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Audience & Goals

e Audience

— End users and developers who want to
e Access and use NSF funded XSEDE compute resources

* Create secure shared compute environment with
collaborators around the world

* Access and use compute resources available via XSEDE
located at other institutions

— Advanced user support personnel who work with
end users and developers

e Goals: at the end of this tutorial you will
— Be able to define and run jobs on XSEDE




Prerequisites

* |nstalled Genesis Il client software
* Grid account with permission to run jobs
e Basic grid shell and client GUI understanding




XSEDE Activities (a.k.a. jobs)

What are jobs in XSEDE?
How are jobs executed?
How are jobs specified?

How to interact with jobs while they are running?

Compute Grid Use module
— JSDL tool

— Grid queue

— Interacting with jobs

— Job state change notification




What are Jobs in XSEDE?

A job is a unit of work that executes a program
— Really pretty generic: much like PBS or LSF job

— Program may be sequential, threaded, hybrid GPGPU program, or
traditional parallel using MPIl or OpenMP

— Programs can be command line programs or shell scripts that take zero
or more parameters

Jobs MAY specify files to be staged in before execution and out after
execution

— This MAY include executables and libraries

Jobs MAY specify file systems to mount, e.g., SCRATCH or GFFS
(Global Federated File System)

Jobs MAY specify resource requirements such as operating system,
amount of memory, number of CPU’s, or other matching criteria

Jobs MAY be parameter sweep jobs with arbitrary number of
dimensions




How are Jobs Executed?

* Job are executed by grid resources that
implement the OGSA Basic Execution Services
(BES) interface

— These are referred to as BESes

e Users submit jobs directly to BES or to a grid
gueue




BESes: Basic Execution Services

 BESes run jobs on particular compute resources
— Manage data staging for jobs
— Monitor job progress/completion
— Maintains job state

* “Compute resources” may be workstations,
clusters, or supercomputers

* Each BES has a set of resource properties such as
operating system, memory, number of cores, etc.
that can be used to match jobs to BESes for
execution
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Grid Queues

 Work much like any other queuing system
* Grid users submit jobs to grid queue
* Maintain:
— List of (BES) compute resources available for scheduling

— Description of capabilities of each compute resource
— List of jobs and statuses

* Match jobs to available compute resources
— Ask matching resources to run jobs

* Monitor job progress/completion

* Cmd-line and GUI tools to manage jobs in queue
— qsub, gstat, gkill, gcomplete, queue manager
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Grid Queues — Cmd-line View

* Check queue/job status with:

= Shortcut to grid.exe ﬂEIi

vcgr:Srgstat Aqueunes/grid—gueune

Ticket Submit Time
4DD46538-38BF-7D77-D9YB—2FBC168C32DF 18:88 EDT 14
431 EBFA7—4871-C711-333D-6EECB7?F48F1 18:88 EDT 14
874FAA1B-B227-377E—4Fd1-BA6GA4C1282082 18:88 EDT 14
1CF83564-A4AD-6633-262A-D1B98416B57C 18:88 EDT 14
336A7A1L2-CIE3I—C744-1443-AASCC4E1 BDS1 18:88 EDT 14
8BC1362C-D65C—2E1A—9AYB-F281A3A27C46 18:88 EDT 14
EAAREE?C2—A52F-4778-7CYD-824CA6A6F1F2 18:88 EDT 14
YF822088-1DC2—-8C1A—9E5C-C2842BA1E141 18:88 EDT 14
41 CCEA6GB—21F4-B5FB-52D2-7256BEA44C?92 18:88 EDT 14
60134785-DA?B-CF4F-AC52—-992CF 71278684 18:88 EDT 14
L158FF81-E6?E-CoA5—-EF12-51735CFF7ERA 18:88 EDT 14
B5B66BF8—027D-7EEA—BBIA—-B?EFACZDEED? 18:88 EDT 14
A?1E21B9-872C-192C1-7FAB—-6A11127?A58C 18:88 EDT 14
2568C3DC-7IED-DC1C-233B-864120AA?B51 18:88 EDT 14
L2A3DBSY?-ECD4-3724-F46A—A4583D95D5E1 18:88 EDT 14
82D0D474F-6FFC-D4A?-69D5-556186307671 18:88 EDT 14
DE42CC65—6DDB-E27E-C6CI-DAEA1AD1 81 B5S 18:88 EDT 14
Z2BDDS84F-A322-278C-212A-B358836D31C6 18:88 EDT 14
BEACIB?E-FHABE—-13D4-14F6—C178D934477C 18:08 EDT 14

State

FINISHED
FINISHED
FINISHED
FINISHED
FINISHED
FINISHED
FINISHED
FINISHED
FINISHED
FINISHED
FINISHED
FINISHED
FINISHED
FINISHED
FINISHED
FINISHED
FINISHED
FINISHED
FINISHED
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Grid Queues — GUI Queue Manager

* Queue Manager presents information about jobs

and resources currently managed by queue

Queue Manager

Job Ticket

LA TN S5-I/ DL ToOWU—TFTLIMACI LU D
2BD1416E-EFED-BFI0-ACEE-4CFOFLY 77 1FA
EAD4332A-0F19-909A-70OFE-BRBE501EECD2ZD
DEIDIZEV-5720-B591-68FC-54F8740FECOD
EV2F2E94-5B54-93BA-FDAZ-1CT73B7B4EF39
OE7ABAFE-13AF-EE35-95F0-27851C0ED43F
EQLECS14-7A74-9359-1464-CCAB35CF/162
4960329C-ADB4-41CC-CDFF-C5CO96ABFF26D
IALE3CFO-DAZ3-BE146-92D4-B305BE5382A8
FAL4EDBE-1345-B504-234D-F015BC29FDEG
27TAC2AF-BEBY-2180-35F0-AA3267051EBC2
SFADBBI5-4A17-742C-30FB-1EE91AZ 24BCT
EABOCED9-560E-95AB-7384-6CF0593589F8
023749DD-F408-065D-99D9-F20F15EQ0CAF3
ABCACO56-6875-5B5E-00F5-332988FEVSAF
EEF70489-08BE5-81D9-EEBD-AVB44873DEGY
420BC192-DCBO-752A-B53C-A02917 1EFFE]L

I' Job Manager

Resource Manager |

Job Mame
Wl T du & 3

Gnomad.&62
Gnomad.63
Gnomad.&0
Gnomad.61
Gnomad.66
Gnomad.&67
Gnomad. 64
Gnomad.65
MEIDtest

alex_koeppel_...
alex_koeppel ...
alex_koeppel ...
alex_koeppel ...
alex_koeppel ...
alex koeppel ...

MEIDtest

Submit Time
INILITT WFeL £ 3

Mon Oct 25
Mon Oct 25
Mon Oct 25
Mon Oct 25
Mon Oct 25
Mon Oct 25
Mon Oct 25
Mon Oct 25
Wed Oct 13

1w e,
10:02:
10:02:
10:02:
10:02:
10:02:
10:02:
10:02:
10:02:
(53 EDT 2010

11:11

13
13
13
13
13
13
13
13
13

CLYT L
EDT 2010
EDT 2010
EDT 2010
EDT 2010
EDT 2010
EDT 2010
EDT 2010
EDT 2010

Fri Oct OB 12:21:52 EDT 2010
Fri Oct OB 12:20:44 EDT 2010
Fri Oct 0B 12:20:06 EDT 2010
Fri Oct 08 12:19:11 EDT 2010
Fri Oct 08 12:19:41 EDT 2010
Fri Oct 15 21:24:02 EDT 2010
Wed Oct 06 13:07:50 EDT 2010

Credentials
HI HIT=ridvw

grimshaw
grimshaw
grimshaw
grimshaw
grimshaw
grimshaw
grimshaw
grimshaw
mvn3w

afkoeppel
afkoeppel
afkoeppel
afkoeppel
afkoeppel
afkoeppel
mvn3w

Attempts | Job State

1 FHYISACLY
1 FINISHED
1 FINISHED
1 FINISHED
1 FINISHED
1 FINISHED
1 FINISHED
1 FINISHED
1 FINISHED
1 FINISHED
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2 FINISHED
8 FINISHED
4 sge-I

5

4 sge-low
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Grid Queues — Job Execution

Grid -Queue
i} o|o|o|o
HM‘Q user submits job & R~
==  ’
\j\\

e“d

> €S
g BE

eve °.
G(\d-a‘:“ Atchi®

~aX(
%0

e jov¥
\\
BES executes job

BES1

—




Job Execution — The Working Directory

User submits job/queue schedules on BES BES1

BES creates unique @

working dir for
each job

(" activities \\

job1 job2 job3 e
my_job_data\ /TN o
/\ t» working-dir
runA  runB /‘ ==/|
N =
- BES stages data | P
to/from job working 1

dir as specified in
JSDL




How are Jobs Specified?

e Jobs are specified using the Open Grid Forum
standard Job Specification Description Language
1.0 (JSDL)

— XML-based language

— Widely adopted

— Not intended for human consumption
* Job information that is specified

— |dentity

— Application description

— Resource requirements

— Data staging




=?xml version="1.0" 7>
- <JobDefinition xmins="http:/ fschemas.ggf.org/jsdl/2005/11 fjsdl"= Q
- <JobDescription= 0(0
- <lobldentification= 6
<JobMName=Adder</JobMName = Job Nameoo
</Jobldentification=

- «Resources= (\

- <0peratingSystem

- =OperatingSystemType:= ?& R
<OperatingSystemName }UNUIﬁD% ngSystemMame = esogrce
Requirement

</0OperatingSystemType> KO‘
X

JSDL Fragment 6\09\

</OperatingSystem=
=/Resources=
- <Application xmins:geni="hti\Y /vcgr.cs.virginia.edu/jsdl/genii" =
- «POSIXApplication xmi®'http:/ /schemas.ggf.org/jsdl/ 2005/ 11 /jsdl-posix"=
::Executable;ﬁp&: </Executable >
<0utput=s Output=
<Argument ven.dat</Argument= Application
<Argumeht=fourty-two.dat</Argument > o
ent=sum.dat</Argument> Description
%ument:blﬂqfﬁrgument}
SIKApplication=
={Application>
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Creating JSDL Files using the Grid Job Tool

) Grid Job Tool - K:\blastTemplate.proj =13
* Manual Creation: Bl raesystoms

[ Basic Job Information | Data | Resources | Grid Job Variables |

— Use editor to create XML file

Job Identification

— Difficult and error-prone due ||| sesame [z nsst oa wwe crne e | it g el
to XML’s eccentricities Jobproocts Job Description |
— Easiest method: start with o enitcation
existing JSDL and modify Execitable[iac [ sovseroen [+
(carefully) womers i | - |

. . Argument 1 -query Job Directory
® U S I ng G rl d J O b TOOI : Argument 2 query.fas Joh Directory
Argurment 3 -db Job Directory
. . Argument 4 DBE_MAME Joh Directory

- GUI bU||der fOF JSDLﬁleS Argurnent 3 -evalue

Joh Directory
Argument 6 0,001 Job Directary

— User describes job in GUI gments 10 ot Direclry o
. . + - v
— Description can be saved as N ‘
GFIdJObTOOl ”projeCt” flle ELASTDE fariable el l__.Job Scratch leststem

* edit/re-use project to create
new JSDL files

— Automatically generates XML

from user provided fa -
description Warnings & Ertars
. Sta rted With grid Command Path for data stage "queryfas” will be made absolute
job -tool
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How to Launch Job Tool from GUI Browser

B3 Genesis 11 Client Application

° Select directory Where you File Edit Jobs Security Tools
. . RNS Space
want JSDL project file located
¢ B/
O R : E f”gé?ﬁesoumes

o= [ gocounting
o= [ bescontainers

* Select execution container - contaners
(BES or queue) where you ZEZEW
o= home
want to execute job el

o= g Make Directory
o ¢ Create New File

- Create Filesystem Proxy
o= F7 4 Matching Parameters

Queue Manager
Create Job

View Job History
Create Security Group




How are Jobs Submitted for Execution?

e Recall: Jobs submitted to BES or grid-queue

* Jobs can be submitted via

— Grid shell run (to BES) or gsub (to queue)
commands

— JSDL tool menu option from GUI grid shell

— Copying JDSL file to BES’s “submission-point”
pseudo-directory




Using “run” to Execute Jobs

 Check command syntax

— help run

e EXAMPLE run command for gnomad

— run --jsdl=<jsdf-file> <path-to-bes>




Using a Grid Queue to Execute Jobs

* General purpose XSEDE grid queue location
/queues/grid -gqueue

e Submission syntax
gsub <queue -path><JSDL -file>
OR

Cp <queue -path>/submission -point<JSDL -file>

 Example submission
gsub /queues/grid -queue local:gnomad.xml




Job Submission Exercises

e GOAL: Run some simple jobs

— Create and execute hostname.jsdl
* Single job and parameter sweep

« Example files located at

/examples




Interact with Jobs via Queue Manager

* You can stop, check status, examine job
history, or reschedule a job

* You can interact with a job’s working directory
if job is in a running state on a (Genesis Il) BES




View Job Information in Queue Manager

* Status
— QUEUED: job waiting to be scheduled on BES resources
— REQUEUED: job failed execution at least once and has been automatically re-queued
— ERROR: job failed the maximum allowable execution attempts and will not be re-queued
— On <BES name>: job passed to <BES name> for execution
* Note: Does not connote status within BES (job may be running, queued, staging data, etc.)
— FINISHED: job executed successfully

* Attempts

— Number of times queue has tried schedule job for execution

— Some failures do not increment attempts
* grid software failures
* job preempted due to local BES policies

e Ticket
— Unique ID assigned by grid queue to job on submission

* Queue keeps status of active and completed jobs

— Jobs in final status (ERROR and FINISHED) need to be cleaned up by user
gcomplete <queue name>{ --all | <job ticket>+ }
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Examine Job History in Queue Manager

* Right-clicking on job provides information about
job’s history in different levels of detail

P T

™ History for Job 28D1416E-EFB0O-BF90-ACEE-4CFOF17771FA on Queue /queues/grid-queue

Minimum Event Level [ Trace = ] l Displayed Categories J
& [10/25/10 10:02:13 AM] Queue Accepted Job -
ih [10/25/10 10:02:13 AM] Job Matched to Resource

0 o [10/25/10 10:02:38 AM] Creating Activity on pbs-generals.from-camillus

v + [10/25/10 10:02:38 AM] Making CreateActivity Outcall on pbs-generals.from-camillus
. [10/25/10 10:02:38 AM] BES analyzing JSDL.

v . [10/25/10 10:02:38 AM] BES Creating Activity Instance
. [10/25/10 10:02:38 AM] Creating Job Working Directory
= [10/25/10 10:02:38 AM] Staging in to gnomad_orig
= [10/25/10 10:02:39 AM] gnomad_orig: 653684 Bytes Transferred
= [10/25/10 10:02:39 AM] Staging in to params
= [10/25/10 10:02:40 AM] params: 1125 Bytes Transferred T
= [10/25/10 10:02:41 AM] Staging in to ribo.x 3




Scratch file system

* Persists on BES between runs
* Good for caching large or frequently used files




Interact with Job Working Directory

When using Genesis Il BES resources, job working directory is
accessible via GFFS

Working-directory is located in queue where job was submitted at
<queue -path>/jobs/mine/running

For each running job, there is a directory with job ticket number
with two entries:

— status
 file containing state of job (e.g. queued, running)
— working-dir
e session execution directory of running job
* read/write/create/delete files here to interact with running job

If job was submitted directly to BES, job directory is located at
<bes -path>/activities




JSDL File Contents Explained

* |dentifier Info

— Descriptive information
about job, e.g. job name

e Resource Requirements

— Describe resources job
requires

e Memory

e OS

e Architecture

e Number of processors
e Run time

XCG Tutorial

<Jobldentification>
<JobName>Adder</JobName>
</Jobldentification>

<Resources>
<OperatingSystem>
<OperatingSystemType>
<OperatingSystemName>LINUX
</OperatingSystemName>
</OperatingSystemType>
</OperatingSystem>
</Resources>



http://www.cs.virginia.edu/~vcgr/userrequest/
http://www.cs.virginia.edu/~vcgr/wiki/index.php/Genesis_II_Downloads

JSDL File Contents Explained

* Application Description <Application>
- Descnbe execution <POSIXAppIicati0n>
e E tabl <Executable>adder.sh</Executable>
ACCUtabieName <Output>stdout</Output>
* Arguments <Argument>seven.dat</Argument>
e Routing for stdout and <Argument>fourty-two.dat</Argument>
stderr <Argument>sum.dat</Argument>
<Argument>10</Argument>
</POSIXApplication>
</Application>
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http://www.cs.virginia.edu/~vcgr/userrequest/

JSDL File Contents Explained

* DataStaging

— Describe data to copy in/out

— Several transport options:
* http
* scp (secure copy)
* RNS (grid directory structure)
* Email (out only)

— Copy in (data staging source):
« Source is URL of remote file to

be copied in

* FileName is name within job
working directory where file will
be copied to

— Copy out (data staging target):

« Target is URL of remote file to
be copied to

* FileName is name within job
working directory of file to be
copied out

— Otbher file handling info

XCG Tutorial

<DataStaging>
<FileName>adder.sh</FileName>
<CreationFlag>overwrite</CreationFlag>
<DeleteOnTermination>true</DeleteOnTermination>
<Source>

<URI>http://www.cs.virginia.edu/adder.sh</URI>

</Source>

</DataStaging>

<DataStaging>
<FileName>sum.dat</FileName>
<CreationFlag>overwrite</CreationFlag>
<DeleteOnTermination>true</DeleteOnTermination>
<Target>

<URI>rns:sum.dat</URI>

</Target>

</DataStaging>




Example JSDL

<?xml version="1.0" 7=
- <JobDefinition xmins="http:/ fschemas.ggf.org/jsdl/2005/11 fjsdl"=
- <JobDescriptionz=
- <Jobldentification=
<JobMName =Adder</JobName > Job Name
<{Jobldentification
- <Resources:=
- <0peratingSystem
- <OperatingSystemType >
<OperatingSystemName =LINUX </OperatingSystemName = Resowce
</OperatingSystemType > Requirement
</OperatingSystem=
=/Resources=
- <Application xmlns:geni="http:/ fvcgr.cs.virginia.edu/jsdl/genii">
- <POSIXApplication xmins="http://schemas.ggf.org/jsdl/2005/11/jsdl-posix"=
=Executable adder.sh </Executable >
<Output=stdout</Output=
<Argument=seven.dat</Argument> Application
<Argument=fourty-two.dat</Argument= Description
<Argument=sum.dat</Argument>
<Argument=10</Argument=
</POSTXApplication=
</ Application=>
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- ZDatastaana:
zFileName =adder.sh</FileName=
=CreationFlag>=overwrite </CreationFlag=
zDeleteOnTermination=true=/DeleteOnTermination=
- Zhourcex
zURI=http:f fwww.cs.virginia.edu/~mmm2a/test/adder.sh</URI=
=/Source=
</DataStaging=
- {ﬁnfnﬁfngir‘lg'}
zFileName >seven.dat</FileName >
ZUreationFlag=overwrite </CreationFlag=
zDeleteOnTermination=true </DeleteCnTermination =

- <Source: Data Stag I ng
<URI=http:f fwww.cs.virginia.edu/~mmm?2a/test/seven.dat</URI=> Req uests
=/Source =

</DataStaging=
— «N=taCtaning~
=FilleName >fourtv-two.dat</FileName =
=CreationFlag=overwrite </CreationFlag:>
zDeleteOnTermination=true</DeleteOnTermination=
- <Sourcex=
<URI=http:/ /fwww.cs.virginia.edu/~mmm2a ftest/fourty-two.dat</URI=
=/Source=
</DataStaging=
- c:rj:ui';u!qf:ugihg'::-
zFileName =sum.dat</FileName =
zCreationFlag=overwrite </CreationFlag=
zDeleteOnTermination=true=/DeleteOnTermination=
- <Target=
URI=rns:sum.dat</URI=
=/Target=
</DataStaging=
</JobDescrnption=

i




