- CAtgr me Pl acerrent of Videe Files on Disks in-a Server Environment I. .
BACKGROUND OF THE. | NVENTI ON Fi el d of the Invention This invention relates
to the field of Video-On-Denmand (VOD) . and other On-Demand program systens.
Rel ated Art In a video-on-demand server with nmultiple disks and video files
(e.g. novies), it is necessary to determ ne which video files are to be

pl aced on which disks. Each disk is limted both by the amount of bandw dth
and space, i.e. the nunber of video data streans that can be pl ayed

si nul t aneously and the nunber of video files that can be acconmmodated. The
expected demands for different videos are non-uniform The expected denand
for some veobiowe Ragcémentonf cvisleghFihes onhRisksmrinbe Servest ERYLFOMH®NSne di sk
“or striped set of disks. On the-other hand, the expected demand for sone

vi deos mayybe Q- RERGDRE %tﬂ%fcﬁpl I cas are needed.

Field of the Invention

~ This invention relates to the field of Video-On-Demand (VOD)
and other On-Demand program systems. A
Related Art

In a video-on-demand server with multiple disks and video

files (e.g. movies), it is necessary to determine which video files
"are to be placed on which disks. Each disk is limited both by the
amount of bandwidth and space, i.e.; the number of video data
streams that can be played simultaneously and the numt_)er of wvideo
files that can be accommodated. The expected demands for different
videos are non-uniform. The expected demand for some videos may be
low enough that they can be satisfied from one disk or striped set
of disks. On the other hand, the expected demand for some videos
may be so high that multiple rep]l_.icas are needed.

! The number of replicas required for a video file also depends
on the plécement of the other videos in the system. Even if the
expected demand for a video is low enough that it can be satisfied
by a single disk.group, there may be no empty disk group 'at the -
current time. Consequently, it may be necessafy to create multiple
replicas of the video on two different disk groups. The video
placement also depends, on the characteristics of the disk. It may
be.advantageous to place videos with low demand on slow disks and
videos with high demand on fast disks. Determining the proper
placement is thus an important task.



fhe anber of replicas required for a video file al so depends on the
pl acenent of the other videos in the system Even if the expected demand

for a video is | ow enough that

there may be no enpty .disk group at the current tine. Consequently,
be necessary to create nultiple replicas of the video on two different disk
The vi deo pl acenent al so depends on the characteristics. of the

disk. It may be advantageous to place videos with | ow demand on sl ow di sks
and vi deos with high denand on fast di"®ks. Deternining the proper
l.s thus an inportant task. -2- 11. Summary of the Invention In
accor dancerm t Buini€ryploESEné InveaBiown, the placenent of

gr oups.

pl acenment

In accordance with the present invention, the placement of
programs {(which as used herein refers to movies, audio programs,
audio-visual programs and similar types of data) is determined.as
a function of the bandwidth-space ratio (BSR) of each disk in the

it can be satisfied by a single disk group,

it nay

system. The BSR of a disk is defined as the bandwidth of the disk"
divided by the space. The BSR of the programs on the disk is the

total expected demand for the programs divided by the space

' -required to store the programs. As used herein, the term "disk"

refers to a logical disk which may consist of a physical disk or a
number of physical disks on which program files are striped.

In a preferred embodiment, a Video Placement ‘Manager (a
software task operating under a server's main control program)
places the programs on the disks so as to best match the BSR of
movies stored on the disk and the BSR of the disk, thus minimizing
the waste of both disk bandwidth and disk space.’



progrdms (which as” used herein refers to novies, audio prograns,

audi o-vi sual prograns and similar types of dat a) is determned as a
function of the bandw dt h-space ratio (BSR) of each disk in the .system The
BSR of a disk is defined as the bandw dth of the disk divided by the space.
The BSR of the prograns on the disk is the total expected denmand for the
prograns divided by the space required to store the prograns. As used
herein, the term"disk” refers to a |logjcal disk which may consist of a
physi cal disk or a nunmber of physical disks on which programfiles are
striped. In_a preferred enbodi nent, a Video Pl acenent Manager (a software
t ask oper attthg BRET DESGRYRRIONSOF(HF BRAVING| progran) places the-prograns
on the di sifEGsOl ds &odizgyamnof dhet GetaBSErwitures i mesinthimat] bynthéevidienk and

t he BSR of phh8ehlritk mahiyér WM;”M mqu\@as;e of both di sk bandw dth and
di sk spacePIGs_ 2A-2E are a flowchart of the processing of a command by the
VPM, to configure the system to set the expected number of v1ewers
for a video (V) to a new number of viewers (N):; _ v
FIGs. 3A-3D are a flow chart of the processing performed by the VPM -
after the VPM has selected the disks on which the replicas will be
placed; and, _
PIG. 4 is a block diagram of a video-or_x-demand system embodying the
features of the present invention.



.<3- 1ill. BRIEF DESCRIPTION OF THE DRAWNG FIG 1 is a diagramof the data
structures tmintained by the video placenent nanager (VPM shown in FIG 4;
FIGs. 2A-2E are a flowchart of the processing of a comand by the VPM to
configure the systemto set the expected nunber of viewers for a video (V)
to'a new nunber of viewers (N) FIG. 3A-3D are a f |low chart of the
processing perfornmed by the VPM after the VPM has sel ected the di sks on
which the replicas will be placed; and, FIG 4 is a block diagramof a

vi deo-on-demand system enbodyi ng the fgatures of. the present invention.

IV. DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

The present invention is implenient.ed in the context of 2
video-on-demand (VOD) system. As used herein, video's refer to any
type of audio or audio-visual presentation and the term "disk"
refers to a logical disk which may consist of a physical disk or a
number of physical disks on which proi;ram files are striped'.

Fig. 4 is a block diagram of a video-on-demand system
embodying the features of the present invention. It is assumed
that clients 400 make requests from a video server 406 via a
communication network 402 (such as a fiber optic network): The
video server 406 can be of a conventional central sexrver type
(embodied on a mainframe such as an IBM ES/9000 system or.
workstation such as an -IBM RISC SYSTEM/6000 system), modified in
accordance with the-principles‘of the present invention. " Those of
skill in the art will recognize that many of the conventional
components of such a server are not shdwn for purposes of clarity.

The video server 406 services the requests by retrieving the
videos from disks 410 and transmitting them to the clients by way
of the network. Statistics on the usage of various videos are
gathered by a monitor task 407 'whicr; is also responsible for
projecting the future demand for videos. '

, Future demand can be predicted in a number of ways. For
example, the monitor task can store request ‘data, observe past
trends (increasing or decreasing for a given video) and predict the.
future demand as a function of these trends. Another example of a
prediction method is-to set the predicted demand for a given video
‘at a particular time to the actual demand for that. video at the
same time on the previous -'day. Further, the monitor program could
use predictions made and input by a human system administrator.



-4- | V' DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENT The pr esent
invention is inplemented in the context of a video-on-denmand (VOD) system
As used herein, video's refer to any type of audi o or audi o-visual _
presentation and the term"disk" refers to a |ogical disk which may consi-st
of a physical disk or a nunber of physical disks on which programfiles are
striped. Fig. 4 is a block diagramof a video-on-demand system enbodyi ng
the features of the present invention. _It is assuned that clients 400 nmake
requests froma video server 406 via a"Tomuni cati on network 402 (such as a
fiber optic network). The video server 406 can be of a conventional central
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manager is invoked by the system administrator 404 or the monitor

task 407 whenever the anticipated demand for a video changes or a

new video is “to be added. The video placement manager then v

changes, as necessary, the placement and the number of replicas of

the various videos so as to satisfy the new demand. In order to

make intelligent decisions about the placement and number of

replicas for each vidgo, the VPM keeps track of the anticipated

demand for each video and replica.

In accordance with an embodiment of the present invention, the
video placement manager 408 uses the bandwidth-space ratio (BSR) of
both the videos and the disks to determine where to place videos on
disks. The BSR of a disk is defined as the bandwidth of the disk
divided by the space . In a video server environment, the bandwidth

i of a disk is the maximum rate at which the disk can provide
continuous (uninterrhpted) streams of data {this will typically be
lower than the actual disk capacity). The BSR of the videos on the
disk is the total. expected demand for the videos divided by the
space required to store the videos. 'If the BSR of the videos
currently on a disk is less than that of the disk, then disk
bandwidth will be wasted, because if additional videos with the
same BSR are stored on the disk, the disk will run out of space
before the bandwidth is exhausted. On the other hand, if the BSR
of the.videos on the disk is greater than that of the disk, then
disk space will be wasted. If the BSR of the videos on the disk
and the BSR of the disk are the same, then neither bandwidth nor
space will be wasted. . . - -

R The data structures maim:ained by the video placement manéger
are shown in FIG. 1. A video table 100 contains one entry for each



cérrponénts of such a server are not shown for pur poses of clarity. The
vi deo server 406 services the requests by retrieving the videos from disks -
410 and transmitting themto the clients by way of the network.
Statistics on the usage of various videos are gathered by a nonitor task .
407 which is al so responsible for projecting the future demand for videos.
Future demand can be predicted in a nunber of ways. For exanple, the
nonitor task can store request data, obgerve past trends (increasing or
decreasing for a given video) and predict the future demand as a function
of these trends. ,Anot her exanple_of a prediction nethod is tﬁéset.({ﬁ%e
pr edi ct ed (féﬂﬁﬂg"?’orthﬁ GroEFvi dEBCAL VAP TIEEY| EPRRITE tF t B att
demand for idsatificedvideq Hd) stife (which ddertiigsetha fdtliayor Faferrace t he
noni tor pr e@MBEY GEU ke Ukied) ¢ s banawidmnerafud redpts plyyathel vides yi3em
admi ni st rat(@f’xis ‘value, can be the average bandwidth required to play the
videq, or, alternatively, a function of the maximum bandwidth
required to play the video), the size of the video 104 and the:
replica list 105 which is a pointer to the list of replicas for -the

video.

There is a replica entry 110 for each replica of the video.
The replica entry 110 includes the disk identifier (disk id) 111 of
the disk the replica is on, the replica identifier (replica id) 112
which is the identifier (e.g. file name) of the replica and
anticipated demand or the number of expected viewers 113 for this
replica. Each replica entry also includes a next pointer 114 that
points to the next entry in the list.

A disk table 120 contains an entry for each disk in the
system. As previously described, each disk is actually a logical
disk which may consist of a number of physical disks striped
together. The disk entry consists of the disk identifier (disk id)
121 which identifies the disk, the mimmn space 122 and free space
123 of the disk, together with the maximum throughput (bandwidth)
124 and the projected free throughput 125 of the disk. The
p;ojeqted free throughput 125 (also referred to as the free
th;::.oughput 125) is the difference between the maximum throughput
124 and the projected throughput of the disk (i.e. the anticipated
demand on the disk, not the current throughput or load on the
disk). This field is updated by the video placement manager 408
whenever videos are added to the system. ' :

The projected free throughput is computed by first estimating
the projected throughput of - each replica on the disk. The



-5- Thé video server 406 contains a video pl acenent ‘nmanager (VPM) 408 that
I s responsi ble for deciding which disks to place each video on and how many

copi es of each video are needed. The video pl acenment manager

the system admi ni strator 404 or the nonitor task 407 whenever the -

antici pated demand for a video changes or a new video is to be added.

i s invoked by

The

vi deo pl acenent manager then changes, as necessary, the placenent and the
replicas of the various videos so as to satisfy the new demand.
In order to make intelligent decisions-about the placenent and nunber of
or each video, the VPM keeps track of the anticipated denand for

nunmber of
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‘This is subtracted from the maximum throughput 124 to yield the .

the vi

replica. The projected throughputs of the various replicas on the
disk are summed to give the total projected throughput of the disk.

ratlo

deos

free throughput 125. Similarly, the free space 123 is equal to the

maximum space 122 minus the space used by the videos on the- disk.
Initially when the disks are added to the system and contain no
videos, the free space 123 is set to the maximum space 122 and the
free .throughput 125 is set to the maximum throughput 124. As
various videos are added to the system the free space 123 is also
updated by the video placement manager. . -

A flowchart of the processing of a command ‘to configure the
system to set the expected number of viewers- for a video (V) to a
new number of v1ewers (N) is shown in Pigures 2A- 2E. There are two

phases to the process. In phase 1, as detailed in Flgures 2A-2E,

the VPM decides if additional replicas gre needed. If so, the VPM
selects the disks on which the additional replicas are to be
created in phase I. The selection is made so as to m’inimize the
deviation of thé expected bandwidth-space ratio of the disk from
the actual bandwidth-space ratio of the disk. I:n phase II
(detailed in PIGs. 3A-3D), the expected viewers are allocated to
the replicas and the number of replicas are consolidated.

+ Note that as the phases I and II are executed the data
structures of FIG. 1 are modified accordingly to reflect any added
or deleted replicas. Since the process will ‘not always succeed
(e.g. due to a lack of disk space), for ease of clean-up the VPM
copies the pre-existing data structures to temporary data
structures prior to execution of phases I and II. Upon failure of
phases I or II, the VPM restores the data structures of FIG. 1 to
their original state from the temporary copies. Upon successfui



di sksit The BSR of a disk is defined as the bandwi dth of .the disk divided by
the space. In a video-server environnment, the bandwi dth of a disk is the
maxi rumrate at which the di sk can provide continuous (uninterrupted)
streans of data (this will typically be lower than the actual disk
capdcity). The BSR of the videos on the disk is the total expected demand
for the videos divided by the space required to store the videos. If the
BSR of the videos currently on a disk is less than that of the disk, then
di sk bandwi dth will be wasted, because-8f additional videos with the sane
BSR are stored on the disk, the disk will run out of space before the
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calling routine, which in turn, physically creates or deletes .the,
replicas accordingly. '

In step 202, the video placement manager locates the replica
list 105 for video V and sums the expected viewers field 113 of all
the replica entries 110. This yields the number of viewers for
video V that the system is currently configured for (denoted by C).
Then, in step 204; the VPM then determines if new number of viewers
N is greater than the number of viewers for which the system is
configured (is N > C?). If N is less than or equal to C, the
reconfiguration request can be _cafried out simply by deleting
replicas or adjusting the expected viewers field of the current
replicas. Hence in step 206 the VDM starts executing the "Allocate
Viewers" processing of FIGs. 3A-3D. | ;

If N > C, in steps 208-210 the VPM computes the number of
additional viewers (TA) that can be supported by the disks
containing the current replicas. In step 208, the VPM computes the
additional viewers (A) that each disk (d) can support by dividing
the free throughput (FT) on each disk by the bandwidth (B) required
by. the video and truncating the result to the next lowest integer.

R}

Next, in step 210 the total number of additional viewers (TA)
which can be supported by the disks containing the replicas is
determined by summing the additional viewers that each disk
containing- a replica can support. Then, in step.212 the VPM

- determines if TA is greater than or equal to the total number of
,additional viewers required (N - C). =~ If it is, then the
reconfiguration request can be satisfied simply by increasing the



ate shown in FIG 1. A video table 100 contains one entry for each - 6-
video in the system- Each video entry consists of .the video identifier
(video id) 101 (which identifies the title or reference nunber of the
video), the bandwidth required to play the video 103 (this value can be the
average bandwi dth required to .play the video, or, alternatively, a
function of the maxi mum bandw dth required to play the video), the size of
the video 104 and the replica |ist 105 which is a pointer to the list of
replicas for the video. There is a repiS-ca entry 110 for each replica of
the video. The replica entry 110 includes the disk identifier (disk id) 111

of the di skbhiadaeRlibhlrd Seidla 108 SEAdAA rbFpild fdl‘?-_ﬁo\(lé e@tdatdnydhevt 12
replicas. Thus, in step 214 the VPM starts execut:.ng the "Allocate
Viewers”™ process of FIGs. 3A-3D. :

%

If TA < N-C, it is necessary to create new replicas. Thus, .
the VPM starts executing steps to select the disks on which the A
replicas are to be placed taking the BSR into account. In
particular, in step 216 the projected throughput (UT) of each disk
(d) is computed by subtracting the free throughput (FT) 125 for
that disk from the maximum throughput (MT) 124 for that disk as
found in the disk table 120. In step 218, the space on each disk
(d) used by the videos is computed by subtracting thg disk's free
space (FS) 122 in the disk table 120 from the disk's maximum space
(MS) 121. '

. . ,

In step 220, the VPM computes the BSR of the disk (BSR in the
figure) from the maximum space 122 and maximum thz"oughput 124 and
the BSR of the videos on the disk (UBSR) from UT and;US. The VPM
then computes the deviation D of UBSR from BSR. In step 222, the
disks are sorted in descending order of D. 1In step 224, the. VPM
starts scanning the disks in descending order of D, beginning with
the.disk with the highest value of D until sufficient disks are
found using the criteria below.

In steps 224-247 the disk being scanned is referred to by the
variable p. For each disk scanned, four tests are applied to see
if a new replica of the video V should be created on p. In step
226 the first test checks to see if a'_disk p already has a replica
of the video V. If the disk already bas a replica of &V, the VPM
does not create another replica, but executes step 246 to scan the

" next disk.

If t1_1e disk does not already have a replica of VvV, in step _228



which+is the identifier (e.g. file name) of the replica and anticipated
demand or the nunber of expected viewers 113 for this replica. Each replica
entry al so includes a next pointer 114 that points to the next entry in the
list. A disk table 120 contains an entry for each disk in the system As
previously described, each disk is actually a |ogical disk which may
consi st of a nunber of physical disks striped together. The disk entry
consists of the disk identifier (disk id) 121 which identifies the disk,
t he maxi num space 122 and free space 1@ of the disk, together with the
maxi mum t hr oughput (bandw dth) 124 and the projected free throughput 125 of
t he di sk. The projected free throughput 125 (alsg referre 0 the free
t hr oughputthe2§pcond ttﬁéto?W§ﬁth%§l%ﬁgeﬁPaFﬁe‘ x At Itrf’ﬁ- f;g%ﬁl and
the proj eck28d tohthrighgat (Df LOKecoflithe video inntheanifieo Fabdg dsed t he
di sk, not fheneré rienbndbltfodghppade toadeate bheepliith)of Ehiesvided.d I8
updat ed by, Jhe;xi deg, BlagCONBoMTBRASE thd0Bext disk as before. If there
is sufficient space, as described below in steps 230-232, the VPM
determines if there is enough projected free throughput on the disk

to support at least one viewer.

Y

In stép 230 the VPM computés the number of additional viewers
A(p) of video V that disk p can support, by dividing the free
throughput 125 of the disk by the bandwidth of the video V 103 and
truncating the result to the next lowest integer. Then, in step
232, the VPM determines whether A(p) is greater than or equal to 1.
If not, the VPM again rejects disk p and considers the next disk in
step 246. If A(p) is greater than 1, in steps 234 and 236 the VPM
determines whether the BSR deviation D(p) of the disks would be
reduced by creating a new replica. E

i

In step 234, the VPM computes the new BSR deviation (ND) of p
from the new projected throughput (NT), new utilized space (NS) and
new BSR (NBSR). ‘In step 236, the new deviation ND is compared to
the current BSR deviation D(p). If ND is greater than or equal to
D(p)., creating a replica would increase the BSR deviation, hence
the VPM rejects this disk and goes to step 246. If ND < D(p), disk
p is seélected for storage of a replica.

_' .

In step 238, TA is increased by A(p) to reflect the fact that
the current set of selected disks can support TA additional viewers
and in step 240 a new replica entry 110 is created for the new

- replica. Then, in step 242 the VPM determines if TA is greater
" than or equal to N-C, the number of additional viewers required. If
TA > N-C, sufficient disks have been selected to support the
required number of viewers, so the VPM starts executing the



wheneveér videos are added to the system The projected free throughput is
conputed by first estimating the projected throughput of each replica on
t he di sk. The -7- projected throughput of a replica is the product of
the nunber of expected.viewers 113 for the replica and the bandw dth 103 of
the replica. The projected throughputs of the various replicas on the disk
are summed to give the total projected throughput of the disk. This is
subtracted fromthe maxi num t hroughput_l}_24 to yield the free throughput
125. Simlarly, the free space 123 is €gual to the maxi num space 122 m nus
the space used by the videos on the disk. Initially when the disks are
added t o. t HaligeatenVaenersdnpapeesso of i HESss, 32D fincetepaddd-123 is set to the
maxi num space 122 and t he
If TA < N-C, it is necessary to select additional disks.
Thus, in step 246, the VPM determines if there are any disks that
have not yet been considered. If there are no such disks, it is
not possible to satisfy the request. Hence in step 248, the VPM:®
cleans up the data structures of FIG. 1 as described earlier and
exits with a failure code returned to the administrator or monitor
(whichever called the VPM). If the video server includes
additional video storage disks that have not yet been considered,
in step 247 the VPM selects the disk with the next highest value of
D and repeats the four tests above starting from step 226.
FIGs. 3A-3D deséribe the processing perfo;:med after the VPM
has selected the disks on which the replicas will be placed. A}fter
~ disk selection, the VPM decides how the expected viewers should be
distributed among the replicas and consolidates the number of
replicas. '

The . VPM carries out of steps 304-308 for each disk 4 on which

a replica exists. In step 304, the VEPM checks to see if a replica
of V already exists on disk d. If there is no replica, in step 306
the VPM increments US(d) (the size of i:he_ used space on disk 4d) by
the size (S) 104 of the video. In step 307, the VPM initializes a
flag array (having one flag for each disk) to 0. The flag for a
given disk p is referred to as Flag(p). In later steps of the
process, a value of 1 for Flag(p) indicates that the VPM is
attempting to co_nsolidate the number of replicas by deleting the
replica on disk p. The expected load of the replica on disk p has
then to be shifted to other replicas.

R | In step 308, the BSR 'dew}iation D of the disks without any
viewers from video V is computed. This is done by computing the



f'ree throughput 125 is set to the maxi numthroughput 124.. As various
‘videos are added to the systemthe free space 123 is al so updated by the
vi deo pl acenent nanager.. A flowhart of the processing of a conmand to
configure the systemto set the expected nunber of viewers for a video (V)
to a new nunber of viewers (N) is shown in Figures 2A-2E. There are two
phases to the process. In phase 1, as detailed in Figures 2A-2E, the VPM
decides if additional replicas are neng%. If so, the VPM sel ects the disks
on which the additional replicas are to be created in phase |I. The
selection is made so as to mnimze the deviation of the expected = _ _
bandwi dt h= sfdddzedthroyghpwte @Tkof rdipkt Aoridboubl ayaNdRVeRsh LSPRCBIeR T 0 of
the disk. v,raspwede bk ¢tdepiingd UBSRFtis . BSRALABRd OmeURxuelrt@sl vi®heers are
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addition, the temporary variable (TN) which indicates the number of

viewers who have been allocated is initialized to 0. v

Steps 312-316 constitute a loop in which viewers are allocated
to the replicas so as to minimize the BSR deviation until all the
viewers have been allocated.. In step 312, the disk p with the
largest BSR deviation D that has sufficient bandwidth to support
another viewer (UT(p)<=MT(p) -B). and for which PFlag(p) is 0
(indicating the VPM is not trying to delete the replica on this
disk) is selected. The expected viewers E 113 for the disk p is
incremented by 1 and UT(p), UBSR(p) and D(p) the BSR deviation for
p are recbmputed. The number of viewers that have been allocated
TN is also inéreménted by 1. In step 316 the VPM checks to see if
™ equals N., If it does not, TN-N viewers still have to be
allocated to the disks, so the VPM re-executes step 312.

If TN equals N, the required number of viewers has been
allocated. The VPM then executes steps 320-324 to consolidate the
replicas by eliminating replicas. 1In step 320, the VPM computes
for each disk d FT(d) the free throughput 125 of 4 and then A(d)
the number of additional viewers that disk d can support. In step
322, the VPM finds the disk (1) with the lowest number of expected
viewers 113 E(l1) for video V. It then sets Flag(l) to 1 and in
étep 324 computes TA the total number of viewers that can be
supported by the disks other than those with Flag set to 1. If
TA>E(1), in step 326 the_replica on disk 1 can be eliminated and
the viewers of the replica can be shifted to other disks. The VPM
. then executes step 308 which allocates the viewers to all the disks
that have not been deleted.



ot deleted replicas. since the process will not always succeed (e.g. due to
a |l ack of disk space), for ease of clean-up the VPM copies the pre-existing
data structures to tenporary data structures prior to execution of phases I

and Upon failure of phases | or Il, the VPMrestores the data
structures of FIG 1 to their original statefromtheterrporary copi es.
Upon successf ul conpl etion of phases | and Il, the VPM conpares the

original state of the data structures {fy-omthe tenporary copies) with the

current data structures to determne the replicas to be created, deleted or

nmodi fi ed. Up_on X|t|n e VP ssesthlsmforrratlontothe cal |ng

routine, which f 5%8%@3'#‘(%’{‘%%‘3 SPPLEFAR GaniRR 4edSPlas 10

accor di ngl stepa §ﬁ@p3@02 tltdneVRM R¥eCBLeR ettt StRRSadeceBaR%H kO t Aeleté| i ca
unneeded replicas. In step 330, the VPM examines the disk p

containing the flrst_repllca in the replica list 105. If Ehe
expected viewers 113 of the disk E(p) is 0 in step 332, the VPM
checks in step 338 if a replica of V already exists on disk p. If:
exists, it is deleted in step 340 and the free space 123 on disk p, .
FS(p). is adjusted. The replica entry 110 for the disk is deleted
in step 342. Step 342 is also executed if no replica currently
exists. After step 342, the VPM checks if there are more replicas
in step 344. If there are, the VPM sets p to the next replica in
step 346 and then loops back to step 332. If the expected viewers
113 of the disk E(p) is not 0, the VPM checks to see if a replica
already exists in step 334. If a replica does not exist, the VPM
creates a replica in step 336. The VPM then executes step 334.

If there are no more replicas in step 334, the VPM exits with
success in step 348.

An alternative empodiment of the above-described system can be
made by modifying step 322 which selects the replica with the
lowest expected bandwidth demand for deletion. In accordance with
the modification, after step 322 the VPM exits (completes phase
IX}, if the repliqa with the lowest bandwidth demand is greater
than a predetermined threshold (e.g. 25% of total expected demand
for, the video). Thus, in such instances the replica (and
subsequent replicas having higher expected bandwidth) are not
selected for deletion. '



IFist 105 for video V and suns the expected viewers field 113 of all the
replica entries 110. This yields the -nunber of viewers for video V that the
systemi's currently configured for (denoted by C). Then, in step 204, the
VPM t hen determ nes if-new nunber of viewers Nis greater than the nunber
of viewers for which the systemis configured (is N> C?). If Nis less
than or equal to C, the reconfiguration request, can be carried out sinply
by deleting replicas or adjusting the expected viewers field of the current
replicas. Hence in step 206 the VPM staris executing the "Allocate Viewers"
processing of FIG. 3A-3D. If N> C, in steps 208-210Q the.VPM conputes the
nunber of addit iNowathat mer $n¢end)ionhbas dbesn bitessupbed thot wBy ficEhfl sks

cont ai ni ng ﬁf&éﬂf@ﬁe&ﬁbéﬁﬁhheasvar|18u§trﬂiE129&tiUh§ MRM inpEpuémentisherill

addi tional yi ewer§ é@% d 8gtikealﬁhf'ﬁ a{jgaggg_ oF} QQogﬁmpM gbvm&gtbgg free

t hr oughput r& ndW|d e wred t.h deo
and t?ulr[])cat F‘?@tp tfhe Pé%“tﬁrreﬁoe'ﬂf@%m‘ a(?\ABE?nl é‘g Slani1iiah

. not as a limitation. The scope of the 1nvent10n is deflned by the
.

appended claims.



Next, *in:step 210 the total nunber of additional viewer
supported by the disks containing the replicas is deter
addi ti onal viewers—that each disk containing a replica
in step 212 t ternlnes iif TAis greater than orlegus B

nunber of ,a Iﬂ@k reqU|red (N- O. If it is, then t he
reconflguratlon SatISerd sinply by increasing the 9-
expected viewers field 113 of each repligga Wi thout creating new replicas.
Thus, in step 214 the VPM starts executing the "Allocate Viewers" process

of FIGE 3A-3D. If TA<NC it is necessary to create new replicas. Thus,
the VPM starts executing steps to sel &2IMge di sks on which the

1. A method of balancing the placement of videos among multiple
storage devices of a #ideo server, comprising the steps of: .
(a) determining a bandwidth to space ratio (BSR) of each of

the storage devices; '

(b) for each storage de#ice, determining the ratio of the
bandwidth exbected to be required by the videos stored thereon
during playout to the total storage space reqﬁired by the videos
stored thereon, and; .

(c) redistributing the videos on the storage devices so as
to minimize for each storage device, the deviation between the
BSR determined in step (a) and the ratio determined in step (b).

2. The method of Claim 1 wherein the storage devices combrise
logical disks.

3. The method of Claim 1 wherein the videos are movies. .
4. The method of Claim 1 wherein each video can have multiple
replicas stored on different ones of the storage devices and
wherein the redistribution'comprises the step of creating and
deleting replicas and assigning the expected bandwidth for each
replica.

S. The method of Claim 4 wherein the redistribution is invoked
in response to a command from a system administrator and wherein
only ‘a single movie is redistributed per command. '

This Sheet Has Been Replaced
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replieas are to be pl aced taking the BSR i ntto account. ~—hﬂ=pa=ﬂ‘:.|=&htk sl N
step 216 the—ﬁferetted—throughp t (UT) of each disk (d TIISCRHEHT! ieAlS BEEN ||
subtracting t:(FT) 125 for that disk fron1BEELAGEDwum

t hr gughput (Ni’ﬁ!lluﬁﬁuuu ﬂ |sk as found in the di sktabre 120

218, the spac ) used by the videos is conputed by -
subtracting the disk's free space (FS) 122 in the disk table 120 fromthe
di sk’ s maxi mum space (M5) 121. In step:ago, the VPM conputes the BSR of the
disk (BSR in the figure) fromthe naxi mum space 122 and maxi mum t hr oughput
124 and the BSR of the videos on the disk (UBSR) from UT and US. The VPM
t hen conputées t fiee gethadi oh ddadi UBSRrhnmmIESRedistrsbepnﬁzomheseh sks are
sorted in descepsh@eerder of D. In step 224, the VPMstarts scanning the

di sks i n descengég%@;&ﬁ% fleRer DA ILBLIG Sl M ablifnd ghes!

val ue of D-unti q: cr
existing repllcas is suff1c1ent to satlsfy he expected demand.

for all the videos on the system; .

when the reassigning is not sufficient, selecting additlona1:
storage devices to hold new replicas and creating new replicas
thereon and distributing the exbected bandwidth demand among both
pre-existing and new replicas. '

7. The method of Claim 6, comprising'the further step of
determining a current bandwidth demand for each of the storage
devices and only attempting to create a new replica on stdiage
devices that have sufficient cufrent bandwidth to accomplish the
creetionﬁ

8. : The method of Claim 1 wherein each video can have multiple
replicas stored on different ones of the storage devices and
wherein the redistribution comprises the steps:

(d) determining whether the expected bandwidth of a replica
is less than a predetermined threshold;

(e) determining whether the expected bandwidth the replica
can be redistributed among other replicas of the same video;

(f) when conditions (d) and (e) are satisfied, deleting the
replica and reassigning its expected bandwidth to the other
reﬁ}icas.

This Sheet Has Been Rcﬂlaced
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I'n steps 224-247 the disk being scanned is referred to byjFEre—varra

For each dl__Kjﬂanned%@Uf'Tests are applied to see if aj|nk ET HASHBEEN

t he video V shoul d ion p. In step 226 the firstf|test Qo
see if a di jmm‘ﬂ‘ im i@m 'repllca of the video V. |f The disk already
has a repli daes not create another replica, but executes
step 246 to scan the next disk. If the dygk does not already have a replica
of V, in step 228 -10- the second test conpares the free space (FS) 123
in the disk table 120 to the size (S) 104 of the video in the video table
100 to see if there is enough free space to create a replica of the video.
If not, in step 246 the VPM scans the next disk as before. If there

9. A video placement system for use in a video server of a type having a plurality
of videos among multiple logical disks, comprising:
(a) means for receiving a commahd from a system administrator; and,,
(b) means, responsive to the commahd for:
5 (i) determining a bandwidth to space ratio (BSR) of each of the
logical disks;

(ii) for each logical disk, determining the ratio of the bandwidth
expected to be required by the videos stored thereon during playout to the total storagé
space required by the videos stored thereon, and;

10 (iii) means for redistributing the videos on the logical disks so as to
minimize for each logical disk, the deviation between the BSR determined in stép (a)
and the ratio determined in step (b).
10. A method of balancing the placement of videos among multiple Storage devices
of a video server, the method being substantially as hereinbefore described with

15  reference to Figures 2A to 3D of the accompanying drawings.
11. A video placement system si_:b_‘stantially as hereinbefore described with

reference to Figures 1 and 4 of the acconmpanying drawings.
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i § sufficient space, as described below.in steps 230- 232et-he \VPM
determnes if there is enough projected free throughputf} agpig BREET SIASIBEEN
support at |east one viewer. In step 230 the VPM conputjes t heRgRUNDED Of
addi tional viewers A(p) of video V that di sk p can suppsrt——by—dvarrg—tHe
free throughput 125 of the disk by the bandwi dth of the vi deo V 103 and
truncating the result to the next | owest |é1t eger. Then, in step 232, the
VPM det er mi nes whether A(p) is greater than or equal to 1. If not, the VPM
again rejects disk p and considers the next disk in step 246. If A(p) is
greater than 1, in steps 234 and 236 the VPM determ nes whet her the BSR

- deviation D(p) of the disks would be reduced by creating-a new replica.-

o1 o] ect ed t hr oug TNPITRFLACRSERH OE 71980 ﬁéﬁ&#%ﬁn‘a&ﬁé@%& T

step 236, the new deviation ND is cmmﬁ-lhe current BSR devi ati on
a

D(p). If NDis greater than or equ

Lt

ABSTRACT

A placement system and method wherein the placement of programs such as
movies, audio programs, audio-visual programs and similar types of data, is determined
as a function of the bandwidth-space ratio (BSR) of eéch disk (410) in the System. The
BSR of a disk (410) is defined as the bandwidth of the disk (410) divided by the space.

10  The BSR of the programs on the disk (410) is the total expected demand for the
programs divided by the space required to store the programs. Ina preferred
embodiment, a Video Placement Manager (408) (a software task operating under a
server's (406) main control program) plaées the programs on the disks (410) so as to
best match the BSR of movies stored on the disk (410) and the BSR of the disk (410),

15 thus minimizing the waste of both disk bandwidth and disk space.

Figure 4. |
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&Eneﬁf; creating a replica would increase the BSR deviation, hence the VPM
rejects this disk and goes to step 246. |If ND < D(p), disk pis selected
for storage of a replica. In step 238, TAis increased by A(p) to reflect
the fact that the current set of selected disks can support TA additi onal
viewers and in step 240 a neM/repIchJggtry 110 is created for the new
replica. Then, in step 242 the VPM determnes if TA is greater than or
equal to N-C, the nunmber of additional viewers required. If TA > NC,
sufficient disks have been sel ected to support the required nunber of
viewers, so the VPM starts executing the -11 - "Allocate Viewers"
process of FIGs. 3A-3D in step 244. If TA< NGC, it is necessary to sel ect

addi tional disks.
: VIDEO TABLE 100

VIDEO ID. | B/W_| SIZE |REPL. UST
101 "103°| 104 | 105

v1 « o @

N

REPL. ENTRY 110

DiISK 0 111 | !
REPL ID 112

- EXPECTED
VIEWERS 113

NEXT 114— : —r

DISK TABLE 120
SPACE TPUT
DISK ID.

121 MAX. |FREE {MAX.] FREE
122 | 123 |124 ] 125

D1

FIG. 1



« Thug, in step 246, the VPMdetermnes if there are any di sks that have not
yet been considered. |If there are no such disks, it is not possible to
satisfy the request. Hence in step 248, the VPM cl eans up the data
structures of FIG 1 as described earlier and exits with a failure code
returned to the admnistrator or noRi/4pr (whichever called the VPV .

If the video server includes additional video storage disks that have

not yet been considered, in step 247 the VPM sel ects the disk with the next
hi ghest value of D and repeats the four tests above starting fromstep 226.
FI Gs. 3A-3D describe the processing perforned after the VPM has selected .
the disks on which the replicas will be placed. After disk selection, the
VPM deci des how t he expected viewers should be distributed anong the
replicas and cofisolTdatgs the number of replicas. The.VPM carries out of
steps 304-308 fpr each qisk d on which a replica exists. In step 304, the
VPM checks to sge if a neplica

) — 200
SET EXPECTED NUMBER OF VIEWERS

OF VIDEO V TO N '
BY CREATING OR DELETING REPLICAS

FIG. -2B
202y H -

COMPUTE CURRENT EXPECTED
NUMBER OF VIEWERS C OF
FIG. 2C VIDEO V BY SUMMING EXPECTED
’ , VIEWERS OF ALL REPLICAS

IN REPLICA UST OF V

FIG. 2D o
ALLOCATE
. VIEWERS
YES
FIG. 2E
208\
FOR EACH DISK D THAT HAS.A
\ REPLICA OF V, COMPUTE A(d)
F lG, 2 THE ADDITIONAL VIEWERS THAT d

CAN SUPPORT,
A(d)=TRUNC (FT(d)/B).
FT(d) IS FREE THROUGHPUT OF
d AND B IS BANDWIDTH OF V

FIG. 2A




« Oof ¥V already exists on disk d. If there is no replica, in step 306 the VPM
i ncrements US(d) (the size of the used space on disk d) by the size (S) 104
of the video. In step 307, the VPMinitializes a flag array (having one
flag for each disk) to 0. The flag for a given disk pis referred to as
Flag(p). In later steps of the procggg, a value of 1 for Flag(p) indicates
that the VPMis attenpting to consolidate the nunber of replicas by
deleting the replica on disk p. The expected |oad of the replica on disk p
has then to be shifted to other replicas. In step 308, the BSR deviation D
of the disks without any viewers fromvideo V is conputed. This is done by
conputing the -12- utilized throughput- (UT) of disk d w thout any
viewers from video

210\- |

COMPUTE THE TOTAL NUMBER
OF ADDITIONAL VIEWERS THE
CURRENT REPLICAS CAN SUPPORT

TA=SUM OF A(d) -

2165

FOR EACH DISK d, COMPUTE
UT(d) THE USED TPUT OF d.
UT(d)=MT(d)—FT(d).
MT(d) IS THE MAX. TPUT OF d.

218~

FOR EACH DISK d, COMPUTE
US(d) THE USED SPACE OF d.
uS(d)=MS(d)—FS(d).
MS(d), FS(d) ARE THE MAX.

v AND FREE SPACE OF d

FIG. 2B




« V, as well as conputing UBSR the BSR based on UT and US, The expected
viewers. (E) 113 for disk d is also initialized to O since the VPMw ||
real l ocate the total viewers over all the disks. In addition, the tenporary
variabl e (TN) which indicates the nunber of viewers who have been all ocated
is initialized to 0. Steps 312-316 cgpytitute a loop in which viewers are
allocated to the replicas so as'to mnimze the BSR deviation until all the
vi ewers have been allocated. In step 312, the disk p with the |argest BSR
deviation D that has sufficient bandwi dth to support another viewer
(UT(p) <=MI(p)-B) and for which Flag(p) is O (indicating the VPMis not
trying to delete the replica on this disk) is selected. The expected
viewers E 113 for the disk p is incremented by 1 and UT(p), UBSR(p) and
D(p) the BSR deviation for p are reconputed, The nunmher_of viewers that

" have been allocated TN is also increnepted by 1. In step 316 the VPM checks
to see if TN equals N If it does not, | TN-N viewers still have to be

L &,
‘ . /220 '

FOR EACH DISK d, COMPUTE
BSR(d)=MT(d)/MS(d)
UBSR(d)=UT(d)/US(d)

D(d)=ABS(BSR(d)—UBSR(d))

| /222

SORT DISKS IN DESCENDING
ORDER OF D.

1 ) /224

SET p TO DISK WITH HIGHEST
VALUE OF D.

DOES p

~ALREADY HAVE A

REPLICA OF
v?

FIG. 2C




alldcated to the disks, so the VPMre-executes step 312. If TN equals N, -
t he required nunber of viewers has been allocated. The VPM then executes
steps 320-324 to consolidate the replicas by elimnating replicas. In step
320, the VPM conputes for each disk d FT(d) the free throughput 125 of d
and then A(d) the nunber of addition&f1lViewers that disk d can support. In
step 322, the VPMfinds the disk (1) with the | owest nunber of expected
viewers 113 E(1) for video V. It then sets Flag(l) to 1 and in step 324
conputes TA the total nunber of viewers that can be supported by the disks
other than those with Flag set to 1. If TA>E(1), in step 326 the replica on
disk 1 can be elimnated and the viewers of the réplica can be shifted to
other disks. The VPMthen executes.step 308 which_allocates the viewers to
all the disks that fpavel not been del et ed.

230\
A(p)=TRUNC (FT(p)/B)

1 . ‘
] . 234,

NT=UT(p)+B+A(p)
NS=US(p)+S
NBSR=NT/NS

ND=ABS(NBSR—BSR(p))

236
NO

YES

238+
TA=TA+A(p)




= -13+ If TA<E(l) in step 326, no nore replicas can be deleted. In steps
330-348, the VPM executes the steps necessary to del ete unneeded replicas.
In step 330, the VPM exanines the disk p containing the first replica in
the replica list 105. If the expected viewers 113 of the disk E(p) is O
in step 332, the VPMchecks in step &38 if a replica of V already exists on
disk p. If exists, it is deleted in step 340 and the free space 123 on disk
p, FS(p), is adjusted. The replica entry 110 for the-disk is deleted in
step 342. Step 342 is also executed if no replica currently exists. After
step 342, the VPMchecks if there are nore replicas in step 344. If there
are, the VPMsets p to the next replica in step 346 and then | oops back to
step 332. If the expected viewers 113 of the disk E(p) is not 0, the VPM
checks to see if a replica already exists in step 334. If a replica does
not exist, the VPM

240N v

ADD REPLICA ENTRY FOR DISK p|
TO REPLICA LIST OF V

248~

CLEAN UP
DATA STRUCTURES

249 i
- EXIT
FAILURE '

246

MORE DISKS?

247 N\ |

SET p TO DISK WITH NEXT
HIGHEST VALUE OF D

FIG. 2E



creates a replica in step 336. The VPMthen executes step 334. If there are
no nore replicas in step 334, the VPMexits with success in step 348. An

al ternative enbodi ment of the above-described system can be made by

nmodi fying step 322 which selects the replica with the | owest expected
bandwi dt h demand for deletion. In adddtdance with the nodification, after
step 322 the VPMexits (conpletes phase Il), if the replica wth the | owest
bandw dt h demand is greater than a predeterm ned threshold (e.g. 25% of
total expected demand for, the video). Thus, in such instances the
replica (and subsequent replicas having higher expected bandw dth) are
not sel ected for del etion. -14 -

- 300
' ALLOCATE *
< VIEWERS > FIG. 3A
FIG. 3A
302Ny
FOR EACH DISK d WITH A
| REPUICA ENTRY AND EXPECTED -
VIEWERS E(d) FOR THIS REPLICA
FIG. 3A : FERFORM STEPS 304-308
FIG. 3A
YES|  {us(d)=US(d)+S
307
A
FIG. 3A FLAG(d)=0 |~
FIG. 3 ik W

UT(d)= UT(d)—B*E(d)
UBSR(d)=UT{(d)/US(d)
D(d)=ABS(UBSR(d)~BSR(d))
E(d)=0, TN=0




Now that the invention has been described by way of the preferred

enmbodi ment, various nodifications and inmprovenents witl occur to those of
skill in the art. Thus, it should be understood that the preferred

enbodi ment has been provided as an exanple and not as a limtation. The
scope of the invention is defined b8/he appended cl ai ns. REPLACEMENT
SHEET Dat e .11 JUL 1996 15 CLAIMS W claim 1. A met hod of

bal anci ng t he placenent of videos anong nultiple storage devices of a vi deo
server, conprising the steps of :

‘ /312

SELECT DISK p WITH LARGEST
VALUE OF D SUCH THAT
UT(p)<-MT§p)-B
AND FLAG(p) IS O

, 314

' UT(p)=UT(p)+B
UBSR -ur {us 0)
D(P)‘ABS BSRFP -BSR(p))

E(p)—E(P)H

FIG. 3B
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* (a) determ ning a bandwi dth to space ratio (BSR) of each of the storage
devices; (b) for each storage device, determning the ratio of the
bandw dt h expected to be required by t-he videos stored thereon during

pl ayout to the total storage space required by the videos stored thereon,
and; (c) redistributing the videos of/ihe storage devices so as to ininize
for each storage device, the deviation between the BSR determ ned in step
(a) and the ratio determned in step (b). 2. The nethod of claim1
wherein the storage devices conprise |ogical disks. 3. A et hod of

bal anci ng the pl acenent of novies anong nultiple storage devices of a video
~-server, conprising the steps of: (a) determi ning a bandwidth to space ratio
(BSR) of each of the storage devices; (b) for each storage device,
determning the ratio of the bandw dth expected to be required by the

novi es stored thereon during playout to the total storage space required by
the novies stored_thereon, and;__

| %,

30 |

FOR ALL DISKS d, COMPUTE
FT(d)=MT (d)—UTSd)
A(d)=TRUNC (FT(d)/B)

322\

FIND DISK | WITH LOWEST
VALUE OF E. SET FLAG(l)=1.

324 Y

COMPUTE TA BY SUMMING
A(d) OVER ALL DISKS WITH
FLAG(d) THAT IS O.

FIG. 3C




(c) redistributing the novies on the storage devices so as.to mininize for
each storage device, the deviation between the BSR determned in step (a)
and the ration determned in step (b). REPLACEMENT SHEET Dat e 11 JUL
1996 4. The met hod of claim 1 wherein each video can have nultiple
replicas stored on different ones of 18fld storage devices and wherein the
redi stribution conprises the steps: (d) determining whether the expected
bandwi dth of a replica is |less than a predeterm ned threshold; (e)
determ ni ng whet her the expected bandwi dth the replica can be redistributed
anong ot her replicas of the sane video; (f) when conditions (d) and (e) .are
satisfied, deleting the replica and reassigning its expected bandwi dth to
the other replicas.

330y _y

SET p TO DISK CONTAINING FIRST
, REPLICA

338

REPLICA
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YES
336, 1§
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340
DELETE REPLICA

i (342
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¥ Hrow A nmet hod of bal anci ng the placenent of videos anong nul tipl e storage
devi ces of a video server, conprising the steps of: (a) determning a
bandwi dth to space ratio (BSR) of each of the storage devices; (b) for each
storage device, determning the ratio of the bandw dth expected to be --
required by the videos stored theraapiduring playout to the total storage
space required by the videos stored thereon, and; (c) redistributing the
vi deos on the storage devices so as to mnimze for each storage device,
t he devi ation between the BSR determned in step (a) and the ratio
determined in step (b); wherein each video.can have multiple replicas
stored on different ones of the storage-devites and whereih the
redi stributing conprises the step of creating and deleting replicas and
assigning the expected bandwi dth for each replica. 6. The net hod of
claim5 wherein the redistribution is invoked in response to a conmand from
a system adm ni strator and wherein only a single novie is redistributed per
comand. ‘ 400 . . ‘.

VIDEO SERVER 406

MONITOR VIDEO PLACEMENT
- 407 o MANAGER 408 .

FIG. 4
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*REPUCACEMENT SHEET Date 11 JUL 1996 17 7. The neth T5O-WHET ©
“the redistributingcempri-ses the steps of: deternininf WE'%B§§FETHI g
. expected bandw o existing replicas is suf i Ci enq ommy ft he

expect ed dH ‘lﬂ'ﬁgﬁmgm Vi deos on the system" whef} P

suf ficient}!un i onal storage dgvices to horo
creating new replicas thereon and distributing the expected bandw dth
dermand anong both pre-existing and new replicas. 8. The net hod of claim
7, conmprising the further step of determi ning a current bandw dth demand
for each of €hAIMiSorage devices and only attenpting to create a new replica
on storage devices that have sufficient current bandwi dth to acconplish the
creation.

We claim:

1. A method of balancing the placement of videos among mulﬁple’sfomge devices
of a video server, comprising the steps of:

(a) determining a bandwidth to space ratio (BSR) of each of the storage
devices;

- ® for each storage device, determining the ratio of the bandwidth expected to
be required by the videos stored thereon during playout to the total storage space
required by the videos stored thereon, and;

(c) redistributing the videos on the storage devices so as to minimize for each
storage device, the deviation between the BSR determined in step (a) and the ratio

determined in step (b).
2. The method of claim 1 wherein the storage devices comprise logical disks.

3. A method of balancing the placement of movies among fnultiple storage
devices of a video server, comprising the steps of:

(a) determining a bandwidth to space ratio (BSR) of each of the storage
devices;

(b) for each storage device, determining the ratio of the bandwidth expected to
be required by the movigs stored thereon during playout to the total storage space
required by the movies stored thereon, and;

©) redistriﬁuﬁng the movies on the storage devices so as to minimize for each
storage device, the deviation between the BSR determined in step (a) and the ration

determined in step (b).



<9, A video placenent systemfor use in a video Sg rer—at—a—tyne—ha ¢i Ng
a plurality—ef—videss—amongnul tiple |ogical disks, mmmn(aﬁee&g

“for receivi a system adm ni strator;|land, @b
responsi ve tglﬂmw ml (i) determining a ban vﬁ)aie hq i) @amat
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(d) determining whether the expected bandwidth of a replica is less than a
predetermined threshold;

(e) determining whether the expectéd bandwidth the replica can be
redistributed among other replicas of the same video;

(f) when donditions (d) and (e) are satisfied, deleting the replica and
reassigning its expected bandwidth to the other replicas. '

5. A method of balancing the placement of videos among multiple storage devices
of a video server, comprising the steps of:

(a) determining a band&idth to space ratio (BSR) of each of the storage
devices; | i

(b) for each storage deviée, determining the ratio of the bandwidth expected to
be required by the videos stored thereon during playout to the total storage space
required by the videos stored thereon, and;

(c) redistributing the videos on the storage devices so as to minimize for each
storage device, the deviation between the BSR determined in step (a) and the ratio

determined in step (b);

wherein each video can have multiple replicas stored on different ones of the storage
devices and wherein the redistributing comprises the step of creating and deleting

replicas and assigning the expected bandwidth for each replica.

6. The method of claim 5 wherein the redistribution is invoked in response to a
command from a system administrator and wherein only a single movie is redistributed

per command.
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sufficient to satisfy the expected demand for all the videos on the system;

when reassigning is not sufficient, selecting additional storage devices to hold new
replicas and creating new replicas thereon and distributing the expected bandwidth
demand among both pre-existing and new replicas.

8. . The method of claim 7, comprising the further step of determining a current
bandwidth demand for each of the storage devices and only attempting to create a new
replica on storage devices that have sufficient current bandwidth to accomplish the
creation. '
9. A video placement system for use in a video sérver of a type having a plurality
of videos among multiple logical disks, comprising:
(a) means for receiving a command from a systém administrator; and,
(b) means, responsive to the command for:
(i) determining a bandwidth to space ratio (BSR) of each of the logical
disks; |
(i) for each logical disk, deterrhining the ratio of the bandwidth expected
to be required by the videos stored thereon during playout to the total
storage space required by the videos stored thereon, and;
(iii) means for redistributing the videos on the logical disks so as to
minimize for each logical disk, the deviation between the BSR determined

in step (a) and the ration determined in step (b).
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10. A method of balancing the placement of motion video data among multiple
storage devices of a video serfrer: comprising the steps of:
(a) determining a bandwidth to space ratio (BSR) of each of the storage
devices; .'
(b)- for each storage device, determining the ratio of the bandwidth expected to
be required by the motion video data stdred thereon during playout to the total
storage space required by. the motion video data stored thereon, and;
(c) redistributing the motion video data on the storage devices so as to
minimize for each storage device, the deviation between the BSR determined in

step (a) and the ration determined in step (b).
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ONLINE PLACEMENT OF VIDEO FILES ON DISKS IN A SERVER
ENVIRONMENT

ABSTRACT

A placement system and method wherein the placement of programs such as
movies, audio programs, audio-visual programs and similar types of data, is determined
as a function of the bandwidth-space ratio (BSR) of each disk (410) in the system. The
BSR of a disk (410) is defined as the bandwidth of the disk (410) divided by the space.
The BSR of tl}e programs on the disk (410) 1s the total expected demand for the
~ programs divilded by the space required to store the programs. In a preferred
embodiment, 'a Video Placement Manager (408) (a software task operating under a
server's .(406)' main control program) places the pfograms on the disks (410) so as to
best match the BSR of movies stored _oﬁ the disk (410) and the BSR of the disk (410),
thus minimizing the waste of both disk bandwidth and disk space.

Figure .4. -



