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(57) Abstract: A system (200) and method (300) for dy-
namic generation of distribution plan for intensive so-
cial network analysis (SNA) tasks in a distributed envir-
onment comprising at least one Processing Environment
Profiler (202); at least one Network Graph Analysis
Task Profiler (204); at least one Resource Cost Analyzer
(206); at least one Distribution Planner (208); and at
least one Task Distributer (210). The at least one Net-
work Graph Analysis Task Profiler (204) further com-
prises at least one Network Graph Pruning module hav-
ing means to eliminate unnecessary links and nodes
from network graph to produce accurate analysis. A dis-
tribution plan for Intensive Social Network (SNA)
Tasks is achieved by utilizing a pruned network which
extracts the Sub Graph from network graph based on
feature set extraction (non-dependent Sub Graph) and
estimating the resource cost required to perform each of
the given tasks which further map the said task to the
appropriate server.
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A SYSTEM AND METHOD FOR DYNAMIC GENERATION OF DISTRIBUTION PLAN
FOR INTENSIVE SOCIAL NETWORK ANALYSIS (SNA) TASKS

FIELD OF INVENTION

The present invention relates to a system and method for dynamic generation of
distribution plan for intensive social network analysis (SNA) tasks in a distributed
environment. In particular, the present invention utilizes a pruned network which extracts
the Sub Graph from network graph based on feature set extraction (non-dependent Sub
Graph) and estimating the resource cost required to perform each of the given task

which further maps the said task to the appropriate server.

BACKGROUND ART

Huge network graph data cause inefficiency in execution especially in distributed
computing environment which generate low performance and long response time in
execution of Social Network Analysis (SNA) tasks as there is no proper distribution plan.
Further, imbalance load in network contributes to waste of computational resources
usage.

Existing mechanism which relates to data parallelism and task parallelism are described
in United States Patent No. 6,675,189 B2 (hereinafter referred to as US 189 Patent). In
this system, computer system (i.e. memory utilization and Central Processing Unit
(CPU)) are measured while identifying available resources to propose a task distribution
plan for parallel scheduling of distribution. However, the said system as described in the
US 189 Patent deals only with single server instead of resources of multiple servers.
Further, application Data Color Tracker system as described in the US 189 Patent does
not provide for network graph analysis task as the distribution plan focus only on Color

Tracker System Task Distribution wherein task is divided into several subtasks.

Another mechanism for task allocation is described in a published paper entitled
“Contextual Resource Negotiation-Based Task Allocation and Load Balancing in
Complex Software Systems” by Yichuan Jiang and Jiuchuan Jiang published by IEEE
Transactions on Parallel and Distributed Systems, Vol. 20, No. 5, May 2009 (hereinafter
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referred to as Jiang's paper). Jiang's paper proposes task allocation plan and load
balancing wherein available resources are identified and it involves resources of mulitiple
servers. Task allocation model is based on contextual resource negotiation in the
complex software system. A principle agent that has high contextual enrichment factor is
provided for required resources wherein principle agent will negotiate with its contextual
agent to execute the assigned task and it provide reduction of the acceptance
capabilities upon receiving overlarge number of new tasks in the principle agent and
contextual agent.

Another mechanism for task distribution is described in a published paper entitled
“Assignment and Scheduling Communicating Periodic Tasks in Distributed Real-Time
Systems” by Dar-Tzen Peng et al.; published by IEEE Transactions on Software
Engineering, Vol. 23, No. 12, December 1997 (hereinafter referred to as Peng's paper).
In Peng’'s paper, task allocation and distribution plan is provided by allocation of
communicating periodic tasks to heterogeneous processing nodes (PNs) in a distributed
real-time system. Resource cost is proposed using an algorithm. Tasks are based on
task graph which then will be assigning to PNs utilizing a branch and bound (B&B)
search algorithm, the said task graph prunes in polynomial time and does not provide a
feature set extractor (i.e. temporal/spatial/user-defined extractor) as provided in the

present invention.

The subject matter claimed herein is not limited to embodiments that solve any
disadvantages or that operate only in environments such as those described above.
Rather, this background is only provided to illustrate one exemplary technology area
where some embodiments described herein may be practice.
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SUMMARY OF INVENTION

The present invention relates to a system and method for dynamic generation of
distribution plan for intensive social network analysis (SNA) tasks in a distributed
environment. One aspect of the present invention provides a system for dynamic
generation of distribution plan for intensive social network analysis (SNA) tasks. The
system comprising at least one Processing Environment Profiler (202); at least one
Network Graph Analysis Task Profiler (204); at least one Resource Cost Analyzer
(206); at least one Distribution Planner (208); and at least one Task Distributer (210).
The at least one Network Graph Analysis Task Profiler (204) further comprises at least
one Network Graph Pruning module having means to eliminate unnecessary links and
nodes from network graph to produce accurate analysis.

Another aspect of the invention provides for the at least one Processing Environment
Profiler (202) wherein said Processing Environment Profiler (202) further having
means for profiling each processing environment by calculating work load of each
analysis server using workload analyzer; and identifying any free analysis server and
available computational resources.

A further aspect of the invention provides for the at least one Resource Cost Analyzer
(206) wherein said Resource Cost Analyzer (206) further having means for calculating
resource cost for each task by calculating resource cost for each sub graph by
calculating memory cost of sub graph based on summation of memory cost required
to process all nodes and links in sub graph; and calculating total resource cost for
each task based on sub graph resource cost plus pre-defined application resource

cost.

Yet another aspect of the invention provides for the at least one Distribution Planner
(208) wherein said Distribution Planner (208) further having means for generating
distribution plan for each task by matching resource cost with environment profile; and
identifying most appropriate server based on distribution heuristic.
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In still another aspect the invention provides for the at least one Task Distributer (210)
wherein said Task Distributer (210) further having means for distributing task to

appropriate analysis server.

In another aspect the invention provides method (300) for dynamic generation of
distribution plan for intensive social network analysis (SNA) tasks in a distributed
environment. The method comprising steps of profiling each processing environment
(302); profiling network graph analysis task (304); calculating resource cost for each
task (306); generating distribution plan for each task (308); and distributing task to
appropriate analysis server (310). The step of profiling network graph analysis task
further comprises network graph pruning (400) to eliminate unnecessary links and
nodes from network graph to produce accurate analysis by identifying candidate links
from first candidate link (402, 404); removing candidate link (406); and identifying
associated nodes by first determining existence of nodes (408). If nodes exist; the said
methodology proceeds by determining if there is dependency on associated nodes
(412); removing associated node if said node does not have any dependency (416);
and iterating step to identify existence of nodes when there is dependency of node
with associated nodes. If nodes do not exist; the said methodology proceeds by
checking next candidate link to determine existence of link to arrive at a pruned
network when there are no links to candidate (418); and iterating step to remove

candidate link and subsequent steps if there is a link to candidate.

In a further aspect the invention provides a method wherein profiling each processing
environment further comprises steps of calculating work load of each analysis server
using workload analyzer; and identifying any free analysis server and available
computational resources.

In yet another aspect the invention provides a method wherein profiling network graph
analysis task upon arriving at a pruned network further comprises steps of extracting
data from pruned network using an extractor engine for a specific task to obtain sub
graph network (502, 504, 506); and analyzing sub graph network to obtain sub graph
network data which includes graph density, node description ser and link description
set (516, 518, 520).
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In a further aspect the invention provides a method wherein calculating resource cost
for each task further comprises steps of calculating resource cost for each sub graph
by calculating memory cost of sub graph based on summation of memory cost
required to process all nodes and links in sub graph (602); and calculating total
resource cost for each task based on sub graph resource cost plus pre-defined

application resource cost (604).

In still another aspect the invention provides a method wherein generating distribution
plan for each task further comprises steps of matching resource cost with environment

profile; and identifying most appropriate server based on distribution heuristic.

The present invention consists of features and a combination of parts hereinafter fully
described and illustrated in the accompanying drawings, it being understood that various
changes in the details may be made without departing from the scope of the invention or

sacrificing any of the advantages of the present invention.
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BRIEF DESCRIPTION OF ACCOMPANYING DRAWINGS

To further clarify various aspects of some embodiments of the present invention, a more
particular description of the invention will be rendered by references to specific
embodiments thereof, which are illustrated in the appended drawings. It is appreciated
that these drawings depict only typical embodiments of the invention and are therefore
not to be considered limiting of its scope. The invention will be described and explained

with additional specificity and detail through the accompanying drawings in which:

FIG. 1.0 illustrates a general background problem of performing network graph analysis
tasks in a distributed environment.

FIG. 2.0 illustrates a general system in accordance with the present invention.

FIG. 3.0 is a flowchart illustrating an embodiment of the method of the present invention.

FIG. 4.0 is a flowchart illustrating the methodology of network pruning of the present

invention.

FIG. 5.0 illustrates Feature Set Extractor and Sub Graph Profile Generator in profiling
network graph analysis task upon arriving at a pruned network.

FIG. 6.0 illustrates Resource Cost Analyzer and Distribution Planner.

FIG. 7.0 illustrates dynamic profiling of the processing environment.

FIG. 8.0 illustrates an example of network graph pruning.

FIG. 9.0 illustrates an example of dynamically calculating resource cost for each task.

FIG. 10.0 illustrates an example of execution of the Distribution Planner.

FIG. 11.0 illustrates an example of Task Distributer.
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

The present invention provides a system and method for dynamic generation of
distribution plan for intensive social network analysis (SNA) tasks in a distributed
environment. In particular, the present invention utilizes a pruned network which
extracts the Sub Graph from network graph based on feature set extraction (non-
dependent Sub Graph) and estimating the resource cost required to perform each of
the given tasks which further maps the said task to the appropriate server.

Referring to FIG. 1.0, network graph analysis tasks suffer from inefficiency of
execution with no proper distribution plan due to the need of network graph data
communication between computer units. Consequently, this contributes to
performance issue, whereby huge network graph data takes longer response time in
obtaining analysis results which would degrade the application and system
performance. Although particular servers are equipped with additional computation
resources, such as higher CPU (Central Processing Unit) and memory, said
computational resources are not loaded with tasks that require higher computation
power. On the other hand, there might be other servers that are equipped with lower
resources with the most load of tasks. This is due to improper planning of tasks
distribution among the available computation resources which cause the waste of

resources in distributed computing environment.

Turning to FIG. 2.0, the architecture of the system (200) of an embodiment of the
present inventionvis illustrated. The system of the present invention for dynamic
generation of distribution plan for intensive social network analysis (SNA) tasks in a
distributed environment comprising a Processing Environment Profiler (202); a
Network Graph Analysis Task Profiler (204); a Resource Cost Analyzer (206); a
Distribution Planner (208); and a Task Distributer (210).

The methodology of an embodiment of the present invention is illustrated generally in
FIG. 3.0 while FIGs. 4.0, 5.0 and 6.0 respectively illustrates the process flow of the
components of the system and the examples of the execution process of the
components of the system of the present invention. The method (300) for dynamic

generation of distribution plan for intensive social network analysis (SNA) tasks in a
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distributed environment comprising steps of first profiling each processing
environment (302) wherein a Processing Environment Profiler (202) profile each
processing environment (700) by calculating work load of each-analysis server using
workload analyzer. A plurality of parameters becomes the indication, such as CPU
utilization, memory usage and the execution time of unit in each dedicated servers.
Free analysis server and available computational resources are identified to determine
the number of free analysis server as well as the available computational resource in
the servers.

Upon profiling each processing environment, a Network Graph Analysis Task Profiler
(204) profiles network graph analysis task to eliminate unnecessary links and nodes
from network graph to produce accurate analysis. The said Network Graph Analysis
Task Profiler (204) further utilizes a Network Graph Pruning module to prune the
network by first identifying candidate links from first candidate link (402, 404) and
removing identified candidate link (406). Thereafter, associated nodes are identified
by first determining the existence of nodes in the network (408). If nodes exist;
dependency on associated nodes are determined (412) and subsequently associated
nodes are removed if said node does not have any dependency (416). The said step
is iterated to identify existence of nodes when there is dependency of node with
associated nodes. If nodes do not exist, the next candidate link to determine the
existence of the link to arrive at a pruned network when there are no links to candidate
are checked (418). Thereafter, the said step is iterated to remove candidate link and
subsequent steps if there is a link to candidate.

The pruned network will be forwarded to Feature Set Extractor wherein Feature Set
Extractor extracts the data from the pruned network using an extractor engine
particularly to the specific task to obtain sub graph network (502, 504, 506). For
example, if the network graph task is a temporal-based analysis, then a Temporal
Feature Extractor engine will extract the data based on temporal feature set (e.g. time
range, day, month, year and etc.). Similarly, if the task is a spatial-based analysis,
then a Spatial Feature Extractor engine will extract the data based on geo-spatial
feature set (e.g. location, latitude, longitude and etc.). User-Defined Extractor engine
is specified for any kind of task defined by the user. The task can be any network

graph analysis of particular properties and the feature set will be based on that
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specified properties. The result of this process will be a sub graph network which will
be processed further in Sub Graph Profile Generator. The Sub Graph Profile
Generator analyzes the sub graph network (516, 518, 520). A plurality of parameters
that can be obtained from the sub graph network data includes the graph density,
node description set (e.g. number of nodes, type of nodes) and link description set
(e.g. number of links, direction of links, weighted of links, type of links). The output of
this process is a sub graph profile which will be forwarded to the Resource Cost
Analyzer.

The Resource Cost Analyzer calculates the resource cost for each task of the sub
graph network. It takes the information of nodes and links from the sub graph profile
and calculates the resource cost required to process the sub graph. For example, the
memory cost required for the sub graph is calculated based on the summation of
memory cost needed to process all nodes and links in the sub graph (602). The total
resource cost for each task is calculated based on the sub graph resource cost plus
the pre-defined application resource cost where the pre-defined application resource
is pre-calculated before the present invention process starts (604). The result of
Resource Cost Analyzer module is the total required cost to perform each dedicated
task and said resource cost is forwarded to Distribution Planner module wherein the
required resource for each task is mapped and matched to each of environment
profile resulted from Processing Environment Profiler module (1000). The process
uses a set of distribution heuristic to identify the most appropriate server for each task
(1000). Each task distributed to the most appropriate server is identified from the
Distribution Planner module.

Turning to FIGs. 7.0, 8.0, 9.0, 10 and 11, examples of each processes involved are
illustrated. FIG. 7.0 illustrates the dynamic profiling of each processing environment
module. For instance, in Linux environment, an automated back-end program can be
developed to call command “—free -t -m” to get the memory usage (in bytes) and
command “~top” to get the details of occupied resources for each application running
in the server. FIG. 8.0 illustrates the example of Network Graph Pruning process, a
sub process under Network Graph Task Profiler module while FIG. 9.0 illustrates the
example of another sub process of under Network Graph Task Profiler_module,

Dynamically Calculate Resource Cost for each task. This illustrative example shows
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on the methodology to calculate the memory cost to perform each task. The example
given is based on an assumption that the object type of the node and link is
represented as a Java String Object.

FIG. 10.0 illustrates the example on execution of the Distribution Planner. As
illustrated in FIG. 10.0, the resource cost for each task is matched to each
environment profile in order to identify the most appropriate server to perform the task.
The Distribution Heuristic can be any combination of resource indicator (e.g. CPU
level, Memory Space and etc.) and is used as the main factor to determine the right
server. FIG. 11.0 illustrates the network graph analysis task distributed to the
appropriate server wherein each process involved is important and is a key factor to
dynamically generate an appropriate distribution plan for intensive network graph
analysis tasks.

The present invention dynamically generates a distribution plan for Intensive Social
Network (SNA) Tasks by utilizing a pruned network which extracts the Sub Graph from
network graph based on feature set extraction (non-dependent Sub Graph) and
estimating the resource cost required to perform each of the given tasks which further

map the said task to the appropriate server.

Unless the context requires otherwise or specifically stated to the contrary, integers,
steps or elements of the invention recited herein as singular integers, steps or elements
clearly encompass both singular and plural forms of the recited integers, steps or

elements.

Throughout this specification, unless the context requires otherwise, the word
“comprise”, or variations such as “comprises” or “comprising”, will be understood to imply
the inclusion of a stated step or element or integer or group of steps or elements or
integers, but not the exclusion of any other step or element or integer or group of steps,
elements or integers. Thus, in the context of this specification, the term “comprising” is
used in an inclusive sense and thus should be understood as meaning “including

principally, but not necessarily solely”.
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It will be appreciated that the foregoing description has been given by way of illustrative
example of the invention and that all such modifications and variations thereto as would
be apparent to persons of skill in the art are deemed to fall within the broad scope and

ambit of the invention as herein set forth.
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CLAIMS

1. A system (200) for dynamic generation of distribution plan for intensive social
network analysis (SNA) tasks in a distributed environment, the system
comprising:

at least one Processing Environment Profiler (202);
at least one Network Graph Analysis Task Profiler (204);
at least one Resource Cost Analyzer (206);
at least one Distribution Planner (208); and
at least one Task Distributer (210)
characterized in that
the at least one Network Graph Analysis Task Profiler (204) further
comprises at least one Network Graph Pruning module having means to
eliminate unnecessary links and nodes from network graph to produce
accurate analysis by
identifying candidate links from first candidate link;
removing candidate link;
identifying associated nodes by first determining existence of
nodes;
if nodes exist;
determining if there is dependency on associated
nodes;
removing associated node if said node does not
have any dependency;
iterating step to identify existence of nodes when
there is dependency of node with associated
nodes;
if nodes do not exist;
checking next candidate link to determine existence
of link to arrive at a pruned network when are no
links to candidate; and
iterating step to remove candidate link and

subsequent steps if there is a link to candidate.
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2. A system (200) according to Claim 1, wherein the at least one Processing

Environment Profiler (202) further having means for profiling each processing
environment by:
calculating work load of each analysis server using workload analyzer,
and
identifying any free analysis server and available computational

resources.

. A system (200) according to Claim 1, wherein the at least one Resource Cost

Analyzer (206) further having means for calculating resource cost for each task
by:
calculating resource cost for each sub graph by calculating memory cost
of sub graph based on summation of memory cost required to process all
nodes and links in sub graph; and
calculating total resource cost for each task based on sub graph resource

cost plus pre-defined application resource cost.

4. A system (200) according to Claim 1, wherein the at least one Distribution

Planner (208) further having means for generating distribution plan for each task
by:
matching resource cost with environment profile; and

identifying most appropriate server based on distribution heuristic.

. A system (200) according to Claim 1, wherein the at least one Task Distributer

(210) further having means for distributing task to appropriate analysis server.

6. A method (300) for dynamic generation of distribution plan for intensive social

network analysis (SNA) tasks in a distributed environment, the method
comprising steps of:

profiling each processing environment (302);

profiling network graph analysis task (304);

calculating resource cost for each task (306);

generating distribution plan for each task (308); and

distributing task to appropriate analysis server (310)
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characterized in that
profiling network graph analysis task further comprises network graph
pruning (400) to eliminate unnecessary links and nodes from network
graph to produce accurate analysis by
identifying candidate links from first candidate link (402, 404);
removing candidate link (406);
identifying associated nodes by first determining existence of
nodes (408);
if nodes exist;
determining if there is dependency on associated
nodes (412);
removing associated node if said node does not
have any dependency (416);
iterating step to identify existence of nodes when
there is dependency of node with associated
nodes;
if nodes do not exist;
checking next candidate link to determine existence
of link to arrive at a pruned network when there are
no links to candidate (418); and
iterating step to remove candidate link and
subsequent steps if there is a link to candidate.

7. A method (700) according to Claim 3, wherein profiing each processing
environment further comprises steps of:
calculating work load of each analysis server using workload analyzer,
and
identifying any free analysis server and available computational

resources.

8. A method (500) according to Claim 3, wherein profiling network graph analysis
task upon arriving at a pruned network further comprises steps of:
extracting data from pruned network using an extractor engine for a
specific task to obtain sub graph network (502, 504, 506); and
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analyzing sub graph network to obtain sub graph network data which’
includes graph density, node description ser and link description set (516,
518, 520).

5 9. A method according to Claim 3, wherein calculating resource cost for each task
further comprises steps of:
calculating resource cost for each sub graph by calculating memory cost
of sub graph based on summation of memory cost required to process all
nodes and links in sub graph (602); and
10 calculating total resource cost for each task based on sub graph resource
cost plus pre-defined application resource cost (604).

10. A method (1000) according to Claim 3, wherein generating distribution plan for
each task further comprises steps of:
15 matching resource cost with environment profile; and
identifying most appropriate server based on distribution heuristic.
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Dynamically calculate resource cost of each task

1. Calculate Resource Cost for SubGraph

Memory Cost for SubGraph = Memory Cost (Nodes) + Memory Cost (Links})

®
INewmery Cost of nodee (in bytd) » Z(nn‘c Objoctt X mamary of object type + 10% Owerieod)
it

*
Mrmory Cazt of tinks (o byte) = Z(lak Ohsectt x sumory of object tyme 4 10% Dverhead)
B

where :

- Node Object/Link Object is represented as Java String Object.
- Memory of Java String lype = 2

- 10% Overhead is such as object header of Java Stiing = 38

:> 2. Calculate Total Resource Cost

SEu’é%no%ethe predefined memory cost to run application is 5000
Kbytes,

Therefore , for totat memory to run the task , where the memory
cost for SubGraph is 2051 Kbytes,

Memory Cost for SubGraph + Memeory Cost for Application
2051 Kbytes + 5000 Kbytes = 2801 Kbytes

Example : Memory Cost

Total Memory Cost = Memory Cost for SubGraph + predefined Memory Cost for Application

Example
For a node ID, string “Node 1™,
which is 5 characlers,

By formula (in bytes) :
6§ x2+ 38=48 byles

Required Memory
Cost : 2801 KB

=)
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Distribution Planner

1 .Match the resource cost with Environment
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Based on Distribution Heuristic

Calculate Memory Left.
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Task Distributer

1.Distribute task to the most appropriate
analysis server

Example . (based on

Distrhutioo.Heygistic)

Calculate Memory Left:

oastr\b“‘e Available Memory 1512 MB —3 MB =
Network 1509 MB
Analysis Task
Avaitable Memory Memory Left:
Space:  [==»2108MB-3MB=
2108 MB 2105 MB
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