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This invention discloses a high throughput video serving
system operative to serve a multiplicity of set-top boxes

Set 'l op Set Top Set Top Set Top Set Top
Box Box Box Box Box

with a corresponding multiplicity of selected video items
via transmission equipment comprising an on-line storage
subsystem comprising a first plurality of on-line storage units
arranged in at least one virtual circle and storing a second
plurality of video items, each video item comprising a sequence
of video blocks, each video block being accessible within a
single system tick, wherein, for each individual video item,
sequential blocks are stored in sequential on-line storage units
in each virtual circle and an access system connecting the on-

| line storage subsystem to the multiplicity of set-top boxes via

the transmission equipment, wherein an individual set-top box
is initially connected to the on-line storage unit which contains
the first block of its corresponding selected video item and
wherein the individual set-top box is subsequently connected
to a sequential on-line storage unit at each sequential system
tick.
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VIDEO SYSTEM

FIELD OF THE INVENTION

The present invention relates to video storage

and serving systems.

BACKGROUND OF THE INVENTION

There 1is a growing demand in the video market
for high throughput video systems. Such systems are
necessary in implementing VOD (video on demand) systems,
video home shopping, video mail, medical image distribu-
tion and archiving, corporate video archiving and other

sophisticated video applications.
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SUMMARY OF THE INVENTION

The present invention seeks to provide an
improved high throughput video serving system.

There 1is thus provided in accordance with a
preferred embodiment of the present invention a high
throughput wvideo serving system operative to serve a
multiplicity of set-top boxes with a corresponding
multiplicity of selected video items via transmission
equipment including an on-line storage subsystem includ-
ing a first plurality of on-line storage units arranged
in at 1least one virtual circle and storing a second
plurality of video items, each video item including a
sequence of video blocks, each video block being
accessible within a single system tick, wherein, for each
individual video item, sequential blocks are stored in
sequential on-line storage wunits in each virtual
circle, and an access system connecting the on-line
storage subsystem to the multiplicity of set-top boxes
via the transmission equipment, wherein an individual
set-top box is initially connected to the on-line storage
unit which contains the first block of its corresponding
selected video item and wherein the individual set-top-
box 1is subsequently connected to a sequential on-line
storage unit at each sequential system tick.

Further in accordance with a preferred embodi-
ment of the present invention each on-line storage unit
includes a disk.

Still further in accordance with a preferred
embodiment of the present invention the plurality of on-
line storage units includes at 1least one electronic
memory.

Additionally in accordance with ‘a preferred
embodiment of the present invention the system . also
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includes an off-line storage subsystem storing additional
video items which are transferable to the on-line storage
units.

Yet further in accordance with a preferred
embodiment of the present invention the access system
includes first and second switching arrays, each switch-
ing array including a plurality of switching elements,
each on-line storage unit communicating with one of the
switching elements in the first switching array, each
set-top box communicating with one of the switching
elements in the second switching array, each of the
switching elements in the first switching array communi-
cating with all of the switching elements in the second
switching array.

There is further provided in accordance with a
preferred embodiment of the present invention an informa-
tion serving system operative to serve a user-selected
one of a plurality of data items, each data item includ-
ing a first sequence of data elements and a subsequent
second sequence of data elements, the system including a
first information storage system with a first block size
storing the first sequence of data elements for each data
item, and a second information storage system with a
second block size, larger than said first block size,
storing the second sequence of data elements for each
data item, and a user request processor operative to
serve the first sequence of data elements and, immediate-
ly afterward, the second sequence of data elements, for a
selected data item.

Further in accordance with a preferred embodi-
ment of the present invention each on-line storage unit
includes a RAID system.

Still further in accordance with a preferred
embodiment of the present invention the at least one
virtual circle includes a plurality of virtual circles.

Yet further in accordance with a preferred



WO 95/26095 PCT/US95/03237

embodiment of the present invention the plurality of
virtual circles includes a first virtual circle of on-
line storage units of a first type and a second virtual
circle of on-line storage units of a second type.

‘ Additionally 'in accordance with a preferred
embodiment of the present invention the plurality of
virtual circles includes a first virtual circle of on-
line storage units storing video items having a first bit
rate and a second virtual circle of on-line storage units
storing video items having a second bit rate.

Further in accordance with a preferred embodi-
ment of the present invention the plurality of on-line
storage wunits within an individual wvirtual circle is
operative to store video items of more than one bit rate.

There 1is additionally provided in accordance
with a preferred embodiment of the present invention a
high throughput video serving method operative to serve a
multiplicity of set-top boxes with a corresponding multi-
plicity of selected video items via transmission equip-
ment including providing an on-line storage subsystem
including a first plurality of on-line storage units
arranged in at least one virtual circle, storing a second
plurality of video items, each video item including a
sequence of video blocks, each video block being accessi-
ble within a single system tick, wherein, for each indi-
vidual video item, sequential blocks are stored in
sequential on-line storage units in each virtual circle,
and connecting the on-line storage subsystem to the
multiplicity of set-top boxes via the transmission equip-
ment, including connecting an individual set-top box
initially to the on-line storage unit which contains the
first block of its corresponding selected video item and
connecting the individual set-top-box subsequently to a
sequential on-line storage unit at each sequential system
tick. '

Further in accordance with a preferred embodi-
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ment of the present invention there is provided an infor-
mation serving method operative to serve a user-selected
one of a plurality of data items, each data item includ-
ing a first sequence of data elements and a subsequent
second sequence of data elements, the method including
storing the first sequence of data elements for each data
item in a first information storage system with a first
block size, and storing the second sequence of data
elements for each data item in a second information
storage system with a second block size, larger than said
first block size, and serving the first sequence of data
elements and, immediately afterward, the second sequence
of data elements, for a selected data item.

Additionally in accordance with a preferred
embodiment of the present invention there is provided a
high throughput information serving system operative to
serve a multiplicity of users with a corresponding multi-
plicity of selected information items via transmission
equipment including an on-line storage subsystem includ-
ing a first plurality of on-line storage units arranged
in at least one virtual circle and storing a second
plurality of information items, each information item
including a sequence of information blocks, each informa-
tion block being accessible within a single system tick,
wherein, for each individual information item, sequential
blocks are stored in sequential on-line storage units in
each virtual circle, and an access system connecting the
on-line storage subsystem to the multiplicity of wusers
via the transmission equipment, wherein an individual
user 1is initially connected to the on-line storage unit
which contains the first block of its corresponding
selected information item and wherein the individual user
is subsequently connected to a sequential on-line storage
unit at each sequential system tick.

Further in accordance with a preferred embodi-
ment of the present invention each on-line storage unit
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includes a disk.

Still further in accordance with a preferred
embodiment of the present invention the plurality of on-
line storage units includes at least one electronic

' memory.

Yet further in accordance with a preferred
embodiment of the present invention the system also
includes an off-line storage subsystem storing additional
information items which are transferable to the on-line
storage units.

Additionally in accordance with a preferred
embodiment of the present invention the access system
includes first and second switching arrays, each switch-
ing array including a plurality of switching elements,
each on-line storage unit communicating with one of the
switching elements in the first switching array, each
user communicating with one of the switching elements in
the second switching array, each of the switching
elements in the first switching array communicating with
all of the switching elements in the second switching
array.

There is further provided in accordance with a
preferred embodiment of the present invention an informa-
tion serving system operative to serve a user-selected
one of a plurality of data items, each data item includ-
ing a first sequence of data elements and a subsequent
second sequence of data elements, the system including a
first information storage system with a first block size
storing the first sequence of data elements for each data
item, and a second information storage system with a
second block size, larger than said first block size,
storing the second sequence of data elements for each
data item, and a user request processor operative to
serve the first sequence of data elements and, immediate-
ly afterward, the second sequence of data elements, for a
sglected data item.
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Further in accordance with a preferred embodi-
ment of the present invention each on-line storage unit
includes a RAID system.

Still further in accordance with a preferred
embodiment of the present invention the at least one
virtual circle includes a plurality of virtual circles.

Additionally in accordance with a preferred
embodiment of the present invention the plurality of
virtual «circles,includes a first virtual circle of on-
line storage units of a first type and a second virtual
circle of on-line storage units of a second type.

Further in accordance with a preferred embodi-
ment of the present invention the plurality of virtual
circles includes a first wvirtual circle of on-line
storage wunits storing information items having a first
bit rate and a second virtual circle of on-line storage
units storing information items having a second bit rate.

Additionally in accordance with a preferred
embodiment of the present invention the plurality of on-
line storage units within an individual virtual circle is
operative to store information items of more than one bit

rate.
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BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will be understood and
appreciated from the following detailed description,
taken in conjunction with the drawings in which:

Fig. 1A 1is a simplified block diagram of a
simplified block diagram of a high throughput VOD (video
on demand) system constructed and operative in accordance
with a preferred embodiment of the present invention;

Fig. 1B is a more detailed block diagram of a
preferred implementation of the apparatus of Fig. 1A;

Fig. 2 1is a simplified block diagram of a
virtual circle of on-line storage units;

Fig. 3 1is a simplified block diagram of a
variation on the apparatus of Fig. 2;

Fig. 4 is a simplified block diagram of switch-
ing apparatus 50 constructed and operative in accordance
with a preferred embodiment of the present invention;

Fig. 5 is a detailed schematic illustration of
output switch array 110;

Fig. 6 is a simplified block diagram of the VOD
serving control unit 60 of Figs. 1A and 1B;

Fig. 7 is a simplified flowchart of a preferred
method of loading a video item from the off-line storage
unit 40 of Figs. 1A and 1B onto the on-line storage unit
30 of Figs. 1A and 1B;

Fig. B8A is a simplified flowchart of a method
for performing the system tick selection step of Fig. 7,
in which the first suitable system tick is located;

Fig. 8B is a simplified flowchart of another
method for performing the system tick selection step of
Fig. 7, in which the system tick having the best 1load
dispersion within a predetermined time period is located;

Fig. 9 is a simplified flowchart of a preferred
method for playing a video item stored in the on-line
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storage unit 70 of Fig. 3;

' Fig. 10 is a simplified flowchart of a
preferred method by which the off-line drive transmits a
video item from off-line storage 40 to on-line storage
unit 30, in accordance with the virtual circular
strﬁcture of on-line storage unit 30;

Fig. 11 is a modification of Fig. 4 illustrat-
ing the connection between switching apparatus 50 and the
on-line storage units of on-line storage apparatus 30 for
the embodiment in which there are two virtual circles in
on-line storage apparatus 30;

Fig. 12 is a simplified diagram of switching
apparatus 50 constructed and operative in accordance with
another embodiment of the present invention;

Fig. 13 1is a detailed illustration of the
second switching array 110 of Fig. 12; and

Fig. 14 is a simplified block diagram of two of
the controllers 80 of Fig. 3 with their associated on-
line storage units 70 and their redundancy connections to
their respective on-line storage units 70.
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DETAILED DESCRIPTION OF A PREFERRED EMBODIMENT

Reference is now made to Fig. 1A which is a
simplified block diagram of a high throughput VOD (videq
on demand) system constructed and operative in accordance
with a preferred embodiment of the present invention.
Reference 1is also made to Fig. 1B which is a more
detailed block diagram of a preferred implementation of
the apparatus of Fig. 1A. Reference is further made to
Fig. 2 which is a simplified block diagram of a virtual
circle 29 of on-line storage units. One or more such
virtual circles may be included in the on-line storage
apparatus of Fig. 1A - 1B.

The apparatus of Figs. 1A -1B and 2 is opera-
tive to serve a multiplicity of set-top boxes 10
installed in association with a multiplicity of video
items selected by the users via transmission equipment
20. It is appreciated that the term set-top box, used
thorughout this application, represents a video terminal,
such as a television set, PC's (personal computers),
multimedia workstations, medical imaging equipment, etc.
It is also appreciated that more than one user may elect
to view the same video item at one time. Typically,
although not necessarily, different viewers viewing the
same video item do not begin viewing at the same time
and/or request different pauses while viewing. Therefore,
viewers electing the same video item typically although
not necessarily are each viewing a different portion
within the same video item.

‘The apparatus of Figs. 1A - 1B includes on-line
storage apparatus 30, off-line storage apparatus 40,
blocking dispersement switching apparatus 50 and VOD
serving control apparatus 60. '

The on-line storage apparatus 30 of Figs. 1A -
1B is illustrated in more detail in Fig. 2. As shown in
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Fig. 2, the on-line storage apparatus 30 includes a first
plurality of on-line storage units 70, illustrated as
ellipses and labeled 1 to 24 in Fig. 1B, associated with
switching apparatus 50 of Figs. 1A - 1B, typically via a
corresponding first plurality of controllers 80, labeled
I, TI, II..XII. The on-line storage unit 70 may be based
on hard disks or on RAID systems or on any combination
thereof.

For example, each on-line storage unit 70 may
comprise one or more hard disks or one or more Concept
500 RAID systems, commercially available from Storage
Concepts, Irvine, CA, USA and each controller 80 may
comprise a conventional PC equipped with an ATM board
such as the ForeRunner ESA 200, commercially available
from Fore Systems. Another way to implement a RAID-based
on-line storage unit 70 and associated controller 80 1is
by means of a plurality of hard disks, a PC equipped with
one or more ULTRA 124F boards, commercially available
from UltraStor Corporation, Irvine, CA, USA and an ATM
board such as the ForeRunner ESA 200.

Alternatively, each on-line storage unit 70 may
comprise a memory unit, such as a PC equipped with the
ForeRunner ESA 200 ATM board and a RAM or Flash Memory.

Typically, the on-line storage apparatus 30 of
Figs. 1A and 1B includes at least one virtual circle of
hard disks or RAID systems or at least one virtual circle
of memory units, or both.

‘ The on-line storage units 70 are arranged in
the virtual circle 29, Fig. 2, and are operative to
store a second plurality of video items, such as movies,
referenced A, B, C, D, .... Each video item comprises
a sequence of video blocks, typically of equal size,
containing video information of equal time length,
referenced 1, 2, 3, 4, ..., each video block being
accessible within a single system tick; a system tick is
defined hereinbelow. For example, video item A comprises
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the following sequence of video blocks: Al, A2, A3,
A4,

The entire system is synchronized according to
a fixed system clock or a "system tick". The period
between two consecutive system ticks is typically of the
order of 1 second. All the video blocks, namely Al, A2,
Al3, B1l, B2, C11, etc., have a video time 1length of
exactly "1 tick period". All terminals which are
connected to their respective storage units 70 are
serviced within one tick period. This means that each
storage wunit 70 reads and transmits the required video
block, as illustrated in Fig. 2, to its respective video
terminal or terminals. At the next tick (at the end of
the present tick period) all terminals are switched to
the next storage unit 70 to receive the next video block,
namely A2, Al4, B1l, B13 etc. of controller II.

For each individual video item, sequential
blocks are stored in sequential on-line storage units 70
in the virtual circle 29. The sequentiality of the on-
line storage wunits 70 refers to their sequence in a
particular direction around the virtual circle 29. In the
illustrated embodiment, the sequentiality is defined as
clockwise, as may be appreciated, for example, by an
inspection of the on-line storage units 70 in which video
blocks Al, A2, A3, A4, ... are stored.

The wvirtual circle arrangement of the on-line
storage units 70 may, for example, be implemented in the
software of VOD serving control unit 60 of Figs. 1A and
1B.

The first blocks Al, Bl, C1, ... of the video
items A, B and C may be stored in randomly selected
respective ones of the on-line storage units 70 or
alternatively may be stored in sequential respective ones
of the on-line storage units 70. In the illustrated
embodiment, the first blocks Al, B1, Ci, ..., are stored
in sequential on-line storage units.
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The switching apparatus 50 connects the on-line
storage apparatus 30 to the multiplicity of set-top boxes
10 via the transmission equipment 20. An individual set-
top box 10, serving a user who has selected a video item
(for example, video item A) is initially connected to the
on-line storage unit 70 which contains the first block of
the selected video item, i.e. block Al. The individual
set-top box 10 is subsequently connected to a sequential
on-line storage unit 70 at each sequential system tick.
In other words, a set-top box 10 serving a user who has
selected video item A is connected, at a first system
tick following selection of video item A, to the on-line
storage unit 70 containing Al. At the second, third,
fourth, etc. system ticks immediately following the first
system tick, the same user is connected to the on-line
storage wunits 70 containing A2, A3, A4, etc. which, as
may be appreciated from Fig. 2, are arranged sequentially
in the direction of the virtual circle 29.

All switching of connections of individual set-
top boxes 10 from one on-line storage unit 70 to the
adjacent storage wunit 70 around the virtual circle 29
take place synchronously, at the beginning of each system
tick. The scans of all on-line storage units 70 begin
within the current system tick and terminate before the
next system tick. The term "scan" of an individual on-
line storage unit 70 refers to the execution of the 1list
of I/0 requests, for that system tick.

Each I/0 request may comprise a request for
retrieval of a video block stored in the individual on-
line storage unit 70 or a request to load a video block
stored in the_off-line storage apparatus 40 onto the
individual on-line storage unit 70. The video blocks
handled by each I/O request are prefer@bly all the same
size and contains the same length of video playing time.

All on-line storage units 70 execute, at ‘most,
a maximum number of I/O requests per scan. Typically, the
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on-line storage units 70 all have the same maximum bit
rate which determines the maximum number of I/0 requests
per scan.

Typically, all video items are transmitted at
the same bit rate. Alternatively, the bit rates at which
thé various video items are transmitted may all be
integer multiples of a basic bit rate. In this case, each
I/0 request comprises a request for retrieval or loading
of a block of the same basic block size but for the
different bit rates, different numbers of I/O requests
are carried out each system tick. For higher bit rates,
more I/O requests are carried out each system tick. Bit
rates that are not exact multiplications of the basic bit
rate are also possible, however, this will reduce the
overall system throughput.

Having excess memory buffers, preferably in all
on-line storage controllers 80 or in the specific set-top
box 10, enables the system to perform the requested 1I/Os
to the same on-line storage units within several system
ticks instead of the same system tick.

Although, for simplicity, only 12 on-line
storage units 70 are illustrated in Fig. 2, in fact, any
suitable number of on-line storage units 70 may be
provided, such as hundreds or thousands of units. For
example, if there are 10,000 users and hard disks capable
of serving 5 users simultaneously are employed as on-line
storage units, then 2000 on-line storage units 70 may be
employed. If RAID systems, each including 5 hard disks
each capable of serving 5 wusers simultaneously are
employed as on-line storage units 70, then 400 on-line
storage units may be employed.

Reference is now made to Fig. 3 which is a
variation on the apparatus of Fig. 2. Fig. 3 is similar
to Fig. 2 except that, in order to completely utilize the
bandwidth of each port 75, 76, 77, 78 of the switching
apparatus 50, more than one on-line storage unit 70 1is
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associated with each port of the switching apparatus 50,
via a suitable controller 80 such as a PC equipped with
one or more ULTRA 124F boards and with an ATM board such
as the ForeRunner ESA 200. In the context of the present
invention, bandwidth is defined as an amount of informa-
tion which can be transferred by a port during a system
tick.

Reference is now made to Fig. 4 which is a
simplified block diagram of switching apparatus 50
constructed and operative in accordance with a preferred
embodiment of the present invention which is useful when
the number of controllers 80 exceeds the number of input
ports of conventional switches. The switching apparatus
of Fig. 4 employs 2n conventional switches to obtain a
switching capacity which is n times the capacity of each
of the conventional switches.

For simplicity, the switching apparatus 50 is
shown with 64 inputs, labeled 1 to 64 in the drawing,
accepting video input from 64 respective controllers 80
whose associated on-line storage units 70 are arranged in
a virtual circle from 1 to 64.

The switching apparatus 50 includes an input
switch array 100 receiving video input from the on-line
storage units, 70 typically via the controllers 80, and
an output switch array 110, illustrated in detail in Figqg.
5. Output switch array 110 receives input from the input
switch array 100 and transmits this input to the set-top
boxes via the transmission equipment 20 of Figs. 1A and
1B.

The input switch array 100 includes 8 input
switches 120 and the output switch array 110 includes 8
output switches 130. Each of switches 120 and 130
typically comprises an ATM switch having 16 155Mbps
trunks which are utilized as 8 input trunks and 8 output
trunks. For example, a suitable ATM switch is the AToM
1E6, commercially available from Telematics Internation-
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al, Fort Lauderdale, FL, USA.
' Each on-line storage unit 70 communicates with
one of the input switches in the input switch array 100
via its associated controller 80. Preferably, the first
‘on-line storage unit 70 and every eighth on-line storage
unit 70 thereafter (units 1, 9, 17, ..., 57) communicate
with the first input switch SW1. The second on-line
storage unit 70 and every eighth on-line storage unit 70
thereafter (units 2, 10, ..., 58) communicate with the
second input switch SW2, and so on, so that the eighth
on-line storage unit 70 and every eighth on-line storage
unit 70 thereafter (units 8, 16, ..., 64) communicate
with the eighth input switch SW8. Each set-top box 10
communicates, via transmission 20, with one of the output
switches in the output switch array 110. Each of the
input switches communicates with all of the output
switches, as illustrated in Fig. 1B.

It 1is appreciated that the terms "input" and
"output" as employed herein refer to the dataflow of the
video items. However, other information flows in the
opposite direction, i.e. from the output side of the
switching apparatus 50 to the input side thereof. This
information may include user controls such as selections
of wvideo items, pause commands, and resume commands; as
well as loading of video items from off-line storage

apparatus 40 onto the on-line storage apparatus 30.
Although the switching apparatus of Fig. 4 is a
blocking switch, this feature does not substantially
adversely affect the performance of the system due to the
virtual circle structure of the apparatus of Fig. 2.
Although the switching system can be blocked, the block-
ing of the system is "dispersed" throughout the system
such that the connection between each individual input
switch and each individual output switch, if blocked at
an individual system tick, becomes available within at

,mpst 7 system ticks, in the illustrated embodiment.
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Fig. 6 is a simplified block diagram of the VOD
serving control unit 60 of Figs. 1A and 1B and is self-
explanatory.

Fig. 7 is a simplified flowchart of a preferred
method of loading a video item from the off-line storage
unif 40 of Figs. 1A and 1B onto the on-line storage unit
70, via the on-line storage apparatus 30 of Figs. 1A and
1B.

When a request for a video item is made, the
system enters the procedure for loading a video item at
step 200 in Fig. 7. The system asks in step 210 if there
is sufficient on~line storage space available in on-line
storage apparatus 30. If there is no storage space avail-
able the system will deny the request, as in step 220. If
the answer to step 210 is positive, the off-line storage
device 40 is instructed to operate a loading device, such
as a jukebox-type apparatus, as known in the art, to load
the requested video item, such as a video tape cassette
or a CD-ROM device, on to its associated drive unit. 1In
step 230, an on-line unit 70 is selected. The selected
unit 70 will contain the first video block of the video
item to be loaded. In this implementation the selected
unit 70 is the one following the first unit of the video
item that was previously loaded. Step 240 assigns the
correct system tick for commencing the loading of the
video item. This step is described in more detail, here-
inbelow, with respect to Figs. 8A and 8B. In ~step 250,
the off-line drive of the off-line storage un%? .40 %s
instructed to commence transmission in to the selected
on-line storage unit 70, at the selected system tick.

Reference is now made to Figs. 8A and 8B which
are simplified flowcharts of two alternative methods for
performing the system tick selection process of step 240
of Fig. 7. 1In the flowcharts of Figs. 82 and 8B the
following abbreviations are used:

STE = slot table entry, where the slot table is
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defined as the lookup table which lists the available
throughput capacity for storage unit 70 for the next
system tick;

OSU = on-line storage unit 70;

SLOTS = maximum number of slots per storage
unit;

TICKS = number of system ticks to wait for
available throughput at First On-Line Storage unit;

BW(n,m) = used bandwidth between input switch
element (n) associated with on-line storage element of
unit 70 (i) and output switch element (m) associated with
a user channel (k);

MBW = maximum possible bandwidth between each
two switch elements.

In step 300, a play or load of a video item, A,
B.., 1is requested. In step 310 the parameter OSU is set
to the first on-line storage unit 70 as selected by the
procedure described in Fig. 7 and parameter TICKS is set
equal to 1, denoting one tick delay. In step 320, the
system requests if there is a slot available from or to
the on-line storage unit 70 OSU. If the answer is in the
affirmative the system requests to know if there is
sufficient bandwidth available between an input switch
element n and an output switch element m for transferring
information; n is connected to the on-line storage unit
OSU and output switch element m is connected to the
subscriber at channel k. If the answer, to either step
320 or 330, is negative, the system looks for an avail-
able throughput to or from on-line storage unit OSU at
the next system tick. This is done by incrementing TICKS
by 1 and interrogating the load in the current tick at
the previous storage unit 70, by decreasing O0OSU. If the
answers to steps 320 and 330 are both affirmative, the
slot to on-line storage unit OSU and the bandwidth
between the switch elements n and m are assigned to
channel k. The slot at STE(OSU) is allocated an the value
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of BW(n,m) is incremented by 1. The task is completed in
step 360.

Fig. 8B 1illustrates a proposed alternative
method of determining the system tick. This method has
not Dbeen fully developed or tested and may contain
errdrs.

Reference is now made to Fig. 9 which 1is a
simplified flowchart of a preferred method for playing or
projecting a video item stored in the on-line storage
units 30 of Fig. 3. The table of on~line video items A,
B.. contains the names of the video items with their
respective first on-line storage unit 70 where the
first block of the video title, say Al of video item A
and the total number of blocks, 21, A2.. for the video
item are stored. In the flowchart of Fig. 9 the following
abbreviations are used:

OSU = On-line storage unit;

First OSU = the OSU where the first block 1is
stored;

TICKS = required delay;

Video Item (i,j) = block number j of video item
i at on-line storage unit (OSU).

The procedure of playing a video item begins
in step 400. In step 410 the system interrogates the
table of On-Line Video Items and finds the on-line stor-
age unit 70 where the video item starts, namely unit OSU
and the 1length of the video item, labeled LENGTH. The
parameter LENGTH is the number of blocks that comprise
the video item.In 420 the system calls the procedure
described in either Figs. 8A or 8B to allocate the system
ticks for the playing or projection procedure of the
video item 1i. The system tick allocation procedure
returns the number of system ticks to wait wuntil the
required throughput is available for on-line storage unit
OSU. 1In steps 430 and 440 the system waits the required
number of system ticks. After the required time has
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elapsed the system proceeds to step 450 and instructs the
on-line storage unit OSU to transmit video item (i;j) to
channel k. As each video item (i,j) is transmitted the
parameter LENGTH is decremented by 1, in step 450. This
action is «repeated in steps 460, until all the videp
items (i,j) are transmitted by checking if LENGTH=0, step
460. If LENGTH equals 0 the video item has been transmit-
ted and the playing/projection is completed, step 470. If
the answer to step 460 is negative, the system proceeds
to step 480. After the transmission of each video block
(1,3), the system waits one tick unit, the parameters 0OSU
and j are increased by 1, step 480, and the wunit 70
proceeds around the virtual circle 29, as illustrated in
Fig. 2.

Fig. 10 1is a simplified flowchart of a
preferred method by which an off-line drive transmits a
video item from off-line storage 40 to on-line storage
apparatus 30, in accordance with the wvirtual circular
structure of on-line storage unit 30.

The system after allocating in Fig. 7 the on-
line storage unit 70 where loading should commence and
the system tick is defined when throughput is available
to the desired storage unit 70, the transfer of a video
item begins, step 500. In step 510, the first block i 1is
written to the first of on-line storage unit 70, via on-
line storage apparatus 30. The procedure is repeated, as
in steps 520 and 530, until all the video item has been
transferred. At the transfer of each video block, the
block number i and block storage unit number j, are
incremented by 1. At each stage of thé transfer video
block i is written to on-line storage unit j. On comple-
tion of the transfer of the video item, the number of
blocks for the given item is returned and stored in the
VOD Control unit, as illustrated in Fig. 6, step 540. The
video item transfer ends at step 550.

Reference is now made briefly to Fig. 11. As
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described above, the on-line storage apparatus 30 of
Figs. 1A and 1B may include two or more virtual circles
31 and 32, preferably one virtual circle of hard
disks or RAID systems and preferably one virtual circle
of memory wunits. Fig. 11 is a modification of Fig. 4
illﬁstrating the connection between switching apparatus
50 and the on-line storage units of on-line storage
apparatus 30 for the embodiment in which there are two
virtual «circles 31 and 32 in on-line storage apparatus
30.

Fig. 11 also illustrates use of redundancy to
prevent malfunctioning of the entire system due to mal-
functioning of a single one of the input switches or a
single one of the controllers 80. The redundancy feature
is expressed that each on-line storage unit 70 and its
corresponding controller 80 are interconnected amongst
the other elements of the virtual circle by a chain-like
formation, as illustrated in Fig. 11. It is appreciated
that the two-circle feature and the redundancy feature
are independent. In other words, use of the redundancy
feature illustrated in Fig. 11 is not limited to the two
circle embodiment but instead is equally applicable, for
example, to the embodiment of Fig. 4.

According to a preferred embodiment of the
present invention, the memory virtual circle is not
separate but rather is parallel to the disk storage
virtual circle. Each controller 80 includes memory over
and above the memory required for the buffers such that
the number of buffers in the memory of each controller 80
is greater than the maximum allowed number of disk I/O's
per scan. Popular video - items which are viewed
simultaneously more than a certain number of times are
called to memory and stored there, even if they are not
required for the next scan. I/0 requests for a video item
which is stored in memory in its entirety are not taken
into account when computing the limitation on requests
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per scan.

Preferably, the controllers 80 are redundantly

associated with the on-line storage units. Specifically:
a. At least one of the controllers 80 1is
redundant (124) in that it is not intended to serve any
on—iine storage unit or units unless one of the non-
redundant controllers fails.
b. Each controller 80 is connected not only to the
on-line storage unit or units which it is intended to
serve but also to the on-line storage unit or wunits
served by a second controller, so that the first
controller «can substitute for the second controller, if
it fails. The extra connections between "backing up" con-
trollers and "backed up" controllers typically forms a
chain back to the redundant controller, as illustrated in
Fig. 11, such that each time a controller A fails, its
"backing up" controller B substitutes for it, whereas the
"backing up" controller C of controller B substitutes for
B, and so on, back to the redundant controller. Fig. 11
shows 8 chains going back to 8 redundant controllers
which are depicted as blank (numberless) ovals 124.

The "backing up" controller and the controller
it backs up are preferably connected to different input
switching elements, as illustrated in Fig. 11, such that
the redundancy of controllers provides a solution for
inoperative input switching elements as well as for
inoperative controllers. '

Reference is now made to Fig. 12 which is a
simplified diagram of switching apparatus 50 constructed
and operative in accordance with another embodiment of
the present invention in which the number of input switch
elements, labeled 1, 2..32, does not equal the number of
input ports per input switch element. Fig. 13 is a
detailed illustration of the second switching array 110
of Fig. 12. '

It is appreciated that the user may not receive
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immediate serving of the video item he has selected. If
there 1is no available throughput to the on-line storage
unit 70 storing the first block of the video item he has
selected, the system typically waits until the relevant
on-line storage unit 70 has available throughput and only
then connects the user to that on-line storage wunit.
Throughput availability is then guaranteed for the on-
line storage units storing the second, third, fourth,
last blocks of the selected video item, assuming that the
user does not request any pauses. If the user requests a
pause and then requests that the video item be resumed,
there may not be available throughput to the on-line
storage unit storing the next block of the selected video
item. Therefore, the system typically waits wuntil the
relevant on-line storage unit 70 has available throughput
and oﬁly then connects the user to that on~line storage
unit.

EXAMPLE: Referring back to Fig. 2 assume that a
user wishes to view video item A and that the following
conditions hold:

a. . Each input switching element can simultaneously
transmit up to 3 transmissions to each output switching
element. In the illustration, 3 connections between
individual input switching elements and output switching
elements are indicated by circles, sharp-edged squares
and rounded-edged squares, respectively, where the con-
nection which is required to allow the user to view video
item A is that indicated by the sharp-edged square. 1In
other words, for each individual on-line storage unit,
there can be, at most, only 3 circles, 3 sharp-edged
squares and 3 rqunded—edged sqguares.

b. Each on-line storage unit can support up to 8
I/0 requests per tick. In other words, for each
individual on-line storage unit, the. total number of
circles, sharp-edged squares and rounded-edged squares
must be no more than 8.
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The user wishing to view video item A cannot do
so during the current system tick because the on-line
storage unit I which stores Al, the first block in video
item A, is already handling 8 I/O requests.

' The same user also cannot be serviced in the
next system tick because the on-line storage unit XII
which is adjacent, counterclockwise along the virtual
circle, to the on-line storage unit which stores A1,
already carries 3 I/0 requests via the sharp-edged square
connection. Even if storage unit XII was not carrying 3
I/0 requests via the sharp-edged square connection, but
nonetheless 3 such I/0 requests were served via the
sharp-edged square connection from any storage unit XII
at that system +tick, the wuser could not have been
serviced in that system tick.

The wuser can be serviced in the following
system tick because:

a. the on-line storage unit XI is handling less
than 8 I/0O requests; and

b. the on-line storage unit XI is carrying less
than 3 I/O requests via the sharp-edged square connec-
tion. Reference is now made to Fig. 14 which is
a simplified block diagram of two of the controllers 80
of Fig. 3 which are redundantly associated with the on-
line storage units 70 as described above with reference
to Fig. 11.

It is appreciated that the apparatus shown and
described herein is suitable not only for video applica-
tions but also for slower bit rate applications such as
voice applications and data acquisition applications such
as telemetry. For slower bit rate applications, the
system tick is typically relatively long, and therefore
the response time to a user request is also relatively
long. To reduce the response time, more than one virtual
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circle of on-line storage units may be provided. For
example, one virtual circle of small block-size rapid
tick rate on-line storage units may be provided for
storing the first block Al, Bl, Cl1, ..., of each data

“item A, B, C, .... A second virtual circle of medium
block-size medium tick-rate on-line storage units may be
provided for storing the second block A2, B2, C2, ..., of
each data item A, B, C, .... Finally, a third wvirtual
circle of large block-size slow tick-rate on-line storage
units may be provided for storing the remaining blocks A3
onward, B3 onward, C3 onward, ... of each data item A, B,
C, «...

When a user requests a certain data item, such
as item B, the request is typically processed simultane-
ously for all three virtual circles. Due to the rapid
tick rate of the first virtual circle, the first block Bl
is provided to the user almost immediately. The second
block B2 is ready for the user immediately after serving
of block Bl and the block sequence from the third block
B3 onward is ready for the user immediately after serving
of block B2. It 1is appreciated that various features
of the invention which are, for clarity, described
in the contexts of separate embodiments may also be
provided in combination in a single embodiment.
Conversely, various features of the invention which are,
for brevity, described in the context of a single embodi-
ment may also be provided separately or in any suitable
subcombination.

It will be appreciated by persons skilled in
the art that the present invention is not limited to what
has been particularly shown and described hereinabove.
Rather, the scope of the present invention is defined
only by the claims that follow:
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CLAIMS

1. A high throughput video serving system opera-
tivé to serve a multiplicity of set-top boxes with a
corresponding multiplicity of selected video items via
transmission equipment comprising:

an on-line storage subsystem comprising a first
plurality of on-line storage units arranged in at 1least
one virtual circle and storing a second plurality of
video items, each video item comprising a sequence of
video blocks, each video block being accessible within a
single system tick, wherein, for each individual video
item, sequential blocks are stored in sequential on-line
storage units in each virtual circle; and

an access system connecting the on-line storage
subsystem to the multiplicity of set-top boxes via the
transmission equipment, wherein an individual set-top box
is initially connected to the on-line storage unit which
contains the first block of its corresponding selected
video item and wherein the individual set-top-box 1is
subsequently connected to a sequential on-line storage
unit at each sequential system tick.

2. A system according to claim 1 wherein each on-
line storage unit comprises a disk.

3. A system according to claim 1 or claim 2 where-
in the plurality of on-line storage units comprises at
least one electronic memory.

4, A system according to claim 1 and also
comprising an off-line storage subsystem storing
additional video items which are transferable to the on-
line storage units.
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5. A system according to claim 1 wherein the
access system comprises first and second switching
arrays, each switching array comprising a plurality of
switching elements, each on-line storage unit communicat-
ing with one of the switching elements in the first
switching array, each set-top box communicating with one
of the switching elements in the second switching array,
each of the switching elements in the first switching
array communicating with all of the switching elements in
the second switching array.

6. An information serving system operative to
serve a user-selected one of a plurality of data items,
each data item comprising a first sequence of data
elements and a subsequent second sequence of data
elements, the system comprising:

a first information storage system with a first
block size storing the first sequence of data elements
for each data item; and

a second information storage system with a
second block size, larger than said first block size,
storing the second sequence of data elements for each
data item; and

a user request processor operative to serve the
first sequence of data elements and, immediately after-
ward, the second sequence of data elements, for a
selected data item. '

7. A system according to claim 1 wherein each on-
line storage unit comprises a RAID systemn.

8. A system according to claim 1 wherein the at
least one virtual circle comprises a plurality of virtual
circles.
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9. A system according to claim 8 wherein the
plurélity of wvirtual circles includes a first virtual
circle of on-line storage units of a first type and a
second virtual circle of on-line storage units of a
second type.

10. A system according to claim 8 wherein the
plurality of wvirtual circles includes a first wvirtual
circle of on-line storage units storing video items
having a first bit rate and a second virtual «circle of
on-line storage units storing video items having a second
bit rate.

11. A system according to claim 1 wherein the
plurality of on-line storage units within an individual
virtual circle is operative to store video items of more

than one bit rate.

12, A high throughput video serving method opera-
tive to serve a multiplicity of set-top boxes with a
corresponding multiplicity of selected video items via
transmission equipment comprising:

providing an on-line storage subéystem compris-
ing a first plurality of on-line storage units arranged
in at least one virtual circle;

storing a second plurality of video items, each
video item comprising a sequence of video blocks, each
video block being accessible within a single system tick,
wherein, for each individual video item, sequential
blocks are stored in sequential on-line storage units in
each virtual circle; and

connecting the on-line storage subsystem to the
multiplicity of set-top boxes via the transmission equip-
ment, including connecting an individual set~-top box
initially to the on-line storage unit which contains the
first block of its corresponding selected video item and
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connecting the individual set-top-box subsequently to a
sequential on-line storage unit at each sequential system
tick.

13. An information serving method operative to
ser§e a user-selected one of a plurality of data items;
each data item comprising a first sequence of data
elements and a subsequent second sequence of data
elements, the method comprising:

storing the first sequence of data elements for
each data item in a first information storage system with
a first block size; and

storing the second sequence of data elements
for each data item in a second information storage system
with a second block size, larger than said first block
size; and

serving the first sequence of data elements
and, immediately afterward, the second sequence of data
elements, for a selectedwdata item.



WO 95/26095 PCT/US95/03237

1/16

10 10 <10 -~ -

Set Top Sct Top Set Top Set Top Sct Top
Box Box Box Box Box

VoD . .
Control gADPP ;
e
50
L'/’
60
- 30

Virtual Circle/s of
On-Line Storage
Units

40 Off-Linc Storage VOD
Server

Fig. 1A/14



WO 95/26095

4
- \I—
\"]

\

T T
30

PCT/U0S95/03237

2/ 16
/(:0
VOD
Serving 0
Control \ ofr Lﬁ
e Storage
]7 /120 1‘32/
17 Input Output
Switch Switch
Flement \ /| Element
10
Sct-top
}20 }30 box
< / N 0 Set-top
(23231 | Input Output | box
Switch Switch | g (‘Transmission
Flement Element —
\ |/ Sct-top
box
120 130 Set-top
/ \ / box
Input / Output
Switch h Switch / 10
Element Elcment
\100 110/
-\ /

Fig. 1B/14



WO 95/26095 PCT/US95/03237
3/16
A12 E8Q4)
% A2 A14E10 16
HeGD Bl BI3 F9 J5
9] HS Cl12G8 K4
@ﬂ@[]:‘_',j % % DI1H7 L3
B10 ¥F6(Q2) 0
@D 65 ®D 70 07 /
)8 0
D8[HYI 10 \/80 80 A3
d B2
A0 80 c1
A10E6 12 ¢ xu |1 T
B9 FS J1 X1 a4
€8 G4 10 To m 80 B3
D713 Switching Unit | ;
‘ wite SIO;, v 2
i x ‘ 0 D)
AIES 11 Vil yip i <~ AS El
B8 Fd ‘e 80 % B4
C1G3 80 V 20”1 €3
D6 H2. \ D2
70 /70 4 e )
" 80 70 A6 F2
A8 K4 B5 Il
B7 F3 _A0 C4
C6 G2 D3
DS H1 %

29

A7 E3
B6 F2
Cs5 Gt
D4

Fig. 2/14



WO 95/26095 PCT/US95/03237

4/16

Al Al13 E9 15

B12 I8 J4
Q;f 2_87 “3 Cll G7 K3
C10 G6 :(2 D10 H6 12 A2 AI4EI0 16
D9 HS 11 Bl BI13 F9 )5
% C12G8 K4
AITE? 13 ' % D11 H7 L3
B10 F6 J2 " /
C9 G5 Ki L~ 0 70//
D8 H4 - /80
= =
L-10 70 B2
A10L6 12 X C3
B9 Fs Ji -
C8 G4 |70 Io 20 Ad
D7 H3 Switching Unit - % B3
' % 80 2
78 77 D1
ASES I / AS El
B8 F4 o)
C7G3 % ~10 %0 0" % 3
D6 H2 2 2
' / 80

A6 k2

A8 E4 70”7 A L
s S L[58
C6 G2 (o
DS N1
% AT F3
B6 F2

Cs Gl
D4

Fig. 3/14



0 95/26095 PCT/US95/03237
A4

5/16
S0
—__/.\——’/'\
/10 To
2 ¢ 7 7 7 7 Set-']‘op-'Boxele
4 // / / /], ('Ylﬂ.
v 7/ /7 /7 7 7171 Transmission 20
AV NN
/[ [ I
AW/
VAR AR
VANl 110
120

COPGRE® @&
OGO G
OCRDD@DE @
OCOO®O@E @
COR®OE®® G
OCOBO®O®E &
COBDO@®® @

Fig. 4/14



WO 95/26095 PCT/US95/03237

6/16

110

ﬁ*A**\ To Transmission

Equipment

/zo

oj0
ojo
ojo
ojo
ojo
010
°

From /
010

Input Switch Array
100 W

130

0000

ocoootloooo
000000O0OOG

00000000

000\00o00O
000

004 00O0O0O0

Fig. 5/14



WO 95/26095

PCT/US95/03237

7/16
Control Commands
for Set-Top Boxes
General General i
Administration Database Set-Top-Box Driver
t—p| Management | gl Set-Top-Box Control
Man-Machine Interface
& 6 : 65 t
61
N\
Video Control

Circular Video File Management

7’4 Y

a

On-Line Storage Unit
Control

1

Switch Control

—

Off-Line Storage Unit

Switch Element
Control

Switch Array Control

Control

'

Contro! Commands
for On-Line Storage Units
30

\j

Control Commands
for Switch Elements
120, 130

Fig. 6/14

!

v

Control Commands
for Off-Line Storage Units
40




WO 95/26095

8/1

Video Jtem
Loading
Required

210

On-Line Space
Available?

6

200

Instruct Jukebox to /220
Load Video Item
To Drive Unit
Y /230

220

Deny
Request

Select First On-Line Unit
Set First Storage Unit of New Item =
First Storage Unit of Previous Item +1.
Write First Block to First Disk.

Y

Select
System Tick

240

Y /250

Instruct Off-Line drive
to transmit Video ltem

at System Tick

Starting at First On-Line Unit

Fig. 7/14

PCT/US95/03237



PCT/US95/03237

WO 95/26095
/16
Play/Load 300
Video Item
Requested
310

set OSU=First On-Line Storage Unit
Set TICKS=1

Is Throughput Available
Between Switch Elements
Nand M?

Is Throughput
Available at OSU?

Yes

TE(OSU)<SLOT BW (n,m)<MBW

320
No
/340

Increment TICKS
Decrement OSU

Allocate Slot at STE(OSU)
for Channel K

/] Allocate Switch Bandwidth
BW(n,m) = BW(n,m)+1.

350

360

Fig. 8A/14



PCT/US95/03237

WO 95/26095 1 O / 1 6

—vewy,

Play/Load
Requested

set OSU=First On-Line Storage Unit
set TICKS=0
Set T1=1
Set Mx=SLOTS + MBW
set Mn=SLOTS x MBW

r

set T2=1

if STE(OSU)<SLOTS then
M=STE(OSU)+BW(n.m)
if M<Mx then Mx=M

M=STE(OSU)xBW(n.m)
if M=Mx then Mx=M and

Increment TICKS
Decrement OSU

if M>Mn then . \
Mn=M
TICKS=T1

TICKS>0

Increment TICKS
Decrement OSU Allocate Slot at STE(OSU)

for Channel K
Allocate Switch Bandwidth
BW(n,m) = BW(n,m)+1.

Fig. 8B/14



WO 95/26095 PCT/US95/03237

11/ 16
- 400
//Beg‘in Play
Video Item i
to channel k
) 410

Lookup Table of On-Line Video Items
set OSU=First OSU

Set LENGTH= Number_of_Blocks

v

Select Sw"stem Tick /420
set TICKS

440

Wait one tick
Decrement TICKS

450

Instruct On-Line Storage Unit (OSU)
—| to Transmit Video ltem (i,j) to Channel (k)
Decrement LENGTH -

460

v 470
es

480

No

Increment OSU
Increment )
Wait one Tick

T

Fig. 9/14



WO 95/26095

12/16

500

Begin
Video Item
Transfer

, /510
Write First Block to First Disk.

Y

Increment Block Number i; i=i+1
Increment Storage Unit Number j; j=j+1
Write Block i to Storage Unit J.

% 520

/ $40

Return Number of Blocks to
VOD Serving Control

550

Fig. 10/14

PCT/US95/03237



WO 95/26095 PCT/US95/03237

13/ 16
50
/’\
[ 109 N
7 7 1 Set-Top-Boxes 10
7777771 > Via
V /7 /7 [/ [ 1 1] Transmission 20
yAVAVAANI
/ [/ [ [ [l
VAWANAAL!
/ /[ L
/// // /I [ 110
[ 120
3 Q@ @ Gy GG (1))
@O @ @9 @ @@ G
31 O W@ @ G© @
N @@ @ GBI @
(CRQQ PO
SR

Fig. 11/14



WO 95/26095

14/ 16

S0

/—’\

/ 100

s 7 g L 1 1 [ |

L /L L L]
vV £ L /L [ [ 1L
Z £ [/ [ [ 1

2

OBO@O@B® @
OO VO®G
OO OB® @

Fig. 12/14

PCT/US95/03237

To
Set-Top-Boxes 10

—W Via

Transmission 20

110

120



WO 95/26095 PCT/US95/03237

15/16

To
Set-Top-Boxes 10

Via
/I‘r'amsmission 20

From
Input Switch Array

100 130

Fig. 13/14



WO 95/26095

/

16/16

\ N

=

=

SlE
T~

s

b

\
/| Storage Unit
80 Controller

\

PCT/US95/03237

T [ NN

(S

=

=

\\\ \\\ ]/I ///

80

Storage Unit
Controller

Y
~

—p 155Mbps to
Input Switch Element N

/7“/ / /7"\ )\ /"

=

S

=

=

~\ /-

Fig. 14/14

—» 155Mbps to
Input Switch Element N+1



	Abstract
	Bibliographic
	Description
	Claims
	Drawings

