deléte" function to remove a
video and a "get attributes" function to obtain information
about stored.videos (sucg-as name, data rate).
To invoke Import/Export functions through the graphical
user interface, the user clicks on the "Import/Export” soft
button 132 (Fig. 8). This brings up a new panel (not
shown) that contains "Import", "Export", "Delete", Y“Get
Attribute" buttons to invoke the individual functions.

D2.2. VCR~LIXE PLAY CONTROLS

Media streamer 10 provides a set of VCR~-like play controls.
The media streamer graphical user interface in Fig. 8 shows
that fhe following'functions are avallable: Load, Eject,
Play, Slow,. Pause, Stop, Rewind, Fast Forward and Mute.
These functions are -activated by clicking on the
corresponding soft buttons dn the graphical user interface.
The media streamer command line interface provides a

similar set of functions:

Setup -~ sets up a video for a specific output port.

Analogous to loading a video cassette into a VCR.

Play - initiates playing a video that has been set up or

g the repi@ oﬁment sisTt
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storage of parity data that is used when data recovery is required. The

di sk storage nodes 16 of the nedia streaner [err] 61 10 are organi zed as
a RAIDlike structure, but parity data is not required. (as a copy of the
video data is available froma tape store). Fig. 17 illustrates a first

| mportant aspect of this data arrangenent, i. e., ‘the separation of

each vi deo presentation into data bl ocks or segnents that are spread
across the available disk drives to enable each video presentation to be
accessed simultaneously frommultiple drlives without requiring nulitple
copi es. Thus, the o

resumes playing a video that has been paused.

Pause - pauses playing a video.
Detach - analogous to ejecting a video cassette from a VCR.

Status -~ displays the status of ports, such as which video
is playing, elapsed playing time, etc.

D2.3. ADVANCED USER CONTROLS

In order to support specific application requirements, such
as the broadcasting industry, the present invention

provides several advanced user controls:

Play list ~ set up multiple videos and their sequence to be

played on a port
Play length ~,limit the time a video will be played

Batch operation ~ perform a list of operations stored in a

-

command file.

The Play list and Play length controls are accomplished
with a "Load" button 134 on the graphical user interface.
Each;"éetup" command will specify a video to be added to
the Play list for a specific port. It also specifies a
time limit that the video will be played; Fig. 9 shows the
panel which appears in response to clicking on the "load"
soft button 134 on the graphical user interface to select
a video to be added to the play list and to specify the

time limit for playing the video. When the user clicks on
a file name in the "Files" box 136, the name is entered
into "File Mame” box 138. When the user clicks on the

"Add" button 140, the file name in “File Name" box 138 is
appended to the "Play List" box 142 with its time limit and
displays the current play list (with time limit of each

This is the replacement sheet
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concept is one of striping, not for data integrity reasons or perfornmaance
reasons, per se, but for concurrency or bandw dth reasons. Thus, the nedi a
stream 10 stripes video presentation by play segnents, rather than by byte
bl ock, etc. As is shown in Fig. 17, where a video data file 1 is segnmented
into Msegnments and split into four stripes, stripe 1 is a file containing
segnents 1, 5,. 9, etc. of video file 1; stripe 2 is a file contai ning
segnents 2, 6, 10, etc., of video file ]1zstripe 3is afile containing
segnents 3, 7, 11, etc. of the video file and stripe 4 is a file containing

the segnents ¢j48o I tfd Grayofijvikgeo file 1, until all Msegments of video
file 1 are contained in one of the four stripe files. Gven the described

striping strategy, paraneters are conputed as follows to custom ze the
striping of eBd batch operation is accomplished by using a "Batch” soft

button 130 on the graphical user interface (see Fig. 8).

When the "Batch" button 130 is activated, a batch selection
panel is displayed for the user to select or enter the
command file name (see Fig. 10). Pressing an "Execute”
button 144 on the batch selection panel starts the
execution of the commands in the selected command file.
Fig. 10 is an example of the "Batch" and "Execute"
operation on the graphical user interface. For example,
the user has first created a command script in a file
“batch2" in the c:/batchcmd directory. The user then
clicks on "Batch” button 130 on the graphical user
interface shown in Fig. 8 to bring up the Batch Selection
panel. NMext, the user clicks on ‘'c:/batchcmd" in
"Directory" box 146 of the Batch Selection panel. This
results in the display of-“a list of files in "Files" box
148. Clicking on the "batch2" line in "Files" box 148
enters it into the "File MName" box 150. Finaliy, the user
clicks on the "Eiecute“ button 144 to executé in seguence
the commands stored in the "batch2™ file.f

D3. APPLICATION PROGRAM INTERFACE

Media streamer 10'pfovides the above-mentioned Application
Program Interface (API) so that application control
programs can interact with media streamer 10 and control

its operations (reference may be made again to Fig. 7).

The API consists of remote procedure call (RPC)-based
procedures. Application control programs invoke the API
functions by making procedure calls. The parameters of the
" procedure call specify the functions to be performed. The
application control programs invoke the API functions
without regarding the logical and physical location of

““Thig is the replacement _~
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I ndi vidual video. First, the segnment size is selected so as to obtain a
reasonably effective data rate fromthe disk. However, it cannot be so
| arge as to adversely affect the |atency. Further it should be small enough
to buffer/cache in nenory. A preferred segnent size is 256KB, and is
constant for video presentations of data rates in ranges from 128KB/sec. to
512KB/sec. If the video data rate is highgr, This is the replacenment sheet
[err] 62 then it nmay be preferable to use a | arger segnment size. The
segnent size depends on the basic unit of 1/0O operation

media streamer 10. The identity of a media streamer 10 to

provide the video services is established at either the
client control system startup time or, optionally, at the
application control program linitiation time. Once the
identity of media streamer 10 1s established, the procedure
calls are directed to the correct medla streamer 10 for

servicing.

Except as indicated below, ApP! functlons are processed
synchronously, i.e., once a functlon call ls returned to
the caller, the function is completed and no additional
processing at media streamer 10 is needed. By configufing'
the API functions as synchronous operétions, additional
processing overheads for context switching, asynchronous
signalling and feedbacks are avoided. This‘performance is
important in video server applications due to the stringent

real-time requirements.

The processing of API functions is performed in the order
that requests are received. This ensures that - user
operations are processed in the co;rect order. For
example, a video must be connected (setdp) before it can be
played. Another example is that switching the order of a
"Play" reques£ followed by a "Pause™” reqhest’Will have a

completely different result to the user.

A VS-PLAY function initiates the playing of the video and
returns the cohtrol to the caller immediately (without
waiting until the completion of the video play). The
rationale for this architecture is that since the time for
playing a video is typically long (minutes to hours) and
unpredictable (there may be pause or stop commands), by
making the VS-PLAY function asynchronous; it frees up the
resources that wduld otherwise be allocated for an

unpredictably, long period of time.

At completion of video play, media streamer 10 generates
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for the range of video presentations stored on the sane nedi a. The
principle enployed is to use a segnent size that contains approximtely 0.5
to 2 seconds of video data. Next, the nunber of stripes, i.e. the nunber of
di sks over which video data is distributed, is determ ned. Thi s nunber
must be | arge enough to sustain the total data rate required and is
conputed individually for each video, prggentation based on an antici pated
usage rate. More specifically, each disk has a | ogical volune associated
with it. Each video presentation is divided into conponent files, as many
conponent s asahhasymctinsnafs shlilpes aesdethn/fracit addpesenspéti eidds b5t ored

o 8 ek LAl Kook L6 Yade Gelg Lo i,

support ed froﬁ?f‘ﬁémsar?é”%r@é‘o 0§t drheed vadegaycampkeieini PHFéitvaI sTh&. t ot al

data rate of aystempport 2adlBeseCis Sspecified by the application control
program when it calls the API VS-CONNECT function to
connect the video. It should be noted that the callback
system/port address for VS-PLAY 1is specified at the
individual video level. That means the application control
programs have the freedom of directing video completion
messages to any conlrol point. For example, one
application may desire the use of one central system/port
to proceass the video completion mennagen for many or all of
the client control systems. In another application,
several diffefent system/port addresses may be employed to
process the video completion messages for one client

control system.

With the API architecture, media streamer 10 is enabled to
support multiple concurrent client control systems with
heterogeneous hardware and software platforms, with
efficient processing of both synchronogs and asynchronous
types of operations, while ensuring the correct seguencing
of the operation requests._ For example, the media streamer
10 may use an IBM 0S/2 operating system rhnnihg on a PS/2
system, while a client control system may use an IBM AIX
operating system running on an RS/6000 system (IBM, 0S/2,
PS/2,' ‘AIX, and RS/6000 are all trademarks of- the
International Business Machines Corporation).

D4. CLIENT/MEDIA STREAMER COMMUNICATIONS

Communications between a client control system and the
media streamer 10 is accomplished through, by example, a
known type of Remote Procedure Call (RPC) facility. Fig.
" 11 shows the RPC struéture for the communications between
a client control system 11 and the media streamer 10. In
calling media streamer functions, the client control system

This-is tha replacement st
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obt ai ned.

3 stripes are required for the video presentation.
whi ch data can be read froma disk is influenced by the size of the read
if -data is read fromthe disk in 4KB bl ocks (from
the effective data rate may be 1MB/ sec.
whereas if the data is read in 256KB bIocks the rate may be 3 MB/ sec.
if data is read in very |arge 4Bl ocks, the menory required
al so increases and the | atency,

oper ati on.

However,
buffers

For exanpl e,
random posi tions on the disk),

If a disk drive can support on the average 3 MB/sec., at
The effective rate at

t he delay in using the data read,

al so increases bﬁﬁ@a%ntsh%sor&w atR'p‘&”c'ifi‘EnEOaF\B”'Eh@t fReBgGO @r&%ﬁegaﬁ‘ can be

accessed. Hence there is a In sel ectln a Sl ze

A size is sel®tdoBssad BHetﬁEccﬁ%?‘é%’f'er|"'§"'(11505150f1“PH€a&§9| gEs (Ahdifhe

at a

menory confi iat nan. edwesmblfcr bheasyachobndle flater ifargndfer, vs-

PLAY, its completion causes media streamer 10 to generate
a call to the client control system 11. 1In this case, the
client control system 11 functions as the RPC server, while
media streamer 10 is the RPC client. This is indicated at

(B) in Fig. 11.
D4.1. CLIENT CONTROL SYSTEM 11

In the client control system 11, the user command line
interface is comprised of three internal parallel processes
(threads). A [lrst procenn pnrson a unor.command linn
input and performs the roquented operation by invoking the
API functiona, which result in RPC calls to the media
pheanmar 10 ((A) in Fleura fI). This procesr also keeps
track of the status of videos being set up and played for
varloua oultpubt portn. A nndond procenn pariodically checks
the elapsed playing time of cach video against their
specificd time llmit. If n vidoo hagp ronghnd its timae
limit, the video is stopped and disconnected and the next
video in the walt queue (if any) for the same output port
is started. A third process in the client control system
11 functions. as an RPC server to receive the VS-PLAY
asYnchronous termination notification from the media

streamer 10 ((B)in Fig. 1l1).
D4.2 MEDIA STREAMER 10

During startup of media streamer 10, two parallel processes
(threads) are invoked in order to support the RPCs between
the client control system(s) 11 and media streamer 10. A
first process functions as an RPC server for the API

" function calls coming from the client control system 11

((A) in Fig. 11). The first process receives.the RPC calls

and dispatches the appropriate procedures to, perform the
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I's the sel ected segnent size. For a given segnent size the This is the
repl acenment sheet [err] 63 effective data rate froma device is
det er m ned. For exanple, for some disk drives, a 256KB segnent size
provi des a good bal ance for the effective use of the disk drives (effective
data rate of 3 MB/sec.) and buffer size (256 KB). If striping is not used,
t he maxi mum nunber of streans that can bg supported is limted by the
effective data rate of the disk, e.g. if ?he effective data rate is 3MB/s
and a streamdata rate is 200KB/s, then no nore than 15 streans

requested functions (such as VS-CONNECT, VS~PLAY, VS-

DISCONNECT). -A secopd process functions as an RPC client
for calling the appropriate client control system addresses
to notify the - application control programs with
asynchronous termination events. The process blocks itself
waiting on an internal pipe, which is written by other
processes that handle the playing of videos. When the
latter reaches the end of a video or an abnormal
termination condition, it writes a message to the pipe.
The blocked process reads the message and makes an RPC call
((B) in Fig. 11 to the appropriate client control system 11
port address so that the client control system can updaie

its status and take actions accordingly.

E. MEDIA STREAMER MEMORY ORGANIZATION AND OPTIMIZATION
FOR VIDEO DELIVERY

An aspect of this invention provides integrated mechanisms
for tailoring .cache management and related I/O.operations
to the video delivery environment. This aspect of the
invention is now described in detail.

El. ©PRIOR 'ART CACHE MANAGEMENT
Prior art mechanisms for cache management are-built into
cache controllers and the file subsystems of operating
systéms} They are designed for general purpose use, and
are not specialized to meet the needs of video delivery.

Fig. 12 illustrates one possible way in which a
conventional cache management mechanism may be configured
for video delivery. This technique employs a video split
between two disk files 160, 162 (bécause it is too large
for one file), and a processor containing a file system
164, a media server 168, and a video driver 170. Also
illustrated are two video adapter ports 172, 174 for two
video streams. Also illustrated is the data flow to read

This is the replacement <1.2_
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can be supplied fromthe disk. If, for instance, 60 streans of the sane
video are needed then the data has to be duplicated on 4 disks. However, if
striping is used in accordance with this invention, 4 disks of 1/4 the
capacity can be used. Fifteen streanms can be sinultaneously played from
each of the 4 stripes for a total of 60 sinultaneous streans froma single
copy of the video data. The start tines the streans are skewed to ensure
that the requests for the 60 streans are ‘evenly spaced anong the stripes.
Note also that if the streans are started close to each other, the need for

|/ O can be re;duceqmbmuswngnmde@,dataurlnhatnté %Qh\eokcoT#}ﬁ;éﬁunmi QB
stripes for a ven video Is. eg % Qé V\f)rs ctors t he f| % t he
maxi mum nunbet ?e%‘{ern Yﬁé atlhe 8 “Be“Bubp JEOERYPOT het 2rof’h“ he
vi deo and t healbshdihel datheflan dlo mestlethefsane smppentagndeedite ieto

a second video port 174. Fig. 12 is used to illustrate

problems incurred by the prior art which are addressed and
overcome by the media streamer 10 of this invention.

Description of steps Al-Al2 in Fig. 12.

Al. Media server 168 calls file system 166 to read segment
Sk into a buffer in video driver 170.

A2. File system 166 reads a part of Sk into a cache buffer
in file system 166.

A3. File system 166 copies the cache buffer into a buffer
in videc driver 170.

/

Steps A2 and A3 are repeated multiple times.

A4. File system 166 calls video driver 170 to write Sk to
video port 1 (176). '

A5. Video driver 170 copies part of Sk to a buffer in
video driver 170.

A6. Video driver 170 writes the buffer to video port 1
(1786) .

Steps AS and A6 are repeated multiple times.
Steps A7-3Al12 function in a similar manner, except that port
1 is changed to port 2. If a part of Sk is in the cache in

" file system 166 when needed for port 2, then step A8 may be
skipped. '

This Is the replacement -
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supplied at any time fromall the videos stored on the sane disks as the

vi deo. The nunber of stripes (s) for a video is determned as follows: s =
maxi mum (r*n/d, r*md), where: r = nonmnal data rate at which the streamis
to be played; n = maxi mum nunber of simultaneous strneans fromthis video
This is the replacenent sheet [err] 64 presentation at the nom nal rate:
d = effective data rate froma disk 4

As can be realized, video delivery involves massive amounts
of data being transferred over multiple data streams. The
overall usage pattern fits neither of the two traditional
patterns used to optimize caching; random and’ sequential.
If the random option is selected, most cache buffers will
probably contain data from video segments which have been
recently read, but will have no video stream in line to
read them before they have expired. If the sequential
option is chosen, the most recently used cache buffers are
re~-used first, so there is even less chance of finding the
needed segment part in the file system cache. As was
described previously, an important element of video
delivery is that the data stream be delivered
isochronously, that is without breaks and interruptions
that a viewer or user would find objectionable. Prior art
caching mechanisms, as Jjust shown, cannot ensure the

isochronous delivery of a video data stream to a user.
Additional praqblems illustrated by Fig. 12 are:

a. Disk and video port I/0 is done in relatively small
segments to satisfy general file systemlrequifements. This
requires more processing time, disk seek oVerhead, and bus
overhead than would be required by video sSegment size

segments.

b. The processing time to copy data between the file
system cache buffers and media server buffers, and between
media server buffers and video driver buffers, is an
undesirable overhead that it would be desirable to

eliminate.

c. Using two video buffers (i.e. 172, 174) to contain
copies of the same video. segment at the same time is an
inefficient use of main memory. There is even more waste
when the same data is stored in the file system cache and
also in the video driver buffers.

—he o
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(Note that the effective data rate fromdisk is influenced by the segnent
size); m = maxi num nunber of sinultaneous streans at nomnal rate from al
di sks that contains any part of this video; presentation; and s = nunber
of stripes for a video presentation. The nunber of disks over which data
for a video presentation is striped are nmanaged as a-set, and can be

t hought of as a very large physical disk#2Striping allows a video file to
exceed the size limt of the Iargest file that a systenis physical file
systemw || allow _The vi qgwgeneral not always require the

same amount off3st of ZJECS ﬂpgf*I%$ReQﬂ HANAGEYE §5t To bal ance the usage

of the disk, when a video is striped, the striping is begun fromthe disk

that has the mRst.fLee SRAGE: pA¥nllbSKRREes SOPSLRET cLbRe CRSFaPindheyi deo

presentatlon
operation in accordance with this aspect of tHe invention:

sharing segment size <cache buffers across streams:;
predictive caching: and synchronizing to optimize caching.

E2.1. SHARING SEGMENT SIZE CACHE BUFFERS ACROSS STREAMS

Videos are stored and managed in fixed size segments. The
segments are sequentially numbered so that, for example,
segment 5 would store a portion of a videco presentatlon
that is nearer to the beginning of the presentation than
would a segment numbercd 6. ‘rhe segment slze is chosen to
optimize disk I/0, video 1/0, bus usage and processor
usage. A segment ol a video has a Llixed content, whleh
depends only on the video name, and the segment number.
All I/0O to disk and to the video output, and all caching
operations,. are done aligmed on segment boundaries.

This aspect of the invention takes two forms, depending on
whether +the underlying hardware suﬁports' peer-to-peer
operations-with data flow directly between disk and video
output card in a communications node 14,-wi€hout passing
through cache memory in the communications node. For peer-
to-peer operations,‘céching is done at the disk storage
unitilé. For hardware which does not support peer-to-peer
operations, data is read directly into page-aligned,
contiguous cache memory (in a communications node 14} in
segﬁent—sized blocks to minimize I/O operations and data
movement. . (See F. Video Optimized Digital Memory

Allocation, below).

The data remains in the same location and is written
directly from this location until the video segment is no
longer needed. Wihile the video segment is cached, all

video streams needing to output the video segment access

This is the replacement ==

Date: 09 SEP 19%



that needs to be played at 2 nbits/sec. (250, 000 bytes/sec.),

i.e., r is equal to 250,000 bytes/sec., and assune that it 1is necessary
to. deliver up to 30 sinultaneous streans fromthis video, i.e., n
is 30. Assune in this exanple, that mis also 30, i.e., the total nunber of
streans to be delivered fromall disks is also 30. Further, assune that the
data is striped in segments of 250,000 by®es and that the effective data
rate froma disk for the given segnent size (250, 000 bytes) is 3,000, 000

byt es/ sec. the n r _of str es needed * 30. /
3, 000, 000) 2. g\ﬁhiséﬂe §aFEﬁn§‘édgﬁﬁ to 39%s & %b.?’r%ﬁ‘ﬁ%/ *Tf‘”ﬁfé’
nHX|nun1nunbeﬁeeﬁestreamyﬂﬁdnhxﬂ¢anNsR§e¥hataoénﬁ@%144QEFMM@4|E¥0Jor

i nstance 45, pk8Bed58r00Qna 4§uéfe% OREnEOPP WUsade/Sts! HeR@S 2duhHiRRAAd,
which is rounded ;4P tg 4 strup .

hé same Video segment is avoided. ' For peer to
peer operations, half of the remaining I/O0 and almost all
of the processor and main memory usage are avoided at the

communication nodes 14.

Fig. 13 illustrates an embodiment of the invention for the
case of a system without peer-to-peer operations. The
video data is striped on the disk storage nodes 16 so that
odd numbered segments are on first disk storage node 180
and even numbered segments are on sécond disk storage node

182 (see Section H below) .

The data flow for this configuration is also illustrated in
Fig. 13. As can be seen, segment Sk is to be read from
disk 182 into a cache buffer 184 in communication node 1868,
and is then to be writtensto video output ports 1 and 2.
The SK video data acqment is read directly into cache
huffer 184 with one T/0 operation, and is then written to
port 1. HMNext the SK video data seqment is written from
nache buffar 184 ko port 2 with one I/0 operation.

As can be realized, all of the problems described for the
conventional approach of Fig. 12 are overcome by the system

illugtrated in Fig. 13.

Fig. 14 illustrates the data flow for a configuration
containing support for peer-to-peer operations between a
disk storage node and a video output card. A pair of disk
drives 190, 1922 contain a striped video presentation which
is fed directly to a pair of video ports 194, 196 without
passing through the main memory of an intervening

' communication node 14.

The data flow for this configuration is to read segment Sk

This is the replacement -
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This is the replacenent sheet [err] Even though striping the video into
3 stripes is sufficient to neet the requirenent for delivering the 30
streans fromthe single copy of the video, if disks containing the video

al so contain other content, and the total nunmber of streans fromthat video
to be supported is 45, then four disk drives are needed (striping |evel of
4). The manner in which the algorithn1i% used in the nedia streaner 10 is
as follows. The storage (nunber of disK drives) is divided into groups of
di sks. Each group has a certain capacity and capability to deliver a given

number of sinldRArREQYS 190 8aRBctd) 88 sdfect i weidaldhd al® RPerdb$bn)
via disk cache buffer 198. '

If a call follows to reéd segment SK to port 2, segment Sk
is read directly from disk cache buffer 198 into port 2
(with one I/0 operation).

When the data read into the disk cache buffer 198 for port
1l is still resident for the write to port 2, a best
possible use of memory, bus, and processor resources
results in the transfer of the video segment to ports 1 and

2. .

It is possible to combine the peer to peer and main memory
caching mechanism, e.g., using peer to peer operations for
video presentations which are playing to only one port of
a communication node 14, and caching in the communications
node 14 for video presentations which are playing to

multiple ports of the communication node 14.

A policy for dividing the caching responsibility between
disk storage nodes and the communication node is chosen to
maximize the number of video streams which can be supported
with a given hardwarc configuration. If the number of
streams to be supborted. known, then the amount and
placement of cachlng storage can then be detormined.

3

E2.2. PREDICTIVE CACHING -

A predictive caching mechanism meets the need for a caching
policy well suited to video delivery. Video presentations
are in general very predictable. Typically, they start
playing at the beginning, play at a fixed rate for a fair;y
lengthy predetermined period, and stop only when the end is
reached. The caching approach of the media streamer 10
takes advantage of this predictability to optimize the set

of video segments which are cached at any one time.
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based on a predeterm ned segnent size). The segnent size for each group is
constant. Different groups may.choose different segnents sizes (and
hence have different effective data rates). Wen a video presentation is
to be striped, a group is first chosen by the followng criteria. The
segnent size is consistent with the data rate of the video, i.e. if the
streamdata rate is 250,000 bytes/sec., sthe segnent size is in the range of
125K to 500 KB. The next criteria is to ensure that the nunber of disks in
the group are sufficient to support the maxi mum nunber of sinultaneous

streans, i.e.Thd hpraafbesb 0fitly skis Wage@ "boths we ﬁﬁ&@medaaa féde and
"n" the mexi mum nu nber of Itaneqﬂz stre%gs ng hd" g effective data
rate of a di SRS tRE ?%u;s)fl i ndl15°0% SY8GRE be T‘%sutrc’ed fh%e tHe sum
total of simalgardshs Soreoeslaiminget qashse bsuffpast edBif fersl vhade t he
videos in thesdicekhtdr ¥R #0@S P1uiete8e®o be used before they would
expire are reclaimed immediately, freeing the space for
higher priority use. Buffers whose contents are in line
for use within a reasonable time are not reclaimed, even if

their last use was long ago.

More particularly, given videos v1l, v2,..., and streams si,
s2,... playing these videos, each stream sj plays one
video, v(sj), and the time predicted for writing the k-th
segment of v(sj) is a linear function:

t(si, k) = a(sj) + r(sjlk,
where a(sj) depends.on the start time and starting segment
number, r(sj) is the constant time it takes to play a
segment, and t.(sj,k) is the scheduled time to play the k th

segment of stream sj.

This information is used both to schedule a read operation
to £fill a cache buffer, and to drive the aigorithm for re-
using cache buffers. .Some examples of the operation of

the cache management algorithm follow:

EXAMPLE A
A cache buffer containing a video segment which is not
predicted to be played by any of the currently playing
video streams is re-used before re-using any buffers which
are predicted to be played. After satisfying this
constraint, the frequency of playing the video and the
segment number are used as weights to determine a priority
for keeping the video segment cached. The highest
" retention priority within this group is assigned to video
segments that occur early in a frequently played video.

This is the, repiacement sheet

Daw: (9 SEP 199"



Its capacity. That is, if "nm is the capacity of the group, the "m- n"
shoul d be greater than or equal to the sumof all the streans that can be

pl ayed sinultaneously fromthe videos already stored in the group. The

cal cul ati on

is done in control node 18 at the tinme the video data is

| oaded

into the nedia streaner 10. In the sinplest case all disks will be in a
which This is the replacenent sheet [err] 66 defines the
total capacity of the nedia streaner 1033bot h for storage and the nunber of
supportable streans. In this case the nunber of disks (or stripes)

necessary tOﬁ%NHFEHZU

si ngl e pool

For a cachn huffor containing a video acqgment which is
pradictad ta ba played, tha next pradicted play time and
the number of streams left to play the video' segment are
used as weights to determine the priority for keeping the
video segment cached. The weights essentially allow the
retention priority of a cache buffer to be set to the
difference between the predicted number of I/Os (for any
video segment) with the cache buffer reclaimed, and the

'predicted number with it retained.

For example, if
v5 1is playing on s7,
v8 is playing on s2 and s3, with s2 running 5 seconds

behind s3, and

v4 is playing on streams sl2 to s20 with each stream 30

seconds behind the next,

then:
buffers containing wv5 .data already used by s7 are

reclaimed first,

followed by buffers containing v8 data already used by

s2,
followed ‘by buffers containing v4 data already used by

sl2,

followed by_remaining buffers with the lowest retention
priority.

The cache management algorithm provides variations for
special cases such as connection operations (where it .is
possible to predict that a video segment will be played in
the near future, but not exactly when) and stop operations

(when previous predictions must be revised).
E2.3. SYNCHRONIZING STREAMS TO OPTIMIZE CACHING

It is desirable to cluster all streams that require a given
video segment, to minimize the time that the cache buffer

This I the replacement sheet
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a given nunber of sinultaneous streans is calculated fromthe fornula
ntr/d, where mis the nunber of streans, r is the data rate for a stream
and d is the effective data rate for a disk. Note that if the streans can
be of different rates, then n¥r, in the above fornul a,.should be repl aced
by: Max (sumof the data rates of all simnultaneous streans). The result of
using this technique for witing the data,is that the data can be read for
delivering many streans at a specified rate without the need for mul tiple
copies of the digital representation of the video presentation. By

striping the dainaadeinags tidkt isrlymedishuse! Wi ithei d eagh MMy Of apiecpgst of
the file for delivering o stream does no%tlnterSer v%th he readi ng of
anot her part 7P ?e"?g‘}‘ed@'ﬂlﬂf’ iR 2stsvhayas ?Egﬁ}.c’ﬁ OeE A SIREAVER
DATA TRANSFERS tABmEONVERSKOV RROCEDURESNg, there is usually 1little
flexibility in the rate at which séqments 'are played.
However, in some application of video delivery the rate of
playing 1s [lexible (that {is, video and audioc may be
accelerated or decelerated slightly without evoking adverse
human reactlohs). Morcover, vldeos may be delivered for
purposes other than immediate human vlewing. When a
variation in rate is allowed, the streams out in front
(timewise) are played at the minimum allowable rate and
those in back (timewise) at a maximum allowable rate in
order to close the gap between the streams and reduce the

time that segments must remain buffered.

The clustering of streams using a same video presentation
is also taken into account during connection and play
operations. For example, VS-PLAY-AT-SIGNAL can be used to
start playing .a video on multiple streams at the same time.
This improves clustering, leaving more system resources for
other video streams, enhancing the effective capacity of
the system. More specifically, clustering, b9 delaying one
i stream for a short period so that it coincides in time with
a second stream, enables one copy of segmenté in cache to
be used for both streams and thus conserves processing

assets.

i

F. VIDEO OPTIMIZED DIGITAL MEMORY ALLOCATION

Digital video data has attributes unlike those of normal
" data processing data in that it is non-random, that is
sequential, large, and time critical rather than content
critical. HMultiple streams of data must be delivered at
high bit rates, requiring all nonessential overhead to be
" minimized in the data path. Careful buffer management is
required to maximize the efficiency and capacity of the
media streamer 10. Memory allocation, deallocation, and

This is the replacement sheet
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|.1. DYNAM C BANDW DTH ALLOCATI ON FOR VI DEO DELI VERY TO THE SW TCH 18
conventionally video servers generally fit one of two profiles. Ei t her
they use PC technology to build a | ow cost (but al so | ow bandw dth) video
server or they use super-conputing technology to build a high bandw dth
(al so expensive) video server. A object of this invention then is to
del i ver hi gh bandw dth vi deo, but thrung the high cost of super-conputer
technol ogy. A preferred approach to achi'eving hi gh bandwi dth at |ow cost is
to use the low | atency switch (crossbar circuit switch matrix) 18 to

i nterconnect Levesd%irePePashihetades” th (4 Grbddde0a588" Vs rd s Haawa i N
Fig. 1). An |mportant This is the reflacenent sheet JEHJ ..
can result in memory fragmentation, decreased efficiency,

and delayed.or corrupted video data.

The media streamer 10 of this invention employs a memory
allocation procedure which allows high level applications
to allocate and deallocate non-swappable, page aligned,
contiguous memory segments (blocks) for digital video data.
The procedure provides a simple, high level interface to
video transmission applications and utilizes low level
operating system mbdulcs and code segments to allocate
memory blocks in the requested size. The memory blocks are
contiguous and fixed in physical memory, eliminating the
delays or corruption possible From virtual memory swapping
or paging, and the complexity ol having to implemont
gather/scatter routines In the data transmisslon software.

The high 1level interface also returns a variety of
addressing mode values fdr the requested memory block,
eliminating the need to do costly dynamic address
conversion to fit the various memory models that can be
operating concurrently in a media streamer‘environment.
The physical address is available for direct access by
other device drivers, such as a fixed disk deéice, as well
as the process linear and process segmented addresses that
~are used by various applications: A deallocation routine
is also provided that returns a memory block to the system,
eliminating fragmentation problems since the memory is all

returned as a single block.
F.1. COMMANDS EMPLOYED FOR MEMORY ALLOCATION

1. Allocate Physical Memory:

Allocate the requested size memory block, a control
block is returned with the various memory model

addresses of the memory area, along with the length of
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67 aspect of the nmedia streamer architecture is efficient use of the video
stream bandwi dth that is available in each of the storage nodes 16 and
comuni cati on nodes 14. The bandwi.dth is maxi m zed by conbining the
special nature of video data (wite once, read many tinmes) with the
dynam c, real tinme bandwi dth allocation capability of a | owcost swtch
technol ogy. Fig. 18 shows a conventional .}Logical connection between a
switch interface and a storage node. The switch interface nust be ful
duplex (i.e., information can be sent in either direction sinultaneously)
to allow the transtge pioakdeo (and control information) both into and out
of the storage node. Because video content is-witten to the

2. Deallocate Phyéical Memory:

Return the memory block to the operating system and

free the associated memory pointers.
F2. APPLICATION PROGRAM INTERFACE

A device driver is defined in the system configuration
files and is automatically initialized as the system
starts. An application then opens the device driver as a
pseudo devicé to obtain its label, then uses the interface
to pass the commands and parameters. The supported
commands ‘are Allocate Memory and Deallocate Memory, the
ﬁarameters are memory size and pointers to the logical
memory addresses. These addresses are set by the device
driver once the physical.block of memory has been allocated
and the physical address is converted to logical addresses.
A null is returned if the allocation fails.

Fig. 15 shows a typical set of applicaéions that would use
this procedure. Buffer 1 is requested by a 32-bit
application for data that is modified and then placed into
buffer 2. This buffer can then be directly manipulated by
a 16 bit application using a segmented address, or by a
physical device such as a fixed disk drive. By using this
allocation scheme to preallocate the fixed, physical, and
contiguous buffers, each application is enabled to use it's
native direct addressing to access the data, eliminating
the address translation and dynamic memory allocation
delays. A video application may use this approach to
minimize data movement by placing the digital video data in
the buffer directly from the physical disk, then
transferring it diréctly to the output device without

moving it several times in the process.
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storage node once and then read nmany tinmes, nost of the bandw dth

requi rements for the storage node are in the direction towards the sw tch.
In the case of a typical switch interface, the bandwi dth of the storage
node is under-utilized because that half of the bandw dth devoted to wite
capability is so infrequently used. Fig. 19 shows a switch interface in
accordance with this invention. This inggrface dynamcally allocates its
total bandwidth in real tinme either into or out of the switch 18 to neet
the current demands of the node. (The storage node 16 is used as an

exanpl e.) Thes.comDISKC ORIVE OPTEMIZED (rore WiDEd avPRLEgATIONBNt S, but nost of
their bandwdth is in the direction fromthe switch 18. The dynam c

al l ocation is achi eved bg groupi ng two or nore of the physical swtch
interfaces, U&id§ dPpPE Fﬁ?et?%ﬁnY#ﬁfQHﬁ%ﬁﬁa§5f@ﬁ frd iggredhtastheirt o one

| ogi cal SVWt(ﬂbstlnatlon isochronously, that is without delays that can
be perceived by the human eye as discontinuities in
movement or by the ear as interruptions in sound. Current
disk technology may involve periodic action, such as
performing predictive failure analysis that may cause
significant delays in data access. While most I/0
operations complete within 100 ms, periodic delays of 100
ns are common and delays of three full seconds can occur.

The media streamar 10 must also be capable of efficiently
surtaining high data transfer vates. - A disk drive
configured for general purpose data storage and retrieval
will suffer inefficiencies in the use of memory, disk
buffers, SCSI' bus and disk capacity 1if not optlﬁlzed tor
the video server application.

In accordance with an aspect of the invention, disk drives
.employed herewith are tailored for the role of smooth and
timely delivery of large amounts of daéa by optimizing disk
parameters. The parameters may be incorporated into the
manufacture of disk drives specialized for video servers,
or they may be variables that can be set through a command
mechénism.
Parameters controlling periodic actions are set to minimize
or eliminate delays. Parameters affecting buffer usage are
set to allow for transfer of'very large amounts of data in
a single read or write operation. Parameters affecting
speed matching between a SCSI bus and a processor bus are
tuned so that data transfer starts neither too soon nor too
late. The disk media itself is formatted with a sector
size that maximizes eéffective capacity and band-width.

To accomplish optimization:
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interface 18a. The video data (on a read, for exanple) is then split
between the two physical interfaces. This is facilitated by striping the
data across nultiple storage units as described previously. The receiving
node conbi nes the video data back into a single logical stream This is the
repl acenent sheet [err] As an exanple, in Fig. 18 the swtch interface
is rated at 2X MB/sec. full duplex i.e., 5K MB/sec. in each direction. But
video data is usually sent only in one direction (fromthe storage node
into the switch). Therefore only X MB/sec. of video bandw dth is

del i vered frorEhenepbysiagk fbd& BBkt hdugliforRathete hblh t @i cB2Ximem

capability (2X11owable physical sector size. This formatting option
minimizes the amount of space wasted in gaps between
sectors, maximizes device capacity, and maximizes the burst

data rate. A preferred implementation is 744 byte sectors.

Disks may have an associated buffer. This buffer is used
for reading data from the disk media asynchronously from
availability of the bus for the transfer of the data.
Likewise the buffer is used to hold data arriving from the
bus asynchronously from the transfer of that data to the
disk media. The buffer may be divided into a number of
segments and the number is controlled by a parameter. If
there are too many segments, each may be too small to hold
the amount of data requested in a single transfer. When
the buffer is full, the device must initiate recpnnection
and begin transfer; if the bus/device is not available at
this time, a rotational delay will ensue. In the preferred
implementation, this value is set so that any buffer
segment is at least as large as the data transfer size,

e.g., set to one.

As a buffer segment begins to f£ill on a read, the disk
attempts to reconnect to the bus to effect a data transfer
to the host. The point in time that the disk attempts this
reconnection affects the efficiency of bus utilization.
The ﬁelative speeds of the bus and the disk determine the
best point in time during the fill operation to begin data
transfer to the host. Likewise during write operations,
the buffer will fill as data arrives from the host and, at
a certain pqiht in the Fill process, the disk should
attempt a reconnection to the bus. Accurate speed matching
results in fewer disconnect/reselect cycles on the SCSI bus

with resulting higher maximum throughput.

The parameters that control when the reconnection is
attempted are called "read buffer full ratio” and "write

This is the replacement _..
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The storage node is under utilized. The switch interface of Fig. 19

dynam cally allocates the entire 2X MB/sec. bandw dth to transmtting video
fromthe storage node into the switch. The result is increased bandw dth
fromthe node, higher bandwi dth fromthe video server, -and a | ower cost per
vi deo stream J. | SOCHRONOUS VI DEO DATA DELI VERY USI NG COMMUNI CATI ONS

ADAPTERS Digital video data is sequential ggconti nuous, |large, and tine
critical, rather than content critical. Streans of video data nust be

delivered isochronously at high bit rates, requiring all nonessenti al
overhead to be bwififierri zewptn thdélddta pdidr. Tygroaldatat heheecpieiagred

hardware is a wideRishh t AR DOEAlcIQWE ngt hethald t api € yd degdatag,
recei ver. St andar aI-connunlcatlonmprot%cols i nsert add| tional bits and

er
bytes of data ﬁﬁPE%FH agf?%ﬁnﬁqﬁﬁ Data Trans er Rate - Sustainable Disk
Data Transfer Rate) / Instantaneous SCSI Data Transfer

Rate. Presently preferred values for buffer-~full and
buffer-empty ratios are approximately 204.

Some disk drive dessigns require periodic recalibration of
head position with éhanges in temperature. Some of these
disk drive types further allow control over whether thermal
compensation is done for all heads in an assembly at the
same time, or whether thermal compensation is done one head
at a time. If all heads are done at once, delays of
hundreds of milliseconds during a read operation for video
data may ensue. Longer delays in read times results in the
need for larger main memdry buffers to smooth data flow and
prevent artifacts in the multimedia presentation. The
preferred approach is to program the Thermal Compensation
Head Control function to allow compensation of.one head at

a time.

The saving of error logs and the performance’of predictive
failure analysis can take several seconds to complete.
These delayé cannot be tolerated by Jideo server
applications without very large main memory buffers to
smooth over the delays and prevent artifacts in the

multimedia presentation. Limit Idle Time Function
parameters can be used to inhibit the saving of error logs
and performing idle time functions. The preferred

implementation sets a parameter to limit these functions.

H. DATA STRIPING FOR VIDEO DATA

In video applications, there is a need to deliver multiple
. streams from the same data (e.g., a movie). This
requirement translates to a need to read data at a high
data rate: that is, a data rate needed for delivering one

This is the replacement -
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synchroni zation and data verification, often at the hardware level. This
corrupts the video data streamif the receiver is not able to transpa
renove the additional data. The additional overhead introduced by the
bits and bytes al so decreases the effective data rate which creates video
deconpressi on and conversion errors. It has been determ ned that the
transm ssion of video data over st anda¢d conmuni cati ons adapt er
to ensure isochronous deleivery to a user, requires disabling nost
standard serial conmunicatjons protocol attributes. The met hods for
achi evi ng t hi $t¥gel BRpERRLHIRE JY tHe CYmRERi P4t PERE2 BT apimyktansaus iy

fol | ow ng desgkickesihgrtije same data. Conventionally, this problem was

gonarally solvad by having multiple copies of the data and
thuo renulted ln additional exponsa. The medfa streamer 10
of thie Invention uwnona a tachnique for aserving many
gimultancoun streams from a alnglae copy of the data. The
technique takes into account the data rate for an
jndividual stream and the number of streams that may be

simultaneously accessing the data.

The above—mentiéned data striping involves the concept of
a logical file whose data is partitioned to reside in
multiple file components, called stripes. Each stripe is
allowed to exist on a different disk volume, thereby
allowing the logical file to span multiple physical disks.
The disks may be either local or remote.

Wwhen the data is written to the logical file, it is
separated into logical lengths (i.e. segments) that are
placed sequentially into the stripes. As depicted in Fig.
16, a logical file for a video, video ;, is segmented into
M segments or blocks each of a specific size, e.g. 256 KB.
The last segment may only be partially filled with data.
A segment of data is placed in the first stripé, followed
by a next segment that is placed in the second stripe, etc.
When a segment has been written to each of the stripes, the
nexﬁ segment is written to the first stripe. Thus, if a
file is being striped into N stripes, then stripe 1 will
contain the segments 1, N+1, 2%N+1, etc., and stripe 2 will
contain the segments 2, N+2, 2%N+2, etc., and so on.

A similar striping of data is known to be used in data
processing RAID arrangements, where the purpose of striping
is to assure data integrity in case a disk is lost. Such
a RAID storage system dedicates one of N disks to the
storage ol parlty data that ls used when data rocovery ls

requlred. The disk stofage nodes 16 of the media streamer
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69 t he

underlying concepts. In Fig. 20, a seria

comuni cations chip 200 in a comuni cati ons node 14 di sabl es data
formatting and integrity information, such as the parity, start and stop

bits,

cyclic redundancy check codes and sync bytes, and prevents idle

characters from bei ng generat ed. | nput FI FO buffers 202, 204, 206,
are enployed to insure a constant (isochE?nous) out put video data str

while all owi ng bus cycles for | oading of
buffer 208 sinplifies the CPU and bus | oading | ogic.

etc.
eam

he data bl ocks. A 1000 byte FIFO
| f communi cati ons

out put chip 200 de@Sopghnté®wd RerAirnabl 80 Ofuduidl biudl paypeprenization

(sync) byte generati on,

th
the val ue of tife Pt SEIPIFEdo

en %he val ue of_the b

sync
DA RN L oIt VELRa

I s increment edriom ahéapecstordyi e) .

Fig. 17 illustrates a first important aspect of this data
arrangement, i.c.,. Eho soparation of each video
presentation into data blocks or segments that are spread
across tha availahle disk Arives to enable each video
presentation to he accessed simultaneously from multiple
drives without requiring multiple coples. Thus, the
concept is one of striping, not for data integrity reasons
or performance reasonn, pnr ne, bhut for concurrency or
bandwidth reaoona. Thun, tha mndia atrnam 10 stripes video
presentation by play segments, rather than by byte block,

etc.

As is shown in Fig. 17, where a video data file 1 is
segmented into M segments and split into four stripes,
stripe 1 is a file coﬁtaining segments 1, 5,. 9, etc. of
video file 1; stripe 2 is a file containing segments 2, 6,
10, etc., of video file 1, stripe 3 is a file containing
segments 3, 7, 11, etc. of the video -file énd stripe 4 is
a file cohtaining the segments 4, 8, 12, eté., of video
file 1, until all M segments of video file 1 are contained

in one of the four stripe files.

Given the described striping strategy, paraﬁeters are
computed as follows to customize the striping of each

individual video.

First, the segment size is selected so as to obtain a
reasonably effective data rate from the disk. However, it
cannot be so large as to adversely affect the latency.
Further it should be small enough to buffer/cache in
memory. A preferred segment size is 256KB, and is constant
for video presentations of data rates in ranges from
128KB/sec. to 512KB/sec. If the video data rate is higher,
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Byte alignnment nust al so be managed with real data, since any paddi ng bytes
wll corrupt the data streamif they are not part of the actual conpressed
vi deo data. To achi eve the constant, high speed serial data outputs
required for the high quality levels of conpressed video data, either a
circular buffer or a plurality of large buffers (e.g. 202, 204, 206)
nmust be used. This is necessary to all QM/sufficient time to fill an

i nput buffer while outputting data from § previously filled buffer. Unless
buffer packing is done earlier in the video data stream path, the end of

vi deo condltl%e%arltreﬁytbé np@ef.v@:r%lmd M@u&?&ér%é&né’&%’w L
before t-he ne buffer transfer a data underrun

co
Thi s necessi t &t ¥s S§INERF rﬁhﬁ%f*ef’ﬁr“aé ?'&rtdb? blaﬁﬂi'ép‘é'h’dté?ﬂf BdPreperatien rcul ar
buffer in dualforoddersromge (off i talde mwhesentradgddinsg)storea] s atlsalidad e

embodi ment.  pedia. The principle employed is to use a segment size
that contains approximately 0.5 to 2 seconds of video data.

Next, the number of stripes, i.e. the number of disks over
which video data is distributed, is determined. This
number must be large enough to sustain the total data rate
required and is computed individually for each video,
presentation based on an anticipated usage rate. More
specifically, each disk has a logical volume associated
with lt Each video presentation is divided into component
flles, as many components as the number of stripes needed.
Each component file is stored on a different logical
volume. For example, if video data has to be delivered at
250 KB/sec per stream and 30 simultaneous streams are
supported from the same video, started at say 15 second
intervals, a. total data ‘rate of at least 7.5 MB/sec is
obtained. If a disk drive can support on the average 3
MB/sec., at least 3 stripes are required for the video

presentation.

The effective rate at which data can be réadlfrom a disk is
influenced by the size of the read operation. For example,
if data is read from the disk in 4KB blocks (from random
posi%ions on the disk), the effective data rate may be
1MB/sec. whéreas if the data is read in 256KB blocks the
rate may be 3 MB/sec. However, if data is read in very
large blocké, the memory required for buffers also
increases and the latency, the delay in using the data
read, also increases because the operation has to complete
before the data can be accessed. Hence there is a trade-off
in selecting a size for data transfer. A size is selected
based on the characteristics of the devices and the memory
configuration. Preferably, the size of the.data transfer

is the selected segment size. For a given segment size the
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This is the replacenent sheet [err] 70 J1. CONVERSI ON OF VI DEO | MAGES
AND MOVI ES FROM COVMPRESSED MPEG- 1, 1+, OR MPEG 2, DIG TAL DATA FORNVAT
| NTO | NDUSTRY STANDARD TELEVI SI ONS FORVATS (NTSC OR PAL) As descri bed
above, digital video data is noved fromdisk to buffer nenory. Once enough
data is in buffer menory, it is noved fromnenory to an interface adapter
I n a communi cati ons node 14. The interfaees used are the SCSI 20 MB/sec.,
fast/wi de interface or the SSA serial SCSI.interface. The SCSI interface is
expanded to handl e 15 addresses and the SSA architecture supports up to
256. effective data rate from a device is determined. For
example, for some disk drives, a 256KB segment size
provides a good balance for the effective use of the disk

drives (effective data rate of 3 MB/sec.) and buffer size

(256 KB).

If striping is not used, the maximum number of streams that
can be supported is limited by the effective data rate of
the disk, e.g. if the effective data rate is 3MB/s and a
stream data rate is 200KB/s, then no more than 15 streams
can be supplied from the disk. If, for instance, 60
streams of the same video are needed then the data has to
be duplicated on 4 disks. However, if striping is used in
accordance with this invention, 4 disks of 1/4 the capacity
can be used. Fifteen streams can be simultaneously played
from each of the 4 stripes for a total of 60 simultaneous
streams from a single copy of the video data. The start
times of the streams are skewed to ensure that the requests
for the 60 streams are evenly spaced among the stripes.
Note also that if.the streams are started close to each
other, the need for I/O can be reduced by u§ing video data

that is cached.

The number of stripes for a given video is influenced by
- the maximum number of streams

two factors, the first i
that are to be supplied ati
other is the total number of streams that need to be
supplied at any time from all the videos stored on the same

ny time from the video and the

disks as the video.

The number of stripes (s) for a video is determined as

follows:

s = maximum (r*n/d, r*m/d),
where:
nominal data rate at which the stream is to be played;

maximum number of simultaneous streams from this video

r

n

v e .- This is the rgplacgment N
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O her suitable interfaces include, but are not limted to, RS422, V.35,
V.36, etc. As shown in Fig. 21, video data fromthe interface is passed
froma comuni cati on node 14 across a conmuni cati ons bus 210 to NTSC
adapter 212 (see also Fig. 20) where the data is buffered. Adapter 212
pulls the data froma |ocal buffer 214, where nultiple blocks of data are
stored to nmaxi m ze the performance of thgg bus. The key goal of adapter
212 is to maintain an isochronous flow of data fromthe nenory 214 to MPEG
chips 216, 218 and thus to NTSC chip 220 and D/ A 222, to insure that there
are no interrupti opsesentatd atel iakethreohoniided watéor audio. MPEG |ogic

nmodul es 216, 4 218 fFéEWQfet d ttge ra(d_leglfggj.‘ fcgppkessed) video data into-
conmponent IeveI Vi deo and C.encoder 220 converts_the signal

into NTSC baseband(¥fed oéhéan%ﬂ% F/ﬁE%téYlﬂl &%@COH%FQZJ.EG%‘on‘?/’e?’E sis

influenced by the segment size):

m = maximum number of simultaneous streams at nominal rate
from all disks that contains any part of this video;
presentation; and '

s = number of stripes for a video presentation.

The number of disks over which data for a video
presentation is striped are managed as a set, and can be
thought of as a very large physical disk. Striping allows
a video file to exceed the size limit of the largest file
that a system's physical file system will allow. The video
data, in general, will not always require the same amount
of storage on all the disks in the set. To balance the
usage of the disk, when a video is striped, the striping is
begun from the disk that has the most free space.

As an examplé, consider the case of a video presentation
that needs to be played at 2 mbits/sec. (250,000
bytes/sec.), i.e., r is equal to 250;000 bytes/sec., and
assume that it is necessary to. deliver up to 30
simultaneous streams from this video, i.e., n is 30.
Assume in this example, that m is also 30, i.e., the total
number. of streams to be delivered from all disks is also
30. | Further, assume that the data is striped in segments
of 250,000 bytes and that the effective data rate from a
disk for the given segment size (250,000 bytes) is
3,000,000 bytes/sec. Then n, the number of stripes needed,
is (250,000 * 30 / 3,000,000) 2.5 which is rounded up to 3

(s = ceiling(r*n/d}}.

If the maximum number of streams from all disks that
contain this data is, for instance 45, then 250,000 * 45 /
3,000,000 or 3.75 stripes and needed, which is rounded up

to 4 stripes.

This is the replacement sheet
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the digital audio into parallel digital data which is then passed through a
Digital to Anal og converter 222 and filtered to generate audio Left and

Ri ght outputs. The goal in creating a solution to the speed matchi ng and

| sochronous delivery problemis an approach that not only maxim zes the
bandw dth delivery of the system but al so i nposes the fewest performance
constraints. This is the replacenent sheegs [err] 71 Typically,
application developers have -used a bus structure, such as SSA and

SCSI, for control and delivery of data between processors and nechanica
storage devi cdven though striping the video into 3 stripes is sufficient

to meet the reguirement for delivering the 30 streams from
the single copy of the video, if disks containing the video
also contain other content, and the total number of streams
from that video to be supported is 45, then four disk
drives are needed (striping level of 4). '

The manner in which the algorithm is used in the media
streamer 10 is as follows. The storage (number of disk
drives) is divided into groups of disks. Each group has a
certain capacity and capability to deliver a given number
of simultaneous streams (at an effective data rate per disk
based on a predetermined segment size). The segment size
for each group is constant. Different groups may choose
different segments sizes (and hence have different
effective data rates). When a video presentation is to be
striped, a group is first chosen by the following criteria.

The segment size is consistent with the data rate of the
video, i.e., if the stream data rate is 250,000 bytes/sec.,
the segment size is in the range of 125K to 500 KB. The
next criteria is to ensure that the number of disks in the
group are. sufficient to support the maximum number of
simultaneous streams, i.e., the number of disks where "r"
is the stream data rate and "n" the maximum number of
simultaneous streams, and "d" the effective data rate of a
diskiin the group. Finally, it should be insured that the
sum total of simultaneous streams that need to be supporfed
from all of the videos in the disk group does not exceed
its capacity. That is, if "m" is the capacity of the
group, the "m - n" should be greater than or equal to the
sum of all the streams that can be played simultaneously
from the videos already stored in the group.

The calculation is done in control node 18 at the time the
video data is loaded into the media streamer 10. In the
simplest case all d;sks wili be in a single pool which

Thig is the replacement sheet
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such disk files, tape files, optical storage units, etc. Both of these
buses contain attributes that nmake them suitable for high bandw dth
delivery of video data, provided that neans are taken to control the speed
and isochronous delivery of video data. The SCSI bus allows for the
bursting of data at 20 Myytes/sec. which mnimzes the amnount of tine that
any one video signal is being noved fromRByffer menory to a specific NTSC
adapter. The adapter card 212 contains a |arge buffer 214 with a
performance capability to burst data into nenory from bus 210 at high peak
rates and to rw&&\diattaef tomabutipic 24¢ of AL mddiverstraaeerf qo, dsbi:wery

Lo NTSC decoder G5 28 o Afne FURDEE 074kl HLENEr SEQENT 41! 1o

smal | er buffers an con war e c tro S"to act as mi
buf f ers connectxa$d fhg EPPEaFeﬁfrﬁ&ﬁﬁér(Or stripes) necessary to Support

a given number of simultaneous streams is calculated from
the formula m*r/d, where m is the number of streams, r is
the data rate for a stream, and d is the effective data
rate for a disk. Note that if the streams can be of
different rates, then m*r, in the above formula, should be
replaced by: Max (sum of the data rates of all simultaneous

streams) .

The result of using this technique for writing the data is
that the data can be read for delivering many streams at a
specified rate without the need for multiple copies of the
digital representation cf the video presentation. By
striping the data across multiple disk volumes the reading
of one part of the file for delivering one stream does not
interfere with the reading of another part of the file for

delivering another stream.
I. MEDIA STREAMER DATA TRANSFERS AND CQN‘VERSION PROCEDURES

I.1. DYNAMIC BANDWIDTH ALLOCATION FOR VIDEO DELIVERY TO THE
SWITCH 18 )

Conﬁentionally video - servers generally fit one of two
profiles. Either they use PC technology to build a low
cost (but also low ‘bandwidth) video server or they use
super-computing technology to build a high bandwidth (also
expensive) video server. A object of this invention then
is to deliver high bandwidth video, but without the high

cost of super-computer technology-
A preferred approach to achieving high bandwidth at low
cost is to -use the low latency switch (crossbar circuit

switch matrix) 18 to interconnect low cost PC based ''nodes"

into a video server (as shown in Fig. 1). An important
This is the replacement _"=
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This allows the systemto deliver varying block sizes of data to separate
buffers and controls the sequence of playout. An advantage of this approach
is that it frees the systemsoftware to deliver blocks of video data well

i n advance of any requirenent for the video data, and-at very high delivery
rates. This provides the nedia streamer 10 with the ability to nanage many
multiple video steans on a dynam c throughput requirenent. Wen a
processor in a comunications node has tinme, it can cause delivery of
several |arge blocks of data that will be played in sequence. Once this is
done, the proeesect ¢& Yhee@meddacohteahevtdwsh Stadans st kflichant nmgdi at e

need to delivgr show LMY idtiesm bgaabweﬁ%%t@s %@aqaghlaoﬁfx-ﬁ@g&” her

i nprove the cost effectiveness of decoder system a shm menor y
224 is insert&hehStREAASt NPIAF 1§ saf‘ﬁe SoEURdSAtiens fistes 14.  The

bandwidth is maximized by combining the special nature of
video data (write once, read many times) with the dynamic,
real time bandwidth allocation capability of a low-cost

switch technology.

Fig. 18 shows a conventional logical connection between a
switch interface and a storage node. The switch interface
rmust be full duplex (i.e., information can be sent in
either direction simultaneously) to allow the transfer of
video (and control information) both into and out of the
storage node. Because video content is written to the
storage node once and then read many times, most of the
bandwidth requirements for the storage node are in the
direction towards the switch. In the case of a typical
switch interface, the'bandwidth of the storage node is
under-utilized because that half of the bandwidth devoted
to write capability is so infrequently used.

Fig. 19 shows a switch interface in accordance with this
invention. This interface dynamically allocates its total
pandwidth in real time either into or out of the switch 18
to meet the current demands of the node. (The storage node
16 is used as an example.) The communication nodes 14 have
similar requirements, but most of their bandwidth is in the

direction from the switch 18.

The dynamic allocation is achieved by grouping two or more
of the physical switch interfaces, using appropriate
routing headers for the switch 12, into one logical switch
interface 18a. The video data (on a read, for example) is
then split between the two physical interfaces. This is
facilitated by striping the data across multiple storage
units as described previously. The receiving node combines

the video data back into a single logical stream.

This is the replacement Sis=
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[err] 72 larger decoder buffer 214 and MPEG decoders 216, 218. The FIFO
menory 224 allows controller 226 to nove snaller blocks, typically 512

byt es of data,
data into seri
t he audi o and

the sane serial data stream and internal}

required. The
occurs in an i
ensure the del

frombuffer 214 to FI FO 224 which, in turn, converts th

al bit streans for delivery to MPEG decoders 216, 218. Both
the video decoder chips 216, 218 can take their input from
y separate and decode the data

e

transm ssion of data fromthe out put of the FIFO nenory 224

sochronous manner, or substantially isochronous manner,
Ageay otampleiniimi Eigupledtive ded tmredentkatfber is rated at

2X MB/sec. full duplex i.e., X MB/sec. in each direction.
But video data is usually sent only 'in one direction (from
the storage node into 'the switch) . Therefore only X
MB/sec. of video bandwidth is delivered from the storage
node, even though the node has twice that capability (2X).
The storage node is under utilized. The switch interface
of Fig. 19 dynamically allocates the entire 2X MB/sec.

‘bandwidth to transmitting video from the storage node into

the switch. The result is increased bandwidth from the
node, higher bandwidth from the video server, and a lower

cost per video stream.

J. ISOCHRONOUS VIDEO DATA DELIVERY USING COMMUNICATIONS
- ADAPTERS

Digital video data is sequential, continuous, large, and
time critical, rather than content critical. Streams of
video data must be delivered isochronously at high bit
rates, red&iring all nonessential overhead to be minimized
in the data path. Typically, the receiving hardware is a
video set top box or some other éuitabie video data
receiver. - Standard serial communication protocols insert
additional bits and bytes of data into the stream for

to

synchronization and data verification, often at the

hardware lével. This corrupts the video data stream if the
receiver is not able to trarisparently remove the additional
data. The additional overhead introduced by these bits and
bytes also decreases the effective data rate which creates

video decompression and conversion errors.

It has been determined that the transmission of video data
over standard communications adapters, to ensure
isochronous deleivery to a user, requires disabling most of
the standard seriai communications protocol attributes.
The methods for achieving this vary depending on the
communications adapters used, but the following describes

This is e !
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to a user or consumer of the video presentation. K TRANSM SSI ON OF

DI d TAL VIDEO TO SCSI DEVI CES As shown in Fig. 22, conpressed digital video
data and command streans from buffer nmenory are converted by device |eve
software into SCSI commands-and data streans, and are transmtted over SCS
bus 210 to a target adapter 212 at SCSI Il fast data rates. The data is
then buffered and fed at the required conggnt output rate to MPEG | ogic for
deconpressi on and conversion to anal og video and audi o data. Feedback is
provi ded across SCSI bus 210 to pace the data flow and insure proper buffer
managenent . Th&hSCSIUNAYFIEAPAL sPase@ts.212 PprovFdgs &0hi gl |suelal

interface to ScBhmiH$c2ionSURIG | B0 $HLSLt nruha caltaBHS! dnsies! 14
t he adapter 212, wite

B0 oo RTR T S inERE L T 1bBeSPE . A e Snen
conpl et ed. the parity, start and stop bits, cyclic redundancy check
codes and sync bytes, and prevents idle characters from
being generated. 1Input FIFO buffers 202, 204, 206, etc.
are employed to insure a constant (isochronous) output
video data stream while allowing bus cycles for loading of
the data blocks. A 1000 byte FIFO buffer 208 simplifies

" the CPU and bus loading logic.

If communications output chip 200 does not allow the
disabling of an initial synchronization (sync) byte
generation, then the value of the sync byte is programmed
to the value of the first byte of each data block (and the
data block bointer is incremented to the secqng byte}.
Byte alignment must also be managed with real data, since
any padding bytes will corrupt the data stream if they are
not part of the actual compressed video data.

To achieve the constant, high speed serial data outputs
required for the high quality_levels'of compressed video
data, either a circular buffer or a plurality of large
buffers (e.g. 202, 204, 206) must be used. This is
necessary to allow sufficient time to £ill an input buffer
" while outputting data from a previously filled buffer.
Unless buffer packing is done earlier in the video data
stream path, the end of video condition can result in a
very small buffer that'will be output before the next
buffer transfer can complete resulting in a data underrun.
This necessitates a minimum of three large, independent
buffers. A circular buffer in dual mode memory (writable

while reading) is also a suitable embodiment.
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Adapter 212 pulls data as fast as necessary to keep its buffers full, with
t he communi cati on nodes 14 and storage nodes 16 providing bl ocks of data,
that are sized to optimze the bus data transfer and m nim ze bus overhead.
System paraneters can be overwitten via control packets using a Mde
Sel ect SCSI command if necessary. Video/Audio This is the replacenent sheet
[err] 73 synchroni zation is internal tqsthe adapter 212 and no external
controls are required. Errors are n1n|n1ze8 with automatic
resynchroni zati on and conti nued audi o/ vi deo out put.

J1. CONVERSION OF VIDEO IMAGES AND MOVIES FROM COMPRESSED

MPEG-1, 1+, OR MPEG-2, DIGITAL DATA FORMAT INTO
INDUSTRY STANDARD TELEVISIONS FORMATS (NTSC OR PAL)

As described above, digital video data is moved from disk
to buffer memory. Once enough data is in buffer memory, it
is moved from memory to an interface adapter in a
communications node 14. The interfaces used are the SCSI
20 MB/sec., fast/wide interface or the SSA serial SCSI
interface. The SCSI interface is expanded to handle 15
addresses and the SSA architecture supports up to 256.
Other suitable interfaces include, but are not limited to,
RS422, V.35, V.36, etc.

As shown in Fig. 21, video data from the interface is
passed from a communication node 14 across a communications
bus 210 to NTSC adapter 212 (see also Fig. 20) where the
data is buffered. Adapter 212 pulls the data from a local
buffer 214, where multiple blocks of data are stored to
maximize the performance of the bus. The key goal of
adapter 212 is to maintain an 1sochronous flow of data from
the memory 214 to MPEG chlps 216, 218 and thus to NTSC chip
220 and D/A 222, to insure that there are no interruptions
in the delivery of video and/or audio. -

MPEG logic modules 216, 218 convert the digital
(combressed)'video data into component level video and
audio. An NTSC encoder 220 converts the signal into NTSC
baseband analog signals. - MPEG audio decoder 216 converts
the digital audio into parallel digital data which is then
passed through a Digital to Analog converter 222 and
filtered to generate audio Left and Right outputs.

The goal in creating a solution to the speed matching and
Isochronous delivery problem is an approach that not only
maximizes . -the bandwidth delivery of the system but also

imposes the fewest performance constraints.

This Is.the repiacement sheet
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K1. SCSI LEVEL COMVAND DESCRI PTION A m x of direct access device and
sequenti al device commands are used as well as standard comnmon conmands to
fit the functionality of the SCSI video output adapter. As with all SCSI
commands, a valid status byte is returned after every conmand, and the
sense data area is loaded with the error conditions if a check condition is
returned. The standard SCSI conmands usedyincl ude RESET, | NQUI RY, REQUEST
SENSE, MODE SELECT, MODE SENSE, READ, WRI TE, RESERVE, RELEASE, TEST UNI T
READY. Vi deo Conmands: The video control commands are user-|evel video

out put control Teedsahdy, andpiicatikernsieneloper$ie bauadaugedonmmndsid i st ed

above.  They Bi@Vkb€Era, Studh idd ebUSea lsesel Ebeneoﬁagoioaw%#ﬁgé vel
e

operating syste¥18r SCSI . conmands t hat dir ctlg interface to t CSI® vi deo
out put o ata between processors and mecthanical storage devices

such disk files, tape files, optical storage units, etc.
Both of these buses contain attributes that make then
suitable for hiqh bandwidth delivery of video data,
provided that means are taken to control the speed and

isochronous delivery of video data.

The SCSI bus allows for the bursting of data at 20
Mbytes/sec. which minimizes the amount of time that any one
video signal is being moved from buffer memory to a
specific NTSC adapter. The adapter card 212 contains a
large buffer 214 with a performance capability to burst
data into memory from bus 210 at high peak rates and to
remove data from buffer 214 at much lower rates for
delivery to NTSC decoder chips 216, 218. Buffer 214 is
further segmented into smaller buffers and connected via
software controls to act as multiple buffers connected in

a circular manner.

This allows the system to deliver vafying hlock sizes of
data to separate bufférs and controls the sequence of
playout. An advantage of this approach is that it frees
the system software to deliver blocks of video data well in
advance of any requirement for the video data, and at very
highi delivery rates. This provides the media streamer 10
with the ability to manage many multiple video steams on a
dynamic throughput requirement. When a processor in a
communications node has time, it can cause delivery of
several large blocks of data that will be played in
seguence. Once this is done, the processor is free to
control other streams without an immediate need to deliver

slow continuous isochronous data to each port.
To further improve the cost effectiveness of the decoder

system, a small FIFO memory 224 is inserted between the

Thig Is the replacement ==



adapter 212. The inplenentation of each command enpl oys mi crocode to

enul ate the necessary video device function and avoid video and audi o
anonal i es caused by invalid control states. A single SCSI conmmand; the SCSI
START/ STOP UNIT command, is used to translate video control commands to the
target SCSI video output adapter 212, with any necessary paraneters noved
along with the command. This sinplifiessboth the user application
interface and the adapter card 212 m crocode. The foll owi ng cormands are
enpl oyed. Stop (SCSI START/ STOP 1 - paraneter node) This is the

repl acenent sheeigefetetoder buffer 214 and MPEG decoders 216, 218. The

FIFO memory 224 allows controller 226 to move smaller
blocks, typically 512 bytes of data, from buffer 214 to
FIFO 224 which, in turn, converts the data into serial bit
streams for delivery to MPEG decoders 216, 218. Both the
audio and the video decoder chips 216, 218 can take their
input from the same serial data stream, and internally
separate and decode the data required. The transmission of
data from the output of the FIFO memory 224 occurs in an
isochronous manner, or substantially isochronous manner, to
ensure the delivery of an uninterrupted video presentation
to a user or consumer of the video presentation.

K. TRANSMISSION OF DIGITAL VIDEC TO SCSI DEVICES

As shown in Fig. 22, compressed'digital video data and
command streams from buffer memory are converted by device
level software into SCSI commands and data streams, and are
transmitted over SCSI bus 210 to a target adapter 212 at
sCcSI II fast data rates. The data ié then buffered and fed
at the reqhired content output rate to MPEG logic for
decompression and conversion to analog video and audio
data. Feedback is provided across SCSI bus 210 to pace the

data flow and insure proper buffer managemen%.

The ‘scs1 NTSC/PAL adapter 212 .provides a high 1level
interface to SCSI bus 210, supporting a subset of the
standard SCSI protocol. The normal mode of operation is to
open the édapter 212, write data (video and audio) streams
to it and, closing the adapter 212 only when completed.
Adapter 212 pulls data as fast as necessary to keep its
buffers full, with the communication nodes 14 and storage
nodes 16 providing blocks of data, that are sized to
optimize the bus data transfer and minimize bus overhead.

System parameters can be .overwritten via control packets
using a Mode Select SCSI command if necessary. Video/Audio

This is the replacement ...
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74 The data input into the MPEG chip set (216, 218) ‘is halted, the audio

is muted, and the video is blanked. The paraneter field selects the
stop node. The normal node is for the buffer and position pointer to
remai n current, so that PLAY continues at the same |location in the video
stream A second (end of novie or abort) node is to set the buffer pointers
to the start of the next buffer and release the current buffer. A third
node is also for end of novie conditiods, but the stop (mute and blank) is
del ayed until the data buffer runs enpty. A fourth node may be enployed

wi thcer tai n Mol diacaddn’ T CTRBLAM PNEol QLR OXLEBELLT 23,08l Ay ey St OP

wi th audi o, eeze frame for the last v when the data runs
out. In eacte¥fernidsEOREERLS. 39f FeAHEEC A dafEePT812T i@ dde &k i nes t he
StOppIng poi st tiileat ﬂebgnuhdeﬂxamdlanuhahdnnqnﬂtnnmed audio/video

output.
Kl1. SCSI LEVEL COMMAND DESCRIPTION

A mix of direct access device and sequential device
commands are used as well as standard common commands to
fit the functiohality of the SCSI video output adapter. As
with all SCSI commands, a valid status byte is returnead
after every command, and the sense data area is loaded with
the error conditions if a check condition is returned. The
standard SCSI commands used include RESET, INQUIRY, REQUEST
SENSE, MODE SELECT, MODE SENSE, READ, WRITE, RESERVE,
RELEASE, TEST UNIT READY.

Video Commands:
Fd

The video control commands are user-level Qideo output
control commands, and are extensions to the ' standard
commands listed above. They provide a s{mplified user
level front end to the low level operating syétem or SCSIX
commands that directly interface to the SCSI'QideO'output
adapter 212. The implementation of each command employs
microcode to emulate the necessary video device function
and avoid video and audio anomalies caused by invalid
control states. A single SCSI command; the SCSI START/STOP
UNIT command, is used to translate video control commands
to the target SCSI video output adapter 212, with any
nocessary parameters moved along with the command. This
simplifies both the user application interface and the
adapter card 212 microcode. The following commands are

employed.

Stop (SCSI START/STOP 1 - parameter = mode).

This Ia the replacement sheet
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hal ted on the proper boundary to allow a clean restart.

Pause (SCS

START/ STOP 2 - no paraneters) The data input into the MPEG chip set (216,
218) is halted and the audio is nmuted, but the video is not blanked. This
causes the MPEG video chip set (216, 218) to hold a freeze frane of the

| ast good frane. This is limted to avoid burn-in of the video tube. A
Stop conmand is preferably issued by t control node 18 but the video
output will automatically go to blank if no cormands are received within 5
m nutes. The adapter 212 m crocode naintains the buffer positions and

?g&gldersnsa\%}vﬁ%@mgal EL.A¥GE Ot @'Reqtd;sc;j rmThjsa teen(baek zm)pliayﬂaB{:acmk- Mut e
3 [ .= nNo 1S, C i t t
W Chout | mpAie n§UPAE" A BUSEE pur S R ais chEmiRedi t noffe” o P

par amet

put’, € audi 0 ou

W t hout

i npacting tharamder 6iebdt$eldiish tihet shgranede} aifiengoraalbmoderked of f

for the buffer and position pointer to remain current, so
that PLAY continues at the same location in the video
stream. A second (end of movie or abort) mode is to set
the buffer pointers to the start of the next buffer and
release the current buffer. A third mode is also for end
of movie conditions, but the stop (mute and blank) is
delayed until the data buffer runs empty. A fourth mode
may be employed with certain MPEG decoder implementations
to provide for a delayed stop with audio, but freeze frame

-for the last valid frame when the data runs out. 1In each

of these cases, the video adapter 212 microcode determines
the stopping point so that the video and audio output is
halted on the proper boundary to allow a clean restart.

Pause (SCSI START/STOP 2 - no parameters)
/

The data input into the MPEG chip set (216, 218) is halted
and the audio is muted, but the video %s not blanked. This
causes the MPEG video chip set (216, 218B) to hold a freeze
frame of the last.good frame. This is limited to avoid
burn-in of the video tube. A Stop command is preferably
issued by the control node 18 but the video output will
automatically go to blank if no commands are received
within 5 minutes. The adapter 212 microcode maintains the
bﬁffer positions and decoder states to allow for a smooth

transition back to play.
Blank-Mute (SCSI START/STOP 3 - parameter = mode)

This command blanks the'ﬁfdeo.output without impacting the
audio output, ﬁutes.the audio output without impacting the
video, or both. Both muting and blanking can be turned off
with a single command using a Mode parameter, which allows

a smoother transition and reduced command overhead. These

This Is the replacement il
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with a single conmmand using a Mbde paraneter, which allows a snoother
transition and reduced command overhead. These This is the repl acenent
sheet [err] 75 are i mpl ement ed on the video adapt er 212

after deconpression and conversion to analog, with hardware controls to
ensure a positive, snmooth transition. Slow Play (SCSI START/STOP 4 -
paraneter = rate) This conmand sl ows t data input rate into the MPEG chip
set, (216, 218) causing it to intermttently freeze frame, sinmulating a

sl ow play function on a VCR The audio is nuted to avoid digital error

noi se. The E@EaWQE&ﬁehEﬂkgd on the video adapter 212 after
decompression and. cpnversion to analog, with hardware
controls to ensure a positive, smooth transition.

Slow Play (SCSI START/STOP 4 - parameter = rate)

This command slows the data input rate into the MPEG chip
set, (216, 218) causing it to intermittently freeze frame,
simulating a slow play function on a VCR. The audio is
muted to avoid digital error noise. The parameter field
spacifian A ralativa speed from 0 to 100. An alternative
implomantation dirnhler the decoder chip set (216, 218)
error handling, and thon modifina tho data clocking speed
into the decoder chip net to tha desired playing speed.
This 1s dependent on tha [lexihllity of the video adapter's

clock archltecture.

Play (SCSI STARL/STOD 5 - paramebter = buffer)
’

This command starts the data feed process into the MPEG
chip set (216, 218), enabling the audio and video outputs.
A buffer selection number is passed to deéérmine which
buffer to begin the playing sequence fromf.énd a zero value
indicates thaf the current play buffer should be used
(typical operation). A non-zero value is only accepted if
the adapter 212 is in STOPPED mode, if in PAUSED mode the
buffér' selection parameter is ignored and playing is

resumed using the current buffer selection and position.

When 'PLAYING', the controller 226 rotates through the
buffers sequentially maintaining a steady stream of data
into the MPEG chip set (216, 218). Data is read from the
buffer at the appropriate rate into the MPEG bus starting
at address zero until N bytes are read, then the controller
' 226 switches to the next buffer and continues reading data.
The adapter bus and microcode provides sufficjient bandwidth
for both the SCSI Fast data transfer into the adapter

Thig is the replacement i
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specifies a realative speed fromO0O to 100.

An alternative inplenentation

di sabl es the decoder chip set (216, 218) error handling, and then nodifies
the data cl ocking speed into the decoder chip not to the desired playing
speed. This is dependent onthe flexibility of the video adapter's cl ock
architecture. Play (SCSI START/STOP 5 - paranmeter - buffer) This command

starts the data feed process into the MPEG chip set (216, 218),
the audi o and video outputs. A buf f er’%el ecti on nunber is passed to

enabl i ng

determ ne which buffer to begin the playing sequence from and a zero val ue
i ndi cates {ha

A non-zero va S%Q%Egalr§Raac§lé%¥%§é%4f{%%§$§gtéﬁ %Cﬁaggalygc;@%%gg

ation).
node, if

i n PAUSED RB8BUEhEIBQf Ref tdatedeieds tHar aHEGerdeqappransdond chdpd  pl ayi ng
I's resuned(gssng2i&e. current buffer selection and position.

Fast Forward (SCSI START/STOP 6 - parameter = rate)

This command is used to scan through data in a manner that
emulates fast forward on a VCR. There are two modes of
operation that are determined by the rate parameter. A
rate of 0 means that it is a rapid fast forward where the
video and audio should be blanked and muted, the buffers
flushed, and an implicit play is executed when data is
received from a new position forward in the video stream.
An integer value between 1 and 10 indicates the rate that

the input stream is being forwarded. The video |is
'sampled' by skipping over blocks of data to achieve the
specified average data rate. The adapter 212 plays a

portion of data at nearly the normal rate, jumps ahead,
then plays the next portidn to emulate the fast forward
action. ' :

Rewind (SCSI START/STOP 7 - parameter = buffer)

This command is used to scan backwards tﬁrouéh'data in a
manner. that emulates rewind on a VCR. There are two modes
of operation that are determined by the rate parameter. A
rate oE 0 means that it is a rapid rewind where the video
and audio should be blanked and muted, the buffers flushed,
and an implicit play executed when data is received from é
new position forward in the video stream. An integer valué
between 1 and 10 indicates the rate that the input stream

is being rewound. fThe video is 'sampled' by skipping over -

blocks of data to achieve the specified average data rate,.
The rewind data stream is built by assembling small blocks
of data that are 'sampled' from progressively early
positions in the video stream. The adapter card 212
smoothly handles the transitions and synchronization to

This is the rap!acement
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When 'PLAYING, the controller 226 rotates through the buffers
sequentially maintaining a steady stream of data into the MPEG chip set
(216, 218). Data is read fromthe buffer at the appropriate rate into the
MPEG bus starting at address zero until N bytes are read, then the
controller 226 switches to the next buffer and continues reading data. The
adapt er bus and m crocode provides sufficient bandwi dth for both the SCS
Fast data transfer into the adapter THi7s is the replacenent sheet [err]

76 buffers 214, and the steady | oading of the data onto the output FIFO 224

that feeds the MPEG deconRression chi.ps ,
play at the normal rate, sKipping back to the next sampled

portion to emulate rewind scanning.
R2. BUFFER MANAGEMENT

Digital video servers provide data to many coﬁcurrent
output devices, but digital video data decompression and
conversion requires a constant data stream. Data buffering
techniques are used to take advantage of the SCSI data
burst mode transmission, while still avoiding data underrun
or buffer overrun, allowing media streamer 10 to transmit
data to many streams with minimal intervention. SCSI video
adapter card 212 (Figs. 21, 22) includes a large buffer 214
for video data to allow full utilization of the SCSI burst

mode data transfer process. An exemplary configuration
would be one buffer 214 of 768K, handled by local logic as
a wrap-around circular buffer. Circular buffers are

preferred to dynamically handle varying data block sizes,
rather than fixed length Buffers that are inefficient in
terms of both storage and management overhead when

transferring digital video data. .

The video édapter card 212 microcode sﬁppoyts several
buffer pointers, keeping the last top of data as well as
the current length and top of data. This allows a retry to
overwrite failed transmission, or a pointer to be
positioned to a byte position within the current buffer if
necessary. The data block length is maintained exactly as
transmitted (e.g., byte or word specific even if long word
alignment is used by the intermediate logic) to insure
valid data delivery to the decode chip set (216, 218).
This approach minimizes the steady state operation
overhead, while still allowing flexible control of the data

_buffers.
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(216, 218). Fast Forward (SCSI. START/STOP 6 - paraneter = rate) This
command is used to scan through data in a manner that emul ates fast forward
on a VCR There are two nodes of operation that are determined by the rate
par anet er . A rate of 0 nmeans that it is a rapid fast . forward where the

vi deo and audi o shoul d be bl anked and nuted, the buffers flushed, and an
implicit play is executed when data iggeceived froma new position forward
in the video stream An integer value between 1 and 10 indicates the rate
that the input stream is being forwarded. The video is 'sanpled

by ski ppi ngKaver DBUREER GELELTIONoANDhPeIETIdME specified average data rate.
The adapter 212 plays a portion of data at nearly the normal rate, junps

ahead, then gla s the next portion tq emulate the fast forward action.
Assuming multiple sets of buffers are required, multiple

pointers are available for all buffer related'operations.
For example, one set may be used to select the PLAY buffer
and current position within that buffer, and a second set
to select the write buffer and a position within that
buffer (typically zero) for a data preload operation. A
current length and maximum length value are maintained for
each block of data received since variable length data

blocks are also supported.
K2.2. AUTOMATIC MODE

The buffer operation is managed by the video adapter's
controller 226, placing the N bytes of data in the next
available buffer space starting at address zero of that
buffer. Controller 226 keeps track of the length of data
in each buffer and if that’ data has been "piaygd" or not.
Whenever sufficient buffer space is free, the card accepts
the next WRITE command and DMA's the data into that buffer.
If not enough buffer space is free to aécept'the full data
block (typically a Slow Play or Pause condition), the WRITE
is not accepted and a buffer full return code 'is returned.

K2.3. MANUAL MODE

A LOCATE command is used to select a 'current' write buffer
and position within that buffer (typically zero) for each

buffer access command (Write, Erase, etc.}. The buffer
position is relative to the start of data for the last
block of data Lthat wan succennfully branamitted. This is

done preferably ([or video strecam transition management,
wlith the automatlc mode reactivated as soon ns possible to

minlulize command overhoad In theo nyntam.
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Rewi nd (SCSI START/ STOP 7 - parameter = buffer) This conmand is used to
scan backwards through data in a manner, that enulates rewind on a VCR
There are two nodes of operation that are determ ned by the rate paraneter.
Arate of 0 nmeans that it is a rapid rewind where the video and audi o
shoul d be bl anked and nuted, the buffers flushed, and an inplicit play
executed when data is received froma new position forward in the video
stream An integer value between 1 an@910 indicates the rate that the input
streamis being rewound. The video is 'sanpled by skipping over blocks of
data to achieve the sggcified average data rate. The rewind data streamis

built by.a§9é#bliﬁ&ng MANDFRYRET of data that are "sanpl ed' from

progressively early positions: in the video stream The adapter card 212

smoot hl'y h%g}i%%lt h@ihggnsﬂ.]e‘i EQ”%&H%&E&%&O”LZ@ i QTfEQer: S eirsrc;[rhe

repl acement sheet . '
management requirements than the random data access usage

that SCSI is normally used for Iin data processing
applications. Minor data loss 1is less critical than
transmission interruption, so the conventional retries and
data validation schemes are modified or disabled. The
normal SCSI error handling procedures are followed with the
status byte being returned during the status phase at the
completion of each command. The status byte indicates
either a GOOD (00) condition, a BUSY (8h) if the target
SCSI chip 227 is unable to accept a command, or a CHECK
CONDITION (02h) if an error has occurred. |

K2.5. ERROR RECOVERY

The controller 226 of the  SCSI video adapter 212
automatically generates a Réquest Sense command.on a Check
Condition response to load the error and status
information, and determines if a recqouery procedure is
possible. The normal recovery procedure is to clear the
error state, discard any corrupted data, aﬁd resume normal
play as quickly as possible. 1In a worst case,'the adapter
212 may have to be reset and the data reloaded.before the
play can resume. Error conditions are logged and reported
back to the host system with the next INQUIRY or REQUEST

SENSE SCSI operation.
K2.6. AUTOMATIC RETRIES

For buffer full or device busy conditions, retries are
automated up to X number of retries, where X is dependent
~on the stream data rate. This is allowed only to the point
in time that the next data buffer arrives. At that point,
an orror is logged if the condition is unexpected (i.e.,
Buffer full but not PAUSED or in SLOW PLAY mode) and a
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[err] 77 play at the normal rate, skipping back to the next sanpled
"portion to enulate rewi nd scanni ng. K2. BUFFER MANAGEMENT Digital video
servers provide data to many concurrent output devices, but digital video
dat a deconpression and conversion requires a constant. data stream Data
buffering techni ques are used to take advantage of the SCSI data burst node
transm ssion, while still avoiding datg underrun or buffer overrun,
allowing nmedia streanmer 10 to transmt data to nany streans with m ni nal

i ntervention. SCSI video adapter card 212 (Figs. 21, 22) includes a |arge
buffer 2.1l4device reset or clear may be necessary to recover and

continue video play.

Although described primarily in the context of delivering
a video presentation to a user, it should be realized that
bidirectional video adapters can be employed to receive a
vidoo presentation, to digitize the video presentation as
a data representation thercof, and to transmit the data
roprorontation ovar the hus 210 to a communication node 14
for mstoragn, via low latency switch 18, within a storage

node or noden 16, 17 ns specified by the control node 18.

It should be undaerstood that the foregoing description is
only illustrative of the invention. Various alternatives
and modifications can be devised by those skilled in the
art without departing from the invention. Accordingly, the
present invention is intended to embrace all such
alternatives, modifications and variances which fall within

the scope of the appended claims. . .

This Is the replacement sheet
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for video data to allow full jﬁ]] zatlon of the SCSI burst node data
transfer process. An exenpl lised woul d be one buffer 214 of
768K, handl'ed by Tocal Togic as circular buffer.

a rculmllm Ilnm Mrﬂwpr ef erre y- handl e varyi ng data bl ock
S|zes ed | ength buffers that are inefft f
h storaget amd rfanagenent overhead when transferrif T‘r‘g.‘?z %WEET rHAtSSégﬁ\ld at a.
The vi deo adapter card 212 mi crocode ssupports sever g l huf Ynters
keeping the last top of data as well as the current length and top of data.
This allows a retry to overwite failed transm ssion, or a pointer to be
positioned to a byte position wi t hi fLAHE current buffer I f necessary. The
data bl ock length is maintai ned exactly as transnmtted (e.g., byte or word

;sggﬁlrt; C ewggtl ;s PaqmeJ disa.l ignment is used by the inter medl ate logic) to

1. A media streamer, comprising:

at least one storage node comprising mass storage for
storing a digital representation of at least one video
presentation; and '

a plurality of communlication nodes each having at
least one input port that is coupled to an output of
sald at least one storage node for receiving a digital
reprosentation of A video presentation therefrom, each
of said plurality of communication nodes further
having a plurality of output ports, individual ones of
said plurality of output ports being operable for
transmitting a digital representation as a data stream
to a consumer of ‘the digital representation,
individual ones of said output ports having an
assocliated data buffer for bufferlng'a'portion of a
'digital repreéentation prior to a transmission of the
digital representation; wherein ' '
each of said plurality of communication nodes further
gomprises a scheduler for scheduling, for individual
ones of said data buffers, a read request to said at
least one storage node for a next sequential portion
of the digital representation for storage within
individpal ones of -séid data buffers, each read
request for a particular individual one of said data
buffers being scheduled at a predetermined time such
that a reguested next sequential portion of the
digital representation is available to a requesting
communications node, prior to a time that the
requested next sequential portion is required to be
transmitted from the output port that is associated

This Is the replacement sheet
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valid data delivery t0 the decode chip set (216, 218). This approach

m ni milhigSheetiilas Béep Rebjacat at e OF&'I wmn , while still allow ng

fl exi bl _ ”’ﬂmﬂm t he repl acenment sheet [err]
78 K2. ?lm | ON AND PCSI T1-ON ASsumi ng nul tiple sets of buffers
are required, nmultiple pointers are available fq ed
operations. For exanple, one set may beused to SIS AHEER HASL B ffer and
current position within that buffer, and a secorjd set REPLACEDect the wite

buffer and a position within that
with the data buffer for which the read request was

he dat a

scheduled: and.wherein

said at least one storage node further comprises a
scheduler for scheduling a read request to the mass
storage such that a next sequential portion of a
digital representation is available for outputting,
prior to said at least one storage node receiving a
read request for the next sequential portion from one

of said communication nodes.

2. A media streamer as set forth in claim 1 wherein said
schedulef of individual ones of said communication nodes
schedules read requests such that only one read request
from the individual one of the communication nodes is
pending at said at least one storage node at any given

time.

3. A media streamer as set forth in claim 2 wherein said
‘scheduler of individual ones of said communication nodes
schedules read requests for a particular output port at a
frequency equal to a data rate of a data steam output by
the particular output port, divided by a étorége capacity
of the data huffer associated with the partiéular output

port.

4. A‘mnﬂln rtroamor. an rel farth in.n1nim 1 wherein =said
maoo otoraga in comprinnd of a plurality of disk units,
wharoln nocuential poartiana af individual ones of digltal
representations are satored as a sct of stripes over
different onen of at leant some of said plurality of disk
units, wherein said storage node includes a data buffer
associated with a set of stripes, and wherein said
scheduler of said at least one storage node schedules read
. requests for a particular one of said digital
representations at a frequency equal to a rate at which
data is read from a corresponding set of stripes divided by

This is the replacement shew:
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bufferm(sts)(&mz@bgé(,@@g@a for Ioad operation. A current |ength and
maxi nmu are nuai ﬁ ﬂ' rﬁ | ock of data received since
vari abl bI ocks ar K2. 2. AUTOVATI C MODE The

buf f er naged by the Vi deo adapt er's.contraoller 226 __placing
the N bytes of data in the next available buffer ppaiSeSEBEET HABPBEEN Jaddr ess
zero of that buffer. Controller 226 heeps track pf thqqum%m of data in
each buffer and if that data has been "played" or“-mot—Whemever—sufficient
buffer space is free, the card accepts the next WRITE command and DVA' s t he
data into thattdnaigleecapifinyt oEnthryidand fauf fgmassosipted wvothcteet the
full data Qackd epiigakly a Slow Play or Pause condition), the WRITE is
not accepted and a buffer full return code is returned. K2.3. MANUAL MODE

5. A media streamer, comprising:

at least one storage node comprising at least one disk
unit for storing a digital representation of at least
one video p:ésentation, said at least one disk unit
having an associated data buffer for at least storing

data read from the disk unit; and.

a plurality of communication nodes each having at
least one input port that is coupled to an output of
said at least one storage node for receiving therefrom
‘sequential ones of portions of a digital
representation of a video presentation, each of said
plurality of communication nodes further having a
plurality of output ports, individual ones of said
plurality of output ports being operable for
transmitting a digital representation as a data stream
to a consumer of the data stream, individual ones of
said output ports having an associated pért buffer for
buffering at least one of said sequential portions of
the digital representation prior to a transmission of

thereof:; and

a circuit switch for controllably interconnecting said
at least one storage node and input ports of said

plurality of communication nodes; wherein

said at least one disk storage unit is configured so
as to insure a transmission of said digital
representation from each of said plurality of output
ports such that a substantially isochronous data
stream is enabled to be generated from each individual
one of the transmitted digital represengations;

_THis is_the repiacement sheet
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A LOCATE COITTTB.

-vi deo

dat.a

e

transm ssion has different error
6. A media streamer as set forth in clalm 5, whereln sald

at least one disk storage unit is configured such that:

raid at least ane disk storage unit is formatted to
have a maximum allowable sector size;

said associated data buffer is partitioned into
segments, each of said seéments having a storage
capacity that is at least equal to a size of
individual ones of said portions of said digital

representation; and

said associated data buffer is programmed to attempt
connection to an inpdt port of one of said plurality
of communication nodes, via said circuit switch, upon
a condition wherein a segment of said associated data
buffer has stored a predetermined amount of a portion
of a digital representation that is read from said
disk storage unit, the predetermined amount being a

function of an instantaneous transmission data rate of

a communication node output port that is associated
with said communication node 1nput port and also a

function of a sustainable data rate at which data is

read from said disk storage unit to said segment.

7. A media streamer as set forth in claim 6 wherein said at
least one disk storage unit is further configured so that
‘any thermally-related disk storagé unit read/write head
compensation occurs on but one read/write head at a time.

tevue .~ -+ This is the replacement sheet

d is | us d to select a 'cuirént’ “Wite buffer and position

Wi t hi nthis |caIIy ffer access conmand (Wite,

- Er ase, ffer pomﬂmummmﬂﬂm HBL’[O the start of data for the
last bl at was suctessful tted THI-ShBFIEETSHHQ"EEE
"preferably for vi deo streamtransition nmanagenent , R ﬁ?m node
reacti vated as soon as possible to m ni gkze conmand he syst em
This is the replacenent sheet [err] 79 K2.4. ERROR MANAGEMENT Digital
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managenent requirenents than the random data access usage that SCSI is
normal |y used for in data processing applications. M nor data loss is
|l ess critical than transm ssion interruption, so the conventional retries
and data validation schenes are nodified or disabled. The nornmal SCS
error handling procedures are followed with the status byte being returned
during the status phase at the conpletion of each conmand. The status
byte indicates either a GOOD (00) conditijong a BUSY (8h) if the target SCSI
chip 227 is unable to accept a command, or a CHECK CONDI TION (02h) if an
error has occurred. K2.5. ERROR RECOVERY The controller 226 of the SCS

vi deo adapter 212 automatically generates a Request Sense comrand-on a
Check Condition response to l|load the error and status information,
and determines if a recovery procedure is
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possi ble. The normal recovery procedure is to clear the error state;

di scard any corrupted data, and resune normal play as quickly as possible.
In a worst case, the adapter 212 may have to be reset and the data rel oaded
before the play can resunme. Error conditions are | ogged and reported back
to the host systemw th the next I NQU RY or REQUEST SENSE SCSI operation.
K2. 6. AUTOVATI C RETRI ES For buffer full or device busy conditions, retries
are automated up to X nunber of retries,ppiere X is dependent on the stream
data rate. This is allowed only to the point in tinme that the next data
buffer arrives. At that point, an error is logged if the condition is
unexpected (i.e., Buffer full but not PAUSED or in SLOW PLAY node) and a

/
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80 device reset or clear nmay be necessary to recover and continue video

pl ay. Al though described primarily in the context of delivering a video
presentation to a user, it should be realized that bidirectional video
adapters can be enployed to receive a video presentation, to digitize the
vi deo presentation as a data representation thereof, and to transmt the
data representation over the bus 210 to a conmuni cati on node 14 for
storage, via low |l atency switch 18, mﬁtgbﬁ4a storage node or nodes 16, 17
as specified by the control node 18. It~should be understood that the
foregoing description is only illustrative of the invention. Various
alternatives

swrcH FIG. 1G, 16
) /
U |46
" 40 SWITGH STORAGE ] 44
— NODE CTRL. | L4
B B W
| BUFFER SYSTEM
‘\__,/' .
DMA ﬂ CONTROL I
DATA —— .
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a2 'VIDEO CAGHE & RAID
& DISK APP
INTERFACE MAPPING
PC
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and nodi fications can be devised by those skilled in the art w thout
departing fromthe invention. Accordingly, the present invention is

i ntended to enbrace al

wi thin the scope of the appended clains. This is the replacenent
[err] WHAT IS CLAIMED | S: 1. A nmedi a streaner,
| east one storage node conprising mass storage for storing a

representation of at |east one \gdegpo presentation, said mass
| east storing data read

whi ch fall

sheet [err]
conpri si ng;
di gi tal
storage havi ng an associ ated data buffer for at
fromthe nmass storage;

such alternatives, nodifications and vari ances

and

FIG. 2.

STREAM CONTROL COMMANDS; HIGH PRIORITY EXECUTION

VS - CONNECT

VS-PLAY

VS - RECORD

VS—SEEK

VS ~PAUSE

VS -STOP

VS -DISCONNEGT
VS-GCONNEGT_LIST
VS—-PLAY_AT_SIGNAL
VS-RECORD_AT_SIGNAL

'DATA MANAGEMENT COMMANDS ; LOW PRIORITY EXECUTION

VS—-CREATE
VS—OPEN

VS—READ

VS-WRITE
VS-GET_POSITION
VS-SET_POSITION
VS-CLOSE

VS-RENAME
VS-DELETE

VS-GET_ ATTRIBUTES
VS-GET_NAMES

VS -DUMP

VS -RESTORE

VS-SEND

VS-REGEIVE

VS-REGE IVE_AND_PLAY
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a plurality of comruni cati on nodes each having at |east one input port that
is coupled to an output of said at | east one storage node for receiving
sequential portions of a digital representation of a video presentation
therefrom each of said plurality of conmunication nodes further having a
plurality of output ports, individual ones of said plurality of output
ports being operable for transmtting a digital representation as an

i sochronous data streamto a consuner g%{gge digital representation,

i ndi vi dual ones of said output ports h % an associ ated data buffer for
buffering at |east a portion of said sequential portions of the digital
representation prior to a transmssion of the digital representation froma
data buffer associated with a storage node; wherein each of said plurality
of comuni cati on nodes further conprise chedul er for scheduling, for

i ndi vi dual ones of said data buffersF§(§$gEﬁ OUtpUtpﬂﬁﬁ&F %ﬁigrﬁequest
to said at | east one storage node for a next sequent’ ﬁggﬂ t he
digital representation for storage al one said data

buffers of saifd ou : i vi dual
one of said data buffers of said o
predeterm ned|ti ne such that a requested next S ntial portion offthe
digital repregentatpgn is avapable to a requ?éflng commmgcati on nggde,
prior to a ti t hat ' / /
SCHEDULE
INPUT OUTPUT
—™ THREAD | OUTPUT  |—= — THREAD
INPUT Q T OUTPUT Q
GET DATA FROM | \
DISK NODE; | b
SEND REQ VIA T
CROSS-CONNECT
SWITCH WAIT
FOR DATA
FIG. 4.
' STORAGE NODE DATA
: FLOW
SCHEDULE INPUT
lﬁO 1O . //”4' /)18 ' 12 -
: SCHEDULE
INPUT OuUTPUT -
" THREAD T | OUTPUT |—* THREAD
INPUT Q T OUTPUT Q
DATA FROM
. DISK -
A, |
G OUTPUT TO
NODE FROM DATA  COMMUNICATION
NODE VIA .
116 ¢ RECEIVE CROSS-CONNECT

DATA REQ SWITCH

!

MESSAGE FROM
COMMUNIGATION

" oplacement sheet NODE,; VIA
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t he requested next sequential portion is required to be transmtted from
the output port that is associated with the data buffer for which the read
request was schedul ed; and wherein said at | east one storage node further
conprises a scheduler for scheduling a read request to the nmass storage
such that a next sequential portion of a digital representation is
available in said data buffer of said mass storage for outputting, prior to
said at |east one storage node receiving A{f request for the next
sequential portion fromone of said com*run on nodes. 2. A nedi a
streaner as set forth in claim1l wherein said schedul er of individual ones
of said conmmuni cat i (@Rt#PdR3e SChedul es r@afmi &dussistesuch t hat gnJ,-y OR&ye’ €ad
request fromthe individual one of the communication nodes is pendlng at
said | east one storage node at any given tine. This is the replacenent
sheet [Qryder
Slart ——r 2 - fecelve request
. - Open catalog entry
- Redd descriptor
4. Allocate Comnunication
Node/Port
5. Send request to
Communlcation Node - —» 6. Recelve request
7. Open files -

---» B. Recelve request
9. Allocate resourca:
10. Return handle to
Communication MNods

Il. Allutate resources =
12. Schedule I1nput

13. Return handle to
Control Node

11, Return handle to <
requester

FRAS (il o Bor o Conmects

Control Node | Commmication Node Storage Hode -

- 1.User
Start -—w» 2. Recelve request
3. Send request to

Conmunication Hode —» 4. Receive request
(play thread) —————»% 5. -Receive request
. _ ~Enable stream
" 6. Ensure Inltia)l “ -Send response
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7. Enable aml schedule output
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USER 9. and send reply to
user
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[err] 82 3. A nedia streaner as set forth in claim2 wherein said
schedul er of individual ones of said comruni cati on nodes schedul es read
requests for a particular output port at a frequency equal to a data rate
of a data stream output by the particular output port, divided by a storage
capacity of the data buffer associated with the particul ar output port. 4.
A nedia streanmer as set forth in claim1l wherein said mass storage is
conprised of a plurality of disk units,7 rein sequential portions of

i ndi vi dual ones of digital representatiohs are stored as a set of stripes
over different ones of at |east sone of said plurality of disk units,
wherei n said storage node includes a data buffer associated wth a set of
stripes, and wherein said schedul er of said at | east one storage node
schedul es read requests for a particular one of said digital

representations at a.f;ﬁmgmuugu4mwwﬁ_La_a_LaLﬁ at which data is read froma
correspondi ng sét of étripes di vided by al storlage capacity of the data
buf f er associateqmyjtr the set of stjripasf 5. A nmedi a streaner,
conpri si ng: Ll —»| 9
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at | east one storage node conprising at |east one disk unit for storing a
digital representation of at |east one video presentation, said at | east
one di sk unit having an associated data buffer for at |east storing data
read fromthe disk unit; a plurality of conmunication nodes each having at
| east one input port that is coupled to an output of said at |east one
storage node for receiving therefromsequential ones of portions of a
digital representation of a video prg§qa;at|on each of said plurality of
comuni cati on nodes further having a plurality of output ports, individual
ones of said plurality of output ports being operable for transmtting a
digital representation as a data streamto a consuner, individual ones of
sai d output ports having an associated port buffer for buffering at |east
one of said sequential portions of the digital representation froma data
buffer associated with a storage nodfrbfsor 0 a transm ssion of thereof
said digital representation; schedul er—meams—for controlling said one

storage node to assure a presence in said associated data buffer of a

eduest fcf CGPUSEIORTY

c drgrtat

aﬁ

[ ~19 eSentat I
portion from one of

ARSI
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therefor, jJand for further controlling at | east one communication nodelto
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for dispatch of said sequential portion of the digital representation to an
associ ated port buffer prior to a requirenent to output said sequenti al
portion fromsaid associated port buffer such that the sequential portion
of the digital representation will be available to a requesting

comuni cation node, prior to a time that the sequential portion is required
This is the replacenent sheet [err] 83 to be transmtted; and a circuit
switch for controllably interconnectingsiihd at | east one storage node and
i nput ports of said plurality of communi*¢af’i on nodes; wherein said at |east
one disk unit is configured so as to insure a transm ssion of said digital
representation to one or nore communi cati on nodes such that a substantially
i sochronous data stream is enabled to be generated from out put ports of

said one or nore
FIG. 10.

BATCH SELECTION
FILE NAME : | BATCH 2 \ B
| \ISO
DIRECTORY IS : C:\BATCH CMD .
| a8 146
FILES / DIRECTORY . /
AT
gm-gﬂ '2 C: \BATCH CMD
UPDATE | LA]:
(C]:
144 —— EXECUTE CANGEL
[ — CLIENT
CONTROL
SYSTEM
A  ——
" RPC RPC
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(B)
(A) ' g
 RPC RPC
SERVER CLIENT
10 MEDIA
STREAMER
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communi cation nodes from each individual one of the transmtted digital
representations. 6. A nedia streaner as-set forth in claimb5, wherein
said at |east one disk unit. is configured such that: said at |east one disk
unit is fornmatted to have a maxi mnum al | owabl e sector size; said associ ated
data buffer is partitioned into segnments, each of said segnents having a
storage capacity that is at | east equalo'flé"a si ze of individual ones of
said portions of said digital representation; and said associ ated data
buffer is progranmmed to attenpt connection to an input port of one of said
plurality of communi cation nodes, via said circuit switch, upon a condition
wherein a segnent of said associated data buffer has stored a predeterm ned
anount of a portion o [ represgntation that is read from said disk
unit, the predetermn b&i Ng a flunction of @n instlant apgous
transm ssion data rat U port| thayis |
associated with S&I-CLC% al4o a [&Enctidn of a
sust ai nabl e Tate di sh stof@ge unit to
sai d segnent. A ocl ai M 6 wher ei n fsai d
at |l east one digk uni Ly L
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configured so that any associated thermally-related read/ wite head
conpensati on occurs on but one read/wite head at a tinme. This is the

repl acenent sheet [err] Thi s Sheet Has Been Replaced [err] 84 6. A nedia
streaner as set forth in claimb5, wherein said at | east one di sk storage
unit is configured such that: said at |east one disk storage unit is
formatted to have a maxi mum al | owabl e sector size; said associ ated data
buffer is partitioned into segnents, F?EP of said segnments having a
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capacity that is at least equal to a size of individual ones of
said portions of said digital representation; and said associ ated data
buffer is progranmed to attenpt connection to an input port of one of said
plurality of communi cation nodes, via said circuit switch, upon a condition
wherein a segnent of said associated data buffer has stored a predeterm ned
anount of a portion of a digital reprd®iéation that is read fromsaid disk
storage unit, the predeterm ned anount being a function of an instantaneous
transm ssion data rate of a conmunicati on node output port that is :
associated wth said conmunication node input port and also a function of a
sustai nable data rate at which data is read fromsaid disk storage unit to
said segnent. 7. A nedia streaner as quafoqu in claim6 wherein said at
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read/ wite head conpensati on occurs on
13714

[err]

Is further configured so that any

thermal l y-rel ated di sk storage unit

| east one di sk storage unit
but one read/wite head at a tine.
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VIDEQ OPTIMIZED MEDIA STREAMER DATA FLOW ARCHITECTURE
ABSTRACT OF THE DISCLOSURE

A media streamer {10) includes at least one storage node
(16, 17) comprising mass storage for storing a digital
representatlion of at least one video presentation; and a
plurality of communication nodes (14) each having at least
one input port that is coupled to an output of the at least
one storage node for receiving a digital repreéentation of
a video presentation therefrom. Each-of the plurality of
communication nodes'furthér includes a pluraliﬁy of ocutput
ports, individual ones of the plurality of output ports
being operable for transmitting a digital representation as
a data stream to a consumer of the digital representation.
Individual ones of the output ports also have an associated
data buffer for buffering a  portion of a digital
representation prior to a transmission of the, digital
representation. Each of the plurality of communication
nodes further includes a scheduler for scheduling, for
individual ones of the data buffers, a read request to the
at least one storage node for a next sequential portion of
the digital representation for storage thhln individual
ones of the data buffers. Each read request for a
particular individual one of the data buffers is scheduled
at a predetermlned- time such that a requested next
sequential portion of the digital representatlon is
available to a requesting communications node :prior to a
time that the requested next sequential portion is required
to be transmitted from the output port that is associated
witg the data buffer for. which the read rgquest was
scheduled. The at least one storagé node further includes
a scheduler for scheduling a read request to the mass
storage such that a next sequential portion of a digital
representation is ayaiiable'for outputting, prior to the at
least one storage node receiving a read request for the

pp;t;fbrg} from one of the communication
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1. A media streamer, comprising;
| at least o'ne'stomge node.comprising mass storage for storing a digital representation of
at least one video presentation, said mass storage having an associated data buffer for at

least _storing data read from the mass storage; and

a plurality of communication nodes each having at least one input port that is coupled. to
an output of said at least one storage node for receiving seqilential portions of a digital
.representation of a video presentation therefrom, each of said plurality of communication
nodes further having a plurality of output ports, individual ones of said plurality of output
ports being operable for transmitting a digital representation as an isochronous data
‘stream to a consumer of the digital representation, individual ones of said output ports
- having an associated data buffer for buffering at least a portion of said sequential portions
of the digital representation prior to a transmission of the digital representation from a
data buffer associated with a storage node; wherein :

each of said plurality of communication nodes further comprises a scheduler for
scheduling, for individual ones of said data buffers of said output ports, a read request
to said at least one storage node for a next sequential portion of the digital representation
for storage within individual ones of said data buffers of said output ports, each read
request for a particular individual one of said data buffers of said output ports being
scheduled at a predetermined time such that a requested next sequential portioxi of the
digital representation is available to a requesting communication node, prior to a time that
the requested next sequential portion is required to be transmitted from the output port
that is associated with the data buffer for which the read request was scheduled; and
wherein

said at least one storage node further comprises a scheduler for scheduling a read request
to the mass storage such that a next sequential portion of a digital representation is
available in said data buffer of said mass storage for 6utputting, prior to said at least one
'storage node receiving a read request for the next sequential portion from one of said
communication nodes.

2. A media streamer as set forth in claim 1 wherein said scheduler of individual ones of said
communication nodes schedules read requests such that only one read request from the
-~ individual one of the communication nodes is pending at said least one storage node at

any given time.
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A media streamer as set t’orth in claim 2 whcrcm said scheduler of individual ones of said
communication nodes schedules read requests for a particular output port at a frequency
equal to a dara rate of a data stream output by the particular output port, divided by a
storage capacity of the data buffer associated with the particular output port.

A media streamer as set forth in claim 1 wherein said mass storage is comprised of a
plui'ality of disk units, wherein sequential portions of individual ones of digital
representations are stored as a set of stripes over different ones of at least some of said
plurality of disk units, wherein said storage node includes a data buffer associated with
a set of stripes, and wherein said scheduler of said at least one storage node schedules
read réquests for a particular one of said digital representations at a frequency equal o
a rate at which data is read from a corresponding set of stripes dmded by a storage
' capacuy of the data buffer associated with the set of stripes.

A media streamer, comprising:'

at least one storage node comprising at least one disk unit for storing a digital
representation of at least one video presentation, said ‘at least one disk unit having an
associated dara buffer for at least storing data read from the disk unit;

a pluiaﬁty of communication nodes each having at least one input port that is coupled to
an output of said at least one storage node for receiving therefrom sequential ones of
portions of a digital representation of a video presentation, each of said plurality of
communication nodes further having a plurality of output ports, individual ones of said
plurality of output ports being operable for transmitting a digital representation as. a data
stream to a consumer, individual ones of said output ports having an associated port
buffer for buffering at least one of said sequential portions of the digital representation
from a data buffer associated with a storage node prior to a transmission of thereof said
digital representation;

scheduler means for controlling said one storage node to assure a presence in said
associated data buffer of a sequential portion of the digital representation prior to an
expected request for the sequential portion from one of said communication nodes
therefor, and for further controlling at least one communication node to issue a request
for dispatch of said sequential portion of the digital representation to an associated port .
buffer prior to a requirement to output said sequential portion from said associated port
buffer such that the sequential portion of the digital representation will be available to
~ a requesting communication node, prior to a time that the sequential portion is required
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to be tranémitted; and

a circuit switch for controllably . interconnecting said at least one storage node and input
ports of said plurality of communication nodes; wherein

said at least one disk unit is co:ifigﬁred so as to insure a transmission of said digital
sepresentation to one or more communication nodes such that a substantially isochronous
data stream is enabled to be generated from output ports of said ome or more
communication nodes from each individual one of the transmitted digital representations.
A media streamer as set forth in claixfx 5 , wherein said at least one disk unit is configured
such that: h ' '

| said at least one disk unit is formatted to have a maximum allowable sector size;

said associated data buffer is parﬁtioned into segments, each of said segments having a
storage capacity that is at least equal to a size of individual ones of said portions of said
digital representation; and '

said associated data buffer is programmed to attempt connection to an input port of one
of said plutélity of communication nodes, via said circuit switch, upon a condition
wherein a segmeht_of said associated data buffer has stored a predetermined amount of
a portion of a digital representation that is read from said disk unit, the predetermined
amount being a function of an instantaneous transmission data rate of a communication
node output port that is associated with said communication node input' port and also a
function of a sustainable data rate at which data is read from said disk storage unit to said
segment. -

A'media streamer as set forth in claim 6 wherein said at least one disk unit_ is further
configured so that any associated thermally-related read/write head compensation occurs
on but one read/write head at a time.
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