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Introduction
� Special on-chip hardware of modern CPU

• Direct access to CPU resources such as branch prediction, data and 
instruction caches, floating point instructions, memory operations

• Event detectors, counters 

• Itanium2: 4 counters, 100+ monitorable events, two set of registers: PMC, 
PMD

• Pentrium4,Xeon: 44 event detectors, 18 counters

• Linux interfaces and libraries:

• Part of kernel in order to per-thread and per-system measurements

• Perfmon2

– uniform across all hardware platforms

– events multiplexing

– the number of fully supported processors are very low except Itanium

– kernel 2.6 (integrated for Itanium)

• perfctr



perfctr
� version 2.6.19

• per-thread and system-wide measurements,

• user and kernel domain,

• Support for a lot of CPU (P MMX/Pro/II/III/IV/Xeon/Celeron…), no 
support for Itanium

• kernels 2.4 & 2.6,

• No multiplexing,

• Almost no documentation apart from comments in source files,

• Require a deep understanding of performance monitoring features 
of every processors



Pentium 4 Performance Monitoring 
Features

from B. Sprunt “Pentium 4 Performance-Monitoring Features”

•44 event detectors, 9 pairs of counters

•2 control registers (ESCR, CCCR)

•2 classes of events:

•Non-retirement events – those 

that occur any time during 

execution (1 counter)

•At-retirement events – those that 

occurred on execution path and 

their results were committed in 

architectural state (1 or 2 counters)

•multiplexing

from Intel documentation



Monitoring tool - gpfmon
� uses perfctr,

� enables multiplexing,

� user and kernel domain,

� per single or total CPU,

� events:
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CYC – CPU cycles

TOT – Instructions completed
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Sw sampling vs. perfctr sampling
� test40

• 4 sets, 3 times, sp 1s

• 1,2 jobs

• 3 jobs
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Sw sampling vs. perfctr sampling
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Multiplexing

� test40

• 4 sets, 3 times, sp1s

• 1,2 jobs
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test40
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Geant4 Atlas Simulations
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Geant4 Atlas Simulations
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Geant4 Atlas Simulations
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make
Total instructions/cycle
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lxbatch monitoring
� 14 machines

� running from 2 day to 2 weeks

� Nocona(10), Irwindale (4)

� 2.8GHz

� 1MB L2(10) 2MB L2(4)

� SL3 (kernel 2.4)
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lxbatch
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lxbatch  - memory operations
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lxbatch - memory operations
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lxbatch  - branches

branches taken predicted/total [%]
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Perfsuite  - counters application
� Open source collection of tools, utilities and libraries for 

software performance analysis

� Hardware support is tightly integrated with PAPI

• multiplexing

• user metrics (xml)

• platforms x86,x86-64, ia64

• kernel 2.4 & 2.6

� psrun, psprocess

• single and multi threads programs

• counting and profiling mode



Perfsuite
� Profiling of Atlas Simulation applications

• Written in C++, executed from python

• Many libraries

• Static

• Dynamically linked (shared object) (ldd command)

• Dynamic loaded (libdl – dlopen)

• Perfsuite has a problem with dynamic loaded libraries

• LD_PRELOAD – works with simple HelloWorld (dlopen) as a 

standalone application and with python, but does not work with the 

full simulation

• Running the test40 from python (it works) and the profiling– work in 

progress 



Perfsuit & LD_PRELOAD
Profile Information
==============================================
Class                        : PAPI

Event                        : PAPI_TOT_CYC (Total cycles)
Period                       : 50000
Samples                      : 719
Domain                       : user
Run Time                     : 17.52 (seconds)

Min Self %                   : (all)
Module Summary
--------------------------------------------------------------------------------
Samples   Self %  Total %  Module

376   52.29%   52.29%  /usr/bin/python

178   24.76%   77.05%  /lib/ld-2.3.2.so
159   22.11%   99.17%  /lib/tls/libc-2.3.2.so

4    0.56%   99.72%  /lib/tls/libpthread-0.60.so
1    0.14%   99.86%  /lib/libdl-2.3.2.so
1    0.14%  100.00%  /lib/libutil-2.3.2.so

Function Summary
--------------------------------------------------------------------------------
Samples   Self %  Total %  Function

376   52.29%   52.29%  ??
110   15.30%   67.59%  do_lookup_versioned

40    5.56%   73.16%  _int_malloc
31    4.31%   77.47%  strcmp
22    3.06%   80.53%  _dl_lookup_versioned_symbol
19    2.64%   83.17%  memcpy
16    2.23%   85.40%  __libc_malloc

11    1.53%   86.93%  free
7    0.97%   87.90%  _int_free
7    0.97%   88.87%  strlen
6    0.83%   89.71%  memset
6    0.83%   90.54%  do_lookup

5    0.70%   91.24%  malloc_consolidate
5    0.70%   91.93%  __mempcpy
4    0.56%   92.49%  __i686.get_pc_thunk.bx
3    0.42%   92.91%  strerror_r
3    0.42%   93.32%  mremap_chunk

3    0.42%   93.74%  _int_realloc
2    0.28%   94.02%  .L969
2    0.28%   94.30%  realloc
2    0.28%   94.58%  mallopt

Profile Information

=============================================================

Class                        : PAPI

Event                        : PAPI_TOT_CYC (Total cycles)

Period                       : 50000

Samples                      : 721514

Domain                       : user

Run Time                     : 17.60 (seconds)

Min Self %                   : (all)

Module Summary

--------------------------------------------------------------------------------

Samples   Self %  Total %  Module

465515   64.52%   64.52%  /afs/cern.ch/user/o/oplaatl3/testdll/libhello2.so.1

255433   35.40%   99.92%  /afs/cern.ch/user/o/oplaatl3/testdll/libhello1.so.1

391    0.05%   99.98%  /usr/bin/python

145    0.02%  100.00%  /lib/tls/libc-2.3.2.so

26    0.00%  100.00%  /lib/ld-2.3.2.so

4    0.00%  100.00%  /lib/tls/libpthread-0.60.so

Function Summary

--------------------------------------------------------------------------------

Samples   Self %  Total %  Function

255433   35.40%   35.40%  hello(int*)

254920   35.33%   70.73%  sum(int*)

210595   29.19%   99.92%  count(int*, int)
392    0.05%   99.98%  ??

36    0.00%   99.98%  _int_malloc

22    0.00%   99.98%  memcpy

13    0.00%   99.99%  __libc_malloc

11    0.00%   99.99%  free

10    0.00%   99.99%  do_lookup_versioned

7    0.00%   99.99%  strcmp

6    0.00%   99.99%  __open_nocancel

5    0.00%   99.99%  _int_free

4    0.00%   99.99%  memset

4    0.00%   99.99%  malloc_consolidate



Conclusions and plans

•On-chip performance monitoring hardware can give a lot of detailed 

information and has a lot of applications, like the tuning and the profiling of 

applications. The big question is how to correctly understand the result and 

how to take advantage of it.

•One common interface is desirable in order to access the performance units

•gpfmon

•accuracy of measurement must be investigated in more details in more 

scenarios,

•the need for data processing script/application, 

•try to move to the perfmon interface,

•looking into the counters on other CPU

•Profiling Atlas simulations



Questions


