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Technical Field This invention relates to systens for
rét ri eving and presenting program material, such as novies and
nmusi cal selections, to users of a programdjstribution system such
as a cable tel evision system and nore spe'c#fi cal | y to a server for

simul taneously retrieving and presenting nultiple %:rams in co ressed
and PROGRAM SERVER FOR ERACTIVE TELEVISION SYSTEM
Technical Field

This invention relates to systems for retrieving and presenting program
material, such as movies and musical selections, to users of a program distribution
5 system, such as a cable television system, and more specifically to a server for
simultaneously retrieving and presenting multiple programs in compressed and
packetized form over multiple channels.

Background of the Invention
Cable television systems are now in operation that provide for selective
10 viewing of specific programs by their customers. For example, some present
systems provide their customers the ability to view requested movies by transmitting
such movies to such customers over dedicated channels and permitting the customers
to control the showing of such movies in a manner similar to the control of a
conventional video disc or cassette player. However, at present such systems
15 typically require manual or automatic loading of a video disc or tape cartridge
containing the desired movie in a player at a centralized location. The customer
operates the player remotely. However, such a system becomes impractical for large
numbers of customers because of the large number of players needed, the large
numbers of tape cartridges and/or discs (including duplicates) necessary to satisfy
20 customer requests and the physical problems associated with transporting the right
cartridge or disc to a given player when needed.

Other interactive cable television services have been proposed in which
specific programs are created from various video and/or audio segments combined
sequentially or simultaneously. Such segments must be stored and made retrievable

25 in such a way that the system creating such programs can control the sending of such
segments in the appropriate combinations at the appropriate times.

What is needed is a facility for storing large numbers of data blocks of
various sizes that can be retrieved and sent to customers as necessary to provide the
proposed interactive services.

30 Summary of the Invention
' Data blocks are stored in a large library, such as an automated tape

cartridge library, for subsequent retrieval. Such data blocks are retrieved from the
library and written into a data memory in a server and then forwarded by the server
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packeti zed formover nultiple channels. Background of the

| nventi on Cabl e television systens are now i n operation
that provide for selective viewi ng of specific prograns by their
custoners. For exanple, sone present systens provide their custoners
the ability to view requested novies by trapsmtting such novies to
such custoners over dedicated channels and permtting the custoners
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for each packet stored as a single word. Such library can be located away from the

10 server and the programs transmitted to the server over a data link or network.
Requests for programs are processed by a request processor, which can be located
away from the library and the server, and which communicates with the library and
the server via a data link or network.

Each instance of sending a data block is represented by a command

15 word in a command-word memory in the server. The controller also contains a
microprocessor, a specialized pipeline processor for command words, a token
memory, a multiplexer and various registers and first-in-first-out buffers (FIFOs). In
addition to one or more command words corresponding to one or more data blocks
in the current group, the command-word memory can also contain command words

20 for data blocks in subsequent groups in readiness for transitions between groups.
The microprocessor loads command words into a command-word FIFO and control
messages into a control-message FIFO.

Each command word includes various fields and control flags pertaining
to its associated data block, the identity of the group to which it belongs and the

25 identity of the subsequent group. The command words are repeatedly read from the
command-word memory, processed in the pipeline processor and read back into the
command- word memory. When a packet is to be sent, the pipeline processor writes
a packet request containing the packet address and the virtual- channel identity into a
packet-request FIFO and updates the command word accordingly.

30 The token memory contains control flags pertaining to each group. Such
control flags interact with flags in the command words when the command words are
processed by the pipeline processor and suppress the sending of data blocks in
subsequent groups until sending of all data blocks in the current group is completed.
The token memory can also be written by the microprocessor so that the

35 microprocessor can indirectly control the sending of data blocks for a given group.
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speci.fic prograns are created fromvarious video and/or audi o segnents

conbi ned sequentially or sinultaneously. Such segnents nust be
stsored and nmade retrievabl e in such a way that the systemcreating
such progranms can control the sending of such segnents in the
appropriate conbi nations at the appropriateytines. What
Is needed is a facility for storing Iarge nunbers of data bl ocks of
various sizes that can re r|eved ent to custopers.as nece to
provi de the pr opo e qﬂl@?"é& ‘i‘éFWB@’és om the packeicfy ﬁ@yt he
I nvention uses the packet addre$satbaedd the b&:kat @ats fronedhta memonypoge aldaty lassy,

et ri oval . SucHagASoh 8 pamns)idenBBlfor echarkds i st iacH ARy G, X neye e
witten into a mbepagketoaquests theanultiplexer reads cohtrol theasages dramh the cohrolksmessage
5 FIFO and places the data for each message on the data bus and the channel identity
on the channel-identity bus.
The data memory is divided into sections. While an address is being
read in one section, addresses in any of the other sections can be written during the

same memory cycle.

10 Distribution boards connect the data bus and the channel-identity bus to
distribution links. Such distribution links further connect the server to distribution
means, such as the headends of cable television systems and the like. Each
distribution board includes a RAM containing the identity of the channels to be sent
over its distribution link, a FIFO containing packets to be sent and a communications

15 interface for converting the packets to the appropriate signals for transmission over
the distribution link.

These and other aspects of the invention will become apparent from the
drawings and detailed description.

Brief Description of the Drawing
20 FIG. 1 is an overall block diagram of a program server and its associated
request processor and program library in accordance with the invention.
FIG. 2 is a block diagram of a RAM board and associated control
circuitry in the data memory.
FIG. 3 is a block diagram of the controller in the server.
25 FIG. 4 is a block diagram of the command-word processor in the
controller. '

FIG. 5 is a block diagram of the token memory in the controller.
FIG. 6 is a block diagram of the multiplexer in the controller.
FIG. 7 is a block diagram of the distribution board used in the server.
30 FIGS. 8,9, 10 and 11 are flow charts of examples of use of the
invention.
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- 2 - over nultiple channels. The sane data bl ocks can be sent repeatedly
fromthe data nenory in different channels during overl apping tine periods.
Groups of one or nore data bl ocks can be sent together. The
invention is described in terns of an interactive tel evision system The
data bl ocks are program segnents, such as pgui es, nusical selections, audio
clips or video clips, which are stored in conpressed and packetized formin

the library. DabaI bi agcglﬁs I_io& Er ograms to be presented are retrieved from
the library and rver in a |large-capacity random access nenory
(RAM, with the data forThedavengion kill beidescribed in wrms 64 prograntiseréidbr ad br ary
server over a diigirveielshispur iR ABkadFar bEHaRrRL Hela By mbBhl 1y
a request procesasleationsor interactivelielevisiontprebentatignsfthatroan limvalveosedactiomand t he
server, and Vi GRGRITBN SRS ot nbltipid froftatl QEdefBth a user. The server is

responsive to requests from users. Such requests may simply be requests for

presentation of a particular program element or group of elements; however, in

interactive applications, requests may involve responses from a user to other

elements. In general, the server of the invention sends data blocks over multiple

10 channels in the form of digital packets sent at intervals appropriate to the data rate

needed for the particular program elements. It will be clear to those skilled in the ant

that the methods and apparatus of the invention can be used in connection with any

kind of data and not just data for the program elements described herein.

FIG. 1 is an overall block diagram of a program server 100 and its

15 associated request processor 101 and pmgram library 102 in accordance with the
invention. Server 100 contains controller 110, data memory 111, distribution boards
112 and clock 113. Request processor 101 receives requests (and responses in
interactive systems) via data link 103, issues control messages to controller 110 in
server 100 over data link 104 and issues control messages to program library 102

20 over data link 105. It may also be desirable for request processor 101 to be able to
receive messages, such as status messages, from controller 110 and program library
102, so data links 104 and 105 are shown to be bidirectional. Program library 102
sends data for programs to be presented to data memory 111 in server 100 over data
link 106. Server 100 sends programs to distribution interfaces 114 over distribution

25 links 115. Distribution interfaces 114 then forward programs to users 116.

Data links 103, 104, 105 and 106 can be implemented either as
dedicated data links or networks, depending on the application. Server 100, request
processor 101 and program library 102 can be at the same or different geographic
locations, again depending on the application. An example of a typical configuration

30 of the elements shown in FIG. 1 is an interactive cable television system in which
server 100 and request processor 101 are located on the premises of a supplier of
interactive television services, program library 102 is at another location and serves
many such suppliers and distribution interfaces 114 are cable system headends
located on the premises of cable television companies. Similar systems can be

| 35 configured in which programs are distributed to customers over telephone networks
and distribution interfaces 114 are appropriate interfaces in such networks, or in
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the server via a data |ink or network. Each instance of sending
a data block is represented by a command word in a conmand-word nmenory in
thre server. The controller also contains a mcroprocessor, a specialized

pi peline processor for command words, a token nenory, a multiplexer and
various registers and first-in-first-out bu§fers (FIFOs). In addition to
one or nore command words corresponding to one or nore data bl ocks in the

t , th d-woyd. ry can al so,contain command words for
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bl ock, the i derre¢eive eplinkiteesgages fronvcustomers, such eplinkymessagestdan be deed fory of
. t {1 he
the subsequest GrRLR anal?@sgsﬁgﬁ'iﬂﬁl fWaﬂﬁFQﬁgﬁFtﬁgﬂgﬁ thidbabld ﬁ@a(iigf;c! g);%é Ee&lﬁsti 1t o

command-word nenory, proc I'n the rocessor an
t he command- WETSCSHIOVGT anpproRTiatsdate ink or peswpek, sughyas datadink 1031 iFoe cable
processor writ S9s16m A6KBIVIR SR ThpabTity aha f6iGele deaﬁhﬁsmﬁﬁd{geéﬁxs?ﬁﬂht he
virtual - channel identi bgsénr%ttg augsattcket - ?&@ﬁs %E&p@g&gﬁp ates the
command word adEHIeSEAgR ge sent to request procegso ¥ tWPHs contr ol
flags pertaining to eachAsgambpseesfiim the above description, there are numerous possible
10 configurations for server 100, request processor 101 and program library 102 and
distribution interfaces 114 and there can be any number of servers 100, request
processors 101, program libraries 102 and distribution interfaces 114, all of which
can be used together in accordance with the principles of the invention.
Request processor 101 can be any general-purpose computer, such as a
15 Sun "SPARKSTATION" computer, capable of receiving and transmitting messages
over data links 103, 104 and 105, of processing requests and responses received, of
sending the appropriate control messages to server 100 and program library 102 and
of receiving messages from server 100 and program library 102, if required. Such
processing may involve simply responding to requests for programs, such as movies,
20 by sending the appropriate control messages to a program library 102 where the
movie is stored to transmit a data block for the movie to data memory 111 in a server
100 and to the server 100 to transmit the movie in a specified channel over a
distribution link 115. Alternatively, such processing may involve the actual assembly
of a program from video and/or audio clips stored in program library 102, and such
25 assembled program may be interactive in that the clips to be sent in a later part of a
program may be determined by responses from users received over data link 103.
Furthermore, such assembled program may contain multiple video or audio clips to
be transmitted to the user at the same time. For example, a video sequence may
comprise a background and one or more overlays, each of which is to be transmitted
30 as a separate signal by server 100 over a distribution link 115. Such separate signals
are combined into a single video signal for presentation to the user at some point
between server 100 and the user, such as at the headend of a cable television system

or the cable converter used at the user’s premises to connect the user’s television
receiver to the cable system.
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control flags interact with flags in the conmand words when the command
words are processed by the pipeline processor and suppress the sending of
data bl ocks in subsequent groups until sending of all data blocks in the
current group is conpleted. The token nenory can also be witten by the
m croprocessor so that the m croprocessor c¢an indirectly control the
sending of data bl ocks for a given group.

- 3 - The | tiplexer reads packet requests fromthe
packet - r equest FI FO, us%’ ilg@&k 92 eanchecslargesapacity systemf @ngconanient r om

data menory onttgpeusittg devieed such as magnetic discs, optical discs or magnetic tape. One
example of such a system is the Ampex DST(tm) 800 Series Automated Cartridge
Library available from Ampex Corporation, Redwood City, California. Such a

5 system has a data capacity of 6.4 terabytes on 256 25-gigabyte cartridges. The video

and stereo audio portions of a movie can be packetized and compressed, by means
well known in the art, so that the data rate for transmission is, for example, 1.5
megabits/second. A two-hour movie then requires 10.8 gigabits, or 1.35 gigabytes,
of storage. Each such cartridge will hold 18+ such movies. Thus, such a cartridge

10 library has a capacity of approximately 4,600 two-hour movies, or an equivalent
amount of separate audio and video clips. Of course, such a library could easily be
arranged to store an assortment of complete movies and audio selections and
separate audio and video clips.

One of the developments that has made the invention feasible is the

15 availability of large RAMs for use in data memory 111 in server 100. In an
exemplary embodiment, such memory contains 232 words x 48 bytes per word
(approximately 206 gigabytes) to store over 150 full- length movies. The four tape
drives in the cartridge library described above can each read and transmit data at a
sustained rate of 15 megabytes per second. Thus, four two-hour movies can be

20 written into data memory 111 in 1 1/2 minutes. As will be described, a single movie
stored in data memory 111 can be transmitted to multiple users, each on a different
channel, with each user having control of the timing of his or her own presentation.
Thus, assuming that some movies will be watched by more than one user, even at
different times, the exemplary embodiment of server 100 has the capacity to serve

25 far more than 150 customers simultaneously. As will be described, the exemplary
embodiment of server 100 has the capacity to serve up to 1600 customers
simultaneously at 1.5 megabits/second per customer.

Responsive to control messages from request processor 101, program

library 102 transmits data blocks representing compressed program data to data

30 memory 111 in the form of digital packets, each containing a 32-bit write address
and 48 bytes of data in the exemplary embodiment. In order to handle the data rate
of 15 megabytes per second, the data link or network between program library 102
and 106-can be a system such as the 155 megabit/second SONET OC-3 system. As
will be described, data memory 111 buffers such data in FIFOs and writes such data

35 as 48-byte words into the addressed portion of data memory 111 only when such
portion is not being read. Except for such read-write coordination, writing of data
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and places the channel identity for the packet on a channel-identity bus.

If -there are no packet requests, the nultiplexer reads control nessages
frromthe control -nessage FI FO and pl aces the data for each nessage on the
data bus and the channel identity on the channel-identity bus.

The data nenory is divided into sections.” Wile an address is being read in
one section, addresses in any of the other sections can be witten during

t he sane menory cycle, . Di stri bution boards, connect the data bus
and the channelme@esy: }klyis ppderconwolof requestipsecessaridO1, which manggesi plarement of nks

further connectdatdlodleyiviatal MertlbSA 1111RkiuER it§BaMtfol nfdsdres o Hrd ah?ﬂsﬁﬂd of
cable tel evision aXt;Eigglﬁpgnd ?hgﬁlti ke. Eggh distri buﬁkgn b%afgléj i ncl udg% a
t

RAM cont ai ni ng y of the channels to be sent over its
distribution link, a FlEoheolldérdil0icogainsakticfoptaressor afdvartoud other elements to

o gnal s for br HCRPlAia Wl s ARkt oo, v ERAF SR Buich bk ELERERERC g

ot her aspects diFOhachannehmemorysjalcommunicationpisterface and other tleméntawd bgs and

detail ed descrigpjaffed in the description of FIG. 7. In general terms, for each packet transmitted,
controller 110 places a channel identity on channel-identity bus 120 and either 48
program bytes from data memory 111 or 48 control-message bytes from controller

10 110 on data bus 121, Each distribution board 112 can be set to transmit one or more
selected channels. When a selected channel identity is present on channel identity
bus 120, the distribution board writes such channel identity and the program or
message data then appearing on data bus 121 into its FIFO. The communications
interface transmits packets from the other end of the FIFO at the appropriate rate for

15 the associated distribution link 115, for example, 155 megabits/second on a SONET
OC-3 system.

Clock 113 generates various periodic timing signals for the elements of
server 100. Only selected connections from clock 113 are indicated in the various
figures, other connections not shown will be apparent to those skilled in the art.

20 FIG. 2 is a block diagram of data memory 111, one of its component
memory boards 200 and associated circuitry. In the exemplary embodiment, data
memory 111 contains up to 64 memory boards 200 (only one such board is shown in
FIG. 2) and each such board contains 226 (over 64 million) 48-byte words of
dynamic random access memory (DRAM) 201. Such DRAM can be assembled

25 from, for example, Samsung Electronics KM41C1600J CMOS DRAM chips, each
chip holding 16 megabits. Each data memory board 200 also contains a control
circuit 202, a board select circuit 203, latches 204, 205 and 206 and output drivers
207. ) '

Communications interface 210 receives packets from program library

30 102 over data link 106 and converts each packet from serial to parallel form. In the
exemplary embodiment, each packet contains 32 address bits and 48 data bytes for a
total of 416 bits in parallel on bus 211. Incoming packets with odd addresses are
stored in FIFO 212 and incoming packets with even addresses are stored in FIFO
213. Such storing is controlled by the least-significant bit brought out from bus 211

35 onlead 214. In the exemplary embodiment, FIFOs 212 and 213 each contain 2!
words. The outputs of FIFOs 212 and 213 are connected to memory boards 200 via
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Brief Description of the Draw ng FIG 1 is an overall block

di agram of a program server and its associ ated request processor and
program |l ibrary in accordance with the invention. FIG 2is a
bl ock di agram of a RAM board and associated control circuitry in the data
menory. FIG 3 is a block diagrgmof the controller in the
server. FIG 4 is a block diagramof the command-word processor
in the controller. FIG 5 is a block diagramof the token
menory in the cwriterbois|235. In each memory bomid2005lateh 204reenivesdheyrisgradsressjgad

mul tiplexer 10 ddPrGAAiR!bug 225, latch 205 holds dataFead frodh mwm ﬂidalafcﬁ 8! the

di stribution board use rver.
are flow chart shalds tg sead|address. use of the |nvent|on

In the exemplary embodiment, each memory board 200 has an assigned
5 6-bit address. The data bits from latch 204 are connected to the "write" input of
DRAM 201 via bus 217 and the write-address bits from latch 204 are connected to
control circuit 202 (26 bits) and board select circuit 203 (6 bits) via buses 218 and
219, respectively. Similarly, the read-address bits from latch 206 are connected to
control circuit 202 (26 bits) and board-select circuit 203 (6 bits) via buses 220 and

10 221, respectively. Board-select circuit 203 enables control circuit 202 via lead 222
when the 6 bits from the read address or write address correspond to the assigned
address for the board.

During each memory cycle, a data word is read from memory 111 via
data bus 121 and a data word can be written into memory 111 from either FIFO 212

15 or FIFO 213 via write bus 225 depending on the state of the least-significant bit of
the read address on lead 217. AND gates 215 and 216 determine the FIFO from
which the data word is to be obtained. Thus, read operations dominate so that when
a data word is being read from an odd address, a data word can only be written into
an even address and vice versa.

20 DRAMSs 201 must be refreshed, periodically. Controller 110 enables
lead 124 periodicélly for this purpose. The refresh signal on lead 124 also inhibits
gates 215 and 216, thereby preventing words from being written during refresh
cycles. _

FIG. 3 is a block diagram of controller 110. Microprocessor 300 is

25 connected through microprocessor bus 301 to communications interface 302,
microprocessor memory 303, status register 304, assembly register 305, token
memory 306 and control circuit 307. Communications interface 302 sends and
receives control messages from request processor 101 (FIG. 1) for microprocessor
300 by means of a dedicated data link or a network such as the ETHERNET

30 communications network. The program for operating microprocessor 101 is stored
in microprocessor memory 303. Control circuit 307 generates various signals to
operate the various circuits shown in FIG. 3 and receives status information about
such circuits over connections not shown.

Control messages from request processor 101 over path 104 to

35 controller 110 contain the information necessary for controller 110 to transmit the

data block or blocks associated with each group. In response to a control message
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- 4 - Detailed Description ' The invention will be described in
terms of a program server for an interactive tel evision system Prograns
can be material such as novies, nusical selections or interactive

tel evision presentations that can involve selection and presentation of
single or nultiple programelenments to a uger. The server is responsive to
requests fromusers. Such requests nmay sinply be requests for presentation
of a particul af, pr.ogram el epent or up of el enents; however

i nteractive ap‘iﬁchag therfsansmissinneaf, §‘%ﬁi§/blpﬁhd$¥@?mwﬁ§%03ﬂ@ﬁrﬁ&0@§'@mt 0

ot her el enent 5woxldrfoﬂ &I&rtﬁdnsmiéﬂibnsiﬂ ws%fnbw retg{s& 1308 214 theexeMpRPy abadimeRCKS
over nmultiple chann the f cket ent at |ntervals
appropriate to OEIHB §P@mﬂ’e (ggon?rﬁgnadp\gg %Pé?ﬁrﬁﬂéﬁﬂnt s. It
w |l be clear lbeloWﬁnoﬂxe explanhish d:ﬂﬂ(ha art that t he met hods and appar at us of
the inventi gnh can be u%%r E&aﬁ&ﬂ%ﬁ&?&e%o& god?‘g%res each new command word in
~ command-word FIFO 310 by means of a signal from control circuit 307. FIFO 310
has a capacity of 256 command words in the exemplary embodiment. Command-
word memory 311 contains command words for data blocks being sent during the
current group and can also contain command words for data blocks to be sent during
10 subsequent groups. In the exemplary embodiment, such memory has a capacity of
2!3 command words. Command words are written into command-word memory 311
~ from FIFO 310 through multiplexer 312, as will be described. '
Command-word processor 313 is a pipeline processor that reads
command words sequentially from memory 311, processes such command words
15 and writes processed command words back into memory 311 through multiplexer
312. Thus, command words from memory 311 are continually being circulated
through processor 313. Command words are addressed by counter 314, which is
incremented periodically by a signal from clock 113. In the exemplary embodiment,
command words are processed at a rate of 50 million words per second. Thus,
20 command-word processor 313 serves as a hardware accelerator to process command
words at the high épeed necessary to control the sending of packets by server 100.
Token memory 306 contains three separate static random access
memories (SRAMs) 501, 502 and 503, as shown in FIG. 5. Each SRAM stores
token words containing control flags relating to each group. Two of SRAMs 502
25 and 503 are read and written alternately by command word processor 313 via bus
329, as will be explained below. The third SRAM 501 can be written and read
directly by microprocessor 300 via microprocessdr bus 301 and bus 330 and read by
command-word processor 313, as will be described.
If the processing of a command word indicates that a data packet for the
30 relevant data block is to be sent, processor 313 places a request for the packet in data
packet request FIFO 315 via bus 437. Such request contains the address in memory
111 of such packet (32 bits) and the identity of the channel over which such packet is
to be transmitted (12 bits).
Other control messages from request processor 101 can direct
35 microprocessor 300 to send further control messages over distribution links 115.
There may also be situations in which microprocessor 300 initiates control messages.
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ki nd of data and not just data for the program el enments described herein.
FIG 1 is an overall block diagramof a programserver 100 and its

associ at ed request processor 101 and program|library 102 in accordance with
the invention. Server 100.contains controller 110, data nmenory 111,

di stribution boards 112 and clock 113. Requygst processor 101 receives
requests (and responses in interactive systens) via data link 103, issues
cont rol rressag .10 _cont rroé erver 100 over data link 104 and

i ssues control $5¢ @r ??‘19 spymalgpessages inyassgmply TReisien 303 andygy
al sg be desi r akstares mssemblipde:shtrolrmesssgﬁsﬁnﬂ:&itrdlllo (paéc}etﬁdqh&tlﬁﬁl’ﬂ)gqeby@nldgg%ﬁges
such as status and program library o)
data links 104 éaﬁﬁg‘agggﬁare gﬁr?o\?\llﬁ'gté%ét 7d| rectional. Programlibrary 102
sends data for progransMultiplexqr320 enomdinates thiesendingofdataiphikéts ambeongol 100

114 over di str ilagsets SV varitls SRRiELS AL 3 Pk R PRI EE

programs to usdiEOi3lg, multiplexer 320 causesthg 53@333011@40 be pad frem do® can be
i npl enented ei t:ﬁaﬁm@qmﬁn&ai@@ugimﬁb l&Kﬁn Phe ApPrypHaiSpactenatsfen %dt he

O e o e e e e M gon
appl i cation. Arlf eorstrglipackett requestp axecpresentini JEO3 16pmultipléxee 320 plaeesithe b i n
FIG 11is aggl %gsrsféé o' Gark B0 B21 ‘ﬂL %}ﬁ fié)ﬁxdsélg%ineﬂaéé} d{\@ <i:hcapme1 identity on
channel identity bus 120. Multiplexer 320 will be described in more detail in the
explanation of FIG. 6. _
When certain changes occur in a command word during processing in
command-word processor 313, the changed command word is stored in status FIFO
15 325 by means of a signal on lead 326. Microprocessor 300 senses the presence of
command words in FIFO 325 via control circuit 307, reads them into status register
304 and then disassembles them onto microprocessor bus 301 for processing as
appropriate. Microprocessor 300 can thus monitor the status of the various groups
represented by command words in command-word memory 311. Certain status

20 changes can cause microprocessor 300 to send status messages to request processor
101 via data link 104, as will be described.

FIG. 4 is a block diagram of command-word processor 313, which
operates on command words in a pipeline fashion. A command word read from
command-word memory.311 via bus 402 is stored in register 400. A processed

25 command word is stored in register 410. Command words are written back into
command-word memory 311 from register 410 via bus 412 and multiplexer 312.
For explanatory purposes, registers 400 and 410 are shown divided into the several
fields and control flags making up a command word. As can be seen from FIG. 4,
certain fields, namely CHAN, B, R, HEAD, and TAIL, are not changed as a

30 command word passes through processor 313.

The CHAN field contains the number of the channel over which the data
packets for a particular data block are to be transmitted. Each packet transmitted
over distribution links 115 contains a channel number and 48 data or control bytes.
Thus, in the exemplary embodiment of the invention, a "channel" is a virtual channel

35 formed by a succession of packets having the same channel number. Channels can
also be defined in other ways, such as the different channels in a conventional cable
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server 100 and request processor 101 are |located on the prem ses of a
supplier of interactive television services, programlibrary 102 is at
-~ amot her |ocation and serves many such suppliers and distribution interfaces
114 are cabl e system headends | ocated on the prem ses of cable television
conpanies. Simlar systens can be configureg.in which prograns are
distributed to customers over telephone networks and distribution
interfaces 114 are .a riate interfaces in such networks, or in
-5-  which prob‘ﬁ%vﬂ'%‘ *35&“@?‘%’6’?.% W via microwave distribution systens.

The PA field contains the address of the next data packet to be sent for

the data block. In a new command word, such address is that of the first packet. The
T field contains a count of the number of packets still to be sent for the data block.

5 The C flag indicates that a packet is to be sent the next time the command word is
processed. The A field is an accumulator for timing the interval between packets in a
data block. The B field contains an incremental value by which the A field is
changed during each pass of the command word through processor 313, thus
controlling the spacing between successive packets in a data block. The V flag

10 indicates the validity status of the command word, that is, whether there are packets
still to be sent for the data block it represents. The P flag holds a data block in a
pause state during which no packets are sent. The R flag initiates a refresh of data
memory 111. The HEAD field contains the identity of the group for which the data
block is being sent. The TAIL field contains the identity of the next group of data

15 blocks. The D flag, which is present only in output register 410, is used for aborting
(removing) command words from command-word memory 311.

The processing of command words by processor 313 will now be
described. The action of processor 313 on a command word is controlled by the V
and P flags. One input of AND gate 430 is connected to the V flag in register 400

20 and the inverting input of AND gate 430 is connected to the P flag in register 400.
Thus, for an command word having V set (indicating more packets) and P cleared
(indicating that the associated data block is being sent), the output of gate 430 is
enabled. The contents of the A field and the output of multiplexer 431 are added
together in adder 432. When gate 430 is enabled, the output of multiplexer 431 is

25 the value of the B field; when gate 430 is not enabled, the output of multiplexer 431
is zero. Thus, for a command word for a data block being sent, processor 313
increments the A field by the value of the B field.

As will be seen, a "carry” signal from adder 432 on lead 433 initiates the
sending of a packet. When a command word is first written into FIFO 310 by

30 microprocessor 300, the value of the B field is chosen in accordance with the desired
nominal time interval between packets: the smaller the value of B, the longer the
time interval. In the exemplary embodiment, about 4000 48-byte packets per second
are needed for a 1.5 megabit/second audio/video channel, giving an interval between
packets of about 250 microseconds. For a 256 kilobit/second stereo audio channel,

35 about 667 packets/second are needed, giving an interval between packets of about
1.5 milliseconds.
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Request and response nessages can be received by request processor

nunmber of .different ways. For exanple, for cable systens equi pped to

tecei ve uplink nessages from customers,

such uplink nessages can be used

101 in a

for requests and responses and forwar ded directly fromthe cable headend to
t he request processor over an appropriate-guta |ink or network, such as
data link 103. For cable systens not having such capability and for
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register 410. Thus, the next time the command word in register 410 is read from
command-word memory 311, a signal will be sent to packet request FIFO 315 via
lead 436 to initiate transmission of the next packet for the data block, as described
above. After the last packet has been sent, the output of comparator 438 will be "0"
and further carries on lead 433 will not set the C flag in register 410.

Gate 440 keeps the V flag set in a command word until the output of
comparator 438 indicates that the last packet has been sent or the "abort" flag from
token memory 306 is set. The P flag is set only if the "standby" flag read from token
memory 306 is set. This is the case when at least one other valid command word
contains the identity of the current group in its TAIL field.

Exclusive-OR gate 441 monitors the state of the P flag and exclusive-
OR gate 442 monitors the state of the V flag. If the state of either flag in input
register 400 differs from the state of such flag in output register 410, the output of
the relevant exclusive OR gate is enabled and a signal is sent via OR gate 443 over
lead 326 to status FIFO 325, thereby writing the command word in output register
410 into status FIFO 325. Thus, status FIFO 325 will contain command words
reflecting changes in state of either the V flag or the P flag. As will be explained, a
command word can also be entered into FIFO 325 by a token memory 306 by means
of a signal on lead 419, which also connects to OR gate 443. OR gate 443 can be
arranged to have other inputs for triggering status indications, if desired. For
example, to provide an indication that almost all packets in a data block have been
sent, an additional comparator (not shown) having an output connected to OR gate
443 can be connected to compare the contents of the T field with a relatively low
number, say 10. Then a status indication will be triggered when only 10 packets
remain to be transmitted in a data block.
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by sending the appropriate control nmessages to a programlibrary 102 where
the novie is stored to transmt a data block for the novie to data menory
1F¥1 in a server 100 and to the server 100 to transmt the novie in a
specified channel over a distribution Iink 115. Alternatively, such
processing may invol ve the actual assenbly i¥- a program from vi deo and/ or
audio clips stored in program library 102, and such assenbl ed program may

be int tive in that s t.0 be e ter art of ram
ngyI Beeglgtcerm ned by resp or?getég?rr”& AU éﬂ% %@@?W%’HP W&?SQO”’ﬁK’%
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link 115. Sush 42%ends e"ﬁnﬂﬁiﬂasleaﬁignﬂqmld&ﬁ%dnmr? 306 $id19£&42fs drﬂ(eﬁ'fﬁgéﬁmf or

Slch as- at the el s SRR, Specties 8 T e b6 e ke reeas a0t er
used at the usetorspondingtedhe groupidentity ¢antainezkin' the HEIAE)/ﬁéIdQﬂd waith € thet O
the cable syst efdress, specified on write address bus 444, in token memory 306 corresponding to

the group identity contained in the TAIL field. As will be described, "standby” and

10 "abort” flags are read from a part of token memory 306 that was written during the
previous pass through the command words. _

The R flag causes a "refresh” operation in data memory 111. Since data
memory is a DRAM (dynamic random access memory) in the exemplary
embodiment, such a refresh must be performed periodically, so special "refresh”

15 command words for this purpose are stored in command-word memory 311. Such
special command words typically contain nothing but a set R flag. In the exemplary
embodiment, there are at least 16 such special command words in command-word
memory 311. If the data memory is a kind that does not need to be refreshed, then
the R flag and associated refresh circuits are not needed.

20 FIG. 5 is a block diagram of token memory 306. Such memory contains
three separate SRAMs 501, 502 and 503. In the exemplary embodiment, each
SRAM contains 211 token words; those in memory 501 each containing "status,"
“standby" and “abort" flags and those in memories 502 and 503 each containing
"standby" and "abort" flags. The addresses in each of SRAMs 501, 502 and 503

25 correspond to the identities of groups. SRAM 501 is a two-port device capable of
being written and read by microprocessor 300 via bus 330 and microprocessor bus
301 and read by command-word processor 313 via bus 329.

SRAMs 502 and 503 are writtent and read alternately during successive
passes through the command-word descriptors by command-word processor 313.

30 Two-state switch 510 controls such alternation. One state of switch 510 is indicated
symbolically by solid lines 512; the other by dashed lines 513. In the first state,
switch 510 connects output bus 514 and read address bus 443 to SRAM 502 and
input bus 515, write address bus 444 and write enable lead 425 to SRAM 503; in the
other state such connections are reversed.
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-6 -. Program |ibrary 102 can be a large capacity system of
any conveni ent type using devices such as nmagnetic discs, optical discs or
megnetic tape. One exanple of such a systemis the Ampex DST(tm 800 Series
Automated Cartridge Library avail able from Anmpex Corporation, Redwood City,
California. Such a system has a data capacil4y» of 6.4 terabytes on 256

25-gi gabyte cartridges. The video and stereo audi o portions of a novie can

k d d , t he
dath race for ? : E%”Eém@“ 310 5% ar‘#ﬁ% eant st B Souticr 2188w Bl 0O
nmovi e t hen requ ‘9‘1’5"8‘0%\ S‘M‘?‘Es"c 088 %Q’it{ﬂ“@%‘}fﬁe@m@l 5Ek Ysauspnds Edclhart uch
cartridge will tighal td fhe oheoff SRANES502 503, thalis b Be WAk h&laSid FQJ 3{¢ofRad @

capacity of appggx Hgﬁécedv\élyA' AR, &umrﬁxgr})dﬁ[nu%ds passes through the Compnand words,
5 SRAM 502 is read and SRAM 503 is cleared and written by command-word
processor 313 and during even-numbered passes SRAM 503 is read and SRAM 502
is cleared and written.
SRAM 501 is written by microprocessor 300 and serves to override
_ SRAMs 502 and 503 and to request the status of command words for a group by

10 means of the "status” flag. SRAM 501 is read by command-word processor 313
when either SRAM 502 or 503 is read and output bus 518 from SRAM 501 and
output bus 514 from either SRAM 502 or SRAM 503 are combined in OR gate 520.
Thus, microprocessor 300 can set the "status,” "standby" and "abort” flags for the
command words in a group directly.

15 When set, the "abort" flag aborts a group by clearing the V flag in each
command word relating to the group. An abort is used, for example, in a situation
where a group or sequence of groups for which a command word or words have been
stored in FIFO 310 or memory 311 need not be completed. Setting the "abort” flag
for the current group aborts all groups in the linked list formed by the entries in the

20 HEAD and TAIL fields of the command words for successive groups. Referring
back to FIG. 4, the "abort" flag is received on lead 421 from token memories 306 and
inhibits AND gates 439 and 440, thus clearing both the C flag and the V flag in the
outgoing command word. The received "abort" flag also sets the D flag in register
410, which causes the "abort” flag to be written back into token memory 306 at the

25 address of the next group via lead 422. Thus, in successive cycles through the
command words, the "abort" flag is propagated through all command words in the
linked list.

When the V flag in a command word is cleared in register 410, such
command word is not written back into memory 311. Multiplexer 312 is controlled

30 by the V flag via lead 445 so that when the V flag is set, the command word from bus
412 is written into the address in memory 311 specified by counter 314 and when the
V flag is cleared, a new command word from FIFO 310 is written into such address.
Thus, the command word with a cleared V flag is replaced with a new command
word. '

Sheet Has Been Replaced

R




anount of separate audio and video clips. O course, such a library could
easily be arranged to store an assortnent of conplete novies and audi o
$el ections and separate audi o and video cli ps. One of the
devel opnments that has made the invention feasible is the availability of

| arge RAMs for use in data menory 111 in sqgver 100. In an exenplary
enbodi nent, such nenory contains 232 words x 48 bytes per word

(approxi mately 206 giga over, full- th _novies. The

Lo st n
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times, the exerfommandskerdsExamplesiof ase ofthisfearuteawill beedeseribedi bejow.o serve far
more than 15? custorrerSth raikta@mtmégtm%?tn‘mhﬁf?&ﬁGSﬁﬁicH%gnmSClEg,t 3?;?2' ary
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si mul t aneousl y P Teg '{5@%’ ﬁatal%us ?21 and chanpelddentity v e

to control nesdmyd0f Muiuplexpréaﬂ nf.neime setpuestd tblsendida@rpatkets, each in the form of
10 an address in data memory 111 and a channel number, from data packet request
FIFO 315 via bus 317 and receives requests to send control packets, each in the form
of a control message and a channel number, from control packet request FIFO 316
via bus 318. Data packets have priority over control packets, so if FIFO 315
contains any data packets, as indicated by a signal on lead 601, such packets will be
15 sent before any control packets. The preéence of control packet requests in FIFO
316 is indicated by a signal on lead 602.
Control 603 is a state machine that responds to the signals on leads 601
and 602 and clock signals with appropriately sequenced signals on leads 604 and 605
to advance FIFOs 315 and 316, respectively, a signal on lead 621 to set multiplexer
20 606 to receive from either latch 607 or FIFO 316 and signals on leads 619 and 620 to
enable drivers 616 and 617, respectively. When a packet request is present in FIFO
315, as indicated by a signal on lead 601, control 603 responds with a signal on lead
604 to advance FIFO 315. The address field of the next packet request is then
clocked into latch 608, placing the address of the desired data on read address bus
25 122, and the channel identity field is clocked into latch 607. At the next clock,
multiplexer 606 is set to receive from latch 607 by an appropriate signal on lead 621
and the contents of latch 607 are transferred to latch 609. Meanwhile, the data for
the packet is read into latch 205 on the appropriate memory board 200 in data
memory 111. At the next clock, both driver 207 on such memory board and driver
30 616 in multiplexer 320 are enabled, thus simultaneously placing the data on data bus
121 via bus 125 and the channel identity on channel identity bus 120.
- FIG. 7 is a block diagram of a distribution board 112, which transmits
packets for selected channels over distribution link 115. Distribution board 112
contains latch 700, FIFO 701, communications interface 702, channel memory 703,
35 comparator 704 and write control 705. Channel memory 701 contains a flag for each
possible channel (21! in the exemplary embodiment). A set flag for a given channel
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library 102 transmts data bl ocks representing conpressed programdata to
data nenory 111 in the formof digital packets, each containing a 32-bit
‘'Wi-te address and 48 bytes of data in the exenplary enbodinment. In order to
handl e the data rate of 15 negabytes per second, the data |ink or network
bet ween program|library 102 and 106 can be 1g-.system such as the 155

nmegabi t/ second SONET OC-3 system As wi II be descri bed, data nenory 111

addr essed por ¢ 1DCBPs fiab SRA3AENYI 146 b HbSmiRt '%g?riﬂswsﬁi‘%hxf 5 Bsei ng”
read. Except f dlistebethonordd.write coor di nat ion, witing of data

When a channel identity and its associated data appear on channel
identity bus 120 and data bus 121, respectively, the channel identity on bus 710 is

5 used as the read address for channel memory 703. If the flag for the addressed
channel is set in channel memory 703, a signal on lead 711 writes the channel
identity and data currently on buses 120 and 121 into FIFO 701. The data is delayed
in latch 700 to allow time for channel memory 703 to be read.

If FIFO 701 contains packets to be transmitted, a signal on lead 720

10 causes communications interface 702 to advance FIFO 701 packet-by- packet by
means of signals on lead 721, and to transmit such packets over distribution link 115.
FIFO 701 acts as a buffer to absorb packets for transmission over distribution link
115 so that they can be transmitted at the rate appropriate for distribution link 115.
Distribution link 115 can be, for example, an optical fiber data link carrying packets

15 atarate of 155 megabits per second.

The channels to be transmitted by distribution board 112 are identified
by setting and clearing the flags for such channels in channel memory 703. This is
accomplished by write control 705 in response to special control messages on data
bus 121. Such control messages can be identified by a specific channel identity, for

20 example channel "0," that is recognized by comparator 704. Such a control message
will contain an address field identifying the distribution board 112 in which such a
flag is to be changed, the address of the flag to be changed and an indication of
whether the flag is to be set or cleared. When such a control message is received,
write control 705 is enabled by a signal from comparator 704 on lead 712. Upon

25 being enabled, write control 705 compares the board address in such address with a
preset address for the board supplied on bus 713 and, if such addresses match,
updates the addressed flag in channel memory 703 in accordance with such message.

In order to illustrate the operation of the program server of the
invention, a number of examples will now be described of various ways in which the

30 servercan be used. FIG. 8 is a flow chart showing the steps of an example in which

a cable television system subscriber requests a specific movie. Such request is
forwarded to request processor 101 (step 801), which then sends a first control
message to program library 102 (step 802) to transfer the data block for the movie to
a specific area in data memory 111 in server 100 (step 803). (As indicated by arrow
35 804, steps 802 and 803 can be skipped if such data block already resides in data
memory 111 as a result of an earlier request.) Request processor 101 then sends a
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- 7 - menory 111 is under control of request processor 101, which nanages
pl acenent of data bl ocks in data nenory 111 through its control nessages to
‘program library 102 via data link 105. Controller 110 contains
a mcroprocessor and various other elenents to be explained in the
description of FIG 3. Each distribution beprd 112 contains a FIFQ, a
channel nenory, a communications interface and other elenents to be

explained in the descripti f FIG I t f h ket
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exanple, 155 nec%aaght glccs)r?t%&r}gesggge or I%Eages n asser}/lgfy register 305 to set channel
memory 703 in the distribution board 112 associated with the specified distribution
10 link 115 and to initialize downstream equipment and inserting such control
message(s) in control-packet- request FIFO 316 for transmission (step 806); then
creating a command word in assembly register 305 to govern the transmission of the
data block for the movie and inserting such command word in FIFO 310 (step 807).
Regarding the control message sent by microprocessor 300 to channel
15 memory 703, the channel-identity portion in such message is the identity recognized
by comparator 704 in distribution boards 112, for example, "channel 0." The data
portion of such control message contains the address of the distribution board 112
associated with the specified distribution link 115 and information to be written into
channel memory 703 in such distribution board 112. Such information sets or clears
20 flags in channel memory 703 indicating the channel or channels to be transmitted
over such distribution link. In the first example, such information causes write
control 706 to set the flag corresponding to the channel specified for the movie.
_ Regarding the command word, such word is created with the channel
identity in the CHAN field, the address in data memory 111 of the first data packet of
25 the movie in the PA field, the total number of packets in the movie in the T field, a
cleared C flag, a cleared A field, a value in the B field relating to the timing of
packets for an audio/video signal, a set V flag, cleared P and R flags, a cleared TAIL
field and, in the HEAD field, a group identity for sending the data block. In this
case, the group consists of the single audio/video data block for the movie. Ifa
30 subsequent group, involving one or more data blocks, is to be sent after the movie is
completed, the identity of such subsequent group is entered in the TAILL field. As
will be described below, it is usually desirable to specify an identity for a subsequent
group, even if it is not known that such identity will be needed when the command
word is created. -
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Clock 113 generates various periodic timng signals for the el enents of
server 100. Only selected connections fromclock 113 are indicated in the
‘var.i ous figures, other connections not shown will be apparent to those
skilled in the art. FIG 2 is a block diagram of data nenory
111, one of its conponent nenory boards 20@gand associated circuitry. In
the exenpl ary enbodi nent, data nenory 111 contains up to 64 nenory boards
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10 the command word causes a carry in adder 432. Each packet request causes
multiplexer 320 to retrieve the addressed data packet from data memory 111 and
place such packet on data bus 121, together with the relevant channel identity on
channel-identity bus 120. The appropriate distribution board 112 then sends the
packet over its distribution link 115 (step 808). Packets continue to be sent in
15 accordance with the command word until the last packet is sent, whereupon the V
flag in the command word is cleared, thereby deleting the command word from
command-word memory 311 (step 809) and permitting the sending of any
subsequent group of data blocks identified in the TAIL field of the command word to
begin. The change in the V flag causes the deleted command word to be entered into
20 status FIFO 325 by exclusive-OR gate 442. On receiving the command word,
microprocessor 300 can initiate a status message to request processor 101, indicating
that sending of the movie has been completed (step 810).
During the movie, the subscriber may request actions such as "play,"
"pause,” "fast forward" and "fast reverse” by causing request messages for such
25 actions to be sent to request processor 101. FIG. 9 is a flow chart showing the steps
of an example in which a “pause” request is sent, followed by a "play" request. On
receipt of the "pause” request (step 901), processor 101 sends a control message to
server 100 (step 809) that causes microprocessor 300 to set the "standby” flag at the
address in token memory 501 corresponding to the identity of the group including
30 the data block for the movie (step 902). As a result, each time the command word is
processed, the P flag in the command word will be set and no further packets will be
sent. When a "play" request is received (step 904), a subsequent control message to
server 100 (step 905) causes server 100 to clear such "standby" flag (step 905),
whereby the sending of packets resumes.
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on. | ead 214. In the exenplary enbodi ment, FIFGs 212 and 213 each contain
2[err] words. The outputs of FIFOs 212 and 213 are connected to nenory

boards 200 via _ - 8- wite
bus 225. In each nenory board 200, latch 204 receives the wite address and
data fromwite bus 225, latch 205 hol ds dah':]l read from DRAM 201 and | atch
206 hol ds the read address. e eXﬁrrpljary gnbod:c mentl, ea(r:]h
menory board 200 has an gssigned 6-bit address The data bits fromlatc
204 ate connected o theFast forward] gl ifasg reverse” requests require the clearing of the PA

and T fields in the command word to shift the address in data memory 111 where
subsequent packets will be retrieved. This can be accomplished by creating a new
command word with new values for PA and T in accordance with the extent of the
S shift requested. It can be seen that an arbitrarily large "jump" forward or backward
can be made when an entire movie is stored in data memory 111 without the tape-
winding delay required for such a jump when using a conventional video cassette
machine. However, it is first necessary to determine the size of the jump.
FIG. 10 is a flow chart showing the steps involved in responding to a
10 "fast forward" request. Such requests can be implemented, for example, by storing a
scene list containing memory offsets in request processor 101, where each entry in
the list indicates the relative address of the beginning of a scene with respect to the
starting address of the movie. On receipt of a "fast-forward" request (step 1001),
processor 101 sends a control message to server 200 requesting the status of the
15 movie (step 1002). Microprocessor 300 sets the "status” flag in SRAM 501 in token
memory 306 at the address corresponding to the group identity for the movie data
block (step 1003), which causes the command word for such group to be entered into
status FIFO 325. On receiving such command word, microprocessor 300 sends a
status message to request processor 101 identifying the packet currently being sent
20 according to the PA or T fields in the command word (step 1004). Request processor
101 then refers to the scene list to determine the address of the next scene (step
1005) and sends a control message to server 100 to send a short (e.g. 0.5 sec) clip
from the movie starting at the beginning of the next scene (step 1006).
Microprocessor 300 sets the "abort” flag in SRAM 501 in token memory 306 to
25 delete the command word for the data block for the movie as presently being sent
(block 1007) and then creates a new command word to send the clip (step 1008).
Steps 1005, 1006 and 1008 are repeated as indicated by arrows 1009, 1010 and 1011,
thereby traversing the scene list, until a "play" request is received (step 1012),
whereupon processor 101 sends a control message to send the remainder of the
30 movie beginning at the last-sent scene (step 1013). Each control message sent in
steps 1006 and 1013 causes microprocessor 300 to create a new command word with
the appropriate entries in the PA and T fields to send the clips (step 1006) or the
remainder of the movie (step 1013) from the data block already resident in data
memory 111. The viewer sees the succession of clips. Of course, the clips can be
35 made any length necessary for comfortable scanning of the movie, and multiple "fast
forward" instructions using clips of different lengths can be implemented if desired
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DRAM 201 via bus 217 and the wite-address bits fromlatch 204 are
connected to control circuit 202 (26 bits) and board select circuit 203 (6
brts) via buses 218 and 219, respectively. Simlarly, the read-address bits
fromlatch 206 are connected to control circuit 202 (26 bits) and
board-select circuit 203 (6 bits) via buse®20220 and 221, respectively.
Board-select circuit 203 enables control circuit 202 via | ead 222 when the

addr ess for t neC bl Scnfthe Ypiosk, FG' B RGH" Tah BE DR meBie I  Fiitalo 1
read from nenormamies byitraversing theiscen@listim theeoppasite dicection.an be written into
the state of the | eat - Sianth e e dtoly dchptin s Mifnattnr S RERELED 0T,
gates 215 and X¥BQ gwéaam%'a! of ke serven) ¢anche handled forsimylianeonperoveslappedoe
obt ai ned. Thgs,indepRdanefanimissions6il Feéedag bloeR stordiEi dwmbRonPId. & being
read froman odd address, %vgat a word c only be witten intQ an even
address and vi cEP¥aELommand word is geneaﬁfﬁrgﬁy Wﬁg frapsmisgipn ontains all
periodical ly. Ghenhecissaey inféfinationhd eontrolalse datdmiaionodi cal |y f (2)r15t Qi S e
PhPOze: The et resh, % o exfiflel aBL Pl R ephRoR I O
a subscriber customer for a movie with a soundtrack in a particular language.
10  Assume that program library 102 includes a first set of files containing data blocks
for movies having both the audio and video portions compressed and encoded
together, with the audio portion being the soundtrack in the native language of the
film, thereby having lip movements synchronized with the soundtrack, and a second
set of files containing data blocks for soundtracks in other languages and a separate
15 video portion without sound. The data block used in the first example described
above is from the first set of files.
FIG. 11 is a flowchart of the steps involved in responding to a request
for the movie in the specified language. Upon receipt of the request (step 1101),
request processor 101 sends a control message to program library 102 to send two
20 data blocks (step 1102), one for the separate video portion, the other for the
soundtrack in the requested language, to data memory 111 in server 100 (step 1103).
In addition, request processor sends a control message to server 100 that causes the
necessary control messages to be sent to set the channel memory in the appropriate
distribution board 112 for two channels and to initialize equipment downstream to
25 receive both data blocks to generate the signal to the subscriber from the information
in the data blocks (step 1104). Microprocessor 300 then sets the "standby" flag in
SRAM 501 of token memory 306 at the address corresponding to a group identity
for the two data blocks (step 1105) and creates a separate command word for each
data block (step 1106). Such command words have the same group identity in at
30 least their HEAD fields, thus associating the two data blocks as a group. However,
since the packets in the audio data block will be fewer in number than the packets in
the video data block and the data blocks will be sent over distribution link 115 in
different channels and at different intervals, the values in the CHAN, PA, T and B
fields will differ in the two command words. The P flag is cleared in each command
35 word initially.
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FIG,3 is a block diagramof controller 110. M croprocessor 300 is

connect ed through m croprocessor bus 301 to conmunications interface 302,
nrcroprocessor nmenory 303, status register 304, assenbly register 305,

t oken nmenory 306 and control circuit 307. Communications interface 302
sends and receives control nessages from k@quest processor 101 (FIG 1) for
m cr oprocessor 300 by neans of a dedicated data |ink or a network such as

T f tin '
ot opr obessor 101 i o o e sattt Eirhand WG RBIER Fhlan RAA ineithey 311 and sy
307 generates \PAPGEsIRdl by epmmand-worskprocassort314, the facs tht dier'stantlby"Stagvor the FI G
3 and recei ves reledintSrody i9'5608h kéken %ﬂ@'&nﬁ'c% %éP(Mg;n%g:%r}%ctlmgs not

shown. ntrol nme request process at h

104 to contr ol I%9rd{9 Becams sef. Wghﬁimn(sr%@ngﬁ f prcketss dihg changedotheRflagr 110
to transmt §haludiagshefiscproossing deletion Fo0sch coOfimahd Wodd 64uses QitR-cohfhand

response 1o a GoRRQbe BRi2RAYSo status FIFO 325 by the action of exclusive-OR gate 441, thus
giving microprocessor 300 an indication that the command word is in command-
word memory 311 and is being processed (step 1107). When both command words
are in memory 31 1, microprocessor 300 clears the "standby” flag in token memory
10 306 (step 1108), thus permitting packets from both data blocks to be transmitted
under control of their respective command words (step 1109). It will be clear that
the sending of two or more data blocks can be coordinated and synchronized by this
technique. After the last packet in each data block is sent, causing the V- flag in the
associated command word to be cleared, the command word is deleted from
15 command word memory 310 and inserted in status FIFO 325 by the action of
exclusive-OR gate 442 (step 1110). Upon receipt of such command words from
status FIFO 325, microprocessor 300 can send status messages to request processor
101. '
In step 1109, both command words cause the packets from their
20 associated data blocks to be sent over the relevant channels at the appropriate
intervals. Because the group identity in the HEAD field is the same in both
command words, any "standby" or "abort" flag set in token memory 306 will affect
both command words. Also, the response to a request such as "fast-forward" will
require replacement of both command words and the "clips" described above will
25 need both audio and video components. Thus, the scene list will have entries for
both the audio and video packets at the beginning of a scene. Such packets can be
chosen so that the audio and video are in synchronism at the beginning of a scene.
It will be clear from the above description that an audio-visual work can
be transmitted from combined audio/video data blocks as in the first example or
30 separate audio and video data blocks as in the second example. In applications in
which it is desirable to always store the video in combination with audio and
transmit the combination on a single channel, such as movies in their "native"
language, then a request for movies in different languages can be handléd by
transmitting the combined version in one channel and the different- language
35 soundtrack in another channel and sending control messages to a convenient point
downstream, such as at the cable headend, to cause the different-language soundtrack
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-9- directing the transm ssion of a data bl ock, m croprocessor 300 creates

a command word for such transmission in assenbly regi ster 305. In the

exenpl ary enbodi ment, conmand words contain 108 bits. Command words are

described in nore detail bel ow in the explanation of FIG 4.

After creation, mcroprocessor 300 stores egch new command word in

command-word FI FO 310 by neans of a signal fromcontrol circuit 307. FIFO
nd .words in the ex Iar enbodi

Cormmng- vior o iSRS oaSRted K T et MBS DA Detle I OTR S BBAllG s en
during the cur _rpn&kemcbmhaniémn al so contain command words for data bl ocks
Lo e sent durt 09 SUoC bt P dobdie S HBHA, FURO R Yfon P, o
command- wor d mearsequesceloffaudio/Fdearlipsds tobeoseghoveriatdigstibutéon 130l 15awithi | | be
described. 5 gyccessive clips being selected by request processor 101 in accordance with
responses from the viewer to preceding clips, for example, as in a video teaching
system. Each such audio/video clip will be sent in the same manner as the movie
described in the first example, with the associated control messages and command
word necessary for such sending. However, the TAIL field in the command word for

10 each video clip will contain the group identity contained in the HEAD field of the
succeeding video clip. Thus, the "standby" flag at an address in token memory 306
will be set via lead 422 whenever a command word having such address in its TAIL
field is processed by command-word processor 313, and when a command word
having such address in its HEAD field is processed, the P flag in such command

15 word will be set, thereby preventing the sending of packets in the data block
associated with such command word until all command words having such address
in their TAIL fields are removed from command-word memory 311.

At the time of creating a command word, it is desirable to assign the
identity of the data-block group to follow so that such identity can be inserted in the

20 TAIL field of the command word being created. Such identity can than be saved, for
example, in microprocessor memory 303, in readiness for the creation of command
words for the next data- block group. Such technique can be conveniently used
whenever a string of clips is sent, as in the example just described or the "fast
forward" or "fast reverse” operations described earlier.

25 The audio/video clips in the last example can be made up of multiple
audio and/or video clips to be transmitted simultaneously over different channels as
part of the same group and combined at some point downstream from distribution
board 115. Some overlays in a group may have a longer time duration than others.
However, each overlay in such a group will have its own command word, and all the

30 command words for the overlays in a group will typically have the same group
identities in the HEAD and TAIL fields. Accordingly, when such command words
are processed in processor 313, the TAIL field of each command word will cause the
"standby" flag for the subsequent group to be set repeatedly in token memory 306
until the last packet of the longest overlay is sent.
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Command-word processor 313 is a pipeline processor that. reads command words
sequentially fromnenory 311, processes such command words and wites
processed comrand words back into nenory 311 through nultipl exer 312. Thus,
command words from nenory 311 are continually being circul ated through
processor 313. Command words are addressed 33- counter 314, which is

I ncrenment ed periodically by a signal fromclock 113. In the exenplary

nbodi t d r f50 mllion words, per
gecgnIclma'rll'husCOrcn(;]rig‘]ran\clllvovvo(ﬂ'r'f r OC & @ﬁé‘%ﬁ%ﬁ%“'@?\}@‘;‘g‘? tve tEleylsion sySieps|cap Qg or
to process commniemmtq%uangsmerhmgn Anothart application relating toomdvies 1sEIiaeatBlmyd| ng
f packets b f I

gepgr ate sta%/i zl@rs}iégﬁa#(ﬁggggesdsvenrgonﬁgs IH%?B’E%WSMSQ:&&%{S afgleshown
in FIG 5. Eacﬁbﬁag ¥¢rsions m&eswmcassm H. When éF‘eqlle%FngI‘ a| ating
to each groupS. abridged v&sionis Eda&vamcbré&as@rlez cads aiecaamlbélq Elﬂ"d&ﬁ{Fi‘étd by

Chird SrAM 501 Bane 8 or it ety d 11 Roatbrogragt B B HELESBBR 300 vi o
mi croprocessor messagsTorthe stenes meqmnﬁcesaufckcmes):mmmgmpm abrixiged @esmn 613,
?rs1d:Mc 1’3.![ eg et ﬂ:ts a %agtg sexz'ivg f; e?o f Serwtax]he rtgﬁav aag&?& %é}idéd Q’&q%qgéhe wgﬁyer
processor 313 prauestng ltr Qfsoytse; he complegrmpeie can bd gransmitted to other viewers at

10 the same time using additional command words for each such transmission.

It is expected that in 2 movie application as described above that data
memory 111 will act essentially as a cache memory and that the most popular
movies at any given time will probably be constantly stored in such memory during
periods of high activity. Thus, transmissions from program library 102 to server 100

15 will be relatively infrequent for the data blocks for such movies. However, it will be
clear that the operation of server 100 is completely flexible and that one-of-a-kind
and tailored transmissions can be handled as readily as transmissions of the same
material to multiple users.

Other possible applications that can be easily implemented by use of

20 server 100 and the principles of the invention are those of the kind described in
Application Serial No. 07/965,493 in which audio and/or video programs or program
segments are distributed to one or more subscribers, with the given program for a
particular cable subscriber being defined by the channels that are enabled for such
subscriber. :

25 Still other applications are possible in which the subscriber can interact
with the material being transmitted. For example, a subscriber can request a movie
in a particular language and switch to another language during the showing. The
initial request is implemented by means of tie steps shown in FIG. 11. A request to
change languages causes request processor 101 to obtain the status of the movie

30 from server 100, transmit a data block comprising at least the remainder of the
soundtrack of the movie in the new language to data memory 111 in server 100 and
then cause microbrocessor 300 to create a new command word for the new
soundtrack data block and abort the soundtrack for the old soundtrack data block. A -
similar application could be implemented regarding multiple versions of the same

35 movie with different ratings in which the viewer may wish to switch back and forth

between ratings depending on the audience. In such an application, certain scenes
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packet request FIFO 315 via bus 437. Such request contains the address in
menory 111 of such packet (32 bits) and the identity of the channel over
whi ch such packet is to be transmtted (12 bits). Q her control
messages from request processor 101 can direct mcroprocessor 300 to send
further control messages over distribution.bjoks 115. There may al so be
situations in which mcroprocessor 300 initiates control nessages.

-10- Mcroproc BOR h_con nessages in assenbl
¢ egi st er 302 an gﬁi?fﬁg iACR B In ohe VRSO AL Ba skipped iff another version, but

without any time lapse being apparent at the point of the skipped scene.
The invention has been shown and described with reference to particular
embodiments. However, it will be understood by those skilled in the art that various

5 changes may be made therein without departing from the spirit and scope of the
invention.

What is claimed is:
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stores assenbl ed control nessages in control packet request FIFO 316 by

means o ' fromcontrol circuit 307. Mul ti pl exer
320 coo“mmmlm“mmmml ng of data packets and control packets over the

vari ous ¢hafnets.® It géneral, if data packet requests are present in FIFO
315, multipl exer 320 causes the data for eagh packet to be read fromdata
menory 111 onto data bus 121 by pl acing the appropriate packet address on

read address bugl 122 and the channel identity for each packet on channel
identity bus 12 8 cont r ol packet requests are present in FlIFO 316,

nul ti pl exer 320 pl aces nMsmmmm)mm@m&aﬁ@eau@bbl&ksmbafmIZB and
again places th dent.i annel .ident.it us xer
320 will be des@?ﬁ’gy&q%)h‘o ‘88#8%““&%“8’%3 éfﬂg?gﬁﬁ"%](ﬁé gvgl e
VWhen certain chatregagolesttime interyalsormand wor d dur| ng processing in

conmmand- wor d spr ocessor bﬁffﬁiﬂﬂ% command word is stored in.status

FI FO 325 by r?eans of a si gnR‘{\ on [ea e§¥6 M croprocessor 300 senses the
presence of command wor @sommandryprd reemery (3 bhifonstoring & cdmmasd wordfotsatthem
Into status regsaﬁd@amswkwae&aﬂ%aéhsaﬁmmid&m@meﬁt BnBePore bus

kG
atatus of the viPRERSon s ok chiabhe sidemiasud m&%ﬁ‘emqar‘f el RARKL ot d
menory 311. Cerpartion of sdididata block to be sent (PA) and an indication of the time until said
10 next portion is to be sent (A);
first processing means (300) for receiving requests to send data blocks
and for storing said command words in said command memory in response to said

requests;

second processing means (313) for periodically processing the command
15 wordsin said command-word memory, said second processing means including
means (431,432) for updating said time indication and means (437) for causing the
portion of said data block specified by said address to be sent in said channel over
said distribution system when said time indication reaches a threshold value.

_ 2. The server of claim 1
20 FURTHER CHARACTERIZED IN THAT
each said command word includes an indication of the number of
portions of its associated data block still to be sent (T) and said second processing
means further includes:
means (434) for modifying said number indication when each said
25 portion is sent and
means (438, 440 in 313; 445, 312 in 110) for causing a new command
word to be substituted from said first processing means for an old command word
processed by said second processing means when said number indication indicates
that all portions of the data block associated with said old command word have been
30 sent.

3. The server of claim 1
FURTHER CHARACTERIZED IN THAT
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changes--can cause’ ‘m"¢roprocessor 300 to send status nmessages to request

proce link 104, as will be descri bed. FIG 4
s a ﬁﬁ‘ﬁ“@u ‘ﬁ (“3‘ command-word processor 313, which operates on comand
wor ds I'ee #ashion. A command word read from conmmand-word nenory
311 via bus 402 is stored in register 400..% processed command word is

stored in register 410. Command words are written back into command-word
menory 311 fromregister ia bus, 412 |ti Iexe 312

expl anatory purposes, r&8f ?ﬁ%‘”ﬁ@ﬁ“‘&’f’&“ﬁ% nﬁ‘ ?‘Qe@ﬂ-!r:‘bfoé)o t he
several fields grdifgingtarfirkt grogmef mmlommomﬂaahkwkamdrhwhm.ass%mammdwblselen
fromFI G 4, ce . . | L., ot
changed as a coﬁn%'lrgﬁré Lg&égﬂgé%egggﬁw y cﬁ?iggeassgg&%gﬁgf&é&m&@%a h
CHAN fiel d cont blopks andet irastene @fnmami @) D) erd saidhsesverifusherdnclugesc ket s
for a particyar data blgglndibedn thiRn'mARSES|(SOS S5 J06) 26k Gbrifd ARe ¢ od

over distribution Ilnks 115 contal ns a nunber an
control bytes. WAUHS at pddresses eoresspending &mhidﬁ%tmwdwbﬁ@dmkremrshnclwng
“channel " is a ailedseahe fokemigg; formed by a succession of packets having the

s el B g ol it 1 o1 Ve, s 3
during odd passes through said command words, clearing said first token
10 memory and, for each command word, reading a token word from the address in said
second token memory corresponding to said first ideritity and, responsive to said
command flags, storing a token word at the address in said first token memory
corresponding to said second identity and |
during even passes through said command words, clearing said second
15 token memory and, for each command word, reading a token word from the address
in said first token memory corresponding to said first identity and, responsive to said
command flags, storing a token word at the address in said second token memory
corresponding to said second identity;
the states of said token flags in a token word stored for a command word
20 corresponding to the states of command flags in said control word.

4. The server of claim 5
FURTHER CHARACTERIZED BY
a third token memory (501 in 306) for storing token words at addresses
corresponding to said identities;
25 means (330) for writing token words into said third token memory from
said first processing means and
means (514, 520) operable during the reading of a token word from an
address in either said first token memory or said second token memory for reading
the token word from the same address in said third token memory and creating a
30 combined token word from the token words read.

5. The server of claim 5
FURTHER CHARACTERIZED BY
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eI evi sion diStribution system The PA field contains the
address packet to be sent for the data block. In a new
cormand MH ﬂu;m mﬁ ss is that of the first packet. The T field

cont ai ns*a eoun @ nunber of packets still to be sent for the data
bl ock. The C flag indicates that a packet ‘igyto be sent the next tinme the
command word is processed. The A field is an accunulator for timng the

i nterval between packets in a data block. The B field contains an

i ncremental val uepby whiTaeans k441a442.443 in 313; 304, 325 in 110) responsive to said

command flags and/or said token flags, for sending a command word to said first
processing means.

6. The server of claim 1
5 FURTHER CHARACTERIZED IN THAT
said first processing means also receives requests to send control
messages over identified channels and said server further includes:
first buffer means (315 in 110) connected to said second processing
means for storing the addresses of said data-block portions to be sent and the channel
10 identities for said portions; _
second buffer means (316 in 110) connected to said first processing
means for storing control messages to be sent and the channel identities for said
control messages; and
multiplexing means (320) connected to said first and second buffer
15 means for retrieving said addresses and associated channel identities in sequence
from said first buffer means and, for each said address, reading said portion from
said address in said data memory and sending said retrieved portion in said identified
channel over said distribution system and, when said first buffer means is empty,
retrieving each said control message and associated channel identity in sequence
20 from said second buffer means and sending said control message in said identified
channel.

7. The server of claim 1 or claim 9
FURTHER CHARACTERIZED IN THAT
each retrieved data-block portion and its associated channel identity and
25 each control message and its associated channel identity are sent over said
distribution system as digital packets and said server further includes:

a channel memory (703 in 112) associated with each distribution link in
said distribution system for indicating particular channels to be sent over said
distribution link and

30 means (700, 701, 711 in 112) for sending a digital packet over said
distribution link when the channel identity in said digital packet corresponds to a
channel indicated in said channel memory.

8. The server of claim 7
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changed during each pass of the command word through processor 313, thus
control |1 ng The spacing-between successive packets in a data bl ock. The V
flag ind| y status of the command word, that is, whether
t here are ', @wnm be sent for the data block it represents. The P
flag hol ds+a da a pause state dupgng which no packets are sent.
The R fl ag |n|t|ates a refresh of data nenory 111. The HEAD field contains
the identity of the grou for vvhich t he dat a bI ock is being sent. The TAIL
field contains the ident FURTHER GHARACTERELH 'ﬁ bl ocks. The D fl ag,

which is present only i nccﬁiﬂx‘oll’ﬂiess’a@@d zﬁ-&@ént‘b%@r at'léast@r%eﬁ(ﬁateﬂh‘hhﬁndﬁ,g:ertam
(renoving) comand ds from c&r%%nd wor d

processi ng of ¢ c?ﬁ’ﬁgﬂ FRIREFS SBYCt Buels o l??ﬁ?“?/\?‘? ?a‘:ﬁ«lﬁ‘oa%‘é“‘i?ééwﬁ aéxgamd-lsﬁgver

action of procedanterdadudes:a command word is controlled by the V and P

flags. One input of AND % ; I 400

and the |nver$| ng i nput 181?51%\@ 0§,lﬁggﬂ%gp?gﬁlkgcé&gd%/%ﬁgowIﬁ&b@%ﬂm

regi ster 400. Tkstm‘;ng‘lnrsaldrchamdrmwmomﬂv xdmdmgoiﬁhg@hax(neisom@&tsmg»mwbce

packets) and P c}iga tl"ﬂp% @&ét@@uﬁ%%hgtéhﬁn&?% ed data bl ock is being
gate

sent), the output o IS ena . The contents of the A field and
the output of nultiplexer 431 are added together in adder 432. \Wen gate
430 i s enabl ed, the out putrhekerver éfigdaipx®er 431 is the value of the B field;

when gate 430 i s not enaﬂﬁ%é&&ﬂxﬂ%ﬁmw pl exer 431
10 : means (701, 702 in 112) for buffering packets to be sent over said
distribution link and sending such data items over said distribution link at the
appropriate transmission speed for said distribution link.

10. The server of claim 1
FURTHER CHARACTERIZED IN THAT
15 said data memory is divided into at least two segments and said server
further includes:
means (210, 211, 212, 213, 225, 204, 217 in 111) for writing said data
blocks from an external source into said segments of data memory; and
mears (215, 216 in 111) for inhibiting writing data blocks into a
20 segment of data memory when data blocks are being read from said segment.

11. A method of sending portions of one or more data blocks from a data
memory in specified channels over a distribution system at controlled time intervals
CHARACTERIZED BY
creating and storing a command word for each said data block to be
25 sent, each command word including at least the identity of the channel for said data
block, the address in said data memory of the next portion of said data block to be
sent and a time indication;
periodically processing each stored command word, including the steps
of: :
30 updating the time indication;
when said time indication reaches a threshold value, retrieving the
portion of said data block from the address in said data memory specified in said
command word and updating said address; and
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i's zero. for a connand word for a data bl ock bei ng sent, processor
313* mcremeHiﬂl ,w,m,gu IlH"Py the value of the B field. As will
-be seen om adder 432 on lead 433 initiates the sending
of a packet. V\hen a commnd word is first witten into FIFO 310 by

m croprocessor 300, the value of the B fiel®.is chosen in accordance with
the desired nomnal tinme interval between packets: the snmaller the val ue of
B, the longer the tine intgrval, Int e exenpl ar. aboyt, 4000
48-byte packets per secSHMing sid,piricys PBF“%”RS?}#@@%F‘SF@’GSWCA% o/ vi deo
channel , gi vi ngdistibutidresystedm.bet ween packets of about 250 microseconds. For
a 256 kil obit/second stereo audi o channel, about 667 packets/second are

needed, giving an interval between packets of about 1.5 mlliseconds.
12. The method of claim 11
CHARACTERIZED IN THAT
5 each said command word further includes an indication of the number of
portions of its associated data block still to be sent and said processing step further
includes:

modifying said number indication when each said portion is sent and
substituting a new command word for an old command word when the
10 number indication in said old command word indicates that all portions of the data
block associated with said old command word have been sent.

13. The method of claim 11
FURTHER CHARACTERIZED IN THAT
each command word includes a first identity specifying a first group of
15 one or more data blocks to which its associated data block belongs, a second identity
specifying a second group of one or more data blocks and at least one command ﬂag
and said method further includes the steps of:
during odd passes through said command words, clearing a first token
memory and, for éach command word, reading a token word from the addressina
20 second token memory corresponding to said first identity and, responsive to said
command flags, storing a token word at the address in said first token memory
corresponding to said second identity and
during even passes through said command words, clearing said second
token memory and, for each command word, reading a token word from the address
25 in said first token memory comresponding to said first identity and, responsive to said
command flags, storing a token word at the address in said second token memory
corresponding to said second identity;
the states of said token flags in a token word stored for a command word
corresponding to the states of command flags in said command word.

30 . 14. The method of claim 13
FURTHER CHARACTERIZED BY
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- 12 - When a command word is recei ved er 400 Wwth
the € flag set, subtractor 434 decrenents the contenl”ﬂzm@ﬂ’/ﬂw
adder 435 increnents the contents of the PA field an

packet -request FIFO 315 via lead 436 in bus 437. Such signal cau%es* the
contents of the CHAN and PA fields to be |e80ed into FIFO 315, thus
initiating the subsequent transmttal of the data packet |ocated at the

fied P |
" thore are more. packet Loil okO woRRARE'wirf Eih plefftr) & dldelises comespopging
val ue greater tH@andidddentitias;apd T fiel d, the out put of conparator 438 will

be enabl ed. Accordingly, dt&fxfg\kh@&fidﬁxlgf%if t n ﬁom%aadégsqmei tR&S; ry
306 i s not set, t‘gate 439 wi I, be e

and
adder 432, wil| ‘PRFIIREmMOny Or spid s%qn ﬂl?ﬁ!&}efy,fqﬁél%ék% %thewom
word in regi s§ eraddress msardahﬂdfmk&mmfyﬁﬂdwﬁng‘_ﬁmu@&lokeﬁ word fim el |
sent to packet r@&ﬂe\%{dﬂﬁ 315 via lead 436 to initiate transm ssi on of
t he next packet ata bl ock, as described

15. The method of claim 11
FURTHER CHARACTERIZED IN THAT ,
control messages are sent in addition to said portions of data blocks and
10  said method further includes the steps of:

storing the addresses of portions of data blocks to be sent, together with
channel identities for such portions, in a first buffer; _ |

storing said control messages, together with the channel identities for
such control messages, in a second buffer;

15 retrieving said addresses and associated channel identities from said first
buffer and, for each said address, retrieving said data block portion from said data
memory and sending said retrieved portion in said identified channel over said
distribution system; and

when said first buffer is empty, retrieving said control messages and

20 associated channel identities from said second buffer and sending said control

message in said identified channel over said distribution system.

16. The method of claim 11 or claim 15
FURTHER CHARACTERIZED BY
sending each retrieved data block portion and its associated channel
25 identity and/or each control message and its associated channel identity over
distribution links in said distribution system as digital packets;
indicating particular channels to be sent over a distribution link in a
channel memory associated with said distribution link; and
sending a digital packet over a distribution link when the channel
30 identity in said digital packet corresponds to a channel indicated in said channel
memory associated with said distribution link.

17. The method of claim 11
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above After the | ast packet has been sent, the out put of compar-at.or._438

will be "0" and further carries on |lead 433 will not Cflagln'"
regi ster 410. Gate 440 keeps the V flag Word
until the out put of conparator 438 indicates that the Fa lbeen

sent or the "abort™ flag fromtoken nmenory-306 is set. The P flag | s* set
only if the "standby" flag read fromtoken nenory 306 is set. This is the

case when at |east one OFURTMCHM?EI&ZEE@NM?' ns the identity of
the current group inits TAIL fie EchusweO?igate 441

monitors the state of th@@?‘?&ﬁ’%‘%@é&dﬁéiﬂﬁﬁﬁt’@éttjﬂt’éem@ saif} methed
state of the V ffiaker ihdluddze state of either flag in input register 400

differs fromthe state of ch .fl L n.out pu r 410, the out

the rel evant excl usive d5“§-§$ @mﬁigg%r%?ﬁkégmﬁh %&F‘@#ﬁﬂ“’qeén@esﬂ’cd S@g'é'e&séoéate
443 over | eadS 3Z8tatroermonytand FI FO 325, thereby witing the command. word in

out put register 410 int

contai n command words ret Wﬁﬁgﬂ%ﬁ?lm@iﬁ%ﬁgﬁé@ th‘g"?ﬁi‘é"ftf/“ﬁt"&é‘a@r

the P flag. As \iQckspee m«h&amw ¢sagmentl word can al so be entered into

FI FO 325 by a token rrermry 306 by means of a signal on |ead 419, which al so

connects to OR gate 443 e 443 an be arranged to have other inputs
for triggering status i 1 éé’?"r‘é Ong e MOFRequestaddata blogksfremiage an

i ndi cation that seragedibrarylat pmtkﬂled rates t ¢ietor nidre Qkerb aver spécified channels in a

10 distribution system

CHARACTERIZED BY

upon receipt of a request for a data block:

retrieving said data block from said storage library and storing said data
block in a random-access memory;

15 creating and storing a command word for each such request, each said
command word containing at least the identity of the channel for said data block, the
address in said data memory of the next portion to be sent and a time indication;

periodically processing each stored command word, including the steps
of:

20 updating the time indication;

when said time indication reaches a threshold value, retrieving the
portion of said data block from the address in said random-access memory specified
in said command word and updating said address; and
sending said retrieved portion in said identified channel over said
25 distribution system.

19. The method of claim 18
FURTHER CHARACTERIZED IN THAT
said data blocks represent programs such as audio or audio-visual works
and said method is adapted to receive "pause” and "play” requests and further
30 includes the steps of:
on receipt of a "pause” request for a program, asserting a pause flag in
the command word for said program;
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sent, an additional conparator (not shown) having an out put connected to OR
gate* 443 can be connected to conpare the contents of tn

relatively | ow number, say 10. Then a status indicatio T"I" ”mmmﬂmkd
when only 10 packets remain to be transmtted in a dat a bl dck: *

- 13- Dur i ng the proce55| ng of32each command word, processor
313 retrieves the "status," "standby" and "abort" fl ags fromtoken menory

306 via | eads 419, 420 and 42 " t p . . t vi a
Ceads 422 and 423 i n accORdeE %pé%'?g Bl relqdst £6 APHEPMm, A0gheindfd paudd B3
and wherein said processing step further comprises:
when said pause flag is asserted, inhibiting the sending of data-block
portions for said program.

5 20. The method of claim 19
FURTHER CHARACTERIZED IN THAT
said method is adapted for sending sequences of programs;
each command word further includes a first identity for the program
associated with said command word and a second identity for the next program to be
10 sent;
said method further includes the step of assigning a token flag to each
possible identity; and |
said processing step further includes the steps of:
asserting the token flag assigned to the second identity in the command
15 word being processed; and
if the token flag assigned to said first identity in said command word
was asserted during the previous periodic processing of said command words,
asserting the pause flag in said command word to place the program associated with
said command word in the pause state;
20 whereby all programs in said sequence except the first are maintained in
the pause state.

21. The method of claim 20
FURTHER CHARACTERIZED IN THAT
said method is adapted to receive "fast forward" requests;
25 each said command word also contains a quantity representing an
amount of the program to be played; and -
said method includes the further steps of:
storing a list of subprogram addresses, each said subprogram address
identifying the start of a subprogram within the current program;
30 on receipt of a "fast forward" request for said current program:
retrieving the present address for said current program from its
command word;
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with the state of the V flag and the D flag, respectlvel If either fIa
is set, OR gate 424 sends a "wite enable" signal to tokiamﬁﬂu nmm,m
l-ead 425. Token flags are retrieved fromthe address,

address bus 446, in token nenory 306 corresponding to the group i dent’i ty
contained in the HEAD field and witten to-BBe address, specified on wite
address bus 444, in token nenory 306 corresponding to the group identity

{lage re road from a Léﬁt@w'ﬁtﬁél“éénéunﬁ%&%%‘w g i bR AR B Rl ¢ e

preV| ous pass tﬂlsbugh t he command words The R flag causes a
"refresh" operation in dgbgi I'Yori 4 orﬁoﬁ%n ext
(dynam ¢ random access nenoy E; Int exenp ng%%ﬁ( l§suc a refresh

nust be perfor néH Rf@gﬁaﬁﬂlbe&ﬂwfg %@ewé@ﬁﬁstomﬂégt%sub@m@smm for this

purpose are s§orcemhmandorsrddadings is st identiiithe scPofl idenff) RdmIREEGAHaNP! dS
typically contai a set Rflag. In the exenplary enbodi nent,

but
there are at Ieéatragénbﬁgwgﬁ@&?%? Meomand words in command- wor d menory
311. If the data menory deletingdhe dothinahd soed foratie curret progtam;r ef r eshed, then

51 a bl ock di agram of FBrinEsa sy Gidatiag afd HBhn mg S tommmg yagor T ©
separate SRAMs $58ch subppogsam imsequende, each saidanem commandrword-having asdisiirst
10 identity the second identity for the previous command word; and
upon receipt of a "play” request for said current program;
creating and storing a new command word to play the remainder of said
current program, beginning at the address stored in said list for the next subprogram,
said new command word having as its first identity the second identity for the
15 previous command word.

22. The method of claim 20
FURTHER CHARACTERIZED IN THAT
said method is adapted to receive "fast reverse" requests;
each said command word also contains a quantity representing the
20 amount of a program to be played; and
said method further comprises the steps of:
storing a list of subprogram addresses, each said subprogram address
identifying the start of a subprogram within the current program;
on receipt of a "fast reverse” request for said current program:
25 retrieving the present address for said current program from its
command word; .
determining the address of the subprogram preceding said present
address from said list;
creating and storing a new command word to play a portion of said
30 preceding subprogram, beginning at the address stored for said subprogram in said
list, said new command word having as its first identity the second identity from the
command word for the current program; _
deleting the command word for the current program;
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SRAM cont ai ns 211 token words; those in menory 501 each cont ai ni ng

"status," "standby" and "abort" flags and those in nenor

each containing "standby" and "abort" flags. The addressmmﬁmmﬁmwwgm%
501, 502 and 503 correspond to the identities of groups. SRAM 501 % ssa *
two-port device capable of being witten andggead by m croprocessor 300 via
bus 330 and m'croprocessor bus 301 and read by command-word processor 313

via bus 329. 5 and 503 are itten and read,al t(ﬂ:nately
during successive passes rFPﬁ“SB%ﬁ“ P OE Grrating st HOTRSE eV commag( word for
comand- wor d pr oeschsabpditam feversa sequende] edrh3did neendonmhandswod havingrasdsi on.

other by dashed Fishidehtlshe sROnH e 6T HE drfoudolimBRl WO WIES 2101 LT
bus 514 and read address upas receiptioba Splay! fqeest for saidpurrehlprog®s); write
address bus 441 and wri { cepablia bERtls 428w nal VKo biky RErcRidier 5f 88

such connections are reversed.” . )
current program, beginning at the address of the preceding subprogram, said new

command word having as its first identity the second identity for the previous
command word.

23. The method of claim 20
10 FURTHER CHARACTERIZED IN THAT
said program is an audio/visual work comprising one or more audio and
one or more video tracks to be played simultaneously, each said command word also
contains an incremental value relating to the time desired between the sending of
successive portions of its associated data block and said creating and storing step
15 further includes the steps of: |
creating and storing a command word for each audio track and each
video track, the first and second identities being the same in all said command
words, said channel identities and said addresses in data memory being different in
each said command word and said incremental values in said command words being
20 selected appropriately for each respective track.

24, The method of claim 23

FURTHER CHARACTERIZED IN THAT

said method is adapted to show motion pictures in different languages in
accordance with received requests and said retrieving and storing step further

25 includes the steps of: '

upon receipt of a request for a motion picture in a specified language,
retrieving and storing at least one data block for the video track of said motion
picture and at least one data block for the audio track of said motion picture in said
specified language.

30 : 25. The method of claim 23
FURTHER CHARACTERIZED IN THAT
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- 14 - Switch 510 is toggled by a "carry" 2’ unt er
314 over lead 332 to control 511. Wen such toggle acti myg’g‘%ﬁ ﬂr]"])
511 al so sends a "clear" signal to the one of SRAMs 502 of 503:t .
be witten next via |lead 516 or | ead 518, respectively. Thus, during

odd- nunber ed passes through the command wordg,. SRAM 502 is read and SRAM
503 is cleared and witten by command-word processor 313 and during .
even- nunber ed passes SRAM 503 is read and SRAM 502 is cleared and witten.
SRAM 501 is witten by nsafHethdds adapteshio shaw metjopanicturss ity subtilesdpavs 502

and 503 and to rdffernt lahBeages i 4¢8ofdbnceONTRRdeid Bid §aid retridvim'indNoriRAdisp Of
the "status" fl gsr IS, re by command-word processor 313 when

1 SRA ]
ei t her SRAM 502 Fth%rdgc-u & §BHE out put bus 518 from SRAM 501 and out put
bus 514 from either SRAMip@iPreceipSht/i\efiidt fora matiun pietdre witkbutgiales irb20.

5 specified language, retrieving and storing at least one data block for the video track
of said motion picture, at least one data block for the audio track of said motion
picture and at least one data block for the subtitles in the requested language.

26. The method of claim 23
FURTHER CHARACTERIZED IN THAT
10 said method is adapted to show abridged versions of programs and
further includes the step of:
creating a list of scene addresses for the scenes in each abridged
program, each scene address identifying the start of a scene in said program;
said retrieving and storing Step further includes the steps of:

15 upon receipt of a request for said abridged program, retrieving the data
block for said program from said storage library and storing said data block in said
random-access memory; and

said creating and storing step includes the steps of:
sequentially creating and storing command words for each scene in said
20 list of scene addresses.

27. The method of claim 18
FURTHER CHARACTERIZED IN THAT
said method is adapted to change programs in accordance with a
received request and further includes the steps of:
25 : upon receipt of a request to change programs from a first version
currently being sent to a second version: '
retrieving the present address for said first version from the command
word for the data block for said first version;
retrieving from said program library and storing in said data memory at
30 least the portion of the data block for the second version corresponding to the
remainder of the program;
creating and storing a new command word for the remainder of said
second version and
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Thus, microprocessor 300 can set the "status," "standby" f toeefl 20S
for the command words in a group directly. \%mlslmi"ﬂdwumr
"abort" flag aborts a group by clearing the V flag in each comman

relating to the group. An abort is used, for exanple, in a situation where
a group or sequence of groups for which a e86rand word or words have been
stored in FIFO 310 or nenory 311 need not be conpleted. Setting the "abort"
flag for the current gro I J 4t j d list forned by
the entries in the HEAD gﬁaé‘%@%%%)ﬁlﬁ.aggx@#ﬁ’?%ﬂesgl&%&;a\hééﬂ%r ds for successive
groups. Referring back to FIG 4, the "abort" flag is received on | ead 421

from token nmenories 306 sgneyb RidkY cbifp gat es 439 and 440, thus clearing
both the C flag and the ﬂ?‘g indi[ﬁe outggi nB [of0) d word. The received
Riﬁh%&ﬂwga‘ﬁ NG

"abort" flag al so sets t KW & ich causes the "abort™
flag to be witten back kil @rdt¥kRibnTeaRMdtiodPcrive sbineitrndk irea firslanigbsgenendt
group via leadq 422, Thu i.n_successiyve cycl thro C rds,
Phe Pabor t+ °f Pagaisefpiberibnds BF Saak K6t iR Mo iyt R o BEOR e iid
list. When the V flag in a command word is cleared in register

410, such command word i mﬂg"}%“;@%ﬁ@% into menory 311. Ml tiplexer 312

is controlled by the V fTag Vvia so that when the V flag is set,
t he command word from bu THER CHARACTERIZED IN THAT

said first version is a motion picture having a first rating and said second
version is said motion picture having a second rating.

LT
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412 is witten into the address in menory 311 specified by counter 314 and
whenthe V flag is cleared, a new command word from FIFO 310 is witten
into such address. Thus, the command word with a cleared V flag is repl aced

wi th a new conmand word. -
15 - When the "status" flag is set in a token word read from

SRAM 501, a signal proceeds via |ead 419,-33R gate 443 (FIG 4) and |ead 326
to status FIFO 325, thereby storing the current conmand word in such FIFQ

By setting t heAl")s'ﬁ_gcttus" flag
PROGRAM SERVER FOR INTERACTIVE TELEVISION SYSTEM
The invention relates to a system for transmitting stored programs, such
as movies and musical works, to customers via a distribution network (112, 115,114,
5 116), such as a cable television system. The programs are stored in compressed
form in a program library (102), such as a tape cartridge library. On receipt of a
request (on 103) for a program, a request processor (101) sends control messages
causing a data block comprising the requested program to be read from the program
library (102) at high speed and stored in a large dynamic random access memory
10 (DRAM) (111) in a server (100). The server then sends the program from DRAM
over the distribution system (112,115,114,116) to a customer as a series of digital
packets. Each instance of sending a program is managed by a separate command
word. The customer can request such operations as "fast forward" by sending
control messages that change pointers in the command word. Command words can
15 be grouped to send multiple audio and/or video overlays simultaneously and linked
to send program sequences. The request processor (101), server (100), program
library (102) and interfaces to distribution networks can be at different locations.

This Sheet Has Been ReIpIac




i

for a particul ar data-bl ock group, m croprocessor 300 canTﬁigg

all “eommand words for that group and determ ne the status 0O

such command words. Exanples of use of this feature will be

bel ow. ' FIG 6 is a block diagramof nultiplexer

control s the placenent of data packets al?g control packets onto data bus
121 and channel identity bus 120. Miltip Qer 320 receives requests to send
dat a packets, each int xm_af..a,n_add.z.ejs j ta nenory. and a
channel nunber, from datla [{F( % | ge—hus_3 1 Lecei ves
requests to send control, gaclet s tihe Br p of §a cdnt rE yMeSsage and
a channel nunber, from qo¥gr ugst Fd ' 18. Dat a
packets have priority oaer_conLLoL kel..sj JO—H-ELEO..BJ.E..COJ:LLji ns any

data packets, as indicated by a signal on | ead 601, such packets will be

sent before any control packet 5= Lesence of cont+ol—packet requests in
FIFO 316 is indicated by a signalzaqn | ¢ad 602. S [Lontrol 603 is a
state machine that responds to |thg &ighals on | eads |66 @nd| 602 and cl ock
signal's with appropriatel y3¥ Ba€ s{gnats omrteads BE apd~GH5 to
advance FIFGs 315 and 316, resgedhki=el y, a signal on B& 6P1 to set
mul ti pl exer 606 to receive from é&Pther|latch 607 or |FI&FO 31p and signals on
| eads 619 and 620 to enable dri 5 _and 17, reévrcri“yvs' y. Wen a
packet request is present in FIF — o
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315, as indicated by a signal on |l ead 601, control 603 responds with a
signal on | ead 6b4 to advance FIFO 315. The address field of the next
packet request is then clocked into |atch 608, placing the address of the
desired data on read address bus 122, and the channel identity field is
clocked into latch 607. At the next clock ltiplexer 606 is set to
receive fromlatch 607 by an appropriate gﬁal on |l ead 621 and the
contents of latch 607 are transferred to |atch 609. Meanwhile, the data for
the packet is read into latch 205 on the appropriate nenory board 200 in
data nmenory 111. At the next clock, both driver 207 on such nenory board
and driver 616 in nultiplexer 320 are enabl ed, thus sinmultaneously placing
the data on data busfézé-vpa—bus—LZS-and-Lhe-ghanne identity on channel

i dentity bus 120. FI G agram of a distribution
board 112, which transmtg packe channel's over distfibution
link 115. Distribution bog - .
comuni cations i 18 ce 710 ch , conparator 704 d wite
control 705. Chafitel, nenorly=701 , @ each possibl e fhanne
(211 in the exenpl ary [enbgdThent )y séh or & gi ven channel
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- 16 - indicates that such channel is to be transmtted over distribution
link 115 by the distribution board. When a channel identity and
j'ts associ ated data appear on channel identity bus 120 and data bus 121,
respectively, the channel identity on bus 710 is used as the read address
for channel nmenory 703. If the flag for ta? addressed channel is set in
channel nenory 703, a signal on lead 711 §tes the channel identity and
data currently on buses 120 and 121 into FIFO 701. The data is delayed in
latch 700 tfo alTow time for channel nenmory 703 To be read. Uf

FI FO 701 contai ns packets to be tfansmited] a §rgnpl on | ead 720
| ]
85:.."30
> E S22 >
g<0u_
i S e !
AY (e o] —d bl
— = L]
( - =22
! o =nh
t] — & bt |
o D o o=
~ [ o
= | 5 2E 5
! 7 ~ ™ a- Soa— i
& = = S=
2 2 = -
== D - |
g - v
S8 = \N__ P 58
o o =S ' S=q
S = ] — = Lad
oz o < L 2 a. 2
1 S —_— e O - i
= | gf—2 =53E ~
= 3 S >
D o= o= ~
— Y
I [Ze] - ot
- P S ]
[ =) <D
=4
=
75}
1 “ 1
g gl -
" oz = o |ZxE
o m\ S I~ k=]
| 2 = o =
oz b o= S o |
i 1] ~ b = ==
o = [ [ vnad
o3 O —
1751 = =
[7¢] O =
[ Ll (] |
S . Beeny
= [ o =) -— =M b4
S [ by o~ — S Lap]
| = ) Y = ho= ‘ |
[
= S S \, R . o~
o | ) ' =
| o 2l = =Z oo =il
o R ZE2 S =EES =S
18 =2c El =23 =20
wn Lo = ha QT = o=
= (&) —— (3 ] <D oz
a. ~3
I S ey I e~
= O — —
szl = l =
=& S8
L= \\ ni\ ( |
3 o= ) S
% = ) [l welgy P Qi N
n\ = o _ o = = !
o ~
S A
2] \
1 b i
' =
v .
- This Sheet Has B

I ™



causes conmuni cations interface 702 to advance FI FO 701 packet-by- packet
by means of signals on lead 721, and to transmt such packets over
distribution link 115. FIFO 701 acts as a buffer to absorb packets for
transm ssion over distribution link 115 so that they can be transmtted at
the rate appropriate for distribution link,115. Distribution |ink 115 can
be, for exanple, an optical fiber data Iiﬁﬂ’carrying packets at a rate,of
155 nmegabits per second. The channels be tLgnsnittgyééyé

di stribution board 112 are identified by settindsanq cleaging th ‘fég for
such channel s i annel menory—703—Thi-s— s -acconpi shed- b Fié—ee ol
705 in responsel to special control/messages—om tata bus 121 ' \oll
nmessages can be'identified by a speqifiegthangel identi
channel "0," that is recognized by g¢npakht or Fp4. Suc
will contaip,anl addregs field ident@ yi@% the=d

whi ch such &®™%Bg is & be changed,~tfhe “4fidr ess
and an indicatipn of wcether the flag is _Jo be
control nessagel is reckived, mwiﬂi;;algab6' Ko

s enabl ed

conparator 704 on Ieaqd712. Upon‘Beirg*enibréd, wite con
t he board addr ef g iuae SECR—atichs S-S—titiigpi-0-6-0t—t=trch ek SE~F
supplied on bus|713 ad,| i f such addjesse$ match, upggtes
flag in channel; fenoriy—703 in accordgnce pMth stich nmgssage.
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In order to illustrate the operation of the program server of the

i nvgntion, a nunber of exanples will now be described of various ways in
whi ch the server can be used. FIG 8 is a flow chart show ng the steps of
an exanple in which a cable tel evision system subscriber requests a
specific novie. Such request is forwarded to request processor 101 (step
801), which then sends a first control dage to programlibrary 102 (step
802) to transfer the data block for the novie to a specific area in data
menory 111 in server 100 (step 803). (As indicated by arrow 804, steps 802
and 803 can be skipped i,f such data bl ock already resides in data nmenory

111 as a result of an edrlier request.) Request processor 101 then sends a
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- 17 - second control nessage to controller 110 to send the novie to the
subscriber- (step 805). Such second control nessage contains at |east the
identities of a specific distribution link 115 and channel over which the
novie is to be transmtted, destination information for setting up the path
to the subscriber, the address in data@#ory 111 of the first packet in
the data bl ock for the novie, the nunber of packets and information

wor d.  Mcr opr oceseor 300 respdial 19 StEn Secona F FEY Mbssage by

creating a control nessage or sepges in assenbl yigiedi ster 305 to set
channel nenory 703 in th_distrlbu ion board 112 assodgi ated mLLDqthe
specified distribution |ink 115 ani st ream equilpnent and
inserting such control meédsae(s) in coptnql equest ‘FI FO 316 for
transm ssion (step 806)| fhep creating rdfin assenblﬂ reglster
305 to govern the transim g§sipn of the d he noyi e and
i nserting such comuand § nVNLNFGOBlO Regar di ng
the control nessage senr AR 1 nel nDryJ‘jgboi:he
channel -identity portio fgs ty réxogm
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by conparator 704 in distribution boards 112, for exanple, "channel 0." The
data portion of such control nmessage contains the address of the

distri bution board 112 associated with the specified distribution link 115
and information to be witten into channel nenory 703 in such distribution
board 112. Such information sets or cle&/8 flags in channel nmenory 703

I ndi cating the channel or channels to be transmtted over such distribution
link. In the first ex sucgy i nformati on causes wite control 706 to
set the flag correspdfﬁﬁég}t channel specified for the novie.
Regarding the Connllo ) word is created with the channel identity
' I m data nenory 111 of the first data packet
of the noviBly , ¢ total nunber of packets in the novie in
the T field, a G alcleared A field, a value in the B field
relating to the t|n1ng dqf packets for an audi o/video signal, a set.V flag,
cleared P and R fl ags, L field and, in the HEAD field, a group

identity for sem T ckl In this case, the group consists of
the singl eggpdio ﬂ?&%ﬁ% 6@ ck fdr the novie. If a subsequent group,
I nvol vi ng one qr ockg, ijs to be sent after the novie is

conpl eted, the 1dentity Jof such sub<emnﬁmu group is entered in the TAIL
field. As will be descriybed bel ow, ijt is usually desirable to specify an

identity for ajs E@ evgn if it is not known that such identity
T s o
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WOrd i s cr Jhis&peet Has Been Replaced . 18-

As .pentioned alllﬂﬂ“mmtmssages can be sent fromserver 100 over data’
I'ifnk 115 to | tream equi pment at the cable headend and/or the
subscriber's location to receive the myvie. "Such control nessages can be

assenbl ed in assenbly register 305 and 1/ ferted in mm fir
transm ssion via nultiplexer 320 and the rel evant d Wt i o t]oard 112.

However, it may Fz}I@l rabieOo send

RECEIVE "FAST-FORWARD" RECENE REQUEST FOR
X - MOVIE WITH ALTERNATE |
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y ' l .
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such cqotrol nessages.directly from.request proCegsar, A8
.103. REPLACEReSGBRYENd wW8¥d prioceeds thljo;d,g
conmmand esbripeomr yagdd . 1... Sqapand-.wor d proce5$or' 3]
the corrhatkimpr d: pagdi. BSentsdat #. packet request.

val ue qfj Dhgwifp(E) ebshelin..t.he reeumand. or d causes 2 ’
packet |[pFawasdc: Causasanittionexer-.320 to retrijeve “addr &g pa
from daf; TR KEEE Pfln_(_j__'_r_)_!_.q‘(_:.g._§_l_1_.(_:.h__backdt- oni data bus 121, tqget er WI th

t he rel*evant— eati-fy—en—chahnel - i dentil iy Bug A 2G0T e - i briate.
di stribution bo k‘béﬂamt«,ﬁmemfokfmmxetn%emwvmwsmmn Ilnk 115

(step 808). Packets continue to be sent in accordance wth the command word
until the |ast packet is sent, whereupon the V flag in the command word is
cl eared, thergpNnidal Bikighg the command word from commnd word nenory 311

t 809 ) h di f
b1 ocks i dbnti 116 1 n T BraRgon RIAAS Hevitrs tosr Rt AP D8 Brosah o
c[ra?ge :ZInFtO hgxza‘térfaﬂ.ésgcls asmesick And dmbtehlex&l&ﬁmfmhmmﬂ atpmogremehstﬁbrﬁgmi nt o
st at us d,
SeBUmB Bt HEAME 1480 it G Sl e wbgumand v

mcroprocess<3¥ Uest processor 101,

i ndi cati ng thmulgemnshgmcicvmeanﬁmssnmsm&mip mmxeeommmp ).
During the %Xéﬁuz%ﬁ%?hhﬁﬁﬁe@%nﬂﬁqueﬁ actions such as "play,"

Background of the Invention

Cable television systems are now in operation that provide for selective
viewing of specific programs by their customers. For example, some present
systems provide their customers the ability to view requested movies by transmitting
such movies to such customers over dedicated channels and permitting the customers
to control the showing of such movies in a manner similar to the control of a
conventional video disc or cassette player. However, at present such systems
typically require manual or automatic loading of a video disc or tape cartridge
containing the desired movie in a player at a centralized location. The customer
operates the player remotely. However, such a system becomes impractical for large
numbers of customers because of the large number of players needed, the large
numbers of tape cartridges and/or discs (including duplicates) necessary to satisfy
customer requests and the physical problems associated with transporting the right
gartridge or disc to a given player when needed.

Other interactive cable television services have been proposed in which
specific programs are created from various video and/or audio segments combined
sequentially or simultaneously. Such segments must be stored and made retrievable
in such a way that the system creating such programs can control the sending of such
segments in the appropriate combinations at the appropriate times.

Lo ‘What is needed is a facility for storing large numbers of data blocks of
various sizes that can be retrieved and sent to customers as necessary to provide the
proposed interactive services. '

Summary of the Inventlon _ Sy -
Data blocks are storcd m a largc lxbrary, such asan autom"__cd tape

cartridge library, for subsequent retrieval. Such data blocks are mtncved from the

library and written into a data memory in a server and then forwarded by the server
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“pause," "fast forward" and "fast reverse" by causing request nessages for
'such actions to be sent to request processor 101. FIG 9 is a flow chart
showi ng the steps of an exanple in which a "pause" request is sent,
followed by a "play" request. On receipt of the "pause" request (step 901),
processor 101 sends a control message to server 100 (step 809) that causes
m croprocessor 300 to set the "standby™Zlag at the address in token menory
501 corresponding to the |dent|ty of the group i ncludi ng the data bl ock for

th 2

the Pl ag Aot Bl siRadsns B tims EBE Ik T PR RPRREHY Biokh B P 5e™
sent. Wen anémpdryyi dﬁ&ntﬂshammlsr@mgﬂdrl@pmwﬁ&ﬂ:)mocés Setospyjofeone aront r ol
nmessage to 3‘8@3‘(%‘3@&“%%&%%}@ m&es server 100 to clear such "standby"

flag (step wher sen of packets resunes.
The mvcnuon is dcscn in terms of an interactive television system.

The data blocks are program segments, such as movies, musical selections, audio
clips or video clips, which are stored in compressed and packetized form in the
library. Data blocks for programs to be presented are retrieved from the library and
stored in a server in a large-capacity random access memory (RAM), with the data
for each packet stored as a single word. Such library can be located away from the
server and the programs transmitted to the server over a data link or network.
Requests for programs are processed by a request processor, which can be located
away from the library and the server, and which communicates with the library and
the server via a data link or network.

Each instance of sending a data block is represented by a command
word in a command-word memory in the server. The controller also contains a
microprocessor, a specialized pipeline processor for command words, a token
memory, a multiplexer and various registers and first-in-first-out buffers (FIFOs). In
addition to one or more command words corresponding to one or more data blocks
in the current group, the command-word memory can also contain command words
for data blocks in subsequent groups in readiness for transitions between groups.
The microprocessor loads command words into a command-word FIFO and control
messages into a control-message FIFO.

Each command word includes various fields and control flags pertaining
to its associated data block, the identity of the group to which it belongs and the
identity of the subsequent group. The command words are repeatedly read from the
command-word memory, processed in the pipeline processor and read back into the
command- word memory. When a packet is to be sent, the pipeline processor writes
a packet request containing the packet address and the virtual- channel identity into a
packet-request FIFO and updates the command word accordingly.

The token memory contains control flags pertaining to each group. Such

_ control flags interact with flags in the command words when the command words are
processed by the pipeline processor and suppress the sending of data blocks in
subsequent groups until sending of all data blocks in the current group is completed.
The token memory can also be written by the microprocessor so that thc
microprocessor can mdlrcctly control the sending of data blocks for a given group.
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-19- "Fast forward" and "fast reverse" requests require the
‘clearing of the PA and T fields in the command word to shift the address in
data nenory 111 where subsequent packets will be retrieved. This can be
acconplished by creating a new command word with new values for PAand T in
accordance wth the extent of the shift requested. It can be seen that an
arbitrarily large "junp" forward or badkward can be made when an entire
novie is stored in data nenory 111 without the tape- w nding delay required

for such a junp V‘h%cqﬁhl'ﬁ lﬁc%ﬂ&iﬂch&'ﬁﬁuc‘é&% %ﬁﬁ%két%ﬁ%p% Homlle:Ygr,

it is first necess eter
10 is a f| BYESChP M#ﬁgtqm s%mkq:trda@xir@mdammqspmmgdmm fast
forward” rgsiigiates :&J@Khx{n@ﬁd@ﬁﬁ:ﬁ f@@cﬂe?scuc%ﬁ%ﬁi}{n%ﬁxdcﬁ By ¢ YP%%\:% storing

niry 0t RPR ‘ke% GG AV B LENeB Al GRn ) AeREeD FOPYIES BORTOhTgEST o
scene wi t hFIRG pedplates thé da for dach gnoastige @nhOfarh bes MAMhE chidhel RERiht Of 2
"fast-forwgy dhe dEGHEShery B85 2001
The data memory is divided into sections. While an address is being
read in one section, addresses in any of the other sections can be written during the
same memory cycle.
Distribution boards connect the data bus and the channel-identity bus to
distribution links. Such distribution links further connect the server to distribution
means, such as the headends of cable television systems and the like. Each
distribution board includes a RAM containing the identity of the channels to be sent
over its distribution link, a FIFO containing packets to be sent and a communications
interface for converting the packets to the appropriate signals for transmission over
the distribution link.
These and other aspects of the invention will become apparent from the
drawings and detailed description.

Brief Description of the Drawing
FIG. 1 is an overall block diagram of a program server and its associated

request processor and program library in accordance with the invention.

FIG. 2 is a block diagram of a RAM board and associated control
circuitry in the data memory.

FIG. 3 is a block diagram of the controller in the server.

FIG: 4 is a block diagram of the command-word processor in the

controller.
FIG. 5 is a block diagram of the token memory in the controller.
FIG. 6 is a block diagram of the multiplexer in the controller.
FIG. 7 is a block diagram of the distribution board used in the server.
FIGS. 8,9, 10 and 11 are flow charts of examples of use of the
invention.

This is the replacement sheet

2 1NOV 1995

Date:



processor 101 sends a control nessage to server 200 requesting the status
of the novie (step 1002). Mcroprocessor 300 sets the "status” flag in SRAM
501 in token nmenory 306 at the address corresponding to the group identity
for the novie data block (step 1003), which causes the command word for
such group to be entered into status FIFO 325. On receiving such command
yvord, . m cr opr ocessor 300 sends a stat Ué'message to request processor 101
identifying the packet currently being sent according to the PA or T fields
in theI conmatiifledMedckiptiow 1004). Request processor 101 then refers to the
scene list™T0 deterygmne the address of the next.scene (ste 005) and sends
a control nessage t@%%w&f’“i‘ﬁgbf?%cé{%éé{‘ %HB??{%@FOM.S%V%G%S Wlip from

}\A he novi e aftaattivegelevisidnesyktem. rogrgmsfcan be maeerial sucbras njoMiesy musive) .

Cropr ocessor,. " ! ' ﬁ%%{l-;%&,,' nmory 306 to
del ete thesciﬁcfﬂ?éggr &gér%c#‘)gﬁdtc ﬁ‘_gghgftr%sghﬁqg%é%or he rmév%éécgéﬁ%?ggently bei ng
?ent ( bl oc pres@oMjoncafcingieor mubipleprogrameclemontta 8 usasr dheseens the clip

step 1008 5%8:51 é%ﬁtag rrﬁa?eﬁxtn BSrehél ed by arrows
10009, 10_10}easﬁ® .15?, gtr?e y F%er sing"t tes S ene‘ﬁlg'i St,hﬂ%{tﬁé}a "pl ay”
request i spresemsatianf(EpaspCUlTFIIPEranyAemenon BPNPE siements IoweKIsina cont r ol
nmessage t ojieaeiddWpplieifingdequddts hileinVBlve @cspBakes fiontda aiertthethkast - sent scene
(step 1013), Each cont.%%l messaﬁe ent in s%&eylas 10%ﬁ %nd 10131 causes
m cr opr oc e §€@IENSe dn geneile e SeLyehal e INNFRHAN Sefidy dai@blocks over muluple

channels in the form of digital packets sent at intervals appropriate to the data rate

needed for the particular program elements. It will be clear to those skilled in the art

that the methods and apparatus of the invention can be used in connection with any

kind of data and not just data for the program elements described herein.

FIG. 1 is an overall block diagram of a program server 100 and its

associated request processor 101 and program library 102 in accordance with the
invention. Server 100 contains controller 110, data memory 111, distribution boards
112 and clock 113. Request processor 101 receives requests (and responses in
interactive systems) via data link 103, issues control messages to controller 110 in
server 100 over data link 104 and issues control messages to program library 102
over data link 105. It may also be desirable for request processor 101 to be able to
receive messages, such as status messages, from controller 110 and program library
102, so data links 104 and 105 are shown to be bidirectional. Program library 102
sends data for programs to be presented to data memory 111 in server 100 over data
link 106. Server 100 sends programs to distribution interfaces 114 over distribution
links 115. Distribution interfaces 114 then forward programs to users 116.

Data links 103, 104, 105 and 106 can be implemented either as
dedicated data links or networks, depending on the application. Server 100, request
processor 101 and program library 102 can be at the same or different geographic
locations, again depending on the application. An example of a typical configuration
of the elements shown in FIG. 1 is an interactive cable television system in which

~ server 100 and request processor 101 are located on the premises of a supplier of
interactive television services, program library 102 is at another location and serves
many such suppliers and distribution interfaces 114 are cable system headends
located on the premises of cable television companies. Similar systems can be
configured in which programs are distributed to customers over telephone networks
and distribution interfaces 114 are appropriate interfaces in such networks, or in
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the appropriate entries in the PAand T fields to send the clips (step
1006) or the renmai nder of the novie (step 1013) fromthe data bl ock al ready
resident in data menory 111. The vi ewer sees the succession of clips. O
course, the clips can be nmade any | ength necessary for confortabl e scanning
of the novie, and nultiple "fast forward" instructions using clips of
different |Iengths can be inplenented ifsdesired
- 20- to give different scanning speeds. "Fast reverse" can be inplenented
'nasinl Which programs are distributed via microwave distribution systems.

Request and response messages can be received by request processor
101 in a number of different ways. For example, for cable systems equipped to
receive uplink messages from customers, such uplink messages can be used for
requests and responses and forwarded directly from the cable headend to the request
processor over an appropriate data link or network, such as data link 103. For cable
systems not having such capability and for telephone distribution systems, such
requests can be sent to request processor 101 via the telephone network.

As can be seen from the above description, there are numerous possible
configurations for server 100, request processor 101 and program library 102 and
distribution interfaces 114 and there can be any number of servers 100, request
processors 101, program libraries 102 and distribution interfaces 114, all of which
can be used together in accordance with the principles of the invention.

Request processor 101 can be any general-purpose computer, such as a
Sun "SPARKSTATION" computer, capable of receiving and transmitting messages
over data links 103, 104 and 105, of processing requests and responses received, of
sending the appropriate control messages to server 100 and program library 102 and
of receiving messages from server 100 and program library 102, if required. Such
processing may involve simply responding to requests for programs, such as movies,
by sending the appropriate control messages to a program library 102 where the
movie is stored to transmit a data block for the movie to data memory 111 in a server
100 and to the server 100 to transmit the movie in a specified channel over a
distribution link 115. Alternatively, such processing may involve the actual assembly
of a program from video .and/or audio clips stored in prbgram library 102, and such
assembled program may be interactive in that the clips to be sent in a later part of a
program may be determined by responses from users received over data link 103.
Furthermore, such assembled program may contain multiple video or audio clips to
be transmitted to the user at the same time. For example, a video sequence may
comprise a background and one or more overlays, each of which is to be transmitted
as a separate signal by server 100 over a distribution link 115. Such scpar';i:c signals
are combined into a single video signal for presentation to the user at some point
between server 100 and the user, such as at the headend of a cable television system
or the cable converter used at the user’s premises to connect the user’s television
receiver to the cable system.
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manner by traversing the scene list in the opposite direction.

It can be seen fromthe above description that any nunber of requests (up
to the capacity of the server) can be handl ed for sinultaneous or

over | apped i ndependent transm ssions of a given data bl ock stored in data
memory 111. A separate conmand word is_generated for each such transm ssion
whi ch contains all the necessary information to control the transm ssion.

I n anot her exanple,_ a request is received by request processor 101 froma
subscri ber cust omer Pragram liggpy d0%rambea Bsgmenpreitksysiemofrnytdoomwient| anguage.

GorA Lon S sty wRlpiae qus i ash s hgilalshesoent o L0
and encoded*aRgkt Hench gisytiem fuths X B T (i 86Q@ Sages Awossieddtarmideei n t he
native | angus@ey afaifabr fidrh MmpdxaC Mx];a_hlai'{.i Mddoﬁ_@f%@igg{rﬁiai?sg@hgopgfed with
e U e PR B SRR By SR A OHS 2E  oun
The data blandistenseahdioportiens of moeiearanibe pdeietized et cdmpressed, Hyfxﬁmn'fslhe Li Ir ?‘]t
" espondi ng T e o5t e e b ot S HERRsicPrin 87 PR S  Cpon
recei pt of megabity/eprend. Astwephour gigvie thenmeguirep 1 0.8eigabits, i 1l. 3egigabysescont r ol
message 0 JREEENEachs@E catidgt Wi 8B 189°%such movies. Thus, such a cartridge
library has a capacity of approximately 4,600 two-hour movies, or an equivalent
amount of separate audio and video clips. Of course, such a library could easily be
arranged to store an assortment of complete movies and audio selections and
separate audio and video clips.
One of the developments that has made the invention feasible is the
availability of large RAMs for use in data memory 111 in server 100. In an
exemplary embodiment, such memory contains 232 words x 48 bytes per word
(approximately 206 gigabytes) to store over 150 full- length movies. The.four tape
drives in the cartridge library described above can each read and transmit data at a
sustained rate of 15 megabytes per second. Thus, four two-hour movies can be
written into data memory 111 in 1 1/2 minutes. As will be described, a single movie
stored in data memory 111 can be transmitted to multiple users, each on a different
channel, with each user having control of the timing of his or her own presentation.
Thus, assuming that some movies will be watched by more than one user, even at
different times, the exemplary embodiment of server 100 has the capacity to serve
far more than 150 customers simultaneously. As will be described, the exemplary
embodiment of server 100 has the capacity to serve up to 1600 customers
simultaneously at 1.5 megabits/second per customer.
Responsive to control messages from request processor 101, program
library 102 transmits data blocks representing compressed program data to data
memory 111 in the form of digital packets, each containing a 32-bit write address
. and 48 bytes of data in the exemplary embodiment. In order to handle the data rate
of 15 megabytes per second, the data link or network between program library 102
and 106 can be a system such as the 155 megabit/second SONET OC-3 system. As
will be described, data memory 111 buffers such data in FIFOs and writes such data
as 48-byte words into the addressed portion of data memory 111 only when such
portion is not being read. Except for such read-write coordination, writing of data
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data bl ocks (step 1102), one for the separate video portion, the other for
“the soundtrack in the requested | anguage, to data nenory 111 in server 100
(step 1103). In addition, request processor sends a control nessage to
server 100 that causes the necessary control nessages to be sent to set the
channel - nenory in the appropriate distribution board 112 for two channel s
and to initialize equipnent domnstreag1to recei ve both data blocks to
generate the signal to the subscriber ‘fromthe information in the data

bl ocks (step 1104). M croprocessor 300 then sets the "standby"” flag in SRAM
501 of tokemorpidi j»s Beier centroh of reddese peocessor é8hovidcnmanagea p@compmi afentity

f the t df
1, A B e MR RO ST,
i dentity wm@tah@laé@ .their HEAD fields, thus associating the tvvo dat a

bl ocks as a group. c&#mmfeno&dmsihﬁcre@%%&mﬁ@u@uﬂcp RlefesfpOcK W 1|

be fewer in nunper than the packet dat a

bl ocks wi Pf exlaifigd in the descaipdiop PBE% -oh EM%‘MB“‘F% kpard & %?R"t%ﬂ-‘aﬁnel s and at
di f f er ent FIFOLL Mﬁhﬁel rhéiRoryph uemiuRichfiensGhitdtacd shd Jthéﬂﬂerﬁerftk gies will differ
: EI E |h:| |t \;,Vgxp ained i thm%scnpugg of Elé.l‘ﬁglnl gséngx!aftacgr%g, for eac% packet u'ansnclixtt\é\gr d

controller 110 places a channel identity on channel-identity bus 120 and either 48

program bytes from data memory 111 or 48 control-message bytes from controller

110 on data bus 121. Each distribution board 112 can be set to transmit one or more

selected channels. When a selected channel identity is present on channel identity

bus 120, the distribution board writes such channel identity and the program or
message data then appearing on data bus 121 into its FIFO. The communications
interface transmits packets from the other end of the FIFO at the appropriate rate for
the associated distribution link 115, for example, 155 megabits/second on a SONET
0C-3 system.

Clock 113 generates various periodic timing signals for the elements of
server 100. Only selected connections from clock 113 are indicated in the various
figures, other connections not shown will be apparent to those skilled in the art.

FIG. 2 is a block diagram of data memory 111, one of its component
memory boards 200 and associated circuitry. In the exemplary embodiment, data
memory 111 contains up to 64 memory boards 200 (only one such board is shown in
FIG. 2) and each such board contains 225 (over 64 million) 48-byte words of
dynamic random access memory (DRAM) 201. Such DRAM can be assembled
from, for example, Samsung Electronics KM41C1600J CMOS DRAM chips, each
chip holding 16 megabits. Each data memory board 200 also contains a control
circuit 202, a board select circuit 203, latches 204, 205 and 206 and output drivers
207. )

Communications interface 210 receives packets from program library
102 over data link 106 and converts each packet from serial to parallel form. In the
exemplary embodiment, each packet contains 32 address bits and 48 data bytes fora
total of 416 bits in parallel on bus 211. Incoming packets with odd addresses are
stored in FIFO 212 and incoming packets with even addresses are stored in FIFO
213. Such storing is controlled by the least-significant bit brought out from bus 211
on lead 214. In the exemplary embodiment, FIFOs 212 and 213 each contain 2'!
words. The outputs of FIFOs 212 and 213 are connected to memory boards 200 via
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- 21 - When each conmmand word reaches command-word nmenory 311
‘and is processed by command-word processor 311, the fact that the "standby"
flag for the relevant group is set in token nenory 306 will cause the P
flag in each command word to becone set, thus inhibiting sending of
packets. The change in the P flag during the first processing iteration for
each command word causes such conmmand -v@rd to be entered into status FIFO
325 by the action of exclusive-OR gate 441, thus giving m croprocessor 300

a0, 1001 <2t Pk 5 IR oL B TR VORI 200 1
m croproc eslstarﬁ‘&ﬁﬁ)@md: bay 225 heach 205holdy dats rsegl from DRAM 283randylatch 206
holds the read address.

In the exemplary embodiment, each memory board 200 has an assigned
6-bit address. The data bits from latch 204 are connected to the "write" input of
DRAM 201 via bus 217 and the write-address bits from latch 204 are connected to
control circuit 202 (26 bits) and board select circuit 203 (6 bits) via buses 218 and
219, respectively. Similarly, the read-address bits from latch 206 are connected to
control circuit 202 (26 bits) and board-select circuit 203 (6 bits) via buses 220 and
221, respectively. Board-select circuit 203 enables control circuit 202 via lead 222
when the 6 bits from the read address or write address correspond to the assigned
address for the board. _

During each memory cycle, a data word is read from memory 111 via
data bus 121 and a data word can be written into memory 111 from either FIFO 212
or FIFO 213 via write bus 225 depending on the state of the least-significant bit of
the read address on lead 217. AND gates 215 and 216 determine the FIFO from

- which the data word is to be obtained. Thus, read operations dominate so that when
a data word is being read from an odd address, a data word can only be written into
an even address and vice versa.

DRAM:s 201 must be refreshed, periodically.- Controller 110 enables
lead 124 pcriodicz«illy for this purpose. The refresh signal on lead 124 also inhibits
gates 215 and 216, thereby preventing words from being written during refresh
cycles _

FIG. 3 is a block diagram of controller 110. Microprocessor 300 is
connected through microprocessor bus 301 to communications interface 302,
microprocessor memory 303, status register 304, assembly register 305, token
memory 306 and control circuit 307. Communications interface 302 sends and
receives control messages from request processor 101 (FIG. 1) for microprocessor
300 by means of a dedicated data link or a network such as the ETHERNET
communications network. The program for operating microprocessor 101 is stored

. in microprocessor memory 303. Control circuit 307 generates various signals to
operate the various circuits shown in FIG. 3 and receives status information about
such circuits over connections not shown.

Control messages from request processor 101 over path 104 to
controller 110 contain the information necessary for controller 110 to transmit the
data block or blocks associated with each group. In response to a control message
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306 (step 1108), thus permtting packets from both data bl ocks to be
transmtted under control of their respective command words (step 1109). It
will be clear that the sending of two or nore data bl ocks can be
coordi nated and synchroni zed by this technique. After the | ast packet in
each data block is sent, causing the V flag in the associated command word
to be cleared, the command word is del e9ed from conmand word nenory 310 and
inserted in status FIFO 325 by the action of exclusive- CR gate 442 (step
1110). Upon of such cour s.from st at | FO 325
ni cropr oces gh&:c %Bﬁ%gﬁ“sérﬁgsdmé?g 2 Rnogga'aéc§oﬁr8c?é‘lf tc”"dﬁ’??cae%oma%l
In step 1109/ord)ﬁ1rhudomndssimi¢sasmiﬁg regisiep3(k dnshd exemplirgiembadisat,at ed
dat a bl ocks te
't erval s, e SRS &“%"W%efntf Gy Ran IR Bl G ERBRIBE | e
comand mrhdowanyhc@tpdm@gw obFIG.ahor t " flag set in token nenmory 306 will
aff ect bbth command mgrdfc tidhSRicrd 5?&%%?0 hrnQQI:i:%ﬁ{ngidqno

X [ ﬁ}‘écs Peld wor ds_an the

"f ast - forvvard wi | | re repI acenent of both comman
"clips" desEPPEan -ams@ Bil0 bxaerags pha sigarldrom gomrdcicris Al nEMG3 10T hy s,

the scene | hgd a ¥dpatity o/ ESGdunimend &:@fdsb@trre éxBfphiry eMbadichenit. Eommasdet s at
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current group and can also contain command words for data blocks to be sent during
subsequent groups. In the exemplary embodiment, such memory has a capacity of
213 command words. Command words are written into command-word memory 311
from FIFO 310 through multiplexer 312, as will be described.
Command-word processor 313 is a pipeline processor that reads
command words sequentially from memory 311, processes such command words

and writes processed command words back into memory 311 through multiplexer
312. Thus, command words from memory 311 are continually being circulated
through processor 313. Command words are addressed by counter 314, which is
incremented periodically by a signal from clock 113. In the exemplary embodiment,
command words are processed at a rate of 50 million words per second. Thus,
command-word processor 313 serves as a hardware accelerator to process command
words at the high speed necessary to control the sending of packets by server 100.

Token memory 306 contains three separate static random access
memories (SRAMs) 501, 502 and 503, as shown in FIG. 5. Each SRAM stores
token words containing control flags relating to each group. Two of SRAMs 502
and 503 are read and written alternately by command word processor 313 via bus
329, as will be explained below. The third SRAM 501 can be written and read
directly by microprocessor 300 via micropmcessdr bus 301 and bus 330 and read by
command-word processor 313, as will be described.

If the processing of a command word indicates that a data packet for the
relevant data block is to be sent, processor 313 places a request for the packet in data

. packet request FIFO 315 via bus 437. Such request contains the address in memory

111 of such packet (32 bits) and the identity of the channel over which such packet is
to be transmitted (12 bits).

Other control messages from request processor 101 can direct
microprocessor 300 to send further control messages over distribution links 115.
There may also be situations in which microprocessor 300 initiates control messages.
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It wll be clear fromthe above description that an audi o-vi sual work can
"be transmtted from conbi ned audi o/ vi deo data bl ocks as in the first
exanpl e or separate audi o and video data bl ocks as in the second exanpl e.
In applications in which it is desirable to always store the video in
conmbi nation wth audio and transmt the conbination on a single channel,
such as nmovies in their "native" |anguad®- then a request for novies in

di fferent | anguages can be handled by transmtting the conbined version in

one channel mfoﬁrs&s%rfjoeraeﬁw&mayesm&%&d&geg%aésémapq&gmrsdr@mel and

sendi ng control ‘messages to a conveni ent point. downsty uch as at the
cabl e headerséPreg 5sembled congoldnessages i o pagkst wmhﬁs&ﬁy means of

control signals from control circuit 307.

Multplexer 320 coordinates the sending of data packets and control
packets over the various channels. In general, if data packet requests are present in
FIFO 315, multiplexer 320 causes the data for each packet to be read from data
memory 111 onto data bus 121 by placing the appropriate packet address on read
address bus 122 and the channel identity for each packet on channel identity bus 120.
If control packet requests are present in FIFO 316, multiplexer 320 places the control
message on data bus 121 via bus 123 and again places the channel identity on
channel identity bus 120. Multiplexer 320 will be described in more detail in the
explanation of FIG. 6. .

When certain changes occur in a command word during processing in
command-word processor 313, the changed command word is stored in status FIFO
325 by means of a signal on lead 326. Microprocessor 300 senses the presence of
command words in FIFO 325 via control circuit 307, reads them into status register
304 and then disassembles them onto microprocessor bus 301 for processing as
appropriate. Microprocessor 300 can thus monitor the status of the various groups
represented by command words in command-word memory 311. Certain status
changes can cause microprocessor 300 to send status messages to request processor
101 via data link 104, as will be described.

FIG. 4 is a block diagram of command-word processor 313, which
operates on command words in a pipeline fashion. A command word read from
command-word memory.311 via bus 402 is stored in register 400. A processed
command word is stored in register 410. Command words are written back into
command-word memory 311 from register 410 via bus 412 and multiplexer 312.
For explanatory purposes, registers 400 and 410 are shown divided into the several
fields and control flags making up a command word. As can be seen from FIG. 4,
certain fields, namely CHAN, B, R, HEAD, and TAIL, are not changed as a
command word passes through processor 313.

The CHAN field contains the number of the channel over which the data
packets for a particular data block are to be transmitted. Each packet transmitted
over distribution links 115 contains a channel number and 48 data or control bytes.
Thus, in the exemplary embodiment of the invention, a "channel” is a virtual channel
formed by a succession of packets having the same channel number. Channels can
also be defined in other ways, such as the different channels in a conventional cable
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- 22 - to be substituted for the native- |anguage soundtrack before the
‘movie is finally presented to the viewer. As a further
exanpl e, consider an interactive video application in which a sequence of
audi o/video clips is to be sent over a distribution link 115 wth
successive clips being selected by request processor 101 in accordance with
responses fromthe viewer to preceding clips, for exanple, as in a video
teachi ng system Each such audi o/videblelip will be sent in the sane manner
as the novie described in the first exanple, with the associated control

nessages YR, essary for such sendi ng. However, the TAIL
field in feh%n%igﬁl Lj H—?Pu\f‘ﬁﬁgyﬂgrﬁ each video clip wll contain the roup

i dentity. contai nedThePA feldpamins the address ofghes nexe dawdipagkaritelbosank fg5.  Thus,
the st an@l@fdad bidek. . Phev? dethBRAd Word %ama%@gg 1¥dﬁ9§fmblﬁ}st?§?l|&g.} gf@g | ead

422 whenever conmand word having such ss inits TAl
processed tﬁ“&%‘?ﬁfﬁﬁﬂa\ﬁﬂ\"& of thscsuaber of packets illip b sentdontbg datakiock- havi ng

such addr q58 J flag ihdmkﬁé\@lai b @héket 55 tBHRGEHIRS nc:@tfﬂi%ﬁhf: lc8@mafd Skedh isc onmand
vord WL B gl LS B L Db P b P BShGbe e 16 02 2
data block. The B field contains an incremental value by which the A field is
changed during each pass of the command word through processor 313, thus
controlling the spacing between successive packets in a data block. The V flag
indicates the validity status of the command word, that is, whether there are packets
still to be sent for the data block it represents. The P flag holds a data block in a
pause state during which no packets are sent. The R flag initiates a refresh of data
memory 111. The HEAD field contains the identity of the group for which the data
block is being sent. The TAIL field contains the identity of the next group of data
blocks. The D flag, which is present only in output register 410, is used for aborting
(removing) command words from command-word memory 311. '

The processing of command words by processor 313 will now be
described. The action of processor 313 on a command word is controlled by the V
and P flags. One input of AND gate 430 is connected to the V flag in register 400
and the inverting input of AND gate 430 is connected to the P flag in register 400.
Thus, for an command word having V set (indicating more packets) and P cleared
(indicating that the associated data block is being sent), the output of gate 430 is
edabled. The contents of the A field and the output of multiplexer 431 are added
together in adder 432. When gate 430 is enabled, the output of multiplexer 431 is
the value of the B field; when gate 430 is not enabled, the output of multiplexer 431
is zero. Thus, for a command word for a data block being sent, processor 313
increments the A field by the value of the B field.

As will be seen, a "carry" signal from adder 432 on lead 433 initiates the
sending of a packet. When a command word is first written into FIFO 310 by
microprocessor 300, the value of the B field is chosen in accordance with the desired

~ nominal time interval between packets: the smaller the value of B, the longer the
time interval. In the exemplary embodiment, about 4000 48-byte packets per second
are needed for a 1.5 megabit/second audio/video channel, giving an interval between
packets of about 250 microseconds. For a 256 kilobit/second stereo audio channel,
about 667 packets/second are needed, giving an interval between packets of about
1.5 milliseconds.
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associ ated with such command word until all conmmand words havi ng such
‘address in their TAIL fields are renoved from command-word nenory 311.

At the time of creating a conmand word, it is desirable to assign the
identity of the data-block group to fO||OM/SO that such identity can be
inserted in the TAIL field of the conmand word being created. Such identity
can than be saved, for exanple, in m c¢reprocessor nenory 303, in readi ness
for the creation of command words for the next data- bl ock group. Such

techni que can be conyenientl ed whenever a string of clips is sent, as
in the exanple just ar?‘!i’é%“‘%‘f“’f’!’pe‘s 'receéved f‘BFWQF‘ngrW‘W theC fagsst.se”

oper ati ons shbaactob4sd deortmets the contcnts of the Tgﬁ/eldauahcghss ﬂ‘%?crﬁédtptfﬂc' n the | ast
o and/or vide

o t & et St Badtici hd  Bghally ferh 1S Btk henrbes BT 55 e Teatet 36arre

group and dnrﬁmsﬁéa Suclssigeal gaases thebconsntsasfithd CHmwar&tPAlﬁetdsQﬂbb?%ﬁ@H 115.
n,o
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al | the conthtaddwesigentifind inRA @Wﬂéﬁh%@@nmi idengifiediin GHAN.t ypi cal | y have the -
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command words are processed i n processor each

command wor ¥ SFAELhan zeodn the T Seidy therquappt pf comprsaton #3%wilkbe enpbledp t o be
set repeat edltoprdinglyppenvided i the3W®ort" flag from token memory 306 is not set, gate

439 will be enabled and the C flag, when generated by adder 432, will be set in
register 410. Thus, the next time the command word in register 410 is read from
command-word memory 311, a signal will be sent to packet request FIFO 315 via
lead 436 to initiate transmission of the next packet for the data block, as described
above. After the last packet has been sent, the output of comparator 438 will be "0"
and further carries on lead 433 will not set the C flag in register 410.

Gate 440 keeps the V flag set in a command word until the output of
comparator 438 indicates that the last packet has been sent or the "abort” flag from
token memory 306 is set. The P flag is set only if the "standby" flag read from token
memory 306 is set. This is the case when at least one other valid command word
contains the identity of the current group in its TAIL field.

Exclusive-OR gate 441 monitors the state of the P flag and exclusive-
OR gate 442 monitors the state of the V flag. If the state of either flag in input
reglster 400 differs from the state of such flag in output register 410, the output of
the relevant exclusive OR gate is enabled and a sxgnal is sent via OR gate 443 over
lead 326 to status FIFO 325, thereby writing the command word in output register
410 into status FIFO 325. Thus, status FIFO 325 will contain command words
reflecting changes in state of either the V flag or the P flag. As will be explained, a
command word can also be entered into FIFO 325 by a token memory 306 by means
of a signal on lead 419, which also connects to OR gate 443. OR gate 443 can be
arranged to have other inputs for triggering status indications, if desired. For

. example, to provide an indication that almost all packets in a data block have been
sent, an additional comparator (not shown) having an output connected to OR gate
443 can be connected to compare the contents of the T field with a relatively low
number, say 10. Then a status indication will be triggered when only 10 packets
remain to be transmitted in a data block.
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until the last packet of the |longest overlay is sent.

- 23 - Many ot her applications useful in interactive
tel evi sion systens can be inplenmented using server 100. Another application
relating to novies is the ability to show an abridged version of a novie.
In such an application, scene lists for abridged versions are stored in
request processor 102. Wien a request 18er an abridged version is received,
processor 102 causes the data bl ock(s) for the conplete novie to be sent to

data memory 111 fr ﬁm'i% %rﬁ'&ésgipé 3t ¥a&%nﬁﬁ%ﬂxd‘i§’&ﬁfﬁb¢cssor 313 retrieves
the "status," "standby" and "abort" flags from token memory 306 via leads 419, 420
and 421 and sets the “standby" and "abort" flags via leads 422 and 423 in accordance
with the state of the V flag and the D flag, respectively. If either flag is set, OR gate
424 sends a "write enable” signal to token memory 306 via lead 425. Token flags are
retrieved from the address, specified on read address bus 446, in token memory 306
corresponding to the group identity contained in the HEAD field and written to the
address, specified on write address bus 444, in token memory 306 corresponding to
the group identity contained in the TAIL field. As will be described, "standby" and
"abort" flags are read from a part of token memory 306 that was written during the
previous pass through the command words. _

The R flag causes a "refresh” operation in data memory 111. Since data
memory is a DRAM (dynamic random access memory) in the exemplary
embodiment, such a refresh must be performed periodically, so special "refresh”
command words for this purpose are stored in command-word memory 311. Such
special command words typically contain nothing but a set R flag. In the exemplary
embodiment, there are at least 16 such special command words in command-word
memory 311. 'If the data memory is a kind that does not need to be refreshed, then
the R flag and associated refresh circuits are not needed.

FIG. 5 is a block diagram of token memory 306. Such memory contains
three separate SRAMs 501, 502 and 503. In the exemplary embodiment, each
SRAM contains 211 token words; those in memory 501 each containing “status,"
"$tandby" and "abort” flags and those in memories 502 and 503 each containing
"standby" and "abort" flags. The addresses in each of SRAMs 501, 502 and 503
correspond to the identities of groups. SRAM 501 is a two-port device capable of
being written and read by microprocessor 300 via bus 330 and microprocessor bus’ '
301 and read by command-word processor 313 via bus 329.

SRAMs 502 and 503 are written and read alternately during successive
passes through the command-word descriptors by command-word processor 313.
Two-state switch 510 controls such alternation. One state of switch 510 is indicated
symbolically by solid lines 512; the other by dashed lines 513. In the first state,
switch 510 connects output bus 514 and read address bus 443 to SRAM 502 and
input bus 515, write address bus 444 and write enable lead 425 to SRAM 503; in the
other state such connections are reversed.
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messages for the scenes (or sequences of scenes) making up the abridged
version to be sent to server 100. Server 100 then sends only the abridged
version to the viewer requesting it. O course, the conplete novie can be
transmtted to other viewers at the sane tine using additional command
words for each such transm ssion. It is expected that in a
novi e application as described above t-Hdt- data nenory 111 will act
essentially as a cache nenory and that the nost popular novies at any given

Lime w11 Probabl v BRIERRTOMiokMeEb0hot SUEN GIRIBL A IRePRE] Od of

hi gh acha Thus, transm ss rom g to server 100
will be rel332 weoprolnille JHben smbﬁomamacsur@cmmbﬁ alsd sengviac sleationever |
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and that one-of-a-kjnd and t? I] ored transni ssions can be handl ed as readily

as transni ssiSmsPeRtiveElYe Aumbsred paspes throygh the command words, ¢t her
possi bl e apSRABRSODISSeddid SRAMPSOXi8sichiéd EWATRA 5 Ldmalieweld Ser ver 100

App | cat | orPrEBRea 3 GRSV aOATRETH, PESTe SR éﬁﬁys&aﬂ?@iﬁ@bﬁéﬁam or

pr ogram segmtﬂamdzandwiuml buted to one or nore subscribers, with the given
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that are enabl ed for such su
SRAMs 502 and 503 and to request the status of command words for a group by

means of the "status” flag. SRAM 501 is read by command-word processor 313

when either SRAM 502 or 503 is read and output bus 518 from SRAM 501 and

output bus 514 from either SRAM 502 or SRAM 503 are combined in OR gate 520.

Thus, microprocessor 300 can set the "status,” "standby" and "aBort" flags for the
command words in a group directly.

When set, the "abort” flag aborts a group by clearing the V flag in each
command word relating to the group. An abort is used, for example, in a situation
where a group or sequence of groups for which a command word or words have been
stored in FIFO 310 or memory 311 need not be completed. Setting the "abort” flag
for the current group aborts all groups in the linked list formed by the entries in the
HEAD and TAIL fields of the command words for successive groups. Referring
back to FIG. 4, thé "abort" flag is received on lead 421 from token memories 306 and
inhibits AND gates 439 and 440, thus clearing both the C flag and the V flag in the
o‘htgoing command word. The received "abort" flag also sets the D flag in register
410, which causes the "abort" flag to be written back into token memory 306 at the
address of the next group via lead 422. Thus, in successive cycles through the
command words, the "abort" flag is propagated through all command words in the
linked list.

When the V flag in a command word is cleared in register 410, such
cornmand word is not written back into memory 311. Multiplexer 312 is controlled
by the V flag via lead 445 so that when the V flag is set, the command word from bus

~ 412 is written into the address in memory 311 specified by counter 314 and when the
V flag is cleared, a new command word from FIFO 310 is written into such address.
Thus, the command word with a cleared V flag is replaced with a new command
word. '
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Still other applications are possible in which the subscriber can interact
with the material being transmtted. For exanple, a subscriber can request
a novie in a particular |anguage and switch to another |anguage during the
showing. The initial request is inplenmented by neans of the steps shown in
FIG 11. A request to change | anguages causes request processor 101 to
obtain the status of the novie fromset¥er 100, transmt a data bl ock
conprising at |east the remai nder of the soundtrack of the novie in the new

| anguage to data nmegBey thkliatus” 8eg ekt D oke woRPRag HORESRAM SOT,@acessor 300
{oocreate, Aanataamiand wer o o e EOUTEL RCkagl Sl oplecfan abor
coul d be i drrsbyesedrirth the garretitegmmuntlivedrd ity suchi FIFE. By scingstheesummy fagni t h
oL 11 rent Rt eRull ok Bt SR R 8 RebRapens Torih
scenes command words for that group and determine the status of the fields in such
command words. Examples of use of this feature will be described below.
FIG. 6 is a block diagram of multiplexer 320, which controls the
placement of data packets and control packets onto data bus 121 and channel identity
bus 120. Multiplexer 320 receives requests to send data packets, each in the form of
an address in data memory 111 and a channel number, from data packet request
FIFO 315 via bus 317 and receives requests to send control packets, each in the form
of a control message and a channel number, from control packet request FIFO 316
via bus 318. Data packets have priority over control packets, so if FIFO 315
contains any data packets, as indicated by a signal on lead 601, such packets will be
sent before any control packets. The preécnce of control packet requests in FIFO
316 is indicated by a signal on lead 602.
Control 603 is a state machine that responds to the signals on leads 601
and 602 and clock signals with appropriately sequenced signals on leads 604 and 605
to advance FIFOs 315 and 316, respectively, a signal on lead 621 to set multiplexer
606 to receive from either latch 607 or FIFO 316 and signals on leads 619 and 620 to
enable drivers 616 and 617, respectively. When a packet request is present in FIFO
315, as indicated by a signal on lead 601, control 603 responds with a signal on lead
6b4 to advance FIFO 315. The address field of the next packet request is then
clocked into latch 608, placing the address of the desired data on read address bus
122, and the channel identity field is clocked into latch 607. At the next clock,
multiplexer 606 is set to receive from latch 607 by an appropriate signal on lead 621
and the contents of latch 607 are transferred to latch 609. Meanwhile, the data for
the packet is read into latch 205 on the appropriate memory board 200 in data
memory 111. At the next clock, both driver 207 on such memory board and driver
616 in multiplexer 320 are enabled, thus simultaneously placing the data on data bus
121 via bus 125 and the channel identity on channel identity bus 120.
- FIG. 7 is a block diagram of a distribution board 112, which transmits
packets for selected channels over distribution link 115. Distribution board 112
contains latch 700, FIFO 701, communications interface 702, channel memory 703,
comparator 704 and write control 705. Channel memory 701 contains a flag for each
possible channel (2! in the exemplary embodiment). A set flag for a given channel
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- 24 - that mght be included in one version could be skipped in another
version, but without any time |apse being apparent at the point of the

ski pped scene. The invention has been shown and described with
reference to particul ar enbodi nents. However, it will be understood by
those skilled in the art that various changes may be made therein w thout
dfapfartijng fromthe spirit and scope ofjghe invention. What is
clainmed is:

indicates that such channel is to be transmitted over distribution link 115 by the
distribution board.

When a channel identity and its associated data appear on channel
identity bus 120 and data bus 121, respectively, the channel identity on bus 710 is
used as the read address for channel memory 703. If the flag for the addressed
channel is set in channel memory 703, a signal on lead 711 writes the channel
identity and data currently on buses 120 and 121 into FIFO 701. The data is delayed
in latch 700 to allow time for channel memory 703 to be read.

If FIFO 701 contains packets to be transmitted, a signal on lead 720
causes communications interface 702 to advance FIFO 701 packet-by- packet by
means of signals on lead 721, and to transmit such packets over distribution link 115.
FIFO 701 acts as a buffer to absorb packets for transmission over distribution link
115 so that they can be transmitted at the rate appropriate for distribution link 115.
Distribution link 115 can be, for example, an optical fiber data link carrying packets
at a rate of 155 megabits per second. -

The channels to be transmitted by distribution board 112 are identified
by setting and clearing the flags for such channels in channel memory 703. This is
accomplished by write control 705 in response to special control messages on data
bus 121. Such control messages can be identified by a specific channel identity, for
example channel "0," that is recognized by comparator 704. Such a control message
will contain an address field identifying the distribution board 112 in which such a
flag is to be changed, the address of the flag to be changed and an indication of
whether the flag is to be set or cleared. When such a control message is received,
write control 705 is enabled by a signal from comparator 704 on lead 712. Upon
being enabled, write control 705 compares the board address in such address with a
preset address for the board supplied on bus 713 and, if such addresses match,
updates the addressed flag in channel memory 703 in accordance with such message.

In order to illustrate the operation of the program server of the
invention, a number of examples will now be described of various ways in which the
server can be used. FIG. 8 is a flow chart showing the steps of an example in which
a cable television system subscriber requests a specific movie. Such request is
forwarded to request processor 101 (step 801), which then sends a first control
message to program library 102 (step 802) to transfer the data block for the movie to
a specific area in data memory 111 in server 100 (step 803). (As indicated by arrow
804, steps 802 and 803 can be skipped if such data block already resides in data
memory 111 as a result of an earlier request.) Request processor 101 then sends a
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- 25 - VWhat is clainmed is: 1. A server for sending one or nore data

bl ocks froma data nmenory in specified channels over a distribution system
at controlled tine intervals, which conprises: a command-word nmenory for
storing a command word for each said data block to be sent, each
command word including at |least the identity of t he channel for said
data bl ock, the address in said datggnmenory of the next portion of said
data bl ock to be sent and a tine indication; first processing neans

for rece|V|ng requests to send data bl ocks and for storing said commuand
words in  seedgonBrhmaagetosioptrpher ddge send the moyiitorthe, a&mgbcr (step

805). Such second control message contains at least the identities of a specific
distribution link 115 and channel over which the movie is to be transmitted,
destination information for setting up the path to the subscriber, the address in data
memory 111 of the first packet in the data block for the movie, the number of
packets and information relating to the packet transmission rate for the B field of the
command word. Microprocessor 300 responds to such second control message by
creating a control message or messages in assembly register 305 to set channel
memory 703 in the distribution board 112 associated with the specified distribution
link 115 and to initialize downstream equipment and inserting such control
message(s) in control-packet- request FIFO 316 for transmission (step 806); then
creating a command word in assembly register 305 to govern the transmission of the
data block for the movie and inserting such command word in FIFO 310 (step 807).
Regarding the control messagc sent by microprocessor 300 to channel
memory 703, the channel-identity portion in such message is the identity recognized
by comparator 704 in distribution boards 112, for example, “"channel 0." The data
portion of such control message contains the address of the distribution board 112
associated with the specified distribution link 115 and information to be written into
channel memory 703 in such distribution board 112. Such information sets or clears
flags in channel memory 703 indicating the channel or channels to be transmitted
over such distribution link. In the first example, such information causes write
control 706 to set the flag corresponding to the channel specified for the movie.

_ Regarding the command word, such word is created with the channel
identity in the CHAN field, the address in data memory 111 of the first data packet of
the movie in the PA field, the total number of packets in the movie in the T field, a
cleared C flag, a cleared A field, a value in the B field relating to the timing of
packets for an audio/video signal, a set V flag, cleared P and R flags, a cleared TAIL
field and, in the HEAD field, a group identity for sending the data block. In this
case, the group consists of the single audio/video data block for the movie. Ifa
subsequent group, involving one or more data blocks, is to be sent after the movie is
completed, the identity of such subsequent group is entered in the TAIL field. As
will be described below, it is usually desirable to specify an identity for a subsequent
group, even if it is not known that such identity will be needed when the command
word is created.
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second processing neans for periodically processing each command word

In said command-word nem ory, said second processing neans conpri sing:
means for updating the tinme indication in said com mand wor d; nmeans
operative when said tinme indication reaches a t hreshol d val ue for
retrieving the portion of said data block fromthe address in said data
menory specified in said conmand-wyd and updating said addr ess;
and means for sending said retrieved portion in said iden- tified

channel over said distribution system 2. The server of claim1 wherein
each said command wésdnémivhedialsovenconml erssiged candleusent fedma tservet £0Q dvert | ne

bl ock and. s e A58 R Bl Son HRGERSluimER W R B heddeRe BRIBF I °7 G2
nmeans for isbsaibenisilorptioniaireceive thewmioviat iSoch bonttohmessages can be assembled

in assembly register 305 and inserted in FIFO 316 for transmission via multiplexer

320 and the relevant distribution board 112. However, it may be desirable to send

such control messages directly from request processor 101 over data link 103.

The command word proceeds through FIFO 310 into command-word
memory 311. Command-word pméessor 313 periodically processes the command-
word and inserts data packet requests in FIFO 315 when the value of the A field in
the command word causes a carry in adder 432. Each packet request causes
multiplexer 320 to retrieve the addressed data packet from data memory 111 and
place such packet on data bus 121, together with the relevant channel identity on
channel-identity bus 120. The appropriate distribution board 112 then sends the
packet over its distribution link 115 (step 808). Packets continue to be sent in
accordance with the command word until the last packet is sent, whereupon the V
flag in the command word is cleared, thereby deleting the command word from
command-word memory 311 (step 809) and permitting the sending of any
subsequent group of data blocks identified in the TAIL field of the command word to
begin. The change in the V flag causes the deleted command word to be entered into
status FIFO 325 by exclusive-OR gate 442. On receiving the command word,
microprocessor 300 can initiate a status message to request processor 101, indicating
that sending of the movie has been completed (step 810).

{ During the movie, the subscriber may request actions such as "play,”
"pause,” “fast forward"” and "fast reverse” by causing request messages for such
actions to be sent to request processor 101. FIG. 9 is a flow chart showing the steps
of an example in which a "pause” request is sent, followed by a “play"” request. On
receipt of the "pause” request (step 901), processor 101 sends a control message to
server 100 (step 809) that causes microprocessor 300 to set the "standby” flag at the
address in token memory 501 corresponding to the identity of the group including
the data block for the movie (step 902). As a result, each time the command word is

_ processed, the P flag in the command word will be set and no further packets will be
sent. When a "play" request is received (step 904), a subsequent control message to
server 100 (step 905) causes server 100 to clear such "standby" flag (step 905),
whereby the sending of packets resumes.’
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anount of said increnmental val ue. 3. The server of claim1l wherein each
said command word includes a quantity representing the nunber of portions
of its associated data block still to be transmt- ted and at | east one
command flag, a first one of said conmand fl ags being asserted when al
portions of the associated data bl ock have not been sent, and said sec- ond

processi ng neans further conprises: mggns for nodifying said quantity
when each said portion is sent; nmeans responsive to said quantity for
negating said i st commgpd fIa when all portions of the associ -

ated data bl ock have %é(eﬁ‘?f‘g tan%rfasmvﬁé%gcqwcagmm@%awqf the PA¢

comand fl agnd Qfieiddin the command word to shift the address in data memory 111 where
subsequent packets will be retrieved. This can be accomplished by creating a new
command word with new values for PA and T in accordance with the extent of the
shift requested. It can be seen that an arbitrarily large “jump” forward or backward
can be made when an entire movie is stored in data memory 111 without the tape-
winding delay required for such a jump when using a conventional video cassette
machine. However, it is first necessary to determine the size of the jump.

FIG. 10is a flow chart showing the steps involved in responding to a

"fast forward" request. Such requests can be implemented, for example, by storing a
scene list containing memory offsets in request processor 101, where each entry in
the list indicates the relative address of the beginning of a scene with respect to the
starting address of the movie. On receipt of a "fast-forward" request (step 1001),
processor 101 sends a control message to server 200 requesting the status of the
movie (step 1002). Microprocessor 300 sets the "status” flag in SRAM 501 in token
memory 306 at the address corresponding to the group identity for the movie data
block (step 1003), which causes the command word for such group to be entered into
status FIFO 325. On receiving such command word, microprocessor 300 sends a
status message to request processor 101 identifying the packet currently being sent
according to the PA or T fields in the command word (step 1004). Request processor
101 then refers to the scene list to determine the address of the next scene (step
1005) and sends a control message to server 100 to send a short (e.g. 0.5 sec) clip
f}om the movie starting at the beginning of the next scene (step 1006).
Microprocessor 300 sets the "abort" flag in SRAM 501 in token memory 306 to
delete the command word for the data block for the movie as presently being sent
(block 1007) and then creates a new command word to send the clip (step 1008).
Steps 1005, 1006 and 1008 are repeated as indicated by arrows 1009, 1010 and 1011,
thereby traversing the scene list, until a "play" request is received (step 1012),
whereupon processor 101 sends a control message to send the remainder of the
movie beginning at the last-sent scene (step 1013). Each control message sent in
steps 1006 and 1013 causes microprocessor 300 to create a new command word with
the appropriate entries in the PA and T fields to send the clips (step 1006) or the
remainder of the movie (step 1013) from the data block already resident in data
memory 111. The viewer sees the succession of clips. Of course, the clips can be
made any length necessary for comfortable scanning of the movie, and multiple "fast
forward" instructions using clips of different lengths can be implemented if desired
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- 26- stituting a new conmand word fromsaid first pro- cessing
‘means for a conmand word processed by sai d second processing neans when
said first com mand flag is not asserted. 4. The server of claim3
wherein each conmand word also includes a first identity specifying a first
group of one or nore data blocks to which its associ ated data bl ock

bel ongs, a second identity specifying.ggsec- ond group of one or nore data
bl ocks and wherein a second one of said conmand flags is asserted to

i ndi cate an aport_state, which further conprises; . L.
to give dtiffercnt scanning speeds. "lt-'ast rcvcrsrg‘)' can be implemented in a similar

manner by traversing the scene list in the opposite direction.

It can be seen from the above description that any number of requests
(up to the capacity of the server) can be handled for simultaneous or overlapped
independent transmissions of a given data block stored in data memory 111, A
separate command word is generated for each such transmission which contains all
the necessary information to control the transmission.

In another example, a request is received by request processor 101 from
a subscriber customer for a movie with a soundtrack in a particular language.
Assume that program library 102 includes a first set of files containing data blocks
for movies having both the audio and video portions compressed and encoded
together, with the audio portion being the soundtrack in the native language of the
film, thereby having lip movements synchronized with the soundtrack, and a second
set of files containing data blocks for soundtracks in other languages and a separate
video portion without sound. The data block used in the first example described
above is from the first set of files.

FIG. 11 is a flowchart of the steps involved in responding to a request
for the movie in the specified language. Upon receipt of the request (step 1101),
request processor 101 sends a control message to program library 102 to send two
data blocks (step 1102), one for the separate video portion, the other for the
soundtrack in the requested language, to data memory 111 in server 100 (step 1103).
In addition, request processor sends a control message to server 100 that causes the
n‘ecessary control messages to be sent to set the channel memory in the appropriate
distribution board 112 for two channels and to initialize equipment downstream to
receive both data blocks to generate the signal to the subscriber from the information
in the data blocks (step 1104). Microprocessor 300 then sets the “standby” flag in
SRAM 501 of token memory 306 at the address corresponding to a group identity
for the two data blocks (step 1105) and creates a separate command word for each
data block (step 1106). Such command words have the same group identity in at
least their HEAD fields, thus associating the two data blocks as a group. However,

_since the packets in the audio data block will be fewer in number than the packets in

the video data block and the data blocks will be sent over distribution link 115 in
different channels and at different intervals, the values in the CHAN, PA, T and B
fields will differ in the two command words. The P flag is cleared in each command
word initially.
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first and second token nenories for storing token wor ds at addresses
‘corresponding to said identities, each said token word including at

| east one token flag, and wherein said second processing neans
further conprises: means operative during odd passes through said com
mand words for clearing said first token menory and, for each conmand
word, reading a token word fromtheiaddress in said second token nem
ory corresponding to said first identity and, when either the first

d fl h t d
comand 1129 or tNWRERA, fhand TR LURFhAuBRTSLAE el 451 BERESSS
t oken nemmyowdéyp@mm@ wormoctssu'édridthc factithhe the ‘tstandby"hidapfor dger at i ve
Jukend ©VCela?as gl QUG 1I@h themory S06TRNTaNRTAE P AL iPLER oY © SeCOnd

t oken menory eac
word to bccomc set, thus mhxbxung sending of packets. The changc in the P flag

during the first processing iteration for each command word causes such command
word to be entered into status FIFO 325 by the action of exclusive-OR gate 441, thus
giving microprocessor 300 an indication that the command word is in command-
word memory 311 and is being processed (step 1107). When both command words
are in memory 311, microprocessor 300 clears the "standby" flag in token memory
306 (step 1108), thus permitting packets from both data blocks to be transmitted
under control of their respective command words (step 1109). It will be clear that
the sending of two or more data blocks can be coordinated and synchronized by this
technique. After the last packet in each data block is sent, causing the V-flag in the
associated command word to be cleared, the command word is deleted from
command word memory 310 and inserted in status FIFO 325 by the action of
exclusive-OR gate 442 (step 1110). Upon receipt of such command words from
status FIFO 325, microprocessor 300 can send status messages to request processor
101. '

_ In step 1109, both command words cause the packets from their
associated data blocks to be sent over the relevant channels at the appropriate
intervals. Because the group identity in the HEAD field is the same in both
command words, any “standby" or "abort" flag set in token memory 306 will affect
bbth command words. Also, the response to a request such as "fast-forward" will
require replacement of both command words and the "clips" described above will
need both audio and video components. Thus, the scene list will have entries for
both the audio and video packets at the beginning of a scene. Such packets can be
chosen so that the audio and video are in synchronism at the beginning of a scene.

It will be clear from the above description that an audio-visual work can
be transmitted from combined audio/video data blocks as in the first example or
separate audio and video data blocks as in the second example. In applications in

. which it is desirable to always store the video in combination with audio and
transmit the combination on a single channel, such as movies in their "native”
language, then a request for movies in different languages can be handled by
transmitting the combined version in one channel and the different- language
soundtrack in another channel and sending control messages to a convenient point
downstream, such as at the cable headend, to cause the different-language soundtrack

This is the replacement sheet

¢ NOY wgs

Date:



token word fromthe address in said first token menory corresponding to
'said first identity and, when either the first conmand flag or the
second command flag in the processed conmmand word is set, storing a
token word at the address in said second token nenory corresponding to
said sec- ond identity; the states of said first and second token
flags in said stored token words correspondi ng, respectively, to
the states of said first and second co nd flags in sai d processed
comrand wor d.

to be substituted for the native- language soundtrack before the movie is finally

presented to the viewer.

As a further example, consider an interactive video application in which
a sequence of audio/video clips is to be sent over a distribution link 115, with
successive clips being selected by request processor 101 in accordance with
responses from the viewer to preceding clips, for example, as in a video teaching
system. Each such audio/video clip will be sent in the same manner as the movie
described in the first example, with the associated control messages and command
word necessary for such sending. However, the TAIL field in the command word for
each video clip will contain the group identity contained in the HEAD field of the
succeeding video clip. Thus, the "standby" flag at an address in token memory 306
will be set via lead 422 whenever a command word having such address in its TAIL
field is processed by command-word processor 313, and when a command word
having such address in its HEAD field is processed, the P flag in such command
word will be set, thereby preventing the sending of packets in the data block
associated with such command word until all command words having such address
in their TAIL fields are removed from command-word memory 311.

At the time of creating a command word, it is desirable to assign the
identity of the data-block group to follow so that such identity can be inserted in the
TAIL field of the command word being created. Such identity can than be saved, for
example, in microprocessor memory 303, in readiness for the creation of command
words for the next data- block group. Such technique can be conveniently used
vzzhcnevcr a string of clips is sent, as in the example just described or the "fast
forward" or "fast reverse" operations described earlier.

The audio/video clips in the last example can be made up of multiple
audio and/or video clips to be transmitted simultaneously over different channels as
part of the same group and combined at some point downstream from distribution
board 115. Some overlays in a group may have a longer time duration than others.
However, each overlay in such a group will have its own command word, and all the

‘command words for the overlays in a group will typically have the same group
identities in the HEAD and TAIL fields. Accordingly, when such command words
are processed in processor 313, the TAIL field of each command word will cause the
"standby"” flag for the subsequent group to be set repeatedly in token memory 306
until the last packet of the longest overlay is sent.
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- 27 - 5. The server of claim4 wherein a third one of said comuand
flags is asserted to indicate a pause state and said second processing
nmeans further conprises: means for asserting said third conmand flag in
t he command word being processed when the first token flag in the
token word retrieved for said command word is asserted; and means
for inhibiting the sending of portions 23f- the data bl ock associ at ed
with a command word when the third command flag in said command word

third token memory My SRR ElRRh R e e el ACa G AR BT i g
to sai d i damplémemted esinghserver 108aiAhothek appliaatidn rslating td mdwiegis thekabilitgre nor y
i ncl ud- to show an abridged version of a movie. In such an application, scene lists for
abridged versions are stored in request processor 102. When a request for an
abridged version is received, processor 102 causes the data block(s) for the complete
movie to be sent to data memory 111 from program library 102 and control
messages for the scenes (or sequences of scenes) making up the abridged version to
be sent to server 100. Server 100 then sends only the abridged version to the viewer
requesting it. Of course, the complete movie can be transmitted to other viewers at
the same time using additional command words for each such transmission.

It is expected that in 2 movie application as described above that data
memory 111 will act essentially as a cache memory and that the most popular
movies at any given time will probably be constantly stored in such memory during
periods of high activity. Thus, transmissions from program library 102 to server 100
will be relatively infrequent for the data blocks for such movies. However, it will be
clear that the operation of server 100 is completely flexible and that one-of-a-kind
and tailored transmissions can be handled as readily as transmissions of the same
material to multiple users.

Other possible applications that can be easily implemented by use of
server 100 and the principles of the invention are those of the kind described in
Application Serial No. 07/965,493 in which audio and/or video programs or program
segments are distributed to one or more subscribers, with the given program for a
p%rticular cable subscriber being defined by the channels that are enabled for such
subscriber.

Still other applications are possible in which the subscriber can interact
with the material being transmitted. For example, a subscriber can request a movie
in a particular language and switch to another language during the showing. The
initial request is implemented by means of thie steps shown in FIG. 11. A requestto
change languages causes request processor 101 to obtain the status of the movie
from server 100, transmit a data block comprising at least the remainder of the

_ soundtrack of the movie in the new language to data memory 111 in server 100 and
then cause microprocessor 300 to create a new command word for the new
soundtrack data block and abort the soundtrack for the old soundtrack data block. A
similar application could be implemented regarding multiple versions of the same
movie with different ratings in which the viewer may wish to switch back and forth
between ratings depending on the audience. In such an application, certain scenes
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ing said first and second token flags and a third t oken fl ag; means

connected to said first processing neans for writing token words into
said third token nmenory and wherein said second processi ng nmeans
further conpri ses: means operabl e during the reading of a token
wor d froman address in either said first token nmenory or
sai d second token nenory for reading thg. token word fromthe sane
address in said third t oken nenory and creating a conbi ned token

word wherein the first and second token fl ags correspond to the

| ogi cal - OR it Bight be inghuded,in one Version sopIdhsIRBIPRGS IR RIKRETYCEIAT. BHer of 1 sai d
;2: (rjdt hi rd ?Bmkgﬁ%ftﬂmaﬁﬁwwﬁ ?et?bggitnhbf tﬁsﬁgpéﬂ §dcﬁﬂ. sai d fegzgrrrd
process- ing neans Hﬁ‘\‘t‘ﬁ@"u{?[’) % own an dcscn with feterence to particular
embodiments. However, it w111 be understood by those skilled in the art that various
changes may be made therein without departing from the spirit and scope of the
invention. |

What is claimed is:
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means operabl e during-.the processing of a comand word for negating the

i sthiCSHEERY | ag and as- serting the second command flag in said
coman 'Eiée,, lacsdhe second t oken flag is asserted in the t oken
wor d rguuug i d conmand wor d. 8. The server of claim®6 wherein
said s I ng means further conprises: means operable after
t he processing of a command word for sending said conmand word to said
first processi ng neans when the thi25d token flag is set in t he
token word retrieved for said conmmand word.
Claims:

1. A server (100) for sending one or more data blocks from a data
memory (111) in specified channels over a distribution system (112, 115, 114, 116)
at controlled time intervals

CHARACTERIZED BY .

a command-word memory (311) for storing a command word for each
said data block to be sent, each command word including at least the identity of the
channel for said data block (CHAN) the address in said data memory of the next
portion of said data block to be sent (PA) and an indication of the time until said
next portion is to be sent (A);

first processing means (300) for receiving requests to send data blocks
and for storing said command words in said command memory in response to said
requests;

~ second processing means (313) for periodically processing the command
words in said command-word memory, said second processing means including
means (431,432) for updating said time indication and means (437) for causing the
portion of said data block specified by said address to be sent in said channel over
said distribution system when said time indication reaches a threshold value.

2. The server of claim 1

FURTHER CHARACTERIZED IN THAT

each said command word includes an indication of the number of
portions of its associated data block still to be sent (T) and said second processing
means further includes: | .

means (434) for modifying said number indication when each said
portion is sent and ~

means (438, 440 in 313; 445, 312 in 110) for causing a new command
word to be substituted from said first processing means for an old command word
processed by said second processing means when said number indication indicates
that all portions of the data block associated with said old command word have been

. sent.

3. The server of claim 1
FURTHER CHARACTERIZED IN THAT

This is the replacement sheet

) O A 21 N0V 18

Date:



- 28This Sheet I9as Beef ReBLYGF Of claim 1l wherein said first processing neans

alsor 3 s to send control nessages over identified channels
and wh [ Iﬂm nd pro- cessing nmeans further conprises: first
buf f er d to said second process- i ng means for storing

the addresses of said data- bl ock portions to be sent and the channel
identities for said portions; -26cond buffer neans connected to said
first process- i ng neans for storing control nmessages to be sent

Sai d means Tor retr i pFeckhaffhOrEaR fpludbBE frye deniGRARADR 0T IC T
mul ti pl exi repecifring a fostigeaipeef ane og aiate Hita dlocks tp which its agseeistnd datg bleek neans
for retri evidishgsal sheBHd {RRABETAIL) specifying a second group of one or more data
blocks and at least one command flag (V, P, D) and said server further includes:
first and second token memories (502, 503 in 306) for storing token
words at addresses corresponding to said identities, each said token word including
at least one token flag;
means (510, 511 in 306, 424 in 313) for:
during odd passes through said command words, clearing said first token
memory and, for each command word, reading a token word from the address in said
second token memory corresponding to said first idenﬁty and, responsive to said
command flags, storing a token word at the address in said first token memory
corresponding to said second identity and |
during even passes through said command words, clearing said second
token memory and, for each command word, reading a token word from the address
in said first token memory corresponding to said first identity and, responsive to said
command flags, storing a token word at the address in said second token memory
corresponding to said second identity;
the states of said token flags in a token word stored for a command word
corresponding to the states of command flags in said control word.

4. The server of claim §

FURTHER CHARACTERIZED BY

a third token memory (501 in 306) for storing token words at addresses
corresponding to said identities;

means (330) for writing token words into said third token memory from
said first processing means and '

means (514, 520) operable during the reading of a token word from an
address in either said first token memory or said second token memory for reading
the token word from the same address in said third token memory and creating a
combined token word from the token words read.

§. The server of claim 5
FURTHER CHARACTERIZED BY
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and associ at ed charmel-—dentities in sequence fromsaid first buffer
‘meanJhiaiSteet Hag B@&P@ep‘ﬁ%g g address, reading said portion fromsaid
jjd data meno

addr ess ry and sending said retrieved
portio Bﬂl]HU,“Bml fied channel over said distri- ~ bution system
and, whe buf f'er neans is enpty, retrieving each said

control nessage and associ at ed Qgﬁnnel identity in sequence from
sai d second buffer neans and sending said control _ nmessage in
said identified channel. 10. The server of claiml1l or claim9 in which

each retrieved dat a- B3ax(49dr M6 A43in3 1% 30453256 41 Qresremsiveto saidnt i ty and

each cont1 ol cafifnRbRagHldjor 5aid SRl Mg tor ARTNEa doftfiidl Worki§ sdfirscOVer sai d
di stribution ?)é;t.em as digital packets and wheérein sald server is adapted

for sending HPHIFAE BECRets over one or nore distribution links, which
further conprises: a channel nenory associated with each distribution

6. The server of claim 1

FURTHER CHARACTERIZED IN THAT

said first processing means also receives requests to send control
messages over identified channels and said server further includes:

first buffer means (315 in 110) connected to said second processing
means for storing the addresses of said data-block portions to be sent and the channel
identities for said portions;

second buffer means (316 in 110) connected to said first processing
means for storing control messages to be sent and the channel identities for said
control messages; and

multiplexing means (320) connected to said first and second buffer
means for retrieving said addresses and associated channel identities in sequence
from said first buffer means and, for each said address, reading said portion from
said address in said data memory and sending said retrieved portion in said identified
channel over said distribution system and, when said first buffer means is empty,
retrieving each said control message and associated channel identity in sequence
from said second buffer means and sending said control message in said identified
?hmnel.

7. The server of claim 1 or claim 9

FURTHER CHARACTERIZED IN THAT

each retrieved data-block portion and its associated channel identity and
each control message and its associated channel identity are sent over said
distribution system as digital packets and said server further includes:

a channel memory (703 in 112) associated with each distribution link in
said distribution system for indicating particular channels to be sent over said
distribution link and

_ means (700, 701, 711 in 112) for sending a digital packet over said
distribution link when the channel identity in said digital packet corresponds to a
channel indicated in said channel memory.

8. The server of claim 7

RIR YRR | et 1§m;mt sheet

Date:



i nﬁfor i ndi cat i ng particul ar channels to be sent over said

dis Qtﬁas Béémq erei n said neans for sending further conprises:
means i gi taI packet over said distri- bution |ink when
t he c mﬂ,”"& in said di gital packet corresponds to a channel

I ndi cat ed aid channel nenory. 11. The server of claim10 in

whi ch control nessages are sent over at |east one dedi cated channel,
certain control nessages specify channgjg.to be sent on each di stribution
| i nk and wherein each channel nenory

FURTHER CHARACTERIZED IN THAT

control messages are sent over at least one dedicated channel, certain
control messages specify channels to be sent on each distribution link and said server
further includes:

means (704, 705 in 112) responsive to said certain control messages for
storing in said channel memory the identities of the channels to be sent on the
distribution link associated with said channel memory.

9. The server of claim 7
FURTHER CHARACTERIZED BY
means (701, 702 in 112) for buffering packets to be sent over said
distribution link and sending such data items over said distribution link at the
appropriate transmission speed for said distribution link.

10. The server of claim 1

FURTHER CHARACTERIZED IN THAT

said data memory is divided into at least two segments and said server
further includes:
_ means (210, 211, 212, 213, 225, 204, 217 in 111) for writing said data
blocks from an external source into said segments of data memory; and

means (215, 216 in 111) for inhibiting writing data blocks into a
segment of data memory when data blocks are being read from said segment.

11. A method of sending portions of one or more data blocks from a data

memory in specified channels over a distribution system at controlled time intervals

CHARACTERIZED BY

creating and storing a command word for each said data block to be
sent, each command word including at least the identity of the channel for said data
block, the address in said data memory of the next portion of said data block to be
sent and a time indication;

periodically processing each stored command word, including the steps
of: .

updating the time indication;

when said time indication reaches a threshold value, retrieving the
portion of said data block from the address in said data memory specified in said
~ command word and updating said address; and

||IIIII| Illlll 0L This i the replacement sheet
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rﬁeslesed means responsive to said certain control
'nessages ng I n said channel nenory the identities of the
channel s the distribution link associ - ated with said

channel rrem)ry he server of claim 10 in which each distribution
i nk further corrprlses. means for buffering the data itens to be sent
over the distribution Iink and sengong such data itens over sai d
distribution link at the appropriate transm s- sion speed for said
distribution link The, server, .aim.1 i d dat,a menory is

a dynami ¢ random accé%‘kd‘%%q SF‘“‘B'&E!m°§%9"d“66‘$‘d%§&dﬁﬁ?fﬁ‘°€%‘ﬁf3? fls a fourth

command f | agdistsibudore oysenicand- word nenory contains at | east one comrand word
havi ng said fourth cormand flag asserted and
12. The method of claim 11
CHARACTERIZED IN THAT
each said command word further includes an indication of the number of
portions of its associated data block still to be sent and said processing step further
includes: ' '
modifying said number indication when each said portion is sent and
substituting a new command word for an old command word when the
number indication in said old command word indicates that all portions of the data
block associated with said old command word have been sent.

13. The method of claim 11

FURTHER CHARACTERIZED IN THAT |

each command word includes a first identity specifying a first group of
one or more data blocks to which its associated data block belongs, a second identity
specifying a second group of one or more data blocks and at least one command ﬂag
and said method further includes the steps of:

during odd passes through said command words, clearing a first token
memory and, for éach command word, reading a token word from the address in a
s~cond token memory corresponding to said first identity and, responsive to said
command flags, storing a token word at the address in said first token memory
corresponding to said second identity and

during even passes through said command words, clearing said second
token memory and, for each command word, reading a token word from the address
in said first token memory corresponding to said first identity and, responsive to said
command flags, storing a token word at the address in said second token memory
corresponding to said second identity;

the states of said token flags in a token word stored for a command word
corresponding to the states of command flags in said command word.

14. The method of claim 13
FURTHER CHARACTERIZED BY

W
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said se gtr hmplamhs further conprises: means responsive to said

fourth al d command words for refreshing said data

menory rth command flag is asserted. 14. The server of
0

claim1l npri ses: means for witing said data bl ocks into
sai d data rrermry froman external source. 15. The server of claim14
in which said data menory is divided i-¥o at | east two segnents, said

second pro- cessing nmeans reads from one segnent of data nenory at a tine

and sai d nmeans for %bhg?@ﬁf\‘%éraﬂn fﬁ\%%%ﬁnemoﬁ@&dé%s kotnds ?bﬁdiﬁ'

witing into a segnen i'd second proCessihg neans
i s readprsgldfldmﬁllehmarre segnent 16 The server of claim 14 in which

said data menory i Sgen &@%&dlﬁg‘wmk@ﬁ %&frﬂﬁ%ra)ﬁdre%élirﬂe@@?%@ ikt O-
cessing neans perio refreshes sai d data nenor %fs nmeans for
writing furfke memepr q)r,_ﬁg@/ second token memory, reading the token word from the same
address in said third token memory and creating a combined token word from the
token words read.

15. The method of claim 11

FURTHER CHARACTERIZED IN THAT

control messages are sent in addition to said portions of data blocks and
said method further includes the steps of:

storing the addresses of portions of data blocks to be sent, together with
channel identities for such portions, in a first buffer; '

storing said control messages, together with the channel identities for
such control messages, in a second buffer;

retrieving said addresses and associated channel identities from said first
buffer and, for each said address, retrieving said data block portion from said data
memory and sending said retrieved portion in said identified channel over said
distribution system; and

when said first buffer is empty, retrieving said control messages and
associated channel identities from said second buffer and sending said control
nmessage in said identified channel over said distribution system.

16. The method of claim 11 or claim 15

FURTHER CHARACTERIZED BY

sending each retrieved data block portion and its associated channel
identity and/or each control message and its associated channel identity over
distribution links in said distribution system as digital packets;

indicating particular channels to be sent over a distribution link in a
channel memory associated with said distribution link; and

_ sending a digital packet over a distribution link when the channel

identity in said digital packet corresponds to a channel indicated in said channel
memory associated with said distribution link.

17. The method of claim 11

, ‘!I,"J "mj l""" "Ilsl " '!l‘ This is the replacement sheet
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means for imhibiti+ng-witing into said data nenory when sai d second

pr ocesiss SkelR Sedn | refreshl ng said data nenory. 17. The server of
claim 1 C‘Pﬁaans for witing further conprises; means for
recei VI ocks fromsaid exter- nal source as a series of
packet s, ket cont ai ning one of said portions of said data
bl ock and the address in said data.% enory at which said portion is
to be witten. 18. A nethod of sendi geportions of one or nore data

bl ocks froma data nenory in specified channels over a
FURTHER CHARACTERIZED IN THAT

said data memory is divided into at least two segments and said method
further includes:

writing said data blocks from an external source into said segments of
data memory and :
inhibiting writing data blocks into a segment of data memory when data
blocks are being read from said segment.

18. A method of sending one or more requested data blocks from a

storage library at controlled rates to one or more users over specified channels in a
distribution system

CHARACTERIZED BY

upon receipt of a request for a data block:

retrieving said data block from said storage library and storing said data
block in a random-access memory;

creating and storing a command word for each such request, each said
command word containing at least the identity of the channel for said data block, the
address in said data memory of the next portion to be sent and a time indication;

periodically processing each stored command word, including the steps
of:

updating the time indication;

when said time indication reaches a threshold value, retrieving the
1portion of said data block from the address in said random-access memory specified
in said command word and updating said address; and

sending said retrieved portion in said identified channel over said
distribution system. ;

19. The method of claim 18
FURTHER CHARACTERIZED IN THAT
said data blocks represent programs such as audio or audio-visual works
and said method is adapted to receive "pause” and "play" requests and further
includes the steps of:
on receipt of a "pause” request for a program, asserting a pause flag in
the command word for said program;

g s e
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- 30- di stribution systemat controlled tine intervals, which further
CONYHis SRSt Has Bdeh Rapikéy and storing a comand word for each sai d dat a

bl ock ch command word i ncl ud- ing at least the identity
of thﬂm lm mlHEal d data bl ock, the address in said data nenory of
the n n to be sent and a tine indication; periodically
processi ng each stored conmand word, . I ncl udi ng the steps of:

updating the time indication; when32ai d tine indication reaches a
t hreshol d val ue, retrieving the portion of said data bl ock

f rgm t get addr essdi ”d&%&xﬂﬁéﬁ AP 'rYqueBERk hipfdhradl, negating sai@psuse @gpaNd word
and updatinghg ?vlhere?n saxc? processing step further comprises:
when said pause flag is asserted, inhibiting the sending of data-block

portions for said program.

20. The method of claim 19

FURTHER CHARACTERIZED IN THAT

said method is adapted for sending sequences of programs;

each command word further includes a first identity for the program
associated with said command word and a second identity for the next program to be
sent;

said method further includes the step of assigning a token flag to each
possible identity; and '

said processing step further includes the steps of:

asserting the token flag assigned to the second identity in the command
word being processed; and

if the token flag assigned to said first identity in said command word
was asserted during the previous periodic processing of said command words,
asserting the pause flag in said command word to place the program associated with
said command word in the pause state;

whereby all programs in said sequence except the first are maintained in
the pause state.

21. The method of claim 20

FURTHER CHARACTERIZED IN THAT

said method is adapted to receive "fast forward" requests;

each said command word also contains a quantity representing an
amount of the program to be played; and -

said method includes the further steps of: -

storing a list of subprogram addresses, each said subprogram address
identifying the start of a subprogram within the current program;

on receipt of a "fast forward" request for said current program:

retrieving the present address for said current program from its
command word;

A, DR Tis i the ropiacement sheet
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and nﬁ@g,ggepg said retrieved portion in said identified channel
over said ' sécdm 19. The nethod of claim 18 wherein each
comrand V\DZM ﬂ increnental value related to the tinme desired
between th ccessive portions of its associated data bl ock and

said step of updating the tinme indication conprises: I ncrenmenting said
time indication by the anmpbunt of - szraa:}d I ncrenent al val ue. 20. The
nmet hod of claim 19 wherein each said co mand word i ncludes a quantity

representing the nunber of portions of its associated data block still to
be trans- nitted anddaterhining the sebprognasmidllbiving, said presept addressdfons sdidl conmand
fl ags being serted when all portions of the associated data bl ock have

not been sent,” which further conprises: modi fyi ng said quantity when each
said portion is creating and storing a new command word to play a portion of said next

subprogram, beginning at the address stored for said subprogram, said new
command word having as its first identity the second identity from the command
word for the current program;

deleting the command word for the current program;

repeating said step of creating and sioring a new command word for
each subprogram in sequence, each said new command word having as its first
identity the second identity for the previous command word; and

upon receipt of a “play” request for said current program;

creating and storing a new command word to play the remainder of said
current program, beginning at the address stored in said list for the next subprogram,
said new command word having as its first identity the second identity for the
previous command word.

22. The method of claim 20

FURTHER CHARACTERIZED IN THAT

said method is adapted to receive "fast reverse" requests;

each said command word also contains a quantity representing the
amount of a program to be played; and

said method further comprises the steps of:

storing a list of subprogram addresses, each said subprogram address
identifying the start of a subprogram within the current program;

on receipt of a "fast reverse” request for said current program:

retrieving the present address for said current program from its
command word; B

determining the address of the subprbgram preceding said present
address from said list;

creating and storing a new command word to play a portion of said
preceding subprogram, beginning at the address stored for said subprogram in said
list, said new command word having as its first identity the second identity from the
command word for the current program;

deleting the command word for the current program;

T
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sent; hig negat| ng ‘said fiTst command flag when all portions of - the

'assoc @@hcﬂeblabe”We been sent and substituting a new command word
for ap rmand word when said first cormmand flag is not
asserte ssed command wor d. 21. The nmethod of claim 20

wherei n each connan mord I ncl udes a fbrst Identity specifying a first
group of one or nore data blocks to wh %h Its associ ated data bl ock

bel ongs, a second identity specifying a second group of one or nore data
bl ocks and a secondmpﬁém@ﬁmdam@QﬁumMmgahdmganganawsnnmﬁmdwwxdﬂM1cate an

abort stat @acH\ibpkbgrith if flvese WueR&S each said new command word having as its
first identity the second identity for the previous command word; and
upon receipt of a "play" request for said current program;
creating and storing a new command word to play the remainder of said
current program, beginning at the address of the preceding subprogram, said new
command word having as its first identity the second identity for the previous
command word.

23. The method of claim 20

FURTHER CHARACTERIZED IN THAT

said program is an audio/visual work comprising one or more audio and
one or more video tracks to be played simultaneously, each said command word also
contains an incremental value relating to the time desired between the sending of
successive portions of its associated data block and said creating and storing step
further includes the steps of: '

creating and storing a command word for each audio track and each
video track, the first and second identities being the same in all said command
words, said channel identities and said addresses in data memory being different in
each said command word and said incremental values in said command words being
selected appropriately for each respective track.

24. The method of claim 23

FURTHER CHARACTERIZED IN THAT

said method is adapted to show motion pictures in different languages in
accordance with received requests and said retnevmg and storing step further
includes the steps of:

upon receipt of a request for a motion picture in a specified language,
retrieving and storing at least one data block for the video track of said motion
picture and at least one data block for the audio track of said motion picture in said
specified language.

25. The method of claim 23
FURTHER CHARACTERIZED IN THAT

) O D e s the replacement sheet
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urlng “odd passes through said command words,

cI earl cegnory and, for each com mand wor d,
retrievi I d froman ad- dress in a second token nenory
corresp said first identity and, when either the first

com mand flag or the second command flag is asserted I n
the processed command word, storing a tyken word at the address in
said first token nmenory corresponding to said second identity; and

during even passes thr ough sai d conmand wor ds i ng said second
token menory and, fé&#d dis adaptedmomactm@wa%wmﬁfeaﬂt oken word

froman differen&liﬁ@@zﬁg‘és imacotddnéd with récelvRd aHB SHA Yersievih ARG BBLAG step
further includes the steps of:
upon receipt of a request for a motion picture with subtitles in a
specified language, retrieving and storing at least one data block for the video track
-of said motion picture, at least one data block for the audio track of said motion
picture and at least one data block for the subtitles in the requested language.

26. The method of claim 23

FURTHER CHARACTERIZED IN THAT

said method is adapted to show abridged versions of programs and
further includes the step of:

creating a list of scene addresses for the scenes in each abridged
program, each scene address identifying the start of a scene in said program;

said retrieving and storing step further includes the steps of:

upon receipt of a request for said abridged program, retrieving the data
block for said program from said storage library and storing said data block in said
random-access memory; and

said creating and storing step includes the steps of:

sequentially creating and storing command words for each scene in said
list of scene addresses.

27. The method of claim 18

FURTHER CHARACTERIZED IN THAT

said method is adapted to change programs in accordance with a
received request and further includes the steps of: o

upon receipt of a request to change programs from a first version
currently being sent to a second version:

retrieving the present address for said first version from the command
word for the data block for said first version;

retrieving from said program library and storing in said data memory at
least the portion of the data block for the second version corresponding to the
remainder of the program;

creating and storing 2 new command word for the remainder of said
second version and

o

o o
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to said first identity and, when either the first com mand flag or

't he semgsdeagm F&é 4'S asserted in the processed conmand word,
stori ng Word at the address in said second token nenory
corresp m second identity; the states of first and second
t oken fl word stored for a command word

correspondi ng, respectively, to the states of said first and second
command flags in said command wor d. -36-22. The method of claim 21
wherein a third one of said command flags is asserted to indicate a
pause state, Whi Clyefelng h@rcoggmdlﬁﬁg for said firs@$&8fohi Ng said third conmmand
flag in the conmand bei ng processed when the first token flag
in t he token word retrleved for said command word is
asserted; and JIgnmBinidtRed 6h@aigerri ng of portions of the data bl ock

associated with a CO%ERH{M%’[%}&ZEHMHAT

said first version is a motion picture soundtrack in a first language and
said second version is the soundtrack for said motion picture in a second language.

29, The method of claim 27
FURTHER CHARACTERIZED IN THAT
said first version is a motion picture having a first rating and said second
version is said motion picture having a second rating.

AR O N
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command flag in said conmand word i s assert ed. 23. The net hod of
claim 22 which further conprises: storing token words in a third

t oken nenory at ad- dresses corresponding to said identifies, each
sai d token word in said third token nenory including sai d
first and second token flags and a third token flag; during
the reading of a token word from an address in either said first
token nmenmory or said second token . 37Menory, readi ng the token word
fromthe sane address in said thi'fd token nenory and creating a
conbi ned token word wherein the first and second t oken fl ags
correspond t Abstmgt cal - OR of such fl ags

PROGRAM SERVER FOR INTERACTIVE TELEVISION SYSTEM
The invention relates to a system for transmitting stored programs, such

as movies and musical works, to customers via a distribution network (112, 115,114,
116), such as a cable television system. The programs are stored in compressed
form in a program library (102), such as a tape cartridge library. On receiptof a
request (on 103) for a program, a request processor (101) sends control messages
causing a data block comprising the requested program to be read from the program
library (102) at high speed and stored in a large dynamic random access memory
(DRAM) (111) in a server (100). The server then sends the program from DRAM
over the distribution system (112,115,114,116) to a customer as a sexies of digital
packets. Each instance of sending a program is managed by a separate command
word. The customer can request such operations as "fast forward" by sending
control messages that change pointers in the command word. Command words can
be grouped to send multiple audio and/or video overlays simultaneously and linked
to send program sequences. The request processor (101), server (100), program
library (102) and interfaces to distribution networks can be at different locations.

FIGURE 1.
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- 32 - I n both token words read and wherein said third t oken fl ag
‘corresponds to the third token flag from said third token nenory. 24.
The net hod of claim 23 which further conprises: during the processing of
a conmand word, negating the first command flag and asserting the
second command flag in said conmangd word when the second t oken
flag is asserted in the token word read for said conmand word. 25.
The met hod of claim24 {n which contro S+—sages—ar
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fromsaid data nenory, together with the channel i dentities for such

portions, in a first buffer, storing said control nessages, together with
t he chan- nel identities for such control nmessages, in a second
buffer; retrieving said addresses and associ ated channel i den- tities
I n sequence fromsaid first buffer and, for each sai d address, reading
sai d data bl ock portion from sai d addgess In said dam nenory and
sendi ng said retrieved portion in said identified channel over sai d
di stribution system and when said first buffer means is enpty,
retrieving each said control nessage and associ ated channel i den-
tity in sequence from said second buffer and send- i ng said control
nessage in said identified channel. 26. The nmethod of claim 18 or claim
25 wherein each retrj geat-a= prock —pot t e art—+ t oci ated channel
I dentity and each co t{Ol messagé and 11s aerC|Pted ‘
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channel

and wherein said digital

i nks,

sent over
said distribution Iink; and

identity are sent over said distribution systemas digital

whi ch further com prises:
a distri-

bu

tion |

i nk

packets are sent over one or

in a channel
sending a digital

packet over each

distribution |ink when the channel identity in said digital packet
correspoqu—fo-a—chaﬁﬁeb-+ﬁdifafed—Fﬁ—sakd—ehaﬁﬁek-————Heﬁﬂﬁyr—-— —The
met hod of, cl ai m 18 whi ch furt her —eonpr-s6s; Wi ng said data bl ock
said datg nmenory from an extiegak yourte.
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- 33 -
into at | east two segnents,
into a segnment of said data nmenory

I's reading from t he sanme segnent.

28. The nethod of claim 27 wherein said data nem ory is divided
whi ch further conprises:

i nhibiting witing

when sai d second processi ng neans
29. A nethod of sending one or

nore data bl ocks froma storage library at controlled rates to one or nore
users over specified channels in a distrlbution system which cqur'ses:
upon recei pt of a request for a data bl ock: geiri evi ng, sai d d&tsg &l ock
fromsaid storage library o {3 lEZ
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and storing said data block in a random access menory, creating and

storing a command word for each such request, each said conmand word
cont ai ni ng at | east the identity of the channel for said data bl ock,
the address in said data nmenory of the next portion to be sent and a
time indication; periodically processing each stored command word,
I ncl udi ng the steps of: updating the tinme indication; when said
time indication reaches a threshold val ue, retrieving the portion of
sai d data bl ock fromthe address in said random access nenory
specified in said command word and updati ng sai d address; and
sending said retrieved portion in said identified channel over said
di stribution systemy 30. The nethod of claim?29 wherein said data bl ocks
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represent prograns such as audi o or audio-visual works and said nethod is
‘adapted to receive "pause" and "play" requests, which further conprises:

on recei pt of a "pause" request for a program assert- i ng a pause flag
in the command word for said progr am on receipt of a "play" request
for a program negating sai d pause flag; and wherein said processing
step further conprises: when %ai d pause flag is asserted,

i nhibiting the sendi ng of data-block portions for said program 31.
The met hod of clai m 30 adapt egbif AF0 $¢hdi ng se- EROHNGRs 3§ progranms and
wherein each said command word aljso contains a firsg identity for the
program asso- ciated with sadt#-€dmmand word and3'8-S¢cond identity
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--34 - for the next programto be sent, which further com prises:

assigning a token flag to each possible identity; and wherein said
processing step further conprises: asserting said token flag assigned
to said second identity in the command word bei ng processed;
and If the token flag assigned to szid first identity in said
command word was asserted during the preévious peri odi ¢ processing of
said command words, asserting the pause flag in said comand word to
FIG.
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—" 804
¥
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_place the program associated with said command word in the pause
state; whereby all prograns in said sequence except the first are
mai ntai ned in the pause state. 32. The nethod of claim 31 adapted to
receive "fast forward" requests wherein each said command word al so

contains a quantity representing an anmount of the programto be pl ayed,

whi ch further conprises: storing a | gst of subprogram addresses, each
sai d sub- program address identifying the st ar[«ngGa sub]gr gram
within the curre gra on recei pt of a "fast forward" request for
said current TS g tri eving the present addre@s&bég{&"sai d current
pr o- gram f ts—comandyor d; det er m n| nRECENE RE am f ol | owi ng
sai d presqqby Rt’dg&'@r AN - HORWARDS 4 aid list; creaf i Mayltawi@H FLIERNATE B-AW
command word tq pl ay REQUEST SOUND TRACK
| { i .
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ad 0@7!1" i

-port I on of -sai d-next--subprogram begi nning at Ihe m;“m:s' br'ed for

© said s sai d new com mand word h{a\lh ng A ites v ~ldent bty
t he se E ‘j Ewﬂ fromthe comand word fo¥: Ihe {cfurr@ Ai praograal.
del et i rd for the current progyany™ peaty said ¢ -e-p of§-
creating and storing a new command rd fof Leach subpregram IR~ ;
sequence, each said new command wor%® havi nb as its first i dent i ty ,
the second identity for the previous com d W)Id wand--~-;;mupdn(‘tfece| pt
of a "play" requesWhiols SaiHed yé.r ent progr Gﬁé&lkﬁg»&ﬁd»ﬁ#ﬁri»ng a-

S pde
=N

new command wor d 40 APlder for & ﬁg'&’l'e%a pzdawf?am progr am
€gihning 2l 4315 REN0ES In3petitid chailels oVat a dRltribfiofext Subpro-
system at controlled time intervals, which comprises:

a command-word memory for storing a command

word for each said data block to be sent, each
command word including at least the identity of
the channel for said data block, the address in said
data memory of the next portion of said data block
to be sent and a time mdxcation,

first processing means for receiving requests to send

data blocks and for storing said command words in
said command memory in response to said requests;
second processing means for periodically processing
each command word in said command-word mem-
ory, said second processmg means compnsmg
means for updating the time indication in said com-
mand word;

means operative when said time indication reaches a

threshold value for retrieving the portion of said
data block from the address in said data memory
specified in said command word and updating said
address; and

meaas for sending said retrieved portion in said iden-

tified channel over said distribution system.

2. The server of claim 1 wherein each said command
word includes an incremental value related to the time
desired between the sending of successive portions of its
associated data block and said means for updating said
time indication further comprises:

means for incrementing said time indication by the

amount of said incremental value.

3. The server of claim 1 wherein each said command
word includes 2 quantity representing the number of
portions of its associated data block still to be transmit-
ted and at least one command flag, a first one of said
command flags being asserted when all portions of the
associated data block have not been sent, and said sec-
ond processing means further comprises:

means for modifying said quantity when each said

portion is sent;

means responsive to said quantity for negating said

first command flag when all portions of the associ-
ated data block have been sent; and

means, responsive to said first command flag for sub-
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~gram sai-d-new-comand word having as its first

‘second i ' e _previous com mand wor d. 33. The
claim 31 m‘)ﬂm HIBU H’ﬂve "fast reverse" requests wherein eac
command wer de alisOy

to be played, which further conprises: %ﬁtori ng a list of subp

addr esses,
subpr o-

each said sub- program ad
gramw thin the current program on receipt of a

I dentity the
met hod of
h said

S a quantity representing the amount of a program

ess identifying the s

reverse" request for said current

stituting a2 new command word from said first pro-
cessing means for a command word processed by
said second processing means when said first com-
mand flag is not asserted.

4. The server of claim 3 wherein each command
word also includes a first identity specifying a first
group of one or more data blocks to which its associated
data block belongs, a second identity specifying a sec-
ond group of one or more data blocks and wherein a
second one of said command flags is asserted to indicate
an abort state, which further comprises:

first and second token memories for storing token

words at addresses corresponding to said identities,
each said token word including at least one token
flag, and wherein said second processing means
further comprises:

means operative during odd passes through said com-

mand words for clearing said first token memory
and, for each command word, reading a token
word from the address in said second token mem-
ory corresponding to said first identity and, when
either the first command flag or the second com-

" mand flag is asserted in the processed command

word, storing a token word at the address in said
first token memory corresponding to said second
identity;

means operative during even passes through .said

command words for clearing said second token
memory and, for each command word, reading a
token word from the address in said first token
memory corresponding to said first identity and,
when either the first command flag or the second
command flag in the processed command word is
set, storing a token word at the address in said
second token memory corresponding to said sec-
ond identity;

the states of said first and second token flags in said

stored token words corresponding, respectively, to
the states of said first and second command flags in
said processed command word.
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i.progra e present address for said current pro- gram
fromit 'H"HMr"ﬂ determ ning the address of the subprogram

precediny ¢ Lsan nt address fromsaid |ist; creating and storing a
new command word to pI ay a portion of said precedi ng subprogram

begi nni ng at the address stored for s 7d subprogramin said list,

sai d new conmand word having as its first 9‘dentity the second i dent ity
fromthe command word for t he current program deleting the gom’rand
word for the curre r ea said ste eating and storing
a new comand r‘@l ergfc?lfg ; ‘Fﬁeﬂ‘h“i\%fé’&“ g uence, each
sai d new conmand SAFRERAR, flags s asse M ?ﬂtcl"dﬁﬂﬂﬁqva%én econd i dentity

for the previous said smmomsmg mns fupmrrmppsesof a "play" request
for said current means for asserting said third command flag in the

command word being processed when the first

token flag in the token word retrieved for said

command word is asserted; and

means for inhibiting the sending of portions of the
data block associated with a command word when
the third command flag in said command word is
asserted.

6. The server of claim 5 which further comprises:

a third token memory for storing token words at
addresses corresponding to said identities, each
said token word in said third token memory includ-
ing said first and second token flags and a third
token flag;

means connected to-said first processing means for
writing token words into said third token memory
‘and wherein said second processing means further
comprises:
means operable during the reading of a token word

from an address in either said first token memory
or said second token memory for reading the
token word from the same address in said third
token memory and creating a combined token
word wherein the first and second token flags
correspond to the logical-OR of such flags in
both token words read and wherein said third
token flag corresponds to the third token flag
from said third token memory.

7. The server of claim 6 wherein said second process-

ing means further comprises:

means operable during the processing of a command
word for negating the first command flag and as-
serting the second command flag in said command
word when the second token flag is asserted in the
token word retrieved for said command word.

8. The server of claim 6 wherein said second process-

ing means further comprises:

means operable after the processing of a command
word for sending said command word to said first
processing means when the third token flag is set in
the token word retrieved for said command word.
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program c ng a new conmand word to play t he
r emai nder ofLm ﬂmﬂg}mﬁl gram begi ni ng at the address of the
precedi ng subprogram #sasd * ew conmmand word having as its first
identity the second |dent|ty for the previous conmand word. 34. The
met hod of claim 31 wherein said programés an audi o/ vi sual work conpri sing
one or nore audio and one or nore vided 4% dcks to be pl ayed sinmulta-
neously, each said command word al so contains an increnmental value relating

to the tinme desig. @hé@é%bﬂaﬁnﬁeﬁwwe& él"iﬁﬁ‘égfd’c?e Eiﬂr ions of its

associ at ed dat urther com
prises: creaj, fhelhs {a{gﬁ; a%girgas : QS Iﬂ%# g%\e%%;gﬁd track and
each video t raé:e‘s ?ﬁ‘ elq a@ﬂ‘tﬁe{‘:ﬁ’é‘ B’é‘?‘ng the same in all
said command g ecang eﬁﬂ@?nﬁﬁkntltles and said addresses in

first buffer means connected to said second process-
ing means for storing the addresses of said data-
block portions to be sent and the channel identities
for said portions;

second buffer means connected to said first process-
ing means for storing control messages to be sent
and the channel identities for said control mes-
sages, and wherein said means for retrieving and
means for sending further comprise:
multiplexing means connected to said first and

second buffer means for retrieving said addresses
and associated channel identities in sequence
from said first buffer means and, for each said
address, reading said portion from said address in
said data memory and sending said retrieved
portion in said identified channel over said distri-
bution system and, when said first buffer means is
empty, retrieving each said control message and
associated channel identity in sequence from said
second buffer means and sending said control
message in said identified channel.

10. The server of claim 1 or claim 9 in which each
retrieved data-block portion and its associated channel
identity and each control message and its associated
channel identity are sent over said distribution system as
digital packets and wherein said server is adapted for
sending digital packets over one or more distribution
links, which further comprises:

a channel memory associated with each distribution
link for indicating particular channels to be sent
over said distribution link and wherein said means
for sending further comprises:
means for sending a digital packet over said distri-

bution link when the channel identity in said
digital packet corresponds to a channel indicated
in said channel memory.

11. The server of claim 10 in which control messages
are sent over at least one dedicated channel, certain
control messages specify channels to be sent on each
distribution link and wherein each channel memory

!“‘
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ﬁata —'r_r—é—r'r"ﬁ"r"y""bei ng different in each said command word and

- 36 -

'said i nc“! M pn said command wor ds being sel ected .
appropria @W{'@ spective track. 35. The nethod of claim 34
wherei n each prLogr"'amSi N+a sequence conprises a group of one or nore audio

and/ or video tracks to be played si mul ta_nezgu_sl Y,

further comprises:
means responsive to said certain control messages for
storing in said channel memory the identities of the
channels to be sent on the distribution link associ-
ated with said channel memory.

12. The server of claim 10 in which each distribution
link further comprises:

means for buffering the data items to be sent over the

distribution link and sending such data items over
said distribution link at the approprizte transmis-
sion speed for said distribution link.

13. The server of claim 1 in which said data memory
is 2 dynamic random access memory, each said com-
mand word contains a fourth command flag, said com-
mand-word memory contains at least one command
word having said fourth command flag asserted and
said second processing means further comprises:

means responsive to said fourth command flag in said

command words for refreshing said data memory
when said fourth command flag is asserted.

14. The server of claim 1 which further comprises:

means for writing said data blocks into said data

memory from an external source.

15. The server of claim 14 in which said data memory
is divided into at least two segments, said second pro-
cessing means reads from one segment of data memory
at a time and said means for writing further comprises:

means for inhibiting writing into a segment of data

memory when said second processing means is
reading from the same segment.

16. The server of claim 14 in which said data memory
is a dynamic random access memory, said second pro-
cessing means periodically refreshes said data memory
and said means for writing further comprises:

means for inhibiting writing into said data memory

when said second processing means is refreshing
said data memory.

17. The server of claim 14 in which said means for
writing further comprises:

means for receiving said data blocks from said exter-

nal source as a series of packets, each said packet
Containing one of said portions of said data block
and the address in said data memory at which said
Portion is to be written.

18. A method of sending portions of one or more data

blocks from 4 data memory in specified channels over a
This is the replacement sheet
7 7 UEC W8
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wherein storing step further com prises: creating and
‘storing HF ﬂi‘ for all the audi o and/ or video tracks in each
e L i rst and second identities. 36. The net hod of

gr oup Wlt

cl.aim 34 adapt ed to show notion pictures in different

accordance with

step further conprises:

a speci fied

the audi o track

| anguages in

re- ceived requests, wherein said retrieving and storing

| anguage, retrieving and storing a first

ing at least the identity of the channel for said data

block, the address in said data memory of the next

portion to be sent and a time indication;

periodically processing each stored command word,

including the steps of:

updating the time indication;

when said time indication reaches a threshold
value, retrieving the portion of said data block
from the address in said data memory specified in
said command word and updating said address;
and .

sending said retrieved portion in said identified
channel over said distribution system.

19. The method of claim 18 wherein each command
word includes an incremental value relafed to the time
desired between the sending of successive portions of its
associated data block and said step of updating the time
indication comprises:

incrementing said time indication by the amount of

said incremental value.

20. The method of claim 19 wherein each said com-
mand word includes a quantity representing the number
of portions of its associated data block still to be trans-
mitted and at least one command flag, a first one of said
command flags being asserted when all portions of the
associated data block have not been sent, which further
comprises:

modifying said quantity when each said portion is

sent;

negating said first command flag when all portions of

the associated data block have been sent; and
substituting a new command word for a processed

command word when said first command flag is

not asserted in said processed command word.

21. The method of claim 20 wherein each command
word includes a first identity specifying a first group of
one or more data blocks to which its associated data
block belongs, a second identity specifying a second
group of one or more data blocks and a second one of
said command flags is asserted to indicate an abort state,
which further comprises:

upon recei pt v80a request for a notion picture in

data bl ock for

the video track aﬁstsmtdldmkystanpaccontrolkwﬁm%rh@itérﬁmwﬁldhata bl ock for
ci&y:i on pi ct ure in said specified I anguage.

37. The net hod of Ei‘éﬂ ﬁﬂad&gbﬂg %% 33%@‘341 ﬂg%j %@g&w th subtitles

in different |anguag

cor
retrieving and storlﬁ tas fcf t9 b 8¢ty §aER comumand wor

S,

wherein said
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upon receipt of arequest for a notion picture with subtitles in a

‘specijfai trieving and storing a first data block for the
Vi de“lmﬂmlﬂmg@fmnr motion picture, a second dam bl ock for the audio
track *of csard sois o picture and a third data bl ock for the subtitles
in the requested | anguage. 38. The nethod of claim 31 adapted to show an
abri dged version of a program which fuft Her com prises: creating a list

of scene addresses for the scenes in said abridged version, each scene
address identi fyi ngluring tddd spassés ahrougls esdd | Coraaiahdwardy)1 wherein said
retrieving and stori @k@h@afﬁf&%keﬁ%éﬁ{c?zsénd, for%ggg&ﬁ_ei pt of a

request for said abri [ . . a,block for said
prggram from S si\%@{(ge&FnEYmQE;?hg g&&ﬁg@% &Qfa bl ock in
sai d random access ary. %c%@ Qﬁ [emory correspeadIng tnd storing step

further conprises: S Ist wdentity and, when either the first com-

mand flag or the second command flag is asserted
in the processed command word, storing a token
word at the address in said first token memory
corresponding to said second identity; and

during even passes through said command words,
clearing said second token memory and, for each
command word, retrieving a token word from an
address in said first token memory corresponding
to said first identity and, when either the first com-
mand flag or the second command flag is asserted
in the processed command word, storing a token
word at the address in said second token memory
corresponding to said second identity;

the states of first and second token flags in a token
word stored for a command word corresponding,
respectively, to the states of said first and second
command flags in said command word.

22. The method of claim 21 wherein a third one of
said command flags is asserted to indicate a pause state,
which further comprises:

asserting said third command flag in the command

word being processed when the first token flag in
the token word retrieved for said command word
is asserted; and

inhibiting the sending of portions of the data block

associated with a command word when the third
command flag in said command word is asserted.

23. The method of claim 22 which further comprises:

storing token words in a third token memory at ad-

dresses corresponding to said identifies, each said
token word in said third token memory including
said first and second token flags and a third token
flag; ‘

during the reading of a token word from an address in

either said first token memory or said second token
memory, reading the token word from the same
address in said third token memory and creating a
combined token word wherein the first and second
token flags correspond the logical-OR of such flags

This is the replacement sheet
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sequentially creating and storing command wor ds for each scene in

“said | esses. - 37 -
39. Thuumrﬂmﬂmrmﬂa 29 adapted to change pro- grans in accordance with

a recei Ved rdqudst s I'ch further conprises: upon recei pt of a request to
change prograns froma first versi onszcurrently being sent to a second
ver - - -

in both token words read and wherein said third
token flag &orresponds to the third token flag from
said third token memory.

24. The method of claim 23 which further comprises:

during the processing of a command word, negating

the first command flag and asserting the second
command flag in said command word when the
second token flag is asserted in the token word read
for said command word.

25. The method of claim 24 in which control mes-
sages are sent in addition to said portions of data blocks,
which further comprises:

storing the addresses of data-block portions to be read

from said data memory, together with the channel

. identities for such portions, in a first buffer;

storing said control messages, together with the chan-

nel identities for such control messages, in a sscond
buffer;

retrieving said addresses and associated channel iden-

tities in sequence from said first buffer and, for each
said address, reading said data block portion from
said address in said dam memory and sending said
retrieved portion in said identified channel over
said distribution system; and -_
when said first buffer means is empty, retrieving each
said control message and associated channel iden-
tity in sequence from said second buffer and send-
ing said control message in said identified channel. -

26. The method of claim 18 or claim 25 wherein each
retrieved data-block portion and its associated channel

~ identity and each control message and its associated
channel identity are sent over said distribution system as’
digital packets and wherein said digital packets are sent
over one or more distribution links, which further com-
prises: , ~

indicating particular channels to be sent over a distri-

bution link in a channel memory associated with
said distribution link; and

sending a digital packet over each distribution link

when the channel identity in said digital packet
corresponds to a channel indicated in said channel
memory.

27. The method of claim 18 which further comprises:

writing said data blocks into said data memory from

an external source.
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si on: retrlew ng ‘the present address for said first version fromthe

comand m,gmllm ﬂ bl ock for said first version,; retrieving
from sai ﬁ" ytm and storing in said data nenory at |east the
portlon of tfile dath $ block for the second version corresponding to the
remai nder of the program creating %gd storing a new command word for the
remai nder of said second version and “Jdel eting the command word for said

first version. 40. The nethod of claim39 in which said first version is’
a nmotion picture soggdihaGkethbdiof iclfiin RARGhE@EN asid datadmes-ond version is
o hod o ek S0r7 8 SRR ParladbCewd sEemRAM G ARATIRMRr | 1 The

nmet hod of claim3 sal d |rst vers on a notion picture having a

first rating and 9 ond versjon is said tjdocrll t%l cture having a second
rating. mhibiting wrniting mtoascgmcnto said data memory

when said second processing means is reading from
the same segment.

29. A method of sending one or more data blocks
from a storage library at controlled rates to one or more
users over specified channels in a distribution system,
which comprises:

upon receipt of a request for a data block:

retrieving said data block from said storage library

~ and storing said data block in a random-access
memory;

creating and storing a command word for each such

request, each said command word containing at
least the identity of the channel for said data block,
the address in said data memory of the next portion
to be sent and a time indication;

periodically processing each stored command word,

including the steps of*

updating the time indication;

when said time indication reaches a threshold
value, retrieving the portion of said data block
from the address in said random-access memory
specified in said command word and updating
said address; and

sending said retrieved portion in said identified
channel over said distribution system.

30. The method of claim 29 wherein said data blocks
represent programs such as audio or audio-visual works
and said method is adapted to receive *“‘pause” and
“play” requests, which further comprises:

on receipt of a “pause” request for a program, assert-

ing a2 pause flag in the command word for said
program;

on receipt of a “play” request for a program, negating

said pause flag; and wherein said processing step

further comprises:

when said pause flag is asserted, inhibiting the
sending of data-block portions for said program.

31.. The method of claim 30 adapted for sending se-
quences of programs and wherein each said command
word also contains a first ideatity for the program asso-
ciated with said command word and a second identity
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for the next program to be sent, which further com-
prises: . '

assigning a token flag to each possible identity; and

wherein said processing step further comprises:

asserting said token flag assigned to said second
identity in the command word being processed;
and

if the token flag assigned to said first identity in said
command word was asserted during the previous
periodic processing of said command words,
asserting the pause flag in said command word to
place the program associated with said command
word in the pause state;

" whereby all programs in said sequence except the

first are maintained in the pause state.

32. The method of claim 31 adapted to receive “fast
forward” requests wherein each said command word
also contains a quantity representing an amount of the
program to be played, which further comprises:

storing a list of subprogram addresses, each said sub-

program address identifying the start of a subpro-
gram within the current program;

on receipt of a “fast forward” request for said current

. program:

retrieving the present address for said current pro-
gram from its command word;

determining the subprogram following said present
address from said list;

creating and storing a new command word to play a
portion of said next subprogram, beginning at the
address stored for said subprogram, said new com-
mand word having as its first identity the second
identity from the command word for the current
program,

deleting the command word for the current program;

repeating said step of creating and storing a new
command word for each subprogram in sequence,
each said new command word having as its first
identity the second identity for the previous com-
mand word; and

upon receipt of a “play” request for said current
program;

creating and storing a new command word to play
the remainder of said current program, beginning
at the address stored in said list for the next subpro-
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gram, said new command word having as its first
identity the second identity for the previous com-
mand word.

33. The method of claim 31 adapted to receive “fast
reverse” requests wherein each said command word
also contains a quantity representing the amount of a
program to be played, which further comprises:

storing a list of subprogram addresses, each said sub-

program address identifying the start of a subpro-
gram within the current program;

on receipt of a “fast reverse” request for said current

program:

retrieving the present address for said current pro-

gram from its command word;

determining the address of the subprogram preceding

said present address from said list;

creating and storing a new command word to play a

portion of said preceding subprogram, beginning at
the address stored for said subprogram in said list,
said new command word having as its first identity
the second identity from the command word for
the current program;

deleting the command word for the current program;

repeating said step of creating and storing 2 new

command word for each subprogram in reverse
sequence, each said new command word having as
its first identity the second identity for the previous
command word; and

upon receipt of 2 “play” request for said curremt .

program; '
creating and storing a new command word to play
the remainder of said cuarrent program, beginning
at the address of the preceding subprogram, said
new command word having as its first identity the
second identity for the previous command word.

34. The method of claim 31 wherein said program is
an audio/visual work comprising one or more audio
and one or more video tracks to be played simulta-
neously, each said command word also contains an
incremental value relating to the time desired between
the sending of successive portions of its associated data
block and said creating and storing step further com-
prises:

creating and storing a command word for each audio

track and each video track, the first and second
identities being the same in all said command
words, said channel identities and said addresses in
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data memory being different in each said command
word and said incremental values in said command
words being selected appropriately for each re-
spective track.

35. The method of claim 34 wherein each program in
a sequence comprises a group of one or more audio
and/or video tracks to be played simultaneously,
wherein said creating and storing step further com-
prises:

creating and storing the command words for all the

audio and/or video tracks in each group with the
same first and second identities.

36. The method of claim 34 adapted to show motion
pictures in different languages in accordance with re-
ceived requests, wherein said rétrieving and storing step
further comprises:

upon receipt of a request for a motion picture in a

specified language, retrieving and storing a first
data block for the video track of said motion pic-
ture and a second data block for the audio track of
said motion picture in said specified language.

37. The method of claim 34 adapted to show motion
pictures with subtitles in different languages in accor-
dance with received requests, wherein said retrieving

- and storing step further comprises:
upon receipt of a request for a motion picture with
subtitles in a specified language, retrieving and
storing a first data block for the video track of said
motion picture, a second dam block for the audio
track of said motion picture and a third data block
for the subtitles in the requested language.

38. The method of claim 31 adapted to show an
abridged version of a program, which farther com-
prises: '

creating a list of scene addresses for the scenes in said

abridged version, each scene address identifying
the start of a scene in said program; wherein said
retrieving and storing step further comprises:
upon receipt of a request for said abridged version:
retrieving the data block for said program from
said storage library and storing said data block in
said random-access memory; and wherein said
creating and storing step further comprises:
sequentially creating and storing command words
for each scene in said list of scene addresses.
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39. The method of claim 29 adapted to change pro-
grams in accordance with a received request, which
further comprises:

upon receipt of a request to change programs from a

" first version currently being sent to a second ver-

sion:

retrieving the present address for said first version

from the command word for the data block for said
first version;

retrieving from said program library and storing in

said data memory at least the portion of the data
block for the second version corresponding to the
remainder of the program;

creating and storing a new command word for the

remainder of said second version and

deleting the command word for said first version.

40. The method of claim 39 in which said first version
is a motion picture soundtrack in a first language and
said second version is the soundtrack for said motion
picture in a second language.

41. The method of claim 39 in which said first version
is a motion picture having a first rating and said second
version is said motion picture having a second rating.
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Abstract

PROGRAM SERVER FOR INTERACTIVE TELEVISION SYSTEM

The invention relates to a system for transmitting stored programs, such

as movies and musical works, to customers via a distribution network (112, 115,114,
116), such as a cable television system. The programs are stored in compressed
form in a program library (102), such as a tape cartridge library. On receipt of a
request (on 103) for a program, a request processor (101) sends control messages
causing a data block comprising the requested program to be read from the program
library (102) at high speed and stored in a large dynamic random access memory
(DRAM) (111) in a server (100). The server then sends the program from DRAM
over the distribution system (112,115,114,116) to a customer as a sexies of digital
packets. Each instance of sending a program is managed by a separate command
word. The customer can request such operations as "fast forward" by sending
control messages that change pointers in the command word. Command words can
be grouped to send multiple audio and/or video overlays simultaneously and linked
to send program sequences. The request processor (101), server (100), program
library (102) and interfaces to distribution networks can be at different locations.

FIGURE 1.




