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(57) Abstract: Technologies are generally described for
server resource allocation for distributed games. In one ex-
ample, a method includes allocating a first set of resources
for a first player instance on a first server, a second set of re-
sources for a second player instance on the first server, and
a third set of resources for a third player instance on a
second server. The method also includes comparing a first
relationship strength defined between the first player in-
stance and the second player instance with a second rela-
tionship strength detined between the first player instance
and the third player instance. Further, the method includes
distributing at least one of the first set of resources, the
second set of resources, or the third set of resources
between the first server and the second server based on a
result of the comparing.
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RESOURCE MANAGEMENT FOR DISTRIBUTED GAMES

TECHNICAL FIELD
[0001] The subject disclosure relates generally to distributed games and, also

generally, to resource management for distributed games.

BACKGROUND

[0002] With the advancements in computing technology and the prevalence of
computing devices, the usage of computers for daily activities, including gaming activities,
has become commonplace. For example, users of computing devices can play interactive,
distributed computing games with other users, wherein the users can be located in vastly
different locations. As such, the computing devices used by each of the users can be
served by different servers and/or data centers. Further, the different servers and/or data
centers might not be in direct communication, instead, there might be a number of other
servers and/or data centers linking the servers and/or data centers that are supporting the
distributed computing game.

[0003] The popularization of computing devices has led to the development of
resource management systems. For example, some resource management systems
measure local workloads and/or focus on modeling a workload on server instances. Such
resource management systems allocate the computing and network resources for game
program requirements based on load balancing. In another example, resource
management systems may force a same server instance to handle players that have an
interaction relationship, which can cause player data to be transferred to the same server
instance when such interaction relationship is present. However, as discussed above,
computing games are distributed and, therefore, a single server instance does not take into
consideration the distributed nature of computing games, and, therefore, does not
adequately manage the game resources, which can negatively impact the gaming
experience.

[0004] The above-described deficiencies of conventional approaches to game resource
management are merely intended to provide an overview of some of the problems of
conventional approaches and techniques, and are not intended to be exhaustive. Other
problems with conventional systems and techniques, and corresponding benefits of the
various non-limiting embodiments described herein may become further apparent upon

review of the following description.
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SUMMARY

[0005] In one embodiment, a method includes allocating, by a system comprising a
processor, a first set of resources for a first player instance on a first server, a second set
of resources for a second player instance on the first server, and a third set of resources for
a third player instance on a second server. The method also includes comparing a first
relationship strength defined between the first player instance and the second player
instance with a second relationship strength defined between the first player instance and
the third player instance. In addition, the method includes distributing at least one of the
first set of resources, the second set of resources, or the third set of resources between the
first server and the second server based on a result of the comparing.

[0006] According to another embodiment, a system includes a memory storing
computer-executable components and a processor, communicatively coupled to the
memory. The processor executes or facilitates execution of one or more of the computer-
executable components. The computer-executable components include an allocation
manager configured to distribute player resources among a plurality of computing devices.
The player resources are respectively associated with participants of an interactive
computing game. The computer-executable components also include an observation
monitor configured to detect a change to a first set of interaction data established between
at least two participants of the participants or formation of a second set of interaction data
between the at least two participants. Further, the computer-executable components
include a relationship supervisor configured to evaluate relationship strengths between
subsets of the participants. The relationship strengths are used by the allocation manager
to selectively redistribute the player resources based.

[0007] According to another embodiment, provided is a computer-readable storage
device comprising computer-executable instructions that, in response to execution, cause
a system comprising a processor to perform operations. The operations include defining a
first mutual value between a first player and a second player. A first instance of the first
player and a second instance of the second player are allocated on a first computing
device. The operations also include defining a second mutual value between the first
player and a third player. A third instance of the third player is allocated on a second
computing device. The operations also include comparing the first mutual value and the
second mutual value to determine a ranking between the first mutual value and the second
mutual value. Further, the operations include at least one of determining that the first
instance or the second instance is to be moved from the first computing device to the
second computing device, determining that the third instance is to be moved to the first

computing device, or determining that the first instance and the second instance are to
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remain on the first computing device and the third instance is to remain on the second
computing device.

[0008] In accordance with another embodiment, provided is a system that includes a
memory to store instructions and a processor, coupled to the memory, that executes or
facilitates execution of the instructions to perform operations. The operations include
distributing player resources among a subset of computing devices and evaluating a first
relationship strength between a first player and a second player, and a second relationship
strength between the first player and a third player. The operations also include
reallocating at least a subset of the player resources among the subset of computing
devices.

[0009] The foregoing summary is illustrative only and is not intended to be in any
way limiting. In addition to the illustrative aspects, embodiments, and features described
above, further aspects, embodiments, and features will become apparent by reference to

the drawings and the following detailed description.

BRIEF DESCRIPTION OF THE FIGURES

[0010] Various non-limiting embodiments are further described with reference to the
accompanying drawings in which:

[0011] FIG. 1 illustrates an example, non-limiting embodiment of a method for
resource management for distributed games;

[0012] FIG. 2 illustrates an example, non-limiting embodiment of a system for
resource management for distributed games;

[0013] FIG. 3 illustrates an example, non-limiting embodiment of a system
configured to selectively redistribute player resources;

[0014] FIG. 4 illustrates an example, non-limiting embodiment of a system for
monitoring resources and dynamically managing the resources;

[0015] FIG. 5 is a flow diagram illustrating an example, non-limiting embodiment of
a method for defining relationship strengths during resource management;

[0016] FIG. 6 is a flow diagram illustrating an example, non-limiting embodiment of
a method for resource management;

[0017] FIG. 7 is a flow diagram illustrating an example, non-limiting embodiment of
a method for defining relationship strengths for resource management;

[0018] FIG. 8 is a flow diagram illustrating an example, non-limiting embodiment of
another method for defining relationship strengths for resource management;

[0019] FIG. 9 illustrates a flow diagram of an example, non-limiting embodiment of a
set of operations for server resource allocation for distributed games in accordance with at

least some aspects of the subject disclosure; and
3
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[0020] FIG. 10 is a block diagram illustrating an example computing device that is
arranged for resource management for distributed games in accordance with at least some

embodiments of the subject disclosure.

DETAILED DESCRIPTION
OVERVIEW

[0021] In the following detailed description, reference is made to the accompanying
drawings, which form a part hereof. The illustrative embodiments described in the
detailed description, drawings, and claims are not meant to be limiting. Other
embodiments may be utilized, and other changes may be made, without departing from
the spirit or scope of the subject matter presented herein. It will be readily understood
that the aspects of the disclosure, as generally described herein, and illustrated in the
Figures, can be arranged, substituted, combined, separated, and designed in a wide variety
of different configurations, all of which are explicitly contemplated herein.

[0022] Implementation of resource management may be difficult since a game system
that is distributed among diverse players does not have completely independent data
partition. For example, some resource allocation systems use a massively multiplayer
online game (MMOG) workload model that represents the dynamics of both the player
population and the player interactions. For example, player interactions may be used to
measure local workloads. However, in a distributed cloud game, interactions may exist
between pairs of players. Thus, if player interactions are used to measure local workloads,
such measurements may not take into account the cost to the local processor or CPU
and/or the cost to communications between servers. To overcome this issue, in some
embodiments, the disclosed aspects evaluate interactions between servers and/or data
centers.

[0023] Further, the MMOG workload model focuses on modeling workload of server
instances. This model allocates computing and networking resources for game program
requirements, which has traditionally been based on load balancing. However, in some
embodiments, the disclosed aspects may be configured to reduce inter-server costs by not
following the load balancing scenario. For example, if the load has not become the
bottleneck, players (e.g., player instances) should be in the same server to avoid inter-
server communication.

[0024] In another example, some resource allocation systems provide a dynamic load
management solution for MMOGs. Such systems treat any interaction as a strong
interaction, which forces players that have an interaction relationship to be handled by the

same server instance. However, in real games, interactions may not only exist in a nearby
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area but might also exist across multiple, disparate devices. Thus, in some embodiments,
the disclosed aspects may treat interaction as a general interaction, which may exist
between pairs of players. Thus, according to various aspects described herein, a condition
may be established in which players cannot be divided into independent groups.

[0025] Further, according to the above-noted dynamic load management solutions, a
player moving to another area may cause player data to be transferred to another server.
This occurs even if the player’s interaction relationship does not change significantly.

The disclosed aspects, in some embodiments, may overcome this issue by using a mutual-
value to decide player data ownership.

[0026] Some resource allocation systems can create distribution trees for P2P video
streaming. For example, each peer continuously measures its own utility (e.g., video,
quality) and, by periodical comparison with other randomly chosen peers, tries to mimic
the behavior (e.g., resource allocation and video distributors) of peers with higher utility.
The disclosed aspects, in some embodiments, may deal with player resource management
for distributed games by the reduction of a mutual-value between players on different
server instances.

[0027] In consideration of the various issues with conventional resource management
for distributed games and their limitations, one or more embodiments described herein are
directed to a resource management for distributed games. As disclosed herein, resource
management for distributed games can be based on a mutual-value between players. For
example, some large-scale games may be implemented by adopting distributed servers.
Games, thus, may be considered systems in which players interact with each other. These
systems cannot be partitioned into several independent parts because a system of game is
a whole, in which no absolutely independent data partition exists. Therefore, one aspect
disclosed herein is an approach for server resource management that achieves as few
inter-server interactions as possible.

[0028] One embodiment of resource management for distributed games disclosed
herein relates to defining a mutual-value between players. The mutual-value may be
dynamically updated during the game process. Based at least in part on the mutual-value,
the data of players may be dynamically migrated. For example, based on the data
migration, a local optimum may be acquired for the mutual-value between distributed
servers. Further, the cost for synchronous communication between servers may be
reduced.

[0029] In one embodiment, a method is described herein that includes allocating, by a
system comprising a processor, a first set of resources for a first player instance on a first

server, a second set of resources for a second player instance on the first server, and a
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third set of resources for a third player instance on a second server. The method also
includes comparing a first relationship strength defined between the first player instance
and the second player instance with a second relationship strength defined between the
first player instance and the third player instance. In addition, the method includes
distributing at least one of the first set of resources, the second set of resources, or the
third set of resources between the first server and the second server based on a result of
the comparing.

[0030] According to one example, the method may also include defining the first
relationship strength. Further to this aspect, defining the first relationship strength may
include quantifying an amount of interaction between the first player instance and the
second player instance during a defined time interval to determine an interaction value.
The interaction value is stored in a data store.

[0031] According to another example, the method may include defining the second
relationship strength. Further to this example, defining the second relationship strength
may include quantifying a number of times that the first player instance and the third
player instance interact during a defined time interval and storing a value representative of
the number of times the first player instance and the third player instance interact.

[0032] In one example, comparing the first relationship strength with a second
relationship strength includes determining that the second relationship strength has a
value that is higher than the first relationship strength. Further to this example, the
distributing comprises transferring the first set of resources to the second server.

[0033] In accordance with another example, comparing the first relationship strength
with a second relationship strength includes determining that the first relationship strength
has a value that is higher than the second relationship strength. Further to this example,
the distributing includes initiating storage of the first set of resources of the first player
instance and the second set of resources of the second player instance on the first server
and initiating storage of the third set of resources of the third player instance on the
second server.

[0034] In a further example, defining the first relationship strength includes counting
a number of interactions between the first player instance and the second player instance
during a specified time interval and determining a weighted sum of the number of
interactions as a function of a specified frequency of interactive behavior. Further to this
example, the number of interactions may include a number of times the first player
instance and the second player instance are displayed on a screen due to a communication
from the first player instance to the second player instance or a communication from the

second player instance to the first player instance. Alternatively or additionally, the
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determining may include determining the weighted sum as a further function of a mutual
value shared between the first player instance and the second player instance.

[0035] In yet another example, the method may include defining the second
relationship strength. The defining may include determining an amount of interaction
between the first player instance and the third player instance during a specified time
interval and determining a weighted sum of the amount of interaction as a function of a
specified frequency of interactive behavior.

[0036] In still another example, the method may include detecting that interaction data
representing interactions between at least two of the first player instance, the second
player instance, or the third player instance has changed before the first relationship
strength 1s defined.

[0037] According to a further example, the method may include detecting that
interaction data representing interactions between at least two of the first player instance,
the second player instance, or the third player instance has been generated before the first
relationship strength is defined.

[0038] In yet another example, the method may include defining a third relationship
strength between the first player instance and a fourth player instance, wherein a fourth
set of resources of the fourth player instance are located on a third server. Further to this
example, the method may include distributing, between the first server, the second server,
or the third server, at least one of the first set of resources, the second set of resources, the
third set of resources, or the fourth set of resources as a function of the first relationship
strength, the second relationship strength, and the third relationship strength.

[0039] According to another example, the first relationship strength may define a
capability used to process the first player instance and the second player instance on the
first server. The second relationship strength may define the capability used to process
the first player instance and the third player instance on the second server. In still another
example, the method may include preventing transfer of the first player instance, the
second player instance, and the third player instance to one of the first server or the
second server.

[0040] According to another embodiment, a system is described herein that includes a
memory storing computer-executable components and a processor, communicatively
coupled to the memory. The processor executes or facilitates execution of one or more of
the computer-executable components. The computer-executable components include an
allocation manager configured to distribute player resources among a plurality of
computing devices. The player resources are respectively associated with participants of

an interactive computing game. The computer-executable components also include an
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observation monitor configured to detect a change to a first set of interaction data
established between at least two participants of the participants or formation of a second
set of interaction data between the at least two participants. Further, the computer-
executable components include a relationship supervisor configured to evaluate
relationship strengths between subsets of the participants. The relationship strengths are
used by the allocation manager to selectively redistribute the player resources.

[0041] In one example, the relationship supervisor is further configured to evaluate a
first relationship strength defined for a first participant and a second participant, and a
second relationship strength defined for the first participant and a third participant.
Respective player resources of the second participant and the third participant are
distributed among different computing devices of the plurality of computing devices.
[0042] In one aspect, first player resources of the first participant and second player
resources of the second participant are stored on a first computing device of the plurality
of computing devices and third player resources of the third participant are stored on a
second computing device of the plurality of computing devices. Further to this aspect, the
allocation manager is configured to move the player resources of the first participant from
the first computing device to the second computing device in response to a first value of
the first relationship strength being determined to be less than a second value of the
second relationship strength.

[0043] In accordance with another aspect, first player resources of the first participant
and second player resources of the second participant are stored on a first computing
device of the plurality of computing devices and third player resources of the third
participant are stored on a second computing device of the plurality of computing devices.
Further to this aspect, the allocation manager is further configured to store the player
resources of the first participant on the first computing device in response to a first value
of the first relationship strength being determined to be greater than a second value of the
second relationship strength.

[0044] The relationship supervisor, according to another example, is configured to
count a number of interactions between the subsets of the participants and determine a
weighted sum of the number of interactions as a function of a predicted frequency of
interactions between the subsets of the participants.

[0045] In one example, the system includes a resource evaluator configured to
monitor a plurality of resources of the player resources allocated to the plurality of
computing devices and ascertain whether resources of the player resources of a computing
device of the plurality of computing devices satisfy a resource level condition. Further to

this example, according to an aspect, the allocation manager may be further configured to
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move a player resource of the player resources from the computing device to another
computing device of the plurality of computing devices in response to the computing
device being determined to satisfy the resource level condition. According to another
aspect, the allocation manager may be further configured to move a subset of the player
resources from the computing device to another computing device of the plurality of
computing devices in response to the computing device being determined to satisfy the
resource level condition.

[0046] According to another embodiment, described herein is a computer-readable
storage device comprising computer-executable instructions that, in response to execution,
cause a system comprising a processor to perform operations. The operations include
defining a first mutual value between a first player and a second player. A first instance
of the first player and a second instance of the second player are allocated on a first
computing device. The operations also include defining a second mutual value between
the first player and a third player. A third instance of the third player is allocated on a
second computing device. The operations also include comparing the first mutual value
and the second mutual value to determine a ranking between the first mutual value and the
second mutual value. Further, the operations include at least one of determining that at
least one of the first instance or the second instance is to be moved from the first
computing device to the second computing device, determining that the third instance is to
be moved to the first computing device, or determining that the first instance and the
second instance are to remain on the first computing device and the third instance is to
remain on the second computing device.

[0047] In one example, the operations may include quantifying interactions between
the first player and the second player, and between the first player and the third player.
According to another example, determining that at least one of the first instance or the
second instance is to be moved from the first computing device to the second computing
device may include determining that the first mutual value is lower than the second
mutual value.

[0048] In another example, the determination that the third instance is to be moved to
the first computing device comprises determining that the first mutual value is higher than
the second mutual value. In a further example, determining that the first instance and the
second instance are to remain on the first computing device and the third instance is to
remain on the second computing device comprises determining that the first mutual value
is equal to or substantially equal to the second mutual value.

[0049] In another example, the operations include monitoring resources allocated on

the first computing device and the second computing device and determining a set of the
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resources on the first computing device satisfy a resource level condition. The operations
may also include moving at least one of the set of the resources from the first computing
device to the second computing device.

[0050] According to yet another example, the operations may include monitoring
resources allocated on the first computing device and the second computing device and
determining a set of the resources on the second computing device satisfy a resource level
condition. The operations may also include moving at least one of the set of the resources
from the second computing device to the first computing device.

[0051] In accordance with another embodiment, described herein is a system that
includes a memory to store instructions and a processor, coupled to the memory, that
executes or facilitates execution of the instructions to perform operations. The operations
include distributing player resources among a subset of computing devices and evaluating
a first relationship strength between a first player and a second player, and a second
relationship strength between the first player and a third player. The operations also
include reallocating at least a subset of the player resources among the subset of
computing devices.

[0052] In one example, the operations may include calculating a first set of
interactions between the first player and the second player during a defined time interval,
and a second set of interactions between the first player and the third player during the
defined time interval. The operations may also include comparing the first set of
interactions and the second set of interactions.

[0053] In another example, the operations may include transferring player resources
associated with the first player from a first computing device of the subset of computing
devices to another computing device of the subset of computing devices in response to a
first value of the first set of interactions being determined to be less than a second value of
the second set of interactions.

[0054] In still another example, the operations may include transferring player
resources associated with the third player from a first computing device of the subset of
computing devices to another computing device of the subset of computing devices in
response to a first value of the first set of interactions being determined to be more than a
second value of the second set of interactions.

[0055] The operations may also include, according to another example, monitoring
resources allocated among the subset of computing devices. Further, the operations may
include determining resources of the player resources on a computing device of the subset
of computing devices satisfies a resource level condition, wherein the reallocating

comprises moving a player resource of the player resources from a first computing device
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of the subset of computing devices to another computing device of the subset of
computing devices.

[0056] Herein, an overview of some of the embodiments for providing resource
management for distributed games has been presented above. As a roadmap for what
follows next, various example, non-limiting embodiments and features for an
implementation of resource management are described in more detail. Then, a non-
limiting implementation is given for a computing environment in which such

embodiments and/or features may be implemented.

RESOURCE MANAGEMENT FOR DISTRIBUTED GAMES

[0057] As disclosed herein, game resources may be dynamically allocated in the
process of games and timely responses to changes to the running environments of games
is possible. For example, a local optimum may be achieved under a measurement
standard based on a mutual-value between players. Relative to some resource allocation
systems aimed at load balancing optimization, the disclosed aspects are directed to the
features of games. Further, the disclosed aspects are concerned with a load of players’
interactions. Such interactions are an important part of games.

[0058] With respect to one or more non-limiting ways to manage gaming resources,
FIG. 1 illustrates an example, non-limiting embodiment of a method 100 for resource
management for distributed games. Method 100 in FIG. 1 may be implemented using,
for example, any of the systems, such as a system 200 (of FIG. 2), described herein below.
Beginning at block 102, allocate a first set of resources for a first player instance on a first
server, a second set of resources for a second player instance on the first server, and a
third set of resources for a third player instance on a second server.

[0059] For example, the first player instance may be a representation of the first
player (e.g., a user of a computing device that is participating in the game). The
representation may be in the form of a player name, an avatar, or another manner of
identifying the first player and distinguishing the first player from one or more other
players. In a similar manner, the second player instance may be a representation of the
second player and the third player instance may be a representation of the third player.
[0060] The sets of resources (e.g., first set of resources, second set of resources, and
third set of resources) may include, but are not limited to, data associated with each
respective player. Such data may include identification of the respective player, such as
an identification of a user device with which the player is associated, player instance
identification, current scores, current game level, historical scores, historical game level,

game preferences, and so forth. Block 102 may be followed by block 104.
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[0061] At block 104, compare a first relationship strength defined between the first
player instance and the second player instance with a second relationship strength defined
between the first player instance and the third player instance. For example, a strength of
a relationship between a first player p; and a second player p, may be represented by a
mutual value M(p;, p2) between the two players. The mutual-value may also represent the
degree of requirement for processing the two players in the servers at about the same time.
In the process of a game, the number of times of on-the-same-screen talking, fighting,
trading, and other forms of interaction between one player and the other players for a
certain period of time may be counted and weightedly summed in order to acquire the

mutual-values between individual players. This may be expressed as:

M(PL Pz) = Z Wi, mi(p1, pz)

where m; denotes a specific frequency of interactive behavior. In some instances, a player
interacts a large percentage of the time with only a small number of other players.
Therefore, this data value might be relatively small. Block 104 may be followed by block
106.

[0062] At block 106, distribute at least one the first set of resources, the second set of
resources, or the third set of resources between the first server and the second server based
on the result of the comparing. For example, the third player instance might be moved to
the first server. In another example, the first player instance, the second player instance,
or both the first player instance and the second player instance might be moved to the
second server. In yet another example, there might be no changes to the location of the
player instances (e.g., the first player instance and the second player instance remain on
the first server and the third player instance remains on the second server).

[0063] The resource management approach disclosed herein attempts to reduce the
inter-server interactions between players as much as possible. At the beginning of a game,
there is an initial allocation of player resources and, after each game-playing time, the
interaction data between a player and the other players may be formed or may be changed.
At about the same time as the interaction data is formed and/or changed, the allocation of
the player resources may be examined and updated.

[0064] For example, a determination may be made that the sum of a mutual-value
between player po (on one server) and at least one other player on another sever S; is
greater than a sum of a mutual-value between player py and the other players on the

current server (e.g., on the one server), namely,
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> Mpop)> ) M(po. )
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In this case, this player po may be migrated to server S; (e.g., to reduce the number of
inter-server interactions). In this update process, the change in the total inter-server

interactions may be:

A=z M(po,p)—z M(pop) <O
PES;j&P#po PeS;

which decreases. Therefore, the updating process may continuously change toward a
locally optimal, or near optimal, allocation.

[0065] Distributed game architectures may bring about large-scale game products that
may benefit from resource distribution. The disclosed aspects provide for distributed
games in an approach to reduce synchronization and communication between players.
The cost of servers may be reduced with the disclosed aspects. Further, the response rates
of game servers may be increased through utilization of the disclosed aspects. Therefore,
user experiences of games may be improved in a positive manner.

[0066] One skilled in the art will appreciate that, for this and other processes and
methods disclosed herein, the functions performed in the processes and methods may be
implemented in differing order. Furthermore, the outlined steps and operations are only
provided as examples, and some of the steps and operations may be optional, combined
into fewer steps and operations, or expanded into additional steps and operations without
detracting from the essence of the disclosed embodiments.

[0067] FIG. 2 illustrates an example, non-limiting embodiment of the system 200 for
resource management for distributed games. System 200 may be configured to
dynamically allocate game resources during the game process. Further, the system 200
may be configured to timely respond to changes of the running environments of the games.
For example, in server resources, at least a portion of game resources are the players,
which may include data related to each player and/or each player’s instance. The data
related to each player may be retained in a database and each player’s instance may be
retained in memory, for example. Thus, resources of one player may be placed on a first
server while resources of other players are placed on the first server or on a second (or a
subsequent) server. Therefore, a distributed configuration of resources may be

implemented. System 200 may take into consideration the distribution of resources
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during resource management based in part on a calculation of a mutual-value between
players and a dynamic update of player distribution.

[0068] For example, a local optimum, or best possible option, may be achieved under
a measurement standard based on a mutual-value. Relative to resource allocation systems
that are aimed at load balancing optimization, the disclosed aspects are directed to the
features of games and are concerned with a load of the players’ interactions.

[0069] System 200 may include at least one memory 202 that may store computer-
executable components and instructions. The system 200 may also include at least one
processor 204, communicatively coupled to the at least one memory 202. Coupling may
include various communications including, but not limited to, direct communications,
indirect communications, wired communications, and/or wireless communications. The
at least one processor 204 may facilitate execution of one or more of the computer-
executable components stored in the memory 202. The processor 204 may be directly
involved in the execution of the computer-executable component(s), according to an
aspect. Additionally or alternatively, the processor 204 may be indirectly involved in the
execution of the computer executable component(s). For example, the processor 204 may
direct one or more components to perform the operations.

[0070] It is noted that although one or more computer-executable components may be
described herein and illustrated as components separate from memory 202 (e.g.,
operatively connected to memory), in accordance with various embodiments, the one or
more computer-executable components might be stored in the memory 202. Further,
while various components have been illustrated as separate components, it will be
appreciated that multiple components may be implemented as a single component, or a
single component may be implemented as multiple components, without departing from
example embodiments.

[0071] An allocation manager 206 may be configured to distribute player resources
among a plurality of computing devices. The player resources may be respectively
associated with participants of an interactive computing game. For example, the
participants may be represented by respective user devices (e.g., mobile phone, personal
computer, and other devices). In some aspects, each game has two or more players (e.g.,
participants). Thus, a first player resource may be associated with a first participant, a
second player resource may be associated with a second participant, a third player
resource may be associated with a third participant, and so on.

[0072] An observation monitor 208 may be configured to detect a change to a first set
of interaction data. The first set of interaction data may be established between at least

two participants. Further, the observation monitor 208 may be configured to detect a
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formation of a second set of interaction data, which may be formed between the at least
two participants or between one of the two participates and another participant.

[0073] Further, a relationship supervisor 210 may be configured to evaluate
relationship strengths between subsets of the participants and the allocation manager 206
may be configured to selectively redistribute the player resources based on the
relationship strengths. For example, the relationship supervisor 210 may be configured to
define a capability used to process the first player instance and the second player instance
on the first server (e.g., the first relationship strength). The relationship supervisor 210
may also be configured to define the capability used to process the first player instance
and the third player instance on the second server (e.g., the second relationship strength).
Further, the relationship supervisor 210 may be configured to define the capability used to
process one or more other combinations of player instances.

[0074] FIG. 3 illustrates an example, non-limiting embodiment of a system 300
configured to selectively redistribute player resources. System 300 may include at least
one memory 302 that may store computer-executable components and instructions. The
system 300 may also include at least one processor 304, communicatively coupled to the
at least one memory 302. The at least one processor 304 may facilitate execution of one
or more of the computer-executable components stored in the memory 302.

[0075] As illustrated, an allocation manager 306 may be configured to distribute
player resources 308 among a plurality of computing devices 310. The player resources
308 may be associated with participants 312 of an interactive computing game. For
example, a first player resource of the player resources 308 may be associated with a first
participant of the participants 312 and a second player resource of the player resources
308 may be associated with a second participant of the participants 312. However, the
disclosed aspects are not limited to a single player resource being associated with a single
participant. For example, a participant (e.g., first participant) may be associated with two
or more resources of the player resources 308. Further, the number of player resources
associated with each participant may be different. For example, a first participant might
be associated with two player resources, a second participant might be associated with one
player resource, a third participant might be associated with four player resources, and so
on.

[0076] The allocation manager 306 may be configured to initially distribute the player
resources 308 among the plurality of computing devices 310. Continuing the above
example, the two player resources associated with the first participant might be placed, by
the allocation manager 306, on a first computing device of the plurality of computing

devices 310. Further, the allocation manager 306 might place the one player resource
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associated with the second participant on the first computing device (or on a different
computing device). The allocation manager 306 might also place the four player
resources associated with the third participant on a second computing device of the
plurality of computing devices 310. However, the disclosed aspects are not limited to this
example, instead, the allocation manager 306 might place resources associated with a
single participant (e.g., first participant, second participant, third participant, and so forth)
on different computing devices. For example, the player resources of the first participant
might be placed on two computing devices (e.g., a first player resource placed on one
computing device and the second player resource placed on another computing device).
Further, the allocation manager 306 might distribute the player resources 308 among the
computing devices 310 in a manner that is different from the manner discussed herein.
[0077] The allocation manager 306 may also be configured to selectively redistribute
one or more of the player resources 308 based on relationship strengths between subsets
of the participants 312. The relationship strengths may be evaluated by a relationship
supervisor 314, wherein the evaluation is triggered when an observation monitor 316
detects a change to an interaction between two or more participants and/or formation of an
interaction between two or more participants.

[0078] According to an implementation, the relationship supervisor 314 may be
configured to evaluate a first relationship strength defined for the first participant and the
second participant. The relationship supervisor 314 may also be configured to evaluate a
second relationship strength defined for the first participant and a third participant. Based
in part on the evaluation by the relationship supervisor 314, the allocation manager 306
may be configured to distribute respective player resources of the second participant and
the third participant among different computing devices of the plurality of computing
devices 310.

[0079] For example, first player resources of the first participant and second player
resources of the second participant may be stored on a first computing device. Further,
third player resources of the third participant may be stored on the second computing
device. Further to this example, the relationship supervisor 314 may determine that a first
value of the first relationship strength is less than a second value of the second
relationship strength. Therefore, according to this example, the allocation manager 306
may be configured to move the player resources of the first participant from the first
computing device to the second computing device.

[0080] According to another example, first player resources of the first participant and
second player resources of the second participant may be stored on the first computing

device and third player resources of the third participant may be stored on the second
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computing device. Further to this example, the relationship supervisor 314 may
determine that the first value of the first relationship strength is greater than the second
value of the second relationship strength. Therefore, the allocation manager 306 may be
configured to store the player resources of the first participant on the first computing
device.

[0081] In an implementation, the relationship supervisor 314 may be configured to
count a number of interactions between the subsets of the participants and determine a
weighted sum of the number of interactions as a function of the predicted frequency of
interactions between the subsets of the participants. As a function of the weighted sum,
the player resources may be distributed between computing devices. For example, the
weighted sum indicates the first participant and the third participant interact more often
than the first participant and the second participant interact. Further to this example, the
player resources of the first participant and the player resources of the third participant
may be moved to a same computing device.

[0082] FIG. 4 illustrates an example, non-limiting embodiment of a system 400 for
monitoring resources and dynamically managing the resources. System 400 may include
at least one memory 402 and at least one processor 404, communicatively coupled to the
at least one memory 402. The memory 402 may store computer-executable components
and instructions. The at least one processor 404 may facilitate execution of one or more
of the computer-executable components stored in the memory 402.

[0083] Also included in system 400 may be a resource evaluator 406 that may be
configured to monitor a plurality of resources of player resources 408 allocated to a
plurality of computing devices 410. The player resources 408 may be associated with
participants 412 of an interactive computing game. The resource evaluator 406 may
ascertain whether resources of a computing device satisfy a resource level condition.
According to an implementation, when the resource evaluator 406 determines that the
resource level condition is satisfied, an allocation manager 414 may be configured to
move a player resource from a computing device, on which the player resource is
currently stored, to another computing device.

[0084] In an alternative implementation, when the resource evaluator 406 determines
that the resource level condition is satisfied, the allocation manager 414 may be
configured to move a subset of player resources from the computing device to another
computing device. For example, in distributed servers there may be an upper limit for
resources. When a situation is encountered where the target server has reached its upper
limit during the migration of players’ data, all players of the target machine may be

examined. The increment of mutual-value between servers produced after each player is
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migrated from this server may be calculated. Several players whose increments are the
least may be migrated out of this server. In this situation, a group of players, instead of
only one player, may be chosen for migration, which may reduce the frequency of
occurrence of this situation.

[0085] In an implementation, an observation monitor 416 may be configured to detect
a change to an interaction between two or more participants and/or formation of an
interaction between two or more participants. A relationship supervisor 418 may be
notified, by the observation monitor 416, of the detected change and/or the detected
interaction formation. The relationship supervisor 418 may be configured to evaluate
relationship strengths between pairs of participants 412. Further, the allocation manager
414 may redistribute one or more player resources 408 based on the relationship strengths
as evaluated by the relationship supervisor 418.

[0086] FIG. 5 is a flow diagram illustrating an example, non-limiting embodiment of
a method 500 for defining relationship strengths for resource management. The flow
diagram in FIG. § may be implemented using, for example, any of the systems, such as
the system 400 (of FIG. 4), described herein.

[0087] Beginning at block 502, allocate sets of resources for player instances on one
or more servers. The sets of resources may include a first set of resources, a second set of
resources, a third set of resources, or other sets of resources. The sets of resources may
include, but are not limited to, data associated with each player. The data may include
identification of the player, such as an identification of a user device with which the
player is associated, player instance identification, current scores, current game level,
historical scores, historical game level, game preferences, and other means of identifying
and/or distinguishing between the players. Block 502 may be followed by block 504.
[0088] At block 504, define relationship strengths. For example, a first relationship
strength may be defined between the first player instance and the second player instance.
Further, a second relationship strength may be defined between the first player instance
and a third player instance. According to an implementation, a third (or subsequent)
relationship strength may be defined between the first player instance and a fourth player
instance, and so forth for additional player instances. In an example, a fourth set of
resources of the fourth player instance may be located on a third server. Block 504 may
be followed by block 506.

[0089] At block 506, compare a first relationship strength to the other relationship
strengths. For example, the first relationship strength may be compared to a second
relationship strength, a third relationship strength, and subsequent relationship strengths.

The comparison is made to determine whether resources should be moved between
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servers. Block 506 may be followed by block 508.

[0090] At block 508, distribute at least one of a first set of resources, a second set of
resources, a third set of resources, a fourth set of resources, or combinations thereof,
between a first server and a second server based on a result of the comparing. For
example, the player resources might be allocated on a single server or might be distributed
among two or more servers as discussed herein.

[0091] FIG. 6 is a flow diagram illustrating an example, non-limiting embodiment of
a method 600 for resource management. The flow diagram in FIG. 6 may be
implemented using, for example, any of the systems, such as the system 300 (of FIG. 3),
described herein.

[0092] Beginning at block 602, allocate a first set of resources for a first player
instance and a second set of resources for a second player instance on a first server, and a
third set of resources for a third player instance on a second server. Subsequent sets of
resources may be allocated on the first server, the second server, or on one or more other
servers. Further, it should be understood that the distribution of the sets of resources may
be different from the distribution described herein. For example, the first set of resources
might be allocated on the first server and the second and third sets of resources may be
allocated on the second server. In another example, the first and third sets of resources
might be allocated on the second server and the second set of resources might be allocated
on the first server. Block 602 may be followed by block 604 and/or block 610.

[0093] At block 604, define a first relationship strength between a first player instance
and a second player instance. Block 604 may include block 606 and block 608. In an
implementation, at block 606, quantify an amount of interaction between the first player
instance and the second player instance during a defined time interval to determine an
interaction value. In an example, the amount of interaction may be quantified during a
defined time interval. Block 606 may be followed by block 608. At block 608, store the
interaction value in a data store (e.g., memory 302 of FIG. 3).

[0094] In an alternative implementation, block 602 may be followed by block 610. At
block 610, define a second relationship strength between the first player instance and the
third player instance. Block 610 may include block 612 and block 614. In an
implementation, at block 612, quantify a number of times that the first player instance and
the third player instance interact during a defined time interval. In an example, the
defined time interval may be the same time interval during which the first relationship
strength is defined. Block 612 may be followed by block 614. At block 614, store a
value representative of the number of times the first player instance and the third player

instance interact. In implementation, the value may be stored in the data store (e.g., in
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memory 302 of FIG. 3).

[0095] In a similar manner, subsequent relationship strengths may be defined. For
example, a number of times the first player instance interacts with a fourth (or subsequent)
player instance may be quantified. The subsequent relationship strengths may also be
stored in the data store.

[0096] According to an implementation, the first relationship strength may define a
capability used to process the first player instance and the second player instance on the
first server. Further to this implementation, the second relationship strength may define
the capability used to process the first player instance and the third player instance on the
second server.

[0097] Block 604 and/or block 610 may be followed by block 616. At block 616,
compare the first relationship strength with the second relationship strength. Block 616
may be followed by block 618. At block 618, distribute one or more set of resources
between servers.

[0098] In an implementation, the comparison, at block 616 may include block 620.
At block 620, determine the second relationship strength has a value that is higher than
the first relationship strength. Further to this implementation, the distribution, at block
618 includes block 622. At block 622, transfer the first set of resources to the second
server.

[0099] According to another implementation, the comparison, at block 616, includes
block 624. At block 624, determine the first relationship strength has a value that is
higher than the second relationship strength. Further to this implementation, the
distribution, at 618 includes block 626 and block 628. At block 626, initiate storage of
the first set of resources of the first player instance and the second set of resources of the
second player instance on the first server. Block 626 may be followed by block 628. At
block 628, initiate storage of the third set of resources of the third player instance on the
second server.

[00100] FIG. 7 is a flow diagram illustrating an example, non-limiting embodiment of
a method 700 for defining relationship strengths for resource management. The flow
diagram in FIG. 7 may be implemented using, for example, any of the systems, such as
the system 300 (of FIG. 3), described herein.

[00101] Beginning at block 702, allocate a first set of resources for a first player
instance on a first server, a second set of resources for a second player instance on the first
server, and a third set of resources for a third player instance on a second server.
According to various implementations, the player resources may be allocated differently

than described. For example, the first set of resources might be allocated on a first server,
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the second set of resources might be allocated on a second server, and a third set of
resources might be allocated on a third server. Block 702 may be followed by block 704.
[00102] At block 704, define a first relationship strength. According to an
implementation, block 704 may include block 706 and block 708. At block 706, count a
number of interactions between the first player instance and the second player instance
during a specified time interval. Further to this implementation, block 706 may be
followed by block 708. At block 708, determine a weighted sum of the number of
interactions as a function of a specified frequency of interactive behavior.

[00103] In an example, the number of interactions may include a number of times the
first player instance and the second player instance are displayed on a screen due to a
communication from the first player instance to the second player instance or a
communication from the second player instance to the first player instance.
Communication in this context may refer to voice communications, machine language
communication (including text or other data), player contact, or other interactions
between players that occur during the course of the game activity.

[00104] According to another implementation, the determination, at block 708, may
include block 710. At block 710, determine the weighted sum as a further function of a
mutual value shared between the first player instance and the second player instance.
[00105] Block 704 may be followed by block 712. At block 712, compare the first
relationship strength with a second relationship strength defined between the first player
instance and the third player instance. Block 712 may be followed by block 714. At
block 714, distribute at least one of the first set of resources, the second set of resources,
or the third set of resources between the first server and the second server based on a
result of the comparing.

[00106] According to an implementation, block 714 may be followed by block 716. At
block 716, prevent transfer of the first player instance, the second player instance, and the
third player instance to one of the first server or the second server.

[00107] FIG. 8 is a flow diagram illustrating an example, non-limiting embodiment of
another method 800 for defining relationship strengths during resource management. The
flow diagram in FIG. 8 may be implemented using, for example, any of the systems, such
as the system 400 (of FIG. 4), described herein.

[00108] Beginning at block 802, allocate sets of resources for player instances on one
or more servers. Block 802 may be followed by block 804. At block 804, define a first
relationship strength. In an implementation, the first relationship strength defines a
capability used to process a first player instance and a second player instance on a first
server. Block 804 may be followed by block 806.
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[00109] At block 806, define a second relationship strength. The second relationship
strength may define the capability used to process the first player instance and a third
player instance on a second server.

[00110] According to an implementation, block 806 may include block 808 and block
810. At block 808, determine an amount of interaction between the first player instance
and the third player instance during a specified time interval. Block 808 may be followed
by block 810. At block 810, determine a weighted sum of the amount of interaction as a
function of a specified frequency of interactive behavior.

[00111] Block 806 may be followed by block 812. At block 812, compare the first
relationship strength with the second relationship strength. Block 812 may be followed
by block 814. At block 814, distribute the first set of resources, the second set of
resources, the third set of resources, or combinations thereof, between the one or more
servers based on a result of the comparing.

[00112] According to an implementation, block 802 may be followed by block 816. At
block 816, detect that interaction data representing interactions between at least two of the
first player instance, the second player instance, or the third player instance has changed.
When a change is detected, block 816 may be followed by block 804. The first
relationship strength is defined, at block 804.

[00113] According to an alternative or additional implementation, block 802 may be
followed by block 818. At block 818, detect that interaction data representing interactions
between at least two of the first player instance, the second player instance, or the third
player instance has been generated. When this interaction data has been created, block
818 may be followed by block 804. The first relationship strength is defined, at block 804.
[00114] FIG. 9 illustrates a flow diagram of an example, non-limiting embodiment of a
set of operations for server resource allocation for distributed games in accordance with at
least some aspects of the subject disclosure. Computer-readable storage device 900 may
include computer executable instructions that, in response to execution, cause a system
comprising a processor to perform operations.

[00115] At 902, these operations may cause the system to define a first mutual value
between a first player and a second player. A first instance of the first player and a
second instance of the second player may be allocated on a first computing device. At
904, the operations may cause the system to define a second mutual value between the
first player and a third player. A third instance of the third player may be allocated on a
second computing device.

[00116] At 906, the operations may cause the system to compare the first mutual value

and the second mutual value to determine a ranking between the first mutual value and the
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second mutual value.

[00117] At 908, the operations may cause the system to determine that at least one of
the first instance or the second instance is to be moved from the first computing device to
the second computing device, to determine that the third instance is to be moved to the
first computing device, or to determine that the first instance and the second instance are
to remain on the first computing device and the third instance is to remain on the second
computing device. For example, in order to determine that at least one of the first
instance or the second instance is to be moved from the first computing device to the
second computing device, the operations may cause the system to determine that the first
mutual value is lower than the second mutual value. In another example, in order to
determine that the third instance is to be moved to the first computing device, the
operations may cause the system to determine that the first mutual value is higher than the
second mutual value. In yet another example, in order to determine that the first instance
and the second instance are to remain on the first computing device and the third instance
is to remain on the second computing device, the operations may cause the system to
determine that the first mutual value is equal to or substantially equal to the second
mutual value.

[00118] In an implementation, the operations may cause the system to quantify
interactions between the first player and the second player, and between the first player
and the third player. In an example, the interactions may be quantified during one or
more defined intervals.

[00119] According to another implementation, the operations may cause the system to
monitor resources allocated on the first computing device and the second computing
device and determine a set of the resources on the first computing device satisfy a
resource level condition. Further to this implementation, the operations may cause the
system to move at least one of the set of the resources from the first computing device to
the second computing device.

[00120] In accordance with another implementation, the operations may cause the
system to monitor resources allocated on the first computing device and the second
computing device. Further, the operations may cause the system to determine that a set of
the resources on the second computing device satisfy a resource level condition. In
addition, the operations may cause the system to move at least one of the set of the
resources from the second computing device to the first computing device.

[00121] As discussed herein, various non-limiting embodiments are directed to
resource management for distributed computing games. The game resources may be

dynamically allocated during the game process and changes to the running environment of
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the game may be dynamically altered. For example, the disclosed aspects are directed
toward the game features and place emphasis on the load or on amount of interactions

between two or more players.

EXAMPLE COMPUTING ENVIRONMENT

[00122] FIG. 10 is a block diagram illustrating an example computing device 1000 that
is arranged for resource management for distributed games in accordance with at least
some embodiments of the subject disclosure. In a very basic configuration 1002,
computing device 1000 typically includes one or more processors 1004 and a system
memory 1006. A memory bus 1008 may be used for communicating between processor
1004 and system memory 1006.

[00123] Depending on the desired configuration, processor 1004 may be of any type
including but not limited to a microprocessor (uP), a microcontroller (uC), a digital signal
processor (DSP), or any combination thereof. Processor 1004 may include one more
levels of caching, such as a level one cache 1010 and a level two cache 1012, a processor
core 1014, and registers 1016. An example processor core 1014 may include an
arithmetic logic unit (ALU), a floating point unit (FPU), a digital signal processing core
(DSP Core), or any combination thereof. An example memory controller 1018 may also
be used with processor 1004, or in some implementations, memory controller 1018 may
be an internal part of processor 1004.

[00124] In an example, processor 1004 may execute or facilitate execution of the
instructions to perform operations that include distributing player resources among a
subset of computing devices and evaluating a first relationship strength between a first
player and a second player, and a second relationship strength between the first player and
a third player. The operations may also include evaluating other relationship strengths
between other pairs of players. The operations may also include reallocating at least a
subset of the player resources among the subset of computing devices.

[00125] According to an implementation, the operations may include calculating a first
set of interactions between the first player and the second player during a defined time
interval, and a second set of interactions between the first player and the third player
during the defined time interval. Further to this implementation, the operations may
include comparing the first set of interactions and the second set of interactions.

[00126] In accordance with some implementations, the operations may include
transferring player resources associated with the first player from a first computing device
of the subset of computing devices to another computing device of the subset of

computing devices. The player resources may be transferred in response to a first value of
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the first set of interactions being determined to be less than a second value of the second
set of interactions. According to other implementations, the operations may include
transferring player resources associated with the third player from a first computing
device of the subset of computing devices to another computing device of the subset of
computing devices. These player resources may be transferred in response to a first value
of the first set of interactions being determined to be more than a second value of the
second set of interactions.

[00127] According to some implementations, the operations may include monitoring
resources allocated among the subset of computing devices. The operations may also
include determining resources of the player resources on a computing device of the subset
of computing devices satisfies a resource level condition. The reallocating may comprise
moving a player resource of the player resources from a first computing device of the
subset of computing devices to another computing device of the subset of computing
devices.

[00128] Depending on the desired configuration, system memory 1006 may be of any
type including but not limited to volatile memory (such as RAM), non-volatile memory
(such as ROM, flash memory, etc.) or any combination thereof. System memory 1006
may include an operating system 1020, one or more applications 1022, and program data
1024. Applications 1022 may include a comparison and distribution algorithm 1026 that
is arranged to perform the functions as described herein including those described with
respect to the system 400 of FIG. 4. Program data 1024 may include player instance and
resource information 1028 that may be useful for operation with comparison and
distribution algorithm 1026 as is described herein. In some embodiments, applications
1022 may be arranged to operate with program data 1024 on operating system 1020 such
that a resource management for distributed computing games may be provided. This
described basic configuration 1002 is illustrated in FIG. 10 by those components within
the inner dashed line.

[00129] Computing device 1000 may have additional features or functionality, and
additional interfaces to facilitate communications between basic configuration 1002 and
any required devices and interfaces. For example, a bus/interface controller 1030 may be
used to facilitate communications between basic configuration 1002 and one or more data
storage devices 1032 via a storage interface bus 1034. Data storage devices 1032 may be
removable storage devices 1036, non-removable storage devices 1038, or a combination
thereof. Examples of removable storage and non-removable storage devices include
magnetic disk devices such as flexible disk drives and hard-disk drives (HDD), optical
disk drives such as compact disk (CD) drives or digital versatile disk (DVD) drives, solid
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state drives (SSD), and tape drives to name a few. Example computer storage media may
include volatile and nonvolatile, removable and non-removable media implemented in
any method or technology for storage of information, such as computer readable
instructions, data structures, program modules, or other data.

[00130] System memory 1006, removable storage devices 1036, and non-removable
storage devices 1038 are examples of computer storage media. Computer storage media
includes, but is not limited to, RAM, ROM, EEPROM, flash memory or other memory
technology, CD-ROM, digital versatile disks (DVD) or other optical storage, magnetic
cassettes, magnetic tape, magnetic disk storage or other magnetic storage devices, or any
other medium which may be used to store the desired information and which may be
accessed by computing device 1000. Any such computer storage media may be part of
computing device 1000.

[00131] Computing device 1000 may also include an interface bus 1040 for facilitating
communication from various interface devices (e.g., output devices 1042, peripheral
interfaces 1044, and communication devices 1046) to basic configuration 1002 via
bus/interface controller 1030. Example output devices 1042 include a graphics processing
unit 1048 and an audio processing unit 1050, which may be configured to communicate to
various external devices such as a display or speakers via one or more A/V ports 1052.
Example peripheral interfaces 1044 include a serial interface controller 1054 or a parallel
interface controller 1056, which may be configured to communicate with external devices
such as input devices (e.g., mouse, pen, voice input device, etc.) or other peripheral
devices (e.g., printer, scanner, etc.) via one or more I/O ports 1058. An example
communication device 1046 includes a network controller 1060, which may be arranged
to facilitate communications with one or more other computing devices 1062 over a
network communication link via one or more communication ports 1064.

[00132] The network communication link may be one example of a communication
media. Communication media may typically be embodied by computer readable
instructions, data structures, program modules, or other data in a modulated data signal,
such as a carrier wave or other transport mechanism, and may include any information
delivery media. A “modulated data signal” may be a signal that has one or more of its
characteristics set or changed in such a manner as to encode information in the signal. By
way of example, and not limitation, communication media may include wired media such
as a wired network or direct-wired connection, and wireless media such as acoustic, radio
frequency (RF), microwave, infrared (IR) and other wireless media. The term computer
readable media as used herein may include both storage media and communication media.

[00133] The subject disclosure is not to be limited in terms of the particular
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embodiments described in this application, which are intended as illustrations of various
aspects. Many modifications and variations may be made without departing from its spirit
and scope, as will be apparent to those skilled in the art. Functionally equivalent methods
and apparatuses within the scope of the disclosure, in addition to those enumerated herein,
will be apparent to those skilled in the art from the foregoing descriptions. Such
modifications and variations are intended to fall within the scope of the appended claims.
The subject disclosure is to be limited only by the terms of the appended claims, along
with the full scope of equivalents to which such claims are entitled. It is to be understood
that this disclosure is not limited to particular methods, reagents, compounds,
compositions or biological systems, which may, of course, vary. It is also to be
understood that the terminology used herein is for the purpose of describing particular
embodiments only, and is not intended to be limiting.

[00134] In an illustrative embodiment, any of the operations, processes, etc. described
herein may be implemented as computer-readable instructions stored on a computer-
readable medium. The computer-readable instructions may be executed by a processor of
a mobile unit, a network element, and/or any other computing device.

[00135] There is little distinction left between hardware and software implementations
of aspects of systems; the use of hardware or software is generally (but not always, in that
in certain contexts the choice between hardware and software may become significant) a
design choice representing cost versus efficiency tradeoffs. There are various vehicles by
which processes and/or systems and/or other technologies described herein may be
effected (e.g., hardware, software, and/or firmware), and that the selected vehicle will
vary with the context in which the processes and/or systems and/or other technologies are
deployed. For example, if an implementer determines that speed and accuracy are
paramount, the implementer may select a mainly hardware and/or firmware vehicle; if
flexibility is paramount, the implementer may select a mainly software implementation; or,
yet again alternatively, the implementer may select some combination of hardware,
software, and/or firmware.

[00136] The foregoing detailed description has set forth various embodiments of the
devices and/or processes via the use of block diagrams, flowcharts, and/or examples. In
so far as such block diagrams, flowcharts, and/or examples contain one or more functions
and/or operations, it will be understood by those within the art that each function and/or
operation within such block diagrams, flowcharts, or examples may be implemented,
individually and/or collectively, by a wide range of hardware, software, firmware, or
virtually any combination thereof. In one embodiment, several portions of the subject

matter described herein may be implemented via Application Specific Integrated Circuits
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(ASICs), Field Programmable Gate Arrays (FPGAs), digital signal processors (DSPs), or
other integrated formats. However, those skilled in the art will recognize that some
aspects of the embodiments disclosed herein, in whole or in part, may be equivalently
implemented in integrated circuits, as one or more computer programs running on one or
more computers (e.g., as one or more programs running on one or more computer
systems), as one or more programs running on one or more processors (e.g., as one or
more programs running on one or more microprocessors), as firmware, or as virtually any
combination thereof. Further, designing the circuitry and/or writing the code for the
software and or firmware would be well within the skill of one of skill in the art in light of
this disclosure. In addition, those skilled in the art will appreciate that the mechanisms of
the subject matter described herein are capable of being distributed as a program product
in a variety of forms, and that an illustrative embodiments of the subject matter described
herein applies regardless of the particular type of signal bearing medium used to actually
carry out the distribution. Examples of a signal bearing medium include, but are not
limited to, the following: a recordable type medium such as a floppy disk, a hard disk
drive, a CD, a DVD, a digital tape, a computer memory, etc.; and a transmission type
medium such as a digital and/or an analog communication medium (e.g., a fiber optic
cable, a waveguide, a wired communications link, a wireless communication link, etc.).
[00137] Those skilled in the art will recognize that it is common within the art to
describe devices and/or processes in the fashion set forth herein, and thereafter use
engineering practices to integrate such described devices and/or processes into data
processing systems. That is, at least a portion of the devices and/or processes described
herein may be integrated into a data processing system via a reasonable amount of
experimentation. Those having skill in the art will recognize that a typical data
processing system generally includes one or more of a system unit housing, a video
display device, a memory such as volatile and non-volatile memory, processors such as
microprocessors and digital signal processors, computational entities such as operating
systems, drivers, graphical user interfaces, and applications programs, one or more
interaction devices, such as a touch pad or screen, and/or control systems including
teedback loops and control motors (e.g., feedback for sensing position and/or velocity;
control motors for moving and/or adjusting components and/or quantities). A typical data
processing system may be implemented utilizing any suitable commercially available
components, such as those typically found in data computing/communication and/or
network computing/communication systems.

[00138] The herein described subject matter sometimes illustrates different components

contained within, or connected with, different other components. It is to be understood
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that such depicted architectures are merely examples, and that in fact many other
architectures may be implemented which achieve a similar functionality. In a conceptual
sense, any arrangement of components to achieve the same functionality is effectively
"associated" such that the desired functionality is achieved. Hence, any two components
herein combined to achieve a particular functionality may be seen as "associated with"
each other such that the desired functionality is achieved, irrespective of architectures or
intermedial components. Likewise, any two components so associated may also be
viewed as being "operably connected", or "operably coupled", to each other to achieve the
desired functionality, and any two components capable of being so associated may also be
viewed as being "operably couplable", to each other to achieve the desired functionality.
Specific examples of operably couplable include but are not limited to physically
mateable and/or physically interacting components and/or wirelessly interactable and/or
wirelessly interacting components and/or logically interacting and/or logically interactable
components.

[00139] With respect to the use of substantially any plural and/or singular terms herein,
those having skill in the art may translate from the plural to the singular and/or from the
singular to the plural as is appropriate to the context and/or application. The various
singular/plural permutations may be expressly set forth herein for sake of clarity.

[00140] It will be understood by those within the art that, in general, terms used herein,
and especially in the appended claims (e.g., bodies of the appended claims) are generally
intended as “open” terms (e.g., the term “including” should be interpreted as “including
but not limited to,” the term “having” should be interpreted as “having at least,” the term
“includes” should be interpreted as “includes but is not limited to,” etc.). It will be further
understood by those within the art that if a specific number of an introduced claim
recitation is intended, such an intent will be explicitly recited in the claim, and in the
absence of such recitation no such intent is present. For example, as an aid to
understanding, the following appended claims may contain usage of the introductory
phrases "at least one" and "one or more" to introduce claim recitations. However, the use
of such phrases should not be construed to imply that the introduction of a claim recitation
by the indefinite articles "a" or "an" limits any particular claim containing such introduced
claim recitation to embodiments containing only one such recitation, even when the same
claim includes the introductory phrases "one or more" or "at least one" and indefinite
articles such as "a" or "an" (e.g., “a” and/or “an” should be interpreted to mean “at least
one” or “one or more”); the same holds true for the use of definite articles used to
introduce claim recitations. In addition, even if a specific number of an introduced claim

recitation is explicitly recited, those skilled in the art will recognize that such recitation
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should be interpreted to mean at least the recited number (e.g., the bare recitation of "two
recitations," without other modifiers, means at least two recitations, or two or more
recitations). Furthermore, in those instances where a convention analogous to “at least
one of A, B, and C, etc.” is used, in general such a construction is intended in the sense
one having skill in the art would understand the convention (e.g., “ a system having at
least one of A, B, and C” would include but not be limited to systems that have A alone, B
alone, C alone, A and B together, A and C together, B and C together, and/or A, B, and C
together, etc.). In those instances where a convention analogous to “at least one of A, B,
or C, etc.” is used, in general such a construction is intended in the sense one having skill
in the art would understand the convention (e.g., “a system having at least one of A, B, or
C” would include but not be limited to systems that have A alone, B alone, C alone, A and
B together, A and C together, B and C together, and/or A, B, and C together, etc.). It will
be further understood by those within the art that virtually any disjunctive word and/or
phrase presenting two or more alternative terms, whether in the description, claims, or
drawings, should be understood to contemplate the possibilities of including one of the
terms, either of the terms, or both terms. For example, the phrase “A or B” will be
understood to include the possibilities of “A” or “B” or “A and B.”

[00141] In addition, where features or aspects of the disclosure are described in terms
of Markush groups, those skilled in the art will recognize that the disclosure is also
thereby described in terms of any individual member or subgroup of members of the
Markush group.

[00142] As will be understood by one skilled in the art, for any and all purposes, such
as in terms of providing a written description, all ranges disclosed herein also encompass
any and all possible subranges and combinations of subranges thereof. Any listed range
may be easily recognized as sufficiently describing and enabling the same range being
broken down into at least equal halves, thirds, quarters, fifths, tenths, etc. As a non-
limiting example, each range discussed herein may be readily broken down into a lower
third, middle third and upper third, etc. As will also be understood by one skilled in the

2%

art all language such as “up to,” “at least,” and the like include the number recited and
refer to ranges which may be subsequently broken down into subranges as discussed
above. Finally, as will be understood by one skilled in the art, a range includes each
individual member. Thus, for example, a group having 1-3 cells refers to groups having 1,
2, or 3 cells. Similarly, a group having 1-5 cells refers to groups having 1, 2, 3, 4, or 5
cells, and so forth.

[00143] While the various aspects have been elaborated by various figures and

corresponding descriptions, features described in relation to one figure are included in the
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aspects as shown and described in the other figures. Merely as one example, the
“observation monitor” described in relation to FIG. 4 is also a feature in the aspect as
shown in FIG. 2, FIG. 3, and so forth.

[00144] From the foregoing, it will be appreciated that various embodiments of the
subject disclosure have been described herein for purposes of illustration, and that various
modifications may be made without departing from the scope and spirit of the subject
disclosure. Accordingly, the various embodiments disclosed herein are not intended to be

limiting, with the true scope and spirit being indicated by the following claims.
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WHAT IS CLAIMED IS:

1. A method, comprising:

allocating, by a system comprising a processor, a first set of resources for a first
player instance on a first server, a second set of resources for a second player instance on
the first server, and a third set of resources for a third player instance on a second server;

comparing a first relationship strength defined between the first player instance
and the second player instance with a second relationship strength defined between the
first player instance and the third player instance; and

distributing at least one of the first set of resources, the second set of resources, or
the third set of resources between the first server and the second server based on a result

of the comparing.

2. The method of claim 1, further comprising defining the first relationship strength,
comprising:

quantifying an amount of interaction between the first player instance and the
second player instance during a defined time interval to determine an interaction value;
and

storing the interaction value in a data store.

3. The method of claim 1, further comprising defining the second relationship
strength, comprising:

quantifying a number of times that the first player instance and the third player
instance interact during a defined time interval; and

storing a value representative of the number of times the first player instance and

the third player instance interact.

4. The method of claim 1, wherein the comparing comprises determining that the
second relationship strength has a value that is higher than the first relationship strength,
and wherein the distributing comprises transferring the first set of resources to the second

SCrver.

5. The method of claim 1, wherein the comparing comprises determining that the
first relationship strength has a value that is higher than the second relationship strength,
and wherein the distributing comprises:

initiating storage of the first set of resources of the first player instance and the
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second set of resources of the second player instance on the first server; and
initiating storage of the third set of resources of the third player instance on the

second server.

6. The method of claim 1, further comprising defining the first relationship strength
comprising:

counting a number of interactions between the first player instance and the second
player instance during a specified time interval; and

determining a weighted sum of the number of interactions as a function of a

specified frequency of interactive behavior.

7. The method of claim 6, wherein the number of interactions comprises a number of
times the first player instance and the second player instance are displayed on a screen
due to a communication from the first player instance to the second player instance or a

communication from the second player instance to the first player instance.

8. The method of claim 6, wherein the determining comprises determining the
weighted sum as a further function of a mutual value shared between the first player

instance and the second player instance.

9. The method of claim 1, further comprising defining the second relationship
strength, comprising:

determining an amount of interaction between the first player instance and the
third player instance during a specified time interval; and

determining a weighted sum of the amount of interaction as a function of a

specified frequency of interactive behavior.

10. The method of claim 1, further comprising:
detecting that interaction data representing interactions between at least two of the
first player instance, the second player instance, or the third player instance has changed

before the first relationship strength is defined.

1. The method of claim 1, further comprising:
detecting that interaction data representing interactions between at least two of the
first player instance, the second player instance, or the third player instance has been

generated before the first relationship strength is defined.
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12. The method of claim 1, further comprising:

defining a third relationship strength between the first player instance and a fourth
player instance, wherein a fourth set of resources of the fourth player instance are located
on a third server; and

distributing, between the first server, the second server, or the third server, at least
one of the first set of resources, the second set of resources, the third set of resources, or
the fourth set of resources, as a function of the first relationship strength, the second

relationship strength, and the third relationship strength.

13. The method of claim 1, wherein the first relationship strength defines a capability
used to process the first player instance and the second player instance on the first server
and the second relationship strength defines the capability used to process the first player

instance and the third player instance on the second server.

14. The method of claim 1, further comprising:
preventing transfer of the first player instance, the second player instance, and the

third player instance to one of the first server or the second server.

15. A system, comprising:
a memory storing computer-executable components; and
a processor, communicatively coupled to the memory, which executes or
facilitates execution of one or more of the computer-executable components, the
computer-executable components comprising:
an allocation manager configured to distribute player resources among a
plurality of computing devices, wherein the player resources are respectively
associated with participants of an interactive computing game;
an observation monitor configured to detect a change to a first set of
interaction data established between at least two participants of the participants or
formation of a second set of interaction data between the at least two participants;
and
a relationship supervisor configured to evaluate relationship strengths
between subsets of the participants, the relationship strengths are used by the

allocation manager to selectively redistribute the player resources.

16. The system of claim 15, wherein the relationship supervisor is further configured

to evaluate a first relationship strength defined for a first participant and a second
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participant, and a second relationship strength defined for the first participant and a third
participant, wherein respective player resources of the second participant and the third
participant are distributed among different computing devices of the plurality of

computing devices.

17. The system of claim 16, wherein first player resources of the first participant and
second player resources of the second participant are stored on a first computing device of
the plurality of computing devices and third player resources of the third participant are
stored on a second computing device of the plurality of computing devices, and wherein
the allocation manager is further configured to move the player resources of the first
participant from the first computing device to the second computing device in response to
a first value of the first relationship strength being determined to be less than a second

value of the second relationship strength.

18. The system of claim 16, wherein first player resources of the first participant and
second player resources of the second participant are stored on a first computing device of
the plurality of computing devices and third player resources of the third participant are
stored on a second computing device of the plurality of computing devices, and wherein
the allocation manager is further configured to store the player resources of the first
participant on the first computing device in response to a first value of the first
relationship strength being determined to be greater than a second value of the second

relationship strength.

19. The system of claim 15, wherein the relationship supervisor is further configured
to count a number of interactions between the subsets of the participants and determine a
weighted sum of the number of interactions as a function of a predicted frequency of

interactions between the subsets of the participants.

20. The system of claim 15, further comprising a resource evaluator configured to
monitor a plurality of resources of the player resources allocated to the plurality of
computing devices and ascertain whether resources of the player resources of a computing

device of the plurality of computing devices satisfy a resource level condition.

21. The system of claim 20, wherein the allocation manager is further configured to
move a player resource of the player resources from the computing device to another

computing device of the plurality of computing devices in response to the computing
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device being determined to satisfy the resource level condition.

22. The system of claim 20, wherein the allocation manager is further configured to
move a subset of the player resources from the computing device to another computing
device of the plurality of computing devices in response to the computing device being

determined to satisfy the resource level condition.

23. A computer-readable storage device comprising computer-executable instructions
that, in response to execution, cause a system comprising a processor to perform
operations, comprising:

defining a first mutual value between a first player and a second player, wherein a
first instance of the first player and a second instance of the second player are allocated on
a first computing device;

defining a second mutual value between the first player and a third player, wherein
a third instance of the third player is allocated on a second computing device;

comparing the first mutual value and the second mutual value to determine a
ranking between the first mutual value and the second mutual value; and

at least one of determining that at least one of the first instance or the second
instance is to be moved from the first computing device to the second computing device,
determining that the third instance is to be moved to the first computing device, or
determining that the first instance and the second instance are to remain on the first

computing device and the third instance is to remain on the second computing device.

24, The computer-readable storage device of claim 23, wherein the operations further
comprise quantifying interactions between the first player and the second player, and

between the first player and the third player.

25. The computer-readable storage device of claim 23, wherein the determining that at
least one of the first instance or the second instance is to be moved from the first
computing device to the second computing device comprises determining that the first

mutual value is lower than the second mutual value.
26. The computer-readable storage device of claim 23, wherein the determining that

the third instance is to be moved to the first computing device comprises determining that

the first mutual value is higher than the second mutual value.
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27. The computer-readable storage device of claim 23, wherein the determining that
the first instance and the second instance are to remain on the first computing device and
the third instance is to remain on the second computing device comprises determining that

the first mutual value is equal to or substantially equal to the second mutual value.

28. The computer-readable storage device of claim 23, wherein the operations further
comprise:

monitoring resources allocated on the first computing device and the second
computing device;

determining a set of the resources on the first computing device satisfy a resource
level condition; and

moving at least one of the set of the resources from the first computing device to

the second computing device.

29. The computer-readable storage device of claim 23, wherein the operations further
comprise:

monitoring resources allocated on the first computing device and the second
computing device;

determining a set of the resources on the second computing device satisfy a
resource level condition; and

moving at least one of the set of the resources from the second computing device

to the first computing device.

30. A system, comprising:
a memory to store instructions; and
a processor, coupled to the memory, that executes or facilitates execution of the
instructions to perform operations, comprising:
distributing player resources among a subset of computing devices;
evaluating a first relationship strength between a first player and a second
player, and a second relationship strength between the first player and a third player; and
reallocating at least a subset of the player resources among the subset of

computing devices.

31 The system of claim 30, wherein the operations further comprise:
calculating a first set of interactions between the first player and the second player

during a defined time interval, and a second set of interactions between the first player
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and the third player during the defined time interval; and

comparing the first set of interactions and the second set of interactions.

32. The system of claim 31, wherein the operations further comprise:

transferring player resources associated with the first player from a first computing
device of the subset of computing devices to another computing device of the subset of
computing devices in response to a first value of the first set of interactions being

determined to be less than a second value of the second set of interactions.

33. The system of claim 31, wherein the operations further comprise:

transferring player resources associated with the third player from a first
computing device of the subset of computing devices to another computing device of the
subset of computing devices in response to a first value of the first set of interactions

being determined to be more than a second value of the second set of interactions.

34. The system of claim 31, wherein the operations further comprise:
monitoring resources allocated among the subset of computing devices; and
determining resources of the player resources on a computing device of the subset
of computing devices satisfies a resource level condition, wherein the reallocating
comprises moving a player resource of the player resources from a first computing device
of the subset of computing devices to another computing device of the subset of

computing devices.
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player instance.

i

Distribute at least one of the first set of resources, the second set 714
of resources, or the third set of resources between the first server =
and the second server based on a result of the comparing.

:

Prevent transfer of the first player instance, the second 716
player instance, and the third player instance to one of the =
first server or the second server.

FIG. 7
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Allocate sets of resources for player instances |~ 802 ’/—800
on one Or more servers.

816 i i 818
Detect that interaction data Detect that interaction data
representing interactions between representing interactions between
at least two of the first player at least two of the first player
instance, the second player instance, the second player
instance, or the third player instance, or the third player
instance has changed. instance has been generated.
Y

804
Define a first relationship strength. =

¢ 806

Define a second relationship strength. 308

Determine an amount of interaction between
the first player instance and the third player instance
during a specified time interval.

¢ 810

Determine a weighted sum of the amount of interaction
as a function of a specified frequency of interactive
behavior.

'

Compare the first relationship strength with e 812
the second relationship strength.

'

Distribute the first set of resources, the second set of resources, 814
the third set of resources, or combinations thereof between the
one or more servers based on a result of the comparing.

FIG. 8
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COMPUTER-READABLE STORAGE DEVICE 900

Define a first mutual value between a first player and a second player
202

v

Define a second mutual value between the first player and a third player
204

Compare the first mutual value and the second mutual value to
determine a ranking between the first mutual value and the second
mutual value 906

v

At least one of determining at least one of the first instance or the second
instance is to be moved from the first computing device to the second
computing device, determining the third instance is to be moved to the
first computing device, or determining the first instance and the second

instance are to remain on the first computing device and the third
instance is to remain on the second computing device 908

FIG. 9
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