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Configuring environment: Modules

• Environment Modules package
• dynamic modification of the user environment

• Modulefiles
• contains the required information to configure 

the shell for an application
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Configuring environment: Modules

• Loaded / unloaded dynamically 
and atomically
• clean fashion

• Useful in managing different 
versions of applications
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Using environment modules

• man module or module help
• module list

• currently loaded modules

• module avail
• modules available to be loaded

• module show modulefile
• see exactly what a given modulefile will do to 

the environment
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Using environment modules

• module load / unload modulefile
• adds / remove a modulefile to the 

environment

• module switch old_modulefile 
new_modulefile

• module purge
• unload all active modules
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Using environment modules

• Interactively
• Compiling, visualization, ...
• Regular use: include module call at shell 

startup file
• Example: .bashrc

• Batch
• Include call at the torque job file

• Example: siesta.pbs
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Lmod

The command line is fully compatible with the previous 
Environment Modules, and it provides simple short-cuts and 
advanced features.

• Modulefiles written in lua
• Lightweight
• Compatible with TCL modules

• Allows to load only one version of a 
package
• Avoid problems
• TCL modules: “conflict version”
• module switch (TCL) vs module load (Lmod)
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Lmod

Listing / Searching sub-commands

• avail | av  List available modules
• avail | av string List available modules that 

contain "string".
• spider List all possible modules
• spider module List all possible version of that 

module file
• spider string  List all module that contain the 

"string".
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Lmod

Short-cuts

• ml - means: module list
• ml foo bar - means: module load foo bar
• ml -foo -bar baz goo - means: module unload foo 

bar; module load baz goo;
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Torque 4.2.9 / Maui 3.3.1

• Batch system manager / scheduler
• Resources are limited and should be rationally 

shared
• Classify user jobs according to the requested 

resources
• User indicate the resources and Torque/Maui 

take care about where the jobs will be 
dispatched



                          HPC Users Training - DIPC  - 2015

Torque 4.2.9 / Maui 3.3.1

• NFS protocol and BeeGFS provide 
a unified environment
• One batch queue, in charge of sending jobs to 

the most suitable computing node
• Slot availability
• Enough resources to receive the job

• Jobs sent from atlas-001 and executed in any 
other node
• Requested resources should be carefully 

defined
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Classifying jobs: batch queues

Queue            Memory CPU Time Walltime
---------------- ---------- ------------- -----------
qchem               --                --              --
parallel              --                --              --
ccdipc               --                --              --
p-fast-small      8gb        168:00:0       --
p-slow-large     --               --               --
test                  20gb       00:30:00  00:30:00
p-slow-small     8gb           --               --
batch                 --              --               --
very-fast            --              --          01:00:00
p-fast-large       --           168:00:0       -- 
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Steps to send a job

• Build the batch script
• Not compulsory, though recommended

• Send the job to the batch queue
• qsub

• Monitor the execution
• qstat

• Controlling jobs
• qdel, qhold, qrls
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Building the batch script

• Shell programming structure
• #!/bin/bash

• Comments start with #
• Torque options start with #PBS

• Options
• Informative
• Requested resources

• Execution commands follow the 
Torque options
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Building the batch script

• Working at /lscratch
• File access is local in each node, hence faster
• There is not enough room
• Strategy

• Copy input files from home to /lscratch
• Execute job
• Copy output files from /lscratch to shared 

folder

• Working at /scratch
• BeeGFS, very fast
• 88TB size
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General options

• #PBS -S shell
• select batch job shell

• #PBS -N name
• job name

• #PBS -o path
• Redirects job standard output

• #PBS -e errfile
• Redirects job standard error
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General options

• #PBS -r y/n
• in case of system down, job will be requeued

• #PBS -m bea
• send mail when job

• b: begins
• e: ends
• a: aborts

• #PBS -M user_list
• set the mail addresses
• user1@address,user2@address, ...
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Resource options

• #PBS -q destination
• Set the job destination
• queue@server

• #PBS -l resource1=x,resource2=y
• nodes, virtual processors per node, gpus

• -l nodes=2:ppn=24
• -l nodes=atlas-003+atlas-004+6

• cput (cpu time limit)
• walltime (walltime limit)
• file (total amount of disk)
• mem (maximum amount of memory)
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Useful environment variables

• PBS_O_HOST
• host machine where qsub was run

• PBS_O_LOGNAME
• login name on the machine where qsub was 

run



                          HPC Users Training - DIPC  - 2015

Useful environment variables

• PBS_O_HOME
• home directory from which qsub was run

• PBS_O_WORKDIR
• working directory from which qsub was run
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Useful environment variables

• PBS_ENVIRONMENT
• set to PBS_BATCH for batch jobs and to 

PBS_INTERACTIVE for interactive jobs

• PBS_O_QUEUE
• original submission queue

• PBS_JOBID
• job identifier assigned by Torque
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Useful environment variables

• PBS_JOBNAME
• name of the job

• PBS_NODEFILE
• file containing the list of nodes assigned to a 

parallel job
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Sending the job

• Ready to send the job!
• qsub script.sh
• Once the job has been sent, 

prompt returns
• jobId.maui01

• JobId is the job identifier, useful for monitoring 
commands
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Examples: cpu resources

#!/bin/bash
#PBS -N cpu_work
#PBS -o path/cpu_example.log
#PBS -e path/cpu_example.err
#PBS -m bea
#PBS -M your@email.org
#PBS -l cput=00:45:00

cd $PBS_O_WORKDIR
executable < input > output

Job will be cancelled after 45 minutes running
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Examples: memory resources

#!/bin/bash
#PBS -N cpu_work
#PBS -o path/cpu_example.log
#PBS -e path/cpu_example.err
#PBS -m bea
#PBS -M your@email.org
#PBS -l mem=3gb
cd $PBS_O_WORKDIR
executable < input > output

Job will be cancelled if more than 3GB of memory were used
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Examples: disk resources

#!/bin/bash
#PBS -N cpu_work
#PBS -o path/cpu_example.log
#PBS -e path/cpu_example.err
#PBS -m bea
#PBS -M your@email.org
#PBS -l file=75gb
cd $PBS_O_WORKDIR
executable < input > output

Job will be cancelled if more than 75GB of disk is used



                          HPC Users Training - DIPC  - 2015

Examples: OpenMP

#!/bin/bash
#PBS -N OpenMP
#PBS -m bea
#PBS -M support@hpcnow.com
#PBS -l nodes=1:ppn=24
#PBS -l walltime=01:00:00
export OMP_NUM_THREADS=24
cd $PBS_O_WORKDIR
executable <input >output
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Examples: OpenMPI

#!/bin/bash
#PBS -N OpenMPI
#PBS -m bea
#PBS -M support@hpcnow.com
#PBS -l nodes=2:ppn=24,mem=2000m
#PBS -l walltime=01:00:00
ml supermagic/20130104-goolf-1.4.10
cd $PBS_O_WORKDIR
mpirun supermagic
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Examples: IntelMPI

#!/bin/bash
#PBS -N IntelMPI
#PBS -m bea
#PBS -M support@hpcnow.com
#PBS -l nodes=9:ppn=24,mem=2000m
#PBS -l walltime=01:00:00
ml supermagic/20130104-intel-2015.02
cd $PBS_O_WORKDIR
mpiexec.hydra supermagic
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Examples: Hybrid MPI+OpenMP

#!/bin/bash
#PBS -N MPI+OpenMP
#PBS -m bea
#PBS -M support@hpcnow.com
#PBS -l nodes=4:ppn=24
#PBS -l walltime=08:00:00
export OMP_NUM_THREADS=$PBS_NUM_PPN
export NP=$PBS_NUM_NODES
cd $PBS_O_WORKDIR
mpiexec.hydra -n $NP -env OMP_NUM_THREADS 
${OMP_NUM_THREADS} ./exec
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Monitoring scheduling with Maui

• showq
• list of submitted jobs

• showbf
• show free resources

• checkjob jobId
• detailed description

• showstart jobId
• expected starting time
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Monitoring system with Torque

• qstat -a
• check jobs

• qstat -f jobId
• verbose information of a job

• qstat -q
• show queues

• qstat -Qf queue
• verbose information of a queue
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Monitoring system with Torque

• qstat -n
• nodes allocated to jobs

• pbsnodes
• status of nodes
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Controlling jobs

• qdel jobId
• delete job from the queue

• qhold jobId
• hold a job if it is in the queue

• qrls jobId
• release the job
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General concepts

• Programming
• Solving problems with the aid of computers

• Programming language paradigms
• imperative

• algorithms using declarations, expressions and 
statements

• declarative
• focus on properties that have to be met by the 

output and not in the implementation details
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General concepts

• Execution
• Compiled

• source code is translated into binary code by a 
compiler

• testing is slower than interpreted programs
• Interpreted

• source code is executed immediately by an 
interpreter

• usually slower than compiled programs
• interpreter must be present in the computer at 

runtime
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Programming in science

• Imperative languages
• FORTRAN, C, C++

• Compiled programs
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Program development steps

• Problem definition. Resources 
analysis

• Algorithm design
• Program implementation

• Write or migrate source code
• Compilation

• Testing
• Debugging, profiling, optimization

• Improving and maintenance
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Programming: source code

• Be careful with
• Object declaration and initialization
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Programming: source code

• Be careful with
• Object declaration and initialization
• 32 bit – 64 bit architecture differences

• data type sizes could not be the same
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Programming: source code

• Be careful with
• Object declaration and initialization
• 32 bit – 64 bit architecture differences

• data type sizes could not be the same
• Endianness

• how multi-byte data is stored in computer 
memory

• depends on cpu architecture
• big endian
• little endian
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Programming: source code

• Be careful with...
• IDE's can be helpful

• code editor
• compiler and interpreter
• automation tools
• debugger
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Program implementation: compiling

• Compile sources to get object 
code
• Translation from high-level language to 

“computer” language
• Lexical analysis
• Preprocessing
• Parsing or syntactic analysis
• Code optimization
• Code generation
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Program implementation: compiling

• Linking object files
• Combine multiple object files
• Add external libraries

• statically
• dynamically

• First version of the executable
• Run without errors
• Get correct results: testing sets



                          HPC Users Training - DIPC  - 2015

Cases after building

• Compilation errors
• Usually obvious and easily fixed
• Compiler will tell you where the error might be

• Yahoo!!! My program is running and 
pass testing sets
• Optimization of the code
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Cases after building

• There's a bug in my program
• Somewhere there's something which you 

believe to be true but actually it’s not true
• variables with wrong value
• function doesn't receive its parameters 

correctly
• …

• Debugging
• check for things you believe are really true!

• print statements: avoid if possible, very 
inefficient way

• debugging tools
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Compiling with ifort

• Select available versions with 
modules

• General options
• -c object code, don't link
• -l(library) link with library
• -L <dir> path to library location
• -I <dir> path to header file location
• -o name executable name
• -w90 -w95 supress messages
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Compiling with ifort

• Optimization options
• -O[n] n=0,1,2,3
• -ip -ipo single-file and multi-file IP 

optimizations
• -fast -O3 -ipo -static
• -xhost     highest level of extended instructions
• -p profiling
• -opt-report [n] generate optimization 

report
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Compiling with ifort

• Parallel options
• -openmp enable multi-thread code with 

openMP
• -parallel auto-parallelizer

• Floating point
• -ftz enable flush denormal results to zero
• -fpe{0|1|3} behavior on floating point 

exceptions
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Compiling with ifort

• Preprocess
• -fpp fortran preprocessor

• Debug
• -g
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