VI DEO OPTI M ZED MEDI A STREAMER W TH DI STRI BUTED VI DEO DATA STORAGE Fiel d of
the Invention 5 This invention relates to a system for delivery of"
mul ti medi a data and, nore particularly, an interactive video server system
that provides video sinultaneously to a plurality of terminals with m ninal
buffeéering. 10 Background of the Invention The playing of novies and video
is today acconplished with rather old technology. The primary storage nedia
is anal og 15 tape, such as VHS recorders/players, and extends up to the
very high quality and very expensive D1 VIR s used by television studios
and broadcasters. There are many problens wth this technol ogy. A
few such problens include;_the nmanual | abon reqyired to | oad the tapes,

t he 20 wear and tear omn- X S ead, and the tape
itself, and also the HEXHcDES : DEQN DRI onfcztatlon t hat
troubl es Broadcast Statirons is that the VTRs can onIy perform one function
at a tine, seqﬁeﬁ%i%ll¥h Egch taEe unit costs from $75,Q00 to $150, 000. 25
TV stations heir revenues from conmmrercials, which
are noth®ng nore than short novies, by inserting speci al connercials fnto

~their standar @i’rﬁﬂsogiﬁv’én@f%”i%ﬁ%%st aggetd ng Lach Cirby a&ef‘n?
mar ket. This 30 ficult task with tape technol ogy, en wth the

di f
very expensi vé“ulﬁtdf“fegllanattépearéiyst’@ﬂﬁe ParLpEuLBhLYs. afy a’d?tﬁ’??rfézll"ﬁet hods
of delivery ofvidebt speven siptteent dhertd progidesavideat situbtasiagdy e 1)

br oadcast ind%ﬁbﬂﬁrality 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
15 tape, such as VHS recorders/players, and extends up to the
very high quality and very expensive D1 VTR's used by
f television studios and broadcasters. There are many
problems with this techﬁology. A few such problems
include: the manual labor required to load the tapes, the
20 wear and tea¥ on the mechanical units, tape head, and the
tape itself, and also the expense. One significant
limitation that troubles Broadcast Stations is that the
VTRs can only perform one function at a time, sequentially.
Each tape unit costs from $75,000 to $150,000.
25 o
TV . stations want to .increase their revenues from
commercials, which are nothing more than short movies, by
inserting special commercials into their standard programs
‘and thereby targeting each city as a separate market. This
30 is a difficult task with tape technology, even with the
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
35 methods and 2) computer industry methods. Broadcast
methods (including motion picture, cable, television
network, and récord industries) generally provide storage



35 met hods and 2) conputer industry nethods. Br oadcast net hods

(i ncluding notion picture, cable, television network, and record

i ndustries) generally provide storage 2 in the formof anal og or
digitally recorded tape. The pl ayi ng of tapes.causes isochronous data
streans to be generated which are then noved through broadcast industry
equi pment to the end user. Comput er net hods generally 5 provi de
storage in the formof disks, or disks augnmented with tape, and record data
i n conpressed digital fornats such as DVI2 JPEG and MPEG. On request,

conput ers deliver non-isochronous data streans to the end user wher e

hardvare buffets and 3nsel dle dpplieation cole APOULL NG 10,0, ahE

streans to enabl e confi nuous vi ew
have tradition2t3¥ingknhehi tages - @@yﬁeédm‘ac@geneuér d@@ﬁpm"é?eamsskt%ubsyst ens
due to the COS:jexﬁJéra‘,ﬂ’hﬁ smroa;gereedhan hOVEY e¢hr Mg briciaeastb3nahers f;éhave

ol atively | oot Ve o Conb "R AT bopn e R ecnBas it pert

si gni fi cant asP-‘?RWﬁlﬁ @gtorageada ddst foravefdddgped, orndiskbi augnentedt h t he
advent of the wegl -tdge g tzﬁch%WaQ%S'1@Wd$%n§>@@§é@§55981{:§$h@bﬁh'§§s 20 -

Though conput e ubs ted co oun cos er for prance

i mpr ovenent s, %‘hg‘y as?l@bﬁm g%%{ueﬁrh %’ c?dns?ﬁe? WD ’b% 8 St PRLhIRY " .
Conput er s i nt rEdSqPhireREUEY @@tﬁwnﬂ@ﬂeﬂmsonsoandhenfﬂﬂd cgﬁputerwquem nal s
25 With  ifdRda3eesurdeds RhAL 860 Sal tdH1 i cAtQ ont @bHBUSNoBORs the

10 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. Hdwever, video tape subsystems have the
15 disadvantages of tape management, access latency, and
relatively low reliability. These disadvantages are
increasingly significant as .computer storage costs have
dropped, in combination w&th the advent of the real-time

digital compression/decompression 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
25 with interfaces and protocols that are termed "non-

isochronous'". To assure smooth (isochronous) delivery of
multimedia data to the end ﬁser, computer systems require
special application code and large buffers to overcome
- inherent weaknesses in their traditional communication
30 methods. Also, compufers are not video friendly in that
- they 1lack compatible interfaces to equipment in the
multimedia industry which handle isochronous data streams

and switch among them with a high degree of accuracy.
35 With the introduction of the u;e of computers to compress
and store video material in digital format, a revolution
ﬁas begun in gé&veral major industries such as television



I sochronous”. To assure snmooth (isochronous) delivery of nultinedia data to
the end user, conputer systens require special application code and | arge
buffers to overcome i nherent weaknesses in their traditional conmunication
30 . methods. Also, conputers are not video friendly in that they |ack
conpatible interfaces to equipnent in the multinedia industry which handle
| sochronous data streans and switch anong themw th a hi gh degree of

accuracy. 35 Wth the introduction of, the use of conmputers to conpress
and store video material in digital format, a revol ution has begun in
several major industries such as television br oadcasting, novie studio

production, "YirdedcastDegpnsiovoyesthelephoddudt g, PARERE o | BhdRysi €s in
hotel s, etc. r ' chnol ogy _has progressed.to th oi nt where
accept abl e resul Es%g%sg‘éﬁgcﬁ%%se'd Rii% eé:o?r%?‘é'sls“%ﬁe?a%?ggg?fs' WCS100x to
180x. Such &ompressien tacheslogkchasirknaressess t sthe adindl othewan
attractiye.?IFesggtg%g?tﬁggujﬁﬁ;cahgbgag&h;auaaﬁﬁﬁﬁhgﬂbgpgﬁ?fgg¢i%ﬁtﬂdg random
access gi tal_ .di a e. ver i apdwi 0 I S
systemsfythe quulﬁri)écda%?/s?gg%‘func T&h c%%rg?oseji orﬁ%ﬁ%%s ke, i THNIP™ ¢ he
per f or mance, R&FE%RAr@ighstechnd apamdabiracyive altarnative|toypriar t he
past, the useagt €apk fyd€@smd 0 Store video or novies was never really a
consi derati on because of the cost of 15 storage. That cost has seen
significant reductions in the recent past. For the many new energi ng

mar ket s t hat Wikhigr alddptassedrenden akmess ddongalPetsktdatkmads] thleere are

severalioways ¥8ry high bandwidth of disk systems, the required systenm
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 never really'a consideration because of the cost of
15 storage. That cost has seen significant reductions in the
recent past. ' '
i
For the many new emerqing'markets that utilize compressed
video data, using MPEG standards, there are several ways in
20 which video data can be stored in a cost effective manner.
This invention provides a hierarchical solution to many
different performance requirements and results in a modular
systems approach that can be customized to ﬁget market

requirements.
25
Summary of the Invention
The invention provides a '"video friendly"” computer
.subsystem which enables isochronous data stream delivery in
30 ° 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
35 elinminates the disadvantages of video tape while providing
a VIR (video tape recorder) metaphor for system control.
The system of~ this invention provides the . following
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20 whi ch video data can be stored in a cost effective manner. This

I nvention provides a hierarchical solution to many different performnce
requi renents and results in a nodul ar systens approach that can be

custom zed to neet narket requirenents. 25 Summary of the Invention The

I nvention provides a "video friendly" conputer subsystem which enabl es

I sochronous data streamdelivery in 30 a nul ti medi a environnent over
traditional interfaces for that industry, A nedia streanmer in accordance
with the invention is optimzed for the delivery of isochronous data
streans and can stream data into new conputer networks with ATM
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i nvention includes 10 at | east one storage node including nass storage

for storing a digital representation of at |east one video
A media streamer in accordance with this invention includes

10 at least one storage node including mass storage for
storing a digital representation of at least one video
presentation. The mass storage is comprised of a plurality
of mass storage units. The at least one video presentation
requires a time T to present in its entirety, and is stored

15 . as a plurality of N data biocks. Each data block stores
data corresponding to approximately a T/N'period of the

; video presentation. The media streamer further includes a
plurality of cbmmunicatioﬁ nodes each having at least one
input port that is coupled to an output of the at least one

20 storage node for receiving a digital representation of a
video presentation therefrom. Each of the plurality of
communication nodes further includes a'plurélity of output
‘ports individual ones of which transmit a digital
representation as a data stream to a consumer of the

25 digital representation. -

In accordance with an aspect of this invention the N data
blocks of the digital representation are partitioned into

X stripes, wherein data blocks 1, X+1, 2*X+1, ... etc., are
30 * associated with a first one of the X stripes, data blocks
2, X+2, 2*X+2, ... etc., are associated with a second one

of the X stripes, etc., and wherein individual ones of the
X stripes are each stored on a different one of the
plurality of mass storage units.

35
The plurality of mass storage units preferably store a-

single copy @f a digital representation of a video



presentation. The mass storage is conprised of a plurality of mass storage
units. The at | east one video presentation requires atinme T to present in
its entirety, and is stored 15 as a plurality of N data bl ocks. Each
data bl ock stores data corresponding to approximately a T/ N period of the
vi deo presentation. The nedia streaner further includes a plurality of
communi cati on nodes each having at |east one input pert that is coupled to
an out put of the at |east one 20 storsage node for receiving a digital
representation of a video presentation therefrom Each of the plurality of
comuni cation nodes further includes a plurality of output ports individual
ones of whi chPregrERrtiandithe &f stepmescnret readasut dnt sush reamrirem

_ c?nflﬁ_mer_ of tltag 2B %nabNI% @'t mgraﬁptﬁsgﬂt&éti&&;ﬂte@lnécEerQﬁﬁk@fté{&ﬁééhs% aspect
0 is invent] . dat a c 0 e digital representation are
partitioned i r?toglg%s%rslab“é%,Onﬁné’?e:éﬁedat%a%ﬁ g’cl%sc’f' ?ﬁ?rﬁ*%ﬁ‘? out ic.,
are 30 assG¥FBt admanner A itostengid eof PRBrX1ity| pEsdatmtstigamkd?, X+2,
2*X+2, 5. eteimudtendssIn) FondeWM & Ny o F9eRtd ofBCo ATt HR Xafd BRRKs.ELC. |
and wherein individual ones of the X stripes are each stored on a different
one of the plurality of mass storage units. 35 The plurality of mass

st orage unit sApredtpenblof sor ésa detrefminasbpyin oRcgodigntal witdpr édhent ati on
of a video exprekgsepiation. The X stripes are read out in such a nmanner
as to enable a plurality of data streans to sinultaneously

10 X=maximum(r*n/d, r*m/d); where

r is a nominal data rate for a data stream; .

n is a maximum number of simultaneously output data streams
at the nominal data rate;

15 d is an effective output data rate of one of the mass

storage units; and '

m is a maximum number of simultaneously output data streams
at the nominal data rate from all of the mass storage
units that store at least one of the N data_units.

20
Brief Description of the Drawings
Fig. 1 is a block diagram of a media streamer incorporating -
the invention hereof; ) '
25
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
30 » 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;
{
35 Fig. 1D is a block diagram which illustrates further

details of a communication node shown in Fig. 1;

¥



convey a same one of the N data bl ocks, or are read out in such a manner as

to enable a plurality of data streans to 5 si mul t aneously convey a
different one of the N data blocks. A value of X is determned in
accordance wth the expression: 10 X=maxi mum(r*n/d, r*md);
where r is a nomnal data rate for a data stream n is a maxi nrum nunber of
si mul t aneousl y out put ~data streans at the nom nal data rate; 15 dis an

effective output data rate of one of the nmass storage units; and mis a
maxi mum nunber of sinultaneously output data streans at the nom nal data
rate from aII of the mass storage units that store at Ieast one of the N
data units. Br| 1Rglscrl gl on oﬁ,t he Draw n%s glg is a block diagram
of a nedia stre FFna AELi ATeNLPBR AEFEIF; °‘2%p‘ﬁ' v o Y

bl ock di agr amqan@deSl Whusltl rattes exefoytiedeat detgh o i ik ycandua t fsmtitteah shown
in Fig. 1, FigistlBf Saded! ﬂgkagéﬁeﬁ@%mh&kaswhyém a&es exedhitlar a30

details of a t%pe storatg node showmn in Fig. 1; Fig. is a block diagram
which illust *S¥EE PFAPTAEY  details of a disk storage node shown in Fig. 1;
35 _Ff'rg_. 1D is a block diagramwhich illustrates further detail's of a
comuni cati on gigdesshgwy ﬁibéiﬁhiéﬁram ﬂilustrating communication node

data flow;

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

Fig. 5 illustrates control message flow to enable a connect

to be accomplished;

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

occur; |
i

Fig. 7 illustrates interfaces which exist between the media
streamer and client control systemé: .

20
Fig. 8 illustrates a display panel shqwing a plurality of
- "soft" keys used to operate the media streamer;

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

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

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

streamer;

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

Fig; 13 is a ‘block diagram indicating how plural video



Fig. 2 illustrates a list of video stream output control comrands which are
executed at high priority.and a further |ist of data managenent commands
whi ch are executed at lower priority; 5 Fig. 3 is a block diagram
illustrating communi cation node data flow, Fig. 4 is a block diagram
illustrating di sk storage node 10 - data flow, Fig. 5 illustrates control
nmessage flow to enable a connect to be acconplished;15 Fig. 6
illustrates control nessage flowto enable a play to occur; Fig. 7
illustrates interfaces which exist betweeh the media streamer and client
control systens; 20 Fig. 8 illustrates a display panel showing a plurality

Poad el ect | onPaaes] “BRarcoass; o e R Rlandid) oontaldfd TERCR 2
soft key on F|§°mB““F$§F19ﬂ?|ﬂﬂdGSFﬁ§P€sm§m%§Xch sel ection panel that is

di spl ayed when the batch’ key in Fig. 8 is selected; 30 Fig. 11
| ['l1ustrates Se%‘%a' 15 kgnt/ ﬁf&éﬁ? dd{aeixfaﬂﬂ Ci'ﬁ'&'sl%%a%h%n%ﬁ’ &u%ﬁ‘“‘%‘iﬁeo

client control stemand t rearer stra es a prior
art techfi que POFtachavsidiress: accegside GaWéd&ﬁdSPGQGPﬁQCPFtPéneﬂeldr mor e

output ports; Eache hiendrya dil eak dispraveiagh gaiddyg how plural video

Fig. 15 illustrates a memory allocation scheme employed by
the invention hereof:

10
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;

15
Fig. 18 illustrates a prior art switch interface between a

! storage node and a c¢ross bar switch;

Fig. 19 illustrates how,/the prior art switch interface
© 20 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 ou%put bus;

25
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

30 enable SCSI bus cbmmands to be employed to control the
video adapter card of Fig. 21.

Detailed Description of the Invention

35
GLOSSARY



7 ports can access a single video segnent contained in a comunications
node cache nenory; Fig. 14 is a block diagramillustrating how plural video
5 ports have direct access to a video segnent contained in cache nenory
on the disk storage node; Fig. 15 illustrates a nenory allocation schene
enpl oyed by the invention hereof; 10 Fig. 16 illustrates a segnented

|l ogical file for a video 1; Fig. 17 illustrates how the various segnents of
video 1 are striped across a plurality of disk drives; 15 Fig. 18
illustrates a prior art switch.interface between a storage node and a cross
bar switch; Fig. 19 illustrates howhe prior art swtch interface 20

shown in Fig. Irgl&ﬁes ﬂmdlotﬁlﬁg hesef Oyt féh 4 endask oW Pute e ddidsdpr a
storage node; | . 20 i.s o¢ Kbqémsran1lllustratlng a procedure for
assuring const% @F&eSeaﬁfbﬁ? t i deo output bus; 25 Fig. 21
illustrates a block diagramof a video adapter used in converting digital
video data to gnplsog Vi den dBhpratish ﬁiym@sa blﬁekeﬂ.b.a%a@ a¥sngcontrol

Vi doo adbpter card of FRGH SAEVISH RSAPRESPFpIRER BEPRELTHAN | on 35
GLOSSARY )
ATM ASYNCRHONOUS TRANSFER MODE: A high speed
switching and transport technology that can be
used in a local or wide area network, or both.
10 It is designed to carry both data and

video/audio.
Betacam A professional'quality analog video format.

15 CCIR 601 A standéfd resolution for digital television.
720 x 840 (for NTSC) or 720 x 576 (for PAL)
luminance, with chrominance subsampled 2:1
horizontally. ’
; -
20 CPU CENTRAL PROCESSING UNIT: In computer
architecture, the main entity' that processes

computer instructions.

CRC CYCLIC REDUNDANCY CHECK. A dafa efror detection
25 scheme. '
D1 . Digital Video recording format conforming to

CCIR 601. Records on 19mm video tape.

30 ’ 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.

35
DASD DIRECT ACCESS STORAGE DEVICE: Any on-line data

storage device or CD-ROM player that can ble

3
&
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8 In the follow ng description, a nunber of terns are used that are

descri bed bel ow. AAL-5 ATM ADAPTATI ON LAYER- 5: Refers to a class of 5
ATM service suitable for data transm ssion. ATM ASYNCRHONCQUS
TRANSFER MODE: A high speed switching and transport technol ogy that can
be used in a local or wide area network, or both. 10 It is
designed to carry -‘both data and video/audio. Betacam A professional
quality anal og video format. 15 CCl Ry601 A standard resolution for
digital television. 720 x 840 (for NTSC) or 720 x 576 (for PAL) |um nance,
wi th chrom nance subsanpled 2:1 horizontally. 20 CPU CENTRAL
PROCESSI NG UNIT: addrdgsed cidrpat ®ASaAr chi Used usgnonlgeonaly edcht y t hat
processes conputer i nstlg%étqr&sdlgﬁcdnve CYCLI C REDUNDANCY CHECK. A data
error detection 25 D1 Digital Video recording
format conformng to CCl R 601. Recor ds on 19mm vi deo tape. 30 D2

Digital videopmrcordi ngJIﬁmmEmonmfmmsg RomERE 344hMdvierdata an 19nm

2am Rocords on 112" v deainil’ SRl o QAL Kl Re T

DEVI CE: Any on-line ddthe SF8r §§e’“8§9l tke 5la%® ROM pl ayer that can be

DVI A relatively low quaiity digital video
compression format usually used to play video
10 from CD-ROM disks to computer screens.
E1l European equivalent of T1.
FIFO FIRST IN FIRST OUT: Queue handling method that
15 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 vided to synchronize the digitizing

20 process with the scanning parameters of the

video signal.

I/0 INPUT/OUTPUT
25 Isochronous Used to describe information that is time
sensitive and that is sent (preferably)
without interruptions. Video and audio

data sent in real time are isochronous.

30 JPEG JOINT PHOTOGRAPHIC EXPERT GROUP: A working
committee . under the auspices of the
International Standards Organization that is
defining a proposed universal standard for
digital compression of still images for use in '

35 computer systems.

KB KILO BYTES: 1024 bytes.



9 addressed is a DASD. Used synonynously with magnetic di sk drive. DVA

DI RECT MEMORY ACCESS: A nethod of noving data in 5 a conputer
architecture that does not require the CPU to nove the data. DVI - A
relatively low quality digital vi deo conpression format usually used
to play video 10 from CD- ROM di sks to conputer screens. El
Eur opean equi val ent of Tl1. FIFO FI RST I N FI RST @UT: Queue handling

nmet hod that 15 oper ates on first-cone, first-servedbasis.
GenLock Refers to a process of syr‘t?hr oni zation to another video
signal. It is required in conputer capture of video to synchronize the
digitizing 20 ran LOCALP Q&8s Snprhbrk he Sﬁ%ﬂ“é&é&ﬁrﬁﬂsﬁ%&s’"{gn the
video signal. 1/0 | soc

| NPUT/ QUTPUT 25 r 0pOUS Used t.0 describe
information that is ti n€v§€#}f"f‘ﬁ58g1a_ﬁalfhaf°?’§’ s8ht P%%?Iéfo BTy RE $hout
interruptions. Vi deo &hdtaudicerdwicsd serfiernmingdsgl, ti reempudexsochrambus. 30
JPEG  JONT PHOTOGRARE GnEXPERT t680kRar ok WRIdidb®BE bRyt Wnder
t he auspi ces of the_Interpational Standards Organi zation that iIs
defining®a proposed uni Pér€aP*st&f%ard for digital conpression of sti'll

i mges for use in 35 conput er systens. KB KILO BYTES:
1024 bytes.  1gy ~ LEAST RECENTLY USED
MPEG MOVING PICTURE EXPERTS GROUP: A working
10 ' committee  under the auspices 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.
15 : MPEG-2 will be ‘tho next standard and will
support digital, flexible, scaleable video '
i transport. It will cover multiple resolutions,
bit rates and délivery mechanisms. ;

Vd . -

20 MPEG-1, MPEG-2 See MPEG
. MRU MOST RECENTLY USED
y -
MTNU MOST TIME TO NEXT USE
25

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

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

Europe except for France.

PC . PERSONAL COMPUTER: A relatively 1low cost
35 computer that can be used for home or business.

RAID. REDUNDANT ARRAY of INEXPENSIVE DISKS: A storage



10 LAN LOCAL AREA NETWORK: Hi gh-speed transm ssion over tw sted

pair, coax, or fiber optic cables that connect term nal s, conputers
and peripherals together at distances of about a 5 mle or

| ess.. LRU LEAST RECENTLY USED MPEG MOVI NG PI CTURE EXPERTS
GROUP: A working 10 o conmttee under the auspices
of the International Standards Organization that- is defining

st andar ds for t he di gi tal conpression/ deconpressi on of notion
video/audio. MPEG 1 is the initial standald and is in use. 15

MPEG- 2 wll be tho next standard and will support digital, flexible,
scal eabl e vi deo transport | cover nmultiple resalutions, bit rates
and delivery nmechani sns. Eﬁangem?\ﬁfEGﬁh WPEESS  RYVNBEG Magnetic T
RECENTLY USED MINU . MpEicdl M iE®sNEXarkiSly 25nNSGdeor nib  indWeRaNAL
TELEVI SI ON STANDARDS COYMdJERK Thgu{_:émpr g,ﬁi ey Si o‘?,g‘pﬁ@t ’PM'HEEE[ he
standard in the United States and Japan. PAL r mat

ALTERNATI ON LI NE: bagigup tol or teIeV|S|on format - that is the standard
for Eurofe except for France. PC PERSONAL COVWPUTER: A !

relatively 10gcsg0St  sMALL COMPUTER SYSTEM INTERFACE: An industry
standard for connecting peripheral devices and
their controllers to a computer.

10 SIF SOURCE INPUT FORMAT: Oﬁe quarter the CCIR 601
resolution. '
SMPTE SOCIETY OF MOTION PICTURE & TELEVISION
ENGINEERS.
15 :
ssA SERIAL STORAGE ARCHITECTURE: A standard for

connecting peripheral devices and their
controllers to computers. A possible replacement
for SCSI. ’ -

20
T1 Digital interface into the ¢telephone network

with a bit rate of 1.544 Mb/sec.

TCP/IP TRANSMISSION CONTROL PROTOCOL/INTERNET PROGRAM:
25 A set of protocols developed by the Department
of Defense to link dissimilar computers across

networks.
) VHS VERTICAL HELICAL SCAN: A common format for
30 recording analog video on magnetic tape.
VTR VIDEO TAPE RECORDER: A device for recordiné

video on magnetic tape.

35 VCR VIDEO CASSETTE RECORDER: Same as VTR.

A. GENERAL ARCHITECTURE"



35

REDUNDANT ARRAY of

conput er that can be used for honme or business. RAID

| NEXPENSI VE DI SKS: A storage arrangenent that uses

di sks working in tandemto increase bandw dth

several magnetic or optical.

out put and to.provide redundant backup. 5 SCSI| SVMALL COVPUTER SYSTEM
| NTERFACE: An industry standard for connecting peripheral devices and
their controllers to a conputer. 10 SIF SGURCE | NPUT FORVAT
One quarter the CCIR 601 resolution. SMPTE SOCIETY OF  MOTION
PICTURE & TELEVI SION ENG NEERS. 15 SBA SERI AL STORAGE

ARCHI TECTURE: A standard for connecting peri pher al devi ces and
their controllers, o co ut ers. ossi bl e repl acenent for SCSI. 20 T1
Digital interffald ? t & th‘é“ltzgfiep?l e SREYRE Wi SFEEE™Di L0r afReXgattersy
Mo/ sec. TCP/ | ReferTRANSM S8 GGENTROtedMI)OGE / $HGHERNET PROCRAN aza

f d
A set of protqgeghsagdevekgps nycﬁmm&hgenaleh%?gf %ﬁé&ﬁ <R

di ssiml ar

conput er.s acr oss neg.wor k

‘cormon for mat PFEY19E Scaleability, hﬁqgcéVaﬁnﬁbénéFﬁgaﬁqd@ﬁ?%ﬁﬁqﬁﬁﬁﬁﬂﬂ

flexibility. The major components . follow:

t ape.

5

10

15

20

25

30

35

1)

2)

3)

4)

Low Latency Switch 12: a hardware/microcode
component with a primary task of delivering data
and control information between Communication
Nodes 14, one or more Storage Nodes 16, 17 and
one or more Control Nodes 18.

Communication 'Node 14: a hardware/microcode
component with the primary task of enabling the
"playing" (deliQering data isochronously) or
“"recording" (receiving data isochronously) over
an externally defined interface usually familiar
to the broadcasé industry: NTSC, PAL, D1, D2,
etc. The digitdl-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.

Stbrage Node 16, 17: a hardware/microcode

component with the primary task of managing a
storage medium such as disk and associated

storage availability options.

'~ Control Node 18: a hardware/microcode component

with the primary task of receiving and executing
control commands from an externally defined
subsystem interface familiar to the computer

industry.

A typical media streamer with 64 nodes implementation might
contain 31 communication nodes, 31 storage nodes, 2 control
nodes intercoﬁﬂécted with the low latency switch 12. -A

{



VTR VI DEO TAPE RECORDER: A device for recording video on nagnetic
tape. 35 VCR VI DEO CASSETTE RECORDER: Sanme as VTR A, CGENERAL
ARCHI TECTURE 12 A video optim zed stream server system 10 (hereafter

referred to as nedia streamer) is shown in Fig. 10 and includes four
architecturally distinct conponents to provide scaleability, high

availability and configuration 5 flexibility. TFhe major conponents
follow 1) Low Latency Switch 12: a_hardwar e/ m crocode conponent with a
‘primary task of delivering data and contPol information between

Communi cation 10 Nodes 14, one or nore Storage Nodes 16, 17

and one or r e | C
MO G T QL sDogleshil B %ont HHY QQEQE?%IIng tﬁ%liS

har dwar e/m croco e Co onent Wt rimary tas
"ol ayi ng”  (J@A5VE5E har%o%‘PP%?% I??m““brl‘mq i PORA%c AR ng dat a
I sochr onousl yqorm::@rl &nnekiems\al IThed dleisigd ontmdm&t:mlelrylbamlmaar to the

broadcast | nisiafy YbEem B6LgrBl tH2a hEqeTUGELA! Al ens- <¥+ dterface

i s enbodi ed 20 a_video car tal ne urality of
vi deo ports, Phsteitatien- at e 8ddpufonf 1%‘%’:%Tﬁmnt83t|6‘ﬁ“‘h%’€f§‘aﬂ4 3)
Storage Nodecapk®ilit¥: of mexiiwaistwaamesi LoOcaMlered@in the same excepgtonponent

with the prirgly ¢8sKknQfbdBNagi NG R 50" A0S VU M 54 Conas ndldk AN

associ at ed
multimedia hours stored.

10 In Fig. 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

15 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 exanple,
a 25 megabyte per seceénd, full duplex communication

120 channel.

Information is transferred through +the switch 12 in
packets. ‘Each packet contains a header portlon that
controls the sw1tch1ng state of 1nd1v1dua1 crossbar switch
25 points in each of the switch chips. The control node 18
provides the other nodes (stofage nodes 16, 17 and
communication nodes 14) with the.information-necessary to

enable peer-to-peer operation'via the low latency switch

12.
30
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.
35

As employed herein a video presentation can include one or
more images that are suitable for display and/orx



storage availability options. 4) Control Node 18: a hardware/ m crocode
conponent 30 with the primary task of receiving and executing -
control commands from an externally defined subsysteminterface famliar to
the conputer industry. 35 A typical nedia streaner with 64 nodes
~inplenentation mght contain 31 communi cation nodes, 31 storage nodes, 2
control nodes interconnected with the low |latency switch 12. A 13
smal l er system m ght contain no switch and a single hardware node that
supports communi cati ons, storage and contisol functions. The design of nedia
streaner 10 allows a small systemto grow to a |arge systemin the custoner
5 installation. . In all _configuratigons, the functional capability
of nedia stredCRF NG rRnYifePhiresrrtatdept v LASIRAFHEAN RUdES eans
del i ver ed and pdwtimunb@heobnaubt i mede ainagess malyobed logifically| fefated 1A,

further detailg,gf asovgéq%tea%exlsmﬁgs18faéef§mmmogw' U62! Lhym@Ls Gl ! Cul t

switch chi ps (not shown)” are_interconnected .on cfossbar’swtc
which are i nt¥¥ENTECt é’H“%/l images aRaY wydadneddierks | ganeyateduiy 'IEhe
pl anar a®d a s:ramyr.va Caiyd 223 iopinadli tadnpuelrQWolrat§N Gy ddmbinatdlods P¥ara Switch

wih 10 node sarics. A ] el dum Be el QEATL O

addi ti onal ports an eS|re acti've're e por sk’}or hi gh
avai | abil i ty SE’é’éi‘i‘rﬁBRFer Witd | Bhe | Sispdpys\@t cﬁuqcze%hml dzagps - exdhpl e, a
25 megabyt e pempiegendd, hleblelindupl exdaaMudpidisepftation of  a video

presentation can be any suitable digital data format for
10 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
15 to multiple tape records contained in a tape 1ibrary 26.
A further interface 28 enables access to other tape
libraries via an’ SCsI bus interconnection. An internal
system memory 30 enables a bufferlng of video data received i
from either of interfaceés 24 or 28, or via DMA data
20 transfer path 32. Systém 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
25 interconnection between the tape storage node 17 and low
latency switch 12. That is,.the'module 38 is responsible
for partitioning a data transfer into packets and adding
the header portion to each packet that the switch 12
"employs to route the .packet. When receiving a packet from
30 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
35 memory 30 in a first buffering action. Next, in response
to initial direction from control node 18, the video data
is routed throﬁ&h low latency switch 12 to a disk storage



: 20 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 25 points in each of the switch
chips. The control node 18 provides the other nodes (storage nodes
16, 17 and communi cation nodes 14) with the information necessary to
enabl e peer-to-peer operation via the low latency switch 12. 30 In Fig. 1B,
internal details of a tape storage node 17 are illustrated. As will be
hereafter understood, tape storage node;k/ provides a high capacity storage
facility for storage of digital representations of video presentations. 35
As enpl oyed. herein a video presentation can include one or nore |mges
that are sunt@élls tbove mdidepragdyafwlf Gubstahtipl dyebwiedjiatie vicdess
presentati on gRyniAkdd4sde an audi o portion. The one or nore inmages nmay be

| ogically related, such as sequential frames of a film novie, or aninmation
sequence. The inmages may originally be ge nerated by a 5 canera, by a
digital conpulmrEigr ey antenmbahadetmilsf of eadésh sFeiragelinfidsallécempyt er.

The audso poris Qe rrayza% samgiarogw%éﬂn tnb,dtehelal sp;h@yuaés Stacces,uenl mages.
As enpl oyed herel n representation tlon can

e
be any suitabt® ?ﬁfg?ctealartfat%{"ff odye 14 Whl?lép?'égl%‘.lnﬁ n‘ag%"h ﬁnr e
i mages and- possand feraedi Exofffto 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
10 across the disks in a quasi-RAID fashion. Details of RAID
memory storage are known in the prior art and are described
in "A cCase for Redundant Arrays of Inexpensive ‘bisks
(RAID)", Patterson et al., ACM SIGMOD Conference, Chicago,
1L, June 1-3, 1988 pages 109-116.
15
A disk storage node 16 further has an internal PC 4% which
includes software modules 46 and 48 which, respectively,
provide storage node éontrbl, video file and disk control,
and RAID mapping for data’stored on disks 45. .In essence,
20 each disk storage node 16 prévides 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 semlconductor memory of
switch interface and buffer module 40 so as to provide even
25 faster availability of video data, upon receiving a request

therefor.

In general, a storage node includes a mass storage unit (or
‘an interface to a mass storage unit) and a capability to
30 locally buffer data reéd 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/or disk drives, and may include random access storage,
such as one or more disk drives accessed in a random access

35 fashion and/or semiconductor memory.

B €« .
In Fig. 1D, a block diagram is shown of internal components



digital data may be encoded and/or conpressed. Referring again to Fig. 1B a
tape storage node 17 includes a tape library controller interface 24 which
enabl es access 15 to multiple tape records contained in a tape |library
26. A further interface 28 enables access to other tape libraries via an
SCSI bus interconnection. An internal system nmenory 30 enables a buffering
of video data received fromeither of interfaces 24 -or 28, or via DVA data
20 transfer path 32. System nenory QIock 30 may be a portion of a PC
34 which includes software 36 for tape IiSrary and file managenent actions.
A switch interface and buffer nodule 38 (used also in disk storage

nodes -16, CONBEIN GnindihieaEesnd4noddth £018 11130485 ehh 8#2RLESaBGve

i nt erconnecti Oﬁ'oP év\ggaeghe éoe}‘p%nslt ore_%gg nocgcf 17 4_and I V\é| at enc¥ swtch 12.
That is, the npdul-e PE/ r SHORNOISPEPEr TS i difont RGIAI%f: & t FYAEFRr into
packets and adthiRFiace asddwffsar npdule $oeubhchanahleshgonnipications 12
enpl oys to roukcH h@wpaékéﬁc;%\ﬂlﬁﬂ:drﬁ(i@i'Hé%@cﬁﬁ?é@tpﬂévq@ugﬁy. vid&o SW tch

12 the dul e i S _respon le for_strippi of f th eader “portion before
Focalty Butt orditd 3 BIRERRLY B dite o PR St Tal SRE RRES AR T om
tape |ibrary 2Bfiferermedwle i B0 o toysa est88am buffenr yard) comauhicstion

buffering actififtersdfe¥t 521 Bof EPONSEert &d B Uisth ¢ehfghh®N(hSOLNLKAN Y Ol node
18, the video d%tasls.rot dthr%l;’gh | ow, | atency swtch 1§toad,|sk
st or age 15 *héfe16™t SERS BRGYRPOrI L TRE 4TS 38 YR AR A e cess

when needed. respgctiyely, communication node control (e.g., stream
10 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 equipment 62 which 1is, in turn,
15 controlled by a system controller 64 that exerts overall
operational control of the stream server io (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
20 presentation. System controller 64 is further provided.with
a user interface and display facilitx 66 which enables a
user to input commands, such as by hard or soft buttorns,
and other data to enable an identification of wvideo
presentations, the scheduling of videé'p}esehtations, and

25 control over the playing of a video presentation.
Each control node 18 is configufed as a PC and includes a
switch interface module for interfacing with low latency
.switch 12. Each control node 18 responds to inputs from
30 ° system controller 64 to provide information to the
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
35 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

13
;:
¢



In Fig. 1C, internal details of a disk storage node 16 are 5 shown.
Each disk storage node 16 includes a swtch interface and buffer
nodul e 40 which enables data to be transferred fromto a RAID buffer video
cache and storage interface nodule 42. Interface 42 passes received video
data onto a plurality of disks 45, spreading the data 10 across the
disks in a quasi-RAID fashion. Details of RAID nenory storage are known in
the prior art and are described in "A nge for Redundant Arrays of

| nexpensive Disks (RAID)", Patterson et , ACM SI GMOD Conf er ence,

Chi cago, IL, June 1-3, 1988 pages 109-116. 15 A di sk storage node 16

further has a&f'%&&“@épé’%ﬁd’f ddie st oed eﬁoc?égti(‘@re gseéoﬂﬁaﬂgg 48

whi ch, respectlvel v st orage node caontrol Il e an I sk
control, and &% gﬁg1P8¥lﬁﬁf% %t%ﬁ%ﬁfnaﬁzdlsks 45 In essence, 20

each dISk storage node 16 provides a nore i med ate Ievel of video data

avai | abi | ity 06N fedfPe Stalaps Noles Henteh dishi LoEage podgrdfy furt her

is enabled to, buffe I n a cache nmanner) ata sem conduct or
menmory of swit4ES » aBBOYUR L h Frier 1m)cﬂfﬂ% eﬁﬁ%rd‘aés ipbepfafracagen 25

faster availability of video data, upon receiving a request therefor. In

general, a storaggnodechBebiidem ¢k Res; ot 04 UGB (sybRbpanoleslage 1o 2

mass storage unit) ‘and a capabili cally a read from
or to be witten to th&*REY 1%$or§é3755t.pﬁ?ﬁ?%ﬂ%rad@ H&H@eﬁay-PHEJUde
sequenti al access nassTskenRiyey i IAN hesefrdiah pbranemodenpretéape drives

and/ or,gli sk drives, and may include random access storage, such as one or

nore di sk drives accessed in a random access 35 fashi on and/ or
seni conduct or nenﬁﬁy. Stream Delivery Interface: one of several

industry standard interfaces designed for: the
delivery of data streams (NTSC, D1, etc.).

15 _ 3) Automation Control Interface: a collection of
industry standard control interfaces for precise
synchronization of stream outputs (GenLock,
BlackBurst, SMPfE clogck, etc.)

7 -

20 Application commands are issued: to media streamer 10 over
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

25 simultaneous users of the data affect the placement of the

~data on storage nodes 16, 17. fhcreasing density and/or
simultaneous users implies.the use of more storage nodes

forlcapacity and bandwidth.

30 When commands are issued over the control interface to
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,

35 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



In Fig. 1D, a block diagramis shown of internal conponents 16 of a
communi cations node 14. Sinmilar to each of . the above noted: nodes,

comuni cation node 14 includes a switch interface and buffer nodul e 50

whi ch enabl es comuni cations with | ow |latency switch 12 as descri bed
previously. Video 5 data is directly transferred between switch

i nterface and buffer nodule 50 to a stream buffer and communi cati on
interface 52 for transfer to a user termnal (not shown). A PC 54 includes
sof tware nodul es 56 and 58 which provi des respectively, conmunication node
control (e.g., stream 10 .Start/stop actions) and enabl e the subsequent
generation of _.an isochrpnous stream of data. An additional input 60 to

stream buf f er 1AEE"EBnTHTBhtli%on tonPEPRACENS eYemRRss 9% H&Fasynchr oni zat i on
of output data. That data is,r.eceived fromautonmati on control equi pnent 62

which is, in byen, 13 mov@antsekusénbydﬁsﬁy%»@&&g@trﬂb&&é %i; hggdexerts

over al | operatlonal confrol of the stream server (see Fi stem

control |l er 4°PE§$B%EEF%QP|"ﬁﬂﬁﬁslerﬁﬁlkﬁ¥'1@5ﬁ??8ls§%ﬁcq(ﬁ? @@ﬂe3385 to
cause cé&mmandint ¢imb8 gehedal g t Addorttthie neTha séchabgie 1Gsé@ &6EESS a

request ed Vi dgan28u1ing pgrﬁé‘%{g@at' Y %G%tt?c%}lcqgt l}nglrjeerifu%y ﬁefsBE:%Pes a user

provided with a_user |nter ace an acl | ena
to i nput conmBRYEY- suchThe b?aE%rdSBFe§%ftt%ﬂ¥toh§ eRitbefer fHERa 2ato
enable an i demhahicsticonnodé intdafamecsenisanudnipl éked sadyatdn agsrf Vi deo.

presentati Onsstépéjtig%odes ¥ @J Qha@vgrs trigieotzaﬁﬂnﬁ]ﬂ Qétﬁoﬁ'n%% REEEgRt ation.

Each control 'S Qon ured as a |nc udes
10 uses a fraction o 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 streamer 10 can
provide 1500 individually controlled end user streams from

15 the pool of communication nodes 14, each of which is
multiplexing accesses to a single multimedia file spread
across the disk storége nodes 16. This capability is
termed "single copy multiéle stream".

/... -

20 The commands that are received over the control interface
are executed in two ,distinct categqries. Those which
manage data and do not relate directly to stream control
are executed at "low priority". Thls enables .an
application to load new data into the. medla streamer 10

25 without interfering with the dellvery 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

30 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. -

35 .

The high priority stream control commands for starting and

managing stream outputs include VS-CONNECT, VS<PLAY, VS-



switch interface nodule for interfacing wth low latency swtch 12. Each
control node 18 responds to inputs from 30 system controller 64 to
provide information to the comunication nodes 14 and storage nodes 16,
17 to enable desired interconnections to be created via the |ow | atency
switch 12. Furthernore, control node 18 includes software for enabling
stagi ng of requested video data.from one or 35 nor e of di sk storage
nodes 16 and the delivery of the video data, via a streamdelivery
interface, to a user display termnal. ©pntrol node 18 further controls

t he operation 17 of both tape and di sk storage nodes 16, 17 via connands
sent through Iom/Iatencg swtch 12. The nedia streaner has three -

architected e SE?’fvt er"]sac?éé’SEs hol# $TPH @nd1. VSnRISKNNERT -
i nterfaces ar eontxol ﬁ:odlérxﬂ mdnitterkasereamcompernl copsbads totidnee

executing T@?(altpreagggegolca FEt QQ&BS} dLAthIQKEQBB{@st'&N cér%!xlciei" port,

nodem etc.) 10 2& t ream one severa
i ndustry st and@cdiif¥einaceataeli ﬁﬂ‘éﬁl 1B MR AR T STSAWIS et sﬁﬁfaéfd-‘ns
(NTSC, [, et&treahd when the 3¢apabilliiiRis WE Gaedi®d| skpbanénceo e ©

ynchr oni zat | SKCPoeRY o SRS Ttk SRR 15 BB AL BT ook, et
20 . Application commands are issued to nedia streanmer 10 over the
control interface. 1) Wiekhélat aoheadonparends falidsi sisliethe 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

15 ' Bb when a specified number of simultaneous streams
from the system, as specified by an installation
configuration, is exceeded.
.-
The communication nodes 4 are managed as a heterogeneous
20 group, each with a poteﬁtially 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 ekxample, media
25 streamer 10 can play uncompfessed 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 Mbits/Sec) on other
" communication nodes 14. '
30
Storage nodes 16, 17 are managed as a heterogeneous 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
35 more storage nodes 16, 17 for a multimedia file and its
-associated metadata. The VS-CREATE command specifies both
;theiStream deﬁglty and the maximum number of simultaneous



the control node breaks the incomng data file into segnents (i.e. data

bl ocks) and spreads it across one or nore storage nodes. Material density
and t he nunber of 25 si mul t aneous users of the data affect the

pl acenent of the data on storage nodes 16, 17. Increasing density and/or
si nmul t aneous users inplies the use of nore storage nodes for capacity and
bandw dt h. 30 When commands are issued over the control interface to
start the stream ng of data to an end user, control node 18 sel ects and
activates an appropriate conmuni cati on #8de 14 and passes control
information indicating to it the location of the data file segnents on the

st or age nodesu16 S35 ire%7' The communi cati ons node 14 activates the
st orage nodes ﬁ%f TP % eed to be invol ved and proceeds to comruni cate
wi th these nodes; via conmand:packets sent through the | ow 18 | atency

switch 12, toppegd n ddad tienalentomhaskds a.supiickt S aimemd thehweesntiek .
st orage nodes_16_and co ni.cat.ion _no La Law A L t 12 and
"just 5 i?VTF?ﬂﬁ %ﬂﬂ1-lﬂqﬁﬂf%%aﬁgrﬁsﬁﬁééry'Thgetg%ﬁﬁgeﬁeLﬁégﬁ or ,
schedul $ng anBLA¥tAT-SIGNAEO ®ndo [VS—REGORB-ATi+ $ICHRS cr | BEaCBENBRI~LISThe

data streamgaitwis applieftibRd td IsPBcidycansemianid @f pade comesidse 14 is

mul ti pl exed tpo/fromdi.sk storaae,nodes 1 t kgl I £ation
node stream 14" 2@ siﬂﬁ%?zfﬁﬂ”ﬁ??i&ﬁ oset.gbggﬁggﬁfyagﬁgpgaﬁﬁﬁfatE of each
di sk storage wkle ebgcute epich wdpy rappapdndtiniEatt ovierddissues myer

mul tipl ex accgss tenthel Samkepkadef frtenyidat eransibiodi Petsicenageharodes
16. FO{Oexanpé&ivneerqu %fsérgee% rrea:rl'noaggnthe next seamlessly. An example

sequence follows:

1) Control node 18 receives a VS-CONNECT-LIST

command with play subcommands indicating that

15 . 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

20 detailed play list and initiates the delivery of

the isochronous stream.

2) ‘Near the end of the deliye}y of FILEl, the
coﬁﬁunication node 14 initiatéé the delivery of

25 FILE2 but it does not enable it to the output
port of the node. Whén FILEl completes or a

signal from the Automation Control Interface

occurs, the communication node 14 switches the

output port to the second stream from the first.

30 ° This is done within 1/30th of a second or within

one standard video frame time.

3) The communication node 14 deallocates resources
associated with FILEl.

35
VS-PLAY-AT-SIGNAL and VS-RECORD-AT-SIGNAL allow signals

from the externédl Automation Control Interface to enable

LR



provi de 1500 individually controlled end user streans from 15 t he pool
of communi cati on nodes 14, each of which is nultiplexing accesses to a
single multinedia file spread across the di sk storage nodes 16. Thi s
capability is termed "single copy nultiple stream. / 20 The conmands
that are received over the control interface are executed in two distinct
cat egori es. Those whi ch 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 nexti a streaner 10 25 wi t hout
interfering with the delivery of data streans to end users: The commands
that affect -streamdelivery . output) are executed at,Z "high priority".
The control i ﬁ?E?f%’E%"?fﬁﬁTﬁﬁ é?é %’I’fgvﬁ?‘ﬁ%dFP@eritm'Tﬂ'ew’é@’ accurggy
priority datatremagehenfanenvantiafyor [oddhe pravdomenagangleatthe Nsredi a

streamer 10 i pehiNper Mo REALuaYS a QEEQLA&/SSE%& s¥iBeiiRid by %ng Eb‘i’-
POSI TION, VS- ngPo& TN VS OLOBE, RENANVE, VS DELETE GETAT ES, and

VS- GETNAMES. “3% ?ﬁ%“ﬁ}EﬁPﬂnqﬁﬂWt%ﬁ%ﬁ%%&%ﬂﬂﬁﬁﬁpr5@588nﬁﬁn&§efGﬁt§F§Pi|ng and
managi n§ streantomdipins contrmle M3:GMIECTSiEIRLAYIEVEhe subtohh&RRD;

VS-SEEK. VS- PALSE.valr S0 a8 S G SCOMEGE1ofoRbith S0 HauP0hLer S

stream control_ commands to assure requests-can
"adm ssi on coﬁ??OYILﬁ%uﬁq3ﬂ§fanwéﬁnFPBP ?ﬁﬁﬁelB may reject requests-to

start

Other commands that media streamer 10 executes provide the
10 ability to manage storage hierarchies. These commands are:
VS-DUMP, VS—-RESTORE, VS-SENb, 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.

15
1) VS-DUMP and VS-RESTORE enable movement of data
between disk storage nodes 16, and E tape
storage unit 17 accessible to control node 18.
Data movementsr may be initiated by the
20 conﬁrolling application or automatically by

control node 18.

2) -VS-SEND and VS-RECEIVE provide a method for
. transmitting a multimedia file to another media
25 " streamer. Optionally, the receiving media
streamer can play the incoming file immediately
to a preallocated communication node without
walting for the entire file.

30 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:

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

node# is nearly non-blocking;



5 streans when'the capabilities of nmedia streamer 10 are exceeded. This
may occur in several circunstances: 1) when sone conponent fails in the
systemthat prevents nmaxi nal operation; 10 2) when a specified nunber of
simul taneous streans to a data file (as specified by paraneters of a
VS- CREATE conmmand) is exceeded; and 15 3) when a specified
nunber of sinultaneous streans fromthe system as specified by an
installation configuration, is exceeded. The comruni cati on nodes 14 are
managed as a het erogeneous 20 ~group,22ach with a potentially different
bandw dth (stream capability and physical definition The VS- CONNECT
command directs ne éreaner comuni catj on nade 14 and
sso

some or all of its ?ta?e’&mb%{?red‘vﬁ dtrﬁ: ﬁ’ﬁBF?ﬁﬁofs’B%rh?l%o’lfs PR r eam

del i very. For exanpl eporeeeprxdwizsith issprewaded10 can pl ay unconpressed
data strean(s) through ¢omuni cati on node(s) 14 at 270 MBi t s/ Sec

whi | e srnultaneousl a co res ed .dat a strean% much | ower data

rates (usually 1- 13 ?gé%ékﬁ er AAbAmusfcatiV des?ﬁ?en§6V§torage
nodes 16, 17 are nanagenreaessingeunxysnawasegxnu@atqduﬂandtI1 a potentially
di fferent bandwi dth (stream capability and physical definition. The

VS- CREATE command drrects nmedia streaner 10 to aIIocatg torage.in _one or

35 more st or ag®) noddRta emoYement iSGRERRL A PFI'E 3ﬁ i 8 &885¢i at ed

net adat a. The VS- CREATEL.aoyeratatas pecihesearboavoided st ream density and t he

maxi mum nunber of simnultaneous

10 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

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

computer" intervention.

B. HIERARCHICAL MANAGEM&NT OF DIGITAL COMPRESSED VIDEO
DATA FOR ISOCHRONOUS’ DELIVERY -
20
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 managémen% to adapt to
25 the varied requirements necessary to satisfy functions of
Video on Demand, Near Video on Demand, -Commercial
insertion, high quality uncompressed video storage, capture

and playback.
30 Bl. TAPE STORAGE

In media streamer 10, video presentationé 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
35 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 €xample, 5 minutes of each movie need be in



20 users required. Three additional conmands support automation contr ol
systens in the broadcast industry: VS CONNECT-LIST, VS- 5

PLAY- AT- SI GNAL and VS- RECORD- AT- SI GNAL. VS- CONNECT- LI ST al | ows
applications to specify a sequence of play commands in a single command to
t he subsystem Media streamer 10 will execute each play command as if it
were issued over the control interface but will transition between the 10
delivery of one stream and the next seam essly. An exanple sequence
follows: 1) Control node 18 receivegy a VS-CONNECT-LIST command with

pl ay subcommands i ndicating that 15 . . all or part of FILE],
FILE2 and FILE3 are to be played in sequence. Control node 18 determ nes
t he maxi num da&isk astordge hetf idras amel Zlimecat eShisatrenedirescerdy az2

comuni cat i on fQARntd. of THa&A|UIREALRERCPIFUNIGRAN AUl hdviedi VAR t he 20

detailed play list.,and i:nitiates the deljvery 0f the isochrongus stream 2)
Near the end SE¥HE 48 i%ﬁ/a‘a'fe el disle %B%’Fﬂﬁﬁ CERABHESIY 1%P5 R ti at es

the delivery ofid®® presentation if|tdudmd, itindeesmotoblénall thétvided he

output port ofprddientadson iWeRde Ld&rl EREPEELRS £9iedat Qi}ﬁl ddomifne *
Aut omat i on Cora)trol tgggc_erface occurs, the conmupication node 14 swtches the

output port tG& e RATEIIRSh thSnPERESRFFELON Jat is being playegd s s
done within 1r@@dhbef paesenbnin cthevidisk fide.st andard video franme tine.

In other words, if a video presentation requires a time T
10 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 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
15 T/N period.

As demand on the system grows and the number of streams
incregses, the statistical average is that about 25% of
video stream requests wiXl be for the same mqovie, but at

20 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. - )

25 An aspect of this invention_is the utilization of the most
appropriate technology that will'satiéfy 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

30 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 low cost digifal
tape storage library systems to provide the mass storage of
the movies, and further enables low demand movies to be

35 played directly from tape to speed- matching buffers and
Fhen_on to vi@go decompression and distribution channels.



3) The conmmuni cati on node 14 deal | ocates resources associated with FILEL.
35 VS- PLAY- AT-SI GNAL and VS- RECORD- AT-SI GNAL al | ow signals fromthe
external Automation Control Interface to enable 21 data transfer for

pl ay.and record operations with accuracy to a video fanme boundary. In the
previ ous exanple, the VS- CONNECT-LI ST includes a PLAY-AT-SI GNAL subcommand
to enable the transition fromFILEL to FILE2 based on the external 5
automation control interface signal. | f the subcommand were VS-PLAY

i nstead, the transition would occur only 2ghen the FILEl transfer was

conpl et ed O her commands that nedia streamer 10 executes prow de the 10

ability to nanage _stora hi.erarchi es. .These conmands
VS- RESTORE, S %ERHE SO AN GRS A Cong AN e ’F&’E‘:re}r\FrSi‘N%ﬂ E&@ﬁ
causes one or keranymidepedyaténliss tth@tnnt/@mmrspgdag@chudé@ aéyand

two externall ymeeiéneﬂah'r@gars%icaal e.maﬂsuces ml5crﬂa evé4$t Dh&: aRdaisk
VS- RESTORE enapl e novenent of, data between disk stora nodes, 16, ., and a

tape storage uRPFORYS atPRRETR S 0 cOntPHIAIdSYEESTDA mBeLAEM" Amy be
initiated by"space®@lisk such that if cow ddkkinpgitappllsatthen moviest.

automatical ly chy gpnt f@io&‘?&? ]E%ogz)t? Re S S%@”@oM%dRE%ﬁlﬁryovbge a

met hod f.or transmttlrquarmtlme ‘e to anot her
ned with a RAID or a RAID-like system.

combi1
B2. DISK STORAGE SYSTEMS
10 _
Whien demand for video streams increases to a higher level,
it becomes more efficient to store an entire movie on disk
and save the system pefformance overhead required to
continually move video data from tape to disk. A typical
15 system will still contain a library 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 aresloaded to a disk storage node 16
20 and started from there.
When there are large numbers of usere wanting to see the
same movie, it 1s beneficial to keep the movie on disk.
These movies are typically the "Hot" movies of the current
25 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
30
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
35 streams, the high volume that can be supported out of cache

lowers the total cost of the media streamer 10.
<7
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25

W t hout waiti

st reaner. Optionally, the receiving nedia str

ng for the entire file. 30  In addition to the nodul

design and function set defined in the nedia streaner archi tecture,
flowis optimzed for isochronous data transfer to S|gn|f|cantly red
cost. In particular: 35 1) . bandw dth of the Iom/Iatency switch

exceeds t hat
non- bl ocki ng;

of the attached nodes; conmmuni cati ons bet ween nodes is
22 2) data novenent iR o processor nmenory is avo

more bandw dth is provided; 3) processing of data is avoided;

expensive 5

novenment i s careful d¥ schedul e
In traditionafY&b?M

Because of the%QEE?é' &8 x}‘ﬂ-ié:f d%ft% eEhH‘ PRk e c@nthad) (t):lhg
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switch 12 has, access data storage and noves data segments from on
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I ntervention.

eBc. ' H ERARCH CAL MANAGEMENT OF DI G TAL COVPRESSED VI DEO DATA

FOR | SOCHRONQUS DELI VERY 20

10

15

20

25

Algorithmé that control the placement and distribution of
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
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 STREAMER DATA FLOW ARCHITECTURE

As indicated above, media streamer 10 delivers video
streams fo various oufputs such as TV sets and set top
boxes attached via a network, such as a LAN, ATM, etc. To
meet the requirements for storage capécity and the number
of simultaneous streams, a distributed architecture
consisting of multiple storége and communication nodes is
preférred. 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 connected by .the cross-

30

35

connect, low latency switch 12.

Data rates and the data to be delivered is predictable for
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.

£

e 15
t'.



Medi a streaner 10 provides hierarchical storage elenents. It exhibits a
design that allows scalability froma very small video systemto a very

| ar ge system It also provides a flexibility for storage nanagenent to -
adapt to 25 the varied requirenments necessary to satisfy functions of
Video on Demand, Near Video on Demand, Commercial insertion, high
gual ity unconpressed video storage, capture and playback. 30 Bl1. TAPE
STORAGE I n nedi a streanmer 10, video presentations are noved from high
performance digital tape to disk, to be pleayed out at the nmuch | ower data
rate required by the end user. In this 35 way, only a m ni nrum anount of
video tine is store on the di sk subsystem If the systemis "Near Vi deo on
Denand", then % ex%?r‘f)‘l’eeenStﬁlenu?E%r%?e edOfefovi€  nedd BEYj nthe 23

di sk storage a@owmmnrrenodesirhﬁs reequi bes sartl yu@?2 isegaentuabefr Sofni nut es
each for a typhfPterediodaydovie. The result is that the total disk storage
requi rement for a video present ation is reduced, since not all of the video
5 presentation is kept on the disk file at any one tine. Only that
portion B8f thedpresenhatabionhatodes bei ng pyeyedahked desponedblt iforthe

disk file. In @éﬂ%%@dsmumﬁlal PLRSENT Al e UhE6S arlhieds 10

to present in its entjret is stor as a It representati on
havi ng N dat a Bitcend lf‘ﬁerf"éaé‘ﬁtﬂatfé’lbleé@k‘ Shortdese p'%}?‘{ﬁa(?‘r?lofartqﬁetl\ﬁ deo
present ati on tiefuicedr dapantsy tcor@p@Eoxi dibf &dneret Btrpegei nddes 1de1vi deo

presentation. ¢ different storage nodes were to attempt, simultaneously,
10 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 blockage would cause
these storage nodes to retry sending the data, degrading
switch utilization and introducing a large variance in the
15 time required to send data ‘from a storage node to the
communication node. In this invention, there is no
contention for an input poré of a communication node 14

among different storage nedes 16, 17. '

' | d *

20 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
and receive the data. This time is determined by adding
the time to send a request to the storage node and the time
25 to receive the response, to the time needed by the storage
node to process the request. fﬁe storage node in turn
determines the mean time required to pfocess the request by
adding the mean time required to read the data from disk
and any delays involved in processing the request. This is

30 the latency 1in processing the request. The amount of
buffering required is the memory storage needed at the
stream data rate to cover the latency. The solution

described below takes advantage of special conditions in
the media streamer environment to reduce latency and hence
35 to reduce the resources required.- The latency is reduced
by using a just-in-time scﬁeduling algorithm at every stage
of the data (efg., within storage nodes and communications



| ast data bl ock of the N data bl ocks may store less than a 15 T/ N
period. As demand on the system grows and the nunber of streans increases,
the statistical average is that about 25% of video streamrequests will be
for the sane novie, but at 20 di fferent sub-second tinme intervals, and
the distribution of viewers wll be such that nore than 50% of those sub-
second demands will fall within a group of 15 novie segnents. 25 An
aspect of this invention is the utilization of the nost appropriate
technology that will satisfy this demand; A random access cartridge | oader
(such as produced by the IBM Corporation) is a digital tape systemthat has
hi gh storage capacity per tape, nechanical" robotic |oading of 100 tapes 30
per drawer, anddep) i dr?ceapendtioessyigdr aditdnépatifberegsests iforadaehf ecti ve

t ape Ilbrary gggmnpwgebfgyfyygagqaggstens However, the invention also
enabl es very [ow cost "digital "t.ape storage I|brary systens to provide the

mass storage of the novies, and further enables | ow denand novies to be 35
pl ayed direct Cyntemtmidray mmespéedagaam@¢EsuﬁduﬁIZHﬁpnmﬁhdIﬁapumnpbntvideo

deconpr essi onoAngd by lakii8R RBAANEA Sis el i RRE WY &%\i%%&ﬂgetﬂé

conbi ni ng hlerarchlcal t ape storage to any video systemi It provides
rapi d backup 81 %RKFWRMHWQ Crateri®8tored on disk, in the event that a disk
becones i noperati ve. A typical systemwil| maintain a 5 "spare" disk

such that if one di k %“'été?é&é nb8EN 10Vi £5 Al yPesdfdLadata fdPmt ape.
This woul d typicall y be
communication node 14 on receipt of a specific

10 request.

2) A given communieatioh node 14 serializes all
requests for data to be read from storage nodes
so that only one request for receiving data from

15 - 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

20 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 regquest for that
data arrives. This reduces latency to the time needed for
sending the regquest and performing any data transfer.

25 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 immediately.
This characteristic ie important to the solution to the
contention problem described above.

30

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 & specific stream can be expected. The identity

35 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.



conbined with a RAID or a RAID-like system B2. D SK STORAGE SYSTEMS 10
When demand for video streans increases to a higher level, it becones nore
efficient to store an entire novie on disk and save the system perfornance
overhead required to continually nove video data fromtape to disk. A

typi cal 15 systemw || still contain a library of novies that are
stored on tape, since the usual nunber of novies in the library is I0Ox to
100x greater than the nunber that will be playing at any one tinme. Wen a
user requests a specific novie, segnent38of it are | oaded to a disk storage
node 16 20 and started fromthere. \Wen there are | ar ge nunbers of
users wanting . to see.the sane novie, it is beneflgl to keep the novie on

di sk. These eos this 1pEeTmatiPn AR 5hE- eXBEFEET oF PRt HARS S
week and ar e reré- keguestt f fxom teapdistko diheksprraget nocpeaks vsahwdwj.esoars. Thi s

tends to r9d%%%dtB$e¥QE§o$0§9 Pﬂbﬁh@hé¥§£€¥“f§”d&¥hﬂ%ﬁ¥%|¥H§E3bé¥%reNCV|ES
QUT OF CACHE As denmand for "hot" npvjes ows,. nedi a streaner 10,
t hrough an Nﬁ09b§§88e§Fg8F?Thﬁ?ed%%WTHﬂ9?§¥ﬁ%RM?qa%/%ﬁnﬁ§§§vﬁﬁ ‘i nf@*cache.

Thi s requi r eexsmb3eantiifal thhecbéraemordatabutate tier eSQ{BAses,r adnd af cost
to the nunbegiglaget 'n‘é@e35.6 corithl 163y drfye mghsé@héﬂ@ bhah GARehe

supported out of Cache |lowers the total coOst of medi a streaner '10.
25 requests for data for that stream w111 arrive every 4

seconds. If the time to process a read request is 500 msec
(with the requisite degree of confidence that the read
10 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.

Ccl. CONTROL NODE 18 FUNCTIONS
15
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
- 20 implemented as a distributed system. The control node
functions are implemented by a defined Applicatidn Program
Interface (API). The API provides fuﬁctions for creating
the video content in media streamer 10 as well as for real-
time functions such as playing/recording of video data.
25 The control node 18 forwards real-time requests to play or

stop the video to the communication nodes 14.
C2. COMMUNICATION NODE 14

30 A communication node 14 has the following 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 requests, and
a thread to handle a jump request (seek forward or seek

35 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. '



Because of the nature of video data, and the fact that the system al ways
knows i n advance what videos are playing and what data w |l be required
next, and for how |l ong, nethods are enpl oyed to optim ze the use of cache,
internal 5 buffers, disk storage, the tape |oader, bus perfornmance, '
etc. Algorithnms that control the placenment and distribution of the content
across all of the storage nedia enable delivery 10 of isochronous
data to a wide spectrum of bandw dth requirenents. Because the delivery
of isochronous data is substantially 100% predi ctable, the algorithns are
-very nmuch different fromthe traditional2®ones used for other segnments of
the conputer industry where caching of user- 15 accessed -data is not

al ways predictable. C D RFAMER DATA FLCNVARQ@JTECTU E i ndi cat ed
above, nedia s?ré%ﬁ?f EB&%eF?5§§s Vi déd ib_commg?%%%n%°?pn9§?1§%% gﬁfputs
such as TV setBan@ddirgt dpsp Pwsdyd dheapheuing ®faneiderkis siepickedainAN,
ATM I etc. To neeg.the reEm 1idaetraebrm&gf Qtrﬁéﬂiﬁ@eirﬁﬂﬂfﬂést Bénafiﬂphlﬂetﬁlgggglr of
si mul t aneous s a a.distrj i_Ltecture caonsisting multiple
storage and co%égn?%% i%#??ﬁéﬁﬁé%ﬁ% f%%% a‘ﬁ%@?@??eHFEeTh ‘da&éei§ngF red on
storage Aodes tBread 1ARdsesidbliseregehptcofmiatiacfrPurstrxhgs nades so
i?m“%E' cation ﬁ@ﬁ@d&ﬂygehai Stotdie daba f.é cga:ﬂnmgoaahatstset@{]%% e@ﬂé.sl 16,
: e contral, node LoV a._s system i nage to .t ext.e
world.  The n esmé)ruit Egﬁﬁ%%?l 203) 5{/15*“ Egsgt'rhoa}s/tsy ?‘?6' an%%%%teéﬁreflgwwgtency
switch 12. Dateeeds &9 sxdteneuiaeh a SWiéegefoncr et nenmpr &ltiecbubferfbs each
stream The inyenéadyn wakesquseit Ghaiks.predinct abhktiyn} 0 1l ryst 2 data
flowargpi t ect Ll Al TRKELIH hod58ndR scne§laLESRYLSoEnE thsli chnjnsures
output operations for the streams. This function is used

by both the input and output threads 100 and 102.

Each thread works off a gueue of requests. The request
15 gueue 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
20 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 gueue 108 for the Input thread 100 is also
arranged in order by a time at which buffefs need to be
25 filled. '

Input - thread 100 also works off the reguest queue 108
arranged by request time. Its task is to fill the buffer
from a storage node 16. For each request in its gueue, the
30 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 100 then sends a request to the determined
35 storage node (using mességes through switch 12) requesting
data for the stfeam, and then waits for the data to arrive.



streamis available at every stage when it is needed. 26 Data fl ow

bet ween the storage nodes 16, 17 and the conmuni cati on nodes 14 can be set
up in a nunber of different ways. 5 - A communication node 14 is
generally responsible for delivering nultiple streans. It may have
requests outstanding for data for each of these streans, and the required
data may cone fromdifferent storage nodes 16,17. |If different storage
nodes were to attenpt, sinultaneously, 10 to send data to the sane
comuni cati on node, only one storage not® woul d be able to send the dat a,
and the other storage nodes woul d be bl ocked. The bl ockage woul d cause

these storage Madeprbeoést lehsu@adi Bhat *au§ataae segr Al bR bCls 1 idg.i zation
and i ntroduci e _variance required_to send data

n | ar .%m the 1 AL
from a stor agS TEHES: B3ER L SrRAREASRIBh ComRications RPES i@,
there is no ddmesntii.en,fdt wemavesuttheocenfliat ctivatinhaytamisendde thé anong

different storA¢Ra8@06%cdds Vére2lo sehhe PUINGS fruc‘f\?cgﬂ.b,ﬁggyblﬁg egi ng can
0£§é%%he Onnun|0at|8n node 14 determ_neS the nean :
u

be detergn ned as fol.l .
time recﬁri r ed LIEEAH2 18 o1t he st'BFAgeMbaEegsested,fptacdsve the

data. This tineseigedetfermi tbd byozaddengodeels| nehbo ispntt ahregdesboto the
storage node gRagkkhenki PErLex as ﬁdilrgﬁﬁ'Yﬁv&f@%rfﬁﬁngﬁy%deéfIT%4tE§E
. The e node in

needed by the storage node to process the request. stora
turn determ né’é‘f%ﬁ‘é frehfisHe &é’(ﬁfjré’ﬂ thepForern’s ata fds) %3? &88i ng t he
mean tine reqoutpdtt bhrextl 1d2e teakeaptyothdilskffer.

10

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

15 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

20 input and output threads 110, 112 to schedule; operations.
It also has a message thread 116 that proéesses requests
from communications nodes i4 requestihg'data.

When a message is received from a communications node 14
25 requesting data, the message thread 116 will normally find
the requested data already buffered, and queues the request
(gqueue 118) to the output thread. The reguests 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
30 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 £ill the next buffer
is maintained. The thread takes the first request in
35 queue 120, associates a free buffer with it and issues an
I/0 request to fill the buffer with the data from the disk
drive. When the buffer is filled, it is added to the list



and any del ays involved in processing the request. This is 30 t he
| at ency i n processing the request. The anopunt of buffering required is
the nenory storage needed at the streamdata rate to cover the | atency.
The sol ution described bel ow takes advantage of special conditions in the
medi a streaner environnent to reduce | atency and hence 35 to reduce the
resources required. The latency is reduced by using a just-in-tine
scheduling algorithmat every stage of the data (e.g., within storage nodes
and comruni cati ons 27 nodes), in conpénction with anticipating requests
for data fromthe previous stage. Contention by the storage nodes 16, 17
for the input 5 f a gomuni catian _no 4.is_gelimnated.b
enpl oyi ng theoé)gl{l&mbﬁéffas'crf?le?i bsn:tq.ie) s gggr%aég ﬁga%}rcni‘g?byl%}t%l y
sends dat a t depsegmiiireadi it wbge the grequessi ferdlata fpacthecstiean
5 equest . b2) isg zfgsdéqm'eaomrwmeﬁagi aasaaglﬁ ﬁérsjﬂial ig%e@éilvécfcﬂi%ﬂ% for

ata to be read from storage.nades so.fhat on ne request for_receiving
data from 15 ?omf‘umca%mn 90?%3.408 ﬁf‘%af?%%%eocgémffe?‘slﬁu?%*{' dWitng at any
time, ihdeperiders sbnshdenedbte ke ztmwimsed dradddneuni cati on node 14 Is
delivering. As was noted above, the reduction of latency relies on a 20
just-in-tinme sched Iing algorithm at every stage. The basic principle is
that at every st a&ﬁsi‘rﬁ FRETHE: SCHRE ™S a stream the data is avail abl e
when the request for that

A Jjust-in-time scheduling technique is used in both the
10 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;

15 r = video stream data rate;
n = number of stripes of vidco containing the

data for the video stream:
sr = stripe data rate; and
sr = r/n. s
20
The algorithm used is as follows:

(1) sfc = frequency of reguests at the communications node -
for a stream = r/bec; and '
25 (2) dfc = frequency of disk read reguests at the Storage

Node = sr/bs.

The "striping" of video data is described in detail below

in section H.

30
The requests are scheduled at a freqhency 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
35 start of playing a video stréam.

Calculations of sfc and dfc are made at connect time, in



data arrives. This reduces |latency to the tinme needed for sending the
request and perform ng any dara transfer. 25 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 al nost i nmrediately.
Thi s characteristic is inportant to the solution to the contention problem
descri bed above. 30 Since, in the nedia streaner environnent, access to
data is sequential and the data rate for a streamis predictable, a storage
node 16 can anticipate when a next requegy for data for a specific stream
can be expected. The identity 35 of the data to be supplied in response
to the request is also known. The storage node 16 al so knows where the data
is stored andbolth thpecommunicpteisirs Hagle tilde pdegéngstheastream &l @heen thi s
i nformation argotrhgeend®ss ek o alif iREOERS Sy Ard S AR LREUUBRE F Y SK.

t he storage n?de 1§ schedul es g_reag %geLatjon so, that the data s

avai | abl e j ust' et bF THEFF%q 186t 1PFBRY R he COMART 5t PORSAOHNI 4 nR1E ves.
For 5 exafpbm, disk tire theesodage matde | 36 2568/ FHg. 4ndaadstiar age

node 16scont akBRe@YEINg 4theS@ERUL Ofo AtMbdRrt! EHRP! Snp¥ €aLR fgk that
streamw | | arrive ever secgpds. | f rocess a r.ead request

4 the fine to
is 500 msec (Wi ?ﬁa?ﬁen?%eq%}l it $NFe FPREVBACREAPT dBRA%R ThatSehd i%ad) 10
request will conplete in 500 nsec) then the request is scheduled for at

| east 500 ”BeEthg}BPéeof hfu sttt #ee & che@gh Phg ©f request fromthe
comruni cati on node 14.

10 Play a stream at 2.0 mbits/sec k250,000 bytes/sec.) from a
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

15 bytes/sec. :

The values for the various ﬁarameters in the Just-In-Time

élgorithm are as follows:

p
-

20 ° , bc = 250,00 bytes (buffer size at the communication
node 14); _
bs = 250,000 bytes (buffer size at the storage node)
16 '
r = 25b,000 bytes/sec (stream daté raée):
25 n = 4 (number of stripes that video for the stream

is striped over):
Sr = r/n = 6250 bytes/sec. or 250,000/4 sec., i.e.
250,000 bytes every four seconds:;
sfe = r/bc = 1l/sec, (frequency of requests at the
30 : communication node 14); and
dfc = r/bs = 1l/sec. (frequency of requests at the

storage node 16).

The communication node 14 responsible for playing the
35 stream will schedule input and output requests at the
frequency of ';Zsec. or at intervals of 1.0 seconds.
Assuming that ‘the communication node 14 has two buffers

NI,



Cl. CONTROL NODE 18 FUNCTIONS 15 The control node 18 function is to provide
an interface between nedia streaner 10 and the external world for control
flow. It also presents a single systemimage to the external world even if
the media streaner 10 is itself 20 ~ inplemented as a distributed system
The control node functions are inplenented by a defined Application Program
Interface (APlI). The APl provides functions for creating the video content
in media streaner 10 as well as for real- time functions such as

pl ayi ng/ recordi ng of video data. 25 33he control node 18 forwards
real -tinme requests to play or stop the video to the comuni cati on nodes 14.
C2. COMMUNI-CATI ON NODE 14 30 A communi cation node 14 has the foll ow ng

threads (in tdedisafedpfer ddw) styearcfihalcopmpaiarbian magde L nensurasieo

i nterface: 'atnatead H4s batdl Buspare diidiesiCoaneee itegitasts, oatplticaty t o

handl e pl ay/% pv§g pa §_géresurre requests, and a thread to handle a junp
request (.seek orvara or-seek 35 backward). In addition it has an

i nput thread that reads data for a streamfromthe storage nodes 16 and an

out put g hr eagdtt Rdhnweict Qiméat:ﬁe'([j eoﬁe?pé&m% lp&lidédlts w2 Adad ﬁsefrlt?W
structure in_a_comunj catipn node Qr n g _data.during t.he playing
of a video |§"e(§5898t$‘e 1E—E|°“1’3 Stﬁfé‘g&apg Ffobve ?ﬂ% llfruén? nclsute Sn I nput
- thread 100 t lodt tbgt\aictgo @?@tta f rome f igsdr fye abddhelGtorzge neges w1l

thread 100 semnitaklipgter @hei Hegilesdat ddy OfRSt 81 2gE BREGRAENEO from the
stripes and will schedule disk requests to £fill the

10 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

i5 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 cdmmunication node 14 then requests

20 data from each of the storage 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 redquests 250,000 bytes of'data:at a time.  The -
calculations for the frequency at which a communication
25 node requests data from the storage nodes 16 is done by the

communication node 14 at connect time.

The storage nodes 16 anticipate the reguests for the stream
data as follows. The storage node 16 containing stripe 3
30 (see section H below) can expect a request 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 request two
seconds after the play has commenced and every four seconds
35 thereafter. The storage node 16 containing stripe 2 can
expect a request four seconds after play has commenced and
four seconds thereafter That 1is, each storage node ‘16



that only one storage node is sending data at any one time. The input
thread 100 ensures that when an output thread 102 needs to wite out of a
buffer for a stream the buffer is already filled with data. In
addition, there is a 10 schedul er function 104 that schedul es both

t he i nput and out put operations for the streans. This function is used by
both the input and output threads 100 and 102. Each thread works off a
gueue of requests. The request 15 gueue 106 for the output thread 102
contains requests that identify the stredfnand that points to an associ ated
buffer that needs to be enptied. These requests are arranged in order by a

time at which d i he,vi de Y | When
t he out put thrsg:g%&fg%ger%gi teiglp% tfg%q’atdgﬁ%fgrt, q tprn%{ts It Agééiegn%‘ﬁooand
i nvokes the sEN&EES eRVEDhcPYR. FRFANGSqUETR™ t FOMee Rt ing afimrAputasqueue

108 for the steeamibedt hpovaput theeadhédwrindeiduddesmpidied iild adle The

108 f 0_i ' ti t
aueue 108 o1 e LiPulad WeRUAf A Rk 0n, Bl By e
request Yueue21B8TARFafgRdtls Fempsshasi keen| pytpatk | Bhe F3iqulatierbuf f er

froma storagefnatie tequest easluémsipiesd ddhd tfic tredie;indiechid connddiput

thread 100 takgs,Lhe {9l ' ctions. The input thread 100 determ nes the
st orage node 16&F%at %as£§¥é5¥%§zz segnent of data for the stream (the data

for a video streamis preferably striped across a nunber of storage nodes).
The input threadisO@ikbeposefbbe atd eapesdifferdit driffier REAGe35 at thet Or age

rode (4% 10, TESRAGREHAI HORoRl ) 1R "eSSLRode e abh Shigam and
example, the buffer size at the communication node 14 may
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
15 (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 segment,size is 250,000 bytes and the
20 storage node 16 containing the first segment will schedule
the input from disk at connect time); When play commences,
the communication node 14 informs thé storage nodes 16 of
same and: outputs the first buffer. "When the buffer
empties, the  communication node 14 schedules the next
és input. The buffers will empty every 0.2 seconds and the
communication node 14 regquests input from the storage nodes
16 at-that frequenéy, and also schedules output at the same

frequency.

30 In this example, storage nodes 16 can anticipate five
requests to arrive at intervals 6f 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

35 sequence of five requests (each for 50,000 bytes) will
arrive four seconds after the last request of the previous
sequence). Sifice, the buffer size at the storage node .is



30 This protocol ensures that only one storage node 16 will be sending data

to a particular comruni cations node 14 at any tine, i.e.; it renoves the
conflict that nay arise if the storage nodes were to send data
asynchronously to a 5 comuni cati ons node 14. When the requested

data is received fromthe storage node 16, the input thread 100 marks the
buffer as full and invokes the scheduler 104 to buffer a request (based on
the streamis data rate) to the output thread 102 to enpty the buffer. 10
C. 3. STORACE NODE 16 The structure of-thésstorage node 16 for data flow to
support the playing of a streamis depicted in Fig. 4. The 15 st orage
node 16 has a p9®)odd phubberend htlorage! Ablley 18R 198t Schédul®En@NihpRE!
thread 110 for_each of the | ogigcal disk drives and an qQutpyt thread 112
that writes daf®Rufith (HE™ o cSEFBRGS nddds t A% 4™ RS wPKERPHEL i x
12. It al so hasbevedchedul er function 114 that is used by the 20 i nput
and output threads 110, 112 to schedule operations. It also has a nessage
thread 116 that processes requests from comuni cati ons nodes 14 requesting
data. Wen a H%§§ag@qx§IP§c8gvédp¥?%n?%ﬁ@ﬁhnunications node 14 25 ‘
requesting data, the nessage thread 116 will normally find the requested

d I d - '
ata already bpdd %‘i@owi‘ﬂ&u%%eir%g Eﬁ%%_&f}“%ﬁ %%ﬁ% f{l%rwte ggr%é’y\;l |

thread. The requests are intine he ou [ p

enpty the buf fRRYINY AFFIM 1f theSFretmof fhee ShpPPerdre BRILTES M i nput
30 t hr eadsFikireh&veot hedtrt imgnupegueied) feteplay ForTienchtept 8he acti ve
streans; yhat have w.4ee data on the associated disk R

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.

15
2. A thread in the control node 18 receives the request
and a VS~CONNECT function.
3. The control node thréad opens a catalog entry for the
20 video, and sets up a memory descriptor for the video
with the striped file information.
4. The eontrol node 18 allocates a comnunication node 14
and an output port on that node for the request.
25
5. Then control node 18 sends a message to the allocated '
communication node 14.
6. A thread in the communication node 14 receives the
30 ° message from the control node 18.
7. The communication node thread sends an open request to
the storage node 16 containing the stripe files.
35 8,9. A thread in each storage node 16 that the open request

is sent to receive the request and opens the requested

stripe fide and allocate any needed resources, as well



drive, a queue 120 ordered by request time (based on the data rate, |evel
of striping, etc.) to fill the next buffer is maintained. The thread
takes the first request in 35 gueue 120, associates a free buffer with
it and issues an I/Orequest to fill the buffer with the data fromthe disk
drive. Wien the buffer is filled, it is added to the I|ist 31 of full
buffers. This is the-list that is checked by the nessage thread 116 when
the request for data for the streamis received. Wen a nessage for data
i's received froma comunication node 14 and the required buffer is not
full, 5 it is considered to be a m ssed deadline. C4. JUST-IN-TI ME
SCHEDULI NG A just-in-tinme scheduling technique is used in both the 10
comuni cations nodes &dhedull it Stputgérondedskb. (if Thiee t sthipeuEidapl oys

t he foI | owi ng par aggi€dfhs e fggggege@gg%@éng@)e com‘rum cations node 14,
bs = buffer size at the storage node = video stream

data rate; n = nunber of stripes of video containi n the data for the
vi deo streanm 10r =Tisd r9tperadet acdat thread sends rd ncestdn bakgotbt bheused i s

as follgus: (1) anﬁnml{r{ﬁ:‘l'{ggﬁyn&i? NA0WEER Scril bRl EONTUHA 3] e ggpde for

a stream = r/bc; = frequency of disk re guests at

the Storage the stripe rile

11. The thread in the communication node 14 waits on
responses from all of the storage nodes involved and

10 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.

15 )
13. The communication node 14 then sends a response back

to the control node }8.

14. The control node tHread on receipt of a successful

20 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. ) '

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

depicted in Fig. 6.

30 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
35 - request is for a stream that is set up, and then sends

a play request to the allocated communication node 14.
T .

-



Node = sr/bs. The "striping" of video data is described in detail belowin
section H 30 The requests are scheduled at a frequency determ ned by the
expressions given above, and are schedul ed so that they conplete in advance
of when the data is needed. This is acconplished by "primng" the data pipe
with data at the 35 start of playing a video stream Calcul ations of
sfc and dfc are nmade-at connect tinme, in 32 both the comunicati on node
14 playing the stream and the storage nodes 16 containing the video data.
The frequency (or its inverse, the interdal) is used in scheduling input
fromdisk in the storage node 16 (see Fig. 4) and in 5 schedul i ng t he

output to the port romthe sto e n_the cQ nlcatlon
node 14 (see ﬁ %) ﬁ 3ﬁp? L G PR 97 ‘%écﬂegulﬁﬁgrefﬁlv BPs
streamat 2.0 nbltBléme%QHREKKK)bytes/sec.) froma video striped on four
storage nodes. Al so assune that the buffer size at the communicati on node
I's 50, 000 byt s and the buffer size at th dISE n%g% %@ 250, 000 Q ;es.

Al so, assune hat R CPIMGicakion, &ipde, 1 fBAEs §Yod59Est” to

byt es/séc. The valakbk dﬁ)rthkahenvalve@l&sm@shedsm hét$e thest theyTcas °
algorithmare as fQlidifie 2Pheir own Bfefattfifhd0 ihytﬁt{@iﬁgﬂorﬁ' 6¢ at the

comruni cati on node 14
subgequent requests for this stream. An "involveg®

storage node is one that stores at least one stripe of
the video presentation of interest.

10
6. A thread in each involved storage node 16 receives the
request and sets up schedules for servicing future
requests for the stream. Each involved storage node
16 sends a response back to the communiqation nede 14.
15
7. The communication node thread ensures that the
pipeline is primed (preloaded with video data) and
enables the stream fbr.output.
/ .
20 8. The communication node 14 then sends a response back
to the control node 18.
9.' The control néde 18 sends a responsé back to the user -
that the stream is playing. - '
25
The input and output threads continue to deliver the video
presentation to the specified port until a stop/pause
command is received or the video completes.
v
30 D. USER AND APPLICATION INTERFACES TO MEDIA STREAMQR
Media streamer 10 is a passive server, which performs video
server operations when it receives control commands from an
external control system. Figure 7 shows a system
35 configuration for media streamer. 10 applications and

illustrates the interfaces present in the system.
L7 .



bs = 250,000 bytes (buffer size at the storage node) '16; r = 250,000
bytes/sec (streamdata rate); 25 n = 4 (nunber of stripes that
video for the streamis 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 requests at the 30 conmuni cat i on node
14); and dfc = r/bs = 1/'sec. (frequency of requests at the storage node
16). The conmuni cati on node 14 responsible for playing the 35 stream
w || schedul e i nput and output requests 3 the frequency of 1/sec. or at
Intervals of 1.0 seconds. Assuning t hat the connunication node 14 has two
buffers 33 dlcaaed for e stre% gonnqnic node 14 ensures
that it has bOSR*BufY éFS“‘FFH dPBEY3FES "'St BVe 15t tTYRF TARs S, (485
stream 5 usersoanécaprpl ivatilmn eregwansatPononbuel 1its ¢n>emﬂe>rtaent
messages to all four storage nodes 16 containing a stripe of the video

data. The first two of the asto e .no élcipate the requests for
the first segneHF FrdiFeh %ﬁlw(gg A lﬁn Scﬂ% ul e disk requests to fil

the 10 5 buffers. The conmuni cati on node 14 will schedul e i nput
requests (seeaﬁlgppﬁicgghdﬁ%giddygmfhhggrgg@eseggeniﬁ Fig 0 4o buffers, each
of size 250,000 bytes. When a play request cones, the comruni cati on node
14 will first insure

Both levels of interface are provided on client control
systems, which communicate with the media streamer 10
10 through a remote procedure call (RPC) mechanism. By
providing the interfaces on the client control systens,
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
15 10, since it does not require changing or replacing the
application software on the client control system.

Dl. USER COMMUNICATIONS
rd -

20 Media streamer 10 provides two types of user interfaces:

a command line interface; and

a graphical user interface.

25 ’ D1.1. COMMAND LINE INTERFACE
The command line interface displays a prompt on the user
console or intexface (65,66 of Fig. 1). After the command
prompt, the user enters a command, starting with a command

30 keyword followed by pérameters. After the command is
executed, the interface displays a prompt again and waits
for the next command input. The media streamer command
line interface is especially suitable for the following two
types of operations:

35 '
Batch Control: Batch control involves starting execution of

a command script that contains a series of video control



that the two buffers are full, and then inforns all storage 15 nodes 16
that play is about to comence. It then starts playing the stream Wen
the first buffer has been output (which at 2 Mits/sec. (or 250,000
bytes/sec.) will take one second), the comunication node 14 requests data

froma storage node 16. The communi cati on node 14 then requests 20 dat a
fromeach of the storage nodes, in sequence, at intervals of one second,
i.e. it will request data froma speci fic storage node at intervals of four
seconds. It al ways requests 250, 000 by%%s of data at a tine. The

cal culati ons for the frequency at which a comuni cation 25 node
requests datadoma@nhtge St%ﬁg%ﬁ%@.% 16;4 Stﬂen%éwaéés%tcomaﬁ%&ﬂ}' og node
14 at connect tine. .The e.nodes 16 anficipate the requests for t he
stream dat a a§°@8FP8m§°r#ﬁ%‘§%bF§b€rﬁBGEeﬁ6150 FER ML IINTRE BFe- (see

section H bel owfFordadexsebeduledqpestrins ifhe rexte2&ndED bytiodegfent one
second after hgeDl ayt hase CéHHE%‘i%@ stade eVERy, T SGGRME sté}‘i? éger The
on :

storage node 16 containing stri can expect_ a request two se s after
the play has EBRFERE2dPHEN %Vé‘? f%?c%m%§° stante Propdeastinge

st orage node #6tbontafwritgerstapepatdrcantexpettiens equest four seconds after
pl ay has comrenced and four seconds thereafter. That is, each storage

node 16 34 _schedul es the input fromdisk at frgﬁrency of 250, 000 bytes
every four sé@%ﬁ%%§$${ﬁﬁQ£¥9%—sﬁ&FPWﬁEl?|ﬂ%ﬂ?%&gcﬁﬂ¥ MSEI SXEEHEANT Fhe
schedul i ng i slastowfl icimmdnids igemesttedgbdynadepiégedt etor apdape/playhe pl ay

commang gand afbfbrials stored on media streamer 10. For example, a news
agency may load new materials into the media streamer 210
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
15 10 with the new materials. The generated commands may be
piped to the command line interface for execution.

Dl.2. GRAPHICAL USER INTERFACE
Vd
20 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 addltlon, it also -

provides selection panels when an operatlon involves a
25 selection by the user (for example, load requires the user

to select a video presentation to be loaded.) The

graphical user interface is especially useful for direct

user interactions.

30 ! A - "Batch" button 130 énd an "Import/Export" button 132 are
included in the graphical user interface. Their functions

are described below.

D2. USER FUNCTIONS
35
Media streamer 10 provides three general types of user

‘functions: <



5 a buffer for the stream has been output. The calculation of the
request frequency is done at the tinme the connect request is received. It
is also possible to use different buffer sizes at the 10 comuni cati on
node 14 and the storage node 16. For exanple, the buffer size at the
comruni cation node 14 may 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 t he comuni cati on node 14 wll be 15
(250, 000/ 50,000) 5/sec. or every 0.2 seagonds, while the frequency at the
storage node 16 will remain at 1/sec. The communi cati on node 14 reads the
first two buffers (100,000 bytes) fromthe storage node containing the
first stripe (note IMpertyREPSEFAENt Si ze is 250,000 bytes and the 20
storage node 16 contaR-liikg pheyfesstrergmama will schedule the input from

di sk at connect tirgabﬁégggngggﬁycgggggﬂges, t he conmuni cati on node 14
es 16 o

infornms the storage no sane and outputs the first buffer. When
the buffer enpties, the comunication node 14 schedul es the next 25

input. dghe bujf.ars wil tuesnryeersry 0. 2 seconds and the communi cati dn node
14 requests input fromthe storage nodes 16 at that frequency, and al so
schedul es output at the sane frequency. 30 ° In this exanple, storage
nodes 16 can d&mHEtFEKeortyEuneghiers sare wed vio aroveteiden sdaffa Oirtaseconds

(except f olr | t hend ioust o‘feg:lﬂi&nineﬂﬁﬂ_ﬁlr lEti:QQmQQOI(’]?.yt eBh&AVE PRGSO ald ?&d)l;éd ead,
so Initially . r I e S ne t cqmen 0] y every
four seconds, lini.;tg. t%'(?etdnleal gsel{%etag‘gw 1o s@é‘fé’r%g of%rof“l ve e‘_:(?qlajge?fq}s %%ééﬁ'uoah’f or

50, 000 ¥t es) sMstemar Ehe squsine sécbielsy ifacefatpels AReqiddessasor fide

previ ous SequeliCe) .deViikeeoft BRebul i eht S8Rt ASL t SEsSA0r agFhd1OElr-deit 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

15 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
20 streamer 10 also provides a "delete!" function to remove a
video and a "get attributes" function to obtain information

about stored videos (such as name, data rate).

To invoke Iﬁport/Export functions throhgh'the graphical

25 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", n"Get

Attribute buttoﬁs to invoke the individual functions.
30 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,
35 Play, Slow, Pause, Stop, Rewind, Fast Forward and Mute.
These functions are activated by clicking on the
corresponding'ééft buttons on the graphical user interface.

+
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35 250,000 bytes, the storage nodes 16 will schedule the input from disk
every four seconds (just as in the exanple above). 5 C.5. DETAILS OF
A PLAY ACTION The follow ng steps trace the control and data flow for the
“playing action of a stream The steps are depicted in Figure 5 for

setting up a video for play. The steps are in 10 time order. 1. The
user invokes a command to setup a port with a specific video that has been
previ ously | oaded. The request is sent to the control node 18. 15 2. A
thread in the control node 18 receives the request and a VS- CONNECT
function. 3. The control node thread o’b?sns a catalog entry for the 20

vi deo, and sets-up a nenory descriptor for the video with the striped file

information. 4me AB&:&OMHYanBRdCcdfhnAld 0§3hES | cgtl dg 14 and
an out put port (?n tha% od facl)“r th% requesg(%%S % Then g%%??oggngade 18

sends' a rressagsé‘ " d3rh&%hl PHCOIRTF I funi cati on node 14. 6. A thread in

t he comruni cati on node 14 receives the 30 message fromthe control

node 18. 7. ER@pConmdgigatdon, NQpeydr e 9{%3 e t to the
st orage node iq6 cont ai mglﬁg tdﬁﬁ stri eetopllfe 2 ngﬁe A B%ﬁ?ﬂ (frt éach
st or age Thode f@atlﬂﬁf’uﬁh'é°0]p%?f“|"&qt?eéﬁlde° Cassstte ints & VCR.

Play - initiates playing a video that has been set uUp or
resumes playing a video that has been paused.

10 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
15 is playing, elapsed playing time, etc.

-D2.3. ADVANCED USER CONTROLS

In order to support specific application requirements, such
20 as the broadcasting industry, the present invention

provides several advanced user controls:

Play list ‘'~ set up multiple videos and théir sequence to be
played on a port '
25

Play length -~ limit the time a video will be played

Batch operation - perform a list of operations stored in a
' command file. '
30 _
The Play list and Play length controls are accomplished
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
35 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



is sent to receive the request and opens the requested stripe fide and

all ocate any needed resources, as well 36 as scheduling input fromdisk
(if the stripe file contains the first few segnents). 10. The storage node
thread sends a response back to the 5 - communi cati on node 14 with

the handl e (identifier) for the stripe file. 11. The thread in the
communi cation node 14 waits on responses fromall of the storage nodes

i nvol ved and 10 on receiving sucgessful responses allocates
resources for the stream including setting up the output port. 12. The
comuni cati on node 14 then schedules input to prime the video data

pi peline. 15 18. vIHeocbnnhaiaaﬂé@ntaodae1plahemisendﬁdatbespGGSEybaﬁk to

the control nodend8 inik f'glgepggpgﬁgltﬁg)d,thegr eaghgﬁ {ﬁ&%s%t: Qf 1Ry uccessf ul

20 response from {he communi cati on node returns a han
the. stream to®thel ﬁs@?m%elﬂsEHelnFéh5§qu%%t1?@qu§§?s”PEFa%édeFBEFﬁﬁs
i nstance of thénsérbRile 28ame” Bbe fioBL owinhgnarthe heseat epBidits tometge der

for the actlonsAa&»atb@t%r{ LAY gﬂer%&f‘épﬁ?ﬁé e by Maggueﬁsxaigsr g video

stream has been successf ) icted Tn |g. 6.

\ ep
30 1. Th%PEEHQqu??oEBg {Wﬁ?ﬁﬂ¥é§t oRParif2 yith %F%rﬁkﬂﬁjﬁlﬁlﬁhénéontrol
node 18 recei vicbspleys ethteséurrent play list (with time limit of each

video on the play list).

10 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
15 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 inﬁerface. For example,
20 the user has first created a command script in a file
"pbatch2% 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. Next, the user clicks on "c:/batchcmd" in
25 "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 Name" box 150. Finally, the user
clicks on the "Execute” button 144 to execute in sequence

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

Media streamer 10 provides the above-mentioned Application
35 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).



3. The thread in the control node 18 verifies that the 35
request is for a streamthat is set up, and then sends a play request to

t he all ocated comuni cati on node 14. 37 4. A thread in the
comuni cati on node 14 receives the play request. 5. The conmuni cati on
node 14 sends the play request to 5 all of the invol ved 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 |east one stripe of the video presentation of interest. 10
6. A thread in each involved storage node 16 receives the request and
sets up schedutes faor servicing future requests for the stream Each

i nvol ved st or ajB®nd¥d 18°RRFS a°f e GRS DRERCEH TheCRdAmARRAPaseAode
14. 15 7. Therocedumes .catAppligeddieon tdurgadl ensgress timsbket kbeprpel i ne

is primed (prereaeetbid By Méﬁ?ﬁ’? e SQi‘Pées ith*ée éﬁé‘é‘é{-% 'ofOhRUL -

8. The comruni cati on node fien sen response e control

node 18. 9.  BFRCYLHHS S2ldodReE8TX R fémrcéslﬁé‘ﬁs§°b’a%kp‘%’6f‘{%qxse?h€hat
the stremis mpplicakicib Fhetiopulpragtamst pliivdies catie COPL | Tudctlodsl i ver

the video presgiidtONcbfatditrid Pl hediReLt W | bnds S0P PAUSEion of
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

10 application control program initiation time. Once the
identity of media streamer 10 is estégiished, the procedure

calls are directed to the correct media streamer 10 for

servicing.

15 Except as indicated below, API functions are processed
synchronously, i.e., once a function call is returned to
the céller, the function is completed and no additional
processing at media streamer 10 is needed. By configuring

‘ the API functions as synchronous operations, additional

20 :proceSSing overheads for context switching, asynchronous
signalling and feedbacks are avoided. This performance is
importanf in video server applications due to the stringent

real-time* requirements.

25 The processing of API functions is performed in the order
that requests are received. ‘This .ensures that user
operations are processed in the correct order. For

example, a video must be connected (setup) before it can be
played. Another example is that switching the order of a
30 "Play" request followed by a "Pause" request will have a

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

35 waiting until the completion of the video play). The
' rationale for this architecture is that since the time for

playing a vidéo is typically long (minutes to hours) and



command is received or the video conpletes. 30 D. USER AND
APPLI CATI ON | NTERFACES TO MEDI A STREAMER Medi a streaner 10 is a passive
server, which perforns video server operations when it receives control

commands from an external control system Figure 7 shows a system
35 °~ configuration for nedia streanmer 10 applications and
Illustrates the interfaces present in the system 38 Medi a streaner 10

provides two | evels of interfaces for users and application prograns to
control its operations: a user interfaced4@(A) in Fig. 7); and an
application programi nterface ((B) in Fig. 7). Both levels of interface are

provi ded on -client contral stens, which comrunicate with the nedia
streamer 10 10u"preqcltﬁ%?'t? F atrr@rﬁﬁé“'}yr RERAETPY SERRCFOMRRRMSh SBY By

provi di ng t he makiord ddes verPLAE Chhehioxomtyrathyetens it fseeadupftioe t he
medi a st rearrerrgsq,uxtégas SQPA%"tat enyaf é‘E’ll?éfv?Péé OrbeSOfatl‘&’%'E:%tEEO”EHFd' &n

streaner 10 |s achl s facili pgradi ng or replacing the nedia
streaner 15 d%ﬁ(?ﬁ‘&’éyv ifﬂﬂ%s“’ﬁbi ‘ﬁ L"I’Jg““‘chanm ng or replacing the
applicatbon software on the client control system DI1. USER COVMUNI CATI ONS

20 Medi a sty %ﬁﬁfmmow Q‘f' d?ée&V\Bi:S))’Peﬁud?ﬂau%‘irrcb%ﬁr iacséne@a@@mmnd
line interface; and a i cal . user nte{: g ND
LI NE |NTERFACE‘"rﬁe°’Yé‘8H%ﬁﬁ8“F|%1% e Af SESLER Ib?’é‘g/sadé‘rﬁﬁénﬁf’eﬁﬁf%ﬁ‘é

consol e or i ntyd apelledLtéébnotorkgol I)rogfanerta hetddymnihd appll(,ation
control program of the video completion event. . The

10 system/port address is specified 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 is specified at the
individual video level. That means the application control

15 programs have the freédom of directing video completion
messages to any control point. For example, one
application may desire' the use of one central system/port

! to process the video cbmplétion messages for many or all of
the client control systems. In another appliecation,
20 several different 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

25 support multiple concurrent client control systems with
heterogeneous hardware and software platforms, with
efficient processing of both synchronous and asynchronous
types of operations, while ensuring the correct sequencing
of the opération requests. For example, the media streamer

30 10 may use an IBM 0S/2 operating system running 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,
pPs/2, Aix, and RS/6000 are all trademarks of the
International Business Machines Corporation).

35



pronpt, the user enters a command, starting with a conmand 30 keyword
fol |l owed by paraneters. After the command is executed, the interface

di spl ays a pronpt again and waits for the next conmand input. The nedia
streaner command line interface is especially suitable for the foll ow ng
two types of operations: 35 Batch Control: Batch control involves starting
execution of a command script that contains a series of video control 39
comands. For exanple, in the broadcast industry, a comuand-:script can
be prepared in advance to include pre- rggorded, schedul ed prograns for an
extended period of tinme. At the scheduled start tine, the conmand script is
5 executed by a single batch command to start broadcasting, wthout
further operaPdr | QLEENBAMBIIN SAREANER| COMMPNICATIONS onati c control

i nvol ves executing a list of gommands generated by a progran1to updat e/ pl ay

10 materials stored. on nedjia strea r agency
may | oad new FTEPBYPLFREIGNS, RRESRNI & gﬁﬁ&ﬁ%eF?ﬁ% %@ m%BFIC&tIOﬂ
cont rol prograadiha$trmamgﬁxﬂaruﬁrnﬂ@qmnh¥SMaHst@awugenebatexamdla sar eaner

commandg (f or gD Fpe l&raqaemla%keeb@ocyaupéd&afp Uosdt g e 1Rdi apghr eaner
15 10 with_the new materials. ﬁenerated commands, nmay be plged to

the command | ?‘ﬁesﬁ‘?]"{%rfft%f’cé‘%rs%%%ﬂf?o or fihe) commUNASARYORR LESE
| NTERFACE 20 a cliemt dbntxoansgxaaple1oan¢knhennhdn&nsuagmmergﬂaphlEal user

interface. Thgai &y fRG8ar SSASHNSES thCLEORL I UndPRAebnefcdhtrol system
11 functions as the RPC client and the media streamer 10
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 streamér 10 to generate
a call to the cliént control system 11. 1In this case, the
client control system 11 functioné.as the RPC server, while
15 media streamer 10 is the RPC client. This is indicated at
(B) in Fig. 11.

D4.1. CLIENT CONTROL SYS.TEM 11 !
s -

20 In the client control system 11, the user command Tine
interface is comprised of three internal parallel processes
(threads). A first process parses a user command line
input and’ performs the requested operatlon by invoking the -
APY functlons, which result in RPC calls to the media

25 streamer 10 ((A) in Figure 11). This process also keeps

track of the status of Qideos béing set up and played for

various output ports. A second process periodically checks
the elapsed playing time of each video against their
specified time limit. If a video has reached its time

30 limit, the video is stopped and disconnected and the next
video in the wait gqueue (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

35 streamexr 10 ((B)in Fig. 11).



vi deo cassette recorder, which has control buttons such as Play, Pause,
Rew nd, and Stop. In addition, it also provides selection panels when
an operation involves a 25 - selection by the user (for exanple, |oad
requires the user to select a video presentation to be |oaded.)

The "graphi cal user interface is especially useful for direct user

I nteractions. 30 ‘A ".Batch" button 130 and an "Inport/Export" button 132
are included in the graphical user interface. Their functions are described
bel ow. D2. USER FUNCTI ONS 35 Medi a streay@r 10 provides three general types
of user functions: 40 I nport/ Export; VCR-like play controls; and
Advanced user controls. 5 D2. 1. | MPORT/ EXPORT | nport/ Export
functions ar eDP4s@dMEBIADYEREAMBR lPata i nto and out of the media streaner

10. When a video is noved into nedia streaner 10 (lnport) fromthe client

comt ol 10, opeblBbcRlulilh, 3En St BN 0, WitghtapRer sl g (V]
speci fi ed wit {threafigheaymrigvgkeri Annerder fia sAPPPrEOtheRICe hatdesn s
noved ouwt of pRdi a18bheaeditid) ([dpsrenis)t 21t ARachéeDd SoOrddmir aystem the
source of the f9ce proctsd Rfd oSt Le! Mic ' L3080 A MiRe MP2
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
10 requested functions (such. as VS-CONNECT, VS-PLAY, VS-
DISCONNECT). A second process functions as an RPC client
for calling the appropriate client control system addresses
to notify the applicatfqn_ control programs with
asynchronous termination events. The process blocks itself
15 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
20 ((B) in Fig. 11 to the appropriate client control system 11
port address so that the client contrpl system can update

its status and take actions accordingly.

E. MEDIA STREAMER MEMORY ORGANIZATION AND OPTIMIZATION
25 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

30 invention is now described in detail.
El. PRIOR ART CACHE MANAGEMENT

Prior art mechanisms for cache management are built into
35 cache controllers and the file subsystems of operating
systems. They are designed for general purpose use, and

are not speciaiazed to meet the needs of video delivery.



10, and the target of the video data is specified as a file or a device of
the client control system In the Inport/Export category of user functions,
medi a 20 streanmer 10 al so provides a "delete" function to renove a
video and a "get attributes” function to obtain information about stored

vi deos (such as nane, data rate). To invoke Inport/Export functions through

t he graphical 25 ~user interface, the user clicks on the "Inport/Export"
soft button 132 (Fig. 8). This brings up a new panel (not shown) that
contains "Inport", "Export", "Delete", "Get Attribute"” buttons to invoke

t he individual functions. 30 'D2.2. 47 VCR- LI KE PLAY CONTROLS Medi a
streanmer 10 provides a set of VCR-I'i ke pI ay- controls. The nedia streaner
graphi cal user interface_in Fi q__ that the follow functl ons

are avail abl eFi9padt? g tttus es F‘F’?ﬁ/ %?%?ﬁblﬁau Y ot FBURd, 2Fast
Forward and Mitevertieself wachieonsnagenamt i negthead igm @lé\Yc Ihengoaﬁlghéed

cor r espondi ngfgpf‘fl&gg l;gisivggyt henggp{g&%l@seeren\ﬂtc@rg Al¥ideo 4p1ibe nedia

streamer command I1ne interface provid g | lar _seét of functions: Setup
- sets up a vPEEEEIRHtwp ek hid 5ut1|53t' f)L Pt §causeAﬁgl 6§ouS°t 6°f@8di ng a

vi deo cassetteornbveafViOR , Phay a pmptesses pbnyahging vadéblehsysham been
set up or resygrras Q' ﬂxasl%eéeybgf-oltsaat ahas be,qra&at&eﬂ; r10170 PRYSS -

pauses pI ayl ng_a - nal ogqQus.to e# g Eg ?7&,“? cagsette

froma VCR S%h’f‘b%ttaftﬂ%ﬁiréy§wt°hé”§%t §eBFepoPPEsulh- gh ¥¥8eo
video streams. Also illustrated is the data flow to read
a segment: of disk file 160 into main storage, and to

10 subsequently write the data to a first video por£b172, 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
problems incurred by the prior art which are addressed and
overcome by the media streaﬁer 10 of this invention.

15
i
Description of steps Al-Al2 in Fig. 12.
Al. Media server 168 calls file system 166 to.read segment
20 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. '
25 ' A3. File system 166 copies the cache buffer into a buffer
in video driver 170.
Steps A2 and A3 are repeated multiple times.
1
30 A4. TFile system 166 calls video driver 170 to write Sk to
video port 1 (176).
) AS. Video driver 170 copies part of Sk to a buffer in
video driver 170.
35

A6. Video driver 170 writes the buffer to video port 1
' (176) .



15 I's playing, elapsed playing tine, etc. D2.3. ADVANCED USER
CONTROLS In order to support specific application requirenents, such 20
as the broadcasting industry, the present invention provides several
advanced user controls: Play list - set up nultiple videos and their
sequence to be played on a port 25 Play length - limt the time a video
w Il be played Batch -operation - performa list of operations stored in a
command file. 30 The Play list and Play |length controls are acconplished
with a "Load" button 134 on the graphicaL user interface. Each "setup”
command will specify a video to be added ?o the Play list for a specific

port. It also specifies a 35 tinmelimt that the video will be played.
Fig. 9 shows tdregzamsl anli BB appepéped ied arpeApeet @imkscki ng on the "l oad"
soft button 134 on the graphical user interface to sel ect 42 a video to

be added to the plax list and to specify the time linit for Elaéing t he
video. Wen t RESRSeP7cPEIENNGTIQN MR FdMe 1R THRNTY [S¥SePhokhaB@OTthe nane
is entered intoisFchandédreto pextl138. 1f \dhearthef uslerisclinckBe otadie im '
"Add" button , i in_ "E " box i P to' the
. "Play LiLgst" bééﬁﬁ%pg\nt%rh ll%tésq%t“?r?eﬂ??%% efér%ggrts:p ays' t giggrggn Ibéay li st
(with time |if%P&rdeach video on the play list).

As can be realized, video delivery involves massive amounts
of data being transferred over multiple data streams. The
10 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
‘15 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, 4n important element of video
20 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 just shown, qénnqt ensure the
isochronous delivery of a video data stream to a user.

25
Additional problems illustrated By Fig. 12 are:

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

“ segments to satisfy general file system requirements. This

30 requires more processing time, disk seek overhead, and bus
overhead thah would be required by video segment size

segments.

b. The processing time to copy déta between the file
35 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

[



10 The batch operation is acconplished by using a "Batch" soft button
130 on the graphical user interface (see Fig. 8) Wen the "Batch" button
130 is activated, a batch selection panel is displayed for the user to

sel ect or enter the 15 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 coomand file. Fig. 10 is an exanple of
the "Batch" and "Execute" operation on the graphical user interface.
For exanple, 20 the user has first c{eated a command script in a file
"batch2" in the c:/batchcnd directory. The user then clicks on "Batch”
button 130 on the graphical user interface shown in Fig. 8 to bring up the
Bat ch Sel ecti ®dipanate. Next, the wuser <clicks on "c:/batchcnmd" in
25 "Directory"” box 146 of the Batch Sel ection panel. This results in
the display of a list of files-in "Files" box 148. Clicking on the

"bat ch2" |ine%n "FHANES T AR NS t (hefto LR "E7 AL R@mPOMEEnI50.
Finally, the gopies| pfkthensahe Videcuseyméntt tah tHd temexedmbeisnameguence
30 tshe co | 2 b o Tidye : BROGRAM
| NTERFACE Mﬁ:dirlm;agtg ?%gérrre?% q%oé %rfg\%?dlgsﬁ%ﬁggébovig?%%sog@ﬁwﬁéqecata Pon 35
Program | nt eFP§BetN¢ fNe dafa dRaftonpdl 12 thdnf il i¥shemcaghengndan

i nteract wi t halredi &nstheangtecldrandrcbutfetsits operations (reference may

be made again to Fig. 7). 43 The APl consists of renote procedure call
(RPQ)-based pLgoed S5 ofibirhl! bRfns SaiBef 2 | MVoke the AP
10 _
There are three principal facets of the cache management
operation in accordance with this aspect of the invention:
shéring segment size cache buffers across streams;
predictive caching; and synchronizing to optimize caching.
15 | : |
E2.1. SHARING S_EGMENT SIZE CACHE BUFFERS ACROSS STREAMS
Videos are stored and manéged in fixed size segments. The
segments gre'sequentially numbered so that, for example,
20 segment 5 would store a portion of a video presentation

that is nearer to the beginning of the presentation than
would a segment numbered 6. The segment size is chosen to
optimize disk I/0, video I/0, bus usage and processor
usage. A segment of a video has a fixéd éontent, which
25 depends only on the video ﬁame, and the segment number.
All I/0 to disk and to the video output,'and all caching
operations, are done aligned on segment boundaries. .

This aspect of the invention takes two forms, depending on
30 whether the underlying ‘hardware supports peer-to-peer
operations with data flow directly between disk and video
output card in a communications node 14, without passing
through cache memory in the communications node. For peer-
to-peer operations, caching is done at the disk storage
35 unit 16. For hardware which does not support peer-to-peer
operations, datg» is read directly into page-aligned,
conﬁiguous cache memory (in a communications node 14) ‘in



functions by making procedure calls. The parameters of the procedure cal
specify the functions to be perforned. The 5 application control
prograns invoke the APl functions w thout regarding the |ogical and
physical |ocation of nedia streaner 10. The identity of a nedia streanmer 10
to provide the video services is established at either the client control
system startup tine or, optionally, at the 10 application control
programinitiation time. Once the identity of nedia streanmer 10 is
established, the procedure calls are dipected to the correct nedia streaner
10 for servicing. 15 Except as indicated below, APl functions are
processed synchronously, i.e.~ once a function call is returned to the

cal | er, the siétﬁi‘érim:jz&dCQIIBl:EEedoaﬁ\dn!ﬂﬂlﬁéldi)ld) 08pL Y HE DERS Sa iy @étamedl a

st reaner Jp qﬂ@d Bysp%nflgurbggeghe ABL gyngtlggalgg syﬁg nous
operatlons T onial Zd processi ng 05 fiedas for %ext chi ng,
asynchronousA%%QﬁﬁQHOPngb&ﬁGWfeedbacks are av0|ded Thi s perfornance is
inportant in video server applications due to the stringent real-tine

requi rgnent 25 The Rrocessi of API fun 1. ons_|i erfor din the
order that S'Ir'heques’t:‘?" rgpgl"?ecelvgge m?h gﬁ%ﬁ}e%" igi erations

“are processedirgatliyhdropoEhietlogaigen U“tllioﬁ'—hexahﬁ?e sagwra'éoisnm be
connect ed ( Syl hafdde.i t mamé;etnpéayedeoAaet;heﬁte&%nmaﬂmea"t hﬂtl
swi tching the ordes o g %geiiln% F?agut r‘ﬁgua?% v?cllét%) %lpé/n@ Jeaul

request w |l ‘have a conp erent resu ﬁPLAY
function i nitheatsganet W@cpbayuﬁgenf t Heusi deostngle eQ'ansoif Hdle:orﬂtdawl to the

cal l eyo i MmedicynRing (M thsad 19p manyWakbi-dg WAl lunehanfilialion Lf, the
V1050 D1 2) e ool kel | B0 Bubfie By TGS LS. rbudbadts shae L1 e

for
copies of the same video segment is avoided. For peer to

peer operations, half of the remaining I/O and almost all
of the processor and main memory usage are avoided at the
15 communication nodes 14.
Fig. 13 illustrates an embodiment of the invention for the
case of a systen Withdut peer-to-peer operations. The I
video data is striped on the disk storage nodes 16 so that
20 odd numbered segments'are on first disk storage node 180
and even numbered segments are on second disk storage node
182. (see Section H below). '

The data flow for this configuration is also illustrated in

25 Fig. 13. As can be seen, segment Sk is to be read from

disk 182 into a cache buffer 184 in communication node 1B6,

and is then to be written to video output ports 1 and 2.

The SK video data segment is read directly into cache

» buffer 184 with one I/0 operation, and is then written to

30 port 1. - Next the SK video data segment is written from
cache buffer 184 to 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
35 illustrated in Fig. 13.

S

Fig. 14 illustrates the data flow for a configuration



playing a video is typically long (mnutes to hours) and 44

unpredi ctable (there may be pause or stop comrands), by making the VS-PLAY
function asynchronous, it frees up the resources that woul d ot herwi se be

al l ocated for an unpredictably, long period of time. 5 At conpl etion of

vi deo play, nedia streamer 10 generates an asynchronous call to a

systeni port address specified by the application control program to notify
the application control programof the video conpletion event. The
10 . systeniport address is specifie@lby the application control program
when it calls the APl VS-CONNECT function to connect the video. It should
be noted that the callback system port. address for VE:PLAY ig speci fied at
the i ndivi dudT" Vi tlEd'q P haC ndShE “tRePSphI PRSFR6hORBnPPEYSYS 2
prograns havélshetorasgonrde. g ecMidgovPUEBLUE 0P @t | dn PRdgsafedisko  any
control poiditives 190,F252 SxEiEa sPEpEPP)ida i sRRta¥8Shr fhibg use of

one central sysie ort .to process, the_video conpl etiqgn. sages for many
“or all of thleél gcef & e‘%f%ﬁt EBI a BIAY &7f5.V19e9 ﬁ’or%ﬁo#ﬁgr g‘églwgﬁ??‘bﬁ 20
sever aP di f fRgssiingsy sthawgbr t thedr medns meypobe enpl ogpd totprvernissgt he

vi deo conpl eddtuniiRe%3688Snb@e 99e client control system Wth the API
architecture, nedia streaner 10 is enabled to 25 support nultiple

.concurrent client control systens wi th heterogeneous . hardware and
sof tware plTe dare, flowtforfthisi ennfpgecastimgioftchoehdsyagheonals and

asynChrcﬁW“Efrbm disk 192 directly to port 1 (with one I/0 operation)
10 via disk cache buffer 198.

If a call follows to read segment SK to port 2, segment Sk
is read directly from disk cache buffer 198 into port 2

(with one 1/0 operation).

When the data read into the dimsk cache buffer 198"fof port

1 ims mtil1l 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
20 2.

It is possible to combine the peer to peer and main memory
caching mechanism, e.g., using peer to peer operations for
vidéo presentétions which are playing to onlj one port of

25 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

30 disk storage nodes and the communication node is chosen to
maximize the number of video streams which can be supported
with a given hardware configuration. If the number of
streams to be supported known, then the amount and
placement of caching storage can then be determined.

35

E?.Z. PREDICTIVE CACHING

e



types of operations, while ensuring the correct sequencing of the operation
requests. For exanple, the nedia streanmer 30 10 may use an |IBM OS5/ 2
operating systemrunning on a PS/2 system while a client control system
may use an | BM Al X operating systemrunning on an RS/ 6000 system (| BM

0s/2, PS/2, ALX, and RS/ 6000 are all trademarks of the International

Busi ness Machi nes Corporation). 35 45 D4. CLI ENT/ MEDI A STREAMER

COVMUNI CATI ONS Communi cati ons between a client control systemand the nedia
streaner 10 is acconplished through, by exanple, a 5 known type of
Renote Procedure Call (RPC) facility. 51'-2I 11 shows the RPC structure for
t he communi cati ons between a client. control system 11 and the nedia

streaner 10-A| Pr&lddiRg eséhﬁnétﬂ&a{mls&mééwr&e heed%lerat c&eRLh§! system

11 functions the C cl,i ent’ and, e dia str functi ons
b tho. RPe SBPLAFY Vel SUAESH e Cads SELARFTFn TIHec PReRGRERELORF o an
asynchr onousafenéhi geperak. vexs- pPedictabke confypicahlyautkey netiaat st r eaner

10 to generagf—‘aﬁl Idt thet e Ol By, 28 rQi asx&txem ;alteiﬂnt B §a§€§? Ej he

client contr 1 funct
Stroamd: 1o Pengiy whe 8F93ﬁfnégﬂﬁr§qd§ AR el aPaY YN iSherpRd 45 D4 1
CLI ENT CONTRGea@G¥STEM ThHe 28aching napprecadth e chomt nedizysteeardr 10e user

comand |i netamserafda;%%tlageceﬂpmfse%z%mfessglneyewaipﬁ%ﬁ%l ghePsgcesses

hr r r m{a lin
(threads). J 4%3%2% lechsarengéhéé) any one time.

10 The predictability 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
expire are reclalmed 1mmed1ately, freeing the space for

15 higher priority use Buffers whose contents are in line
for use within a rpeasonable time are not reclaimed, even if
their last use was long ago.

More particularly, given videos vl1l, v2,..., and streams sl,

20 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(sj)k,

25 _
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.

30
This information is used both to schedule a read operation
to fill a cache buffer, and to drive the algorithm for re-
using cache buffers. Some examples of the operation of
the cache management algorithm follow:

35 "
EXAMPLE A -
A cache buffer containing a video segment which is not

I3
3.
<
i



i nput and perforns the requested operation by invoking the APl functions,
which result in RPC calls to the nedia 25 streaner 10 ((A) in Figure
11). This process al so keeps track of the status of videos being set up
and played for various output ports. A second process periodically checks
the el apsed playing tinme of each video against their specified tine linmt.
If a video has reached its time 30 . |imt, 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 ternination
notification fromthe nedi a~35 streaner ‘10 ((B)in Fig. 11). 46 D4. 2

MEDI A STREA Beé@c&lal RY Pleard1u Qf Hysdéﬁy SLE eqper cl.\eretn\ﬁq P13y 16}
are invoked in_aorder to sugport ' betvye nb5

processes (t ? dsg %F
the client cOAPFSISESRIM(S) TETUSRY £ SErE5AR iﬁy P Ee TS "I ess
functi ons asazr RRG&G@bedr for behepeduncti dvftea | satbsfyigng r cimishe

client Contrebn§¥§£m11tﬁéA)fréauEh9y ot) p1iR8 Rkl rde wm&&saﬁ&C%&es the
- RPC cal_l s and di sgﬁtch t he ap %%gprlate rocedures to 'E)erformth 10
requested f UREPPBHIURRRICRTEs EGSERLATTe /LN SENQEELY. A

second proceferf ukegpions d&beanvRRD clses;nterrftorcaahédng t ftheaprighessat e
~client contregtés{@i&mﬁdwﬁsc%ewtﬂlnneﬁiéygrén? 1@%%1%&% vfiESUO'

progranms wth aﬁxnc ronous termnatign events. pr.ocess itself

15 waitifgIB *'a%"rffﬁteﬂ?gl“rpfaﬁélyv\hﬁ"c% P Giantion Hpueth yndeo.

10 EXAMPIE B
For a cache buffer containing a video segment which is
predicted to be played, the next predicted play time and
the number of streams left to play the video segment are
used as weights to determine the priority for keeping the
15 video segment cached. The weights essentially allow the
retention priority of a cache buffer to be set to the
difference between the prediéted number of I/0s (for any
video segment) with the cache buffer reclaimed, and the
predicted number with it retained.
20
For example, if
v5 is playing on s7,
v8 is playing on s2 and s3, with s2 running 5 seconds
behind s3, and _ '
25 v4 is playing on streams sl12 to s20 with each stream 30
seconds behind the next, ;
then:
buffers containing v5 data already used by s7 are
» reclaimed first,
30 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
35 priority.

N

The cache management algorithm provides variations for



processes that handle the playing of videos. When the latter reaches the
end of a video or an abnormal term nation condition, it wites a nessage to
t he pi pe. The bl ocked process reads the nessage and nakes an RPC call 20
((B) . in Fig. 11 to the appropriate client control system 11 port address so
that the client control systemcan update its status and take actions
accordingly. E MEDI A STREAMER MEMORY ORGANI ZATI ON AND OPTI M ZATI ON 25
FOR VI DEO DELI VERY An aspect of this-.invention provides integrated

mechani snms for tailoring cache nmanagenent and related 1/O operations to the

vi deo delivery environnent. ‘Thi s aspegt of the 30 I nvention i s now
described in detail. El. PRI OR ART CACHE MANAGEMENT Prior art mechani sns
for cache nmanagenent are built into 35 cache controllers and the file

subsyst ens ofPespiedattasgsspucbnas Thepeak tonlceperakidng Gdraealitpuispose use,
and are not pdRgdinlel zed% éair&bettnhi&eaneml@o Cgeg\hidiﬂﬂwd.&h.l Berylayed 46 Fig. 12

Il lustrates cpane onal cache nanagenent

0 y on
mechani sm ey &8 g ?‘I‘%‘ﬂﬁ%’dh\f(l\% n9+:d%’6"%lté]iy \Vé‘ﬁ’s ?ﬁl s #EBh oys a
vi deo split é@KWEQmevﬁeuauBmcdﬁquxpnﬁ6®uqt62e(be&&as@)+t i s too | arge 5

for one file), and a processor containing a file system 164, a nedi a server

172, 174 {ofs vPesEimndftimd sifteae FheBERuBEE RS Flow to fead a
segnent of disk file 160 into main storage, and to
It is desirable to cluster all streams that require a given
video segment, to minimize the time that the cache buffer
10 containing that segment must remain in storage and thus
leave more of the system capacity available for other video
streams. For video playing, there is usually 1little
flexibility in the rate at which segments are played.
However, in some application of video delivery the rate of
15 playing is flexible (that is, video and audio may' be
accelerated or decelerated slightly without evoking adverse
human reactions). Moreover, videos may be delivered for .
purposes other than immediate human viewing. When a
variation in rate is alldwed, the streams out in front
20 (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 gegments must remain buffered. ' ’
25 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
30 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 stream, enables one copy of segments in cache to
be used for both streams and thus conserves processing
35 . assets.



10 subsequently wite the data to a first video port 172, and al so the
data flow to read the sane segnent and wite it to a second video port 174.
Fig. 12 is used to illustrate problens incurred by the prior art which are

addressed and overconme by the nedia streanmer 10 of this invention. 15
Description of steps Al-Al12 in Fig. 12. Al. Media server 168 calls file

system 166 to read segnent 20 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. 25 A3. File system 166 copies the cache buffer into a

buffer in video driver 170. Steps A2 aP® A3 are repeated nmultiple tines.

Ad. File system 166 calls video driver 170 to wite Sk to video port 1

176). A5. \id i i in video dri
170, 35 A5, * i a8aCR DR ERn el iRk pErBeRiOT 1 Gy

30

48 Steps A5 and A6 are repeated nmultiple times. Steps A7-Al2 function in a
simlar manngigitaicepiebhahtHOonds latbr Char@e i Di®rthase Idf andaaddl of Sk is

in the cache

) i th: .
may be skipp Can berédlized, Video delivery
5 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
minimized in the data path. Careful buffer manégement is
required to maximize the efficiency and capaéity of the
10 media streamer 10. Memory allocation, deallocation, and
access are key elements in this process, and improper usage
can result in memory fragmentation, decreased efficiency,

and delayed or corrupted video data.

15 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

20 video transmission applications and utilizes low level
operating system modulés and code segments to allocate
memory blocks in the requésted size. Tﬁe memory blocks are
contiguous - and fixed in physical memory, eliminating the
delays or corruption possible from virtual meﬁory swapping

25 or paging, and the complexity of having to implement
gather/scatter routines in the data transmission software.

The high 1level interface also returns a variety of

' addressing mode values for the requested mnemory block,

30 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 device, as well

35 as the process linear and.process segmented addresses that
are used by varigus applications. A deallocation routine

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

i file tem 16 en. needed for port hen step A8
nalph brocgaeS, Bihody’ Ordloe! et fvaryy TRVERYes Shakol, "arount



of data being tranSferred over nmultiple data streans. The 10 over al
usage pattern fits neither of the two traditional patterns used to optim ze
cachi ng; random and sequential If the randomoption is selected, nobst cache
buffers will probably contain data from video segnents which have been
recently read, but will have no video streamin line to 15 read them
before they have expired. If the sequential 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 ghe file system cache. As was
described previously, an inportant el ement of video 20 delivery S

t hat the . data stream- be delivered isochronously, that is wthout
breaks and ightigHngsingniragngntatiianerobl ens cringsultéef maliooyj tetdldnabl e.
Prior art caghiuigedeabaai Siigle aflodrist shown, cannot ensure the

i sochronous delivery of a video data streamto a user. 25 Additional
problens illustrated by Fig. 12 are: a. Disk and video port I/Ois done in
relatively dgivéi-| COMYAERE SEMRLGHRD STOR YEMERY| ARLP@RBIRN ém requi renents. This
30 srequires nore processing time, disk seek overhead, and bus overhead
than would Qe r ire videa se nt Si ze segnents. b, The processing
time to cop ?§E9ﬁagﬁe%ﬁVﬁﬁF(ﬂfﬁ system cache buffers and nedia
server buffers, and between nedi a server buffers and video driver buffers,

i's an Undes'rablﬁl@B@é@@aghér@@qdésﬁ%ﬁ“é&ﬂgaM@%ﬂf@amﬂ%cﬁ()a cdhtrol

block 1is returned with the various memory model

10 addresses of the memory area, along with the length of
the block.
2. Deallocate Physical Memory:
15 Return the memory block to the operating system and

free the associated memory pointers.

F2. APPLICATION PROGRAM INTERFACE
. ’ . -

20 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
pseudé device to obtain its label, then uses the interface
to pass the commands and parameters. " The supported

25 ~ commands are Allocate Memory and Deallocate Memory, the

parameters 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.

30 A null is returned if the allocation fails.

Fig. 15 shows a typical set of applications that would use
this procedure. Buffer 1 is requested by a 32-bit
application for data that is modified and then placed into
35 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

K
i



elimnate. ¢c. Using two video buffers (i.e. 172, 174) to contain copies of
the sane video segnent at the sane tine is an 5 I nefficient use of main
~menory. There is even nore waste when the sane data is stored in the file
system cache and also in the video driver buffers. E2. VIDEO OPTIM ZED
CACHE MANAGEMENT 10 There are three principal facets of the cache
managenent operation in accordance with this aspect of the invention:
sharing segnment size cache buffers across streans; predictive caching; and
synchroni zing to optim ze caching. 15 E2.1. SHARI NG SEGVENT S| ZE CACHE

BUFFERS ACROSS STREAMS Vi deos are stor®d and nmanaged in fixed size
segnents. The segments are sequentially nunbered so that, for exanple, 20

segnent 5 woul.d stqre ortion of es ation that S ne rer to
The begi ni HLGEANEFBERE AT S STATRES BRE  ConRan, PRALE b T The
segnent si zedntighovenbrbfens .. #RZh amblcalt,'l@n vﬁd@mahllﬂ tl@ugsesfag'es and

processor USﬁﬁﬁveAdQQQEEnEdaieQSYh@e@oh@écébé'ﬁﬁ%‘&éﬁﬁfﬂﬁllﬂﬁﬂ

“depends only.0 segment numnber . fo dISk and
to the vi de%)(-‘hout?)% resé%d m@%&ﬁ"’?\g 5@ IS BEROFE N Ja)r‘?"'ga?f’e’d’
segnerft boudé¢deyss. Thi yldspeappdflcaheonnmm iuge t bkés @pprberhs todependl ng

on 30 WRE i eh zet dtdl RidRehikhB Oy FAGIAGEths UDRAS . vBaeb- a:Qcape:L@{
operatlons \@hth q’atf%flo d|r gtly betwe%El di sk and éld u t}tcard in a
conmmuni cati oNsS no TA, Wit ypaSS| ng t roué’ﬁl Each rrér’ﬂ?%}

communi cat i GF@nﬁéGErl%r lﬁee‘f‘lr%@lweemoﬁé‘ﬁat‘?‘tﬁgut cdening |‘~Sltdm\¥,t at the

di sk storagaoding itUdéveddl timfs Har dwar prvbéss. does not support
peerj&pfpeer

G. DISK DRIVE OPTIMIZED ¥FOR VIDEO APPLICATIONS

It is imporatant that video streams be delivered to .their
‘destination isochronously, that is without aelays that can

15 be perceived by the human eye as discontinuities in
movement or by the ear as interruptions in sound. Current i
disk technology may involve periodic actlon, such as
performing predictive failure analysis that may cause
significant delays in data access. Wwhile. most 1I/0

20 operations complete within 100 ms, periodic delays of 100

ms are common and delays of three full seconds can occur.

The media streamer 10 must also be capable of efficiently
sustaining high data transfer rates. A disk drive
25 configured for general purpose data storage and retrieval.
will suffer inefficiencies in the use of memory, disk
buffers, SCSI bus and disk capacity if not optimized for

the video server application.

30 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 optimizing disk
parameters. The parametefs may be incorporated into the
manufacture of disk drives specialized for video sexrvers,

35 or they may be variayles that can be set through a command

mechanisn. o



operations, data is read directly into page-aligned, contiguous cache
menory (in a conmunications node 14) in 50 segnent-sized bl ocks to
mnimze |/ O operations and data novenent. (See F. Video Optim zed
Digital Menory Allocation, below. 5 The data remamins in the sane
|l ocation and is witten directly fromthis location until the video segnent
Is no | onger needed. * While the video segnent is cached, all video streans
"needing to output the video segnent access the same cache buffer. Thus, a
-single copy of the video 10 segnentsgs used by many users, and the
additional 1/0O processor, and buffer nenory usage to read additiona
copi es of the sane video segnent is avoided. For peer to geer operations,
hal f of the rpé‘rFﬁ’F"r‘Ftﬁgsl?@%ﬁﬂild{%g?ra?qh%iacttﬁé’"ﬁr%%%r a vl g igenenor y
usage are avardellinindte diiays. GEPaKdteati aff&aothsg bﬁffElrgusé@e iadeust r at es
an enbodi ment_ @f +{.h t.h o eSY

se? b 9118&%4@%&9&0 & & Gla trgl p EH‘:E" 6P é%!itk &or age

peer -t 0- peer -oper at| ons data i’s on,th
nodes 16 so thatingde readyPmibidre PREFPHMNs arRAAMStaTs abqfﬁ(:témr age

node 180 and speed netbbing lsegrent s SOSIObusesndda dpskcadsmngmsnage 182
(see Secti Ontldnggl Qw)tr}g@ﬁaggt@rérl&’&xf Qe atpL %&f‘{l{éxg%%t éﬁgnlrﬁ{rak%g '
b I's To be read

illustrated i € seen

from di sk 1823thto &hfaé%ékbﬂﬁﬁéﬁ fgzets éénﬁﬁﬁﬂéégFSnWﬁGBea1§G°t8ﬁd is
then to be wsiikkethat waxion xud piffeptive dapadity aﬁuaﬁﬁﬁdemthdata segnent
Is read directly into cache

10 To accomplish optimization:

The physical disk media 1is formatted with a maximum

allowable physical sector size. This formatting option
minimizes the amount of space wasted in gaps between
15 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
20 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 ls controlled by a parameter. It
25 there are too many scgments, cach may be too small to hold
the amount of data requested in a single transfer. When
the buffer is full, the device must initiate reconnection
and begin transfer; if the bus/device is not available at
this timo, a rotational delay will ensue. In the preferred
30 implementation, this value is set so that any buffer
segment is at leaét as large as the data transfer size,

e.dg., set to one.

As a buffer segment begins to fill on a read, the disk
35 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.



buffer 184 with one I/O operation, and is then witten to 30 port 1.
Next the SK video data segnent is witten fromcache buffer 184 to port 2
with one I/O operation. As can be realized, all of the problens described
for the conventional approach of Fig. 12 are overcone by the system 35
illustrated in Fig. 13.- Fig. 14 illustrates the dataflow for a '
configuration 51 contai ning support for peer-to-peer operations between
a di sk storage node and a video output card. A pair of disk drives 190, 192
contain a striped video presentation whigh is fed directly to a pair of
video ports 194, 196 w t hout 5 passing through the min nenory of

an  interven! ageCouURLGa! LorkdiPdes Whe TS dabachbos fRladflsyiantiguration

is to read se%nent rom I rectl
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segnent SK totprahtsfar gegtrat h&kti s Leadwﬁsé ediind ramtd dpaadionayf fer
198 into port tg‘ %944%?@9 ll/ Qﬁgeg st\t%goga%ﬁer g%lc r};tdo the di sk
§ Tor . 1S s reS| ent 76

cache buffer rt 2, a
best possi bl eaus%eﬁa%rrﬁ?y“t bd®, fd'fﬁj Sflbéeﬁ@lceﬁésoﬁftﬁesdiélsmst@ulld the
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peer to peer opera IOI’]S OI’ Vi pres tatrons are
one port of with resulting higher max1mum throughput.

10 The parameters that control when the reconnection -is
attempted are called "read buffer full ratio" and “write
. buffer empty ratio". For video data, the preferred

algorithm for «calculating these ratios in 256 x
(Instantaneous SCSI Data Transfer Rate - Sustainable Disk
15 Data Transfer Rate) / instantaneous SCSI Data Transfer
Rate. Presently preferred values for buffer-full and
buffer-empty ratios are approximately 204. ’
Some disk drive designs require periodic recalibration of
20 ‘head position with changes 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 oncé, delays of
.25 hundreds of milliseconds during a read operation for video
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
30 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.
35 -These delays cannot be tolerated by <video server
applications without very large main memory buffers to
smooth over the delays and prevent artifacts in the



25 a communi cation node 14, and caching in the comunicati ons node 14
for video presentations which are playing to nmultiple ports of the
comuni cation node 14. A policy for dividing the caching responsibility

bet ween 30 di sk storage nodes and the communi cation node is chosen to
maxi m ze the nunber of video streans which can be supported with a given
har dwar e confi gurati on. I f the nunber of streans to be supported known,

t hen the amount and pl acenent of caching storage can then be deternined.,35
E2. 2. PREDI CTI VE CACHI NG 52 A predietive caching nmechani smneets the
need for a cachlng policy well suited to video delivery. Video
presentations are in general very predictable. Typi cally, they start

pl aying at tHEtHBEARAI nBreprREAEIOR: i xed ikt e FHhe a Filg | Fupction| ongt hy
pr edet er m ngchrpaeteds cand sf @gednky whieibithehendavsngeat hadcoxr 1bge cachi ng
appr oach of ge Be%arﬁiﬁgearﬁlelo didees cafuanbage of LS pradiekability to

optim ze the set deo” segnent s ich are cache at, any one tine.

The pred|CPEEQFWFVtaF§°“LEﬁﬁP HRAT2TEEeTSERLULTEE these JANGHdrRsi on to

fill & cache buffer, and to drive the algorithmfor reclaimng of cache
buffers. Bugfers x@gs ﬁi%? ) ot pRpgdi cted to be used before they
woul d expire are recI%T lﬁﬂneéﬁ DP D?reeing the space for 15 hi gher

priority use. Buffers whose contents are in line for use within a
reasonabl e Tnneidee amdlicatliangedthevenis fa heetlr tbadel ineer wad tliphg ago.

streams from the same data (e.g., a movie). This
10 requirement translates to a need to read data at a high
data rate; that is, a data rate needed for delivering one
stream multiplied by the number of streams simultaneously
accessing the same data. Conventionally, this problem was
generally solved by having multiple copies of the data and
15 thus resulted in additional expense. ‘The media streamer 10
of this invention uses a technique for serving many
simultaneous streams from a single copy of the data. The
technique takes into account the data rate for an ]
individual stream and ther number of streams that may be

20 simultaneously accessing the data.

The above-mentioned data striping invoives the concept of
a logical -file whose data is partitionéd to reside in
multiple file components, called stripes. Each stripe is

25 allowed to exist on a different disk volume, thereby
allowing the logical file to sban multiple physical disks.
The disks may be either local or remote.

When the data is written to the logical  file, it is
30 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 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.
35 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 ha$ been written to each of the stripes, the



More particularly, given videos [err] and streams sl, 20 [err] playing
t hese vi deos, each streamsj plays one video, v(sj), and the tine predicted
for witing the k-th segnment of v(sj) is a linear function: [err] 25 where
a(sj). depends on the start time and starting segnment nunber, r(sj) is the
constant tinme it takes to play a segnent, and t(sj,k) is the scheduled tine
to play the k-th segnent of streamsj. 30 This information is used both to

schedul e a read operation to fill a cache buffer, and to drive the
al gorithmfor re- using cache buffers. Some exanpl es of the operation of
t he cache managenent algorithmfollow 8% EXAMPLE A A cache buffer
containing a video segnent which is not 53 predicted to be played by-any

of the curre R ' i_deq . a LS. res d e rge-usin y
buf f or s whi e SRR, g FRLBLeRrER e FHSECERIALT fhug DAY, |
constraint, tHee riggRaing StrpPsdi agtent sratpeandther strlpesbg%éﬁk nunber
are used as \A@idrgmi& l:ﬁe@icﬁieﬂ‘i'd&l@ Wip!’jwlf,pétgkeﬂd\&.tﬂibﬁ_ 2 W 1heo
segnent cached., _. e _highest ret i riority within this group is
assi gned tCJ\ﬁ?ﬂ§?5§e§E§nF§gﬁﬁ5 so%tdgﬂ%agﬁyaﬁn gtfféqﬁgntf3 %?éyed vi deo.
10 EXAVPLE B

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
10 storage of parity data that is used when data recovery is
required. The disk storage nodes 16 of the media streamer
10 are organized as a RAID-like séructure, but parity data
is not required (as a copy of the video data is available
from a tape store);
15 '
Fig. 17 illustrates a first important aspect of .this data
arrangement, i.e., the separation of each ivideo
presentation into data bléﬁks or segments that are épread
across the available disk drives to enable.each:video
20 presentation to be accessed simultaneously from multiple
drives without requiring multiple copies. Thus, the
concept is one of striping, not for data inﬁegrity reasons
or performance reasons, per se, but fo? concurrency or
bandwidth reasons. Thus, the media stream 10 gtripes video
25 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,

30 stripe 1 is a file containing 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 qontaining
segments 3, 7, 11, etc. of the video file and stripe 4 is

a file containing the segments 4, 8, 12, etc., of video

35 file 1, until all M segments of video file 1 are contained

in one of the four stripe files.



For a cache buffer containing a video segnment which is predicted to be

pl ayed, the next predicted play tinme and the nunber of streans |eft to play
the video segnent are used as weights to determine the priority for keeping
the 15 vi deo segnent cached. The weights essentially allow the
retention priority of a'cache buffer to be set to the difference between
the predicted nunber of 1/0Cs (for any video segnent) with the cache buffer
reclaimed, and the predicted nunber with it retained. 20 For exanple, if v5
is playing on s7, v8 is playing on s2 am& s3, with s2 running. 5 seconds
behind s3, and 25 v4d is playing on streans sl12 to s20 with each
stream 30 secgpds b Blnd the next, then; buffers containing v5 data al ready
used by s7 ar%W%’élg ﬁeod?"rqrs‘tbedsos"tnpm? oSFEREGIBy RAFFPRESTSht 8FRi ng v8
data al ready csmputsd s@s ffolllowed tyy tudtauiszeonhai nitngpidhgdaim aberady
used by s12, {ph]eRdb%ikegai ning buffers with the |owest retention 35

priority. The cache managenent al gorithm provides vari ations for 54
speci al cases such as connection operations (where it is
5 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
10 for video presentations of data rates in ranges from
128KB/sec. to 512KB/sec. If the video data rate is higher,
then it may be preferable to use a larger segment size.
The scgment size depends on the basic unit of I/0 operation
for the range of video presentations stored on the same
15 media. The principle employed ls 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
20 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
spec1flcally, each disk has a logical volume associated
with it. Each video presentatlon is d1v1ded 1nto component
25 files, as many components as the number of stripes needed.
Each component file is stored 'on a different 1logical
volume: For example, if video data has to be delivered at
250 KB/sec per strean and 30 simultaneous stfeams are
supported from the same video, started at say 15 second
30 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.

35 The effective rate at which data can be read from 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



possible to predict that a video segnent will be played in the near future,
but not exactly when) and stop operations (when previous predictions nust
be revised). 5 E2.3. SYNCHRON ZI NG STREAM5S TO OPTIM ZE CACHING It is
desirable to cluster all streans that require a given video segnent, to
mnimze the time that the cache buffer 10 cont ai ni ng that segnment nust
remain in storage and thus | eave nore of the system capacity available for
ot her video streans. For video playing, there is usually little
“flexibility in the rate at which segnmenf3 are played. However, in some
application of video delivery the rate of 15 playing is flexible (that

i's, video and ali%I ;9 IRy, D acc J)&E)N':)eghgr egggg{é%ét 8Qt§| 'erEQ Yo tihQUL
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one stream.f.or hor,t PEL S nci des
in tin wt h%@é@&%ﬂgg??Earﬁ B 1o é’ 5370 sggﬁe(g#ga%r%:’g% %to be
used for bot Hsstheasslexied lsegrmephseizes Frgcassiyrp Segment size the
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

15 drives (effcctlve data rabe of 3 MB/secc.) and buffor glzo
(256 XB).

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

can be supported is limlted by the ceflective data rate of

20 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 stripiﬁg is used in

25 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
streamé from a single copy of the video data. The start

times of the streams are skewed to ensure that the requests

30 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 1/0 can be reduced by using video data

that is cached.

35 " The number of stripes for a given video is influenced by
two factors, the first is the maximum number of streams

that are to be sipplied at any time from the video and the



35 assets. 55 F. VI DEO OPTI M ZED DI G TAL MEMORY ALLOCATION Digit al
video data has attributes unlike those of normal data proconning data in
that it is non-random that is 5 sequential, large, and tine critical
rather than content critical. Miltiple streans of data nust be delivered at
high bit rates, requiring all nonessential overhead to be mnimzed in the
data path. Careful buffer nmanagenent is required to maxi m ze the efficiency
and capacity of the 10 medi a streaner 10. Menory allocation,
deal | ocati on, and access are key el enefts in this process, and inproper
usage can result in nmenory fragnentation, decreased'efficiency, and del ayed
or corrupted | deo, da nmedi reaner 10 of this.inyvention
enpl oys a rre SF aft o%ﬁﬁ (])tr?t&locré'ﬂﬁ? ?cﬁR:gFPBﬁ/s tﬁ]ad:h Pe I 2001 cat i ons
to allocate %Anpld@ail abcame time- Svep el dhepuidens isfrraed conthgusame nenory
segnent s (blpeks) akokndi gisad. vi deo data. The procedure provides a sinple,
high I evel interface to 20 vi deo transm ssion applications and utilizes
| ow | evel operating system nodul es and code segnents to allocate nenory

bl ocks5i n t he epmbstre i sriplse (Enofyr baovidear d scaletiqqurdmedared fi'xed in
physi cal memyiMowel:i M nating the del ays or corruption possible fromvirtual
menory swappi ng 25 or paging, and the conplexity of having to

i npl ement gather/scatter routines in the data transm ssion software. The

hi gh | evel isntempxdmuml éo*nidurmien/a)vari ety of addressing node val ues for

t he request gghe@ROry bl ock,

nominal data rate at which the stream is to be played:

10 r =
n = maximum number of simultaneous streams from this video
presentation at the nominal rate;
d = effective data rate from a disk
(Note that the effective data rate from disk is
15 ~_ influenceéd 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 presentatian.
20

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

25 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.

30
As an exémple, 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
35 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

s
¥
?
v



30 elimnating the need to do costly dynamc address conversion
to fit the various nenory nodels that can be operating concurrently in a
medi a streaner environnent. The physical address is available for direct
access by other device drivers, such as a fixed disk device, as well 35

as the process linear and process segnented addresses that are used by
various applications. A deallocation routine is also provided that returns
a nmenory block to the system 56 elimnating fragnentation problens
since the nenory is all returned as a sPAgle block. F.1. COVMWANDS EMPLOYED

FOR MEMORY ALLOCATI ON 5 1. Allocate Physical Menory: Allocate the requested
si ze nmenory bl ock, Gt r C r.et ed mnth he .vari Qus y
nodel 10 36! B (}; I es éeg 0\9 %hlgh?r%n%hre Lg;;laﬁ:éaalsa tipedt At ﬁeg‘f'eng%)h of

the bl ock. 2.of %Iq(&:étYé'—ePhQS'Fic5ha%ﬁ6?yefisctlve ata g te nfXee drenory
bl ock to the @mfatﬂomg syet vl begRehbe aBAOCI @it OBRMObYLRS) Ntpss. F2.

APPLI| CATI ON P d ice dr flned n t he
systen1conf|gurat|on f|§E§ andglsTgﬁ oﬂasxca ?mblnlzqgﬁFggﬁs e system

starts.5An apht i (@80i:8R0t keI dpSnPOOnE0ALVE c2 VGT%%rlsaé‘OanBS}éuﬁB ¥evd ce to

obtain its | akels ddiainggesnydip) i nterface to pass the commands and
par aneters. The supported 25 commuands are Allocate Menory and

Deal | ocat e annrg t he
he maximum number of streams from all disks that

contain this data is, for instance 45, then 250,000 * 45 /
10 3,000,000 or 3.75 stripes and needed, which is rounded up
to 4 stripes.

Even though striping the video into 3 stripes is sufficient
to meet the requirement for deliverind the 30 streams from

15 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).

20 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 delivér a given number
of simultaneous streams (at an effective data rate per disk

25 based on a predetermined segment size). The segment size
for each group 1s 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.

30
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
35 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



paraneters are nenory size and pointers to the |ogical nenory addresses.
These addresses are set by the device driver once the physical block of
menory has been allocated and the physical address is converted to | ogical

addresses. 30 Anull is returned if the allocation fails. Fig. 15 shows
a typical set of applications that would use this procedure. Buffer 1
Is requested by a -32-bit application for data that is nodified and then
pl aced into 35 buffer 2. This buffer can then be directly mani pul ated
by a 16 bit application using a segnmente@ address, or by a physical device
such as a fixed disk drive. By using this 57 allocation schene to

preallocate the fixed, physical, and contlguous buffers, each application
i s enabl ed t osimelianeousistyreansy cend dt &56i n§fest hveddata rateaps, a

el imnating thﬂsﬂdﬂ{m tgs:aﬁ§l atm{alalryd dxnaﬁbmmrﬂhsﬁiﬂe@c%ae%ﬁe

del ays. A vide atli use m.ni n ze dat
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their destinafomP] socehronousl y 161 s WWINSa c’fe ays Fﬁg? cHR tl be
per cei ved bysumh@fhﬂhhﬁﬂéyéﬂa§am§|§®@ﬁtpnuubseylayﬁdnﬁvanéhgnemu$@ythe ear

as interrupti £hén |1fhesa,li|a@osodug£1&ydg-@dﬂrécpqhn({lhqg)érgap i nvol ve periodic
action, such as
10 The calculation is done in control node 18 at the time the
video data is loaded into the media streamexr 10. In the
simplest case all disks will be in a single pool which
defines the total capacity of the media streamer 10, both
- for storage and the number of supportable streams. In this
15 case the number of disks (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 stre;m, and d is the effective data
rate for a disk. Note sthat if the streams can be of
20 different rates, then m*r, in the above formula, should be
replaced by: Max (éum of the data rates of all simultaneous

streams).

The result of using this technique for wfitiﬁg the data is

25 that the data can be read for delivéring many streams at a
specified rate without the need for multiple éopies of the
digital representation of 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
30 interfere with the reading of another part of the file for

delivering another stream.



perfornming predictive failure analysis that nmay cause significant del ays
In data access. Wiile, nost 1/0 20 operations conplete within 100
nms, periodic delays of 100 nms 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 25

configured for general purpose data storage and retrieval wll suffer
inefficiencies in the use of nenory, disk buffers, SCSI bus and disk
capacity if not optim zed for the vi de&7server appl i cation. 30 In

accordance with an aspect of the invention, disk drives enployed herewith

are tai| or edy [ gipdihe sifbRueh S0 kAR Ekb Rk Sokiar200brbBEEERBETUN S Of

data by optimzing d parameters. The paraneters may be Incorporated into
t he manufacture of disk drives. specialized for video servers, 35 or
they may be vari apNrg{IIChBANDRRIDTIE M&Dcmhmougﬂ'omvaomnﬂummau‘bsmm 58
Paraneters contr ady{gag RQri odic actions are set to mnknze or elimnate
del ays, Paraneters affecting buffer usage are set to allow for transfer of
very Iarge anounts of data in a single read or wite operation. ‘

- Paraneters a&tcﬁmo&nmg:rﬁlly wigbed seatearsggeeenediya fSES| ohels cndtwo
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10 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
.15 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
i aspect of ‘the media streamer architecture is efficient use
of the video stream bandwidth that is available in each of
20 the storage nodes 16 and communication nodes 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 capablllty of a low-cost
switch technology
25 .
Fig. 18 shows a conventional logical connection between a
switch interface and a storage node. . The switch interface
must be full duplex (i.e., information can be sent in
either direction simultaneously) to allow the transfer of
30 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
35 switch interface, the bandwidth of the storage node is
_ pnder—utilized because that half of the bandwidth devoted
to write capability is so infrequently used.



al | owabl e physi cal 'sector size. This formatting option mnimzes the
anount of space wasted in gaps between 15 sectors, maxim zes device
capacity, and naxim zes the burst data rate. A preferred inplenentation is
744 byte sectors. Disks may have an associated buffer. This buffer is used
for reading data fromthe di sk nmedia asynchronously from 20

availability of the bus for the transfer of the data. Likew se the buffer
is used to hold data arriving fromthe bus asynchronously fromthe transfer
of that data to the disk nedia . The bugfer may be divided into a nunber of
segnents and the nunber is controlled by a paraneter. If 25 there are
too many segnents each nmay be too small to hold the anpbunt of data
requested in Figsi 19 ehowanaf ewitvhednthefoodf én ascéudancd hel tleviteks must
initiate reconRRGiiR. anﬂlpqeglnrectrrraegfgymﬁchhﬁ, hlﬁ @'%»euageleé
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to effect a data_transfer to the host. The point in tine | sk
attenpts thi SiPddBRNERTYFRNATSet BUE HEOSH Plch%ﬂb’;'/ ‘?ﬁ“dd{}sdtlﬂ‘t FFl &‘at‘if@n 59
The rel ati vedipeetisoof fttve thes sniddthasdi sk determ ne the best point in
time during the fill operation to begin data transfer to the host.

Li kew se durlng wite operations, the buffer will fill as data arrives from
t he host andT &tdynamlc allocation is achieved by grouping.two or more

10 of the physical switch interfaces, using approprlate
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

15 units as described previously. The receiving node combines

the video data back into a single logical stream.

As an example, in Fig. 18 ihe switch inferface is rated-at

2X MB/sec. full duplex i.&., X MB/sec. in each direction.

20 But video data is usually sent only in one direction (from
the storage node intd 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 swiéch interface

25 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.
30
J. ISOCHRONOUS VIDEO DATA DELIVERY USING COMMUNICATIONS
ADAPTERS '

Digital video data is sequential, continuous, large, and
35 time critical, rather than content critical. Streams of
video -data must be delivered isochronously at high bit
rates, requiriné all nonessential overhead to be minimized

4
;
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5 a certain point in the fill process, the disk should attenpt a
reconnection to the bus. Accurate speed matching results in fewer _
di sconnect/resel ect cycles on the SCSI bus with resulting higher nmaxi num

t hroughput. 10 The paraneters that control when the reconnection is
attenpted are called "read buffer full ratio" and "wite buffer enpty
rati o". For video -data, the preferred algorithm for calculating
these ratios in 256 x (lnstantaneous SCSI Data Transfer Rate -

Sust ai nabl e Di sk 15 Data Transfer Rgbe) / Instantaneous SCSI Data
Transfer Rate. Presently preferred values for buffer-full and

buffer-enpty ratios are approxinately 204. Some di sk drive designs require
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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
15 the standard serial communications protocol attributes.
The methods for achieving this vary depending on the
communications adapters used, but the following describes

the underlying concepts. In Figi 20, a serial
communications chip 200, in a communications node 14
20 disables data formatting and integrity information, such as

the parity, start and -stop bits, cyclic redundancy check
codes and sync bytes, and prevents iéle characters from
being generated. Input FIFO buffers 202, 204, 206, etc.
are employed to insure a constant (isobhrénous) output

25 video.&ata stream while allowing bus cycles for loading of
the data blocks. A 1000 byte FIFO buffer 208 simplifies
the CPU and bus loading ldgic. |

If communications output chip 200 does not allow the

30 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 pointer is incremented to the second byte).

- Byte alignment must also be managed with real data, since

35 any padding bytes will corrupt the data stream if they are
not part of the actual compressed video data. .

o



60 nultimedia presentation. Limt |Idle Time Function paraneters
can be used to inhibit the saving of error logs and performng idle tine

functi ons. The preferred inplenentation sets a paraneter to limt these
functions. 5 H DATA STRI PI NG FOR VI DEO DATA In video applications, there
Is a need to deliver nultiple streans from the sanme data (e.g., a
novi e) . This 10 " requirenent translates to a need to read data at a

high data rate; that is, a data rate needed for delivering one stream

mul tiplied by the nunber of streans sinultaneously accessing the sane data.
Conventionally, this problemwas generajdy solved by having nultiple copies
of the data and 15 thus resulted in additional expense. The nedia
streaner 10 of this invention uses a technique for serving many
sinultaneousTQtﬁ@adEVEr&heacshaghetcopygbfspbeddabaithdatachmk@uestakes

into account rbhg;Had assAt €nd i dui Vﬂ)dulaéveig Wcm&uie@%eau Rﬁi@&oof

streans that anheous acceSS|n98the dat a.

be
above- nentloﬂgggdaﬁé 8?F|B|ﬁ@r°H§8Fvé§‘ k& BnckpP fa%FY%gPEaPaFFFe whose
data is partbuffecs tle-gesizhe, n20@tiped fmhst coepomssils, ceHi=distripes.

Each s&ripe hécédsary td] Laed é@f@féf@nﬁ”%fﬁegkgffifﬂtaﬁ“fﬂdeDLHgE t her eby
al I owi ng t-he %o |caI file,to agan mul ti E { i cal ks may be
ei ther |ocal "BFE¢eRBERUTHIRG, Ead§F5m|§’mP TN u?%Vtﬁéliﬁﬁlé&FfFFre it is
30 separénkess nbof fayi patkirengidisdéne eceaskimenis) thhavidee ghased
sequenti al | ygt AlOn t PSS! TiReSend S0 HeP1 8LEcbRaf fon can result in a

very small buffer that will be output before the next

10 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.

15 J1. CONVERSION OF VIDEOI IMAGES AND MOVIES FROM. COMPRESSED
MP!’:JG-l, 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
20 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
25 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
30 passed from a communication node 14 across a communications
bus 210 to NTSC adapﬁer 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
35 - adapter 212 is to maintain an isochronous flow of data from
the memory 214 to MPEG chips 216, 218 and thus to NTSC chip
zzd and D/A 222, to insure that there are no interruptions



16, a logical file for a video, video 1, is segnented into M segnments or
bl ocks each of a specific size, e.g. 256 KB. The | ast segnent may only be

partially filled with data. 35 A segnment of data is placed in the first
stripe, followed by a next segnent that is placed in the second stri pe,
etc. Wien a segnent has been witten to each of the stripes, the 61 next

segrment is witten to-the first stripe. Thus, if a file is being striped
into N stripes, then stripe 1 will contain the segnments 1, N+1, 2*N+1,
etc., and stripe 2 will contain the segnents 2, N+2, 2*N+2, etc., and so
on. 5 Asimlar striping of data is knownto 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 dedi cates one
of N di sks tolPh§h20d911V%%¥H%ﬁy¥%ﬂecp&PﬁﬂyrdaPﬁl?hat i s used when data
recovery is required. The di sk. storage nodes 16 of the nedia streaner

are organlzed %?8e0@§3 |I|%%d% :gnlgfﬁrtnglgarngvg§£a %§ not &SQ%gred (as

a copy of the a i s availabl oma tape stor
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presentation accesse taneo rom mu rrves out
reqUIrlng nu|ppﬁ|@1g%§ﬁﬁ(§ydlo 1qﬁgsparq}kgl digital data which is then

passed through a Digital to Analog converter 222 and
filtered to generate audio Left and Right outputs.

10
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. '

15
- Typically, application developers have used a bus
structure, such, as SSA and SCSI, for control and delivery
of data between processoré and mechanical storage devices
such disk files, tape files, optical storage. units, etc.
20 Both of these buses contain attributes that make them
sultable for high bandwidth delivery of video data,
prévided that means are taken to control the speed and
isochronous delivery of video data. ' '
25 . The ScSI bus allown [for tho bursting of data at 20
Mbyteno/scc. which minimizen 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 performahce capability to burst
30 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
35 a circular manner.

N

This allows the system to deliver varying block sizes -of



concept is one of striping, not for data integrity reasons or performance
reasons, per se, but for concurrency or bandw dth reasons. Thus, the nedi a

stream 10 stripes video 25 presentation by play segnments, rather than
by byte block, etc. As is shown in Fig. 17, where a video data file 1 is
segnmented into Msegnents and split into four stripes, 30 stripe 1is-a

file containing segnents 1, 5, 9, etc. of video file 1; stripe 2 is a file
.containing segnents 2, 6, 10, etc., of video file 1, stripe 3 is a file
cont ai ni ng segnents 3, 7, 11, etc. of t video file and stripe 4 is a fil
containing the segnments. 4, 8, 12, etc., of video 35 file 1, until al
segnents of video file 1 are contained in one of the four stripe files.
]§Z| |G' ventthe dassr iw?iéﬁéltaﬂéﬁgbﬁff?ir@ghﬁdpéh:j@m e rslc erne %@@g@heé gﬁf
ollows to custaom z striping o . i ndi vi dual ~ideo., 5 i rst,
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for the range of | 060 PLESENLEL T QDS 34QLEd QN LAIf 83lEe delivery of
several large blocks of data that will be played in
10 sequence. Once this is done, the processor is free to

control other streams without an immediate need to deliver

e
M

'slow continuous isochronous data to each port.

To further improve the cost effectiveness of the decoder
15 | system, a small FIFO memory 224 is inserted between the
laréer decoder buffer 214 and MPEG decoders 216, élq. 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, gonverts the data into serial bit
20 streams for Aelivery to MPEG decoders 216, 218. Both the
.audio and the video decoder chips 216, 218 can take their
input from the same serial data stfeam, and internally
separate and decode the data regquired. The transmission of
data from the output of the FIFO memory 224’ occurs in an
25 isochronous manner, or substantially isochronous manner, to
ensure the delivery of an uninterrupted video presentation

to a user or consumer of the video presentation.

v K. TRANSMISSION OF DIGITAL VIDEO TO SCSI DEVICES
30 - '
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
35 scsi II fast data rates. The data is then buffered and fed
at the required content output rate to MPEG logic for
decompression and conversion to analog video and audio



15 media. The principle enployed is to use a segnent size that
contains approximately 0.5 to 2 seconds of video data. Next, the nunber of
stripes, i.e. the nunber of disks over which video data is distributed,

i s determ ned. This 20 nunber nust be | arge enough to sustain the
total data rate required and is conputed individually for each video,
presentati on based on an antici pated usage rate. More specifically, each:
di sk has a | ogical volune associated with it. Each video presentation is
di vided into conponent 25 files, as mgny conponents as the nunber of
stripes needed. Each conponent file is stored on a different |ogical

vol unme. For exanple, if video data has to be delivered at 250 KB/ sec per
stream and 30 ¢atad t Eredbacktieprovidedsapposd CST bust R20 saorpadiedebe

started at saygdé ssw@naomsuréngfay@}sbu@félot,@alnédﬁ,&r{tate of at |east
7.5 MB/sec is obtained. - If a di'sk drive can support” on the average 3

MB/ sec., at least 3 stripes are required for the video presentation. 35
The effective The e SESIWNTICARRIA edapberr exud f rpmmvé.déiss kai hiighf | bemerd by

the o zesol Neptaafaparat sesy Bl oXATP! Sapddraia LS it ram e di ok

I n 4KB bl ocks romrandom positions on t the effective data
rate may be 1N %’&?r%\ﬁgﬁéésr‘?‘?c’Q% daRe Y, Fods ?56‘?@3%%& ighkorat e
may be 3 I\/B/semperi—ld:\hevedaptérchﬂza, writeadata yeidged arge dukddolsstia8amsgenory

required for byffgrs, ﬁ:{l cPosing {1 €28 d% Eeohfge{;}%n EBEPSE'SLQX in
usi ng the data read, 'S0 I NCF Eases because t e operation has to conplete
Adapter 212 pulls data as fast as necessary to keep 1ts

10 buffers full, w1th 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
- 15 using a Mode Select SCSI command if necessary. Video/Audio
sythronization is internal to the adapter 212 and no
external controls are required. Errors are minimized, with
automatic resynchronization and continued audio/video
eutput. ' s -
20 : .
Kli. 8S8SCSI LEVEL COMMAND DESCRIPTION

A nix of dlrect access device and sequentlal device
commands are used as well as standard common commands to
25 fit 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
30 SENSE, MODE SELECT, MODE SENSE, READ, WRITE, RESERVE,
RELEASE, TEST UNIT READY.

Video Commands:

35 The video control commands are user-level video output
control commands, and are extensions to the standard

commands listed above. They provide a simplified user



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
t he devi ces and the nmenory 10 configuration. Preferably, the size of
the data transfer is the selected segnent size. For a given segnent size
the effective data rate froma device is determ ned. For exanple, for
sone di sk drives, a 256KB segnent size provides a good bal ance for the
effective use of the disk 15 drives (effective data rate of 3
MB/sec.) and buffor also (256 KB). If st&iping is not used, the maxi nmum
nunber of streans that can be supported is limted by the effective data

rate of 20 - isk, e. if the effectjve data, rate is 3MB/s and a
stream dat a réﬁggfsgw&ﬁrg tt%é?ﬁenéc’f'foﬁﬁ"? a?lpi%a%it'?%aﬁﬁt(?&h WBe S&&dpl i ed
fromthe di skcommafds flat idistesntdy, in6érfaceane Uie tSusSaniglen dadpate
needed then thgagala Pas. topke fupl dfeediom bedictlts aaqm\aar emE)flozgr' pi ng

is used in 25 accordance with this i nvention, 4 disk
capacity can Bécﬁ%%ﬁpeFﬁ?t%ﬂﬁ#%ﬁ?eﬁﬂﬁ;Qﬁﬁ?ﬁ&?tglHﬁﬁﬁ&ngﬁﬂ F? P§§§B°Prom
each of st he 4asdir iapeddf orided cdd exdH0 sinomkldersousmwstadedyy fingailddsi ngl e

copy of the VLﬁ-tJﬁer&ataacatc‘éhe »leay g,lfe'gséz@onma%asteﬁé%ﬁ %ﬂ'ﬁ% gobO

ensure.that the requests. 3 streans are evenly spaced anong
the stripes. RSB e ndatisi tSeHetst FEAREI AR ©i88a S&PNEFELe COBMBRER ot her,

t he need for té6Othen ﬁm-gree:dtﬂxe&t byidied nguipdeo adapherha®12,s whkihedny35
The nunber of ,§LLLDQS, fQrfhelt8N mv@A0ah 8nk Ll EANERE R¥nk¥Ral aCkpis, the

first is the maxi pum ™nunpber of streans that,"are to be supplied at any tinme
fronltHQ VIdeﬁl%@&F?%ﬁ? both the user appllcatlon interface and
adapter card 212 microcode. The follow1ng commands are

employed.

Stop (SCSI START/STOP 1 - parameter = mode)
15
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 positidh pointer to remain current, so
20 that PILAY 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 thé current buffer. A third mode is also for end
of movie conaitions, but the stop (mute and blank) is
25 delayed until the data buffer runs émpty. A fourth mode
' may be employed with certain MPEG decoder impiementations
to provide for a delayed stop with audiof but freeze frame
for the last valid frame when the data runs out. In each
of these cases, the video adapter 212 microcode determines
30 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)

35 The data input into the MPEG chip set (216, 218) is halted
and the audio is muted, but the video is not blanked. This
causes the MPEG‘video chip set (216, 218) to hold a freeze



64 other is the total nunmber of streans that need to be supplied at any

time fromall the videos stored on the sane disks as the video. 5 The
nunber of stripes (s) for a video is determned as follows: s = naxi num
(r*n/d, r*md), where: 10 r = nomnal data rate at which the streamis

to be played; n = maxi mum nunber of simnultaneous streans fromthis video
presentation at the nomnal rate; d = effective data rate froma disk (Note
that the effective data rate fromdi sk j.s 15 i nfluenced by the
segnent size); m = maxi num nunber of siultaneous streans at nom nal rate
fromall disks that contains any part of this video; presentation; and s =
number of stErpré bertRevidee goesepiane on. THOsThe numheeaotodiaviegigover

whi ch data f _vyid es ti is strd,ped ar nage , and
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consi der t heteas®i®iord backe@oppeagnt ation

Blank-Mute (SCSI START/STOP 3 - parameter = mode)
1o
This command blanks the video output without impacting the
audio output, mutes 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
15 a smoother transition and reduced command overhead.. These
are implemented on the video adapter 212 after
decompression and conversion to analog, with hardware
controls to ensure a positive, smooth transition.
' ’ =
20 Slow Play (SCSI START/STOP 4 - parameter = rate)

This command slows the data input faté into the MPEG chip
set,; (216,:.218) causing it to intermittently freeze frame,
simulating a ‘slow play function on a VCR. ‘The audio is
25 muted to avoid digital error noise. The parameter field
specifies a relative speed from 0 to 100. BAn alternative
implementation disables the decoder chip set (216, 218)
error handling, and then modifies the data clocking speed
into the decoder chip set to the desifed ﬁlaying speed.
30 * This is dependent on the flexibility of the video adapter's

clock architecture.
Play (SCSI START/STOP 5 - parameter = buffer)
35 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 determine which



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 1Iis necessary

to deliver up to 30 35 simul taneous streans fromthis video,
i.e., nis 30. Assune in this exanple, that mis also 30, i.e., the total
nunber of streans to be delivered fromall disks is also 65 30. Further,

assune that the data is striped in segnents of 250,000 bytes and that the
effective data rate froma disk for the given segnent size (250,000 bytes)
is 3,000,000 bytes/sec. Then n, the nunber of stripes needed, 5 S
(250,000 * 30 / 3,000,000) 2.5 which is *®unded up to 3 (s =
ceiling(r*n/d)). If the maxi mum nunber of streans fromall disks that
contain this s, for .instance 45, then 250,000 * 45 / 10 3, 000, 000
o 2078 stri pBLTRek te Khei The HAvE e HRAUaTCE 1P S0 BedrErAThough
striping the #ndéeatasotBast hsescuxrenti f ptrenbutfereethatid requivsedent for
ggl ikveri n? thetgpisal Q?gi&d‘ﬁi?m).lS A nqﬁ%xﬁi ﬁglleeCQQ%/oﬂiyté&héﬁt%@,ilfi f "

i sks contain .SO ,CO er content, e to nunmber
of streans frgﬁ?t %ggpgéggéglf&%é%sgggg?fsgdm?éseﬂﬁ t’fﬂl"enp‘tg'[ogd‘.‘rDt diesie %?‘lev'es are
needed Bstri pbu§feevaelectipn Joprametfre panrgnanedihpol twleaydnmr idshm i s
used in the npdbamsd Nesimy the ictraentobhepsr sdiecEidH agfR PysTRebnQf di sk
drives) is divided into groups of disks. Each group has a certain capacity

and capability to deliver a given nunber of sinultaneous streans (at an
effective datghgatépﬁéylu$gk the controller 226 rotates through the

buffers sequentially maintaining a steady stream of data
10 into the MPEG chip set (216, 218). Data is read from the

buffer at the approbriate 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 sufficient bandwidth
- 15 for both the SCSI Fast data transfer into the adapter
bufifers 214, and the steady loading of the data onto the
6utput FIFO 224 that feeds the MPEG decompression chips
(216, 218). ) : '

20 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
25 rate of 0 means that it is a rapid fast forward where the

video and audio should be blankéd 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

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

portion of data at nearly the normal rate, jumps ahead,
then plays the next portion to emulate the fast forward
35 action.

o

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

1,
o
kS

3



25 based on a predeterm ned segnent size). The segnent size for each
group is constant. Different groups nmay 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 follow ng
criteria. 30 The segnent size is consistent with the data rate of the

video, i.e., if the streamdata rate is 250,000 bytes/sec., the segnent

size is in the range of 125K to 500 KB. The next criteria is to ensure that
t he nunber of disks in the 35 group are sufficient to support the
maxi mum nunber of sinultaneous streans, |I.e., the nunber of disks where "r".

is the stream-data rate anq n" the naxinun1nunber.of 66 si nmul t aneous
streams, and Tgist BRnRhhACLLVEsEA! ol 3E&n Obacdkwl ids I thidiy ity -in R Nal l Yy,
it should be insured ghat t he sun1totag of Skﬂﬁ%tan ous streamns th%;need
to be support 8@"PEETFARE Bihakesy Fq¥48%i A the 'skT§F55paﬁﬁe§w%dT° teed 5
its capacity. of Pharatéonithathniariesdehernpatityy thie rhSegpaupnetéme. " - n"
slhoulg be glrte&bee bhaaf@éaﬁé{ur?{aﬁ g.tt' he lsughgidaféwixg@_mélﬁ@r&é h&'tdébgn be
pl aye mul t aneous rom.t.he videqgs already sfor n e oup.
Phe” cal Sl ati SRS, S5 ErRRLEoRe A= Tesh nhd e e o che kUrEeFs X hesa i s
| oaded into tkednedi inslticidmplayOexequterd Wiempldese dasveaeived skewomid | be
in a single pagl ybsthidlefroreartingn il igapasttoawf hhe;i & Stahiearer 10,
both for storggg and %he(fu erdof gugpgﬁtablg it SaANE, In t |st;5 case’
the nunber of PHFERE™ (0r3 rthedPLFREESsaP§ T3 %u%]b%if’t € lnput stream

is being rewound. The video is 'sampled' by skipping over :

10 blocks of data to achieve the specified average data rate.
The rewind data stream is built by assembling small blocks

of data that are Fsaﬁpled' from progressively early

positions in the video stream. The adapter card 212
smoothly handles the transitions and synchronization to
15 play at the normal rate, skipping back to the next sampled

portion to emulate rewind scanning.

K2. BUFFER MANAGEMENT

20 Digital video 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 avoidiﬁg data underrun

25 or buffer overrun, allowing media streamer 10 to transmit
data to many streams with.minimalgintervention. 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
30 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

35  transferring digital video data.

T

The wvideo adapter card 212 microcode supports several



a given nunber of sinultaneous streanms 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 streanms can
be of 20 different rates, then ntr, in the above fornula, should be
repl aced by: Max (sum of the data rates of all sinultaneous streans). The
result of using this technique for witing the data is 25 ~that the data
can be read for delivering nany streans a specified rate without the
need for nmultiple copies of the digital representation of the video
presentati on. | Pl t | £ pl I,sk _yol s _the
readi ng of on’é’“ﬁ‘é% g#’%ﬁ%&?ﬁ I)gg?%ﬁ%leﬁqﬁ/gr%%ﬁgltgkqgsf?rdgg% 3‘&5"‘*’% 230
interfere witRRrenRureanh Agnethaabe HedP ofr 82be - t F0iS PALPYF JSTFWRT itRg

anot her streadverwrfile | . fAERAA IHREAWERsDARA TBANSEERD cANPe CONYERSHEN
PROCEDURES | . NAM HOGAT! = DEQ- P O, FHE
SWTCH 18 5 ﬁf’/gt | on%l&u\%gg%%vers é”gr?gr_lg#%/(%f It one o '[%V% 5;Eofi | es.
Ei t her Phey u§%°$’€§§’é¥:hn6¥‘6g9#5 BLeFl kengdh éssraintringd #Aaskyangw dt h)
vi deo server brahdigytits® (RURET,- beERULE Nipricecbeeliddy évebuit d ahghiwelka
bandw dt h (al sp; p Y Vid,deo. : | of .this.Lnvention
then is to de??ﬁ%&'?ﬁt hf%aﬁg\%bd?jh' v‘% eof‘ﬁgﬁlﬂvﬁ%%%u?ﬂfi%)hiéﬂ gégfl%f

super - conput eYan%?:hﬁégi‘)g??lAVﬁFEf &pr &deasiceseh qrbipacﬁ?*évi(?\gshi gA8bandwi dt h

at | ow . This approach minimizes the steady state operation
10 overhead, while still allowing flexible control of the data
buffers.

K2.1. BUFFER SELECTION AND POSITION

15 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 decond set
to select the write buffer and a position within that
20 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.
25 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
30 buffer. Controller 226 keeps track of the length of data
in each buffer and if that data has been "played” 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 accept the full data
35 block (typically a Slow Play or Pause condition), the WRITE
.1s not accepted and a buffer full return code is returned. -



15 cost is to use the low |atency switch (crossbar circuit swtch
matrix) 18 to interconnect | ow cost PC based "nodes" - into a video server
(as shown in Fig. 1). An inportant aspect of the nedia streaner
architecture is efficient use of the video stream bandwi dth that is
avai l abl e in each of 20 the storage nodes 16 and communi cati on nodes
14. The bandwi dth is nmaxi m zed by conbjgiing the special nature of video
data (wite once, read nany tinmes) with the dynamc, real tine bandw dth
al l ocation capability of a | owcost switch technology. 25 Fig. 18 shows a
conventi onal KégPeal ME¥edtdR¥Fh bet ween a switch interface and a storage
node. The switch interface nust be fuII duplex (i.e., infornation can be

t th | t t he fe
Vi deo (and con T AT FEPRRPRohS h tPrA B Sk S0l FUbT ST he Ot Se A e e,
Because vi deo2r@dnpesiticn whitthtien thett heféenré@@melmmoandmhsnchead

many tiges, npstref aeeeé)@nemﬁéxmr@ﬁyiwrmma%é orewe) St%ﬁaebﬁ@@arare In

t he di t t t
|n$er};gg,lgﬂg %%ﬁ%ﬂfdfﬁGSE ﬁév%tBPa§b n&g SQﬁuﬁﬁéﬁtf?FzEBebééﬁﬁse t hat

hal f of the bahewk dih dddbeottbdtt wawr suecesﬁpabllly thrarsmsid tiedf.r eGbént Ly used.

68 Fig. 19 shgygea §&Eé£ﬁbi{“§6§30§dé8 éEEQSﬂaQQEnﬂhEEoBhh%nb@%ﬁ@hton
This interface, n1ca|| IIoc é%’ilts tota bandwi dth in rel ti

ei ther into of* af‘ﬁ@ £ h° B e R (FITN P BNESIO 161 t‘E’he
node. 1The stqugﬂazﬂxhymmand overhead in the systen.

K2.4. ERROR MANAGEMENT

Digital video data transmission has different error

15 management requirements than the random data access usage
that SCSI is normally used for in data processing
applications. Minor data loss is less critical than

triansmission interruption, so the conventional retries and

data validation schemes are modified or ?isabled. The
20 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
25 CONDITION (02h) if an error has occurred.

K2.5. ERROR RECOVERY

The controller 226 of the SCSI video adapter 212
30 - automatically generatés a Request Sense command on a Check
Condition response to 1load the error and status
information, and determines if a recovery procedure is
possible. The normal recovery procedure is to clear the
error state, discard any corrupted data, and resume normal
35 play as quickly as possible. 1In a worst case, the adapter-
212 may have to be reset and the data reloaded before the
blay can resume. Error conditions are loggéq and reported

e



5 16 is used as an exanple.) The comunication nodes 14 have simlar
requi renments, but nost of their bandwidth is in the direction fromthe
switch 18. The dynam c allocation is achieved by grouping two or nore 10

of the physical switch interfaces, ‘using appropriate routing headers
for the swtch 12, into one logical swtch interface 18a. The video data
(on-a read, for exanple) is then split between the two physical interfaces.
This is facilitated by striping the data8@cross nultiple storage 15

units as described previously. The receiving node conbines the video data

“nterface s PAEkatst & kPt s et iR e gy S | REQIi "
direction. 20SENSERRESY| eleerafatal-i s usually sent only in one direction

(fromthe storage ndode into the switch). Therefore only X MB/sec. of

vi deo bandw d?(gks dg{,ﬂﬁg%&{%%e storage node, even though the node

has tw ce that capabi € storage node is under utilized. The
switch iBnterface 25 of Fig. 19 dynamcally allocates the entire 2X

I\/B{tseﬁ- ba_?_ﬂW'leirthQf_bﬁra!ﬁ{Iilt t&zngd%mﬁ&_ g{zepnt blaadtitt%age et & iiﬁ'&t cabxté1§ dth
switch. e_resu s_increased ban rom t he_noge er . bandwi
fromthe vi desugg’ﬁ{é?‘,% % °a%$6wé'}be€o§’\£ﬂ Bsgrb?ﬁeow ?’F%a)?r\ is?,d&%.’endenat

| SOCHRONOUS VPDEChOATA PR HYERYCAISH NGTEOMMMNI 20ATRENS oADAPTERSh ®ippirdd  vi deo

data i s sequephi 8ime GOHY RHRUAext AiS€a HNFeIO arrivekl® KtithLalpoimat her
t han cgﬁtent critical., S&reaqg og vi deo dat.a nust be deu;%%%ﬁ -
i sochr 6Rous! y2Bt SRFGh bF t 1PHIEE, 1T Sfiff rTHY a1 hore STEmrtRS SV ebhiéid to be

m nim zed Buffer full but not PAUSED or in SLOW PLAY mode) and a
device reset or clear may be necessary to recover and

continue video play.

15 Although described primarily in the context of delivering
a video presentation to a uéer, it should be realized that
bidirectional video adapters can be employed to receive a
video presentation, to diéitize the video presentation as
a data representation thereof, and to transmit the data

20 representation over the bus 210 to a communication node 14
for storage, via low latency switch 18, within a storage
node or nodes 16, 17 as specified by the control node 18.
It should be understood that thé foregoing description is

25 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

30 , the scope of the appended claims.

e



69 in the data path. Typically, the receiving hardware is a video set top
box or sonme other suitable video data receiver. Standard serial
comuni cation protocols insert additional bits and bytes of data into the

streamfor 5 synchroni zation and data verifitcation,—eftenr—at- the
hardware | evel. This corrupts the video data strea i IS not
able to transparently renove the additional data. nH lﬁj@ﬂﬂ'j@@m&ﬁr head

i ntroduced by these bits and bytes al so ®@acreases | e aid rate
whi ch creates 10 vi deo deconpressi on and conver si on errors. It has been -’
determ ned that the transm SSI on of wl% data over standard '
conmuni cati ons adapt ers, ensu S‘g‘llglgchronous del eivery to a user,

requi res di sabling nost of 15 the standard serial comrunications
protocol attriWndtes.s Eigipeliheds for achieving this vary depending on the
communi cati ons adapters used, but the follow ng describes the underlying
concepts. In Fig. 20, a serial communications chip 200 in a -
comuni cati onst -nédd@mes4azgtreangr sabdresr ety :f or matting and integrity
i nformation, such as the parity, start and stop bits, cyclic redundancy
check codes and syg ggtes and events idle characters from bein

I"F

generated. | nput BEF U 295004 (gomRY {sing @%FG?éagFog?ﬁsure a
const ant (isochronstsrivgtputigifal reprewsenitatiorsbifeatn Wedte oakl viden bus

cycles for | oadi ngthesEh@ag%ﬁ bié)ﬁi(smas% JsQQ)Q'a@ét ©eihGOcBHpE8Eed08s a

simplifies the CPUg g g % cqQnmuni cati ons out ut chlp 200
does not al |l ow t heP38*2-1%¥i 84bMPRT S ragﬁ Utnr’nttsl ralS238y Fhr i Lat 9
(sync) byt e video presentatlon requiring a time T to present in

its entirety, and stored as a plurality of N data
blocks, each data block storing data corresponding to
approximateiy'a T/N period of said video presentation;

and

a plurality of communlcatlon nodes each hav1ng at
least one input port that is coupled to an output of
said at least one storage node ‘for receiving a digital
representation of a video presentation therefrom, each
of said plurality of commuﬁication nodes further
héving a plurality of output ports individual ones of
which transmit a digital representation as a data
stream to a consumer of the digital representation;

wherein

said N data blocks of said digital representation are
partitioned into X stripes, wherein data blocks 1,
X+1, 2*X+1, ... etc., are associated with a first one
of the X stripes, data blocks 2, X+2, 2*X+2, ... etc.,
are associated with a second one of the X stripes,
etc., and wherein individual ones of said X stripes
are each stored on a different one of said plurality

of mass storage units.

2. A media streamer as set forth in claim 1 wherein said

plurality of mass storage units store a single copy of a



generation, then the value of the sync byte is progranmed to the val ue of
the first byte of each data block (and the data bl ock pointer is

incremented to the second byte). Byte alignment nust al so_be managed mnth
real data, since 35 any padding bytes will corrupt the data §tream.if

they are not part of the actual conpressed video daiﬁmn ve the
constant, high speed serial data outputs required f memﬂ“gy 'T
| evel s of conpressed video data, eitherga circular butfér &r & péurality of
| arge buffers (e.g. 202, 204, 206) nust be used. This is 5

necessary to allow sufficient time to fill an I nput buffer while outputtlng

data from a plaiitedsropresentribisny of. a Yidessprresertathiriki AHd dheppin ear | i er
in the video glal@ xssteapepabbe f&ed etk Gfin \Gud@O acaBhkkr08sCBE épsnild in a

Ve eror! Lo L pihrbgty e nRe SLERMe e 8ERal DS I Lanvey HidHe |

transfer can 08 esultin S nec
m ni num of - tm@eqfausged Nn@éb@rkpe‘?ﬁksbuffers A circular buffer in dual node
menory (witable while reading) is also a suitable enbodi nent. 15 J1.

CONVERSI ON OF VI,DEQ J.MAGES AND MDVI ES, F R D Gl 1+
MPEG 2, DI G TAL "DEFR*E ‘?af"ﬁﬁanNB%%TE% Mo TS
(NTSC OR PALPlAsaddsyr pheNaaBostoraggi enltyi Heerela aFJr%glrﬁ)\FéQPYf rdmali sk 20
to buffer m'ﬂl@&ital@@&&%’tﬂﬁtafiéviiaebbﬁfﬁeﬂwqtl, hhdiwher@Med from

menory to an ace apt i ni o, 4 The
i nterfaces us@dd ? %ﬁ soélcq-‘ l%f %gm\n gg%,},g %céejgoérh > SSA
serial SCSI a plurality of data streams_to 51multaneously convey a

different one of said N data blocks.

4. A media streamer as set forth in claim 1 wherein a
duration of said T/N period is in a range of approximately
0.2 second to approximately 2 seconds. '

[
5. A media streamer as set.forth in claim 1 wherein a value

of X is determined in accordance with the expression:
X=maximum(r*n/d, r*m/d); where

r is a nominal data rate for a data stream;

n is a maximum number of simultaneously output data streams
at the nominal data rate; , '

d is an effective output data rate of one of said mass
storage units; and

m is a maximum number of simulténedusly output data streams
at the nominal data rate from all of said mass storage
units that store at least one of said N data units.

6. A media streamer, comprising:

at least one storage node comprising mass storage for
storing a digital representation of at least one video
presentation, said mass storage being comprised of a
plurality of disk data storage units, said at least

one video presentation requiring a time T to present



interface. The SCSI interface is expanded to handle 15 25 addr esses and
the SSA architecture supports up to 256. Ot her suitable interfaces—nel ude,

but are not limted to, RS422, V.35, V.36, etc. As shown in Fig. vi-deo
data fromthe interface is 30 ° passed froma comﬁulﬂu“&“%m .
across a comuni cations bus 210 to NTSC adapter 212 I(has! IENiSOL . ) _
where the data is buffered. Adapter 212 pulls the data froma |ocal buffer
214, where multiple blocks of data are stddred to maxim ze the perfornance
of the bus. The key goal of 35 adapter 212 is to nmaintain an

I sochronous fl ow of; f r 45t | nd

t hus. to NTSC chi p‘Zﬁrgaia%d J&Q?rtfgg’ntggglﬁgﬁé%dt al\fﬁﬁegeulgrscfnjo% ».1245%1-_%

i nterruptions 71biorkshe eaghi Jaty Rfock géeraned/ ¢? tarrorevemd indodec

nodul es 216, 218 apmruseimiatellyea TWiNgpealod crpadaseiley iptes athdiar iioht; 0
conponent | evel vi daq_;aband 5 audi 0. An NTSC encoder 220 converts the
signal into NTSC baseband anal og signals. MPEG audi o decoder 216 converts
the digital audio into parallel digital data which is then passed through a
Digital to Anal og conpkit®£1itd?22oAndohinbheeLtidw goresateacidhaviegt agnd

Rght outputs. 10 WEdidfne BnELEapLPE eh0!H IUARd S SRCSAIRLCHENY and

| sochronous delivery problemiS an agproa ot only, zes The
bandwi dt h del i very S¥1& gE 583t @nsustarade iNATes£9rt Free g Bpaigdtadnce
constraints. 15 representation of a video presentation therefrom, each

of said plurality of communication nodes further
having a plurality of output ports individual ones of
which transmit a digital representation as a data
stream to a consumer of the digital representation;

wherein

said N data blocks of said digital representation are
.partitioned into X stripes, wherein data blocks 1,
X+1, 2*X+1, ... etc., are associated with a first one
of the X stripes, data blocks 2, X+2, 2*X+2, ... etc.,
are associated with a second one of the X stripes,
etc., and wherein individual ones of said X stripes
are each stored on a different one of said plurality
of disk data storage units; and wherein

a value of X is determined in accordance with the

expression:
X=maximum({r*n/d, r#*m/d); where

r is a nominal data rate for a data stream:;

n is a maximum number of simultaneously output data streams
at the nominal data rate;

d is an effective output data rate of one of said disk data
storage units; and

m is a maximum number of simultaneously output data streams
at the nominal data rate from all of said disk data

storage units that store at least one of said N data

Nan



Typically, application devel opers have used a bus structure, such as SSA

and SCSI, for control and delivery of data between processors and

mechani cal storage devices such disk files, tape files;—optical

storage.units, etc. 20 Bot h of these buses contain i but es that—rmake
el

them suitabl e for high bandwi dth delivery of video dat m /‘% B
Ll

nmeans are taken to control the speed and isochronous d
data. 25 The SCSI bus allown for thg bursting of data at 29 s
Moyt es/ sec. which minimzes the amount o %ime that any one video signal is
bei ng noved frombuffer menory to a specific NISC adapter. The adapter
card 212 contains a large buffer 214 with a perforimance capability to burst
30 data i,nto nmenory frombus 210 at high peak rates and to renpve data
from buf ferB%4 at nuch | ower rates for delivery to NTSC decoder chips 216,
218. Buffer 214 is further segnented into smaller buffers and connected
via software controls to act as nultiple buffers connected in 35 a

a s me t ! - e¢ . f
o Gata to Lapay dhabBf ptiler dtSecibPh I clafin bt Bln B MM Pl TRe° ©
vt ! . Lrol t o el

bl ocks of viioralt JuREROASE okl dopg of ' digit ReprbediaRs of €\vidéolptfefliBn ond, P
and at “er Ywherein safi mtﬁﬁésiatemdrailt%s such dinfini¥r QY 6l @Sabld £ pli4litd of 'da@aner 10

with the ability to manage many nmultiple video steans on a dynam c
t hr oughput stegins 'te sinmiltancodshecorvep acame e of said N data blocks.

8. A media streamer as set forth in claim 6 wherein said plurality of disk data
storage umnits store a single copy of a digital representation of a video presentation, and
10  wherein said X stripes are read out in such a manner as to enable a plurality of data

streams to simultaneously convey a different one of said N data blocks.

9. A media streamer as set forth in claim 6 wherein a duration of said T/N period
is in a range of approximately 0.2 second to approximately 2 seconds.

18
10. A media streamer substantially as hereinbefore described with reference to

Figs. 1-11, 13-17, and 19-22 of the accompanying drawings.

11. A method of streaming a media streamer, said method being substantially as
20 hereinbefore described with reference to Figs. 1-11, 13-17 and 19-22 of the

accompanying drawings.



communi cati ons node has time, it can cause delivery of several |arge bl ocks
of data that will be played in 10 sequence. Once this is done, the
processor is free to control other streans wi thout an i medi ate need to
. deliver slow continuous isochronous data to each port. To further i-nprove
the cost effectiveness of the decoder 15 system a small FIFO nenory
224 is inserted between the | arger decod8s buffer 214 and MPEG decoders —
216, 218. The FIFO nenory 224 allows controller 226 to nove snall er bl ocks,
typically 512 bytes of data, frombuffer 214 to FIFO 224 which, in turn,
converts the data into serial bit 20 streans for delivery to MPEG
decoder s 216VIDES. OPSIMIZEP MEBDIA STREAMER WITH DISTRIBUTED MDE® DAPAS can
take their input fromthe sane serial data stream and internally separate
and decode the data required. The traf¥PRAGBN of data fromthe output of
the FI FO nmenory 224 occurs in an 25 i sochr onous manner, or
substantially isochronous nmanner, to ensure the delivery of an
uninterrupéﬁgsﬁkgfﬁ,presentation to a user or consuner of the video
present ati dhP K RANSM SSI ON OF DI G TAL VI DEO TO SCSI DEVI CES 30 A$: shown
in Fig. 22, conpressed digital video data and command streans from buffer
menory dre converted by device level software into SCSI conmands and data

streans, a i ot : 2 at
S5 SR 2K e, SFATRF IOy JER olRoRA o ) HARIERRR Bird”
required cqpj %Pm%gtdi%hlrréﬁfésén&t%ﬁ%@ at RA5tConk YA RSBMADA! MhetiabsGRITYEE S| ON
to anal og video a atdi o
is comprised of a plurality of mass storage units. The at least one video presentation
requires a time T to present in its entirety, and is stored as a plurality of N data blocks.

10 Each data block stores data corresponding to approximately a T/N period of the video
presentation. The media streamer (10) furtber includes a plurality of communication
nodes (14) each having at least one input port that is coupled to an output of the at least

i
one storage node (16) for receiving a digital representation of a video presentation

therefrom.

165 Fig. 1



';;&3@data. Feedback is provided across SCSI bus 210 to pace the data flow and
212 provides a

_insure proper buffer managenent. The SCSI
hi gh |l evel 5 interface to SCSI bus 210,
standard SCSI protocol. The nornma

212, wite data (video and audio) str

212 only when conpl eted. Adapter
buffers full,

keep its 10
nodes 16 provi di ng bl ocks

of dat a,

NTSC/ PAL adapt er

to it and,

supporting a subset of the

node of operation is to open the adapter
cl osing the adapter
212 pulls data as fast as necessary to

wi th the conmmunication nodes 14 and storage
that are sized to optimze the bus data

transfer and m nim ze bus overhead. System paraneters can be overwitten

via control packets 15

) -using a Mode Sel ect” SCSI
Vi deo/ Audi o synchroni zation is internal

controls are required. Errors are minimzed, with automatic

resynchroni zati on and cont

command i f necessary.
to the adapter 212 and no external

LEVEL

15

- COWAND DE PTION A m x]of direct agcess _devi ce
conmmands are.lused as wel | |as standard cgyw itethe
functional i} of the SCSI |video ouuic,add conmands,
a valid stduub byte igrefurned after|@fn brise dat a
area is loaded with tfie efror conditi ¢r& T ret ur ned.
The standard SCSI command$ used inclu T 130
SENSE, NCEE SELECT, MODIE SENSE, READ, E, /RELEASE, TEST
UNI T READY.\ Vi deo Conmand$: 35 The vi\deo ( e
user - | evel—~gleo off put
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control commands, and are extensions to the standard conmands |isted above.
They provide a sinplified user 74 level front end to the |ow | evel '
operating systemor SCSI conmands that ‘directly interface to the SCSI video
out put adapter 212. The inplenentation of each command enpl oys m crocode to
enul ate the necessary video device function 5 and avoid video and audi o
anonal i es caused by invalid control sedtds. A single SCSI conmand; 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 10 sinplifies both the user application
interface and the adapter card 212 m crocode. The foll owi ng coonmands are
enpl oyed. Stop (SCSI START/ STOP 1 - paraneter = node) 15 The data i nput
into the MPEG chip set (216, 218) is halted, the audio is nmuted, and the
video is blanked. The paranqr f selects t stop node. The nor nal
node is for the buffer and p03|t er to Lgﬁﬁ current, so 20

that PLAY continues af t i deo stream A second (end
of rnovie or abor()cﬁniw;' e rsYo the start of the
next buffer and Jrel gagsesdh gBrr nofle is also far end of
novi e conditiond, BSTTTHé_stdp (nUUe'and blank) s 25 del ayed until the
data buffer rung enpty. A fcuwfh:ﬂn e cy be empl oyed|with certain MPEG
decoder inpl enerjt aikopss) =L
<= | .
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T

+to provide for a delayed stop with audio, but freeze frame for the | ast
valid frame when the data runs out. [In each of these cases, the video
adapter 212 microcode determ nes 30 the stopping point so that the
video and audi o output is halted on the proper boundary to allow a clean
restart. Pause (SCSI START/ STOP 2 - @2 paraneters) 35 The data i nput
into the MPEG chip set (216, 218) is §1ted and the audio is nuted, but the
video is not blanked. This causes the MPEG video chip set (216, 218) to
hold a freeze 75 frame of the last good frane. This is limted to avoid
burn-in of the video tube. A Stop conmand is preferably issued by the
control node 18 but the video output will automatically go to blank if no

commands are received 5 MI rFE]Gn nl.@s The adqgter 212 m crocode

.maintains the buffer posit

[ ~rand decoder—states to ow for a snooth
transition back to pl ay—Hst Fri ‘:‘v"u*eT’SCS% SHARH-STEP-E8— paéérreter = node)
10 This command bl anks|t ' out put - W trhatH-—t-RRach | audi o out put,

mutes the audi o odk(rut]
and bl anki ng can be tul
parameter, which allow
over head. These are |i
deconpr essi on and convegr STon

t hSWITCHpagti ng {1
INGERFACGE | a singl|NO
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er 212 after
trols to ensure a
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"Thi s*command slows the data input rate into the MPEG chip set, (216, 218)
causing it to intermttently freeze franme, sinulating a slow play function
on a VCR The audio is 25 muted to avoid digital error noise. The
paranmeter field specifies a relative speed fromO to 100. An alternative

i npl enentation di sabl es the decoder chypgset (216, 218) error handling, and
then nodifies the data clocking speed Irnto the decoder chip set to the '

desired playi ng speed. 30 This is dependent on the flexibility of the
vi deo adapter's clock architecture. Play (SCSI START/STOP 5 - paraneter =
buffer) 35 ‘This command starts.the data feed process into the MPEG chip

set (216, 218), enabling the audio and video outputs. A buffer selection
nunber is passed to determ ne Whl C |G762buffer to begin the playing

sequence fr§5] and a zero value in at the current play buffer
shoul d be u (ﬁ*E(‘WpPQ T%WMM‘BND‘A ﬂﬂﬁHz%R@RJEV@E@UB&Q@) ) accepted if
t he adapter 212 i-s VB-SJUONNEDThode, if in PAUSED node the 5 buf f er

sel ection paraneteVS-iBLAYgnored and playing is resumed using the
current buffer sel e¥SioRE [bosition. When 'PLAYING, the controller 226
rotates through thelBuf sequentially maintaining a steady stream of
data 10 into th S ﬁip set (216, 218). Data is read fromthe

buffer at the appropiegysgoNgetft o the MPEG bus starting at address zero
until N bytes are rgs&CONREC %eusqntrol | er 226 switches to the next buffer

and continues readi V§-RILAY_RTe_SIGNAler bus and microcode provides
suf ficient bandw dt NS-RECORD_AT_.SIGNAL

DATA MANAGEMENT COMMANDS (LOW PRIORITY EXEGUTION)

VS-GREATE
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~RECEIVE
VS-REGEIVE_AND_PLAY




15 * for both the SCSI Fast data transfer into the adapter buffers 214,

and the steady |oading of the data onto the output FIFO 224 that feeds the
.MPEG deconpressi on chips (216, 218). 20 Fast Forward (SCSI START/ STOP 6
- paranmeter = rate) This conmand is used to scan through data in a manner

that enul ates fast forward on a VCR  There are two nodes of operation that
are determned by the rate paraneter.5/14 25  rate of O nmeans that it is
a rapid fast forward where the video and audi o shoul d be bl anked and nut ed,
the buffers flushed, and an inplicit play is executed when data is received
froma new position forward in the video stream An integer value between 1

and 10 indicates the rate that 3d:1€5 _e inp ﬁf bei ng

f or war ded. The video is 'sanplrea by sklpghwﬂ &gﬁgipﬂgﬁs of data to
achi eve the specified average cébﬁEb@U%!NPﬂ¥3 adapter 212 plays a portion
of .data at mpearly the normal rate s _aheafl, then plays th¢ next portion
to emul ate fhe fast formard 35 actlon. Rewi nd (SCSI STARTASTOP 7 -

par anmeter = buffer 8|s command is udG4 to scan backwaids thrgugh
data in a. nner(ia at errull es rewi nd on VCR. Thel@Bare two|l@@des of
operation that arge determ mned by rameter./ Arate o means t hat
it is arap d nd] whenpuhe v @UE@ LE oul tl-anked and
mut ed, the bU A | oShedrEaRd anPPHRUTG; ¢ I HRE @ta is
recei ved front 905|t|fn for I 'FEF] An lnteger val ue

nd dufi
Ty Py
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*petween 1 and 10 indicates the rate that the input streamis being rewound.
The video is 'sanpled by skipping over 10 bl ocks of data to achieve
the specified average data rate. The rewind data streamis built by
assenbling small blocks of data that are sanpled from progressively
early positions in the video stream GYIHE adapter card 212 snoothly

handl es the transitions and synchroni zation to 15 play at the nornal
rate, skipping back to the next sanpled portion to enmulate rewi nd scanni ng.
K2. BUFFER MANAGEMENT 20 Digital video servers provide data to many

concurrent output devices, but digital video data deconpression and
conversion requires a constant data stream Data buffering techniques are
used to take advantage of the SCSI data burst node transm ssion, while
still avoiding data underrun,25y or buffer overrun, allow ng nedia
streanmer 10 to transmt dat oTany streams with minimal intervention.
SCSI video adapter card 21¢ Bs. 21, 22) includés a,‘l%arge buffer 214 for
video data to allow full ug . ion of the SCSI burs E{ﬁgie data transfer
process. An exenpl ary comfi@iati on 30 woul d beaxmzbuff_er 214 of
768K, handEeﬂ',‘D"by | ocal Iog&n: a W ap-ar oundd circul a.lEg)uffer. :

Circul ar fi@rs are pref &udtSto dynamcal Ig handl e%@%i ng data bl ock

-sizes, rat =than fixed | nguffers at are inefgmi nt in ternms of
both stora nd managenenf;Q%Ehead whel 35  trangfgging digital video
data. The «i &®o adapter ca E% m cr ocoee su@ports S%/%I%| 78
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buf f er poi nters, keeping the last top of data as well as the current |ength
and top of data. This allows a retry to overwite failed transm ssion,

or a pointer to be positioned to a byte position within the current
buffer if 5 necessary. The data block length is nmaintai ned exactly as
transmtted (e.g., byte or word specific_even if long word alignnent is
used by the internediate logic) to i nséfd4valid data delivery to the
decode chip set (216, 218). This approach mnim zes the steady state

operation 10 overhead, while still allow ng flexible control of the
data buffers. K2.1. BUFFER SELECTI ON AND POSI TI ON 15 Assum ng mul tiple
sets of buffers are required, nultiple pointers are avail able for al

buffer rel ated oper#tions. For exanplE, e set may be used to select the
PLAY buffer andgcurfent position|wigpln that buffer, and a second set to
select the witig buw#eF—aﬂd—a—pssitgp wi §hin that 20 buffer (typically

zero) for a datg ‘pf el oad oper at A cyrrent |length and nmaxi mum | ength
for each blp O,

daja received since variable length

K2}2. AUTOVATI C MODE The buf fler

b a@dptEr]s controller 226, placing. the N

le Huffel space starting at address zero

Holler 246 kepps track of the length of data in
29> "pl py®&d" or not. Whenever sufficient

d accept]s tht ngxt WRI TE conmand and DVA' s the

val ue are maintai ne
data bl ocks are als
operation i s manage
bytes of data in th
of that 30 buf f
each buffer and if

y
D
d
X

buffer space is fr ¢ ca :
data into that buffle nof epough jbuf fpr sRace is free to accept the
full data 35 bl ock (t%gE#ngy a Slow Play §r Pause condition), the
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<is not accepted and a buffer full return code is returned. - 79 K2. 3.

MANUAL MODE A LOCATE command is used to select a 'current' wite buffer and - -

position within that buffer (typically zero) for each 5 buf f er- access
command (Wite, Erase, etc.). The buffer position is relative to the
start of data for the |ast block of d@}g t hat was successfully

transmtted. This is done preferably™ ‘} video streamtransition
managenent, with the automatic node reactivated as soon as possible to 10
m ni m ze command overhead in the system K2.4. ERROR MANAGEMENT Digit al

vi deo data transm ssion has different error 15 managenent requirenents
t han the random data access -usage that SCSI is nornmally used for in data
processi ng applications. M nor ﬁl@ R¥ss is less critical than
transmnmi ssion interruption, so the conventional retries and data validation
schenes are nodi fied or disabled. The 20 nornal- SCSI _error _handling
procedur es| angrPgT PORY 2@ t h the status byt IME )-ARSEP N Ees i fg t he
status phagse at the conpletion of each command. The status bytq indicates
either a '“A_( NEOEAFS®N, a BUSY (8n) 11 the target SCSI chig 227 is
unabl e t o fceept—a—ecoraft—or—a—CHECK25 EOMNBHON— 02— f |Jan error
has occurr¢ K2 5 FRROR RECOVERY The controller 226 gf-the-ScSIl vi deo
adapter 212]|30 automatically generates a Req m%nsg/ﬂ:@'qmrd on a
Check Condifti on response LOADIoad thEJEET or 5 t :

136 —F

n

——

7 /'l
132 130
MUTE REWIND PAUSE  STOP SLOW  PLAY

FIG. 9.

LOAD SELEGTION
FILE NAME: [ CATS - i
TIME LIMIT: | :20 | ) 138
DIREGTORY IS: G:\VIDEOS o 142
FILES 36 DIREGTORY - PLAY LIST
BPP _ :I5
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ADD DONE GANCEL )
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*information, and determines if a recovery procedure is possible. The nornal

recovery procedure is to clear the error state,

and resune

systemw th the next
AUTOVATI C RETRI ES 5 For
automated up to X nunber of
This is allowed only to the point
At that point,

data rate.
buffer arri

nor mal 35

ves.

pl ay as quickly as possible.
adapter 212 may have to be reset and the data rel oaded before the play can
resunme. Error conditions are | ogged

| NQUI RY or
buffer full

retries,

10

an

_ /q 4 epor t ed

REQUEg$ SENSE SCS
or device busy conditions,
where X i s dependent on the stream

in tinme that the next data
is logged .if the condition

80

error

oper ati on.

di scard any corrupted data,

In a worst case, the

back to the host
K2. 6.
retries are

i s unexpected (i.e., Buffer full bft{Got]BAUSED or in SLOWPLAY node) and a
device reset _or clear

may be necesSary to tecover and continue video play.

15
presentati

adapters c@im be enployed O TECEr veE a video presentation;

n to a user

Al though described ATEY |
it should

JEGH

e rea

Ized that bidi

B cont ext of delrvering

a vi deo
rectional jvi deo

to—etgifti ze t he
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- 25 ¢ only illustrative of the invention. Various alternatives and
nodi fi cati ons can be devised by those skilled in the art w t hout departlng
fromthe invention. Accordingly, the present invention is intended to
enbrace all such alternatives, nodifications and variances which fal

wi thin 30 the scope of the appe982g4clains. CLAI M5 What is clained
Is: 1. A nedia streaner, conprising | east one storage node conpri sing
mass storage for storlng a digital representation of at |east one video
presentation, said nmass storage being conprised of a plurality of nass
storage units, said at |east one video presentation requiring atinme T to
present in its entirety, and stored as a plurality of N data bl ocks, each

data bl ock storin Dr ng to approxinmately a TIN period of said
vi deo presentation; lyrality of communicatrdn no Eh havi ng at
| east one input p I lg. coupl §o an output df sajd at | east one
storage node fQ ) diigit represe tion of vi dep presentation
t herefrom Wmality coqﬂﬂnic i on jnodef-further haying a
plurality i@?' [ ones~|of %ﬂlch trang®it aj digital
repr esent Sticgam toja co mer{edf tHe dijgnt al ‘
r epr esent Al | bl o of|>sai d [di gi representati on
are ' : L
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< partitioned into X stripes, wherein data blocks 1, X+1, 2*X+1, ... etc.,
are associated with a first one of the X stripes, data bl ocks 2, X+2,
2*X+2, ... etc., are associated with a second one of the X stripes, etc.,
and wherein individual ones of said X stripes are each stored on a
different one of said plurality of g4Storage units. 2. A nedia streaner
as set forth in claim1l wherein sai Zlurallty of mass storage units store
a single copy of a 82 digital representation of a video presentation,
and wherein said X stripes are read out in such a manner as to enable a
plurality of data streans to sinultaneously convey a sane one of said N
data blocks. 3. A nedia s mer—as_set forth'in claim1l wherein said
plurality of mass storgge|-+nif§i&at ofe a single copy of a digital
representation of a vi@eoltprei®pntat ijon, and mhereln said X stripes are read

out in such a,manner as enpD& a |p! ug %
si nul t aneouSH convey a dj%felef® ofe of said N a bl ocks. 4, medi a
streamer as s¢t forth in ghain IGwhgrei p a durat i@a- of sal T/T eruod i's
in a range @blapproxi mat e}y 0] 2{ecqnd fo prOX|I e 3 4co
medi a strea as set for h ePgith 1 in al¥ fl LS ternlned
i n accordance wi th the exprgssion:] X=na r*n)dkjr Y d)w wh is a
nom nal data rate for stredm is ar rmaxi nu{lﬁ':'mu & Si t aneously
out put data streamns O« O x| <
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< at the nomnal data rate; d is an effective output data rate of one of said
mass storage units; and mis a maxi num nunber of sinultaneously output data
streans at the nomi nal data rate fromall of said mass storage units that
store at | east one of said N data units. 6. A nedia streaner, conprising:

at | east one storage node conprising_ §s storage for storing a digital
representation of at |east one video?%?ésentation, sai d mass storage being
conprised of a plurality of disk data storage units,
video presentation requiring a time T to present 83 inits entirety,
stored as a plurality of N data bl ocks, each data bl ock storing data

correspondi ng to approxi mately am:?‘d of said video presentation; and
a plurality of comrunication nod ving at |east one input port that-

AN ot et £ Y

Is coupled to fr=sairg east—ote—storage—notde receiving a
digital represg |§%s§f §%§il%€'p$esem-at-i-on- thef eftr|om- §§]§* of said
plurality of ci | -t her having—a—plural it out put ports

i ndi vi dual ones of WBEMERTEDS TMOGKCAL FLE FORrGOED ation as a datg stream

said at | east one
and

to a consuner of the digital representation; wherein said N data bl ocks of
said digital representation are pal_r:LIiéi (infd into X stripes, wherein data
bl ocks 1, A .
A TN
(DISK | ) (DISK 2 O (DISK 3 ) (DISK4
SEG | SEG 2 SEG 3 SEG 4
5 6 7 8
- ) IO 1 12
\STRIPE 1| STRIPE 2 STRIPE 3 STRIPE 4 ,
N
VIDEO | '
. , FIG. 18.
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X+, 2*X+1l, ... etc., are associated with a first one of the X stripes,
data bl ocks 2, X+2, 2*X+2, ... etc., are associated with a second one of
the X stripes, etc., and wherein individual ones of said X stripes are each
stored on a different one of said plurality of disk data storage units; and
wherein a value of X is determ ned 13/h&cordance with the expression:

X=maxi nrum(r*n/d, r*nmid); where r is a nomnal data rate for a data stream
n is a maxi num nunber of sinmultaneously output data streans at the nom nal
data rate; d is an effective output data rate of one of said disk data
storage units; and mis a maxi mum nunber of sinultaneously output data
streans at thé nomnal data rate fromall of said disk data storage units
that store at |eg@st one of said N df a 8 units. 7. A medi a streaner
as set forth in & aim6 wherein sai E ral®ty of disk data. storage units
store a single cdpy of a digital r_e_ﬁ&\gnt atli on_of a video presentati on,
and 5 wherein saLd stripes a®e read out in suchla manner as to enable a
plurality of dF&xs.ream; to stul t aneously g one of said N
data bl ocks. 8{=Q | A nedia stréﬁ'rr‘er as set lorrth in claimb Wherein said
plurality of dl#‘( dht a sEorage units e a single copy of a digital

repr esent ahi on ofg a vi deé presentlati gne and _ said X]|stripes are
read out i such |a manne§ as to ¢gnabl - ity of ta str¢ans to
si mul t aneous| adifferent] on ﬁ N dat a I%cks. 9) A nedi a
streamer .as sef £qrt i Pcl ai m 6 werlein ¢ dgtat H%Baid T/IN period
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~-is+dn a range of approximately 0.2 second to approxi mately 2 seconds. 15
10. A nedi-a streanmer substantially-as herei nbefore described with
reference to Figs. 1-11, 13-17, and 19-22 of the acconpanying draw ngs. 11.
A met hod of streaming a nmedia streanmer, said nmethod being substantially as
20 hereinbefore described with reference to Figs. 1-11, 13-17 and 19-22 of
t he acconpanyi ng draw ngs. 14/14
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