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Abstract: Because modern scientific researches become complicated and diversified, many joint studies are
carried out among different research fields and different countries. The grid computing is effective for smooth
promotion of such collaborations because it can share resources such as data, computing resources, and
storage resources the participant organizations have. However, because the grid middleware using in differ-
ent research fields and different countries are different, conventional grid middleware are not able to share
resources with other type grids. Therefore many grid projects focus grid interoperation using Open Grid
Forum’s (OGF) interoperation standard HPC Basic Profile (HPCBP). In the interoperation environment,
because the grid middleware have different architectures, there are many issues different from single grid
environment. The one is the difference in file transfer method by the difference in management method of
the job account. There are two types of job accounts for the computing resources, temporally account, which
is assigned for each job dynamically, and static account like conventional computer systems. In the envi-
ronment which uses static accounts, the file transfer between jobs can be done directly. On the other hand,
the transfer through the temporary storage is necessary in the temporary account environment. Therefore
in the temporary account environments, the same files are transferred twice. Because of this difference, it is
necessary to control the file transfer according to the account management of the other parties. However the
computing resources of the later job are not often decided at the time of the submission of the preceding job,
and it is difficult to manage file transfer method in conformity to partner resources in advance. In addition,
because the rapid performance improvement of recent computing resources brings the make the data gigantic,
this extra file transfer causes the prolongation of the job or the increase of the network load. The reason
why a temporary storage is necessary for is that a temporary account and the temporary working directory
are disabled with the job end. Therefore, it is necessary for each job to transfer the computing results to
the outside resources in the job. However, it is necessary to transfer it to a temporary storage because the
state of the job needing the results is unsettled. Therefore this paper proposes that a method to synchronize
the state of the jobs that the file transfer is needed, and to do file transfer. Specifically, the job which sends
the files is stopped before finalizing and is waited until the partner finishes the file transfer. This proposal
is based on the requirements of the next generation interoperation specification which is discussing in the
OGF. It is confirmed that the prototype could transfer the file between jobs directly and the job run time

was shorten.
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Cancelled

1 TerminateActivity request
Successful

termination of
Pending Running ity

Finished

! System error / failure event

Failed

3 BESOY a7 7A7— METIL
Fig. 3 Job state model of BES.
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Pending
DataStagelng: ]
v HOLD
DataStageln
Computing: ]
v HOLD
] Computing Cancel
Failure
DataStageOut:
v HOLD
DataStageOut
Finalizing:
HOLD
v v v
Finalizing
Failed Finished Cancelled

M4 BEOYaTAT—METFN
Fig. 4 Proposed job state model.
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Grid job Site-A Site-A Site-B Site-B
Scheduler Computing Storage Computing Storage
Resource Resource

Y
Submit jobl
2) Conputing J§ Results of job1

HOLD at Finalizing 3

Submit job2
— 4 Data transfer
Notify at Computing < Transferred
6) 5) Cofnputing job1 results
Release of jobl HOLD
&
Job1 Finished 7)

M5 REOKFEMBEODLY a 70T —8 AT — Y v 7Ol
Fig. 5 Management of data staging of jobs with dependence.
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1) Job1 Submission

User or 2) Hold at Finalizing
Grid Job 3) Job2 Submission
1) Scheduler 4) Data Stage In (Job 2)

3) 5) Notify at Computing
6) Job1 release

6) 5)

Temporary or static ':

account and 4)
working directory Temporary or static
. X account and
I Site-A Sl working directory

6 WRERFHCLILERT AT Y VA THRELEZGEDT —
AT =TT
Fig. 6 Data staging between different account type resources

in proposed method.
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=3

Requirement

Req.ID

(a),(b)

(b)

(©

(©

(@

(e)

Following Activity states MUST permit 'Hold' : 'Pre-processing’, other
active states, 'Post-processing'

The service MAY offer the hold and corresponding resume
functionality of Activity processing. Change state operation to resume
a hold execution and to put the Activity into 'Suspend' (maybe similar
to hold).

When the client wants to perform client initiated data-staging-in, the
client MUST also specify in the Job Description via 'Hold' points that
the Activity holds.

The Job Description document specification MUST permit the Client to
request that at specified Activity states, the Execution service sets the
Activity on 'Hold'

In order to permit the Client to perform client-directed processing of
submitted Activities (for example client-directed data staging), the
Execution Service SHOULD manage 'Hold' points for Activities. Fault
if not supported.

In order to minimize polling of the Activity Status, the Execution
Service MAY implement a mechanism for notification. Asynchronous
notification of Activity status (for example: e-mail, SMS, etc.) - human

129

80

79

103

76

65

level notification

® Data Staging MUST support an agreed set of protocols in PGI, e.g. 143

HTTP(S), scp, gridftp, mailto, RNS/BytelO

X 7 WREOEE PGI B0

Fig. 7 Mapping between requirements of proposal and PGI requirements.
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<JobDefinition xmIns="http://schemas.ggf.org/jsdl/2005/11/jsdl">

<JobDescription>
<Jobldentification>

</Jobldentification>
<Application>

</Application>
<Resources>

</Resources>
<DataStaging>

</DataStaging>

<jsdl-pgi:JobFlow:xmlns:jsdl-pgi="http://www.naregi.org/jsdl/2010/04/jsdl-pgi">

<jsdl-pgi:HoldPoints>

<jsdl-pgi:ActivityState>Pending</jsdl-pgi:ActivityState>
<jsdl-pgi:ActivityState>DataStageln</jsdl-pgi:ActivityState>
<jsdl-pgi:ActivityState>Computing</jsd|-pgi:ActivityState>
<jsdl-pgi:ActivityState>DataStageOut</jsdl-pgi:ActivityState>
<jsdl-pgi:ActivityState>Finalizing</jsd|-pgi:ActivityState>

</jsdl-pgi:HoldPoints>
</jsdl-pgi:HoldPoints>
<jsdl-pgi:NotificationPoints>

<jsdl-pgi:ActivityState>Pending</jsdl-pgi:ActivityState>
<jsdl-pgi:ActivityState>DataStageln</jsdl-pgi:ActivityState>
<jsdl-pgi:ActivityState>Computing</jsdl-pgi:ActivityState>
<jsdl-pgi:ActivityState>DataStageOut</jsdl-pgi:ActivityState>
<jsdl-pgi:ActivityState>Finalizing</jsd|-pgi:ActivityState>

</jsdl-pgi:NotificationPoints>
</jsdl-pgi:JobFlow>
</JobDescription>
</JobDefinition>

B 8 HOLD KA > b %48E$ % JSDL ik
Fig. 8 JSDL extensions for HOLD and Notification points.

CreateActivity AL —> 3> O BI{E#E

if(finalizing_hold == YES)
hold(jobid, finalizing, finstate);

// finalizing T HOLD fERA‘HHBE
// finalizing T HOLD &

createActivity(jsdl){

if(parse(jsdl) == OK){

jobid = assign(jsdl);
reply(OK, jobid);

1/1SDLOF 57 E#
I 23TAVRE U ADER
1/ jobid D3BE

Yelse { 1/ 1SDLDFTv5: R
reply(NG, reason); 1 TI—HEOHE
it; T
}
finstate = NULL;
if(datastageln){ // datastageln H$55BE

if(datastageln_hold == YES)
hold(jobid, dataStageln, finstate);
else if(datastageln_notification = YES)
notify(jobid, datastageln, finstate);
if{finstate = datastageln(jsd) == NG)
goto failed(finstate);

1
if(computing){
if(computing_hold == YES)
hold(jobid, computing, finstate);
else if{computing_notification == YES)
notify(jobid, computing, finstate);
if(finstate = computing(jsdi) == NG)
goto failed(finstate);

if(dataStageOut){
if(dataStageOut_hold == YES)
hold(jobid, dataStageOut, finstate);
else if{dataStageOut_notification == YES)
notify(jobid, datastageOut, finstate);
if(finstate = ==nG)

// dataStageln T HOLD &Y

// datastageln T HOLD &4

// datastagein T NOTIFICATION R d%Y
// datastagein SRAED $ &

// dataStagein BifE

// dataStageln &8 -Failed (<87

1/ computing HHHBE

// computing T HOLD $iR&Y

/[ computing TA HOLD &4R&

// computing T NOTIFICATION #§7R&Y
1/ computing RED S

// computing B4

// computing 5B - Failed I<8%

// datastageOut H$% SR &
// dataStageOut T HOLD $E7R&Y
// datastageOut T HOLD &4R&

// datastageOut T NOTIFICATION &Y
=

// datastageOut REDIRE
// dataStageOut Bh{E

goto failed(finstate);

else iffinalizing_notification == YES)

// finalizing T NOTIFICATION =Y
1/ finalizing REDHE

1/ finalizing

//finished RAEDHE

&7

notify(jobid, finalizing, finstate);
finalizing(jobid);
notify(jobid, finished, finstate);
exit;

}

hold(jobid, state, finstate){
noticicaton(jobid, state, finstate);
wait(jobid);

)

//jobhold Bh{E
/] notify (hold state)
// ChangeActivitystate #%

ChangeActivityState A RL—> 3> OB EHRE

changeActivityState(jobid, new_state){

if(chechHoldState(jobid, new_state) ==NG){ // REEEMIEEDELEF oy
error(“Invalid state”); NFRL—2avT5—4%
exit;

11237 0 HOLD REEDRRRX

releaseljobid);

10 CreateActivity, ChangeActivityState + XL — 3 3 » OBIEREE
Fig. 10 Overview of CreateActivity and ChangeActivityState operations.

ChangeActivityState
- JobID: EBHIE5H2370ID
- State: BREIEDIRT—H

“JobID"MP3T DR T—h%"State”|SBHEE D

RETI—

JobIDD P 3T MFFEL ALY

EBREDOHLNTOELRT—FDIER

REDRAT—

9 PGl BES A XL —v 3>
Fig. 9 PGI extended BES operation.
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B, Cancelled A7 — MBI D BES AL — 3
v Td A TerminateActivities XL —2 a Y il § 5.

ChangeActivityStatus = XL — > 3 Y UAo 1 > %
7 — AR, (ERD BES AL -3 Y ERLT
HhH. LhL, VaTEHEATLIZOOFT L= a3y T
& % CreateActivity TlZ HOLD #fE, NOTIFICATION
HRE T R — ML 7OICEEN R 5. BIfEEE X 10
1278 $. JSDL @ HoldPoints g%, NotificationPoints f&
EEBRELL, Ya TP YEFEAT - MIERBLZL EIC,
HoldPoints 78 SN TWIULY 3 7 AT — FOBEX E
T 5H112Y 3 7% HOLD ¥ CTE 7)) v ATV a—
F 12§ 5. NotificationPoints THRE SN TV 554
WE Ry RATF Y 2a—Z128ET 5, ¥V a 70H)
TEIZMEGES 5. T AR S 723613 HoldPoints 872
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EEBERDH DT /T BTV IFR T D1—5OEBEHRE

wf_submit(job1.jsdl , job2.jsdl){
jobid1 = submit (job1.jsdl);
wait_nofitication(jobid1);
if(notification .jobid1== OK){
jobid2 = submit (job2.jsdl);
else {
error(notification.jobid1, NULL);
exit;
}
wait_notification(jobid2);
if(notification.jobid2== OK){
release(jobid1);
wait_notification(jobid2);
Yelse {
release(jobid1);
wait_notification(jobid1);
error(notification.job1, notification.jobid2);
exit;
}
if(notification.job2 == OK){
scceess(notification.jobl, notificaiton.job2);
exit;
Yelse {
error(notification.job1, notificaiton.job2);
exit;
}
}

// jobl DERTO—H) T LA

// jobl @ HOLD %

// jobl MEHELER

// EEE: job2 DERIA—HYT EHRA

// BE: jobl EERTHRE
// D—49o0—o3 7T

// job2 @ NOTIFICATION 5
// job2 @ DataStageln $&&

// IE&: jobl @ HOLD #YJ!I)—R
1/ job2 M ¥ THL

// 2E: jobl D HOLD &#YI)—R
// jobl DIRTHL

// job2 RERT &

// 7—570—237T

// job2 DIET 5
/| EE: EERTHRE
// D—9o0—23 78T

/| BE: RERTHS
// 7—4920—3d§.T

11 KAFRROSH Y 3 707 ) v AT Y a— T OB R
Fig. 11 Overview of grid scheduler for jobs with the dependency.
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Uy RArYa—J3K5 IRLZT -7 70— %
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RETTH00EFEE T O—h) LY a7l A
3 %. ¥ a7 17 Finalizing ® HOLD IKREIZ 7% 5 F CFE
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Computing JREEIZER L 72 Notification =55, IEHIE
BLAEZEPHERETEZ25Y 3710 HOLD % #kd 5.
Va7 20 TRy 70— aT7E L TOFETE
T35,

3.3 X

RENKEI 70 2 = 7 |} THiZEBI% L 72 HPCBP &
Bes 472 M2 32 MDAk E RICRETEEHE
L, VaTHAERTIRELBY) KTy v P2 HE
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Fig. 12 Experimental environment.
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CPU, No. of CPU Intel E8400 x 1 AMD 2350 x 2 Intel E5506 x 2

Clock Speed 3 GHz 2 GHz 2.13 GHz

No. of cores/node 2 8 8

No. of nodes 1 1 16

Network I/F 1 Gbps 1 Gbps 1 Gbps

0S8, Version CentOS 5.7 CentOS 5.5 CentOS 5.4

Local Scheduler PBSProfessional 9.2 PBSProfessional 9.2
B 13 FHHEFEOM

Fig.
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B0V a TEFEEBOEDS T — S5k 1 B5THhDH I LT
HRTHZEIETER W, L L, RETHD JSDL 134t
JeTF3: & O DataStageing TL A ¥ b1 2475 <, ik
I DataStageing T L X ¥ s O¥id 7 — ¥ #nikm % & —3%
TLHDT, TOEFDITE A EIZT — & RO

© 2012 Information Processing Society of Japan

13 Computing resource configurations.
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Fig. 14 Running time of job with dependence.
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OpenFOAM & LFEEY SaL— 3 (3D¥EER)
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Fig. 15 Running time of an OpenFOAM job.
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