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Motivation
Distribution of CSCS job sizes (2009)
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Example : Earth Weather forecasting (1 km resolution)

1 simulated day = 1.5E17 flop 

How much (real) time 
would it take to 

simulate 1 day ?
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CSCS CRAY systems

ROSA CRAY 
XE6 (10/2011)

Cores 47872 cores
AMD Interlagos 2.1 Ghz

32 c/cnode
1496 cnodes

Memory 47 TB (DDR3) 
32 GB/cnode
>= 1 GB/core

RPeak Perf 402 Tflops 
8.4 Gflops/core

Water cooled

PALU CRAY 
XE6 (today)

4224 cores
AMD MagnyCours 2.1 Ghz

24 c/cnode
176 cnodes

5.6 TB (DDR3)
32 GB/cnode

>= 1.3 GB/core

35 Tflops 
8.4 Gflops/core

Air cooled
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Computational Performance

1 PetaFLOPS 10^15 flop/sec

1 TeraFLOPS  10^12 flop/sec

1 GigaFLOPS 10^09 flop/sec

1 simu. day Rpeak performance Time2solution

LAPTOP 0.022 TFlops 80 days

AUTRANS 3.2 TFlops 13 hours

ROSA 212 TFlops 12 min

JAGUAR 2330 TFlops 1.1 min

RIKKEN (#1) 8000 TFlops 19.1 sec

 1 simulated day = 1.5E17 flop 

Example : Earth Weather forecasting (1 km resolution)

Compared to my laptop : 

Rosa is ~10 000 times 
faster, 

Rikken is more than 360 000 
times faster !



CSCS production machine is a 20 cabinets 
Cray XT5  

CPU
● 12 cores per compute node (cnode)

● 2.4 GHz AMD Opteron Istanbul
● A total of 22128 compute cores

● PEAK perf = 212 Tflop/s

Memory
– 1,33 GB/core, 16 GB/cnode

– A total of 29.5TB
– 9.6 GB/s interconnect bandwidth

I/O subsystem
● /scratch (287TB)

● LUSTRE
● 12 GB/s sustained write bandwidth

● /project (400 TB) and /home (5.5T)

Cray Linux Environment (CLE)
– Linux based operating system

– Supports MPI and OpenMP 
– Designed to run large scale apps
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Performance model

● Application name, version, language, parallelization, algo (?), etc...

● Machine name, configuration, etc...

● Programming env. name, version, etc... (compiler + opt flags), module list

● Scalability : Timings / # of cores => speedup, efficiency, etc...

● Profiling :

● %MPI    /     %User code  (CPU)  /     %IO

● Memory usage

● I/O : Outputs and inputs

– File sizes   /   Number of files  /   File format, etc...
● Hardware counters ==> gflops, % of peak, Cache hit/misses, TLB, etc...

● Load imbalance,communication patterns, obstacles to scaling

● More ? : OpenMP, tracing...
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Better know your machine : cpu/mpi

HWLOC / LSTOPO
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Better know your machine : memory

HWLOC / LSTOPO
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Better know your machine : memory caches 
(psinv / INTEL)
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Better know your machine : memory caches 
(psinv / AMD)
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Better know your machine : i/o
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Getting started (1) 

 mpif90 Laplace_mpi.F90
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module permet de modifier l'environnement utilisateur facilement, 
en configurant les variables nécessaires à la compilation/exécution.

* module avail : affiche l'environnement disponible

* module list : affiche l'environnement actuel

* module load <module> : ajoute application/bibliothèque/compilateur à l'environnement 

* module unload <module> : enlève application/bibliothèque/compilateur de l'environnement 

* module show : affiche le contenu du module

* module swap <module1> <module2> : remplace version1 avec version2

* module help <module> : help

* module whatis <module> : help

Getting started (2) 

http://modules.sf.net
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Step0 : Compilation flags
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Step0 : Compilers
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Where do I spend time (callgrind) ?

Kcachegrind callgrind.out.24995
callgrind_annotate
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What is my main memory usage (memcheck) ?
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What is my L1/L3 cache usage (cachegrind) ?

kcachegrind
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Where is my L1/L3 cache usage (kcachegrind) ?
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TP : matmul

Objectif : 

* Montrer l'importance des indices de boucles sur la performance du code

Instructions : 

* cp /home/piccinali/trunk/matmul/seq/matmult.F90  $HOME ; cd $HOME

* Compilez le programme : gfortran -D_A -g -O3 matmult.F90 -o A ; 

* Executez le programme et notez le temps d'execution.

* Recommencez avec -D_B,-D_C,-D_D,-D_E,-D_F et comparez les resultats. 

* Utilisez cachegrind pour trouver une explication
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TP : matmul (solution)

17 825 792 misses

1 052 672 misses
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Step0 : MPI flags
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Step1 : Scalability study

Speedup = t1 / tn
 t1 : temps de l'agorithme sequentiel,

 tn : temps de l'agorithme parallele sur n processeurs,

 Linear speedup : acceleration lineaire avec le nombre de cpus (rare mais possible)

 Efficiency : Speedup / n

 Weak scaling : la taille du probleme augmente avec le nombre de cpus

 Strong scaling : la taille du probleme ne varie pas en fonction du nombre de cpus (harder)
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 P = fraction // du code ; 1-P = fraction non // du code 

N = nombre de cpus  

 Corollaire 1 : 

 => si 

 => alors Speedup <= 1/(1-P)

 => performance majoree par la 
partie non parallele du code (1-P), 
independemment du nombre de 
cpus :-(
 => ex : si P=90% alors Speedup <= 10

 Corollaire 2 : 
 => estimation de P a partir du Speedup 

 => P ~= (1-Sp)*N   /    (Sp * (1-N))  

(avec N=cores)

Step1 : Loi Amdahl (1967) 
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Use the linux time command :

/usr/bin/time -p aprun -n12 exe

When job finishes, time writes timing statistics : 
● User CPU time 

● It’s the time spent executing the timed command,
● System CPU time 

● It’s the time spent executing system calls on behalf of your program,
● Real “wallclock” time = total time

● It's the total elapsed time taken by the job.

How to time MPI programs ?
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Profiling : Inclusive vs. Exclusive

 Inclusive time for main

– 100 secs

 Exclusive time for main

– 100-20-50-20=10 secs

 Exclusive time sometimes called 
“self”

int main( )
{ /* takes 100 secs */
  f1(); /* takes 20 secs */
 /* other work */
  f2(); /* takes 50 secs */
  f1(); /* takes 20 secs */

 /* other work */
}

/* similar for other metrics, such
as hardware performance counters, 
etc. */
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The elapsed (wall-clock) time between two points in an MPI 
program can be computed using MPI_Wtime:

   double precision :: t1, t2
   t1 = MPI_Wtime()
   ...
   t2 = MPI_Wtime()
   print *, 'time is ', t2-t1

MPI_Wtick returns the resolution of MPI_Wtime in seconds, i.e the number of 
seconds between successive hardware clockticks. 

Performance tools allow you to measure time without modifying your src 
code...

How to time MPI regions ?
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Step2 : Profiling/Sampling vs Tracing

Level of performance information depends on 2 types of experiments : 

●  Sampling experiments :
➔ captures values at specified time intervals or when a specified counter overflows,
➔ provides a summary of performance events and timings for the execution as a whole,

● Tracing experiments :
➔ count some event such as the number of times a specific system call is executed,
➔ records the chronology of events,
➔ amount of data increases with the runtime, and can lead to rather large tracing files,

A profile is sufficient to pinpoint load imbalance due to problem decomposition 
and/or identify the origin of excessive communication time.

A trace is useful for detailed examination of timing issues occurring within a 
code. 
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Overview of some tools

* opensrc :
> scalasca
> tau

   * vampir
* vendors :

> cray, ibm, sgi, etc...
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XT-CRAYPAT : Features

 Craypat basics

✔ Developped by CRAY (Luiz DeRose)

✔ Multiple functionalities

➔ Most consuming routines

➔ Load balance across computing resources

➔ Communication overhead and Cache utilization

➔ FLOPS and HW counters

➔ SSE instructions (Vectorization)

➔ Ratio of computation vs communication

✔ Integrated and easy to use

➔ pat_build : utility to instrument the application

➔ pat_report : utility to create performance report 

➔ pat_help : provides craypat infos

➔ apprentice2 : graphical performance analysis  tool
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Step2 : pat_report (imbalance)
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Detecting load imbalance

Motivation

✔ Increase of systems complexity

✔ Increase applications scaling

Imbalance time

✔ Metric based on execution time

✔ User functions : t
Maximum

 – t
Average

✔ MPI sync time : t
Average 

– t
Minimum

✔ Identifies computational code regions and   
synchronization calls that could benefit most from  
load balance optimization

✔ Estimates how much overall program time could be 
saved if corresponding section of code had a  
perfect balance 

✔ Represents upper bound on “potential savings” 

✔ Assumes other processes are waiting, not doing  
useful work while slowest member finishes 

✔ Minimize computing resources 'waste'
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Step2 : CPU and MPI profiling

max, average, min

max, average, min

max, average, min
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Apprentice2 : Load imbalance view
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Apprentice2 : Call tree view
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Step2 : pat_report (src line numbers)
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Step2 : CPU and MPI profiling

Average of 12

Sum of 12
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Step3 : Memory usage (INTEL)

<=============== FAST

<== SLOW but only 1 cnode
and less memory / process

Domain decomposition =>
Less memory / process
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Step3 : Memory usage (CRAY)
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Every Linux based system supports a /proc/self/status file :

● 1 file for each active process id (mpi rank)

➔ VmPeak: Peak virtual memory usage      
➔ VmSize: Current virtual memory usage
➔ VmLck: Current mlocked memory
➔ VmHWM: Peak resident set size      ### high water mark ###
➔ VmRSS: Resident set size              ### current memory usage ###
➔ VmData: Size of "data" segment
➔ VmStk: Size of stack
➔ VmExe: Size of "text" segment
➔ VmLib: Shared library usage
➔ VmPTE: Pagetable entries size
➔ VmSwap: Swap space used

How to print memory usage ?
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PAPI Features and usage

   PAPI characteristics

➔ University of Tennessee and vendors

                      http://icl.cs.utk.edu/papi

➔ PAPI (Performance Application 
Programming Interface) is a portable 
interface to hardware performance counters

➔ Collecting low level performance metrics 
(e.g. clock cycles and instruction counts, 
memory cache misses, functional units, etc) 

  PAPI features

➔ 2 types of performance events :

➔ Platform dependent native events

➔ Platform independent preset events
➔ Preset events are derived from 

multiple native events
➔ PAPI support on most HPC platforms

➔ IBM, CRAY, INTEL, etc...

Information on PAPI and AMD hardware counters

● Load the xt-papi (and xt-craypat) modulefile(s)

➔ module load xt-papi ; module load xt-craypat

➔ man intro_papi ; man papi_counters ; man hwpc

➔ pat_help counters

  PAPI Utilities (to be executed on compute node)

● papi_avail shows which predefined events are available on 
the system

● papi_native_avail lists all AMD native events available on 
the system

● derived metrics are made from native counter event names

● papi_event_chooser reports information about the current PAPI installation 
and supported preset events

● papi_command_line adds named events from the command line to a PAPI 
EventSet and does some work with that EventSet. This serves as a handy 
way to see if events can be counted together, and if they give reasonable 
results for known work. 

●  papi_mem_info provides information on the memory architecture of the 
processor
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Better know your machine : papi_avail



 ANGD 10/2011

 #include fpapi.h

 integer :: num_events, event(2), values(2)

 call PAPIf_num_counters( num_events )
● Initialise PAPI, also shows how many hardware events are supported (num_events),

call PAPIf_query_event(PAPI_FP_INS, retval)

event(1) = PAPI_FP_INS    # Total floating point operations,

event(2) = PAPI_TOT_CYC   # Time used
● check if the PAPI Preset event can be counted on the architecture,

● If the event CAN be counted, the function returns PAPI_OK, if the event CANNOT be counted, the function returns an error 
code,

call PAPIf_start_counters( event, num_events, retval)

call PAPIf_read_counters(values, num_events,retval)

● start counting the events named in the "event" array, 
● and reset the counters before entering the region of code to be measured,
● size of the event array should be no longer than the value returned by PAPIf_num_counters,

call PAPIf_stop_counters(values,num_events,retval)

● stop  the counters and copy the counts into the values array after the src code region to be measured.

How to use PAPI API ?
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TP : papi

Objectif : Calcul de la performance crete

Instructions : 

* Calculez le nombre de Flops theorique (rpeak) pour 1, 2, 12, 24, 36, 48 cores.

Indices : * Ghz = Nombre de Cycles / 1 seconde

  * Flop / Cycle = 24 (intel xeon X5660)

          * Flops = floating point operations / 1 seconde

* Compilez et executez ~piccinali/trunk/matmul/seq/papi/matmult.F90  :

* gfortran -O3 -I/softs/papi/4.1.4/gnu/include -D_A matmul.F90 -L/softs/papi/4.1.4/gnu/lib -lpapi -o A ; ./A

* gfortran -O3 -I/softs/papi/4.1.4/gnu/include -D_D matmul.F90 -L/softs/papi/4.1.4/gnu/lib -lpapi -o D ; ./D

* Quel est le nombre de flop ? Quel est la performance (Flops) par rapport a la crete ?

* Changez la taille de la matrice (PARAMETER ligne 12) : y a-t-il une difference ?
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TP : papi (solution)

flops = [ cycles / sec ] * [ flop / cycle ]
 1 core  => 2.8 10^9 * 24 *  1 = 67.3 GFLOPS
 2 cores => 2.8 10^9 * 24 *  2 =  134 GFLOPS
12 cores => 2.8 10^9 * 24 * 12 =  806 GFLOPS
24 cores => 2.8 10^9 * 24 * 24 =  1.6 TFLOPS
36 cores => 2.8 10^9 * 24 * 36 =  2.4 GFLOPS
48 cores => 2.8 10^9 * 24 * 48 =  3.225 TFLOPS

 jki (D)
 FP Instructions: 67110331
 Cycles         : 107688026 
 => D = 1.75 GFLOPS

2.6% peak (2.8*67110331/107688026)/67.3*100)

 ijk (A)
 FP Instructions: 279047242
 Cycles         : 898272636
 => A = 0.86 GFLOPS

1.3% peak (2.8*279047242/898272636)/67.3*100)
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Step5 : I/O

n1:~/trunk/laplace/src/io 
 make clean 
 Comparez les temps d'exe de :
 * make FFLAGS="-D_WITHO -O3 -w"
 * make FFLAGS="-O3 -w"

 /usr/bin/time -p /softs/openmpi-1.4.3/bin/mpiexec   
-machinefile /softs/openmpi/h -n 4 ./exe 1920 1920 25 1.0d-5
Recommencez en variant le nombre de taches mpi...
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Scalasca : Features

● Scalasca is an open-source toolset that can 
be used to analyze the performance 
behavior of parallel applications :

● Developed by the Jülich Supercomputing 
Centre, Germany

● Designed for use on large-scale systems            
(Cray XT, IBM) and also for medium scale,

● Supports message passing and threads            
(MPI, OpenMP, SHMEM, CAF)

● Provides a low-overhead performance summary 
of CPU, parallel and memory usage.
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Using SCALASCA

● Profiling your code with SCALASCA involves the following steps :

● Load the SCALASCA module

➔  module load scalasca

– Using the CRAY wrappers (ftn, cc, CC) will automatically link your MPI code 
with the ipm library : no need to modify your compilation line, the wrapper will 
do it !

● Instrument your code (cannot handle compiling and linking in one step)

➔  scalasca -instrument mpif90 -c test.f90

–  scalasca -instrument mpif90 -o test.exe test.o

● Execute the resultant executable by submitting your PBS job

➔  scalasca -analyse mpirun -np 128 test.exe

● Visualize the results 

➔  scalasca -examine epik_a

➔   cube3 epik_a/epitome.cube         (java GUI)

● can be done on your workstation !
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Using CUBE
● CUBE is the tool to interactively examine the parallel application execution analysis reports 

Easy to use and portable

Uses a relatively simple XML input file structure,  simple operations can be performed om 
multiple inputs (diff, merge)

Displays tree-based views of collected infos (calls, walltime, etc...),

Is compatible with IPM/TAU log files

Which type of
problem?

Where in the source code?
Which call path?

Which process / 
thread ?



CUBE example output : Laplace (scalasca)

 Topology display : 
 Shows distribution of pattern over HW topology
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References

● SCALASCA website (M. Geimer, B. Wylie, F. Wolf)
● http://www.scalasca.org

● CSCS website
● User Entry Point > 

– Software and Programming Environment >

● Debugging and Performance Analysis > Performance > Scalasca 

http://www.scalasca.org/
http://www.scalasca.org/
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TAU Features and usage

●    TAU characteristics

➔ Flat MPI and callgraph profiling

➔ Hardware counter data collection

➔ OpenMP & pthread profiling

➔ MPI tracing

➔ Memory profiling

● TAU features

➔ Auto-instrumentation utility (PDT)

➔ Custom configurations

➔ Interoperability with other tools

Profiling your code with TAU involves the following steps

● Load the TAU modulefile

➔  module load tau ; module help tau

● Recompile your code using the TAU compiler scripts

➔ tau_f90.sh -c file.f90

➔ tau_f90.sh -o exe file.o

➔ A simple relink will skip the autoinstrumentation step

● Execute the resultant executable by submitting your PBS job 

➔  mpirun -n 12 exe

● Visualize the results 

➔  pprof profile.*

➔  paraprof &

➔ can be done on your workstation !
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TAU
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TAU
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Outputs (TAU)
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Functions profile (tau)

What routines account for the most time ? 
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PAPI (tau)
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Loops profiling (tau)



 ANGD 10/2011

CALLPATH (tau)
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PARAPROF 3D (tau)
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PerfExplorer (tau)
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Selective instrumentation/profiling (tau)
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Tracing (tau)



 ANGD 10/2011

Communication matrix (tau)
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CPU

MPI_Recv
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References

●    TAU website 
✔  http://www.cs.uoregon.edu/research/tau/home.php
✔    Documentation
✔    Tutorials
✔    Downloads (offline analysis utilities)

●    CSCS Rosa website 
✔ http://www.cscs.ch > User Entry Point

✔ > Software and Programming Environment 
✔ > Debugging and Performance Analysis 

✔ > Performance 
✔ > TAU 

✔ Module setup
✔ Usage information

http://www.cscs.ch/
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TAU : Perfdmf / Perfexplorer
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TAU → ECLIPSE
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VAMPIR (http://www.vampir.eu)
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VAMPIR
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VAMPIR
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Summary Performance 
report

Performance 
report

Load balance 
issue ?

Computation >
50% runtime ?

Communication >
50% runtime ?

I/O >
50% runtime ?

Is 
computation

causing 
the 

imbalance ?

Is 
communication

causing 
the 

imbalance ?

●Is domain decomposition appropriate ?
●Would RANK_REORDER help ?
●Are MPI_RECV preposted ?
●OPENMP may help to spread the workload

●Is application vectorized ?
●What is MEMORY cache utilization ? TLB misses ?

●What optimized libs routines are being used ?
●OPENMP may help to spread the workload

Collectives calls ?
P2P calls ?

● MPI messages sizes ?
● Are MPI_RECV preposted ?

●OPENMP may help to spread the workload

File sizes ? (stripe)
Read/Write sizes ?

MPI/IO ?


	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	Slide 36
	Slide 37
	Slide 38
	Slide 39
	Slide 40
	Slide 41
	Slide 42
	Slide 43
	Slide 44
	Slide 45
	Slide 46
	Slide 47
	Slide 48
	Slide 49
	Slide 50
	Slide 51
	Slide 52
	KOJAK: sPPM run on (8x16x14) 1792 PEs
	Slide 54
	Slide 55
	Slide 56
	Slide 57
	Slide 58
	Slide 59
	Slide 60
	Slide 61
	Slide 62
	Slide 63
	Slide 64
	Slide 65
	Slide 66
	Slide 67
	Slide 68
	Slide 69
	Slide 70
	Slide 71
	Slide 72
	Slide 73
	Slide 74
	Slide 75

