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(57) ABSTRACT 

The present invention is directed to a multimedia data 
storage system for storing multimedia data including a 
media server Which stores media data on a short-term basis, 
and a media archive Which stores media data on a long-term 
basis relative to the media server. The media archive is 
connected to the media server, Which operates as a cache 
device for the media archive, for transmission of media data 
betWeen the media archive and the media server. According 
to the present invention, a volume of the media data stored 
in the media server is controlled based on user-de?ned 
parameters. The present invention is also directed to a 
method of managing a media server as a cache device for a 
media archive Within a multimedia data storage system. The 
media server stores media data on a short-term basis, 
Whereas the media archive stores media data on a long-term 
basis relative to the media server. The media archive is 
connected to the media server for transmission of media data 
therebetWeen. According to the present invention, the 
method of managing includes determining a volume of the 
media data stored in the media server and controlling the 
volume of the media data stored in the media server based 
on user-de?ned parameters. The present invention is also 
directed to a computer-readable medium of instructions to 
be implemented in a multimedia data storage system includ 
ing a media server and a media archive. The media server 
stores media data on a short-term basis and the media 
archive stores media data on a long-term basis relative to the 
media server. The media archive is connected to the media 
server for transmission of media data therebetWeen. The 
inventive computer-readable medium of instructions 
includes means for determining a volume of the media data 
stored in the media server and means for controlling the 
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MULTIMEDIA DATA STORAGE SYSTEM AND 
METHOD FOR OPERATING A MEDIA SERVER AS 

A CACHE DEVICE AND CONTROLLING A 
VOLUME OF DATA IN THE MEDIA SERVER 
BASED ON USER-DEFINED PARAMETERS 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] This invention is related to data storage systems 
and methods for storing data, and more particularly it is 
related to caching data and controlling the caching of data. 

[0003] 2. Description of the Related Art 

[0004] Typically multimedia applications require that a 
large reservoir of multimedia data, including audio and 
video data, be readily accessible for delivery to a client. 
Although multimedia servers are employed to deliver mul 
timedia data, it is not practical to provide extensive data 
storage Within these servers. Accordingly, a loW-cost high 
capacity media archive may be employed in order to store 
large volumes of multimedia data Which are doWnloaded via 
the media server to a client. 

[0005] One disadvantage associated With the use of a 
high-capacity media archive is that there is a delay in the 
transfer of multimedia data from the media archive to the 
client via the media server. Therefore, it is dif?cult to ensure 
that media data Will be available for rapid delivery to a client 
upon request. 

SUMMARY OF THE INVENTION 

[0006] It is an object of the present invention to solve the 
above-described problem by providing for the ef?cient 
delivery of media data to a client Without excessive delay. To 
this end, the media server must be managed so as to store 
multimedia data Which is likely to be requested by a par 
ticular client. 

[0007] In accordance With one embodiment of the present 
invention, a multimedia data storage system for storing 
multimedia data is provided Which includes a media server 
Which stores media data on a short-term basis, and a media 
archive Which stores media data on a long-term basis 
relative to the media server. The media archive is connected 
to the media server Which operates as a cache device for the 
media archive, for transmission of media data betWeen the 
media archive and the media server. According to the present 
invention a volume of the media data stored in the media 
server is controlled based on user-de?ned parameters. 

[0008] According to still another aspect of the invention 
the media data includes a portion of a media object and the 
media server begins to output the media object upon request 
if the portion of the media object is at least a predetermined 
fraction of the media object de?ned by a ?rst parameter of 
the user-de?ned parameters. 

[0009] According to yet another aspect of the present 
invention, the media server has a maXimum storage capacity. 
In addition, a second parameter of the user-de?ned param 
eters is provided Which de?nes an upper capacity volume 
Which is no more than the maXimum storage capacity of the 
media server. Signi?cantly, the media server reduces the 
volume of the media data stored therein if the volume of the 
media data is greater than the upper capacity volume. 
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[0010] According to still another embodiment of the 
present invention, a method is provided for managing a 
media server as a cache device for a media archive Within a 
multimedia data storage system. The media server stores 
media data on a short-term basis, While the media archive 
stores media data on a long-term basis relative to the media 
server. The media archive is connected to the media server 
for transmission of media data therebetWeen. The inventive 
method includes determining a volume of the media data 
stored in the media server and controlling the volume of the 
media data stored in the media server based on user-de?ned 
parameters. 

[0011] According to yet still another aspect of the inven 
tive method, the media data includes a portion of a media 
object and the method further includes initiating an output of 
the media object from the media server upon request if the 
portion of the media object is at least a predetermined 
fraction of the media object de?ned by a ?rst parameter of 
the user-de?ned parameters. 

[0012] According to yet another aspect of the inventive 
method, the media server has a maXimum storage capacity 
and a second parameter of the user-de?ned parameters is an 
upper capacity volume Which is no more than the maXimum 
storage capacity of the media server. Signi?cantly, the 
controlling aspect of the inventive method includes reducing 
the volume of the media data stored in the media server 
When the volume of the media data is greater than the upper 
capacity volume. 

[0013] According to another embodiment of the present 
invention, a computer-readable medium of instructions is 
provided Which is to be implemented in a multimedia data 
storage system including a media server and a media 
archive. The media server stores media data on a short-term 
basis and the media archive stores media data on a long-term 
basis relative to the media server. The media archive is 
connected to the media server for transmission of media data 
therebetWeen. The inventive computer-readable medium of 
instructions includes means for determining a volume of the 
media data stored in the media server and means for con 
trolling the volume of the media data stored in the media 
server based on user-de?ned parameters. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0014] The above and other objects and advantages of the 
invention Will become more apparent and more readily 
appreciated from the folloWing detailed description of the 
preferred embodiments of the invention taken in conjunction 
With the accompanying draWings, of Which: 

[0015] FIG. 1 shoWs a diagram of a multimedia data 
storage system according to a preferred embodiment of the 
present invention, Which includes a library client, a digital 
library, a media server, and a media archive. 

[0016] FIG. 2 shoWs a diagram depicting the internal 
elements of the digital library along With a library client 
Which interacts With the library. 

[0017] FIG. 3 shoWs a graphical user interface Which 
incorporates an aspect of the present invention. 

[0018] FIGS. 4A-4D shoW ?oW charts Which incorporate 
the steps of the inventive method of managing a media 
server as a cache device for a media archive Within a 
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multimedia data storage system, according to a preferred 
embodiment of the invention. 

[0019] FIG. 5 shoWs a diagram of an alternative embodi 
ment of the inventive multimedia data storage system Which 
includes a client, an automation control system, a media 
server and a media archive. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0020] The preferred embodiments of the present inven 
tion are described beloW in more detail With reference to the 
above draWings, in Which like reference numerals refer to 
the same or similar elements. 

[0021] The present invention relates to the management of 
a media server as a cache device to a media archive in a 

multimedia data storage system. To this end, the manage 
ment of the media server is automated such that the volume 
of media data stored Within the media server is controlled in 
accordance With user-de?ned parameters. These parameters 
address the time-based utiliZation of media data ?les, the 
storage utiliZation of the media server, netWork bandWidth, 
the availability of constrained resources (i.e. tape drives in 
an automated tape library subsystem), and user-assigned ?le 
priorities. 
[0022] The above-mentioned management scheme is 
designed to ensure that the most commonly accessed mul 
timedia data ?les are maintained on the media server. In this 
regard, multimedia data ?les Which are utiliZed less fre 
quently are copied to the media archive and then deleted 
from the media server as necessary. 

[0023] The inventive management scheme may also fur 
ther optimiZe the use of the media server’s limited storage by 
ensuring that only a small portion of a particular multimedia 
data object or ?le is retained Within the media server. In this 
manner, the portion of the multimedia data ?le stored Within 
the media server can be delivered to the client While the 
remainder is being retrieved from the media archive. 

[0024] FIG. 1 depicts a multimedia data storage system 
according to a preferred embodiment of the present inven 
tion, Which may employ a digital library, as described in 
US. Pat. No. 5,649,185 to Antognini et al., Which is incor 
porated herein by reference. The system is computer based 
and includes a library client 100, a client media output 
station 110, the digital library 120 mentioned above, a media 
server 130 and a media archive 140. The relationship 
betWeen the client 100 and the digital library 120 is 
eXplained in greater detail beloW With reference to FIG. 2 
Which also shoWs the internal elements of the digital library 
120. 

[0025] As shoWn in FIG. 2, the digital library 120 
includes a library server 210 and at least one media object 
server 220 Which interact With the library client 100. The 
library server 210 and the media object server 220 each have 
access to a local information store. In particular, the library 
server 210 has access to a library catalog 212, While the 
media object server 220 has access to an object store 222. 
Also, a communications isolator (not shoWn) is included 
Which alloWs the library server 210, the media object server 
220 and the library client 100 to communicate With one 
another Without the client being concerned With compleX 
communications protocols. The library server 210, the 
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media object server 220 and the library client 100 are 
connected by a communications netWork, such as a Wide 
area netWork 

[0026] Each library client 100 sends a request to the 
library server 210 to store, retrieve, and update media 
objects Which may be stored in the media object server 220, 
the media server 130 or the media archive 140, and to update 
and query the media object indexes and descriptive infor 
mation stored in library catalog 12. The library client 100 
requests are generated by library patrons. These patrons are 
users Who have been granted privileges for the use of the 
library system. 

[0027] Before a library client request is processed, library 
server 10 checks the library catalog 212 to ensure that the 
patron’s name and passWord are valid. Next, the library 
server 210 ensures that the patron has been granted the 
appropriate privileges to perform the requested action. Each 
patron is assigned a set of privileges by a system adminis 
trator. An eXample of a library privilege is the ability to 
delete media objects. 

[0028] Finally, the library server 210 checks to ensure that 
the media object’s oWner has granted the patron the privi 
leges needed to do What is requested (e.g., update the media 
object). The oWner of a media object preferably is the patron 
Who ?rst stored the media object. When an oWner stores a 
media object that oWner must specify Which other patrons 
are to have access to the media object. 

[0029] Media objects stored in the library system can be 
checked out by a patron for a speci?ed period of time. This 
feature can be used to ensure that one patron’s updates to a 
media object are not overWritten by another. While a media 
object is checked out by a patron, other patrons can retrieve 
the media object and vieW it, but they cannot update it. In 
typical implementations, there are groups of individuals Who 
need access to the same media objects. Therefore, to sim 
plify the process of granting access to media objects, a 
system administrator can de?ne patrons as members of a 
group. When a patron is de?ned as a member of a group, that 
patron is able to access any media object for Which the group 
has been granted privileges. Additionally, patrons can access 
media objects for Which they have been speci?cally granted 
individual privileges. Apatron can set default groups Whose 
members Will have access to the media objects the patron 
stores. When patrons store media objects, they have the 
option to use this default group, to grant speci?c privileges 
to groups and individual patrons, or to do both. 

[0030] If a library client request involves the storage, 
retrieval, or update of a media object, the library server 210 
forWards the request to the media object server 220, Which 
manages the storage of media object(s) referred to in the 
request, based upon information provided by library catalog 
212. If the library client request is a query of the information 
stored in the library catalog 212, the library server 210 Will 
interact only With the library catalog 212 and Will not contact 
the media object server 220. 

[0031] The library catalog is analogous to a conventional 
library’s card catalog. It is a single set of database tables 
Which contain an indeX of all the media objects stored in the 
library system. In addition, it can store information such as 
teXtual descriptions for each media object, information on 
the type of media object (e.g., image object, spreadsheet, 
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text document), library patron names and privileges, access 
authorization data for each media object, links betWeen 
objects. The library catalog can also store a virtually unlim 
ited number of property type/property value pairs for each 
object (e.g., movie/TRUE LIES, movie_type/ACTION). 
These property type/property value pairs are knoWn as an 
object’s properties. 
[0032] As noted above, the media object server 220 is the 
device Which manages the storage of media objects Within 
the library system. In this regard, the media object server 
220 manages the storage of media objects independent of 
Whether they are stored locally in the media object store 222 
or at a remote location Within, for eXample, the media server 
130 or the media archive 140. The media object server 220 
receives requests from the library server 210 and commu 
nicates With the library client 100 to complete the requests. 

[0033] The digital library can contain several distributed 
media object servers. Each of these object servers is com 
puter based and is provided With softWare to facilitate 
managing the storage of media objects. This softWare may 
be stored in a computer readable medium of instructions 
such as a hard drive, an optical disk drive, or a similar device 
employing a computer readable format. The advantage of 
distributed media object storage is that it helps to reduce the 
costs associated With sending media objects over commu 
nications lines and provides better performance in storing 
and retrieving media objects. 
[0034] When a library patron’s privileges are de?ned, a 
default media object server can be set for the patron. When 
a patron stores a media object, it Will be stored in the default 
media object server for that patron unless there is a dedicated 
media server Which handles that particular media object 
server. 

[0035] If it is later determined that a media object or a 
group of media objects should be relocated to a different 
media object server or media server, a client application can 
move the media objects from one media object server to 
another. A system managed storage method, such as that 
disclosed in a US. patent application Ser. No. 08/036,305 
?led Mar. 24, 1993 and assigned to IBM Corporation, 
entitled “A Method And System For Parallel, System Man 
aged Storage For Objects On Multiple Servers” by T. G. 
Burket et al. Which is incorporated herein by reference, 
provides a means for moving a media object from one media 
object server to another. 

[0036] The library client 100 is the interface through 
Which application programs can submit requests to the 
library system. These can include requests to store and 
retrieve media objects, update/add descriptors to media 
objects, delete media objects and query information in the 
library catalog. Library requests can be submitted through 
the library client either individually or in batches. 

[0037] Because of the demands on the media object server 
220 for a variety of media data, it is often the case that a 
dedicated media server should be provided in order to 
facilitate the delivery of a particular kind of media to the 
library patron. In this regard, the multimedia storage system 
of FIG. 1 is provided With a separate media server 130 
Which may be, for eXample, a dedicated video or audio 
server. In order to supply a substantial volume of video 
objects on demand, a large amount of media data in the form 
of media objects must be stored Within the multimedia data 
storage system. 
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[0038] As noted above, it is expensive to utiliZe the media 
object server 220 or the media server 130 as a Warehouse for 
all of the video objects Which might be requested by a user. 
Thus, a media archive 140 is employed in order to store 
video data on a long-term basis, While a media server 130 is 
employed to store video data on a short-term basis. In this 
regard, more than one media server 130 may be provided. 
The media archive 140 and the media server 130 are 
connected so as to transmit media data therebetWeen. In 
addition, the video archive 140 may be provided With tape 
drives (not shoWn) to facilitate the storage of media data. 

[0039] By Way of eXample, the media archive 140 and 
media server 130 may be connected via a high bandWidth 
load channel. In this Way, the media data stored in the media 
archive 140 may be quickly delivered to the dedicated media 
server 130 under the control of the media object server 220. 
The media server 130 Will then deliver the same to a 
dedicated client media output station 110 such as a client 
vieWer including a video display, Which is separate from the 
client 100. Alternatively, the client media output station 110 
may be included in the client 100. The video display may be 
a television a broadcast monitor, or a computer terminal 
including a CRT tube or a ?at panel display. In addition, the 
media data may be delivered to the client media output 
station 110 as an asynchronous transfer mode (ATM) based 
video stream. 

[0040] According to one aspect of the invention, the media 
archive 140 may relinquish control over a media object or a 
group of media objects to the client 100, so that the later may 
instruct the media server 130 to output the media object(s) 
to the client media output station 110. 

[0041] As a consequence of utiliZing a media server 130 
having a limited data storage capability, it is important that 
the media server 130 and the media archive 140 be carefully 
managed so that the media data Which is most likely to be 
requested by a user may be stored Within the media server 
130 for immediate delivery to the client media output station 
110. The remaining media data being stored Within the 
media archive 140 may be retrieved as needed. 

[0042] To this end, the present invention controls the 
volume of media data stored in the media server 130 based 
on user-de?ned parameters. These user-de?ned parameters 
include, but are not limited to the eight parameters discussed 
beloW. These parameters may be in?uenced by the available 
bandWidth of the multimedia data storage system. 

[0043] The ?rst parameter de?nes a predetermined frac 
tion of a media object Which must be retained Within the 
media server 130 before the output of the media data to the 
client media output station 10 can be commenced. 

[0044] The second parameter de?nes an upper capacity 
volume Which corresponds to a volume of media data that 
the media server 130 can store internally before a destaging 
process is commenced. This destaging process transfers the 
media data from the media server 130 to the media archive 
140 so that the media data can be made deletable to make 
room for other media data as discussed beloW. In this Way, 
the media data stored in the media server 130 can be 
reduced. 

[0045] A third parameter de?nes the loWer capacity vol 
ume of the media server 130, Which corresponds to a volume 
of media data that When reached signi?es that the destaging 
process is terminated. 
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[0046] Afourth parameter de?nes a predetermined period 
of time that is selected by the user during Which the 
destaging process can be accomplished. 

[0047] With regard to the destaging process, it is useful to 
consider the media data stored in the media server 130 as 
including ?rst and second portions. The ?rst portion of the 
media data stored in the media server 130 corresponds to a 
portion of the media data Which remains after reduction of 
the volume of the media data. The second portion of the 
media data corresponds to a portion of the media data Which 
is to be deleted from the media server 130 during reduction 
of the volume of the media data stored therein. 

[0048] According to one aspect of the present invention, 
the second portion of the media data may be stored in the 
media archive 140 prior to being deleted from the media 
server 130 during reduction of the volume of the media data 
stored therein. 

[0049] A ?fth parameter de?nes a selection algorithm by 
Which the second portion of the media data is selected for the 
destaging process. By Way of example, the selection algo 
rithm may be based on a ?rst in ?rst out (FIFO) scheme. 
Alternatively, the selection algorithm may be based on a 
prede?ned priority scheme in Which each media object 
included Within the second portion of the media data stored 
in the media server 130 is selected in accordance With a 
priority level Which is assigned to the media object, the 
loWer priority level media objects being selected ?rst. In this 
regard, a group of media objects may be assigned a common 
priority level. 

[0050] A sixth parameter of the user-de?ned parameters 
de?nes a deletion algorithm by Which the second portion of 
the media data is deleted. By Way of example, the deletion 
algorithm may be based on a scheme in Which the least 
recently used media data is deleted ?rst from the media 
server. Alternatively, the deletion algorithm may correspond 
to the priority scheme described above in connection With 
the selection algorithm. 

[0051] Aseventh parameter of the user-de?ned parameters 
de?nes prede?ned amounts of the media data, by Which the 
volume of the media data stored in the media server 130 is 
reduced. By Way of example, the volume of the media data 
stored in the media server 130 maybe reduced by 10 
gigabytes at a time. Each prede?ned amount of the media 
data may be de?ned as a percentage of the total cache 
storage of the media server 130. The total cache storage of 
the media server 130 may be, for example, 800 gigabytes. 

[0052] In the same vein, an eighth parameter of the 
user-de?ned parameters may be employed Which de?nes a 
predetermined amount of the second portion of the media 
data stored in the media server 130 Which is to be deleted 
from the media server 130. By Way of example, the second 
portion of the media data stored in the media server 130 may 
be deleted 10 gigabytes at a time. Alternatively, the prede 
termined amount may correspond to a media object or 
multiple media objects. In this regard, a single media object 
may correspond to a segment of a television shoW. 

[0053] The operational aspects of the media server 130 as 
they relate to managing the same as a cache device to the 
media archive 140 include four main components, as dis 
cussed beloW. 
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[0054] The ?rst component involves the loading of neW 
media objects, such as videos, audio ?les, or other types of 
objects, Within the multimedia data storage system. If these 
media objects relate to a speci?c dedicated media server 
130, then they are stored initially in the media server 130. 
Accordingly, if a video object is to be stored Within the 
multimedia data storage system, then the video object is 
initially stored Within the media server 130 Which, in this 
case, Will also be a video server. 

[0055] The second component involves the retrieval of 
media objects stored Within the media server 130. As noted 
above, any access request for a particular media object by 
the client 100 is sent from the library server 210 to the media 
object server 220, Which updates the access data associated 
With the media object. This access data includes the time and 
date of the access request, the time and date of the most 
recent access request and the status of the media object (i.e. 
Whether the object is deletable because it is stored in the 
media archive 140). 

[0056] Thereafter, the media object server 220 determines 
Whether the object is stored in the media server 130 or the 
media archive 140. If the media object is located Within a 
cache memory (i.e. disk(s) Which are not shoWn) of the 
media server 130, then it is transferred by the media server 
130 to the client media output station 110 under the control 
of the media object server 220. The graphical user interface 
is generated by the client 100. 

[0057] If the media object is not located Within the media 
server 130, then it is staged (i.e. transferred) from the media 
archive 140 to the media server 130 in the manner described 
beloW. Thereafter, the status of the media object is passed 
from the media server 130 to the media object server 220 so 
that the media object server 220 can update the access 
information associated With the media object. HoWever, the 
media object retrieved from the media archive 140 and 
stored in the media server 130 is marked as deletable 
because it is still stored Within the media archive 140 as Well. 
Once the access information has been updated, the media 
object is transferred to the client media output station 110. 
HoWever, the output of the media object can commence even 
though the staging process is not yet complete. 

[0058] According to one aspect of the invention, the media 
object may be output from the media server 130 as soon as 
a portion of the media object is stored Within the media 
server 130 Which is at least a predetermined fraction of the 
media object de?ned by the ?rst parameter described above. 

[0059] The present invention may also employ a graphical 
user interface to control the output of the media object from 
the media server 130 to the client media output station 110. 
An exemplary graphical user interface, Which is shoWn in 
FIG. 3, includes a number of control buttons and a slide bar 
for entering commands in order to control the output of a 
video object (i.e. media object) from the media server 130 to 
the client media output station 110. 

[0060] Control buttons 500-540 correspond to functions 
Which are usually associated With conventional VCR’s. 
Speci?cally, control button 500 corresponds to a pause 
command by Which a portion of a video object currently 
being played is paused. Control button 510 corresponds to a 
reWind command by Which the portion of the video currently 
being played is reWound toWards the beginning of that 
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portion. Control button 520 corresponds to a play command 
by Which the video object is played at normal speed. Control 
button 530 corresponds to a sloW forWard command by 
Which the video object is played at half its normal speed. 

[0061] Control button 540 corresponds to a fast forWard 
command by Which the video object is played at three times 
the normal speed. HoWever, according to the present inven 
tion, the control button 540 is enabled only if the portion of 
the video object stored Within the media server 130 is 
sufficiently large to alloW for the use of the control button 
540. Thus, if the user tries to speed up the output of the video 
object to the client media output station 110 When there is 
not enough of the video object stored Within the media 
server 130 to accommodate the user’s demand for increased 
output, then the control button 540 Will be disabled. The 
point at Which the control button 540 Will be disabled 
depends on the bandWidth of the channel linking the media 
server 130 and the media archive 140, and the current siZe 
of the portion of the video object Which is stored in the 
media server 130. 

[0062] The video player’s graphical user interface may 
also include a control button (not shoWn) Which corresponds 
to a stop command by Which the portion of the video data is 
halted and removed from the video display. 

[0063] Also included Within the video player’s graphical 
user interface is a slide bar 550. The slide bar alloWs direct 
access to any position Within the video object Which is 
proportional to the entire duration of the video object. 
However the slide bar 550 only provides for relatively large 
jumps from one frame of digital video data to another, the 
jumps being taken in both the forWard and backWard direc 
tion. If only a portion of the video object is stored in the 
media server 130, the siZe of the slide bar 550 shoWn in the 
graphical user interface Will depend on the siZe of the 
portion of the video object Which is stored in the media 
server 130 and the bandWidth of the channel Which connects 
the media server 130 and the media archive 140. Accord 
ingly, the smaller the portion of the video object stored in the 
media server 130, the shorter the slide bar 550 Will appear 
on the graphical user interface. 

[0064] An additional aspect of the video player’s graphical 
user interface is the ability to display indexing information 
corresponding to time codes. To accomplish the display of 
indexing information, four time code display WindoWs 560 
590 are provided as part of the graphical user interface 
Which depict the hour, minute, second, and frame, respec 
tively, associated With a particular time code. 

[0065] When the user actuates the slide bar 550 via a 
mouse or some other entry device Which is included on the 
computer in Which the client 100 is provided, the user sees 
the corresponding change in the display of indexing infor 
mation 560-590. 

[0066] In order to accomplish smaller jumps Within the 
segment of digital video data, four time code buttons 600 
630 are provided on the graphical user interface. A ?rst time 
code buttons 600 alloWs for the user to jump Within the 
segment of digital video data in hour increments. A second 
time code button 610 alloWs the user to jump Within the 
portion of the video object in minute increments. A third 
time code button 620 alloWs the user to jump Within the 
portion of the video object in second increments. Finally, a 
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fourth time code button 630 alloWs the user to jump Within 
the portion of the video object in discrete frame increments. 

[0067] Once a time code entry has been made via the time 
code buttons 600-630, the client 100 Will request that the 
media server 130 start the play-back of that portion of the 
video object starting from the frame associated With the time 
code entry on the video display. HoWever, according to the 
present invention, the time code buttons 600-630 may be 
disabled if the portion of the video object stored in the media 
server 130 is too small to support the requested jump. 

[0068] Additional aspects of the graphical user interface 
described above are mentioned in detail in Us. application. 
Ser. No. 08/688,114, ?led Jul. 29, 1996, and entitled 
“Method for Relating Indexing Information associated With 
at least TWo Indexing Schemes to Facilitate the Play-Back of 
User-Speci?ed Digital Video Data and a Video Client Incor 
porating the Same” by KoZina et al. U.S. application Ser. 
No. 08/688,114, Which is assigned to IBM, is incorporated 
herein by reference. 

[0069] The third component involves the destaging pro 
cess mentioned above, in Which media objects stored Within 
the media server 130 are moved to the media archive 140 
under the control of the media object server 220. In contrast 
to the destaging process, the staging process, mentioned 
above, involves the transfer of media objects from the media 
archive 140 to the media server 130. After the media object 
is copied to the media archive 140, it is validated for siZe and 
integrity so that the copy of the media object stored in the 
media server 130 may be marked as deletable. 

[0070] The fourth component involves a deletion process, 
Which is also an important aspect of the present invention. 
The deletion process may run after or simultaneously With 
the destaging process and involves deleting media objects 
Which have been marked deletable. 

[0071] The destaging and deletion processes are important 
aspects of the management scheme of the present invention 
and are described beloW in greater detail With reference to 
FIGS. 4A-4D. In this regard, the removal of media data from 
the media server is orchestrated so that there Will be suf? 
cient space for media data Which is requested by the library 
patron. Advantageously media data Which is less likely to be 
requested by a library patron may be removed ?rst so that 
there is a greater likelihood that the remaining data Will have 
a higher probability of being requested by that patron. 

[0072] Referring to FIG. 4A, the user initially speci?es in 
step 700 user-de?ned parameters Which are to be used in the 
destaging and deletion processes. Thereafter, a volume of 
the media data stored in the media server 130 is determined 
in step 710. Finally, the volume of the media data stored in 
the media server 130 is controlled based on the speci?ed 
user-de?ned parameters. 

[0073] As noted above, the second parameter of the user 
de?ned parameters is an upper capacity volume Which is no 
more than the maximum storage capacity of the media 
server 130. In this regard, the volume of the media data 
stored in the media server 130 is reduced in step 730, as 
shoWn in FIG. 4B, When the volume of the media data 
reaches the upper capacity volume. FIG. 4B depicts addi 
tional aspects of the controlling step 720 mentioned above. 

[0074] Thereafter, it is determined in step 740 Whether the 
reduction in the volume of media data has been completed 
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based on the volume itself. If the reduction in volume is 
itself based on volume, then in step 750 it is determined 
Whether the volume of the media data stored in the media 
server 130 has been reduced to a loWer capacity volume of 
the media server Which corresponds to the third parameter 
mentioned above. If the volume has not been reduced to the 
loWer capacity volume, then step 730 is repeated. If, hoW 
ever, the volume of the media data has been reduced to the 
loWer capacity volume then step 770 is performed, in Which 
the reduction procedure is terminated. 

[0075] If it is determined in step 740 that the reduction is 
not volume based, then in step 760 it is determined Whether 
a predetermined period of time corresponding to the fourth 
parameter mentioned above has elapsed. If the predeter 
mined period of time has not elapsed, then the reduction step 
730 is repeated. HoWever, if the predetermined period of 
time has elapsed, then the termination step 770 is performed. 

[0076] As noted above, the media data includes ?rst and 
second portions. According to the present invention, the 
second portion of the media data is deleted from the media 
server 130, Whereas the ?rst portion of the media data 
corresponds to a portion of the media data stored in the 
media server 130 Which remains after a reduction in the 
volume of the media data has been achieved. 

[0077] Turning to FIG. 4C, Which shoWs aspects of the 
reduction step 730 depicted in FIG. 4B, the above-men 
tioned second portion of the media data may be selected in 
batches for destaging, Which correspond to prede?ned 
amounts, in step 780 in accordance With a selection algo 
rithm de?ned by the ?fth parameter mentioned above. 
HoWever, these batches need not correspond to speci?c 
blocks of memory. Rather, the prede?ned amounts may 
correspond to media object(s). Subsequently, in step 783, the 
selected batch or batches may be marked as deletable. 

[0078] Thereafter, it is determined in step 785 Whether the 
deletion algorithm is to run contemporaneously With the 
selection algorithm in accordance With a user’s preference. 
If the tWo algorithms are to run simultaneously, then step 
790 is performed, in Which the selected batch of the second 
portion of the media data is deleted in accordance With a 
deletion algorithm de?ned by the siXth parameter mentioned 
above. The deleted batches correspond to prede?ned 
amounts of the media data Whose siZe are set by the eighth 
parameter mentioned above. In this regard, the siZes of the 
selected and deleted batches are the same When the selection 
and deletion algorithms are carried out contemporaneously. 
Preferably, the second portion of the media data may be 
stored in the media archive 140 prior to its deletion from the 
media server. 

[0079] If it is determined in step 785 that the deletion and 
selection algorithms do not run contemporaneously, then 
step 740 is performed as described above. Thereafter, in step 
795, as shoWn in FIG. 4D, Which folloWs step 770 shoWn in 
FIG. 4B, it is determined Whether the deletion algorithm is 
to run after the selection algorithm has run. If this is the case, 
then in step 799, the second portion of the media data Which 
includes the selected batches Will be deleted in accordance 
With a deletion algorithm de?ned by the siXth parameter 
discussed above. In this regard, the deletion batch siZe may 
be different from the selected batch siZe, as determined by 
the seventh and eighth parameters. 
[0080] After the deletion algorithm has been run, or in the 
case in Which the deletion algorithm does not run after the 
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selection algorithm has run, as determined in step 795, the 
destaging and deletion processes mentioned are complete. 

[0081] A second embodiment of the present invention is 
described beloW in connection With FIG. 5. The second 
embodiment employs an automation control system 820 
(Which may be a broadcast automation control system) 
instead of a digital library (element 120 of FIG. 1). In 
contrast to the multimedia data storage system including the 
digital library, Which is not provided for real-time delivery 
of multimedia, the multimedia data storage system including 
the automation control system may be employed in a broad 
cast environment in Which real-time control is critical. 
Accordingly, the broadcast automation control system must 
control the delivery of media objects from the media server 
130 to the client media output station 110 so that they are 
output according to an eXact schedule. 

[0082] To this end, the automation control system 820 is 
provided With a media cache control logic circuit 825 Which 
previeWs a schedule corresponding to the times and dates 
When media objects must be delivered for output. The media 
cache control logic circuit 825 then controls the destaging of 
the media objects from the media archive 140 to the media 
server 130 prior to the output of those media objects. In this 
Way, the media objects Will be ready for output according to 
the prede?ned schedule. The above-mentioned schedule is 
generated by the client 100 and output to the broadcast 
automation control system 820. 

[0083] With regard to the destaging and deletion of media 
objects, the multimedia data storage system employing the 
automation control system 820 is similar to the one 
described above in connection With the digital library. HoW 
ever, the selection algorithm de?ned by the ?fth parameter 
may be based on a scheme in Which media objects are 
selected after the last repeated play (if any) in the schedule. 
The deletion algorithm de?ned by the siXth parameter may 
also be based on a similar scheme. 

[0084] The automation control system 820 may be, for 
eXample, a Louth System manufactured by LOUTH AUTO 
MATION in Menlo Park, Calif. In particular, the automation 
control system may be the LOUTH ADC-100, Which is Well 
knoWn in the art. The media objects stored in the multimedia 
data storage system of the second embodiment may corre 
spond to teXt, video or audio ?les, or some combination of 
those ?les. In addition, the broadcast automation control 
system may be implemented as a component of a digital 
library. 
[0085] Although certain preferred embodiments of the 
present invention have been described, the spirit and scope 
of the invention is by no means restricted to What is 
described above. For eXample, multiple groups of user 
de?ned parameters may be speci?ed Without departing from 
the scope of the present invention. 

What is claimed is: 

1. A multimedia data storage system for storing multime 
dia data comprising a media server Which stores media data 
on a short-term basis, and a media archive Which stores 
media data on a long-term basis relative to the media server, 
said media archive being connected to said media server for 
transmission of media data therebetWeen; 
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wherein said media server operates as a cache device for 
said media archive, and Wherein a volume of the media 
data stored in said media server is controlled based on 
user-de?ned parameters. 

2. The multimedia data storage system de?ned by claim 1, 
Wherein said media data comprises a portion of a media 
object, and Wherein said media server begins to output the 
media object upon request if the portion of the media object 
is at least a predetermined fraction of the media object 
de?ned by a ?rst parameter of the user-de?ned parameters. 

3. The multimedia data storage system de?ned by claim 1, 
Wherein said media server has a maXimum storage capacity, 
and Wherein a second parameter of the user-de?ned param 
eters is an upper capacity volume Which is no more than the 
maXimum storage capacity of said media server, said media 
server reducing the volume of the media data stored therein 
if the volume of the media data is greater than the upper 
capacitor volume. 

4. The multimedia data storage system de?ned by claim 3, 
Wherein said media server reduces the volume of the media 
data stored therein until the volume reaches a loWer capaci 
tor volume of said media server Which corresponds to a third 
parameter of the user-de?ned parameters. 

5. The multimedia data storage system de?ned by claim 3, 
Wherein said media server reduces the volume of the media 
data stored therein for a predetermined period of time 
corresponding to a fourth parameter of the user-de?ned 
parameters. 

6. The multimedia data storage system de?ned by claim 4, 
Wherein the media data stored in said media server includes 
?rst and second portions, the ?rst portion of the media data 
corresponding to a portion of the media data Which remains 
after reduction of the volume of the media data, the second 
portion of media data corresponding to a portion of the 
media data Which is to be deleted from said media server 
during reduction of the volume of the media data. 

7. The multimedia data storage system de?ned by claim 6, 
Wherein the second portion of the media data is stored in said 
media archive prior to being deleted from said media server 
during reduction of the volume of the media data. 

8. The multimedia data storage system de?ned by claim 7, 
Wherein the second portion of media data is selected in 
accordance With a selection algorithm de?ned by a ?fth 
parameter of the user-de?ned parameters. 

9. The multimedia data storage system de?ned by claim 7, 
Wherein the second portion of the media data is deleted in 
accordance With a deletion algorithm de?ned by a siXth 
parameter of the user-de?ned parameters. 

10. The multimedia data storage system de?ned by claim 
8 Wherein the selection algorithm is based on a ?rst-in 
?rst-out (FIFO) scheme. 

11. The multimedia data storage system de?ned by claim 
9, Wherein the deletion algorithm is based on a scheme in 
Which the least recently used media data is deleted ?rst from 
said media server. 

12. The multimedia data storage system de?ned by claim 
4, Wherein the volume of the media data is reduced by 
prede?ned amounts of the media data, a siZe of each of the 
prede?ned amounts being de?ned by a seventh parameter of 
the user-de?ned parameters. 

13. The multimedia data storage system de?ned by claim 
5, Wherein the volume of the media data is reduced by 

Nov. 15, 2001 

prede?ned amounts of the media data, a siZe of each of the 
prede?ned amounts being de?ned by a seventh parameter of 
the user-de?ned parameters. 

14. The multimedia data storage system de?ned by claim 
6, Wherein the second portion of media data is deleted from 
said media server in prede?ned amounts of the media data, 
a siZe of each of the prede?ned amounts being de?ned by an 
eighth parameter of the user-de?ned parameters. 

15. The multimedia data storage system de?ned by claim 
1, further comprising a plurality of media servers, Wherein 
for each of said media servers the volume of the media data 
stored therein is controlled based on the user-de?ned param 
eters. 

16. The multimedia data storage system de?ned by claim 
1, further comprising a digital library Which controls said 
media server and said media archive. 

17. The multimedia data storage system de?ned by claim 
1, further comprising an automation control system Which 
controls said media server and said media archive. 

18. The multimedia data storage system de?ned by claim 
8, Wherein the selection algorithm may be based on a 
priority level of media objects included Within the second 
portion of media data. 

19. The multimedia data storage system de?ned by claim 
2, further comprising a graphical user interface Which con 
trols the output of said media object based on a siZe of the 
portion of the media object stored in said media server. 

20. A method of managing a media server as a cache 
device for a media archive Within a multimedia data storage 
system, said media server storing media data on a short-term 
basis, said media archive storing media data on a long-term 
basis relative to the media server, said media archive being 
connected to said media server for transmission of media 
data therebetWeen, said method comprising: 

determining a volume of the media data stored in said 
media server; and 

controlling the volume of the media data stored in said 
media server based on user-de?ned parameters. 

21. The method of managing de?ned by claim 20, Wherein 
the media data comprises a portion of a media object, and 
Wherein said method further comprises: 

initiating an output of the media object from said media 
server upon request if the portion of the media object is 
at least a predetermined fraction of the media object 
de?ned by a ?rst parameter of the user-de?ned param 
eters. 

22. The method of managing de?ned by claim 20, Wherein 
said media server has a maXimum storage capacity, Wherein 
a second parameter of the user-de?ned parameters is an 
upper capacity volume Which is no more than the maXimum 
storage capacity of said media server, and Wherein said 
controlling further comprises: 

reducing the volume of the media data stored in said 
media server When the volume of the media data is 
greater than the upper capacity volume. 

23. The method of managing de?ned by claim 22, Wherein 
in said reducing, the volume of the media data stored in said 
media server is continuously reduced until the volume 
reaches a loWer capacity volume of said media server Which 
corresponds to a third parameter of the user-de?ned param 
eters. 



US 2001/0042170 A1 

24. The method of managing de?ned by claim 22, Wherein 
said reducing, the volume of the media data stored in said 
media server is continuously reduced for a predetermined 
period of time corresponding to a fourth parameter of the 
user-de?ned parameters. 

25. The method of managing de?ned by claim 23, Wherein 
the volume of media data includes ?rst and second portions 
of media data, and Wherein said reducing comprises deleting 
the second portion of the media data from said media server, 
the ?rst portion of the media data corresponding to a portion 
of the media data stored in said media server Which remains 
after reduction of the volume of the media data. 

26. The method of managing de?ned by claim 25, Wherein 
said reducing further comprises storing the second portion of 
the media data in said media archive prior to the second 
portion of the media data being deleted from said media 
server. 

27. The method of managing de?ned by claim 26, Wherein 
the second portion of the media data is selected in accor 
dance With a selection algorithm de?ned by a ?fth parameter 
of the user-de?ned parameters. 

28. The method of managing de?ned by claim 27, Wherein 
the second portion of the media data is deleted in accordance 
With a deletion algorithm de?ned by a siXth parameter of the 
user-de?ned parameters. 

29. The method of managing de?ned by claim 28, Wherein 
the selection algorithm is based on a ?rst-in ?rst-out (FIFO) 
scheme. 

30. The method of managing de?ned by claim 29, Wherein 
the deletion algorithm is based on a scheme in Which the 
least recently used media data is deleted ?rst from said 
media server. 

31. The method of managing de?ned by claim 23, Wherein 
the volume of the media data is reduced by prede?ned 
amounts of the media data, a siZe of each of the prede?ned 
amounts being de?ned by a seventh parameter of the user 
de?ned parameters. 

32. The method of managing de?ned by claim 24, Wherein 
the volume of the media data is reduced by prede?ned 
amounts of the media data, a siZe of each of the prede?ned 
amounts being de?ned by a seventh parameter of the user 
de?ned parameters. 
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33. The method de?ned by claim 25, Wherein the second 
portion of the media data is deleted from said media server 
in prede?ned amounts of the media data, a siZe of each of the 
prede?ned amounts being de?ned by an eighth parameter of 
the user-de?ned parameters. 

34. The method de?ned by claim 20, further comprising 
specifying said user-de?ned parameters prior to determining 
a volume of the media data. 

35. The method de?ned by claim 27, Wherein the selection 
algorithm is based on a priority level of media objects 
included Within the second portion of the media data. 

36. A computer-readable medium of instructions to be 
implemented in a computer based multimedia data storage 
system including a media server and a media archive, said 
media server storing media data on a short-term basis, said 
media archive storing media data on a long-term basis 
relative to the media server, said media archive being 
connected to said media server for transmission of media 
data therebetWeen, said computer-readable medium of 
instructions comprising: 

means for determining a volume of the media data stored 
in said media server; and 

means for controlling the volume of the media data stored 
in said media server based on user-de?ned parameters. 

37. The computer-readable medium of instructions 
de?ned by claim 37, Wherein said media server has a 
maXimum storage capacity; 

Wherein a parameter of the user-de?ned parameters is an 
upper capacity volume Which is no more than the 
maXimum storage capacity of said media server; and 

Wherein said means for controlling further comprises 
means for reducing the volume of the media data stored 
in said media server if the volume of the media data is 
greater than the upper capacity volume. 


