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1 Introduction

This note describes the preliminary activities and results related with the evaluation of the Globus GRAM
(Globus Resource Allocation Management) service.

Tests have been performed using, as first phase, the fork system call as job manager, and then considering
Condor and L SF as underlying resource manager systems: basic and simple tests have been performed, in
order to evaluate the capabilities and functionalities of the service.

It has also been evaluated how each local GRAM is able to provide the Grid Information Service (GIS,
formerly known as Metacomputing Directory Services, MDS) with information on characteristics and
status of the local resources.

Other tests related with the integration between Globus and Condor (how it is possible to submit Condor
jobs on Globus resources) have been performed.

These tests have been done considering Linux (Red Hat 6.1) Intel PCs, using Globusrelease 1.1.2.

The described tests must be considered as preliminary activities: we will keep working on these itemsin
the next months within the work package 1 (“Installation and evaluation of the Globus Toolkit”) [1] of the
INFN-GRID project.

2 Running jobs
There are three commands that can be used to run jobs with Globus:

globus-job-run: this command is used to run jobs in the background

globus-job-submit: this command is used to submit jobs to a batch job scheduler

globusrun: this command is used for submitting jobs that are specified using RSL, the Resource
Specification Language. It can run jobs either in the foreground or background. globus-job-run
and globus-job-submit are simply shell scripts that use globusrun for job submission.

If ajob is submitted in foreground, the prompt is returned to the user only when this job has been
completed.

In the contrary, when ajob is submitted in background, the prompt is returned to the user immediately, and
an ID (i.e. https://Ixdel6.pd.infn.it:4560/20533/957883354/) is returned.

With the command:

globus-job-status 1D

itispossibleto verify the status of the submitted job (pending, in execution, completed).

2.1 Usage examples

Here we report some usage examples of the Globus GRAM service, considering the layout represented in
figure 1.
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A Linux PC (IxdeOl.pd.infn.it) has been configured as Globus client machine, and an other PC
(Ixdel6.pd.infn.it) has been used as Globus server machine, using the fork system call asjob manager.

2.1.1 globus-job-run examples

Ixde01% globus-job-run Ixdel6.pd.infn.it/jobmanager-fork -stdout -I /tmp/risultato -count 10\
-s/tmp/abc/ciao

The executable file (/tmp/abc/ciao) isin the file system of the submitting machine (option —s).
Theoutput file (/tmp/risultato) is created in the file system of the executing machine (option—I).

Ixde01% globus-job-run Ixdel6.pd.infn.it/jobmanager-fork —stdout —s /tmp/risultato -np 10\
-stage /tmp/abc/ciao "first parameter" "second parameter”

The executable file (/tmp/abc/ciao) isin the file system of the submitting machine (option —s).

“first parameter” and“ second parameter” are two argumentsfor thisexecutable.
The output file (/tmp/risultato) iscreated in thefile system of the submitting machine (option—s).

2.1.2 globus-job-submit examples

Ixde01% globus-job-submit Ixdel6.pd.infn.it/jobmanager-fork -np 10 -stdout -local /tmp/ris\
/users/noi/sgaravat/ciao "first parameter” "second parameter”

The executable file (/user s/noi/sgaravat/ciao) isin the file system of the executing machine.

“first parameter” and “second parameter” are two arguments for this executable.
The output file (/tmp/ris) is created in the file system of the executing machine.

2.1.3 globusrun examples
Ixde01% globusrun -b -r Ixdel6.pd.infn.it/jobmanager-fork -f file.rsl
filersl:
&
(executable=https://Ixde01.pd.infn.it:2793/tmp/abc/ciao)

(stdout=/tmp/output)
(count=10)



Thejob runsin background (option —b).

The executablefileisin the file system of the submitting machine.

The output fileis created in the file system of the executing machine.

It was first necessary to start the GASS server in the submitting machine (using the command
globus-gass-server). In this case the command returned: https://Ixde01.pd.infn.it: 2793.

Ixde01% globusrun -b -r Ixdel6.pd.infn.it/jobmanager-fork -f file.rsl
filersl:

&
(executable=https://Ixde01.pd.infn.it:2793/tmp/abc/ciao)
(stdout=https://Ixde01.pd.infn.it:2793/tmp/output)
(count=10)

In this case also the output fileis created in the file system of the submitting machine.

Ixde01% globusrun -s -r Ixdel6.pd.infn.it/jobmanager-fork -f file.rsl
filersl:

&
(executable=$(GLOBUSRUN_GASS _URL )/tmp/abc/ciao)
(stdout=/tmp/output)
(count=10)

(arguments= "first parameter

second parameter”)
The executablefileis stored in the file system of the submitting machine.
The output fileis created in the file system of the executing machine.

It is important to use the option —s, otherwise the variable GLOBUS GASS URL is not
recognized.

2.2 Problems, bugs and missing functionalities

It seems not possible to have the executable file in the file system of the submitting machine
(option —s) with globus-job-submit:

Ixde01% globus-job-submit Ixdel6.pd.infn.it/jobmanager-fork -np 10 -stdout -I /tmp/ris\
-s/tmp/abc/ciao "first parameter” "second parameter”

It doesn’'t work:

GRAM Job submission failed because the provided RSL stringincludesvariablesthat could not be
identified (error code 39)

The option -dumprsl is useful to debug the problem:

Ixde01% globus-job-submit -dumprsl Ixdel6.pd.infn.it/jobmanager-fork -np 10 -stdout \
-1 Itmpl/ris-s/tmp/abc/ciao "first parameter" "second parameter”



Thisisthe output:

& (executable=$(GLOBUSRUN_GASS URL) # "/tmp/abc/ciao")
(count=10)

(arguments= "first parameter
(stdout="/tmp/ris")
(stderr=x-gass-cache://$(GLOBUS GRAM_JOB_CONTACT)stderr anExtraTag)

second parameter™)

ThisRSL expression has been saved in afile (file.rsl).
Ixde01% globusrun -b -r Ixdel6.pd.infn.it/jobmanager-fork -f file.rsl

GRAM Job submission failed becausethe provided RSL string includesvariablesthat could not be
identified (error code 39)

Ixde01% globusrun -s -b -r Ixdel6.pd.infn.it/jobmanager-fork -f file.rsl

ERROR: option -s and -b are excl usive

Ixde01% globusrun -s -r Ixdel6.pd.infn.it/jobmanager-fork -f file.rsl

It works, but in foreground (not as a batch job).

There isthe same behavior with the standard output.

When the fork system call is used as job manager, if multiple jobs are submitted, and an output
fileisdefined, the output of all these jobsiswritten in thisfile: it isnot possible to have different
output files for the different jobs.

For example:
Ixde01% globusrun —r Ixdel6.pd.infn.it/jobmanager-fork —f file.rsl
filersl:
&
(executable=$(HOME)/ciao)
(stdout=/tmp/output)
(count=10)

ciaoisasimple program that prints“ Ciao” in the standard output.
After the execution, in the file/tmp/output it iswritten “ Ciao” 10 times.

Thereisthe same behavior if the jobs are submitted as batch jobs (again using the fork system
cal):



Ixde01% globusrun —b -r Ixdel6.pd.infn.it/jobmanager-fork —f file.rsl

3 Using Condor as underlying resour ce management system for Globus

3.1 Configuration

As represented in figure 2, a PC (Ixdel6.pd.infn.it) running Globus 1.1.2 and Condor 6.1.12, has been
configured as front-end machine with the INFN WAN Condor pool, a pool composed by about 200
machines of different architectures (Digital Unix workstations, HP-UX machines, Linux PCs, Sun Solaris
workstations) distributed in the various INFN sites [2]. An other PC (IxdeO1.pd.infn.it), running Globus
1.1.2, has been used as client machine.

Client = rver T
(Condor front-end machine)

Globus1.1.2
Condor 6.1.12

Globus1.1.2

INFN WAN Condor pool

Figure2



To configure Condor as ajob manager for Globus, it has been necessary to follow the instructions reported
in the “Globus Toolkit System Administration Manual” [3] (Chapter 5: “Configuring the Globus Toolkit
Gatekeeper and Services'). It has also been necessary to define the attributes:

-condor-0s
-condor-arch
asointhefiles:
<deploy-dir>/etc/globus-services
</deploy-dir>/etc/globus-daemons.conf
and not only inthefile:

<deploy-dir>/etc/globus-jobmanager -condor .conf

3.2 Globus RSL and Condor ClassAds

To evaluate the capabilities of Globus GRAM in conjunction with Condor as underlying resource manager
system, it is necessary to analyze how the RSL expressions are translated in the Condor ClassAds, the
language used in Condor to describe both the resources offered by the pool, and the resources requested by
the submitted jobs.
For this purpose, it is useful to edit thefile:
<deploy-dir>/libexec/globus-script-condor-submit file
and comment out the line near the end that removesthefile:
${rm} $condor_file
After the submission of ajob (using globusrun, or globus-job-run, or globus-job-submit), afile:
/tmp/condor_script.description.*
is created: thisisthe actual submission file used by Condor.
The important result of this analysisisthat the Globus job manager only cares about a set of common RSL
attributes.  Any attributes outside of the set are not passed unchanged to the underlying resource

management, as described i n the Globus documentation: they are simply ignored.

For exampleit is not possible to use therequirements Condor attribute, in order to“force” ajobtorunona
particular machine (or on a particular set of machinesthat have specific characteristics).

For example, in the following RSL file it is asked that the job must be executed on a specific machine
(Ixde01.pd.infn.it):



&

(executabl e=pippo.condor)
(requirements="machine == "Ixde01.pd.infn.it"")
(stdout=file.out)

(stderr=file.err)
(log=/home/sgaravat/file.log)
(jobtype=condor)

(count=1)

(arguments= 'first' 'second’)
(notification=always)

(notify _user=massimo.sgaravatto@pd.infn.it)

Theresult is not the expected one, because therequirements attribute isignored, sinceit is not acommon
RSL attribute.

In this example, aso thelog, notification andnotify _user parametersareignored, for the samereason: they
are not common RSL attributes.

This can be a serious problem, in particular when the Condor pool (like the INFN WAN Condor pool) is
composed by heterogeneous machines, with different architectures, different characteristics, different
performances.

For exampleit is not possible to consider vanillajobs (that require auniformfile system and UID domain),
without the possibility to force the jobs to run on a “uniform subset” of the Condor pool, composed by
machines that share the same file system and UID domain.

As reported by the Globus team, there is some work going on to come up with a good way to alow
scheduler specific attributes to be passed down to the various scheduler scripts, but nothing concrete has
been decided upon yet.

In the mean time the workaround isto modify thefile:

<deploy-dir>/libexec/globus-script-condor-submit
copying the technique used in the script:

<deploy-dir>/libexec/globus-script-loadlevel er-submit

(it looks for environment variables set in the (environment=xxx) attribute).

Therefore, considering the previous example, the RSL file should be:

&

(executable=pippo.condor)

(stdout=file.out)

(stderr=file.err)

(jobtype=condor)

(count=1)

(arguments= "first' 'second’)

(environment=(REQUIREMENT S=""machine=="Ixde01.pd.infn.it"")(L OG=/home/sgaravat/l0g)
(NOTIFICATION=aways)(NOTIFY_USER=massmo.sgaravatto@pd.infn.it))



3.3 Usage examples

Using the described configuration, some tests have been performed, submitting jobs from Globus to the
Condor pool, considering both standard Condor jobs (jobs linked with the Condor library, that can profit
from the remote |/O and checkpointing features) and vanillajobs.

Ixde01% globusrun -r Ixdel6.pd.infn.it/jobmanager-condor —f file.rsl
filersl:

&
(executable=$(HOME)/ciao.condor)
(stdout=/tmp/output)
(jobtype=condor)

(count=10)

10 jobs are submitted to the Condor pool, using Ixdel6.pd.infn.it as front-end machine.
ciao.condor isastandard Condor job (linked with the Condor library).

The prompt is returned to the user when the 10 jobs have been completed.

Theoutput fileiscreated in thefile system of thefront-end machine (1xdel6.pd.infn.it inthiscase)
even if this machine was not the actual executing machine (an other machine of the Condor pool
ran thisjob).

Ixde01% globusrun —b -r Ixdel6.pd.infn.it/jobmanager-condor —f file.rdl
file.rsl:

&
(executable=$(HOME)/ciao.condor)
(stdout=/tmp/output)
(jobtype=condor)

(count=10)

As in the previous example, but in this case the jobs are submitted in background: the prompt is
returned to the user immediately.

3.4 Problems, bugs and missing functionalities

Since for vanillajobs it is necessary to consider a uniform file system and a single UID domain,
there are problems submitting thiskind of jobsto the INFN WAN Condor pool, an heterogeneous
environment composed by machines that don’t have a commonfile system and UID domain:

Ixde01% globus-job-runIxdel6.pd.infn.it/jobmanager-condor —stdout - /tmp/result—count 10—s
/tmp/abc/ciao

With this command, 10 condor vanilla jobs are submitted to the Condor pool, using
Ixdel6.pd.infn.it as front-end machine.
Since it is not possible to force the jobs to run on a“uniform” sub-pool (as explained in section
3.2), these jobs didn’t run successfully.
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The option —jobtype (described in the Globus documentation) is not recognized:

Ixde01% globus-job-run Ixdel6.pd.infn.it/jobmanager-condor -stdout -1 /tmp/risultato\
-count 10 -jobtype condor -s /tmp/abc/ciao

Ixde01% globus-job-submit Ixdel6.pd.infn.it/jobmanager-condor -np 10\
-stdout -local /tmp/ris -jobtype condor /users/noi/sgaravat/Condor/ciao

These commands don’t work.
Asreported by the Globus team, this problem will be solved in afuture release of the software. In
the meantime, the workaround isto use an extra RSL option: -x (jobtype=condor)

There are different behaviors related with the standard output when the fork system call and
Condor are used as job managers.

Asreported in section 2.3, when the fork system call isused, if multiple jobs are submitted, and an
output file is defined, the output of all these jobsiswritten in thisfile.

Thereisadifferent behavior for jobs submitted to Condor.

For example:
Ixde01% globusrun -r Ixdel6.pd.infn.it/jobmanager-condor —f file.rsl
filersl:

&
(executable=$(HOME)/ciao.condor)
(stdout=/tmp/output)
(jobtype=condor)

(count=10)

ciao.condor isastandard Condor job (linked with the Condor library) that just prints“Ciao” inthe
standard output.
In this case the output file contains just asingle “Ciao” (the output of asinglejob).

There isthe same behavior if the jobs are submitted as batch jobs.

Thereisaproblem related with the passing of parameters:
Ixde01% globusrun -b -r Ixdel6.pd.infn.it/jobmanager-condor -f file.rdl
file.rsl:

&
(executable=$(HOM E)/Condor/ciao.condor)
(stdout=/tmp/output)
(stderr=/tmplerror)
(jobtype=condor)
(count=10)
(arguments="first parameter

second parameter")
The system detects 4 arguments (“first”, “parameter”, “second”, “parameter”) instead of 2

arguments (“first parameter”, “second parameter”).
Using the fork system call, the passing of arguments worksfine.
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3.5 Interaction with GIS

Once the Condor service has been configured in the gatekeeper of the front-end machine of the Condor
pool, anew entry, associated to this PC, has automatically been created in the GIS, as represented in figure
3.

uene=intel-limee, service=jobmanager-condor, e=edel 6. po.infh.it, Ou=Serione di Padova, o=Istituto Nazionale di
Fisica Nucleare, o==Clobuz, ¢=US
o createtimestamp: 20000505 110753
& cfeatorzname ci=Divectory Managed, ou=3ezione di Padova,o=Iztituto Nazionale di Fisica
Nudleare, o=CHobus, c=115
dizpabchtype: batch
freenodes: 50
Jobwait: NULL
Iastupdate: Thu Jun 01 13:37:54 GMT 2000
maxcount:
mascputime: 0
maxjobainguens: O
masrunningobs: 0
masEinelememory: O
muaxtime: 0
st otalmerory: O
modifiersname: co=Directory Mmager,on=5Sedone di Padovao=Istitto Nadonale di Fisica
Nucleare o=Globus c=175
modifytirnestamp: 200006011 230067
objectelazs: GlobusTop GlobusCueue
priority: WITLL
quene; inbel-limes
schedulerspecific: ML
stitus: O
totalnoces: 6%
iz O0:01:200
whenachve: O

S R R R - -

B L e R I

Figure3

total nodes represents the number of machines of the Condor pool with the same architectures ad operating
system of the front-end machine (in this case, since Ixdel6.pd.infn.it, the front-end machine, is a Linux
Intel PC, this parameter represents the number of Linux Intel PCs belonging to the considered Condor
pool). The machines belonging to the Condor pool, with different architectures and operating systems are
not taken into account.

freenodes represents the number of unclaimed machines (machines not used by their owners, and not
running Condor jobs) of the Condor pool with the same architecture and operating system of the front-end
machine (in this case Linux Intel PCs).

The meaning of the parameters maxcount, maxcputime, maxjobsingueue, maxrunningjobs,
maxsi nglememory, maxtime, maxtotalmemory is not clear: these parameters are aways equal to 0, even if
there are running jobs.

These information are not enough to describe the characteristics and the status of the Condor pool:
reporting only the total number of machines, and the number of idle machines, could be useful only if the
Condor pool is composed by an homogeneous set of computers, with the same characteristics and
performance. Other information (e.g. the total CPU power) of the pool should be provided to the GIS
server. Moreover other information related with the jobs (running and pending jobs) should be published in
the GIS.

This and other information are necessary, for example, to implement a Resource Broker.
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4 Submitting Condor jobsto Globus resour ces

There are two ways to run programs on Globus resources, using Condor. The first method is by using the
Globus universe (as opposed to the standard or vanilla universe), while the second one involves doing the
Glideln mechanisms.

4.1 Globus universe

Doing so effectively has Condor fire up globusrun behind the scenes: the condor_submit command is
simply "trandated" to globusrun.

The configuration, represented in figure 4, has been considered.

Client Server (fork)

my .

Globus1.1.2 Globus1.1.2

Personal Condor
6.1.12

Figure4

A PC (Ixde01.pd.infn.it) running Globus 1.1.2 has been configured as Personal Condor, that is a Condor
pool composed by a single workstation (Condor release 6.1.12 has been considered). An other PC
(Ixdel6.pd.infn.it) running Globus 1.1.2 as been used as a server machine (considering the fork system call
as job manager).

Some (10) simple jobs have bee submitted from the client machine to the server machine, considering the
following simple condor submit file:

Universe = globus

Executable = /users/noi/sgaravat/ CondorGlobus/ciao
output = /users/noi/sgaravat/CondorGlobus/out.$(Process)
error = /users/noi/sgaravat/CondorGlobus/err.$(Process)
log = /users/noi/sgaravat/CondorGlobus/l og.$(Process)
Getenv = True

GlobusScheduler = Ixdel6.pd.infn.it/jobmanager-fork
queue 10

There are some problems with this test, that we are trying to debug with the help of the Condor team: the
gatekeeper on the remote machine (Ixdel6.pd.infn.it) is contacted, the jobs seem running, but they are not
actually in execution.
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As reported by the Condor team, they are currently redesigning this architecture to be more intelligent in
dealing with Globus and more user-friendly.

Personal Condor, considering the Globus Universe, could be used in a workload management system to
manage the queue of the submitted jobs, to keep track of their status, etc... Moreover it could provide
features and capabilities of the Condor system, such as robustness and reliability.

Personal Condor could then be “interfaced” with a Master, smart enough to decide in which Globus
resource (typically a PC farm managed by a resource management system such as L SF, PBS, Condor, €etc..)
the jobs must be submitted taking into account the status and characteristics of these resources (the Grid
Information Service should be able to provide these information), in order to optimize the usage of these
resources.

4.2 Condor glidein

With Glideln, what happens is that the Condor daemons (specifically, the master and the startd) are
effectively run on Globus resources. These resources then temporarily (the Condor daemons exit
gracefully when no jobs run for a configurable period of time: the default length of time is 20 minutes)
become part of the considered Condor pool.

Itispossibleto run vanillaor standard condor jobs on Globus resources viathe Glideln procedure.

To use this technology it is necessary a perl script (condor_glidein) and a special Globus ftp program
(which will probably become part of the standard Globus distribution). The setup phase of Glideln copies
the necessary condor binaries from a server in Wisconsin to the machine to be glided in to, so the users
don't have to worry about having the Condor binaries for all the architectures of machines that they want to
glideinto. Before auser can accessthe server in Wisconsin, he needsto mail his X509 certificate name to
the Condor team so that they can grant access to him (adding the entry in their grid-mapfile).
Theinformation necessary to setup the Glideln mechanisms can befound in the Condor Manual [4].

The Glideln mechanisms have been evaluated considering the layout represented in figure 5.

Globus1.1.2
» (]

Ixdel5

Globus1.1.2

Personal Condor
(6.1.12)

‘ Globus1.1.2

I;<de16

GI| ded machines

Figure5
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A PC (IxdeOl1.pd.infn.it) running Globus 1.1.2 has been configured as Personal Condor (Condor release
6.1.12 has been considered). Other 2 PCs (Ixdel5.pd.infn.it and Ixdel6.pd.infn.it), running Globus 1.1.2
have then been glided in to.

In the beginning the Condor pool was composed by asingle PC (Ixde01.pd.infn.it):

Ixde01% condor_status
Name OpSys Arch  Sate Activity LoadAv Mem ActvtyTime
IxdeOl.pd.inf LINUX  INTEL Unclaimed Idle 0.090 251 0+00:00:08
Machines Owner Claimed Unclaimed Matched Preempting
INTEL/LINUX 1 O 0 1 0 0

Total 1 0 0 1 0 0

Then, using condor_glidein, Ixdel6.pd.infn.it has been joined to the Condor pool:

Ixde01% condor_glidein Ixdel6.pd.infn.it

This procedure checks if the user has permission to use the remote node as a resource (therefore it is
necessary to have a valid proxy and be mapped to a valid login account) and then checks if the Condor
configuration files and executables are correctly located in the remote machine (Ixdel6.pd.infn.it); if not,
they are downloaded from a server in Wisconsin.

The Condor executables are then run, and the machine joins the pool:

Ixde01% condor_status

Name OpSys Arch Sate Activity LoadAv Mem ActvtyTime

IxdeOl.pd.inf  LINUX  INTEL Unclaimed Idle 0.040 251 0+00:05:08
23658@Ixdel6. LINUX  INTEL Unclaimed Idle 0.020 251 0+00:03:04

Machines Owner Claimed Unclaimed Matched Preempting
INTEL/LINUX 2 0 0 2 0 0

Total 2 0 0 2 0 0

Then also Ixdel5.pd.infn.it has been joined to the Condor pool:

Ixde01% condor_glidein Ixdel5.pd.infn.it

15



Ixde01% condor_status
Name OpSys Arch Sate  Activity LoadAv Mem ActvtyTime
IxdeOl.pd.inf LINUX  INTEL Unclaimed Idle 0.100 251 0+00:10:08
25781@Ixdel5. LINUX  INTEL Unclaimed Idle 0.100 251 0+00:00:04
23658@Ixdel6. LINUX  INTEL Unclaimed Idle 0.050 251 0+00:07:45
Machines Owner Claimed Unclaimed Matched Preempting
INTEL/LINUX 3 0 0 3 0 0
Total 3 0 0 3 0 0

Considering this Condor pool composed by 3 PCs, it has been possible to submit jobs.
Both standard Condor jobs and vanillajobs have been successfully submitted and executed.
Even in this case the feeling isthat the current form of this technology is not too much "useful .
The only advantage seems to be that it is not necessary to install Condor on the remote resource (but it is

necessary to install Globus!).

As reported by the Condor team, they are currently working on making things more automatic: the goa is
tojust givealist of Globus resources, and Condor will haveto “ Glideln” to them when there areidle jobs.

5 Using L SF as underlying resour ce management system for Globus

5.1 Configuration

In our test, as represented in figure 6, a PC (Ixdel5.pd.infn.it) running Globus 1.1.2 and L SF 4.0 has been
configured as front-end machine to a small LSF test cluster, composed by other 2 Linux PCs
(Ixde02.pd.infn.it and Ixde03.pd.infn.it). A queue (mqueue) has been configured to submit jobsonthisL SF
cluster.

An other PC (Ixde01.pd.infn.it), running Globus 1.1.2, has been used as client machine.

16



L %rver
AL SF front-end machinej™.

E

Globus1.1.2

Ixdel5

Globus1.1.2

LSF Cluster
Figure 6

To configure L SF asajob manager for Globus, it has been necessary just to follow theinstructions reported
in the “Globus Toolkit System Administration Manual” (Chapter 5, “Configuring the Globus Toolkit
Gatekeeper and Services’).

5.2 Globus RSL and L SF resour ce specification language

To analyze how the RSL expressions are translated in the resource specification language used by LSF, itis
useful to edit thefile:

<deploy-dir>/libexec/globus-script-Isf-submit
and comment out the line near the end that removes the file:

${rm} $LSF_JOB_SCRIPT

After the submission of ajob (using globusrun, or globus-job-run, or globus-job-submit), afile:
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Itmpl/1sf_job_script.*

is created: thisfile contains the bsub L SF command used to submit the job.

Even for LSF, only the set of common RSL attributesis considered, and therefore it is not possible to use
some options of the bsub command to require some specific operations. For example, it is not possible to
use the option -m, to submit a job to specific hosts, or the option -R, for specific resource requirements.
In any case these limitations are not so serious as for Condor: users usually just define the queue where to
submit their jobs, without additional specific requirements, since usually for L SF all the requirements and
policies are defined in the queues.

5.3 Usage examples
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Ixde01% globus-job-run Ixdel5.pd.infn.it/jobmanager-1sf -q mqueue-stdout -1 /tmp/risultato\
-s/tmp/abc/ciao one two

With this command ajob (ciao, that takes two arguments: one andtwo) isrun in the queuemqueue
of the L SF cluster, using Ixdel5.pd.infn.it as front-end machine.

The executablefileis stored in the file system of the submitting machine (option —s).

Theoutput fileis created in the file system of the executing machine (option —).

The prompt is returned to the user when the job has been completed.

Ixde01% globusrun —b -r Ixdel5.pd.infn.it/jobmanager-Isf -f filersl
file.rsl:

&
(executable=$(HOME)/Condor/ciao)
(stdout=/tmp/outputl)
(stderr=/tmp/errorl)
(queue=mqueue)

Asbefore, with thiscommand ajob is submitted to the L SF queue mqueue, using Ixdel5.pd.infn.it
as front-end machine.

The executable fileisstored in the file system of the executing machine.

The output fileis created in the file system of the executing machine.

Thejob is submitted in background: the prompt is returned to the user immediately.

Ixde01% globus-job-submit Ixdel5.pd.infn.it/jobmanager-1sf -q mqueue\
-stdout -1 /tmp/risultato -| /users/noi/sgaravat/L sfGlobus/ciao one two

This command submits one job (ciao, that takes one and two as arguments) to the LSF queue
mqueue, using Ixdel5.pd.infn.it as front-end machine.

The executable fileis stored in the file system of the executing machine.

The output fileis created in the file system of the executing machine.

Note that, as reported in section 2.3, with the command globus-job-submit it is not possible to
consider an executable file stored in the submitted machine, or create an output file in the file
system of the submitting machine (with the option —s).



5.4 Problems, bugs and missing functionalities

Usig L SF as underlying resource management system for Globus, it is not possibl e to submit
multiple istances of the same job.
For example the following command:

Ixde01% globus-job-run Ixdel5.pd.infn.it/jobmanager-1sf -q mqueue -count 2\
-stdout -1 /tmp/risultato -s /tmp/abc/ciao one two

doesn’'t submit 2 instances of job ciao, as expected: the option —count is translated in the L SF
option —n, used to specify the number of processors for parallel jobs.

Asfor Condor, there are some problems with the passing of parameters:
Ixde01% globusrun -b -r Ixdel5.pd.infn.it/jobmanager-1sf -f file.rdl
file.rsl:

&
(executable=$(HOM E)/L sfGlobus/ciao)
(stdout=/tmp/output)
(stderr=/tmp/error)
(queue=mqueue)
(arguments="first parameter

second parameter")

The system detects 4 arguments (“first”, “parameter”, “second”, “parameter”) instead of 2
arguments (“first parameter”, “second parameter”).

5.5 Interaction with GIS

Oncethe L SF job manager has been configured on the front-end machine, in the GIS anew entry is created
for each queue of the L SF cluster.
Thefigure 7 represents one of these entries, associated to a L SF queue.
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Figure?7

totalnodes represents the number of machines of the L SF cluster associated to this queue.

priority and status represent the priority and the status of this L SF queue.

maxr unningjobs represents the number of running jobs in this queue.

The meaning of the parameters freenodes, maxcount, maxcputi me, maxjobsinqueue, maxsinglememory,
maxtime, maxtotalmemory is not clear: these parameters are aways equal to 0, even if there are running
jobs.

Evenin this case this information is not enough to describe the characteristics and the status of the LSF
cluster: for example the number of machines running jobs is not published. For LSF, unlike Condor, the
information regarding the number of running jobsis reported.
In any case, asfor Condor, other important information should be reported in the GIS server, in order to be
able to use them for example to implement aresource broker.

6 RSL

The Globus Resource Specification Language (RSL) should provide acommon interchange language to
describe resources. The RSL provides the skeletal syntax used to compose complicated resource
descriptions, and the various resource management components introduce specific <attribute, value>
pairings into this common structure. Each attribute in a resource description serves as a parameter to
control the behavior of one or more componentsin the resource management system.

A set of common RSL attributesis defined:

arguments: the command line arguments for the executable
count: the number of executions of the executable
directory: specifies the default directory for the job manager
executable the name of the executablefileto run
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environment: the environment variables that will be defined for the executable

jobType: specifies how the job manager should start the job (single, multiple, mpi, condor)
maxTime: the maximum walltime or cputime for a single execution of the executable
maxWallTime: explicitly sets the maximum walltime for a single execution of the executable
maxCpuTime: explicitly setsthe maximum cputime for a single execution of the executable
gramMyjob: specifies how the GRAM myjob interface will behave in the started processes
stdin: the name of the file to be used as standard input

stdout : the name of the file to store the standard output from the job

stderr: the name of thefile to store the standard error

gueue: targets the job to a queue name as defined by the scheduler at the defined resource
project: targets the job to be allocated to a project account at the defined resource

dryRun: used for debugging

maxM emory: specifies the maximum amount of memory required for thisjob

minM emory: specifies the minimum amount of memory required for thisjob

Thereforethe RSL aimsto be a uniform language to specify resources, between different environmentsand
different resource management systems: this functionality is very important for a workload management
system for a GRID environment.

The RSL syntax model (where the core element is the relation, and it is possible to define compound
requests) seems suitabl e to define even complicated resource specification expressions.

Unfortunately, as described later (in particular in section 3.2) the common set of RSL attributes is
sometimes too “poor” to define the resources required for a specific job, in particular when the GRAM
service uses an underlying resource management system. It should be useful if the attributes that are not in
the common were passed unchanged to the underlying resource management system, and not simply
ignored.

Moreover, the language should be more flexible and extensible: the administrator of aresource should be
able to define new attributes describing particular (static or dynamic) characteristics of the considered
resource, and the users should te alowed to take into account these new attributes, in their resource
specification expressions. (for example this functionality is implemented in the Condor ClassAds
architecture).

It should also be investigated if it is feasible and suitable using the same language to describe the offered
resources and the requested resources, as for Condor.

7 Conclusions and future activities

In this note the preliminary activities related with the evaluation of the Globus GRAM service has been

presented.

Simple tests have been performed, submitting jobs on remote resources, considering asfirst phase only the
fork system call asjob manager.

As second step the functionalities of the GRAM service have been tested considering Condor and L SF as
underlying resource management systems.

The Globus RSL has been evaluated as well. This language aims to be a uniform language to describe
resources between different resource management systems (a very important functionality for aworkload
management system that must manage resources spread across different domains). While the RSL syntax
model seems suitable to define even complicated resource specification expressions, the common set of
RSL attributes is often insufficient to define the resources required by a specific job. A missing
functionality isthat the attributes not belonging to this set are not passed through unchanged. Thiscan bea
serious problem in particular when the GRAM service relies upon a heterogeneous Condor pool (like the
INFN WAN Condor pool), composed by machines of different architectures, different characteristics,

without a common file system and UID domain. The problems are not so serious using L SF as underlying
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resource management system, since usually in this case all the policies and requirements are defined in the
gueues.

The interaction between the GRAM and the GIS (Grid Information Service) has been analyzed, considering
both Condor and L SF: the local GRAMs are able to provide the GI S with some basic information about the
characteristics and status of the local resources, but it is necessary to improve these functionalities,
publishing other important information, required for example to implement aresource broker.

Tests have also been performed on the possibility to submit Condor jobsto Globus resources, considering
both the Globus universe and the Glideln mechanisms: the ongoing activities related with these items are
quite promising, but now only prototypes of these technol ogies have been implemented.

The described tests are preliminary activities: it will be necessary to keep working on these items in the
next months.

For example it will be necessary to evaluate the GRAM service in conjunction with aher resource
management systems (e.g. PBS).

Some tests will also be performed considering applications that use directly the GRAM service, using the
provided API.

An other important foreseen activity is the use of the GRAM service in production environments,
considering real HEP applications (e.g. the HL T activities).

Work will be performed in an incremental fashion. Asfirst step the GRAM service will be used ssimply asa
uniform interface between different resource management systems (in particular local uniform Condor
pools, and LSF clusters) that manage farms of PCs. As second step, the GRAM service will be used to
submit jobs on remote (located in different sites) farms. Then ahigh throughput broker, ableto optimizethe
usage of the computational resources, must beintegrated in the Globus resource management architecture.
The activities related with the integration between Globus and Condor will continue, for example to
understand if Personal Condor can be configured as a high throughput broker for Globus resources.

New releases of the Globus software (starting with Globus 1.1.3) will be evaluated, to evaluated if they can
provide new functionalities useful for our needs.
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