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Performance  Evaluation  process
Monitoring  System

Observe  both  overall  system  performance  and  single-­‐program  
execution  characteristics.    

Look  to  see  if  the  system  is  doing  well  and  what  percentage  of  the  resources  your  
program  is  using.

Pro:    easy          Con:  not  very  detailed

Profiling  and  Timing  the  code

Timing  a  whole  programs  (time  command  :/usr/bin/time)

Timing  portions  of  the  program  (code  modification)

Profiling



Measurement  Techniques
When  is  measurement  triggered?

Sampling  (indirect,  external,  low  overhead)

Instrumentation  (direct,  internal,  high  overhead)
through  code  modification

How  are  data  recorded?
Profiling

summarizes  performance  data  during  execution
per  process  /  thread  and  organized  with  respect  to  context

Tracing
trace  record  with  performance  data  and  timestamp
per  process  /  thread



Useful  Monitoring  Commands  (Linux)

Uptime returns information about system usage and user load

ps(1) lets 

top process table dynamic display

free memory usage

vmstat memory usage monitor



Swapping...  A  top  disaster
virtual  or  swap  memory:

This  memory,  is  actually  space  on  the  hard  drive.  The  operatingsystem  

time  to  access  virtual  memory  VERY  large:

this  time  is  done  by  the  system  not  by  your  program  !



Monitoring  your  own  code  (time)

NAME
time  -­ time  a  simple  command  or  give  resource  usage

SYNOPSIS
time  [options]  command  [arguments...]

DESCRIPTION
The  time  command  runs  the  specified  program  command  with
the  given  arguments.  When  command  finishes,  time  writes  a
message  to  standard  output  giving  timing  statistics  about
this  program  ..

-­-­-­-­-­-­-­-­-­-­-­-­-­-­-­>time  ./a.out
[program  output]
real  0m1.361s
user  0m0.770s
sys  0m0.590s

user  time:   Cputime  dedicated  to  your  program
sys  time:   time  used  by  your  program  to  

execute  system  calls
real  time:   total  time  (aka  walltime)



Timing  A  Portion  of  the  Code

C  function:  clock Fortran  Subroutine:  
cpu_time

Most  programming  languages  provide  a  means  to  access  the  
systems  own  timing  functions

clock_t  c0,  c1;;
c0  =  clock();;

section  to  code..
c1=  clock();;
cputime  =  (c1  -­ c0)/(CLOCKS_PER_SEC  );;

call  cpu_time(t0)
section  to  code..

call  cpu_time(t1)
cputime  =  (t1  -­ t0)



It  is  good  practice....

Good  application  writers  
will  take  full  advantage  
of  these  to  give  users  
insight  into  code  
performance.



Profiling
Profiling  is  an  approach  to  performance  analysis  in  
which  the  amount  of  time  spent  in  sections  of  code  is  
measured  (using  either  a  sampling  technique  or  on  
entry/exit  of  a  code  block)  and  presented  as  a  
histogram.

Allows  a  developer  to  target  key  time  consuming  
portions  of  codes.

Profiling  can  be  done  at  varied  levels  of  granularity
Subroutine,  code  block,  loop  and    source  code  line



inclusive
duration

exclusive
duration

int  foo()  
{

int  a;
a  =  a  +  1;

bar();

a  =  a  +  1;
return  a;

}

Inclusive  and  Exclusive  Profiles
Performance  with  respect  to  code  regions
Exclusive  measurements  for  region  only
Inclusive  measurements  includes  child  regions



GCC  profiling  and  gprof
Simple  gcc  compiler  flags  can  be  used  to  get  profiling  
information.

Great  place  to  start

GNU:
-­‐p  Generate  extra  code  to  write  profile  information  suitable  for  
analysis  program  prof
-­‐pg  Generate  extra  code  to  write  profile  information  suitable  for  
analysis  by  program  gprof.

Procedure
gcc  -­‐pg  prog.c  -­‐o  prog
./prog
gprof  prog.c  gmon.out



Example



Example



Hardware  Counters
Counters:  set  of  registers  that  count  processor  events,  like  
floating  point  operations,  or  cycles  (Core  i7  (Nahalem)  has  7  
counters  per  core,  3  fixed  and  4  that  can  be  assigned).

PAPI:  Performance  API
Standard  API  for  accessing  hardware  performance  counters
Enable  mapping  of  code  to  underlying  architecture
Facilitates  compiler  optimizations  and  hand  tuning
Seeks  to  guide  compiler  improvements  and  architecture  development  to  
relieve  common  bottlenecks



Features  of  PAPI
Portable:  uses  same  routines  to  access  counters  across  all  
architectures
High-­‐level  interface

Using  predefined  standard  events  the  same  source  code  can  access  
similar  counters  across  various  architectures  without  modification.
papi_avail

Low-­‐level  interface
Provides  access  to  all  machine  specific  counters  (requires  source  code  
modification)
Increased  efficiency  and  flexibility
papi_native_avail

Third-­‐party  tools
TAU,  Perfsuite,  IPM



Perf, a simple tool for accessing hardware counters
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Perf, a simple tool for accessing hardware counters



Perf, a simple tool for accessing hardware counters
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Using Valgrind for profiling
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Some  Take-­‐Home  Points
Good  choice  of  (serial  and  parallel)  algorithm  is  most  
important
Performance  measurement  can  help  you  determine  if  
algorithm  and  implementation  is  good
Do  compiler  and  MPI  parameter  optimizations  first
Check/optimize  serial  performance  before  investing  a  lot  of  
time  in  improving  scaling
Choose  the  right  tool  for  the  job
Know  when  to  stop:  80:20  rule



TAU  Parallel  Profiling  Tool
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Performance  Evaluation  process
Monitoring  System

Observe  both  overall  system  performance  and  single-­‐program  
execution  characteristics.    

Look  to  see  if  the  system  is  doing  well  and  what  percentage  of  the  resources  your  
program  is  using.

Pro:    easy          Con:  not  very  detailed

Profiling  and  Timing  the  code

Timing  a  whole  programs  (time  command  :/usr/bin/time)

Timing  portions  of  the  program  (code  modification)

Profiling



Parallel  Performance
The speed of the algorithm over multiple computing 
resources.
Factors

Multi-core architecture
Network
Algorithm
Computational scaling
I/O subsystem
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Parallel  Performance
Parallel performance is defined in terms of scalability

Scaling for LeanCP (32 Water Molecules at 70 Ry) on BigBen (Cray XT3)
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Problem  size.



Law
The  speedup  of  a  program  using  multiple  processors  in  parallel  
computing  is  limited  by  the  time  needed  for  the  sequential  
fraction  of  the  program.
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Parallel  Performance
Parallel  performance  is  defined  in  terms  of  scalability

Weak Scalability
How big of a problem can
we do?



Measurement  Techniques
When  is  measurement  triggered?

Sampling  (indirect,  external,  low  overhead)

Instrumentation  (direct,  internal,  high  overhead)
through  code  modification

How  are  data  recorded?
Profiling

summarizes  performance  data  during  execution
per  process  /  thread  and  organized  with  respect  to  context

Tracing
trace  record  with  performance  data  and  timestamp
per  process  /  thread



TAU:  Tuning  and  Analysis  Utilities
Profiling  tool  that  is  inserted  in  the  compilation  process  to  
provide  a  very  power  and  detailed  level  of  performance  
measurement.
Useful  for  a  more  detailed  analysis

Routine  level
Loop  level
Performance  counters
Communication  performance

A  more  sophisticated  tool
Performance  analysis  of  Fortran,  C,  C++,  Java,  and  Python
Portable:  Tested  on  all  major  platforms
Steeper  learning  curve

http://www.cs.uoregon.edu/research/tau/home.php

http://www.cs.uoregon.edu/research/tau/home.php


Why  TAU?
One  stop  shop  for  profiling  parallel,  serial,  and  shared  memory  
performance.

Graphical  based  reports  make  understanding  the  performance  of  
your  software  more  manageable.

Build  system  makes  it  easy  to  quickly  instrument  your  software  and  
create  a  maintainable  performance  measurement  system.

Automatic  profiling  with  PAPI,  function  level  call  paths,  phasing  and  
timers  through  integration  with  Makefiles.

Available  on  all  major  platforms  (Windows,  OS  X,  Linux)  and  works  
with  C/C++,  FORTRAN,  and  Python.
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TAU  Complications
TAU  works  automatically  at  the  source  level  with  very  

TAU  can  create  a  large  amount  of  overhead  when  running,  
especially  if  small  functions  that  are  called  millions  of  times  
are  called.

information.
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Reproduced from the TAU Tutorial Slides



What  Does  TAU  Look  like?
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General  Instructions  for  TAU
Use  a  TAU  Makefile makefiles for  your  compilation)

Use  TAU  scripts  for  compiling  (tau_cc.sh  tau_f90.sh)

Example  (most  basic  usage):

Everything  you  need  to  know?!  (Almost)

http://www.cs.uoregon.edu/research/tau/tau_releases/tau-­‐2.20.1/html/TAU-­‐quickref.pdf

module load tau

setenv TAU_MAKEFILE <path>/Makefile.tau-papi-pdt-pgi

setenv TAU_OPTIONS "-optVerbose -optKeepFiles

tau_cc.sh -o hello hello_mpi.c

http://www.cs.uoregon.edu/research/tau/tau_releases/tau-2.20.1/html/TAU-quickref.pdf


Using  TAU  with  Makefiles
Fairly  simple  to  use  with  well  written  makefiles:

setenv TAU_MAKEFILE  <path>/Makefile.tau-­‐papi-­‐mpi-­‐pdt-­‐pgi

setenv TAU_OPTIONS  "-­‐optVerbose optKeepFiles optPreProcess

make  FC=tau_f90.sh

run  code  as  normal
run  pprof (text)  or  paraprof (GUI)  to  get  results
paraprof -­‐-­‐pack  file.ppk  (packs  all  of  the  profile  files  into  one  file,  easy  to  
copy  back  to  local  workstation)

Example  scenarios
Typically  you  can  do  cut  and  paste  from  here:
http://www.cs.uoregon.edu/research/tau/docs/scenario/index.html

http://www.cs.uoregon.edu/research/tau/docs/scenario/index.html


TAU  API
Additionally, TAU defines an API that allows developers to 
manually instrument their software for very low level 
control

26

#include  <TAU.h>  

int main  (int argc,  char  **argv)  {
int ret;;  pthread_attr_t attr;;
pthread_t tid;;  
TAU_PROFILE_TIMER(tautimer,"main()",  "int (int,  char  **)",  TAU_DEFAULT);;  
TAU_PROFILE_START(tautimer);;  
TAU_PROFILE_INIT(argc,  argv);;  
TAU_PROFILE_SET_NODE(0);;  
pthread_attr_init(&attr);;  
printf("Started  Main...\n");;  //  other  statements  
TAU_PROFILE_STOP(tautimer);;  r
eturn 0;;  

}



Roadblock:  Reducing  Overhead
Overhead  (time  in  sec):
MD  steps  base:

51.4  seconds

MD  steps  with  TAU:
315  seconds

Must  reduce  overhead  to  get  
meaningful  results:

In  paraprof

ParaProf Profile  Visualization  Tool

Click  on  one  of  these  labels  to  
reveal  detailed  function  info



Selective  Instrumentation  File
TAU  automatically  generates  a  list  of  routines  that  you  can  
save  to  a  selective  instrumentation  file



Selective  Instrumentation  File
Automatically  generated  file  essentially  eliminates  
overhead  in  instrumented  UNRES
In  addition  to  eliminating  overhead,  use  this  to  specify:

Files  to  include/exclude
Routines  to  include/exclude
Directives  for  loop  instrumentation
Phase  definitions

Specify  the  file  in  TAU_OPTIONS  and  recompile:
setenv  TAU_OPTIONS  "-­optVerbose optKeepFiles

optPreProcess -­optTauSelectFile=select  .tau

http://www.cs.uoregon.edu/research/tau/docs/newguide/bk03ch01.
html



Getting  a  Call  Path  with  TAU
Why  do  I  need  this?

To  optimize  a  routine,  you  often  need  to  know  what  is  above  and  below  
it  
e.g.  Determine  which  routines  make  significant  MPI  calls
Helps  with  defining  phases:  stages  of  execution  within  the  code  that  you  
are  interested  in

To  get  callpath info,  do  the  following  at  runtime:
setenv TAU_CALLPATH  1  (this  enables  callpath)
setenv TAU_CALLPATH_DEPTH  5    (defines  depth)

Higher  depth  introduces  more  overhead  



Getting  Call  Path  Information
Right  click  name  of  
node  and  select  



Phase  Profiling:  Isolate  regions  of  code  
execution

Eliminated  overhead,  now  we  need  to  deal  with  startup  time:
Choose  a  region  of  the  code  of  interest:  e.g.  the  main  
computational  kernel  
Determine  where  in  the  code  that  region  begins  and  ends  (call  
path  can  be  helpful)
Then  put  something  like  this  in  selective  instrumentation  file:

foo.c

Recompile  and  rerun



Key  UNRES  Functions  in  TAU   (with  Startup  Time)  

To  get  this  view,  left  click  
on  Mean,  Max,  Min,  or  
Node  labels  on  left  hand  
side  of  main  Paraprof
window



Key  UNRES  Functions  (MD  Time  Only)



Detecting  Serial  Performance  Issues
Identify  hardware  performance  counters  of  interest

papi_avail
papi_native_avail
Run  these  commands  on  compute  nodes!  Login  nodes  might  give  you  an  
error.

Run  TAU  (perhaps  with  phases  defined  to  isolate  regions  of  
interest)
Specify  PAPI  hardware  counters  at  run  time:

setenv  TAU_METRICS  GET_TIME_OF_DAY:PAPI_FP_OPS:PAPI_TOT_CYC



Create  a  Derived  Metric  in  ParaprofManager



Serial  Bottleneck  Detection  in  UNRES:  
Function  Scaling  (2-­‐32  cores)

Examine  timings  of  functions  in  
your  region  of  interest  as  you  
scale  up
Identify  functions  that  do  not  
scale  well  or  that  need  to  be  
parallelized
Find  communication  routines  
that  are  starting  to  dominate  
runtime
Caution:  Looking  at  mean
execution  time  may  not  reveal  
some  scaling  problems  (load  
imbalance)

Serial function 
begins to dominate 
runtime



Detecting  Parallel  Performance  Issues:  
Load  Imbalance

Examine  timings  of  functions  in  your  region  of  interest
If  you  defined  a  phase,  from  paraprof window,  right-­‐click  on  

To  look  at  load  imbalance  in  a  particular function:
Left-­‐click  on  function  name  to  look  at  timings  across  all  processors

To  look  at  load  imbalance  across  all functions:
In  Paraprof



Load  Imbalance  Detection  in  UNRES

In  this  case:  Developers  unaware  that  chosen  algorithm  would  create  load  
imbalance
Reexamined  available  algorithms  and  found  one  with  much  better  load  

balance   also  fewer  floating  point  operations!
Also  parallelized  serial  function  causing  bottleneck

Only  looking  at  time  spent  in  
the  important  MD  phase

Observe  multiple  causes  of  load  
imbalance,  as  well  as  the  serial  
bottleneck



Major  Serial  Bottleneck  and  Load  Imbalance  
in  UNRES  Eliminated

Due  to  4x  faster  serial  algorithm  the  balance  between  
computation  and  communication  has  shifted  
communication  must  be  more  efficient  to  scale  well

Code  is  undergoing  another  round  of  profiling  and  
optimization



Next  Iteration  of  Performance  Engineering  
with  Optimized  Code

Load  imbalance  on  one  processor  causing  other  processors  to  idle  in  MPI_Barrier

May  need  to  change  how  data  is  distributed,  or  even  change  underlying  algorithm.    
But  beware  investing  too  much  effort  for  minimal  gain!



Use  Call  Path  Information:  MPI  Calls
Use  call  path  information  to  find  
routines  from  which  key  MPI  calls  
are  made.    Include  these  routines  in  
tracing  experiment.

To  show  source  locations  select:  
File  -­‐>  Preferences


