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Batch queues

HPC jobs are typically resource hungry, and many users attempt
to use the machine at the same time.

Standard time sharing techniques cannot cope with these de-
mands.

Batch queueing systems allow jobs to be placed in a queue, so the
machine can schedule them in an intelligent manner (controlled
by site policy)

Several batch systems are available: PBS, NQS, LSF, LoadlLev-
eller (IBM specific)



Batch queues. . .

e Resource management systems track resource usage against re-
source allocations. edg rash, QBank

e Schedulers decide when to start a particular job, and may also
dynamically stop and start running jobs according to machines
performance indicators (eg load, paging, virtual memory usage).
Maui is a sophisticated scheduler.

e All of the above batch systems contain simple resource managers
and schedulers, but also have hooks to allow more sophisticated
add-ons.



Batch Queues: LSF/rash

bgsub Submit job to batch queue
bgstat List queued and running jobs

bgdel Kill a job in queue.



Batch Queues: job submission

bgsub can submit either a shell script, or a series of command lines
typed at the keyboard. It is incorrect to submit a binary executable.

You must specify a queue — use normal for this class.

bgsub command line options:

-g queuename specify a queue

-0 filename send the job’s output to a file, instead of to your email
address.

-P project Your project is usually your userid. You may need to specify
this when submitting from within a shell script.

man bsub for more details

#BSUB option-list may be placed near the beginning of the submit-
ted shell script to save typing them on the bgsub command line.



Checkpoint/Restart

HPC jobs may not just take hours, but frequently take
days/weeks/months/years.

e T he machine needs to be shared between several users — a single
job running for months if hogging the machine.

e Machines are not completely reliable — they will crash, or need
to be rebooted for software upgrades.

e Long running jobs should be periodically checkpointed and restarted
from the checkpoint to allow other users fair access to the ma-
chine, and to prevent loss of computation through machine failure.



Levels of Checkpointing

System Level The operating system provides the ability for saving a
snapshot of the application’'s memory image to a file for later
restart. Available for certain operating systems only. (eg Irix)

Application Level Certain batch queueing systems provide checkpoint-
ing libraries — these replace parts of the compiler’'s runtime sys-
tem to save a memory image snapshot of the process. LSF has
this functionality.

User Level Checkpointing User explicitly provides checkpoint/restart
code as part of the application’s code



User level Checkpointing

Fortran77 Place all of the relevant variables that need to be check-
pointed in a COMMON block. EQUIVALENCE that COMMON block to a large
array, and place the lot in an include file that is included into every
relevant subroutine:

REAL*8 a,b,x(N),Y(N), (N),mo 1( *N)
COMMON mo 1 om a,b,x, ,
EQUIVALENCE a,mo 1

The checkpoint routine simply writes mo 1 to a file, and the
restart routine reads it (as a inar not te t file):

U ROU INE on U ROU INE r s ar
INCLUE mo 1 n INCLUE mo 1 n
RI E (8) mo 1 REA (8) mo 1

EN EN



User Level Checkpointing. ..

C Place all relevant variables to be checkpointed in a s ru
S ru oubl a,b,x N, N, N mo 1

Then the checkpoint/restart routines are:

ILE x* on

o on () r (mo 1,s o (mo 1), , on )
o 1r s ar () ra(mo 1,s o (mo 1), , on )

NB: pointers cause problems It may also be desirable to define
macros for the model variables as a convenience factor:

n amo 1 a

Fortran Can also use the C technique employing the compound
type definition feature. ( Y E) However, pointers and allocatable
arrays are problematic.



User Level Checkpointing. ..

Proceed as for C, only now the model's calculation can be
made a method of the struct, which avoids the need for macro

definitions:

S Iru

oubl a,b,x N, N, N

omu ()

mo 1
By using the object descriptor technology used in €©g
(http://parallel.hpc.unsw.edu.au/rks/ecolab), pointers and dynamic
types can be handled, and the checkpoint file may optionally be

written in @ machine independent R format.



hen to checkpoint

Usually at the top of the main simulation loop, as the model is in
a consistent state there.

After a certain fixed number of iterations has passed.

After a certain amount of cputime has elapsed.

After SI T RM has been caught



Self submitting batch jobs

b n s
U qgqmnormal o ob lo r
S O n x
on a n
aou r s ar ou u
1ls

a ou n ou u

bgsub ob



