1 JAN 2007 1 A SYSTEM AND METHOD FOR MONI TORI NG AND MANAG NG RESOURCES I N
A GRI D COVPUTI NG ENVI RONVENT Field of the Invention [0001] The present
invention generally relates to job scheduling for a grid coppypjng7system
In particular, the invention relates to a nethod and systemfor nonitoring
and managi ng resources in a grid conputiing environnent. 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
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cobi ned conput ng capati | Fio G B e hEEHRG PR he Syatem [0008]

Presently, grid conputing has becone one of the | eading ways for the
sharing of resources and conputing power over the internet. Several
resource nodes of a grid conputimadsyseanvémivnbe able to utilize each
other's spare or idle conputing power. An exanple of such sharing is when
a resource nodpodt The apreskritninvantibf fgendrally trélates zongob ssahedatingnifghta vgdr e
the conputing power of the machines in that node are idle. Another

resour ce node cempwing systeayuinranticudart the inwengion irelgtes o wanethed, ansksysism forg
send jobs to this idle node tp speed UP the calculatiaons or, even to free
up conputing pBREHOTHE IAMAPREINGIBROUFS? 1N Agtad COMRUFRE CRAMNERE | ons. [ 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 15 ] AN 2007 2 keep track of progress of the nenber nodes
executing the jobs as well as available nodes for assigningvtgﬂﬁﬁgp. The
tracki ng and nonitoring becones nore and nore difficult as % es in
the grid increase and span such gl obal proportions. Present tracking and
noni toring nmet hods al so di sadvant ageously taps into the conputing power

that may well be used in the exggution of ather job 005 n _exampl e of
which e i scl SEEtTRK eprparest SERhPERE el PlekPahe s Ao s Rl
200410003077A1 Qs”foé i SE £ or ' ol aPHBEL | N
to network statnlogns ﬁ@ggﬁgﬁgﬁa@%?@%%ga?ﬁyog@%a icﬁllrntey of the

wor kst ation reerficGRas thE ABISENAKRCERT indRhbdahdi sparP&ich @ldvapldportidak. Present
nmonitoring and analyzing of the CPU utilization of the workstation. Gid
wor kl oads or | adaskinghed trlvaitortghactthodd abso disadvantagdonsly tepsiimottbe icomputing
having low CPU utilization. [0006] Furthernore, present nethods for

assi gni ng j obs rowentdemanivslithgswed vrihe execyting of ebéniobfueui 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

be seen that ¢ g o] Sinfe NeUnT T is 2R 2 Mo ORUESs BebhOchptitdiciy St om

for nonitoring*and’ nanagi sources In I'd conp

envi ronment..  SpIRRLNiCANG. D046 5¢7H72N . [ BAAS]disERRBePS BRAMI fol ¥RSHatiON 0B BRKS a
met hod and system for nonitoring and managing grid resources in a grid

conputing envi rconipatitg tb ORlRbriAcemiods rgy Yirst Bhanerdsnedhe dvhitabiliteseftthe

invention provides, a nethod for nonitoring and managing grid resources

conprising of avqrkstatidr tepowtes: e¥lw cliaracientimsion is performed by real time monitoring
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



15 JAN 2007 3 and at |east one supervisor node in a grid conputing
environnent, the nethod conprising: a) receiving a job; b) performng job
brokering to match resource node to job by a job broker of F%éA&ﬂﬁErvisor
node; c) submitting job to recomended resource node by a job submtter of
the supervisor node; and d) checking sgatus of and nmanaging of all current
jobs by a job nonitor of the supervisor node. [0010] In another aspect,

the present invention provides, a systemfor, nonitoring. and naqi grid
resour ces conpfisihiFadfons PEHVATYt ‘S‘/gldtsﬁf n, %%‘ér‘@é“%ﬂ%f‘ﬁgﬁo’%@ﬁ‘}tg@e %‘Sﬁ‘gﬂti ng
envi ronnent , th S 5ten1conprising: an attribute repository for storing
attributes and*CTRtUE of the plurality of resource nodes; and at |east one
supervi sor nodg haV'fe@%i/in aj@source broker for retrieving attributes and
status fromthe attri but répository, receiving at least a first and a
second prioritg)att Férhh‘hﬁlg BCbroBirimgi tb gndttieresbires hodend job bynaljobrbrokdrtof
attributes to the plurality of resource nodes and recommending at | east
one mat chi ng resour the sopeteisonnodespecti ve priority to a job submitter; the
job submtter for submitting a job to one of the pluralit

. Lrrn ty of r.esout{e%e
nodes in accor 8anceswintitingelobrifeisaemmendadyresqyece; rads e @ Job owbmitiss, ¢lgfne
Description of the Draw.ngs

supervisor node; 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: 15 JAN 2007 4
[0012] FIG 1 illustrates a Gid conputing environment in actbrididié with
the present invention; [0013] FIG2 illustrates a flowhart for a nethod
for nonitoring and nmanaging grid resources in a grid conputing environnment
in accordance with the present invention; [0014] FIG3 illustrates a
flowchart for the perform ng job brokering step of FIG 2; [0015] FIG 4
illustrates a flowhart for the checking and managi ng step of FIG 2; and

[0016] FIG 5 i S: har. ' ' Kk
excluding fai Hggi gg%‘gr%@sﬁ%tg%\% ggl élpéogx?p%% eix'@{r{ﬁ@égtﬁgdi ngrggé‘%pﬁtgnn&gf t he
Dr awi ngs [0017bﬂﬁmﬁqﬁngﬂoﬁnd system for nonitoring and managi ng grid
resources in agrid conputing environnent with a preferred enbodi nent is
described. In the following description, details are provided to describe
the preferred and the alternate enbodinent. It shall be apparent to one
skilled in thelWns] FHoRellestratdsatflavneharti fov emmdtiond fomyndsitorng end oesegigtgidut
such details. Sone of the details nmay not be described at |ength sq as not
to obscure thel§SAYERY nGLrid eomputingenEreyment inpcegrdance wit eﬁfeégéﬁ%@ﬂ% ntion
makes use of a supervisor node 20 anong several resource nodes 30 in a
grid conmputing environnment 10. The supervisor node 20 provi des services

for the monitogdpag #9@ 3" RALEA Abwehst T HéNerfHhing 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 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



5 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 machi nk%s Jb¥ 2l8h

i ndi vi dual machi ne, the supervisor node 20 further conprises a resource
broker 23, a job submtter 25 and a job nonitor 27. [0019] The resource
broker 23, job submtter 25 and job nonitor 27 may conprise of software

modul es U e SLLDRLONG! PEEIIRA I Aol D5 SAPALY LSS GE: Bhind b

i ndi vi dual machi ne makes up € Super Vi sor node

resour ce br okethe 38sotiedevasdes BOr eld addidon N6 ahendiftsirwtealesiodulea tiat tran bhi e
repository 29 about the _resource nodes 30. All .the resource nodes 30 woul d
send and updaURCEVESE 80d¢, 20 ciharias @ retwerkeolmachings o andndividual machine, the

resour ce nodes idof | ) j i Qd] H¥itter! d
attribute reposs thC\)/%sty B@ﬁ%@%%?géﬁpﬁ%g%?fgﬁ# etﬁ%ké}?sjdggglga&\o egr %%a%r may
be a separ at e ajplemonitar@&. gri d conputi ng environnent 10. [0021] The
information retrieved about the resource nodes 30 may be predetermnm ned and
may conprise of sonme attributes of the resource node 30 as well as the
status and Conlldb‘id] OThdfesbilite bRk _3‘2‘}‘06‘%@&‘ 2§8{H5309fmdn|i't6r 2 hfal RUEBSise t hat
may be available are CPU utilization, Random Access nenory (RA capacity
or Virtual Menoispftiwing mGdplasiumingitheron thieaetvedrk of thersuperetspr rade0z0rdhe
consol i dated by ,th esour c roker 23 and used to . recomend at | east one
resour ce node 1vg(§1ai)g}a?$ﬁgafl§?n@gmg & FUPBHSIRHE] priority attributes
that are matching. [0022] The job submtter 25 serves to push or send jobs

to the resource node 30 as recommended by the resource broker 23. The job
subnmitter 25 al082Plwbhktespwige braker 23 serves 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.



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. 15 JAN 2007 6 [0023] The job nonitor 27 serves to mifi jA§rihe
status of the jobs being performed at the various resource nodes 30. The
job nmonitor 27 works together with the jgob submtter 25 to nmanage the jobs
being perfornmed. If a job fails at a particular resource node 30, the job
may be resubmitted to another resource node 30. The job nonitor 27 wll
then informthe submtter of the job if the job is conpleted or if a

failure has r eiwz'éfq"h@ 5531‘}10?11 & PASLELT 'ﬁ?cgutm"ﬁfg%{anﬁfot{tﬁé l%gs bLir%g ééllfom

nmet hod 200 for tor ng an managl ng resources 1n a

envi ronment st af the vakibik feSifirsd 64ROl ETHEWIiRito Y vhﬁks’swge%ht# evﬁth?cﬂ@ jdo the
grid conputing environment 10. Were there are new jobs submtted 210 t he

met hod 200 comhhnﬂ&sZSdouhamgeemspﬂmaﬁmﬁppaﬁﬂgwdonprbe%ﬂmgiZaﬁmmhﬂme at
| east one resource node 30 nmay be recommended by the resource broker 23

for running theesosiggimote 3¢ thaleb Moobsiesttmittsd oanothst rgsotrce sodchdh Shoiah t ed
220 to the recommend ur.c no e 30 for _executjon by the |j ob submtter
25. The job sumﬁwtpéf%fﬁ?ﬁﬁ & sylymitige of Fh@s}e'em e ieflis cpigied or i &

recomrended by ro . 2 eafter t he nmet hod 200
continues to tﬁéelnlg?é%rgé{ﬁéﬁaﬁ ré<%re§%§m?‘h E‘I"g}? ﬁd managi ng of all

current jobs in the grid conputing environmnment 10. [0027] Referring to
FIG 3, the step of job brokering further starts with the step of checking

the attribute ieg2epThemetfd Z00rfotidohitbidesn %trblﬁ)ufdéﬁ irfth lgridl @5 @Y
nodes 30 in the grid conputing envi ronrrent 10. The information retrieved

by the resour eavipormient s28s faitithe keepattere bew gobsapaysbe¢ submiged R340 tdhéhe grid
attributes such as CPU
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



utilization, Random Access nenory (RAM capacity or Virtual Menory (VM
Capacity. The status of the resource nodes 30 may also be retrieved. A
known way of inplementing this step is by an information serwvifcgs 2007
conmponent of G obus 15 JAN 2007 7 Toolkit, the MDS (Monitoring and

Di scovery Service). The MDS can then be yconfigured to gather a specific
range of attributes and status of the resource nodes 30. [0028] Next, the

step of receivi 315 . a . firs riority tribute and_a _seco riori
attribute for t I%ttéﬁimgsoéwig@%ﬂi‘gc@ﬁéﬁégv% ﬁeﬁ‘é‘fe)-né@‘e §1% thene lté%l e
for performng I These first and ond. priorj [i be
decided by a lfé@ﬁg%g‘g\éo &4 nert%sé)e?lzi(ﬁ&?rfggr@erﬁ%gl%SF e S*a%%? St r%%“%%ﬁ{é%% he
job submitted mgy require very large RAM capacity for handling |arge
anounts of variable data, the first priority attribute will then be RAM
The second priority may then be CPU wutilization, depending on the user's
requi rements for the job. [0029] The step of nmatching 320 avail abl e
resour ce nodes [GUR8E oMNext pthaditepy of aeteinang B3il 6 st fiastdprse iy nattripuicorind ya second
attributes is then perforned. The status of all resource nodes have

al ready been cHEEREY agtibuierfor the malehiag of sesomse nodendp that a1yt hrebest spitaile
di 3 th t chi 30.ta t.he jaob bm tt 5
SSoerdTY 2 e ! SH0 10 Ll SRR

priority attr it&ﬂ Sver blse 'yh 'th&%g%’i?%‘?é%?{ g@ﬂ? g&béﬁf%gfgéﬁééﬂ%ﬁg? }@rs}xp@i@édtm yat

t he present inv Ion  may not

attributes. WigkQuitelvdry 1858 RAM YeaPRSS ok handifieBNE BRVBIBSf PiriaBle! daYa, the
attributes for selection and predeterm nation by a user, it wll be
commonl y acceptfast pliafityt dtaitetemyiil theh&ecR AMEaThe Goondrprivrity ynagt then batGPY or

mat chi ng resource nodes 30 and at |east a second priority attribute to
provi de an utilization, depending on the user’s requirements for the job.

[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



alternative selection if nore than one resource node 30 matches the first
priority attribute. [0031] Furthernore, the above description discloses a
resource broker 23 reconmmending a single nmatching resource qodwmﬂo t he
job submtter. However, having at |east one recomrendati ons dr re
reconmendations is also entirely 15 JAN 007 8 possible. A separate
algorithmor process may then further adm nister the at |east one or nore
reconmendati ons. [0032] Exanpl es of sone possible scenarios during job
brokering are HOgHPRgHY eparase plgarithay efpioress mayi then Bt jadipinigien the 7 dpast
Priority: CPU Uilization Resource Node A: 256 Mo RAM 10% CPU Utili zation
Resource Node BP€P5BORHRAEMICHSYBBU Utili 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
recomrend t he negRY FAMPRAOAchR: it aHe o8 droleeiapaid Righlightedt
Priority: RAM [2d gri ority: CPU (:%Igliuéé;'??egn Reﬁsrg%rjgg Node %: 256g¥1]|</% RAM
15% CPU Uil i zdkeloosn Resource Node B: 256 Mo RAM 10% CPU Utili zation
Resource Node C. 64 Mo RAM 20% CPU UWilization [0034] In scenario 2, the
first priority Sematiodute is al so based on RAM and the

1%t 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%t 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



second priority attribute is based on CPU utilization. The Resource broker
23 in this case will recomrend the Resource Node B to the job submtter
25. The Resource Node A and B have the sane RAM val ues, howevdh HAsBY on
the second priority attribute of CPU utilization, Resource Node B has |ess
CPU utilization and therefore nore fre@ conputing capacity. Therefore
Resource Node B is reconmmended instead of Resource Node A [0035]

Referring to FIG 4, the step of checking 225 the status and managi ng@gf t he
al | current joBmonier? is aware of the jobw putunitted by; the jehl snbmtter; Jpatoging TEROUSE 4 |

current jobs running i.n th ri onputi ng environnmept, 10 t.he [0

ron tor o7 ThBodea O el Ssfe s FRe shfhs ramBRApESaRS opthe 13 i the
submitted by the j j « »l REEReE30 and polI's these
j obs for thei rpeg?{ért%g@&%?gn&pﬂegé%g%f kg‘t]talpﬁs’? e jo(gbs at the resource
nodes 30 m ght be: "ACTIVE"', "FAILED' or "DONE"'. [0036] Upon conpl etion of
the polling step 510, any failed 515 job would result in the re-performng
of job brokeri p@3sextipsdicogpbedion ol therpdiony step HLHjany Cileti 815 hietdwouldusedt inhe
failure. Follow ng which the job would then be re-submtted 532 to a new
recommended r egmureeperfroniing3of jobt rhkatingrekcluding idbribie drepyrceheodeedd ihat had

broker 23 based on_the earlier first and second prjorjty attr.ib % . [0037]
I'f however, t h&ausgdihs fagpreg fiodlopingsyhieh dhag tﬂl?sw?}ﬂg tfé‘i!’cl%"eﬁe'%}ltbﬁf”%‘g g?r‘r‘? fed
mb foti th t hod 200 dth d tq i f
R e et T e R R
notification Sg)g)l%gz% Egseﬁﬁé‘rs‘ﬁé’%ﬁ& ﬁﬁf m"%ﬁdrg{ ali5udn option that may

be predetermn failure n ication 525 may be
performed by sending email to the user, via Short Messaging Service

[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.



(SM5) and by Paging Notification to the user. [0039] If however, after
polling 510, with no current jobs having failed, any conpleted 535 jobs
returning a status of "DONE' would then further proceed to qggl_\gtmp of
conpletion notification 540. Inform ng user of job conpletion 540 1s also
an option that may be predeterm ned by {fe user. Job conpletion
notification 540 nmay simlarly be perfornmed by sending email to the user,
via Short Messaging Service (SM5) and by Paging Notification to the user.
[0040] Al current jobs that have not failed 515 nor conpleted 535 w ||
continue to b | | - 27 kot i Lighey fail
515 and have b é)ﬁﬁl ?ggel?g%§¥otb%ﬁ§ g%é %Q%gpe‘ggéfogéunr‘%ﬂgg%dl%n%%g%% %ﬁﬁgxsg or are
conpl et ed 535. rkgundNodOGtarts Joitd HAkdp BeLRIKinD 810 ehdhikibute tHRsiseP2Dfor
perform ng job brokering 530 excluding failed resource node starts with
the step of chaakbutgs &itlstithefatallresoute noden STHeaesou@ rode thaafailed slutieg thend
status for all resource nodes. The resource node that failed during the
previ ous i mredipsvious dbmsdiatd jobisamissior iseixalgdetl 05, [ 0042] The step of

mat chi ng 620 avail abl e resource nodes 30 corresponding to the previously
received 315 first and second priority attributes is then perforned.

b 591 on  haloH8E ok Y, G Rele PRl Suplpls bl E Sl MR boh e ¥ A7
poen checked SL0AARI reoch B34k fiRY 1AW Qoo bAbrilyaribes ab téiC perRAding

625 the matching resource no tothe jo mtter 25 would then be

perforned al | oWedAng B mind&hit@hS1ebirsShede 30atorh (R grevdoudlP @4l joi subintissidme
appreci ated that various nodifications and i nprovenents can be nade by a

person ski | | ed hasbachexelutedrrtdtbe statie pAall fesoprée mes haveshwop ehasked 6l agpias ent

[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.



invention. 15 JAN 2007 11 Cains: A nethod for nonitoring and nmanagi ng
grid resources conprising of a plurality of resource nodes and at | east
one supervisor node in a grid conputing environnent, the net qg 07
conprising: a) receiving one or nore jobs; b) performng job broyg$zﬁg to
match the one or nore jobs to one or nore resource nodes by a job broker
of the supervisor node, wherein said job brokering conprises: b I|)
checking and retrieving attributes and status for all resource nodes from
an attribute repository; b2) receiving dlfirst priority attribute and a
second priority attribute; b3) matching avail abl e resource nodes
corresponding to the first and second priority attributes; and b4)
reconmendi ng at | east one matching resource fromthe available resource
nodes; c) submitting the one or nore jClagm§:0 the at | east one reconmended
and matching resource node by a job subnmitter of the supervisor node; and
d) checking status of and managi ng of all current jobs by a job nonitor of
the superviso redn. i it or i : { hg:. St at us
of al 1 oot enthy BALed SPReRt i BRaRERL w0l QTR WBprbin B4 bl oF

j ob brokeri ng feyowrechetdts agd bhieasteme supsvisotfodetiata grRlGmtbutiag \enoidenmdnt} the

current jobs to fail in the previous imediate job
method comprising:

a) receiving one or more jobs;
b) performing job brokering to match the one or more jobs to one or more
resource nodes by a job broker of the supervisor node, wherein said job
brokering comprises:
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 the first and
second priority attributes; and

b4) recommending at least one matching resource from the available
resource nodes;

c) submitting the one or more jobs to the at least one recommended and matching
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, wherein the job monitor comprises:

dl)  polling status of all current jobs in the grid computing environment;

d2)  re-performing job brokering by excluding the resource node that caused
any one of the current jobs to fail in the previous immediate job
submission; and

d3)  re-submitting the current job/jobs to at least one new recommended and
matching resource node provided that the current job has/jobs have not

been re-submitted a predetermined number of times.



subm ssion; and d3) re-submtting the current job/jobs to at | east one new
recomended and matching resource node provided that the current job

has/j obs have not been re-submtted a predeterm ned nunber of1§ ﬂﬁzﬂ

JAN 2007 12 2. The nethod in accordance with claim1, wherein ép d)
further conprises: d4) performing job failure notification if any one of
the current jobs has failed and has been re-submtted a predeterm ned
nunber of tines. 3. The nethod in accordance with claiml or 2, wherein the
step d) further conprises: d5) performldg job conpletion notification if
any one of the current jobs has been conpleted. 4. The nethod in
accordance with claim2 or 3, wherein the job failure notification nay be
performed by any one of the following: email, SM5 and pagi ng notification.
5. The nethod in accordance with claim3 or 4, wherein the job conpletion

notification may be perforned by an%'one of the foll owi ng: email, SMS, and
pagi ng no#i fi cHts IB?’FhO@m Q‘}‘f@fq‘i‘ﬁ?‘h%hlc irg de WhergHtbe wiep) Mebﬁ@nmseﬁ he

preceding cl ai dﬂg‘ %?fo?llnﬂl&t 3'88 ffzﬁhﬁé Abfifidari oH &{ércﬁ%é'&ﬂ?e?n egﬁéjfa%g la¥d

sends attri but st at ura y resource n

attribute repdmﬂaeeryre—shbnﬂttayzspﬂdetfcnmnmbnumbenofgmaasd managi ng grid
resources conprising of a plurality of resource nodes in a grid conputing
environnment, the systemconprising: an attribute repository for storing

attributes andid@bssd o aéch‘daaLéJmh'ciaqufor 2, SHRHIE TheRRPRH furdltd cahpli®ast one

supervi sor node having: a resource broker for retrieving attrlbutes and
status from t hdS)at t perfomméng job completion notification if any one of the current jobs has been

completed.

4. The method in accordance with claim 2 or 3, wherein the job failure notification may

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

5. The method in accordance with claim 3 or 4, wherein the job completion notification

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

6. The method in accordance with any one of the preceding claims, wherein the plurality
of resource nodes periodically sends attributes and status of the plurality of resource

nodes to the attribute repository.

7. 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 to a job

submitter; wherein the job submitter submits one or more jobs to the at least



repository, receiving at least a first and a second priority attribute, and
mat ching the first and second priority attributes to the plurality of
resource nodes and reconmendi ng at | east one natching resource node to a
job submtter; wherein the job submtter submts one or nore jobs to the
at | east 15 JAN 2007 13 one matching resource node in accor dandd P’
recomendati on by the resource broker; and a job nonitor for polling
status of all current jobs in the grid conputing environnent and
re-submitting to the resource broker forldre-brokering by excluding any one
of the current jobs that failed in the previous imediate job subm ssion,
and re-submtting the current job/jobs to at |east one new recomended and
mat chi ng resource node provided that the current job has/jobs have not
been re-subnitted eoner etethingriresedroeuntder imfactordmse &ith Tieeomyrhdationnby the
accordance with claim 7, wherein the job nonitor is adapted to perform job
failure notificati cfﬁsunceab‘]og ;A failed and has been re-subnitted a

predet erm ned nunber of, {, s+ D For MR F 411 ARRS i j or
8, wherein the job noni t%#db{%&ghozg?reﬁc}mtnggﬁ%g%{ﬁ% ] obligg;rg}pqxl?git@:%% &hﬂiuﬁhg
notification if a jalvitcemeitcend cosphreitidng to the resource broker for re-brokering by

excluding any one of the current jobs that failed in the previous immediate job
submission, and re-submitting the current job/jobs to at least one new
recommended and matching resource node provided that the current job

has/jobs have not been re-submitted a predetermined number of times.

8. The system in accordance with claim 7, 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.

9. The system in accordance with claim 7 or 8, wherein the job monitor is adapted to

perform job completion notification if a job has been completed.



