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(57) ABSTRACT 

A method and apparatus for modeling grid projects, such 
that their network and node resources may be readily 
determinable for simulation, scheduling, and control pur 
poses. A model of a grid project is generated using a 
standardized grid project modeling language that sets forth 
a sequence of grid project phases. Within each phase, there 
may be any number of descriptions of parallel activities that 
need to be performed, such as, CPU processing, network 
activity, both, or even nested “sub” phases. Each of the 
descriptions speci?es the properties of the described activi 
ties, such as the quantity of CPU required, network traf?c 
expected, prerequisites, dependencies, activity splitting lim 
its and characteristics, reliability actions, etc. The grid 
project model is parseable by the present invention to 
determine the various phases of a grid project and the 
various characteristics of each phase. 
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FIG. 6B 
<application name = project x> 

<step> 
<xferfi|e from=locati0n A to=|ocationB bytes=1234567890 > 

</step> 
<step> 

<Job name=1 cycles=10000000000....> 
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<parallel> 

<Job name=2 <Job name=3 <Job name=4 <Job name=5 </parallei> 
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<xferfile ...> 
<xferfi|e ...> 

</paral|e|> 
</step> 

<lapplication> 

VVVV 



Patent Application Publication May 24, 2007 Sheet 6 0f 11 US 2007/0118839 A1 

700 

FIG. 7 / 

"M8001 [IE Elli 730 \sample 
Period: —' 

"5w: [IE 

720 xstat Basis; |_Average by Day E 740 Timé Line Chart 750 \Grip App: L Ninja E 

7000- ----;-\\?VAILABLE NEI ”,-’\ -20.000 
I 

6.000~ 780 ‘ I’ -17.500 0, 

% 5_000_ —15.000 5 
m ._ 

é 4-°°°~ AVAILABLE -12.500 g 
G’ —: 

§3.000- CPU 760 H0000 % 
2.000- — -7.500 = 

1.000 - -5.000 

I I I I I I l 

00:00 04:00 08:00 12:00 16:00 20:00 00:00 
time 

800 

\ FIG. 8 

7_000_ -.._._\\AVAILABLE NET ‘[33. 850 , 401100 
’ “ x I ‘ 

s.000~ ‘ , __ " 820\ ~ ,1’ -17.s00 Q 
, 0. .. _ 

g 5.000— ‘ 840 -15.000 5 
s ._ 

§ 4.000- AVAILABLE —12.500 5 
(U h 

g 3.000 - CPU \ 830 -10.000 % 

2.000— 810 -7.500 = 

1.000 - -5.000 

I *I I l l ‘ I I I 

00:00 04:00 08:00 12:00 16:00 20:00 00:00 
time 



Patent Application Publication May 24, 2007 Sheet 7 0f 11 US 2007/0118839 A1 

900 

FIG. 9 v/ 
7.000 - - ~ - - ~ AVAILABLE NET , * —20.000 

’ \ 

6.000 - -17.500 m 

g 5.000 - -15.000 5 
2 a 

4.000 — AVNLABLE —12.500 5 
(U n 

g 3.000 - CPU -10.000 2 

2.000 - -7.500 3 

1.000 - -5.000 

I I I I I 00:00 04:00 08:00 12:00 16:00 : 00:00 

time 

1 000 

FIG. 10 / 

7.000- M‘ ‘x,’ _20.000 
6.000 - AVAILABLE —17.500 

0 NET g 
5 5_00O_ —15.000 E 
2 AVAILABLE ‘a 
7;? 4.000~ CPU —12.500 <>u 
“1 A: 

§ 3-000 - -10.000 % 
2.000 - -7.500 = 

1.000 - -5.0o0 

I l l I 

00:00 04:00 08:00 12:00 16:00 20:00 00:00 

time 



Patent Application Publication May 24, 2007 Sheet 8 0f 11 US 2007/0118839 A1 

CLUSTER CPU AVAILABLE CLUSTER NET AVAILABLE 

C i * * x x* B * * * * *i 

A * x r x *1: C * * * * ** B * * x w ** A * * * * *1: 



Patent Application Publication May 24, 2007 Sheet 9 0f 11 US 2007/0118839 A1 

A 

1230 \; 
l 

FIG. I 2 , : 

. l {1200 
g l 

PROCESSOR I 
CAPACITY ' : 

' _. _'_ .1 _ l _ ._ _ .0 

' ‘R 
. . - 1240 

NETWORK CAPACITY : 

1300 

\ FIG. 13 

NETWORK INTERFACE 

PoRTs BUFFERS APls 

/ / \ 
1 375 1 370 1 350 

1340 “ \ 
1380\_ \ T, 1360 

GRID AGENT 

GRID PROJECT THROTTLE CONTROL 

/ ‘ 1325 
1320 ‘V / 

1310\ GRID PROJECT ‘ i [1330 
SCHEDULING ENGINE WRAPPER GR") JOB 

GRID NODE 



Patent Application Publication May 24, 2007 Sheet 10 0f 11 

FIG. 14 
1400 

1410\ RECEIVE REQUEST FOR 
GRID PROJECT SIMULATION 

I 
1420\ REQUEST GRID PROJECT 

PARAMETERS 

I 
RETRIEVE PROCESSOR/NETWORK 

AVAILABILITY DATA 

I 

1440/ 
GENERATE RESOURCE 
AVAILABILITY PLOT 

I 

1450/ 
GENERATE SIMULATION OF 

EXECUTION OF GRID PROJECT 

593 

US 2007/0118839 A1 

1600 
FIG. I 6 '/ 

DETERMINE EXPECTED 
NETWORK AVAILABILITY /1610 

AND EXPECTED 
PROCESSOR AVAILABILITY 

IF 
RATE OF DATA 

TRANSMISSION EXCEEDS 
EXPECTED NETWORK 

AVILABILITY 

THROTTLE RATE OF DATA 
TRANSMISSION 

OF PROCESSOR 
UTILIZATION EXCEEDS 
EXPECTED PROCESSOR 

AVILABILITIES 
'7 
‘ 1640 

THROTTLE RATE OF 
PROCESSOR UTILIZATION 

(END) 



Patent Application Publication May 24, 2007 Sheet 11 0f 11 US 2007/0118839 A1 

FIG. 15 @@ 
RECEIVE GRID PROJECT SUBMISSION f1 51 0 

II 

DETERMINE NETWORK /151_5 
NATURE OF GRID PROJECT 

V 

GENERATE GRID NODE CLusTERs / 1520 

DETERMINE AvERAGE /1525 
REsOuRCE AVAILABILITY 

RANK GRID NODE CLUSTERS /1530 

I ‘[1500 
DETERMINE MINIMUM THRESHOLD VALUES \1535 

'II 

DO 
CLUSTERS EXCEED 

MINIMUMS AND HAVE 
SUFFICIENT 
CAPACITY? 

YES 

1 540 

ADJUST MINIMUM THRESHOLD VALUES 
\1555 

DETERMINE 
IF REDUCED OR 
DIMINISHING 
RETURNS? 

V 

sCIIEDuLE GRID 
PROJECT \1545 

1550 

SCHEDULING CANNOT BE ACCOMPLISHED 

(END) 



US 2007/0118839 A1 

METHOD AND APPARATUS FOR GRID PROJECT 
MODELING LANGUAGE 

BACKGROUND OF THE INVENTION 

[0001] 
[0002] The present invention is generally directed to an 
improved data processing system. In particular, the present 
invention is directed to an improved grid computing system 
in Which a representation of a grid project is generated in 
accordance With a standardized modeling language. 

[0003] 2. Description of the Related Art 

[0004] In the 1990’s, computer scientists began exploring 
the design and development of a computer infrastructure, 
referred to as the computation grid, Whose design Was based 
on the electrical poWer grids that had been knoWn to date. 
Grid computing Was initially designed for use With large 
scale, resource intensive scienti?c applications, such as the 
Search for Extraterrestrial Intelligence (SETI) program’s 
computing grid, that require more resources than a small 
number of computing devices can provide in a single 
administrative domain. Since then, grid computing has 
become more prevalent as it has increased in popularity as 
a mechanism for handling computing tasks. 

1. Field of the Invention 

[0005] A computation grid enables computer resources 
from geographically distributed computing devices to be 
shared and aggregated in order to solve large-scale resource 
intensive problems. A computational grid may also be 
referred to as just a “grid.” To build a grid, both loW level 
and high level services are needed. The grid’s loW level 
services include security, information, directory, and 
resource management services. The high level services 
include tools for application development, resource man 
agement, resource scheduling, and the like. Among these 
services, the resource management and scheduling tends to 
be the most challenging to perform optimally. 

[0006] Known grid computing systems, such as Legion, 
Data Synapse, Platform Computing, Grid MPTM from 
United Devices, Berkley Open Infrastructure for Network 
Computing (BOINC), PBS ProTM Grid from Altair, the 
Globus® Toolkit (available from Argonne National Labo 
ratory, Chicago, Ill.), and the Open Grid Services Architec 
ture (OGSA), perform resource management and scheduling 
based primarily upon the processor load(s) of the various 
nodes, i.e. computing devices, in the computing grid With 
some other non-dynamic prerequisite factors being taken 
into account to determine Which nodes may be utiliZed in the 
computing grid. Thus, if a node meets all of the non 
dynamic prerequisite factors and its current processor load is 
beloW a predetermined threshold, grid jobs may be sched 
uled to run on that node. If the node’s processor load is 
above the predetermined threshold, the node is no longer a 
candidate to run grid jobs until its processor load again falls 
beloW the predetermined threshold. 

[0007] Because knoWn grid computing systems only take 
into consideration processor load(s) as a dynamic factor for 
determining scheduling of j obs, and fail to consider netWork 
traf?c that the grid jobs may create, sub-optimal scheduling 
often results. As a result, the grid jobs, Which are intended 
to be performed in an unobtrusive manner With regard to the 
regular functioning of the nodes, may adversely affect the 
existing loads on the nodes. 
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[0008] Because of this sub-optimal scheduling that results 
due to using only the processor load(s) as a basis for the 
scheduling, many scienti?c and commercial enterprises are 
reluctant to make use of grid computing because of the 
possible negative impact it may cause on their existing 
information technology infrastructures. First, these enter 
prises are uncertain about hoW much grid activity may 
disrupt their existing Workload; second, they are hesitant to 
use the computing grid for mission critical projects because 
they are unable to quantify the capacity of their grid that is 
necessary to run the grid jobs associated With the grid project 
Within a required time span. 

[0009] These problems With existing grid computing sys 
tems are rooted in the fact that resource management and 
scheduling in these grid computing systems do not take into 
account the necessary amount of netWork traf?c for per 
forming grid jobs or the affect that this traf?c may have on 
existing loads of nodes in the grid. NetWork traf?c may 
negatively affect both the performance of the existing Work 
loads on the nodes in a grid as Well as the performance of the 
grid jobs themselves. 

SUMMARY OF THE INVENTION 

[0010] The aspects of the present invention provide a 
computer implemented method and apparatus for modeling 
a grid project. The various phases of a grid project are 
identi?ed utiliZing a grid project modeling language. This 
modeling language can then be utiliZed to generate a grid 
project description model for the grid project. These and 
other features and advantages of the present invention Will 
be described in, or Will become apparent to those of ordinary 
skill in the art in vieW of, the folloWing detailed description 
of the preferred embodiments. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] The novel features believed characteristic of the 
invention are set forth in the appended claims. The invention 
itself, hoWever, as Well as a preferred mode of use, further 
objectives and advantages thereof, Will best be understood 
by reference to the folloWing detailed description of an 
illustrative embodiment When read in conjunction With the 
accompanying draWings, Wherein: 

[0012] FIG. 1 is an exemplary diagram of a grid comput 
ing environment in Which aspects of the present invention 
may be implemented; 

[0013] FIG. 2 is an exemplary diagram illustrating the 
interaction of the grid management system and the grid 
agents on the various grid nodes; 

[0014] FIG. 3 is an exemplary block diagram of a grid 
agent in accordance With one exemplary embodiment of the 
present invention; 

[0015] FIG. 4 illustrates an exemplary process for deter 
mining the capacity of the links betWeen grid nodes so that 
a minimum capacity link is set as the maximum capacity 
available betWeen tWo grid nodes in accordance With one 
exemplary embodiment of the present invention; 

[0016] FIG. 5 is an exemplary diagram illustrating a grid 
management system in accordance With one exemplary 
embodiment of the present invention; 
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[0017] FIG. 6A is an exemplary diagram of a grid project 
model created in accordance with the grid project modeling 
language of one exemplary embodiment of the present 
invention; 
[0018] FIG. 6B is an exemplary illustration of a grid 
project modeling language high level XML code script 
describing a grid project. 

[0019] FIG. 7 is an exemplary diagram illustrating a 
graphical user interface in which resource availability curves 
for the computing grid may be depicted in accordance with 
an exemplary embodiment of the present invention; 

[0020] FIG. 8 is an exemplary diagram illustrating one 
mechanism for depicting the execution of a grid project 
using the resource availability plots of one exemplary 
embodiment of the present invention; 

[0021] FIG. 9 is an exemplary diagram illustrating a 
graphical depiction of the same grid project as shown in 
FIG. 8 in which the start time for performing the grid project 
has been changed; 

[0022] FIG. 10 is an exemplary diagram illustrating the 
affect of an extended grid on the grid project of FIGS. 8 and 
9 in accordance with one exemplary embodiment of the 
present invention; 

[0023] FIG. 11 illustrates a clustering of grid nodes in 
accordance with one exemplary embodiment of the present 
invention; 

[0024] FIG. 12 is an exemplary two dimensional plot of 
grid node clusters based on processor and network resource 
availability or capacity; 

[0025] FIG. 13 illustrates the operation of the throttling 
mechanism in accordance with one exemplary embodiment 
of the present invention; 

[0026] FIG. 14 is a ?owchart outlining an exemplary 
operation of the present invention when generating a visual 
representation of a simulation of a grid project in accordance 
with one exemplary embodiment of the present invention; 

[0027] FIG. 15 is a ?owchart outlining an exemplary 
operation of the present invention when scheduling the 
dispatching of grid jobs in accordance with one exemplary 
embodiment of the present invention; and 

[0028] FIG. 16 is a ?owchart outlining an exemplary 
operation of the present invention when throttling the net 
work tra?ic associated with a grid project in accordance with 
one exemplary embodiment of the present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

[0029] FIG. 1 is an exemplary diagram of a computing 
grid environment in which aspects of the present invention 
may be implemented. As shown in FIG. 1, the computing 
grid 100 includes a plurality of grid nodes 110 coupled 
together via one or more networks 120-130. The grid nodes 
may be any type of computing device that is capable of 
either processing grid jobs and grid data provided to it or is 
capable of providing such grid data to other grid nodes. For 
example, a grid node 110 may be a server computing device, 
client computing device, workstation, personal computer, 
database system, mainframe computer system, or the like. 
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[0030] The computing grid 100 is managed by the grid 
management system 140. The grid management system 140 
communicates with agent software present on the grid nodes 
110 to obtain information about each of the grid nodes 110 
and to submit grid jobs and grid data to the grid nodes 110 
for processing. The grid management system 140 provides 
the necessary functionality for determining which grid nodes 
110 in the computing grid 100 are on-line, which grid nodes 
110 have available capacity to handle grid jobs, schedules 
the dispatching of grid jobs to the various grid nodes 110, 
receives and correlates the results of the grid jobs dispatched 
to the grid nodes 110, and performs other grid management 
functions in accordance with the embodiments of the present 
invention described hereafter. 

[0031] A grid project is the highest level ofa piece ofwork 
on the grid. A grid project may also sometimes be equiva 
lently referred to by the term “grid application.” A grid job 
is a portion of work required to perform a grid project. That 
is, a grid project is broken up into a plurality of individual 
grid jobs that may be dispatched to grid nodes for process 
ing. A set of grid jobs performing a grid project may execute 
in parallel on different nodes in the grid. A grid job may also 
sometimes be referred to in the art as a transaction, work 
unit, task or submission. 

[0032] Each grid node 110 in the computing grid 100 may 
perform their normal workload, i.e. non-grid related pro 
cessing, and may also perform processing of grid jobs 
submitted to them from the grid management system 140. 
The results of the processing of these grid jobs are then 
returned to the grid management system 140 or other 
designated node, which combines the results of various grid 
jobs in order to obtain the necessary data for completion of 
the grid project. Grid agent software present on the grid 
nodes 110 measures performance characteristics of the grid 
nodes 110 and provides these measurements to the grid 
management system 140 so that the grid management sys 
tem 140 can properly schedule dispatching of grid jobs to the 
various grid nodes 110. 

[0033] As mentioned above, in known computing grid 
systems, the available processor capacity of the grid node is 
the dynamic characteristic of the grid nodes used as a basis 
for determining the scheduling of grid jobs. That is, the grid 
management system obtains information from the grid agent 
software on the grid nodes indicating the CPU utiliZation of 
a grid node over time. From this information, the grid 
management system may determine when the grid node’s 
CPU utiliZation is likely to be below a predetermined 
threshold and thus, is able to schedule the dispatching of a 
grid job to the grid node at that predicted time. 

[0034] The problem with using only CPU availability as a 
measure for determining when to dispatch grid jobs is that 
large amounts of data may be sent on slow links and the grid 
jobs using that data may not even be executed near the 
locations where the required data is stored. This results in 
additional network tra?ic. Thus, the large amount of data 
being sent over slow links and the additional network tra?ic 
required due to ine?icient placement of the data in the grid 
results in a larger load on the network than would be 
optimal. This may adversely impact the regular operations of 
the grid nodes. Thus, instead of an unobtrusive use of the 
grid nodes, the grid jobs actually negatively affect the 
regular work performed by these grid nodes. 
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[0035] The aspects of the present invention avoid these 
negative affects of grid, computing by taking into consid 
eration both the processor utilization and netWork utilization 
required to perform the functions of a grid project using the 
computing grid. That is, the present invention utilizes grid 
agents present on the grid nodes that monitor both processor 
utilization and availability of the grid nodes, With regard to 
both grid and non-grid Work, and netWork utilization and 
availability of the links betWeen grid nodes, to determine 
availability of the grid nodes to process grid jobs. This 
information is then used to model grid activity, to simulate 
the performance of the computing grid With regard to the 
processing of a grid project, to schedule dispatch of grid jobs 
to the grid nodes, and to throttle transmission of the grid jobs 
and their data to the various grid nodes so that adverse 
impacts on the regular functioning of the grid nodes is 
avoided. 

[0036] FIG. 2 is an exemplary diagram illustrating the 
interaction of the grid management system and the grid 
agents on the various grid nodes of a grid computing system 
200. As shoWn in FIG. 2, the grid management system 210 
communicates With the grid agents 220 on the grid nodes 
230 of the computing grid 240 to obtain processor and 
netWork availability data. The grid agents 220 include 
processor utilization monitors and netWork utilization moni 
tors to obtain measures of processor and netWork utilization 
With regard to grid and non-grid job processing. The pro 
cessor utilization monitors determine, over a period of time, 
hoW much of the processor resources of the grid node are 
being used to process non-grid Work, process grid jobs, and 
hoW much of the processor resources are idle. The netWork 
utilization monitors determine, over a period of time, hoW 
much of the netWork capacity associated With links to this 
grid node are being used and hoW much capacity is avail 
able. 

[0037] This processor and netWork utilization data is 
transmitted to the grid management system 210 Where the 
data is stored in a database 215 for later use. For example, 
the grid management system 210 of the present invention 
uses the information stored in the database 215 in generating 
a grid project description model, determining a simulation of 
the grid project processing performance, scheduling grid job 
dispatching, and throttling of grid job data transmissions. 
[0038] The grid management system 210 receives grid 
projects from a grid project submission system 250. The grid 
project submission system 250 may communicate With the 
grid management system 210 to submit the grid project, 
request and vieW a simulation of the grid project, adjust 
dispatch parameters for the grid project based on the simu 
lation of the grid project, and receive results of the grid 
project being processed by the computing grid 240. 
[0039] When a grid project is submitted by the grid project 
submission system 250 to the grid management system 210, 
the grid project may be simulated using the data maintained 
in the database 215 such that the affect of various start times, 
various additional grid nodes, and the like, may be deter 
mined. From this information, the user of the grid project 
submission system may select appropriate grid project dis 
patching criteria for use in dispatching the grid project as a 
plurality of grid jobs to the grid nodes 230 of the computing 
grid 240. 
[0040] The grid management system 210 then schedules 
the dispatching of the grid jobs based on the selected 
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dispatch criteria. This scheduling of grid jobs may involve 
selecting certain grid nodes to Which the grid jobs should be 
submitted based on non-dynamic characteristic information 
about the grid nodes maintained by the grid management 
system 210. At the schedule time(s), the grid management 
system 210 transmits grid jobs and/ or corresponding data to 
the grid agents 220 on the appropriate grid nodes 230. The 
grid agents 220 preferably include grid client softWare that 
permits the grid agents 220 to execute the grid jobs on their 
respective grid nodes 230. The dispatching and execution of 
grid jobs on grid nodes is generally knoWn in the art. For 
example, the Globus® or OGSA mechanisms may be used 
to execute grid jobs on grid nodes using grid client softWare. 

[0041] FIG. 3 is an exemplary block diagram of a grid 
agent in accordance With one exemplary embodiment of the 
present invention. As shoWn in FIG. 3, the grid agent 300 
includes a controller 310, a processor utilization monitor 
320, a netWork utilization monitor 330, a netWork interface 
340, grid client softWare 350, a processor/netWork utiliza 
tion statistics storage 360, and a grid project throttle control 
370. The grid agent 300 is implemented as softWare instruc 
tions executed by the processor(s) of the grid node on Which 
the grid agent 300 is deployed. The grid agent 300 executes 
as a background application that is not readily discernible to 
a user of the grid node on Which the grid agent 300 is 
running. 

[0042] The controller 310 controls the overall operation of 
the grid agent 300 and orchestrates the operation of the 
elements 320-370. The processor utilization monitor 320 
monitors the processor utilization of the grid node With 
regard to both grid and non-grid Workloads. The processor 
utilization monitor 320 distinguishes betWeen processor 
utilization associated With grid Workloads and processor 
utilization associated With non-grid Workloads. This distin 
guishing betWeen processor utilization of grid Workloads 
and non-grid Workloads is accomplished by tying the moni 
toring functions of the processor utilization monitor 320 
With the grid client softWare 350. 

[0043] The grid client softWare 350 communicates With 
the grid management system, accepts grid jobs to be per 
formed, executes them under an appropriate environment, 
and then returns results from the grid jobs. The grid client 
softWare 350 for different embodiments of the present 
invention is augmented to keep track of processes and 
threads doing Work on behalf of the grid. That is, the grid 
client softWare 350, as processes are executed and threads 
are created, maintains a data structure that stores an identi 
?er of the processes or threads that are associated With grid 
jobs being processed by the grid node. Statistics regarding 
all threads executed by the processor(s) of the grid node are 
maintained in another data structure. These statistics may 
include, for example, amount of processing cycles needed to 
execute the thread, memory usage, disk space usage, amount 
of CPU time used to execute the thread, or the like. 

[0044] By comparing the tWo data structures, the statistics 
associated With grid-related threads and non-grid related 
threads may be differentiated. The non-grid related threads 
constitute Workload on the systems that is not initiated by 
grid Work and thus, represent the normal Workload on the 
system. Thus, a determination may be made as to hoW much 
non-grid Workload is present on the grid nodes’ processor(s) 
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at speci?c times. As a result, a more accurate measurement 
of the actual processor capacity of the grid node is deter 
mined. 

[0045] The network utilization monitor 330 is used to 
generate netWork utiliZation statistics for the grid node. 
Often grid jobs need a large amount of input data Which 
must be transmitted to the grid node performing the Work, 
i.e. processing the grid job. Large amounts of output data 
may also be produced by grid jobs. In addition, unless grid 
jobs are scheduled on nodes near databases storing the 
required data that the grid job may need to access, signi?cant 
delays can occur due to netWork tra?ic and the need to 
retrieve the required data from a remote database. 

[0046] All of these situations can take up valuable netWork 
bandWidth and can cause severe congestion in the netWork. 
As a result, both the grid node’s normal Workload and the 
grid jobs themselves may be negatively impacted by the 
consumption of netWork bandWidth on links to and from the 
grid node. 

[0047] The grid project throttle control 370 throttles pro 
cessor and netWork utiliZation if such utiliZation exceeds 
predetermined expected processor and netWork availability 
values. This throttling mechanism, discussed more fully 
beloW, prevents netWork congestion and processing delays 
caused by execution of grid jobs in order to ensure that 
regular operation of the grid nodes, i.e. the grid nodes usual 
Workloads, are not adversely affected by transmission and 
processing of grid jobs and grid job data. 

[0048] To collect the information needed to determine the 
netWork utiliZation of the grid node, the netWork utiliZation 
monitor 330 uses conventional netWork traf?c monitors to 
determine the amount of traf?c betWeen each pair of grid 
nodes on a physical netWork link. That is, each grid node of 
the netWork includes a conventional netWork traf?c monitor 
that determines the amount of netWork traf?c over links 
betWeen that grid node and the grid nodes to Which that grid 
node is linked. The netWork utiliZation monitor 330 for the 
illustrative example of the present invention determines the 
most probable route that a data packet Will travel betWeen 
that grid node and other grid and non-grid nodes. The 
netWork utiliZation monitor then determines the minimum 
capacity link in the route. For example, the netWork utili 
Zation monitor 330 may use the trace route utility available 
in the WindoWsTM and UnixTM operating systems (i.e., the 
tracert or traceroute command line program) to determine 
the likely route that a data packet Will traverse betWeen any 
tWo grid nodes. The conventional netWork traf?c monitors of 
both the grid nodes and non-grid nodes along the route may 
be used to determine the capacity of the links betWeen grid 
nodes so that a minimum capacity link is set as the maxi 
mum capacity available betWeen the tWo grid nodes. 

[0049] This process is illustrated in FIG. 4. As shoWn in 
FIG. 4, a grid node 410 needs to determine the maximum 
capacity available betWeen itself and other grid nodes 420 
450 of the computing grid 400. Each of grid nodes 410-450 
is equipped With a grid agent that includes a conventional 
netWork traf?c monitor for monitoring the amount of traf?c 
and available bandWidth along connections or links to that 
grid node. In addition, non-grid nodes 460-490 may also be 
present in the netWork that are not part of the computing grid 
400. These non-grid nodes may also be equipped With 
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conventional netWork traf?c monitors for monitoring the 
amount of traf?c and available bandWidth along connections 
to a given grid node. 

[0050] In determining the maximum capacity available 
betWeen itself and each of other grid nodes 420-450, grid 
node 410, in one exemplary embodiment, runs the trace 
route utility using the destination IP address, Universal 
Resource Locator (URL), or the like, of the grid nodes 
420-450 as the basis upon Which to perform the trace route 
operation. The IP address, URL, or the like, of the grid nodes 
410-450 may be maintained in a data structure associated 
With the grid agent for use in determining netWork capacity 
and utiliZation. As a result of running the trace route utility 
on grid node 420’s IP address, the trace route utility deter 
mines that the most probable route for a data packet being 
sent from the node 410 to the node 420 is the route 
comprising links A and B. Similarly, the route betWeen node 
410 and 430 is determined by the trace route utility to be link 
C. The route betWeen node 410 and node 440 is comprised 
of the links C, D and E and the route betWeen node 410 and 
450 is comprised of the links C, F, G and H. 

[0051] The netWork capacity along links betWeen nodes 
410-490 in the netWork may be determined using the con 
ventional netWork traf?c monitors of the grid nodes 410-450 
and non-grid nodes 460-490. The depicted example is a 
simpli?ed version of a computing grid 400 so that many of 
the routes betWeen grid node 410 and the other grid nodes 
comprise a single link (shoWn in dashed lines). HoWever, in 
more complex computing grid con?gurations, it should be 
appreciated that a single route may involve links betWeen 
three or more nodes, including both grid nodes and non-grid 
nodes. 

[0052] One example of a route involving multiple nodes is 
the route betWeen grid node 410 and grid node 440. In this 
example, the route passes through grid node 430. Thus, tWo 
measurable links exist: link C betWeen grid node 410 and 
430, and link I betWeen grid nodes 430 and 440. The 
netWork capacity, or available bandWidth, of each link is 
determined and the minimum netWork capacity, or available 
bandWidth, is selected as the maximum netWork capacity 
betWeen grid node 410 and grid node 440 for the particular 
measurement period. Thus, values can be deduced (approxi 
mately) for netWork capacity available betWeen any tWo grid 
nodes. 

[0053] Returning to FIG. 3, the processor/netWork utili 
Zation statistics storage 360 is used to store both the pro 
cessor utiliZation statistics and netWork capacity or utiliZa 
tion statistics data collected over an “n” minute interval, 
Where the value of “n” depends on the particular implemen 
tation of the embodiments of the present invention and may 
be set to any time period. The intervals may be sent by the 
grid agent to the grid management system Where they may 
be aggregated With other statistical measurements obtained 
from that grid node and other grid nodes. The aggregated 
processor and netWork utiliZation information may then be 
statistically evaluated to determine typical values, such as 
daily, Weekly, monthly, or other repetitive period values of 
expected processor and netWork capacity in the computing 
grid. 

[0054] Speci?cally, in one exemplary embodiment, for 
each collection point, grid node, and time WindoW, a sum of 
values of the processor and netWork available capacity, a 
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sum of the squares of these values, and the number of 
samples taken is stored. This storing of data permits the 
computation of standard deviation, mean and other statistics 
over the data collected Without needing to keep the entire set 
of collected data. This data may then be used to simulate the 
execution of a grid project on the computing grid at various 
times of the Week, month, year, etc., to determine scheduling 
of the dispatching of grid jobs to grid nodes, throttling of 
data transmission associated With grid jobs, and the like, as 
discussed hereafter. 

[0055] FIG. 5 is an exemplary diagram illustrating a grid 
management system in accordance With the aspects of the 
present invention. The grid management system 500 may be 
implemented in hardWare, softWare, or any combination of 
hardWare and software. In an illustrative embodiment of the 
present invention, the grid management system 500 is 
implemented as softWare instructions executed by one or 
more data processing devices. 

[0056] As shoWn in FIG. 5, grid management system 500 
includes controller 510, netWork interface 520, grid project 
storage interface 530, grid project storage system 535, grid 
project visualization and simulation engine 540, node pro 
cessor/netWork availability storage system interface 550, 
node processor/netWork availability data storage system 
555, grid project scheduling engine 560, and grid project job 
dispatcher 580. These elements are in communication With 
one another via control/data signal bus 590. Although a bus 
architecture is shoWn in FIG. 5, the different aspects of the 
present invention are not limited to such and any architec 
ture that facilitates the communication of control/data sig 
nals betWeen the elements described above may be used 
Without departing from the spirit and scope of the present 
invention. 

[0057] Controller 510 controls the overall operation of 
grid management system 500 and orchestrates the operation 
of the other elements in this system. Network interface 520 
provides a communication pathWay for receiving and send 
ing data. In particular, netWork interface 520 provides a 
mechanism through Which statistical data regarding the 
processor and netWork availability of the various grid nodes 
may be received. Similarly, grid project jobs and data may 
be transmitted to grid nodes via the netWork interface 520. 
Results of these grid project jobs may also be received 
through netWork interface 520. 

[0058] Grid project storage interface 530 provides a com 
munication interface for storing and retrieving grid project 
data from grid project storage system 535. The grid project 
data in grid project storage system 535 may include the 
actual grid project data for generating grid project jobs and 
the data upon Which the grid project jobs operate. Alterna 
tively, the grid projects and the data upon Which the grid 
project jobs operate may be stored in one or more remotely 
located databases. 

[0059] Grid project visualization and simulation engine 
540 is used to generate simulations of grid projects as Well 
as a graphical user interface through Which the user may 
vieW the simulations to determine an optimum scheduling of 
the grid project jobs. Grid project visualiZation and simula 
tion engine 540 uses the processor and netWork availability 
information obtained from the various grid nodes via net 
Work interface 520 and stored in node processor/netWork 
availability data storage system 555 via node processor/ 
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netWork availability data storage system interface 550 to 
determine grid processor and netWork availability at various 
times, such as various times of the day, Week, month, or year. 
This information is used to determine hoW various start 
times of grid projects Will affect the completion time of the 
grid project as Well as the affect on the grid processor and 
netWork availability utiliZation, as discussed hereafter. 

[0060] Grid project scheduling engine 560 is used to 
schedule the dispatching of grid project jobs to grid nodes. 
This scheduling of the grid project may be performed, for 
example, in response to a user selecting a particular start 
time for the grid project using the graphical user interface 
provided by grid project visualiZation and simulation engine 
540. Grid project scheduling engine 560 breaks up the grid 
project and corresponding grid project data into grid jobs 
and determines a time at Which each grid job should be 
transmitted to its corresponding grid node. 

[0061] Grid project job dispatcher 580 actually performs 
the operations of dispatching grid jobs and their correspond 
ing data to the grid nodes via one or more netWorks. Grid 
project job dispatcher 580 Works in a similar manner to that 
knoWn in existing computing grid systems With the primary 
difference being in that the grid jobs and data being trans 
mitted by the grid project job dispatcher 580 are determined 
in accordance With the operations of grid project scheduling 
engine 560, and grid project visualiZation and simulation 
engine 540. 

[0062] When a user Wishes to determine the best possible 
scheduling for a grid project, the user logs onto the grid 
management system 500 and requests that a particular grid 
project’s execution over a particular time period be simu 
lated. For example, When the user logs onto the grid man 
agement system 500 and selects a “grid project simulation” 
option presented through a graphical user interface (GUI) 
provided by the grid management system 500, the user is 
then presented With another GUI through Which the user 
may select or enter a grid project identi?er, a time WindoW 
for the simulation, for example, a start date/time and end 
date/time, and a statistical basis for the simulation, such as, 
average processor or netWork availability per day, average 
per Week, average per month, one standard deviation pro 
cessor/netWork availability per day, one standard deviation 
per Week, etc. 

[0063] The grid project visualiZation and simulation 
engine 540 then retrieves node processor/netWork availabil 
ity data from the node processor/netWork availability data 
storage system 555 for a period of time corresponding to the 
particular time WindoW selected. For example, if the user 
selects a time WindoW from Feb. 1, 2004 to Feb. 29, 2004, 
node processor/netWork availability data for the period of 
time corresponding to this time WindoW is retrieved from the 
storage system 555. For example, the data representing node 
processor/netWork availability for each day of the Week may 
be retrieved and repeated for each Week betWeen the Feb. 1, 
2004 to Feb. 29, 2004 time period to thereby simulate the 
processor/netWork availability for the computing grid during 
the designated time period. 

[0064] This node processor/netWork availability data that 
is retrieved from the node processor/netWork availability 
data storage system 555 represents the total availability of 
the processors and netWork link resources in the computing 
grid during the selected time period. This information may 
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be used to generate curves in a plot representing the avail 
able resources of the computing grid over the selected period 
of time. These curves are used along With information about 
the manner by Which the selected grid project is to be 
dispatched to determine a simulation of the performance of 
the grid project. The information about the manner by Which 
the selected grid project is to be dispatched is obtained from 
a model of the grid project obtained from the grid project 
storage system 535. 

[0065] Grid project description model provides a descrip 
tion of the various phases of a grid project. The phases of a 
grid project include, for example, dispatching, execution, 
and then return of the results data. The various phases of a 
grid project are described by the description model as a set 
of descriptions, that include, for example, the number of grid 
jobs to be dispatched, the amount of data corresponding to 
each grid job, the amount of run-time for executing the grid 
jobs on the data, and the estimated amount of data corre 
sponding to the results of the execution of the grid jobs. The 
descriptions of the various phases also include descriptions 
of activities to be performed in parallel and serially. 

[0066] The grid project description model is generated 
using a grid project modeling language designed to describe 
the various phases of the grid project. The description model 
may be generated by a user or provider of a grid project, in 
accordance With the grid project modeling language. 

[0067] The grid project modeling language uses an XML 
format to de?ne a sequence of phases for a grid project. FIG. 
6B is an example of the grid project modeling language high 
level XML code script describing a grid project. 

[0068] The grid project modeling language identi?es the 
various phases of a grid project. The modeling language sets 
forth a sequence of grid project phases. Within each phase, 
there may be any number of descriptions of parallel activi 
ties to be performed, including CPU processing, netWork 
activity, or nested sub-phases. Each of the descriptions 
speci?es the properties of the described activities, such as 
processing requirements, expected netWork traf?c, prereq 
uisites, dependencies, activity splitting limits and character 
istics, reliability action, and others. 

[0069] FIG. 6A depicts a diagram of a grid project model 
created in accordance With the grid project modeling lan 
guage of one exemplary embodiment of the present inven 
tion. The grid project model 600 at block 610 illustrates the 
transfer of grid jobs and/or grid project data to one or more 
grid nodes via one or more transfer ?les during the dispatch 
ing phase. Blocks 630-645 depict grid nodes processing grid 
jobs and/or grid data in parallel during the execution phase. 
Although this illustrative example depicts a single split of 
grid job 620 into four grid jobs 630-645 processing in 
parallel, there may be any number of parallel activities 
performed by any number of grid nodes during this phase. 
In addition, splits into parallel activities may occur multiple 
times during the execution phase. At block 650, additional 
processing of the output from grid jobs 630-645 may occur 
at grid job 650. Upon completion of processing, the output 
from grid jobs 620-650 are transferred in parallel at blocks 
660-670 back to the grid management system. 

[0070] The grid project model is parseable by the illus 
trative examples of the present invention to determine the 
various phases of a grid project and the various character 
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istics of each phase. A determination of the amount of 
processor and netWork resource requirements for execution 
of the various phases of the grid project may be made by 
processing the grid project description model. The necessary 
processor and netWork resources are then used With the 
processor and netWork availability information for the 
selected time period to determine hoW long it Will take for 
each phase of the grid project to be performed. 

[0071] For example, the required usage of processor and 
netWork capacity in order to perform the phases of the grid 
project are represented as areas bounded by the processor 
and netWork availability curves generated based on the grid 
resource availability information obtained from the grid 
nodes. Because these areas are bounded by the resource 
availability curves, if there is less availability of a resource 
than is necessary to perform a particular portion of a phase 
of the grid project, more time Will be required to achieve the 
required area. This may be done for each phase of the grid 
project so that a complete illustration of the execution of a 
grid project in relation to the resource availability of the 
computing grid is vieWable to a user. 

[0072] FIG. 7 is an exemplary diagram illustrating a 
graphical user interface in Which resource availability curves 
for the computing grid may be depicted in accordance With 
an exemplary embodiment of the present invention. As 
shoWn in FIG. 7, the graphical user interface (GUI) 700 
includes ?elds 710 and 715 for entering a start time/date and 
end time/date for the simulation. Field 720 is provided for 
selecting a statistical basis for the simulation representation 
and ?eld 730 is used to designate a granularity for the plot 
of the simulation of the grid project. Field 740 is used to 
select a graphical presentation type, such as, time line chart 
or other type of graphical representation. Field 750 provides 
a ?eld through Which a particular grid project may be 
selected for simulation and portion 760 provides a plot of the 
resource availability curves determined from the node pro 
cessor/network availability data retrieved according to the 
selected time WindoW, i.e. start time and end time. 

[0073] As shoWn in FIG. 7, the portion 760 includes tWo 
line graphsione line graph element 770, illustrating pro 
cessor availability over a recurring period of time Within the 
time WindoW, and other line graph element 780, illustrating 
netWork availability over the recurring period of time. It 
should be appreciated that the granularity of the time period 
illustrated in the portion 760 may be of various levels. For 
example, rather than a reoccurring period of time Within the 
time WindoW, the entire time WindoW may be illustrated in 
portion 760 or any subportion thereof. In addition, the period 
of time illustrated may be changed or scrolled by the user. 

[0074] The line graphs 770 and 780 represent the upper 
boundary of processor and netWork resources that may be 
utiliZed by the grid project. The line graphs 770 and 780 may 
represent the actual processor and netWork availability, 
averages of the processor and netWork resource availability, 
one standard deviation from the actual or average processor 
and netWork resource availability, or the like. These line 
graphs 770 and 780 provide the basis upon Which to deter 
mine hoW much time is required to complete each phase of 
the grid project. 

[0075] FIG. 8 is an exemplary diagram illustrating one 
mechanism for depicting the execution of a grid project 
using the resource availability plots of one exemplary 
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embodiment of the present invention. As shown in FIG. 8, 
in one exemplary embodiment of the present invention, each 
phase of the grid project is depicted as areas under the grid 
lines representing the computing grid resource availability. 
The phases of the grid project involve phases in Which 
processor resources are dominant and phases of the grid 
project in Which netWork resources are dominant. 

[0076] These phases are depicted in FIG. 8 in different 
shadings of the areas beloW the processor and netWork 
resource availability. Lightly shaded areas 810, 820 and 830 
represent phases of the grid project in Which netWork 
availability is a dominant factor in determining the perfor 
mance of the grid project. Darker shaded areas 840 and 850 
represent portions of the grid project Where processor avail 
ability is a dominant factor. It should be appreciated, hoW 
ever, that rather than differentiating betWeen phases based 
on dominant resources, the aspects of the present invention 
may operate on phases of the grid project in Which both 
resources are considered equally important to the determi 
nation of grid project performance. 

[0077] As shoWn in FIG. 8, the grid project is comprised 
of a phase of execution, represented by area 810, in Which 
the grid project transfers grid jobs and grid project data to 
the grid nodes. A second phase of operation, represented by 
area 840, is a representation of the grid nodes processing the 
grid jobs and data transmitted to them. A third phase of 
operation, represented by area 820, is a representation of a 
transmission of some additional data for processing by the 
grid nodes. A fourth phase of the grid project, represented by 
the area 850, is a representation of the grid nodes performing 
some additional processing. The ?fth phase of the grid 
project, represented by the area 830, represents the grid 
nodes transmitting data back to the grid management sys 
tem, such as, results of the execution of the grid project. 

[0078] The phases of the grid project 810, 820 and 830 
that are dominated by netWork resource availability are 
primarily bounded by the line graph representing the net 
Work resource availability. As shoWn in FIG. 8, there are 
portions of the areas 810, 820 and 830 that exceed the 
processor availability line graph yet are beloW the netWork 
availability line graph. Similarly, there is a portion of the 
area 840 Where the area 840 exceeds the netWork availability 
line graph yet is beloW the processor availability line graph. 

[0079] The depiction of the areas under the resource 
availability line graph is made based on a selected start 
point, the phases of the grid project de?ned by the grid 
project model, and the resource availability data obtained 
from the grid nodes and maintained in the node processor/ 
netWork availability data storage system. The user may 
modify the start time by moving a cursor over the depiction 
800 or otherWise entering a different start time. The grid 
management system modi?es the depiction 800 of the grid 
project performance based on the change in the start time. In 
this Way, the user may see the affect of different start times 
on the performance of the grid project. 

[0080] For example, if the user selects an earlier start time, 
this results in a different amount of processor and netWork 
resources being available to perform the various phases of 
the grid project. If this different amount of processor and 
netWork resources results in a loWer amount of resources 
being available for a particular phase, then the time period 
for completing this phase of the grid project may be 
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increased. Similarly, if the different amount of processor and 
netWork resources results in a higher amount of resources 
being available, the time period for performing this phase of 
the grid project may be shortened. 

[0081] As shoWn in FIG. 8, phases dominated by proces 
sor resources and phases dominated by netWork resources 
are depicted simultaneously in the graphical depiction of the 
simulation of the grid project performance. Thus, both the 
affects of available netWork resources and available proces 
sor resources on the performance of the grid project are 
illustrated in the graphical depiction of the grid project’s 
performance. As the start time of the grid project changes, 
the siZe of areas 810-850 are kept consistent even though the 
dimensions, i.e. time versus amount of resource, may be 
modi?ed based on the amount of available processor and 
netWork resources. 

[0082] FIG. 9 is an exemplary diagram illustrating a 
graphical depiction of the same grid project as shoWn in 
FIG. 8 in Which the start time for performing the grid project 
has been changed. As shoWn in FIG. 9, in response to the 
start time being changed, an end time of the grid project has 
also changed. This is because, While the amount of processor 
and netWork resources needed to complete the grid project 
has not changed, the availability of the processor and 
netWork resources has changed due to the change in the start 
time of the grid project. Thus, by altering the start time for 
a grid project to begin, the end time for the completion of the 
grid project change as a result. This may be important With 
regard to deadlines for completing grid projects. 

[0083] Thus, the aspects of the present invention provide 
a graphical user interface through Which a depiction of the 
grid project’s performance 900 With regard to both the 
available processor and netWork resources is provided. The 
graphical user interface permits the user to modify the start 
times of the grid project With the depiction 900 of the grid 
project being modi?ed dynamically as the start times are 
changed. In this Way, a user may determine Whether the grid 
project Will be completed Within a necessary time period 
taking into account the processor and netWork resource 
availability. 

[0084] While the above illustrative examples have 
described in terms of the processor and netWork resource 
availability data obtained from grid nodes, in a further 
example of the present invention, the affect of adding 
additional grid nodes on the performance of a grid project 
may be determined using the graphical user interface. Simi 
lar to changing the time at Which the grid project is started, 
the introduction of additional grid nodes into the computing 
grid changes the amount of processor and netWork 
resources. The aspects of the present invention may modify 
the upper bounds of the available processor and netWork 
resources based on the additional resources provided by the 
addition of grid nodes from other sources than are typically 
available in the computing grid. The affect of these addi 
tional resources on the performance of the grid project may 
then be depicted in a similar manner as that described above. 

[0085] For example, a user may determine that the pro 
cessor and netWork resource availability from the estab 
lished computing grid is not su?icient to perform the grid 
project in a manner to achieve the purposes and deadlines of 
the user. The provider of the computing grid may have 
entered into an agreement With other computing system 
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providers to provide conditional computing system and/or 
network resources When necessary. Many such agreements 
may be present for different groups of processor and/or 
netWork resources. The inclusion of each of these groups 
and the resulting affect on the performance of a grid project 
may be determined using the graphical user interface. 

[0086] The user of the graphical user interface may be 
provided With a mechanism in the graphical user interface to 
select vieWing of a simulation of the grid project With an 
extended grid. In addition, the extent of the extension of the 
grid may be selectable. As a result, resource availability data 
for these additional grid nodes, Which is obtained in a similar 
manner as described above With regard to the basic grid 
nodes, may be retrieved from the node processor/network 
availability data storage system and used to modify the 
processor and netWork resource availability line plots that 
de?ne the upper bound on the phase areas of the grid project. 
Since additional resources are made available by incorpo 
rating additional grid nodes, the result of including these 
additional grid nodes tends to shorten the amount of time 
necessary to complete the performance of the grid project. 

[0087] This result is illustrated in FIG. 10 in Which an 
extended grid’s affect on the grid project of FIGS. 8 and 9 
is depicted. As shoWn in FIG. 10, the inclusion of additional 
processor and netWork resources causes the line plots to 
represent larger amounts of resources being available. As a 
result, the time period from the start time to the completion 
of the grid project is made shorter. As With the previous 
embodiments of the present invention, the user may again 
modify the start time of the grid project and see the affect on 
the performance of the grid project Within the selected 
extended computing grid on the depiction 1000 of the grid 
project’s performance. 

[0088] Once the simulation of the grid project has been 
presented and the user has determined an appropriate start 
time for the grid project, as Well as Whether an extended grid 
should be used, the grid management system schedules the 
dispatching of the grid project jobs to particular grid nodes. 
Part of this process is generating grid project jobs based on 
the grid project model and selecting grid nodes to Which the 
grid project jobs and data are to be transmitted. The gen 
eration of grid project jobs based on a grid project is 
generally knoWn in the art and thus, a detailed description is 
not provided herein. 

[0089] In selecting grid nodes to Which grid jobs are to be 
dispatched, the netWork nature of the grid project is ?rst 
determined. For example, the grid project scheduling engine 
determines if the grid project is one of: 

[0090] a hub and spoke type of grid project in Which 
quantities of data are sent to and from the grid jobs being 
executed on the grid agents of the grid nodes from a 
submission point With minimal other communications dur 
ing job processing; 

[0091] a grid project in Which grid jobs primarily access 
data from a database located at a speci?c location on the 
computing grid; and 

[0092] a grid project in Which grid jobs communicate 
extensively With each other during their processing. 

[0093] Based on the determination of the nature of the grid 
project, a clustering algorithm is then used to map sets of 
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grid nodes based on hoW Well they are connected to the 
submission point, a database at the designated location, or 
based on the grid nodes’ mutual interconnectivity. Cluster 
ing algorithms are generally knoWn in the art and thus, a 
detailed description of the clustering algorithms is not 
provided herein. The basis for the clustering algorithm is 
determined based on the type of grid project determined 
above. The resulting clusters are then ranked in accordance 
With processor capacity and netWork capacity, having 
already subtracted processor and netWork capacity con 
sumed by other non-grid or grid Work. 

[0094] For example, a ?rst table of grid node clusters is 
generated ranked by processor capacity. A second table of 
grid node clusters is generated ranked by netWork capacity. 
These tWo tables are then used to generate a tWo-dimen 
sional plot of the clusters based on both processor and 
netWork capacity. Initial minimum requirements of proces 
sor and netWork resources for selection of clusters of nodes 
to execute the grid jobs are then established. A determination 
is then made as to Whether the clusters of grid nodes that are 
above both minimum requirements have suf?cient capacity 
to perform the Work required of the grid project. If not, the 
initial minimum processor and netWork capacity is adjusted 
so that more clusters are evaluated. 

[0095] This process may be repeated until the clusters 
above the minimum requirements provide su?icient capacity 
to execute the grid project or until successive recalculations 
shoW diminishing or even reduced returns When using more 
clusters. If a set of clusters is identi?ed that Would meet the 
capacity requirements for executing the grid project Within 
the timeline indicated by the simulation of the grid project, 
or an otherWise set timeline, then the set of clusters is used 
to schedule the performance of the grid project. If there is 
evidence of diminishing or even reduced returns When 
recalculating the minimum processor and netWork capacities 
and evaluating the additional clusters, then an indication that 
a suitable scheduling cannot be accomplished may be 
returned to the user. 

[0096] FIG. 11 illustrates a clustering of grid nodes in 
accordance With one exemplary embodiment of the present 
invention. As shoWn in depiction 1100, grid nodes are 
clustered in accordance With their netWork proximity to each 
other, to a source of grid jobs, or to databases from Which 
data is accessed for performing the grid jobs. Network 
clustering algorithms are generally knoWn in the art and the 
embodiments of the present invention may make use of any 
knoWn netWork clustering algorithm for determining clus 
ters of grid nodes. 

[0097] Based on the particular clustering algorithm used, 
various clusters, such as clusters 1150-1170, may be gener 
ated. An average processor and netWork capacity for each 
cluster over the time period for performing the grid project, 
as selected using the graphical user interface and simulation 
mechanism of the embodiments of the present invention, for 
example, is determined for each cluster. That is, for example, 
the total processor and netWork capacity for each grid node 
in the cluster is summed and the sums of the time period of 
interest are averaged in order to determine the average 
resource availability of the cluster. 

[0098] The averages of the processor and netWork 
resource availability or capacity are then used to rank the 
clusters in corresponding tables 1180 and 1190. Table 1180 












