1 A SYSTEM AND METHOD FOR MONI TORI NG AND MANAG NG RESOURCES IN A GRID
COVPUTI NG ENVI RONVENT Field of the Invention [0001] The present invention
generally relates to job scheduling for a grid conputing system In
particular, the invention relates to a_nethod and systemfor nonitoring
and managi ng resources in a grid conpuﬂing envi ronnment. Background of the
I nvention [0002] Gid conputing systens conprise of several resource nodes
in a networked system Each resource node may further conprise of a single
machi ne ok SYSIEHMIANDAIETHED FORMONENORMNG ANDWIANAGINGHESQURGEShe
computing power of all these machines in this grid conputing system

cal cul ations that usuallNyAr@RIP @MHH@HNGCENH@R&\@\’IEH? be realized by the
conbi ned conputing capability of all the machines in the system [0003]
Presently, grid conputing has becone one of the | eading ways for the
sharing of resources and conputing. p r over the internet. Several
resource nodes of a grid conpuf} Ogﬁg@fﬁﬂm be able to utilize each
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send jobs to #bhiforinglafd AREShOresHEEE iR gt @omphitid cabireriier®f even to free
up conputing power in its own node for nore crucial applications. [0004]

Wth present grids spanning gl obal proportions, the nonitoring, scheduling
and assigning of jobs to nodes have becone a real concern. To efficiently

tap into Background of the Invention
[0002] Grid computing systems comprise of several resource nodes in a networked
system. Each resource node may further comprise of a single machine or several
machines forming another network. By utilizing the computing power of all these
machines in this grid computing system, calculations that usually require super
computers may be realized by the combined computing capability of all the

machines in the system.

[0003] Presently, grid computing has become one of the leading ways for the
sharing of resources and computing power over the internet. Several resource nodes
of a grid computing system may be able to utilize each other’s spare or idle
computing power. An example of such sharing is when a resource node is located in
a differing time zone, say at night where the computing power of the machines in
that node are idle. Another resource node currently requiring extra computing
power may be able to send jobs to this idle node to speed up the calculations or

even to free up computing power in its own node for more crucial applications.

[0004] With present grids spanning global proportions, the monitoring, scheduling
and assigning of jobs to nodes have become a real concern. To efficiently tap into

idle resources of these resource nodes, systems and methods had to be developed to




idle resources of these resource nodes, systens and nethods had to be

devel oped to 2 keep track of progress of the nenber nodes executing the
jobs as well as available nodes for assigning jobs to. The tracki ng and
noni toring becones nore and nore difficult as the nodes in the grid

i ncrease and span such gl obal proportigns. Present tracking and nonitoring
nmet hods al so di sadvant ageously taps into the conputing power that may well
be used in thkespxexchtdifqmogtssodfhae mentisr npdH3Gabcufing excajops es ofll whiacdilabls

di scl osed by Bantz in US Patent plication Publication No.
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to network statjons by first characterizing the avajlability of the
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assigning jobs to nodes are based on a roun n queui ng systemthat is
di sadvant ageously arbitrary and takes no consideration of the
characteristics of the idle or avail able resource nodes. [0007] It can thus
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and analyzing of the CPU utilization of the workstation. Grid workloads or jobs

are then scheduled on workstations characterized as having low CPU utilization.

[0006] Furthermore, present methods for assigning jobs to nodes are based on a
round robin queuing system that is disadvantageously arbitrary and takes no

consideration of the characteristics of the idle or available resource nodes.

[0007] It can thus be seen that there exists a need for a simple and robust method
and system for monitoring and managing grid resources in a grid computing

environment.

Summary of the Invention

[0008] The present invention seeks a method and system for monitoring and

managing grid resources in a grid computing environment.

[0009] Accordingly, in one aspect, the present invention provides, a method for

monitoring and managing grid resources comprising of a plurality of resource nodes



3 and at | east one supervisor node in a grid conputing environnent, the

nmet hod conprising: a) receiving a job; b) performng job brokering to

mat ch resource node to job by a job broker of the supervisor node; c)
submitting job to recommended resource_node by a job submtter of the
supervi sor node; and d) checking statud of and managi ng of all current jobs
by a job nonitor of the supervisor node. [0010] In another aspect, the
present invenind® RaaWndetipedisdy Stodd ihod g Riotrpuiting endifchniennathc n@edibd d
resources conprising of a plurality of resource nodes in a grid conputing
envi ronment, emepIsYRt em conprising: an attribute repository for storing
attributes and status of the plurality of resource nodes; and at |east one
supervi sor notle halfFHYE 8J9esour ce broker for retrieving attributes and

status fromthe atiribute . si.t or receivin t least afjrst and a
second priori by bl o HPERY metdrE oty e 4n a8 b Suigh ot oty
attributes to the ﬁ%%ﬁgér{/'tséfmﬂi‘der esource nodes and recomendi ng at | east
one mat ching resource node in respective priority to a job subnmtter; the

job submittercf or sibafitingiios té rb@hhdededhrck MBI 2ljb8 ¥uBhitee TURE e
nodes in accordance with recomrendati on by the resource broker. Brief
Description of t hesupeaadongsde; and

d) checking status of and managing of all current jobs by a job monitor of the

supervisor node.

[0010] In another aspect, the present invention provides, a system for monitoring
and managing grid resources comprising of a plurality of resource nodes in a grid
computing environment, the system comprising:

an attribute repository for storing attributes and status of the plurality of resource
nodes; and

at least one supervisor node having:

a resource broker for retrieving attributes and status from the attribute
repository, receiving at least a first and a second priority attribute, and matching the
first and second priority attributes to the plurality of resource nodes and
recommending at least one matching resource node in respective priority to a job
submitter;

the job submitter for submitting a job to one of the plurality of resource

nodes in accordance with recommendation by the resource broker.

Brief Description of the Drawings

[0011] A preferred embodiment of the present invention will now be more fully

described, with reference to the drawings of which:




[0011] A preferred enbodi nent of the present invention will now be nore
fully described, with reference to the drawi ngs of which: 4 [0012] FIG 1
illustrates a Gid conputing environnent in accordance with the present
invention; [0013] FIG2 illustrates a flowhart for a nmethod for nonitoring
and managing grid resources in a grid4conputing environment in accordance
with the present invention; [0014] FIG 3 illustrates a flowhart for the
perform ng job brokering step of FIG 2; [0015] FIG 4 illustrates a
flowchart for the checking and managing step of FIG 2; and [0016] FIG 5

il lustrates aloPidwEKadtillugirateshe (@ed feompuhng jeablrmnmérm regcasaicadwvily theai | ed
resource nodes step of FIG 4. Detailed description of the Draw ngs [0017] A
met hod and syRE&HIBENHEYHI t ori ng and rmanaging grid resources in a grid
conputing environment with a preferred enbodi nent is described. In the
following description, details are provided to describe the preferred and

the al ternat e{OO%IbPﬁE Deistratel a%@x‘cha@%@@% tfo Hmﬂﬂ@nr?ﬁéﬂ |rﬁﬂ1 tgﬁ@ art,

however that the ™ I nvention nmay practlce out su etal Sone of

the details nmayoiredsiha rﬁ%ﬂphﬁ@@er@ﬁrobﬁl@ﬁﬁlh aaa)ra@csaﬁthttnb @E%Ufrﬁeﬁthﬁl
i nvention. [0018] Referrlng to FIG 1, the present invention nmakes use of a

supervi sor node 20 annng several resource nodes 30 in a grid conputing

envi ronnent 10. The PerV|sor node 20 provides services for the
noni t ori ng an@o#nBY7- ﬁg lagtragasea Bowchart for the performing job brokering step of FIG.

2;

[0015] FIG.4 illustrates a flowchart for the checking and managing step of FIG.2;

and

[0016] FIG.S5 illustrates a flowchart for the performing job brokering excluding

failed resource nodes step of FIG.4.

Detailed description of the Drawings

[0017] A method and system for monitoring and managing grid resources in a grid
computing environment with a preferred embodiment is described. In the following
description, details are provided to describe the preferred and the alternate
embodiment. It shall be apparent to one skilled in the art, however that the
invention may be practiced without such details. Some of the details may not be

described at length so as not to obscure the invention.

[0018] Referring to FIG.1, the present invention makes use of a supervisor node 20
among several resource nodes 30 in a grid computing environment 10. The

supervisor node 20 provides services for the monitoring and managing of the




resource nodes 30. The supervisor node 20 may al so be considered to be one
of the resource nodes 30. In addition to the infra-structural nodul es that
run the supervisor node 20 either as a network of nachines or an

i ndi vi dual machi ne, the supervisor node further 20 further conprises a
resource broker 23, a job submtter 28 and a job nonitor 27. [0019] The
resource broker 23, job submtter 25 and job nonitor 27 may conprise of
sof t war e nodutessurceinodes §O0e iThhaupanisteda 0 weykalsofbetdoasiderpé tobs ote ofoitle 20 or
the individual machine that nmakes up the supervisor node 20. [0020] The
resource brokesowge gedees0t o Ineadditioneta rihorinma-soecterabmeetiules thahtron i that e

repository 29 about the resource nodes 30, All the resource nodes 30 would
send and upd%l”cpér‘fl?Pés”@%F A5k Fommehtorh el HeEhne e HIEIdteh Ehige. Die

resour ce node . 1 h ttrjhute repository 29 ri;odincal ly. Th
i ibure  onauifisd BolC fufel 2b Mhfer GRERLECE esfeP BIURH 28 ioksubhifrer, oy

be a separat exnigde, joB hdifoghhd conputing environment 10. [0021] The
information retrieved about the resource nodes 30 may be predetermn ned and

may conprise of sone attributes of the resource node 30 as well as the
status and condition of the resource node 30. Sone of the attributes that
may be avai | aldo¢9]atee ©RIra¢ biokezml], goh suRantiord SAudgeb nmentor ¢7 @RAMongapaci t y
or Virtual Mepory (VM Capacity. These information are retrieved and
consol i dat ed obspfitvee medelgs rampiesiber anthgmgtwpsk af the sppusisreReicatl ¢eilst one

resource node. 30.to0 rtigular submtted j.obs hayjng priority attributes

that are mat cmﬁ%‘au%@? e%}?@“}agﬁs %H%Fris'tlﬁeé{ﬂs(?’émg‘é%fes to push or send jobs
to the resource node 30 as reconmended by the resource broker 23. The job
submtter 25 also works together, wth the resource broker 23 to ascertain

whet her a r ecEP@NURS rds6HOY bckeP 09 RerdBs to retrieve information stored in a attribute
repository 29 about the resource nodes 30. All the resource nodes 30 would send
and update these information on the attributes and status of the resource nodes 30
to the attribute repository 29 periodically. The attribute repository 29 may reside
in any of the resource nodes 30 or may be a separate node in the grid computing

environment 10.

[0021] The information retrieved about the resource nodes 30 may be
predetermined and may comprise of some attributes of the resource node 30 as well
as the status and condition of the resource node 30. Some of the attributes that
may be available are CPU utilization, Random Access memory (RAM) capacity or
Virtual Memory (VM) Capacity. These information are retrieved and consolidated
by the resource broker 23 and used to recommend at least one resource node 30 to

particular submitted jobs having priority attributes that are matching.

[0022] The job submitter 25 serves to push or send jobs to the resource node 30 as
recommended by the resource broker 23. The job submitter 25 also works together.
with the resource broker 23 to ascertain whether a recommended resource node 30

is available and if not, which other resource node 30 to push the job to.




is available and if not, which other resource node 30 to push the job to. 6
[ 0023] The job nonitor 27 serves to nonitor the status of the jobs being
performed at the various resource nodes 30. The job nonitor 27 works
together with the job submtter 25 to nanage the jobs being perforned. If
a job fails at a particular resource Aode 30, the j ob may be resubm tted
to another resource node 30. The job nonitor 27 wll then informthe
submitter of the job if the job is conpleted or if a failure has resulted
after a predeterm ned nunber of tries. [0024] The nethod 200 for nonitoring
and managi ng [0883uil’be b momitay 27 sexyesrtsumpnigor thastatus pfithetjobs beingperfarmet he
step where new jobs may be submtted 210 to the grid_ conputing environnment
10. Wiere t hefldhaV@igisiesoBtss nodens Q-+ dge zapmopier %e’fvﬁﬂﬁ togeiler ot theuel t o

h f f ' job b A 215 d
g s T Sl e R
job. [0025] T, i ' ' ] it rqﬂﬁne[}l
Jrgsougce n]ode%%%ggfo{é&ete%éﬁfﬂpghﬁggﬁ?%gﬁj 0 dsth%%)t?fg}e}?go%‘gé.%ﬁéﬁggb S g% tter

25 pushes j obgmohiRot Iewill 180 Uifeen fRARILARESOMBE WHERBERLAY chipletRISQUr e
broker 23. [0026] Thereafter, the nethod 200 continues to the step of

checki ng 225 failercshaatressltedalter mpnetgtamypiret] nahibecofitrient j obs in the grid
conmputing environment 10. [0027] Referring to FIG 3, the step of job
brokering further starts with the step of checking the attribute
repository 29 r all. resource node 30 in the

f or tribhut nd status f
grid conputi n@ogﬂv?bﬁﬁﬁg‘ﬁg‘a@%.OrTﬂ‘ét‘WOFﬂF‘SraﬂglI‘i‘Wge{eﬁ?@deﬁ’ygrf PG iy ce
broker 23 from.: i i . tt i hut C CPU
ot o, FRhSRbl Gl h fin TEPOS) MALE R TRY pl ('L bliS PO B0
computing environment 10. Where there are new jobs submitted 210, the method
200 continues to the step of performing job brokering 215 where at least one

resource node 30 may be recommended by the resource broker 23 for running the

submitted job.

[0025] The submitted job is then submitted 220 to the recommended resource node
30 for execution by the job submitter 25. The job submitter 25 pushes jobs to the

resource node 30 as recommended by the resource broker 23.

[0026] Thereafter, the method 200 continues to the step of checking 225 the status

and managing of all current jobs in the grid computing environment 10.

[0027] Referring to FIG.3, the step of job brokering further starts with the step of
checking the attribute repository 29 for attributes and status for all resource nodes
30 in the grid computing environment 10. The information retrieved by the
resource broker 23 from the attribute repository 29 may be attributes such as CPU
utilization, Random Access memory (RAM) capacity or Virtual Memory (VM)
Capacity. The status of the resource nodes 30 may also be retrieved. A known

way of implementing this step is by an information services component of Globus



Capacity. The status of the resource nodes 30 may al so be retrieved. A
known way of inplenenting this step is by an information services
conponent of d obus 7 Toolkit, the MDS (Monitoring and Di scovery Service).
The MDS can then be configured to gather a specific range of attributes
and status of the resource nodes 30. :[70028] Next, the step of receiving
315 a first priority attribute and a second priority attribute for the
mat chi ng of r @sellitc ehenDIES (BnitbAhg BBY Discovest SquicklabThe MDS qagrthed eng t he
job. These first and second priority attri butes may be decided by a user
based on the cadiguredrtergathenh spérafi§ minge Foattrendesping, stathe of die waduree hedbsmay
require very |arge RAM capacity for handling | arge anobunts of variable
data, the fi?&t priority attribute will then be RAM The second priority
may then be CPU wutilization, depending on the user's requirenents for the
job. [0029] The step of matching 320 avail abl e resource nodes 30

correspondi ngg,ron]t MQext! %HeZﬁeﬁ”Qf REGORG Ps' o'y tyefél&}iff Q’cﬁé‘ﬁxﬁgi eﬁldtb%&ollgg 4 310

performed. The status © resource- nodes have al'ready been chec

in earlier stgRsrityFatdid Ra thB inwichitieofSle®Rir@f node€ SORRRNH N Be 3é& dutable
mat chi ng resource node 30 to the job submtter 25. [0030] While the present

descri ption r éfrgrsfotming the jobt Hiede dirgeamd rsdcqudi peiarity attaibtites meyebe ddcided| | be
understood by one skilled in the art that the present invention nmay not be

limted to si hpkysankesqskerohp reguiements gof g jobwnForeexpmples thedeb submyittetbawiy bl e

to have several priorit ttributes for selection and predeterm natjion by a
user, it wilfCaBEeY Mm&&ﬁ%&ﬁ@ BT EHISE O VTP falar e
priority attr bRyt iR aBHENILLRONAGE "BloGeA ARt mhPaRh 1B sgond
priority attribute provide an a?_ernatlve SePeckion’ i T nore than one
resource nodeyd, 8Bh cReendifEort tHeserPd feQliirdi¥ents for the job.

v[0029] The step of matching 320 available resource nodes 30 corresponding to the
first and second priority attributes is then performed. The status of all resource
nodes have already been checked 310 in earlier steps. Following which the step of

recommending 325 the matching resource node 30 to the job submitter 25.

[0030] While the present description refers to a first and a second priority
attribute, it will be understood by one skilled in the art that the present invention
may not be limited to simply two priority attributes. While it is entirely possible
to have several priority attributes for selection and predetermination by a user, it
will be commonly accepted that there would be at least one priority attribute for
matching resource nodes 30 and at least a second priority attribute to provide an
alternative selection if more than one resource node 30 matches the first priority

attribute.

[0031] Furthermore, the above description discloses a resource broker 23
recommending a single matching resource node 30 to the job submitter. However,

having at least one recommendations or more recommendations is also entirely




attribute. [0031] Furthernore, the above description discloses a resource
broker 23 recommending a single matching resource node 30 to the job
submitter. However, having at |east one reconmendati ons or nore
recomrendations is also entirely 8 possible. A separate algorithmor
process may then further adm nister thé at |east one or nore

recommendati ons. [0032] Exanpl es of sone possible scenarios during job
brokering ar epbdsihid.i ghkepatate s @ithm 9¢ PAGIebOmby tHpt fulhbOadrhiistdRAM afletkt
Priority: CPU Utilization Resource Node A: 256 Mo RAM 10% CPU Utili zation
Resour ce Nodeom: ori2@eeroRaddndationsCPU Util i zati on Resource Node C. 64 M
RAM 20% CPU Utilization [0033] In scenario 1, the first priority attribute
is based on RAM that being the case, the Resource broker 23 wll

recommend t he ource .node Ato the job subm.tter 25 Scenar.i.g . 2;: 1St
o or T tys RAM0SA° BRERIRY G st Do soemasis R b Bokpine AE BEH s nav
15% CPU Uti | i 5%5{3\/0” Resource Node B: 256 Mo RAM 10% CPU Utilization
Resource Node C. 64 Mo RAM 20% CPU Utilization [0034] In scenario 2, the
first prioritgcahdio ibute is also based on RAM and the second priority
attribute is based on CPU utilization. The Resource broker 23 in

1t Priority: RAM, 2™ Priority: CPU Utilization

Resource Node A: 256 Mb RAM; 10% CPU Utilization

Resource Node B: 128 Mb RAM; 15% CPU Utilization

Resource Node C: 64 Mb RAM; 20% CPU Utilization

[0033] In scenario 1, the first priority attribute is based on RAM, that being the
case, the Resource broker 23 will recommend the resource node A to the job

submitter 25.

Scenario 2:

1% Priority: RAM, 2™ Priority: CPU Utilization

Resource Node A: 256 Mb RAM; 15% CPU Utilization
Resource Node B: 256 Mb RAM; 10% CPU Utilization
Resource Node C: 64 Mb RAM; 20% CPU Utilization

[0034] In scenario 2, the first priority attribute is also based on RAM and the
second priority attribute is based on CPU utilization. The Resource broker 23 in
this case will recommend the Resource Node B to the job submitter 25. The
Resource Node A and B have the same RAM values, however based on the second
priority attribute of CPU utilization, Resource Node B has less CPU utilization and
therefore more free computing capacity. Therefore Resource Node B is

recommended instead of Resource Node A.

[0035] Referring to FIG.4, the step of checking 225 the status and managing of the
all current jobs starts with the step of polling 510 for the status of all current jobs

running in the grid computing environment 10 by the job monitor 27. The job



this case will recommend the Resource Node B to the job submtter 25. The
Resource Node A and B have the sane RAM val ues, however based on the second
priority attribute of CPU utilization, Resource Node B has | ess CPU
utilization and therefore nore free conmputing capacity. Therefore Resource
Node B is recomended instead of Resodrce Node A. [0035] Referring to

FIG 4, the step of checking 225 the status and managing of the all current

jobs starts WhichitbhE7 &t &r@bf geljbbngubdifled 8y théfobséudititerofs @l the GeouRRt | Obs
running in the grid conputing environnent 10 by the job nonitor 27. The job

9 nonitor 27 nedeaidraadgblls Hes¢ phs faruhen staewd. Byarmples pbitates bfiltet jobs 25theo t he

resource nodes 30 and polls thesgé_r(r})_]g% for their status. Exanpl es of

status of thel§spwse apdasd mighthy;r &s FAdLEDy 19 “BONE"ACT| VE", " FAI LED"

or "DONE". [0036] Upon conpletion of the polling step 510, any failed 515
job would result in the re-performng of job brokering excluding 530 the

woul d then bol%eel Bbn SRgl LB SRR on RS TOI G R

mat ched and r gRORIRAREHINRYoM 08 BrESIGBHE CRclulhOkeh (RS rE38Rd M tIe uf@rader
first and second priority attributes. [003 | f however, the nunber of auto

re- subm ssi onsas@Dtlexatad. &Foflowthgtveliich dedjob (Wuld thdhee afsubinigs] S3heo met hod
200 woul d then proceed to informuser of job failure notification 525.
[ 0038] | nf or nhewy reesermefdeq] gesofiese | npde omptcheshaind recsmBendsd bie thy ressvescal

met hods and |s_also an _option that may be predetermned by the user. Job
failure noti fl’{?&?‘i %\ba%égnﬁ%ﬁaﬁléﬂ BStrRgH eeprd ProERGItHP WSt | to the user,
via Short Messaging Service (SM5) and by Paging Notification to the user.

[0037] If however, the number of auto re-submissions 520 exceed a predetermined
(x) number of times, the method 200 would then proceed to inform user of job

failure notification 525.

[0038] Informing user of job failure notification 525 may be by several methods and
is also an option that may be predetermined by the user. Job failure notification
525 may be performed by sending email to the user, via Short Messaging Service

(SMS) and by Paging Notification to the user.

[0039] If however, after polling 510, with no current jobs having failed, any
completed 535 jobs returning a status of “DONE” would then further proceed to
the step of completion notification 540. Informing user of job completion 540 is
also an option that may be predetermined by the user. Job completion notification
540 may similarly be performed by sending email to the user, via Short Messaging

Service (SMS) and by Paging Notification to the user.

[0040] All current jobs that have not failed 515 nor completed 535 will continue to
be polled 510 by the job monitor 27 until the jobs either fail 515 and have been

resubmitted 520 a predetermined number of times or are completed 535.




[0039] If however, after polling 510, with no current jobs having failed,
any conpleted 535 jobs returning a status of "DONE" woul d then further
proceed to the step of conpletion notification 540. Inform ng user of job
conpletion 540 is also an option that may be predeterm ned by the user.
Job conpletion notification 540 may s“hilarly be perforned by sending
email to the user, via Short Messaging Service (SM5) and by Pagi ng
Notification to the user. [0040] Al current jobs that have not failed 515
nor conpleted 535 will continue to be polled 510 by the job nonitor 27
until the jobi0#1]t Referring to G5, thedstdpenfeetfomming jashrbkdringsd 050luding failed
predeterm ned nunber of tinmes or are conpleted 535. 10 [0041]. Referring to
FIG 5, the stEsodre peter drtts mathj e sispoRiesesiansal) e attibuisgrepasitosy 2% W&our ce

actrbutes: ant St doeBfdbr STESEPEa%i. 08 bt BTPAERTBLOTAE RS o e
during the p?ﬁvkﬁyﬁm&gnagiﬂfﬁmhggkﬁHpgkgﬁﬁgglgs excluded 615. [0042] The

step of matching 620 avall e resource no 0 corresponding to the
previously received 315 first and second priority attributes is then
performed. Bearing in mnd that the resource node 30 fromthe previously
failed job sule#zisThnstehad nremmgs2(] addablandotrhe nedat Iscafespdddingetoathe ce
nodes have been checked 610 again. [0043] Follow ng which the step of
recommendi ng BEBIOUHE i9eaivad ﬁbgrféétoéﬁdcée%@@l@ﬂ%@y tagiribytesj wbthew herforraed. 25

Id then b f d.all ow f h - subm ssi of . | ob.. [ 0044
T w11 be apBaimedt Btnd ot B Rutsd waine FEm hoRe kel st iehn ne.
made by a per fon skl S Ridor iRtk 45RATH OB/ RINLEB1660RE Of the

present inven

[0043] Following which the step of recommending 625 the matching resource node
30 to the job submitter 25 would then be performed allowing for the re-submission

of the job.

[0044] It will be appreciated that various modifications and improvements can be
made by a person skilled in the art without departing from the scope of the present

invention.




11 Cdains 1. A nmethod for nonitoring and managi ng grid resources conprising
of a plurality of resource nodes and at | east one supervisor node in a
grid conmputing environnment, the nmethod conprising: a) receiving a job; b)
perform ng job brokering to match resource node to job by a job broker of

t he supervisor node; c) submtting job”to recommended resource node by a
job submtter of the supervisor node; and d) checking status of and

managi ngCbfim@l | current jobs by a job nmonitor of the supervisor node. 2.
The nethod in accordance with claim1l, wherein the step b) further
conprises the steps: bl) checking and retrieving attributes and status for
all resource nodes froman attribute repository; b2) receiving a first
prioritylattrAonedodder morikuingpnd masagipg gad respwigescormisingaeichPielEY #fl abl e

0d) 1 ecommond OLAET PURA R Lt R e JUHCH § BB BB PR IPNes. Tho

nmet hod in acc £ iml, wherein the step d) further conprises
the steps: d X poﬁf%%%&gﬁgkﬁs of all current jobs in the grid conputing
)

envi ronnent ; I ReBieib @héP; ng j ob brokering excluding resource nodes
resulting in any of al
b) performing job brokering to match resource node to job by a job broker of

the supervisor node;

c) submitting job to recommended resource node by a job submitter of the
supervisor node; and

d) checking status of and managing of all current jobs by a job monitor of the

supervisor node.

2. The method in accordance with claim 1, wherein the step b) further comprises the
steps:
bl)  checking and retrieving attributes and status for all resource nodes from an
attribute repository;
b2)  receiving a first priority attribute and a second priority attribute;
b3)  matching available resource nodes corresponding to first and second priority
attributes; and

b4)  recommending at least one matching resource the job submitter.

3. The method in accordance with claim 1, wherein the step d) further comprises the
steps:
dl)  polling status of all current jobs in the grid computing environment;
d2)  re-performing job brokering excluding resource nodes resulting in any of all

the current jobs having failed in previous immediate job submissions; and



the current jobs having failed in previous i medi ate job subm ssions; and
12 d3) re-submtting any of all the current jobs to at |east one new
recommended resource nodes if the any of all the current jobs have not
been re-submtted a predeterm ned nunper of tinmes. 4. The nmethod in
accordance with claim11, wherein the 3‘%p d) further conprises the steps:
dl) polling status of all current jobs in the grid conputing environnent;
and d4) perfod®j ngrg-aibnfittingume ofcili the catrérariobs toaayleast oak Inetvhecaumesdetd j obs
have failed and have been re-submtted a predeterm ned nunber of tinmes. 5.
The net hod i n accoruawee nodasif deanyrrfiall thesneent jolschaye apt bien frersubingitted a

conprises the steps: dl). pollipng status of all current jobs in the grid
comput i ng envi ronng’i?fl‘?te%\%ﬁ’&egﬁ)‘mggrqung job conpletion notification if

any of all the current jobs have been conpleted by the resource node. 6.
The met hod in accordance with claim4, wherein the job failure notification
may be performed by any one of the follow ng: email, SMS and pagi ng
notification. 7. The method in accordance with claim5, wherein the job
conpl eti @n noThé hedidddn act@iarie vagy flgiTEdvieianle R Dffuithe doalpriowd Mg:
emai |, SM5, and paging notification. 8 The nethod I n accordance with claim
2, wherein theteps:urality of resource nodes periodically sends attributes
and status of the plurality of resource nodes to the attribute repository.
9. A system f 8P nobo{iag stalis ohall gerenyiohy iy tegrideomputpg craiopriess Arl of a

glolrjnr)?: IS|t % g :Of Eié?)s ou Iragr orrr}l?rggejsobl fglih?re %E)J[igca%%gqy etullyn gf glp’}ﬂer gur}rrg?x{] Sdbsthrell(\a/e %Xilgétde m

and have been re-submitted a predetermined number of times.

5. The method in accordance with claim 1, wherein the step d) further comprises the
steps:
dl)  polling status of all current jobs in the grid computing environment; and
d5)  performing job completion notification if any of all the current jobs have

been completed by the resource node.

6. The method in accordance with claim 4, wherein the job failure notification may be

performed by any one of the following: email, SMS and paging notification.

7. The method in accordance with claim 5, wherein the job completion notification

may be performed by any one of the following: email, SMS, and paging notification.

8. The method in accordance with claim 2, wherein the plurality of resource nodes
periodically sends attributes and status of the plurality of resource nodes to the

attribute repository.

9. A system for monitoring and managing grid resources comprising of a plurality of

resource nodes in a grid computing environment, the system comprising:



13 an attribute repository for storing attributes and status of the
plurality of resource nodes; and at | east one supervisor node having: a
resource broker for retrieving attributes and status fromthe attribute
repository, receiving at least a first and a second priority attribute, and
matching the first and second prioritid attributes to the plurality of
resource nodes and recomending at | east one matching resource node to a

j ob submi tt er an thigbyte beppuitiedytibEEtofifs aBtibifed bhdGtatus] oThhd pluedlay Of réddarce
plurality of resource nodes in accordance with recommendati on by the

resource brokeedesignd The systemin accordance with claim9, wherein the
supervi sor node further conprises a job nonitor for polling status of all
current jobs PhleashengFupgrvéwrpoads Myingnvi ronment. 11. The systemin

accordance with claim 10, wherei.n the job nitor js adapted to re: submt
job to nextWIr econn%rfﬁsé)(ﬁ‘rqﬁegrtﬁ’g?rc Ol H?V{Iﬁ %Fgf@lﬂt?fa S ‘{ShPrPE‘chﬁTéHHB‘EtFons of

the resource lr L.t i f.alql - ht a

pr edet er m ned" 8%’ %%el‘tnp g %{efs%?ﬁ%gﬁsﬁaﬁlg a;%g%‘?"g rﬁ%ba%@géhaéﬁgg%@hﬁlﬁgg@gi m 10,
wherein the | gbs B fs8dontiSpASERT @eribRtes PRY iR Plin@ltyl @l HsSuBOtdddbe akijon i f
a job has failed and has been re-submtted a predéeterm ned nunber of
times. 13. Theeceysteading at lkagt onelanthing redouedeaiote tla joblebitter;t he j ob noni t or
is adapted to performjob conpletion notification if a job has been

conpl et ed. the job submitter for submitting a job to one of the plurality of resource

nodes in accordance with recommendation by the resource broker.

10.  The system in accordance with claim 9, wherein the supervisor node further
comprises a job monitor for polling status of all current jobs in the grid computing

environment.

11.  The system in accordance with claim 10, wherein the job monitor is adapted to re-
submit job to next recommended resource node in accordance with recommendations of the
resource broker if the job has failed and not been re-submitted a predetermined number of

times.

12.  The system in accordance with claim 10, wherein the job monitor is adapted to
perform job failure notification if a job has failed and has been re-submitted a

predetermined number of times.

13.  The system in accordance with claim 11, wherein the job monitor is adapted to

perform job completion notification if a job has been completed.




