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Description

Technical Field

[0001] The present invention relates to a system for
caching data in mobile packet data networks. In particu-
lar, the invention relates to a caching architecture suitable
for optimising the distribution of cached data in a resource
limited network.

Background

[0002] Typical file caching methods include a cache
receiving a file from a file server, and storing the entire
file. Later when a client desires the file, instead of serving
the file from the file server, the file is served from the
cache. Because the cache is typically a server that is
closer to the client, or has higher bandwidth than the file
server, the file is served to the client quickly from the
cache.
[0003] This can be understood with reference to Figure
1, which is a schematic illustration of an exemplary ar-
chitecture of a network 10 having an origin server 11 and
a number of caches 12-16. Clients 17-19 are configured
to receive files and/or streaming data from the origin serv-
er 11 or the caches 12-16.
[0004] In order to reduce the load on the origin server
11 and to save bandwidth in the delivery network 10,
some of the content is stored in caches 12-16 closer to
the end users 17-19. It is desirable to push these caches
as close to the end user as possible.
[0005] For example, mobile network architectures gen-
erally comprise a Core Network (CN), to which are at-
tached a number of radio access networks (RANs) in
which terminals are connected to radio base stations
(RBSs). The terminals may move and as they move they
may be connected wirelessly to different RBSs. The
transmission links between the RBSs and the rest of the
network are usually rented and limited in capacity. One
way of reducing the demands on these links is to use
caching and, as described above, caching should pref-
erably take place as close to the terminals as possible
to minimize the need for transmission. EP2053831,
EP1331791 and US2003115346 disclose caching meth-
ods.
[0006] One problem with caching in the RAN (with the
cache being a part of the RBS or any other RAN node)
is that each cache will receive traffic from only a small
population of terminals. In general, the content stored by
a cache will be the content which has been requested by
the end-users. If the population using the cache is small,
the volume of cached content stored in that cache is
small. Statistically, the probability that someone else
wants to download the same content from that cache,
i.e. the "cache hit rate", decreases with a smaller popu-
lation. One large cache for a large population is therefore
statistically more efficient than many small caches serv-
ing different smaller subsets of the population.

[0007] One way of addressing this problem is to gen-
erate a large "virtual" cache out of many small ones in
the RBSs by copying content between the caches. This
means that each small cache stores content from a large
population (detected and cached by the other small cach-
es), and this increases the local hit rate for popular con-
tent. This "pre-loading" of a cache can be seen as a form
of predictive caching where the predictions are based on
users in other caches.
[0008] Inevitably, this will result in duplication of con-
tent across many of the small caches, and the price to
be paid is that the total storage size required by all of
small caches together will increase. In addition, the trans-
ferred volume of data between the caches increases as
the content is distributed. If the bandwidth between the
caches is restricted, the additionally transferred data in-
creases the load and may eventually cause congestion.
Methods that can help to solve pooling and content dis-
tribution in a resource limited network are thus of impor-
tance.

Summary

[0009] It is an object of the present invention to obviate
at least some of the above disadvantages. In general, it
is desirable to distribute content in small caches together
forming a large, virtual cache in an efficient manner.
[0010] In accordance with one aspect of the present
invention there is provided a cache manager for control-
ling the distribution of content stored in a set of caches
called a cache domain of a packet data network (option-
ally a resource-limited network). The cache manager
comprises an object monitor for receiving notifications
from caches in the cache domain about data objects re-
quested at those caches. An object database is config-
ured to collate and store object information about the
requested data objects, the object information including
information about the caches at which the data objects
have been requested and frequency with which the re-
quests have been made. An object distributor is config-
ured to identify objects for distribution on the basis of the
object information and instruct the caches in the network
to distribute data objects stored in those caches between
themselves. The object information includes a popularity
parameter for each object, and the object distributor is
configured to classify the objects into one of at least three
classes. The classes include a high popularity class com-
prising objects which should be distributed to all caches
in the cache domain, a medium popularity class compris-
ing objects which should be distributed to one or more
subsets of the caches in the cache domain, and a low
popularity class comprising objects which should not be
distributed. It will be appreciated that the network may
include one or more cache domains. The object distrib-
utor may be configured to instruct the caches to distribute
the data objects using transmission capacity of the net-
work which would otherwise remain unused.
[0011] The cache manager may further comprise a to-
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pology monitor for retrieving topology information about
the topology of the cache domain. A topology database
for storing said topology information may also be provid-
ed. The object distributor may be configured to make use
of the topology information in the determination of how
the objects should be distributed between the caches. In
more detail, the object distributor may decide which ob-
jects should be stored at which caches, and when and
from where a necessary fetch should occur (i.e. suitable
times and places to distribute content from one or more
local caches to one or more other local caches).
[0012] The topology information may include data re-
lating to one or more of the following: a topology structure
of the cache domain; bandwidth limitations of links be-
tween elements in the topology structure; storage capa-
bilities of the caches; location of caches in the topology
structure; current loads sustained by the links between
elements in the topology structure; and transport types
for data within the cache domain. In the case of storage
capabilities of caches, it may be that objects with long
lasting popularity should be stored on caches having a
limited number of write operations (such as flash mem-
ory) and objects with very high popularities should not
be stored on too few caches operating disks.
[0013] The topology information may include a daily
load profile for each cache in the cache domain, the daily
load profile indicating periods of high load and low load
for that cache. The object distributor may then be con-
figured to allocate objects in the medium popularity class
to caches in such a way that, at all times of the day, each
object is stored on at least one cache in a low load period.
[0014] The object distributor may be configured to in-
struct the caches to distribute objects within the medium
popularity class in such a way that more popular objects
are distributed to a relatively high number of caches and
less popular objects are distributed to a relatively low
number of caches. The more popular objects in the me-
dium popularity class may be distributed to many caches
relatively close to users and less popular objects distrib-
uted to a few caches relatively central in the network.
[0015] The cache manager may be configured to con-
trol the distribution of the data objects between caches
in the cache domain so that the cache domain functions
as a large virtual cache.
[0016] The cache manager may be a discrete entity
and include a communications system for communicat-
ing with elements in the network. It may be associated
with one of the caches in the cache domain. Alternatively,
the functionality of the cache manager may be distributed
between network elements in the cache domain.
[0017] In accordance with another aspect of the
present invention there is provided a method for optimis-
ing the distribution of data objects between caches in a
cache domain of a resource limited network. User re-
quests for data objects are received at caches in the
cache domain. A notification is sent from the cache at
which a request is received to a cache manager. The
notification reports the user request and identifies the

requested data object. At the cache manager, object in-
formation including the request frequency of each re-
quested data object and the locations of the caches at
which the requests were received is collated and stored.
At the cache manager, objects for distribution within the
cache domain are identified on the basis of the object
information. Instructions are sent from the cache man-
ager to the caches to distribute data objects stored in
those caches between themselves. The data objects are
distributed between the caches, optionally using trans-
mission capacity of the network that would otherwise be
unused. The object information includes a popularity pa-
rameter for the object, and the object distributor is con-
figured to classify the object into one of at least three
classes. The classes include a high popularity class com-
prising objects which should be distributed to all caches
in the cache domain, a medium popularity class compris-
ing objects which should be distributed to a subset of the
caches in the cache domain, and a low popularity class
comprising objects which should not be distributed.
[0018] The functionality of the cache manager may be
distributed between network elements in the cache do-
main. The cache manager may take into account the to-
pology of the network and/or the priority of the requested
data objects and/or the frequency of requests for partic-
ular data objects when identifying the data objects for
distribution. The network may be a mobile network, and
the caches may be associated with or part of RNCs or
RBSs.
[0019] The distribution may be implemented by form-
ing a distribution queue of objects at each cache to be
distributed to other caches, and placing the most-recent-
ly-used or most-frequently-used objects at the head of
the distribution queue.
[0020] Messages including object popularity statistics
may be sent from the caches to the cache controller.
[0021] In accordance with a further aspect of the
present invention there is provided a computer program
product comprising code adapted to be executed on a
cache manager in a resource limited network. The code
is operable to cause the cache manager to retrieve no-
tifications from caches in a cache domain controlled by
the cache manager, the notifications including details of
data objects recently requested at those caches. The
code is further operable to cause the cache manager to
collate and store object information about the requested
data objects, the object information including the location
and popularity of requested data objects. The code is
further operable to cause the cache manager to identify
objects for distribution on the basis of the object informa-
tion. The code is further operable to cause the network
element to instruct the caches in the network to distribute
data objects stored in those caches between themselves.
The classes include a high popularity class comprising
objects which should be distributed to all caches in the
cache domain, a medium popularity class comprising ob-
jects which should be distributed to one or more subsets
of the caches in the cache domain, and a low popularity
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class comprising objects which should not be distributed.
[0022] The invention also provides a computer pro-
gram product as described above carried on a carrier
medium.

Brief Description of the Drawings

[0023] Some preferred embodiments will now be de-
scribed by way of example only and with reference to the
accompanying drawings, in which:

Figure 1 is a schematic illustration of a network hav-
ing an origin server and a number of caches;

Figure 2 is a schematic illustration of a Radio Access
Network with Radio Network controllers and Radio
Base Stations configured to act as caching servers;

Figure 3 is a flow diagram illustrating a procedure
for serving a user request;

Figure 4 is a schematic diagram illustrating different
peak load periods of groups of caches;

Figure 5 is a schematic diagram illustrating an infor-
mation model for a cache manager;

Figure 6 is a schematic diagram of an RNC config-
ured to act as a cache server; and

Figure 7 is a schematic diagram illustrating the man-
agement of cached data in the network of Figure 2.

Detailed Description

[0024] As discussed in the background above, when
designing a caching system, there is typically a choice
between a centrally placed cache and locally placed
caches. In both cases there is little gain in transmission,
either because the placement is high up in the network
(in the case of the centrally placed cache) or because
the hit rate becomes too low (in the case of local caches).
[0025] It is therefore desirable to combine the hit rate
of a central cache with the transmission advantages of
local caches. This can be achieved by the use of a "cache
manager" which ensures that local caches enjoy a hit
rate close or equal to that of a central cache. It does so
by pre-loading the local caches according to global sta-
tistics (hence the high hit rate) and ensures that this
preloading takes place at off-peak times (so as not to
violate the bandwidth savings).
[0026] Effectively, therefore, a large, virtual cache is
generated out of many small ones, in which the limitations
of the transmission are taken into consideration. This can
be achieved by "cache equalization" which distributes
content between the caches. Each small cache stores
content requested by a large population (detected and
cached by the other small caches) and this increases the

local hit rate for popular content. The object data distri-
bution between the small caches can be seen as a form
of predictive caching, where the predictions are based
on the behaviour of users receiving data through other
caches.
[0027] The price to be paid is that the volume of data
transferred between the caches will increase. If the band-
width is restricted between the caches, the additionally
transferred data will increase the load loads and eventu-
ally cause congestion. Methods that can help to solve
content distribution in a resource limited network are thus
of importance.
[0028] Traffic varies over a typical 24 hour period and
there is usually a significant amount of free capacity dur-
ing night hours. Furthermore, even at peak hours there
are periods during which free capacity is available. It is
thus possible to distribute low volumes of high priority
data objects during peak hours (e.g. during the day) and
larger volumes of less critical data objects during off-peak
hours (e.g., at night). In this context, a data object will be
understood as meaning any set of data requested by a
terminal and/or stored by a cache.
[0029] Figure 2 is a schematic illustration of a network
20 comprising a router 21 connected to three RNCs 22,
23, 24, each connected to RBSs 221, 222; 231, 232; 241,
242. Each RBS 221, 222, 231, 232, 241, 242 is connected
to one or more terminals 251-260.
[0030] Each RNC 22, 23, 24 and some of the RBSs
221, 231 are associated with a cache storage unit 224,
234, 244, 226, 236 which may or may not be built into
the RNCs or RBSs themselves. The RNCs 22, 23, 24
and router 21 are interconnected by transmission links.
The RNCs (and those of the RBSs 221, 231 associated
with cache storage units) are enabled to act as cache
servers - i.e. each includes a logical entity that acts like
an embedded proxy or uses deep packet inspection (DPI)
to detect and direct end-user requests such as HTTP-
GET. For convenience, the combination of the caching
functionality in a cache server (e.g. RNC 22) and cache
storage unit (e.g. 224) will be referred to as a "cache" in
this document. This applies whether or not the cache
storage unit is physically built in to the cache server. This
means that there is effectively a cache 225, 235, 245,
227, 237 associated with each of the RNCs 22, 23, 24
and two of the RBSs 221, 231.
[0031] Although Figure 2 shows a tree-topology with
caches 225, 235, 245, 227, 237 operated by RNCs 22,
23, 24 and RBSs 221, 231, it will be appreciated that this
is an example only. As will become apparent, the mech-
anisms for distributed cached data described herein may
apply to many other topologies and scenarios where
there is limited bandwidth between distributed caches
225, 235, 245, 227, 237.
[0032] As indicated above, the problem with such
caches is related to the fact that, since each RNC 22, 23,
24 and RBS 221, 231 configured as a cache only supplies
data to a limited number of terminals, the amount of traffic
from each RNC 22, 23, 24 and RBS 221, 231 is small.
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The "hit-rate" from local cache traffic is small. The solu-
tion is to increase the hit rate by distributing content that
is locally cached by any of the small caches 225, 235,
245, 227, 237 in the group to other small caches in that
group. The caches in the group will then contain content
requested at other caches and this will increase the hit
rate.
[0033] Thus if content is requested by one of the ter-
minals 251, this request passes through the RBS 221
and RNC 22 to which the terminal 251 is connected. Con-
tent data is delivered from a content server 25 (associ-
ated with a content storage unit 254) upstream in the
network (for example in a core network, not shown)
through the RNC 22 and RBS 221 to the terminal 251.
As well as delivering the content data to the terminal 251,
each of the RNC 22 and RBS 221 saves the content data
in its associated cache storage unit 224, 226. Then the
next time the terminal 251 or 252 attached to that RBS
requests that content, it can be extracted from the cache
storage unit 226 by the RBS 221. When the content is
requested by another terminal 253 attached to the same
RNC 22, it can be extracted from the cache storage unit
224(or from the cache storage unit 226 by the RBS 221)
and supplied to the requesting terminal. In addition, the
content data is copied to the other caches 235, 245, 237
in the group (maintained by the RNCs 23, 24 and other
RBS 231) so that it can also be supplied, if requested, to
any of the other terminals 254-260.
[0034] The problem with the distribution is that the links
are limited in bandwidth, such that updates can cause
congestion, in particular if they take place during busy
hours. Therefore, the updates should be controlled so as
to optimise the use of the bandwidth. This optimisation
may include some or all of the following:

• The use of otherwise unutilised transmission capac-
ity (e.g. during off-peak times).

• Potentially popular data is prioritised. For example,
data objects for distribution can be queued and
served as bandwidth becomes available and accord-
ing to a queuing discipline based on data object pop-
ularity.

• The distribution of rarely used data objects is restrict-
ed in cases where transmission bandwidth or stor-
age capacity are limiting factors. Some data may not
be distributed. If required, it can be extracted from
the cache in which it has been saved.

[0035] Furthermore, it may be that a request is made
via an RBS 221 for a data object not stored in the cache
227 associated with that RBS or in cache 225 associated
with the RNC 22 of RBS 221, but which is stored in a
nearby cache 235, 245, 237. In this situation the data
object may be marked as high priority and fetched from
the nearby RNC 235, 245, 237 immediately, rather than
waiting for bandwidth to become available.
[0036] In order to control the distribution of data be-
tween the caches 225, 235, 245, 227, 237 a centralised

cache manager unit 26 is operatively attached to one of
the nodes in the network 20. In Figure 2, it is shown as
being associated with one of the RNCs 24, but it will be
appreciated that it could also be associated with any of
the RNCs 22, 23, 24 or any other network element such
as the router 21, for example, or one of the RBSs. The
cache manager unit 26 controls the spreading of infor-
mation among a set of distributed caches. It will be ap-
preciated that it is also possible to devise distributed
cache manager solutions which provide the same func-
tionality. The important feature is that the cache manager
(whether it is a single unit 26 as shown in Figure 2 or a
distributed system) is able to optimise the distribution of
data between caches 225, 235, 245, 227, 237.
[0037] The set of caches controlled by a particular
manager may be considered as a "caching domain" (CD).
CDs may be mutually exclusive or overlapping. The man-
ager will be placed at or associated with a site with a
central position in the topology of its domain, and it may
be part of an RBS (or any other cache entity) at that site.
A CD could correspond to a RAN, or may be only part of
a RAN, or contain more than one RAN.
[0038] The cache manager 26 is aware of the popu-
larities of all data objects requested at any RNC 22, 23,
24 (and RBSs 221, 231 associated with caches), all pos-
sible occurrences in caches 225, 235, 245, 227, 237 and
bandwidth limitations in the network, and it is configured
to use this information to manage cache updates in ac-
cordance with the above. In addition, it is configured to
detect and redirect "failed" data requests from users such
that requested data objects which cannot be delivered
by a cache immediately adjacent to a user may be fetched
from other caches in the same CD in preference to the
content server 25. In this way the cache manager 26 can
provide a (significant) transmission gain from the hop be-
tween the router 21 and higher layers in Figure 2 and
thus again use links more efficiently. It will be noted that
this aspect is particularly attractive where the connec-
tions are provided by rented transmission or microwave
links.
[0039] In other words, the cache manager 26 increase
the "effective" hit rate of the small local caches 225, 235,
245 by distributing content among them during times
when there is free bandwidth. The content to be pushed
is determined by analyzing data requests from the differ-
ent caches 225, 235, 245, 227, 237. Content which has
been requested on one or more RBSs (and thus cached
at the corresponding cache storage units 224, 234, 244,
226, 236) during peak hours will be distributed to the
other caches (and thus available for delivery when re-
quested on these RBSs) during off peak hours. In this
way some traffic is moved from peak hours (the time
when requests are made) to off peak hours (the time
when the caches are pre-populated). The content of the
different cache storage units 224, 234, 244, 226, 236 will
thus diverge during the peak hours (since users at differ-
ent RNCs 22, 23, 24 request different data objects) and
converge to some extent during off peak hours (since the
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caches may be equalized by copying content in any
cache to all caches). As will be explained in more detail
below, not all content is necessarily equalised to all cach-
es.
[0040] The cache manager knows where data objects
are found and decides what to store on each cache. It is
therefore possible that it may decide not to store a data
object at all, or to store it but only at some caches but
not at others. The choice of which caches to store in may
depend on bandwidth, disc space, popularity in general
and popularity in certain user groups. More details of how
this choice is made are provided below.
[0041] A typical procedure for serving a user request
is shown in Figure 3 and proceeds as follows:

S1 A user of a mobile terminal 251 issues a request
(e.g. a HTTP-GET) for a piece of content.
S2 The request is intercepted at the site of the RBS
221 (or other network element) by a proxy/DPI logic
unit 53 (see Figure 5) of the cache 227 (which may
or may not be built into the RBS 221).
S3 The logic unit 53 interrogates the cache storage
unit 226 associated with the RBS 22 to see if the
content is stored in that cache storage unit 226
S4 If so, this known as a "primary cache hit": the
content is retrieved from the cache storage unit 226
and a local delivery to the terminal 251 takes place.
In this case bandwidth savings have been made on
all the links in Figure 2.
S5 If there is a first cache miss, i.e. if the requested
content is not available in the cache storage unit 226,
the request will be forwarded, either to a "real" con-
tent server 25, to a higher layer proxy, or to the cache
manager 26.
S6 The request is intercepted (on its path to the con-
tent server 25 or a higher layer proxy) or arrives at
the cache manager 26 (as the chosen destination).
S7 The cache manager 26 analyses the request and
examines if the requested content is found in any
other local cache storage unit in the CD.
S8 If so (i.e. there is a secondary cache hit), the
request is forwarded to whichever cache 235 con-
tains the content.
S9 The content is retrieved from the cache storage
unit 234 and delivered to the user.
S10 The first cache (RBS 221) may intercept the
delivery and store the content locally in its associated
cache storage unit 226 for future requests. In this
case bandwidth savings are made on all links above
the router 21 in Figure 2. It will be appreciated that
this can happen at any cache in the path, such as
the RNC 22 with associated storage unit 224.
S11 If there is a secondary cache miss (i.e. if the
requested content is not available in any of the other
cache storage units in the CD), or if dictated by link
load conditions towards other local caches, the re-
quest for the content is forwarded to the content serv-
er 25 or to some higher layer proxy. An alternative

is to intercept the request at each higher layer cache
with the manager as a last resort. Higher layer cach-
es may EITHER have the content OR know of a
cache below them where the content is to be found
(in the same way as the manager knows about that).
At least in the first case there is no point continuing
to the manager.
S12 The content is delivered to the user from the
content server 25 or higher layer proxy.
S13 The first cache (RBS 221) - or any other cache
in the path (RNC 22) may intercept the delivery and
store the content locally in its associated cache stor-
age unit 226 for future requests.

[0042] In this way local caches 225, 235, 245, 227, 237
will be filled with content that has been requested by the
local users. The content is delivered from different sourc-
es; (i) from the local cache itself (if it has been requested
by other users of that RNC or RBS or site or pushed to
that site during off-peak hours, which can be any period
of time during which free bandwidth is available), (ii) from
another local cache in the CD (if it has been requested
by another user in the CD), or (iii) from more distant sourc-
es (if it has not been requested by any user in the CD).
The largest transmission gains are obtained when con-
tent is fetched from the local cache, significant gains are
obtained when content is fetched from another local
cache, and small or no gains are obtained when the con-
tent is fetched from a distant source (although caching
the data at this stage may lead to gains in the future).
[0043] It is thus clear that this process is most efficient
if at least some of the local cache storage units 224, 234,
244, 226, 236 contain content that has been requested
by other users in the entire CD, and which therefore with
a high probability will be requested by the local users. If
this is the case, primary cache hits (S4) will occur more
frequently, reducing the need to carry out steps S7-S13
with their associated use of transmission links and band-
width. In other words, this increases the fraction of re-
quests for which the highest transmission gains (i) can
be obtained.
[0044] In order to achieve this, the cache manager 26
collects information about such requests (which predom-
inantly occur during peak hours) and then uses this in-
formation to pre-populate caches (predominantly during
off peak hours).
[0045] For example, when a data object X is requested
for the first time in the CD (e.g. by terminal 251), X is
fetched from the content server 25 or a higher layer proxy
and stored in the caches 225 and 227 through with the
request is routed. If X is requested soon after by the same
terminal 251 or another terminal 252 via the same RBS
221, it is fetched from the cache 227 or another terminal
253 via the same RNC 22, it is fetched from the cache
225 and delivered to the user. If X is requested soon
afterwards via a different RNC 23 in the same CD, it is
fetched from the cache storage unit 224 associated with
the first RNC 22 and stored also in the cache storage
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unit 234 of the second RNC 23. Then, at some off peak
time, the cache manager 26 ensures that X is distributed
to some or all the caches 235, 245, 237 so that subse-
quent requests for X are served by the cache at which
the request occurred.
[0046] It will be appreciated that the transport links be-
tween the RNCs may have different capacity. The central
cache control 26 can thus decide if the distribution should
be initiated immediately or if it should be delayed to lower
traffic periods or night time. Another option is to use "low-
er than best-effort" priority class or a TCP that backs off
faster than usual TCP in order to give the distribution
traffic low background priority and not impact high priority
traffic.
[0047] In order to implement this, the cache controller
26 maintains a counter for each object requested within
its domain. Every time a new request is received for that
object the counter is increased until a threshold is
reached, at which point equalisation to all caches is ini-
tiated.
[0048] In practice, content may vary in popularity. Pop-
ular content should be distributed widely to all (or nearly
all) the caches in a CD, but less popular content should
be restricted to only a few caches. In order to monitor
popularity, the central controller 26 keeps track of all re-
quests for content from the UEs 251-260 in the mobile
network or the area that is covered by the caches in its
domain which can be thought of as forming a "pool". It
also keeps track of access frequency to determine the
popularity of the object.
[0049] The popularity of an object is used to determine
how objects should be cached. It can be considered that
there are three basic categories of distribution, although
it will be appreciated that further subcategories may also
be useful. The three basic distribution categories are:

(i) content distributed to all caches in a domain
("equalisation"),
(ii) content not cached at all, or
(iii) content distributed to one or more subsets of the
caches ("pooling").

[0050] In the last case, the popularity of an object can
also used to determine the number and location of caches
in which that object should be stored. Moreover, similar
statistics should be used when determining what objects
should be deleted from caches.
[0051] As indicated above, content popularity may be
classified initially as "high", "middle" or "low". Moreover:

• equalisation applies to content of high popularity for
which it is preferred to store copies in all caches,

• pooling applies to content of medium popularity for
which it is preferred to store copies in some caches
and

• no action at all applies to content of low popularity
for which no copies are stored.

[0052] A simple pooling strategy is just to store a re-
quested object in some or all caches of the network ele-
ments (RNC, RBS) via which the object has been deliv-
ered to the end user requesting that object. However,
this simple approach is likely to result in deliveries over
highly loaded links, uneven distribution of requests be-
tween the caches and/or deliveries over long distances.
[0053] A decision to pool an object involves selecting
the cache(s) that should keep the content in question.
As noted above, such a selection should preferably ac-
count for at least load (less loaded links are preferred),
topology (shorter distances are preferred) and capacity.
[0054] The issue of link load includes sending the ob-
ject to the cache (as a result of a decision to pool it) but,
in particular, delivering the object from the cache (as a
result of a user requesting the object). The first aspect is
similar to equalisation and can be controlled to some ex-
tent, since the cache controller 26 can ensure that the
object is sent to the cache during off-peak periods. The
second aspect is different in that delivering the object
from the cache to a user is likely to be carried out many
times and at times which are determined by the users
rather than by the system.
[0055] As previously discussed, traffic varies regularly
over time. However, what has not previously been con-
sidered is the fact that the variation pattern differs be-
tween different nodes. For example, the variation may
be greater for smaller areas and/or fewer users per node.
These differences can be exploited to avoid peak loads
for pooled objects by grouping caches by their peak
hours, and storing objects on one or more caches in each
group. Objects can then be fetched from whichever
cache falls into a group not currently experiencing peak
load.
[0056] This can be understood by reference to Figure
4, which illustrates the average load pattern against time
for three cache groups 41, 42, 43, each classified into
one of morning (M), noon (N) and afternoon (A). The
peak load 44 of the "morning" group 41 occurs between
5.00 and 11.00, that 45 of the "noon" group 42 between
10.00 and 16.00, and that 46 of the "afternoon" group 43
between 15.00 and 21.00. This can be envisaged, for
example, by the difference between network elements in
a residential district (where most caches are likely to form
part of an "afternoon" group) and a business district
(where most caches are likely to be part of a noon group).
If an object is stored on at least one member of each
such group, there will always be at least one cache con-
taining that object which is unlikely to be suffering peak
load. It will be understood that this example is easily ex-
tendable to more than three groups.
[0057] It is the task of a pooling arrangement mecha-
nism in the cache controller 26 to identify such groups to
enable pooling from "cheap" sources.
[0058] In addition, as discussed above, the "cost" of
fetching an object from a cache (e.g. delay and band-
width) may depend not only on the time but also on the
topology. It may therefore be preferable to treat pooled
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objects differently depending on exactly how popular they
are. For example, an object which is almost popular
enough to be classified as "equalised" may advanta-
geously be sent to many caches (many nodes in each
group), while objects almost unpopular enough to be
classified as "no action" may advantageously be kept in
only one place (one node in each group). It will be noted
that, in this arrangement, requests for popular objects
will be distributed over more nodes than requests for less
popular objects, and in this way the load on the different
nodes becomes more evenly distributed.
[0059] Furthermore, the fewer places at which an ob-
ject is stored, the more it will be preferred that this place
is centrally located in the topology, and vice versa. This
is because, the more nodes that contain the object in
question, the higher the chance that a request can be
served from a topologically "convenient" node.
[0060] It is thus also the task of the pooling arrange-
ment mechanism to identify both a suitable number of
instances of a pooled object, and the places in which the
object should be stored. One implementation may be
based on a number of groups. For example, with two
groups, most (popular) and least (popular), objects in the
first popularity group are stored at multiple, "remote" lo-
cations in each peak hour group while objects in the sec-
ond popularity group are stored on a few "central" loca-
tions in each peak load group. It is clear that this example
naturally extends to more than two groups.
[0061] In other words, in a tree topology, the more pop-
ular pooled objects should be stored at many "leaf" cach-
es in each group, and thus be sure that at least one will
be close to every access point. The less popular objects
are stored at fewer caches, but those chosen are "root"
caches so that, again, at least one is relatively close to
each access point.
[0062] The pooling arrangement mechanism should
group caches by the peak hours of their transmission
links, classify the popularity of a pooled object, and match
each such class to a subset of the nodes in each peak
hour group such that less popular objects tend to be
stored at fewer but more central locations while more
popular objects tend to be stored at more but less central
locations.
[0063] In addition to the daily load profiles and topology
of the caches, it is also useful to take into account the
storage technology of the caches themselves when de-
termining the distribution. For example, flash memories
are limited by their lifetimes, measured in number of write
operations: a flash memory can only be overwritten a
finite number of times. It would therefore be useful to
store objects with "long term" popularity on such caches,
but preferable to avoid (where possible) storing objects
with quickly fading popularity which will need regular re-
placement. Disk storage, by contrast, has a longer life-
time but is limited by bandwidth, and therefore it is desir-
able to avoid storing too many popular objects on the
same disk, as it may be impossible to deliver these ob-
jects to many users at the required rate.

[0064] Thus, as set out above, the caches to which
pooled objects are distributed should be selected accord-
ing to suitable criteria, which may include:

- Traffic load patterns over time;
- Geographical distribution over transmission infra-

structure;
- Limitations of cache storage technology.

[0065] In order to effect the distribution, a reverse ap-
proach to that often used in cache deletion algorithms
may be adopted. A common solution to the problem of
which objects to delete in a full cache is to delete the
least-recently-used (LRU) or least-frequently-used
(LFU) objects. This approach can be reversed when in
controlling distribution of objects such that the most-re-
cently-used (MRU) or most-frequently-used (MFU) are
distributed first. One may, for example, use "distribution
queues" at caches (e.g. one per destination) in which (a)
objects that are found in this cache and should be dis-
tributed to other caches are stored and from which (b)
the current MRU- or MFU-object is transmitted using the
free bandwidth (i.e. as background traffic relative to user
requests which are foreground).
[0066] Figure 5 is a schematic diagram illustrating a
suitable information model for the cache manager 26.
The manager includes the following information stores:

- A topology database 51 which may store information
related to:

• Topology structure of CD: (e.g. tree, star, etc.)
• Bandwidth limitations of the links in the topology.
• Location of caches in the topology.
• Current link loads. The topology may support

multiple traffic types (e.g. interactive traffic and
conversational traffic). The link load monitors
the load on the links between network elements
to avoid the distribution of data objects causing
congestion.

• Transport types: Multicast or unicast.

- An object data-base 52 which may store information
related to:

• Locations and capabilities of data objects, i.e.
the cache(s), if any, in which different data ob-
jects are stored.

• Popularity of data objects including historic in-
formation such as previous requests for the data
object.

• Cached data objects, i.e. a list of recently cached
data objects.

- An object distribution status database 53 which may
include:

• Object distribution status: this should be a pa-
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rameter providing information as how widely an
object should be distributed (e.g. "should be
equalised", "should be pooled to many caches",
"should be pooled to few caches", "should not
be distributed", etc.)

• Priority: data object distribution priority.
• Wall-clock time: timing information for determin-

ing the point at which distribution should start.

[0067] The functionality in the manager 26 may be di-
vided into the following blocks:

- Topology monitor 54: a function that retrieves or col-
lects information about the topology of the distributed
caches 225, 235, 245, 227, 237.

- Object monitor 55: a function that retrieves or collects
information from local caches 225, 235, 245, 227,
237 within the CD about recently cached data ob-
jects. The information may be obtained, for example,
by regular polling of the caches, by subscribing to
information from the caches, or by monitoring and
analyzing the traffic between caches and servers.
Other possibilities will be apparent to one skilled in
the art.

- Object distributor 56: a function that identifies data
objects which should be redistributed and performs
the redistributions. These actions may be a contin-
uous process or they may take place at a certain
frequency, at certain times and/or at certain load con-
ditions.

- Object prioritizer 57: a function that uses popularity
statistics, for example, to estimate the probability of
multiple requests of an data object in order to prior-
itize between different data objects which have been
identified for redistribution.

- Resource manager 58: a function that ensures that
redistributions do not drive the network into overload.
This can be achieved, for example, by limiting the
number of data objects to be redistributed for a single
specific off-peak hour but then continue distribution
the next off-peak hours or, when applicable, by se-
lecting from which cache an data object should be
delivered.

- Communications system 59: a function that controls
communication with other network elements in the
CD.

[0068] It will be appreciated that the logical elements
shown in Figure 5 all interact with each other to enable
the cache manager 26 to perform the functions de-
scribed. In particular, the pooling arrangement mecha-
nism described above effectively includes the function-
ality of the topology monitor, object distributor, object pri-

oritiser, object monitor and resource manager.
[0069] In addition (and not shown in Figure 5), there
may be a request match maker, the function of which is
to redirect requests from caches where a miss occurred
to caches where the data object is cached and thus a hit
will occur. In this way bandwidth can be saved at sub-
stantial bandwidth savings even in the presence of cache
equalization delays.
[0070] Figure 6 is a schematic diagram illustrating the
functionality of an RNC 22 and associated cache storage
unit 224 acting as a cache 225. It will be appreciated that
a cache can be provided at, or associated with, any suit-
able network element as well as or instead of a RNC,
and that functions described as being operated by the
RNC 22 may be operated by a separate entity.
[0071] The RNC 22 includes a controller 61 and com-
munications system 62 for operating the usual functions
of an RNC (e.g. communications with RBSs, routers, for-
warding traffic etc.). Where the RNC is configured to act
as a cache 225 it is also associated with a cache storage
unit 224, and includes two further functions; a DPI 53 and
an object agent 54, described below.
[0072] The functionality in the cache 225 may be de-
scribed as:

- DPI 63: a function that inspects passing packets to
find those packets that include requests for informa-
tion such as HTTP-GET. It can be implemented as
an HTTP-proxy or a Deep Packet Inspection device.

- Cache storage unit 224: a storage space such as a
hard-disk. This may be separate from the RNC 22
(as shown in Figure 6) or an integral part of the RNC
22.

- Object agent 64: an interface towards the cache
manager 26 (via the communications system 62 if
the cache manager 26 is not part of the RNC 22).
The object agent 64 can also distribute information
over a TCP/UDP session with low priority such that
other traffic (e.g. interactive and conversational) is
not disturbed during the transfer. This can be done
in two ways: Using a "lower than best-effort" priority
class, or a TCP session that backs off faster that
usual TCP.

[0073] Figure 7 is a schematic diagram illustrating one
example of how the distribution of cached data can be
managed in the network shown in Figure 2. The RBSs
and some of the terminals of Figure 2 have been left out
of Figure 7 for reasons of space. The information flow is
as follows:

S71 The topology monitor 54 monitors the topology
of the network elements in the CD, for example using
the Simple Network Management Protocol (SNMP),
and stores the updated knowledge into the topology
database 51.

S72 The object monitor 55 continuously fetches from
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the local caches 225, 235, 245, (and caches 227 and
237 not shown in Figure 7), via the object agent 64
in those caches or by intercepting content requests,
information about data objects recently stored in the
caches 225, 235, 245, 227, 237 (for example as a
result of a request S72a from a terminal 251).

S73 This information is stored into the object data-
base 52.

S74 At a specific time or at specific load condition,
the object distributor 56 inspects the object database
52 for new data objects and compiles a list of new
data objects.

S75 The list of new data objects is passed to the
object-prioritizer 57. The "object prioritizer" assigns
priorities to the data objects and creates a prioritized
list of data objects.

S76 The prioritized list is then transferred to the re-
source manager 58.

S77 The resource manager 58 fetches information
from the topology database 51 about the topology
status and sets the number of data objects to be
transferred based on the topology information.

S78 A new list is then transferred back to the object
distributor 56.

S79 Based on the processed list, the object distrib-
utor 56 creates a set of object distribution requests
which are sent to the object agent 64 in one or more
of the caches 225, 235, 245. Several requests can
be sent which may be distributed over longer periods
of time. The requests can include information about
the source (a local cache at which the data object is
found), the sink(s) (the local caches at which the data
object should be stored) and about distribution meth-
od (unicast, multicast).

S80 The object agent 64 initiates transfers after re-
ceiving such requests. Such transfers may be imple-
mented in many ways. As a first, straightforward ex-
ample, the object distributor 56 at the manager may
instruct object agents at destination caches to issue
ordinary request message (i.e. HTTP-GET messag-
es) and to ensure that these requests be sent to the
object agents of the source local caches. As a sec-
ond, more advanced, example the object distributor
46 at the manager may instruct object agents at
source caches to set up broadcasts and instruct ob-
ject agents at specified sets of destination caches to
listen to these broadcasts.

[0074] The sequence above is an example of updates
in a distributed caching architecture. As a complementary

example, some of the functionally provided by the object
monitor 55, object distributor 56, object prioritizer 57 and
resource manager 59 may be implemented as one or
more object transfer queues (OTQs).
[0075] OTQs contain data objects (or references to da-
ta objects) which are to be updated at one or more cach-
es. The requests are served according to a priority based
discipline where the most urgent updates are served first.
[0076] A data object in an OTQ may be an update in-
cluding a pointer to a source (e.g. cache 225) and one
or more pointers to receivers (e.g. caches 235, 245). One
can envisage a single, global OTQ; one OTQ for fetching
data objects from sources and another OTQ for dispatch-
ing data objects to receivers; or, optionally, a "fetch-OTQ"
and a "dispatch-OTQ" for each local cache. It will be noted
that separate queues are a logical notation rather than a
physical implementation.
[0077] The object monitor 55 and object prioritizer 57
may be responsible for adding elements to the OTQs as
new or updated data objects are observed. Queued en-
tries may be replaced or preceded by other entries as
more recent updates or more popular data objects are
observed.
[0078] The resource manager 58 may supervise the
traffic from each cache and activate the first entry in the
fetch-OTQ of the corresponding cache when the traffic
is below a certain threshold. Similarly, it may supervise
the traffic to each cache and activate the first entry in the
dispatch-OTQ of the corresponding cache when the traf-
fic is below a certain threshold. Data objects which have
been fetched but not yet dispatched would in the mean-
time be stored temporarily by the manager itself or by
any intermediate cache with free space. This "global
stand-by scheduling" should use all available bandwidth
in order to minimise the transfer times and thus maximise
the hit rates at the local caches.
[0079] As noted above, the term "stand-by" is related
to the fact that requests are served as free capacity
(which may be identified, for example, in terms of link
load) is detected. The meaning may, however, be ex-
panded and not only refer to requests but to single pack-
ets. This can be accomplished either by traffic differen-
tiation in MPLS, in the link scheduling at the two end
points or by means of a "soft" end-to-end protocol which
yields to congestion much faster and stronger than other
traffics (i.e., a protocol which is more responsive than
TCP).
[0080] It will be appreciated that there is a sense in
which all local caches 225, 235, 245 have agents, that
is to say "slave agents" which listen to and obey a "mas-
ter", i.e. the cache manager 26. A distributed implemen-
tation of the cache manager may extend these local slave
agents or implement new local managers as "master
agents".
[0081] Furthermore, it will be appreciated that slightly
different modes of communication between RNCs 22,
23, 24 and RBSs 221, 231 and cache manager 26 are
possible. For example, consider two cases, a primary
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cache hit and a primary cache miss (as in steps S4 and
S5 of Figure 3), in a local cache at RNC 22.
[0082] If there is a hit (i.e. content is requested which
is present in the cache storage unit 224), the RNC 22
may or may not inform the cache manager 26 of the re-
quest due to size or security reasons. Some data objects
may contain viruses or that the portal is not trusted. This
can be described by local policy-rules in the cache. In-
forming the manager may help the manager to improve
its plans for placing content at other caches (more pop-
ular content should perhaps be shared to other caches
sooner) and, in particular, to improve its suggestions for
identifying data objects which can be deleted when cach-
es are full (less popular content should go first when a
cache is full and the "global" view of the cache manager
may help in identifying these data objects in a statistically
accurate way).
[0083] If there as a miss (i.e. the requested content is
not present in the cache storage unit 224) the requesting
local cache could fetch the content from somewhere else
(typically a higher layer cache or the content server 25)
and then inform the cache manager 26 about its new
acquisition. Alternatively, prior to the request it could ask
the cache manager 26 where the content should be
fetched from, and the cache manager 26 can direct the
RNC 22 to another local cache. In a further alternative,
all requests could be handled through the cache manager
26 so that the requesting, local cache is unaware of the
source of the content.
[0084] The arrangements described above enable a
distributed caching architecture to perform a similar func-
tion to a large cache, even where resources are limited.
High caching hit-rates can be provided independently of
where in the topology the cache is located.
[0085] The updates of the caches can be performed
without disturbing other traffic, e.g. during non-busy
hours, to ensure that the distribution does not require
more capacity in the transport network.
[0086] It should be apparent that the approach de-
scribed above enables a distributed caching architecture
to perform in a similar manner to a large central cache.
High caching hit-rates can be provided independently of
where in the topology the cache is located. The updates
of the caches are performed without disturbing other traf-
fic, e.g. during non-busy hours, to ensure that the distri-
bution does not require more capacity in the transport
network. The mechanism is optimal for low frequency
content requests because content can be fetched from
the pool of caches at all connected RNC.
[0087] Furthermore, by subdividing the popularity of
objects the distribution can be optimised. When the fre-
quency of a particular content is popular enough to be
distributed to all caches in the RNC, a mechanism initi-
ates the equalization mechanism that distributes the
identified popular object to all caches in the RNC.

Claims

1. A cache manager (26) for controlling the distribution
of content stored in caches (225, 235, 245, 227, 237)
in a cache domain in a packet data network, the
cache manager comprising:

an object monitor (55) for receiving notifications
from caches in the cache domain about data ob-
jects requested at those caches;
an object database (52) for collating and storing
object information about the requested data ob-
jects, the object information including informa-
tion about the caches at which the data objects
have been requested and frequency with which
the requests have been made; and
an object distributor (56) for identifying objects
for distribution on the basis of the object infor-
mation and instructing the caches in the cache
domain to distribute data objects stored in those
caches between themselves;
wherein the object information includes a pop-
ularity parameter for each object, characterized
in that the object distributor is configured to clas-
sify the objects into one of at least three classes,
the classes including:

a high popularity class comprising objects
which should be distributed to all caches in
the cache domain;
a medium popularity class comprising ob-
jects which should be distributed to one or
more subsets of the caches in the cache
domain; and
a low popularity class comprising objects
which should not be distributed.

2. The cache manager of claim 1, further comprising:

a topology monitor (55) for retrieving topology
information about the topology of the cache do-
main; and
a topology database (51) for storing said topol-
ogy information;

wherein the topology information includes data re-
lating to one or more of the following:

a topology structure of the cache domain;
bandwidth limitations of links between elements
in the topology structure;
storage capabilities of the caches;
location of caches in the topology structure;
current loads sustained by the links between el-
ements in the topology structure; and
transport types for data within the cache domain;
and wherein the object distributor is configured
to make use of the topology information in the
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determination of how the objects should be dis-
tributed between the caches.

3. The cache manager of claim 2, wherein the topology
information includes a daily load profile for each
cache in the cache domain, the daily load profile in-
dicating periods of high load and low load for that
cache, and wherein the object distributor is config-
ured to allocate objects in the medium popularity
class to caches in such a way that, at all times of the
day, each object is stored on at least one cache in
a low load period.

4. The cache manager of claim 2 or 3, wherein the ob-
ject distributor is configured to instruct the caches to
distribute objects within the medium popularity class
in such a way that more popular objects are distrib-
uted to a relatively high number of caches and less
popular objects are distributed to a relatively low
number of caches, and wherein optionally the more
popular objects in the medium popularity class are
distributed to many caches relatively close to users
and less popular objects are distributed to a few
caches relatively central in the network.

5. The cache manager of any preceding claim, wherein
the network is a mobile network.

6. The cache manager of any preceding claim, wherein
the cache manager is a discrete entity and includes
a communications system (59) for communicating
with elements in the network, and is optionally asso-
ciated with one of the caches (225, 235, 245, 227,
237) in the cache domain.

7. The cache manager of any of claims 1 to 5, wherein
the functionality of the cache manager is distributed
among network elements in the cache domain.

8. A method for optimising the distribution of data ob-
jects between caches (225, 235, 245, 227, 237) in a
cache domain of a resource limited network, the
method comprising:

receiving user requests for data objects at cach-
es in the cache domain (S72a);
sending a notification from the cache at which a
request is received to a cache manager (26) re-
porting the user request and identifying the re-
quested data object (S72);
at the cache manager, collating and storing ob-
ject information including the request frequency
of each requested data object and the locations
of the caches at which the requests were re-
ceived (S73, S74);
at the cache manager, identifying objects for dis-
tribution within the cache domain on the basis
of the object information (S75, S76, S77);

sending instructions from the cache manager to
the caches to distribute data objects stored in
those caches between themselves (S78, S79);
and
distributing the data objects between the caches
(S80);
wherein the object information includes a pop-
ularity parameter for the object, characterized
in that the object distributor is configured to clas-
sify the object into one of at least three classes,
the classes including:

a high popularity class comprising objects
which should be distributed to all caches in
the cache domain;
a medium popularity class comprising ob-
jects which should be distributed to one or
more subsets of the caches in the cache
domain; and
a low popularity class comprising objects
which should not be distributed.

9. The method of claim 8, wherein the objects are dis-
tributed using transmission capacity of the network
that would otherwise be unused.

10. The method of claim 8 or 9, wherein the cache man-
ager (26) further takes into account the topology of
the network and/or the priority of the requested data
objects and/or the frequency of requests for partic-
ular data objects when identifying the data objects
for distribution.

11. The method of any of claims 8 to 10, wherein the
caches are associated with or part of RNCs, RBSs
or other RAN nodes, and/or the data objects are dis-
tributed between the caches (S70) during off-peak
periods.

12. The method of any of claims 8 to 11, further com-
prising:

at each cache, forming a distribution queue of
objects to be distributed to other caches; and
placing the most-recently-used or most-fre-
quently-used objects at the head of the distribu-
tion queue.

13. The method of any of claims 8 to 12, further com-
prising sending messages including object popular-
ity statistics from the caches to the cache controller.

14. A computer program product comprising code
adapted to be executed on a cache manager in a
resource limited network, the code operable to cause
the cache manager to:

retrieve notifications from caches in a cache do-
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main controlled by the cache manager, the no-
tifications including details of data objects re-
cently requested at those caches;
collate and store object information about the
requested data objects, the object information
including the location and popularity of request-
ed data objects;
identify objects for distribution on the basis of
the object information; and
instruct the caches in the network to distribute
data objects stored in those caches between
themselves;
wherein the object information includes a pop-
ularity parameter for each object,
characterized in that the objects are classified
into one of at least three classes, the classes
including:

a high popularity class comprising objects
which should be distributed to all caches in
the cache domain;
a medium popularity class comprising ob-
jects which should be distributed to one or
more subsets of the caches in the cache
domain; and
a low popularity class comprising objects
which should not be distributed.

15. The computer program product of claim 14, carried
on a carrier medium.

Patentansprüche

1. Cachemanager (26) zum Steuern der Verteilung von
Inhalten, die in Cachespeichern (225, 235, 245, 227,
237) in einer Cachedomäne in einem Paketdaten-
netzwerk gespeichert sind, wobei der Cachemana-
ger umfasst:

einen Objektmonitor (55) zum Empfangen von
Benachrichtigungen aus Cachespeichern in der
Cachedomäne über Datenobjekte, die an die-
sen Cachespeichern angefordert werden;
eine Objektdatenbank (52) zum Sortieren und
Speichern von Objektinformationen über die an-
geforderten Datenobjekte, wobei die Objektin-
formationen Informationen über die Cachespei-
cher aufweisen, an denen die Datenobjekte an-
gefordert wurden, sowie die Frequenz, in der die
Anforderungen gestellt wurde; und
einen Objektverteiler (56) zum Identifizieren von
Objekten zur Verteilung basierend auf den Ob-
jektinformationen und Anweisen der Cache-
speicher in der Cachedomäne zum Verteilen
von Datenobjekten, die in diesen Cachespei-
chern untereinander gespeichert sind;
wobei die Objektinformationen einen Populari-

tätsparameter für jedes Objekt aufweisen, da-
durch gekennzeichnet, dass
der Objektverteiler konfiguriert ist, um die Ob-
jekte in eine von mindestens drei Klassen zu
klassifizieren, wobei die Klassen einschließen:

eine Klasse mit hoher Popularität, die Ob-
jekte umfasst, die an alle Cachespeicher in
der Cachedomäne zu verteilen sind;
eine Klasse mit mittlerer Popularität, die Ob-
jekte umfasst, die an einen oder mehrere
Untersätze von Cachespeichern in der Ca-
chedomäne zu verteilen sind; und
eine Klasse mit geringer Popularität, die
Objekte umfasst, die nicht zu verteilen sind.

2. Cachemanager nach Anspruch 1, weiter umfas-
send:

einen Topologie-Monitor (55) zum Abrufen von
Topologieinformationen über die Topologie der
Cachedomäne; und
eine Topologiedatenbank (51) zum Speichern
der Topologieinformationen;
wobei die Topologieinformationen Daten auf-
weisen, die sich auf eines oder mehrere von Fol-
gendem beziehen:

eine Topologiestruktur der Cachedomäne;
Bandbreitenbegrenzungen von Verknüp-
fungen zwischen Elementen in der Topolo-
giestruktur;
Speichermöglichkeiten der Cachespeicher;
Speicherorte der Cachespeicher in der To-
pologiestruktur;
derzeitige Lasten, die durch die Verknüp-
fungen zwischen Elementen in der Topolo-
giestruktur beibehalten werden; und
Transporttypen für Daten innerhalb der Ca-
chedomäne;

und wobei der Objektverteiler konfiguriert ist, um
die Topologieinformationen bei der Bestim-
mung zu nutzen, wie die Objekte zwischen den
Cachespeichern zu verteilen sind.

3. Cachemanager nach Anspruch 2, wobei die Topo-
logieinformationen ein tägliches Lastprofil für jeden
Cachespeicher in der Cachedomäne aufweisen, wo-
bei das tägliche Lastprofil Zeiträume von hoher Last
und niedriger Last für diesen Cachespeicher angibt
und wobei der Objektverteiler konfiguriert ist, um Ob-
jekte in der mittleren Popularitätsklasse derart den
Cachespeichern zuzuordnen, dass zu jedem Zeit-
punkt des Tages jedes Objekt in mindestens einem
Cachespeicher in einem Zeitraum mit niedriger Last
gespeichert ist.
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4. Cachemanager nach Anspruch 2 oder 3, wobei der
Objektverteiler zum Anweisen der Cachespeicher
konfiguriert ist, um die Objekte innerhalb der mittle-
ren Popularitätsklasse auf solche Weise zu vertei-
len, dass beliebtere Objekte auf eine relativ hohe
Anzahl von Cachespeicher verteilt werden und we-
niger beliebte Objekte auf eine relativ niedrige An-
zahl von Cachespeicher verteilt werden, und wobei
wahlweise die beliebteren Objekte in der mittleren
Popularitätsklasse auf viele Cachespeicher relativ
nahe der Benutzer verteilt werden und weniger be-
liebte Objekte auf einige wenige Cachespeicher re-
lativ zentral in dem Netzwerk verteilt werden.

5. Cachemanager nach einem der vorhergehenden
Ansprüche, wobei das Netzwerk ein mobiles Netz-
werk ist.

6. Cachemanager nach einem der vorhergehenden
Ansprüche, wobei der Cachemanager eine diskrete
Einheit ist und ein Kommunikationssystem (59) zum
Kommunizieren mit Elementen in dem Netzwerk auf-
weist und wahlweise einem der Cachespeicher (225,
235, 245, 227, 237) in der Cachedomäne zugeordnet
ist.

7. Cachemanager nach einem der Ansprüche 1 bis 5,
wobei die Funktionalität des Cachemanagers auf die
Netzwerkelemente in der Cachedomäne verteilt ist.

8. Verfahren zum Optimieren der Verteilung von Da-
tenobjekten zwischen Cachespeichern (225, 235,
245, 227, 237) in einer Cachedomäne eines ressour-
cenbegrenzten Netzwerks, wobei das Verfahren
umfasst:

Empfangen von Benutzeranforderungen für Da-
tenobjekte in Cachespeichern in der Cachedo-
mäne (S72a);
Senden einer Benachrichtigung von dem Ca-
chespeicher, an dem eine Anforderung empfan-
gen wird, an einen Cachemanager (26), der die
Benutzeranforderung meldet und das angefor-
derte Datenobjekt (S72) identifiziert;
an dem Cachemanager, Sortieren und Spei-
chern von Objektinformationen einschließlich
der Anforderungsfrequenz jedes angeforderten
Datenobjekts und der Speicherorte der Cache-
speicher, an denen die Anforderungen empfan-
gen wurden (S73, S74);
an dem Cachemanager, Identifizieren von Ob-
jekten zur Verteilung innerhalb der Cachedomä-
ne auf der Basis der Objektinformationen (S75,
S76, S77);
Senden von Anweisungen von dem Cachema-
nager zu den Cachespeichern, um Datenobjek-
te zu verteilen, die in diesen Cachespeichern
untereinander gespeichert sind (S78, S79); und

Verteilen der Datenobjekte zwischen den Ca-
chespeichern (S80);
wobei die Objektinformationen einen Populari-
tätsparameter für das Objekt aufweisen, da-
durch gekennzeichnet, dass
der Objektverteiler konfiguriert ist, um das Ob-
jekt in eine von mindestens drei Klassen zu klas-
sifizieren, wobei die Klassen einschließen:

eine Klasse mit hoher Popularität, die Ob-
jekte umfasst, die an alle Cachespeicher in
der Cachedomäne zu verteilen sind;
eine Klasse mit mittlerer Popularität, die Ob-
jekte umfasst, die an einen oder mehrere
Untersätze von Cachespeichern in der Ca-
chedomäne zu verteilen sind; und
eine Klasse mit geringer Popularität, die
Objekte umfasst, die nicht zu verteilen sind.

9. Verfahren nach Anspruch 8, wobei die Objekte mit-
hilfe der Übertragungskapazität des Netzwerks ver-
teilt werden, das anderenfalls nicht verwendet wür-
de.

10. Verfahren nach Anspruch 8 oder 9, wobei der Ca-
chemanager (26) weiter die Topologie des Netz-
werks und/oder die Priorität der angeforderten Da-
tenobjekte und/oder die Frequenz der Anforderun-
gen für bestimmte Datenobjekte beim Identifizieren
der Datenobjekte zur Verteilung berücksichtigt.

11. Verfahren nach einem der Ansprüche 8 bis 10, wobei
die Cachespeicher RNC-, RBS- oder anderen RAN-
Knoten zugeordnet sind oder Teil davon sind
und/oder die Datenobjekte während Schwachlast-
zeiträumen zwischen den Cachespeichern (S70)
verteilt sind.

12. Verfahren nach einem der Ansprüche 8 bis 11, weiter
umfassend:

an jedem Cachespeicher, Bilden einer Vertei-
lungswarteschlange von Objekten, die an ande-
re Cachespeicher zu verteilen sind; und
Platzieren der zuletzt verwendeten oder am
häufigsten verwendeten Objekte am Kopf der
Verteilungswarteschlange.

13. Verfahren nach einem der Ansprüche 8 bis 12, weiter
umfassend das Senden von Nachrichten
einschließlich Objektpopularitätsstatistiken von den
Cachespeichern zu der Cachesteuerung.

14. Computerprogrammprodukt, umfassend Code, der
zum Ausführen auf einem Cachemanager in einem
ressourcenbegrenzten Netzwerk ausgelegt ist, wo-
bei der Code betrieben werden kann, um den Ca-
chemanager zu Folgendem zu veranlassen:
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Abrufen von Benachrichtigungen aus Cache-
speichern in einer Cachedomäne, die vom Ca-
chemanager gesteuert wird, wobei die Benach-
richtigungen Details der Datenobjekte aufwei-
sen, die kürzlich in diesen Cachespeichern an-
gefordert wurden;
Sortieren und Speichern von Objektinformatio-
nen über die angeforderten Datenobjekte, wo-
bei die Objektinformationen den Speicherort
und die Popularität der angeforderten Datenob-
jekte einschließen;
Identifizieren von Objekten zur Verteilung basie-
rend auf den Objektinformationen; und
Anweisen der Cachespeicher in dem Netzwerk
zum Verteilen von Datenobjekten, die in diesen
Cachespeichern untereinander gespeichert
sind;
wobei die Objektinformationen einen Populari-
tätsparameter für jedes Objekt aufweisen, da-
durch gekennzeichnet, dass die Objekte in ei-
ne von mindestens drei Klassen klassifiziert
sind, wobei die Klassen einschließen:

eine Klasse mit hoher Popularität, die Ob-
jekte umfasst, die an alle Cachespeicher in
der Cachedomäne zu verteilen sind;
eine Klasse mit mittlerer Popularität, die Ob-
jekte umfasst, die an einen oder mehrere
Untersätze von Cachespeichern in der Ca-
chedomäne zu verteilen sind; und
eine Klasse mit geringer Popularität, die
Objekte umfasst, die nicht zu verteilen sind.

15. Computerprogrammprodukt nach Anspruch 14, das
auf einem Trägermedium getragen wird.

Revendications

1. Gestionnaire d’antémémoires (26) pour commander
la distribution d’un contenu stocké dans des anté-
mémoires (225, 235, 245, 227, 237) dans un domai-
ne d’antémémoires d’un réseau de données par pa-
quets, le gestionnaire d’antémémoires comprenant :

un moniteur d’objets (55) pour recevoir des no-
tifications d’antémémoires du domaine d’anté-
mémoires sur des objets de données demandés
dans ces antémémoires ;
une base de données d’objets (52) pour colla-
tionner et stocker des informations d’objets sur
les objets de données demandés, les informa-
tions d’objets incluant des informations sur les
antémémoires dans lesquelles les objets de
données ont été demandés et la fréquence à
laquelle les demandes ont été faites ; et
un distributeur d’objets (56) pour identifier des
objets pour la distribution sur la base des infor-

mations d’objets et instruire les antémémoires
du domaine d’antémémoires afin de distribuer
des objets de données stockés dans ces anté-
mémoires entre elles-mêmes ;
dans lequel les informations d’objets compren-
nent un paramètre de popularité pour chaque
objet, caractérisé en ce que :
le distributeur d’objets est configuré pour classer
les objets en une d’au moins trois classes, les
classes incluant :

une classe de popularité élevée compre-
nant des objets qui doivent être distribués
dans toutes les antémémoires du domaine
d’antémémoires ;
une classe de popularité moyenne compre-
nant des objets qui doivent être distribués
à un ou plusieurs sous-ensembles des an-
témémoires du domaine d’antémémoires ;
et
une classe de faible popularité comprenant
des objets qui ne doivent pas être distri-
bués.

2. Gestionnaire d’antémémoires selon la revendication
1, comprenant en outre :

un moniteur de topologie (55) pour récupérer
des informations de topologie sur la topologie
de domaine d’antémémoires ; et
une base de données de topologie (51) pour
stocker lesdites informations de topologie ;
dans lequel les informations de topologie com-
prennent des données se rapportant à une ou
plusieurs des suivantes :

une structure de topologie du domaine
d’antémémoires ;
des limitations de bande passante de
liaisons entre des éléments de la structure
de topologie ;
des capacités de stockage des
antémémoires ;
l’emplacement d’antémémoires dans la
structure de topologie ;
des charges courantes soutenues par les
liaisons entre des éléments de la structure
de topologie ; et
des types de transport pour des données
dans le domaine d’antémémoires ;

et dans lequel le distributeur d’objets est confi-
guré pour faire usage des informations de topo-
logie dans la détermination de la manière dont
les objets doivent être distribués entre les anté-
mémoires.

3. Gestionnaire d’antémémoires selon la revendication

27 28 



EP 2 761 503 B1

16

5

10

15

20

25

30

35

40

45

50

55

2, dans lequel les informations de topologie incluent
un profil de charge quotidienne pour chaque anté-
mémoire du domaine d’antémémoires, le profil de
charge quotidienne indiquant des périodes de char-
ge élevée et de faible charge pour cette antémémoi-
re et dans lequel le distributeur d’objets est configuré
pour affecter des objets dans la classe de popularité
moyenne à des antémémoires de manière que, à
tout moment de la journée, chaque objet soit stocké
sur au moins une antémémoire dans une période de
faible charge.

4. Gestionnaire d’antémémoires selon la revendication
2 ou 3, dans lequel le distributeur d’objets est confi-
guré pour instruire les antémémoires de distribuer
des objets dans la classe de popularité moyenne de
manière que des objets plus populaires soient dis-
tribués à un nombre relativement élevé d’antémé-
moires et que des objets moins populaires soient
distribués à un nombre relativement faible d’anté-
mémoires, et dans lequel, éventuellement, les objets
plus populaires de la classe de popularité moyenne
soient distribués à de nombreuses antémémoires re-
lativement proches des utilisateurs et des objets
moins populaires soient distribués à un petit nombre
d’antémémoires relativement centrales dans le ré-
seau.

5. Gestionnaire d’antémémoires selon l’une quelcon-
que des revendications précédentes, dans lequel le
réseau est un réseau mobile.

6. Gestionnaire d’antémémoires selon l’une quelcon-
que des revendications précédentes, dans lequel le
gestionnaire d’antémémoires est une entité discrète
et comprend un système de communications (59)
pour communiquer avec des éléments du réseau et
est éventuellement associé à une des antémémoires
(225, 235, 245, 227, 237) du domaine d’antémémoi-
res.

7. Gestionnaire d’antémémoires selon l’une quelcon-
que des revendications 1 à 5, dans lequel la fonc-
tionnalité du gestionnaire d’antémémoires est distri-
buée parmi des éléments de réseau du domaine
d’antémémoires.

8. Procédé d’optimisation de la distribution d’objets de
données entre des antémémoires (225, 235, 245,
227, 237) d’un domaine d’antémémoires d’un ré-
seau limité en ressources, le procédé comprenant :

la réception de demandes d’utilisateurs pour
des objets de données dans des antémémoires
du domaine d’antémémoires (S72a) ;
l’envoi d’une notification de l’antémémoire où
une demande est reçue à un gestionnaire d’an-
témémoires (26) rapportant la demande de l’uti-

lisateur et identifiant l’objet de données deman-
dé (S72) ;
dans le gestionnaire d’antémémoires, le colla-
tionnement et le stockage d’informations d’ob-
jets incluant la fréquence de demandes de cha-
que objet de données demandé et les emplace-
ments des antémémoires où les demandes ont
été reçues (S73, S74);
dans le gestionnaire d’antémémoires, l’identifi-
cation d’objets pour une distribution dans le do-
maine d’antémémoires sur la base des informa-
tions d’objets (S75, S76, S77) ;
l’envoi d’instructions du gestionnaire d’antémé-
moires aux antémémoires pour distribuer des
objets de données stockés dans ces antémé-
moires entre elles-mêmes (S78, S79) ; et
la distribution des objets de données entre les
antémémoires (S80) ;
dans lequel les informations d’objets compren-
nent un paramètre de popularité pour l’objet, ca-
ractérisé en ce que le distributeur d’objets est
configuré pour classer l’objet en une d’au moins
trois classes, les classes incluant :

une classe de popularité élevée compre-
nant des objets qui doivent être distribués
à toutes les antémémoires du domaine
d’antémémoires ;
une classe de popularité moyenne compre-
nant des objets qui doivent être distribués
à un ou plusieurs sous-ensembles des an-
témémoires du domaine d’antémémoires ;
et
une classe de faible popularité comprenant
des objets qui ne doivent pas être distri-
bués.

9. Procédé selon la revendication 8, dans lequel les
objets sont distribués en utilisant une capacité de
transmission du réseau qui serait autrement inutili-
sée.

10. Procédé selon la revendication 8 ou 9, dans lequel
le gestionnaire d’antémémoires (26) prend en outre
en compte la topologie du réseau et/ou la priorité
des objets de données demandés et/ou la fréquence
des demandes pour des objets de données particu-
liers lors de l’identification des objets de données
pour la distribution.

11. Procédé selon l’une quelconque des revendications
8 à 10, dans lequel les antémémoires sont associées
ou font partie de noeuds RNC, RBS et autres RAN
et/ou les objets de données sont distribués entre les
antémémoires (S70) au cours de périodes de faible
trafic.

12. Procédé selon l’une quelconque des revendications
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8 à 11, comprenant en outre :

dans chaque antémémoire, la formation d’une
file de distribution d’objets à distribuer à d’autres
antémémoires ; et
le placement des objets les plus récemment uti-
lisés ou les plus fréquemment utilisés à la tête
de la file de distribution.

13. Procédé selon l’une quelconque des revendications
8 à 12, comprenant en outre l’envoi de messages
incluant des statistiques de popularité d’objets des
antémémoires au dispositif de commande d’antémé-
moires.

14. Produit de programme d’ordinateur comprenant un
code qui est à même d’être exécuté sur un gestion-
naire d’antémémoires dans un réseau limité en res-
sources, le code étant à même d’amener le gestion-
naire d’antémémoires à :

récupérer des notifications d’antémémoires
d’un domaine d’antémémoires commandés par
le gestionnaire d’antémémoires, les notifica-
tions incluant des détails d’objets de données
récemment demandés dans ces
antémémoires ;
collationner et stocker des informations d’objets
sur les objets de données demandés, les infor-
mations d’objets incluant l’emplacement et la
popularité des objets de données demandés ;
identifier des objets pour une distribution sur la
base des informations d’objets ; et
instruire les antémémoires du réseau de distri-
buer des objets de données stockés dans ces
antémémoires entre elles-mêmes ;
dans lequel les informations d’objets incluent un
paramètre de popularité pour chaque objet, ca-
ractérisé en ce que les objets sont classés en
une d’au moins trois classes, les classes
incluant :

une classe de popularité élevée compre-
nant des objets qui doivent être distribués
à toutes les antémémoires du domaine
d’antémémoires ;
une classe de popularité moyenne compre-
nant des objets qui doivent être distribués
à un ou plusieurs sous-ensembles d’anté-
mémoires du domaine d’antémémoires ; et
une classe de faible popularité comprenant
des objets qui ne doivent pas être distri-
bués.

15. Produit de programme d’ordinateur selon la reven-
dication 14 porté sur un support véhiculaire.
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