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Overview ‘ epCC ‘
* Introduction and motivation

- Timers

* Hardware event counters

» Profiling tools

- Communication tools



Purpose of Performance Analysis  |©0DCC]|

- Goals
- To reduce the execution time of the code

- To achieve good scaling to large numbers of
processors

- To reduce memory/disk usage?
» Requires identification of bottlenecks before
optimisation
- Components of the code which take a large
amount of time to execute

- Pieces of code that make inefficient use of
underlying architecture



Typical Bottlenecks eSPCC

* Your application

- Synchronisation, load balance, communication,
memory usage, IO usage

- The architecture

- Memory hierarchy, network bandwidth and
latency, the processor architecture, IO system
setup

- Software

- Compiler options, libraries, communication
protocols, operating system

- To name but a few...



Performance Analysis Process ‘epCC‘

» This is an iterative process

- Involves the use of tools to

- Instrument code, measure and analyse
performance metrics
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Tools on IBM Power4 clusters ‘epCC‘
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Interval Timers ‘epCC‘

* Wide range of timers available on Power4
- Varying precision, portability, language, ease of
use

Useful for determining components of the
code that take a large amount of time

* Problems
- Time consuming to instrument code

- Parallel applications can generate vast amounts
of data

- Timing results per processor, thousands of
processors...



Timers on Power4

CPCC|

Timer Usage Wallclock/ | Resolution | Language | Portable
CPU

time shell both centisecond | F, C/C++ yes
timex shell both centisecond | F, C/C++ yes
gettimeofday | subroutine | wallclock | microsecond | C/C++ yes
read_real_time | subroutine | wallclock hanosecond C/C++ no
rtc subroutine | wallclock | microsecond F no
irtc subroutine | wallclock | nanosecond F no
dtime_ subroutine CPU centisecond F no
etime_ subroutine CPU centisecond F no
mclock subroutine CPU centisecond F no
timef subroutine | wallclock | millisecond F no
MPI_Wftime | subroutine | wallclock | microsecond | F, C/C++ yes
system_clock | subroutine | wallclock | centisecond F yes




Profiling Tools on Power4 ‘epCC‘

» prof and gprof

- Standard unix commands provide simple profiling
at the subroutine level

- xprofiler

- Simple profiler for both serial and parallel
applications, GUI alternative to gprof

* Both useful for determining components of the
code that take a large amount of time

- Less time consuming for the programmer
* Problems

- Intrusive - may increase overall execution time

- Only profiles CPU (busy) usage, lack of I/0 and
communication information



Profiling - XProfiler eSPCC

¢ ¥profiler ¥1.2 - IBM RS/6000 SP ] 1|
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Event Counters ‘epCC‘

- Hardware Performance Monitor Toolkit (HPM)
- hpmcount, libhpm, hpmviz

* hpmcount provides performance details
- Execution wall clock time

- Hardware performance counter information
(e.g. cache misses)

- Derived hardware metrics (e.g. loads per cache
miss)

- Resource utilisation statistics (e.g. no of page
faults)



EventTracng  |€PCC

» Interval timers, event counters and profiling
tools are all useful for serial and parallel
performance analysis

- Have reviewed previously on the performance
optimisation course

» Event Tracing tools on Power4
- MPITrace
- Vampir
» Particularly useful for analysing scaling
- Detailed information about communication time



MPITrace epcc

+ Allows low-overhead MPT elapsed-time
measurements

- IBM specific
- Text based
» Link special library in at compile time

-L/usr/local/lib -Impitrace

* Run the application as usual

- Information written to different file for each
rank: mpi_profile. X

+ Simple and easy to use

» Awkward to produce collective processor
information e.g. averages over processors



Event Tracing - Vampir eSPCC

VAMPIR (Visualization and Analysis of MPI
Programs)
- Displays timeline of code execution and timing statistics
- Allows communications in an MPI code to be visualised
- Third party application: now sold as Intel Trace Analyzer
- Portable

Vampirtrace (VT) library

- A library which produces a tracefile containing
information about MPI communications and timings

Vampir

- A graphical user interface for visualisation of the
tracefile generated by Vampirtrace



Case Study - H2MOL epcc

The Code

- From the Multiphoton and Electron Collision Consortium
(CCP2)

- Written by Ken Taylor & Daniel Dundas, Queens
University Belfast

- Solves the time-dependent Schrodinger equation
Parallelisation

- The Z domain of the grid is distributed amongst an array
of processors

- The code specifies a constant number of grid points per
processor in the Z-direction

- Hence perfect scaling would be represented by a flat
timing profile across the different processor counts



Hemor ____ [€pcC

Interesting communication pattern due to:
A series of Bsend and receive operations
- Overlapped with some computation

Due to symmetry we need only store the lower half of
the grid: needs less processors

6|78 2145
314|5 ) 111314
O0[1]2 O0[1)|2

For example - send to the right

- no periodic boundary conditions
-0->1,1>2,3>4and1->3,2->44->5



Scaling epcc
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Communication Time - MPITrace ‘epCC‘

MPlI Routi ne #cal l s avg. bytes time(sec)
MPI _Comm si ze 1 0.0 0. 000
MPI _Conm r ank 1 0.0 0. 000
MPI _Bsend 1400 2376000. 0 1. 249
MPI _Recv 840 2376000. 0 7.996
MPI _Buffer_attach 1 0.0 0. 000
MPI _Bcast 8 3088. 0 0. 000
MPlI _Barrier 437 0.0 2. 247
MPI _Al |l reduce 415 15.5 0. 027

total communication tinme = 11.520 seconds.
total el apsed tine = 112. 998 seconds.
user cpu tine = 108. 970 seconds.
systemtine = 1. 050 seconds.
maxi mum nenory size = 803344 KByt es.




Communication Time - MPITrace

Message size distributions:
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Communication Time - MPITrace ‘epCC‘
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Communication Time - Vampir ‘epCC‘
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Communication Time - Load Imbalance ‘epCC‘
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Communication Time - Load Imbalance ‘epCC‘
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Communication Time - MPI_Bsend
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Communication Time - MPI Bsend
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Communication Time - MPI_Bsend,
MP_CSS INTERUPT, 120 processes ‘epCC‘
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Communication Time - MPI_Isend ‘epCC‘
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Communication Time

CPCC|

Operation Time (s)
Proc=6 |Proc=120
MPI_Bsend, MPI_Recv 144 299
MPI_Bsend, MPI_Recv, MP_CSS _INTERUPT 135 295
MPI_Send, MPI_Recv 135 303
MPTI_Send, MPI_Recv, MP_CSS_INTERUPT 134 303
MPI_Tsend, MPI_Irecv 131 280
MPI_TIsend, MPI_Trecv, MP_CSS INTERUPT 133 280




H2MOL Conclusions CPCC|

* Load imbalance due to processor allocation on
MCMs

- MPI_BSend results in excessive amounts of
time spent in MPI_Recv

- MP_CSS_INTERUPT fixes this problem on
small processor numbers

» Using MPI_ISend and MPI_TIRecv allows
overlapping of communications

- Without excessive time spent in the receive call
- Shows slight performance improvement



Conclusions ePCC]

- MPITrace

- Demonstrates scaling issues are due to
communication

- Highlights MPIRecv and MPIBarrier as most
expensive routines

- VAMPIR

- Provides detailed view of individual
communications

- Shows complexity of communication patterns in
a highly visual way



Summary epcc

» Performance analysis tools
- Help identify bottlenecks for optimisation
* Power4 systems have a range of tools to help
you analyse the performance of your code
- Timers, xprofiler, hpmcount
- Vampir, MPITrace

- For SMP clusters

- Vampir and MPITrace help identify
communication issues

- E.g. slower MPI operations between nodes



