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INTRODUCTION	
  
Different	
   scienMfic	
   disciplines	
   (such	
   as	
   material	
   science,	
   oceanography	
   and	
  
chemistry)	
   uMlise	
   parallel	
   applicaMons	
   to	
   execute	
   various	
   calculaMons	
   in	
   the	
  
supercompuMng	
   systems.	
   Parallel	
   program	
   is	
   the	
   simulaMon	
   that	
   can	
  
simultaneously	
  perform	
  many	
  different	
  operaMons	
  in	
  a	
  compuMng	
  system	
  and	
  
run	
  on	
  different	
  types	
  of	
  parallel	
  systems:	
  
	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  -­‐	
  Distributed-­‐memory	
  system	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  -­‐	
  Shared-­‐memory	
  system	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  -­‐	
  Vectors	
  system	
  
	
  
Some	
  of	
  this	
  parallel	
  programs	
  do	
  not	
  perform	
  up	
  to	
  opMmum	
  level	
  (meaning	
  
not	
   execuMng	
   as	
   expected)	
   and	
   fully	
   uMlising	
   computaMonal	
   resources	
   (e.g.	
  
memory	
   and	
   processors)	
   within	
   the	
   parallel	
   system.	
   In	
   some	
   instances,	
  
applicaMon	
   users	
   use	
   visualizaMon	
   tools	
   to	
   trace	
   bo]lenecks	
   within	
   the	
  
program	
   and	
   help	
   to	
   increase	
   applicaMon’s	
   performance	
   within	
   the	
  
computaMonal	
  system.	
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PROBLEMS	
  AFFECTING	
  PERFORMANCE	
  OF	
  APPLICATIONS	
  
In	
  a	
  supercomputer,	
  the	
  performance	
  of	
  parallel	
  applicaMons	
  is	
  mainly	
  affected	
  
by	
   interplays	
  of	
  factors	
  such	
  as	
  (Adve	
  and	
  Vernon,	
  2004;	
  Ebnenasir	
  and	
  Beik,	
  
2009):	
  
	
  

	
   	
  	
  	
  	
  	
   	
  -­‐	
  limited	
  network	
  bandwidth.	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
   	
  -­‐	
  unevenly	
  distribuMon	
  of	
  message-­‐passing.	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
   	
  -­‐	
  slow	
  read/write	
  requests	
  within	
  the	
  storage.	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
   	
   	
  -­‐	
  logic	
  of	
  the	
  parallel	
  code	
  

	
   	
  	
  	
  	
  	
  	
  	
  	
  -­‐	
  high	
  memory	
  latency	
  in	
  processing	
  nodes.	
  
	
  	
  	
  	
  	
  	
  	
  	
   	
  	
  	
  	
  	
  	
  	
  	
  -­‐	
  High	
  processor	
  uMlisaMon	
  in	
  the	
  execuMon	
  nodes.	
  
	
  
It	
   is	
   therefore	
   important	
   to	
  understand	
   the	
   role	
  of	
   the	
  below	
  computaMonal	
  
factors	
   in	
  order	
   to	
   increasing	
  efficiency	
  of	
   the	
   code	
  and	
  overall	
   uMlisaMon	
  of	
  
the	
  parallel	
  system.	
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WHY	
  PROGRAMS	
  DO	
  NOT	
  PERFORM	
  WELL	
  IN	
  THE	
  SUPERCOMPUTERS?	
  
	
  

It	
  is	
  inevitable	
  that	
  program	
  developers	
  do	
  not	
  have	
  the	
  same	
  level	
  of	
  parallel	
  
programming	
  experience	
  and	
  this	
  may	
  lead	
  to	
  parallel	
  applicaMons	
  not	
  scaling	
  
well	
  due	
  to	
  inconsistencies	
  such	
  as	
  embarrassing	
  parallelism	
  within	
  the	
  code	
  of	
  
the	
  program.	
  	
  
	
  
The	
   conMnuous	
   changes	
   of	
   hardware	
   architectures	
   in	
   the	
   supercompuMng	
  
community	
   also	
   contribute	
   to	
   none	
   standard	
   approach	
   for	
   developing	
  
applicaMons	
  meant	
  to	
  run	
  in	
  the	
  parallel	
  systems.	
  For	
  example,	
  when	
  a	
  system	
  
is	
   equipped	
  with	
   different	
   types	
   of	
   processing	
   systems	
   (e.g.	
   shared-­‐memory	
  
and	
   distributed-­‐memory	
   system)	
   then	
   one	
   may	
   need	
   to	
   parallelize	
   the	
  
applicaMons	
   using	
  OpenMP	
   in	
   a	
   shared-­‐memory	
   system	
   and	
   apply	
  OpenMPI	
  
for	
  distributed-­‐memory	
  system.	
  	
  
	
  
Some	
  of	
  the	
  applicaMon	
  users	
  do	
  not	
  have	
  sufficient	
  knowledge	
  of	
  opMmizing	
  
programs	
  to	
  achieve	
  be]er	
  performance	
  within	
  the	
  system	
  and	
  this	
  may	
  even	
  
become	
   more	
   challenging	
   when	
   one	
   does	
   not	
   understand	
   some	
   aspects	
   of	
  
programming	
  used	
  to	
  design	
  the	
  code	
  of	
  the	
  program.	
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WHY	
  IS	
  DIFFICULT	
  TO	
  OPTIMIZE	
  PARALLEL	
  PROGRAMS	
  

The	
  word	
  “OpMmizaMon”	
   is	
  referring	
  to	
  a	
  process	
  of	
  rewriMng	
  some	
  program	
  
instrucMons	
  with	
  the	
  purpose	
  of	
  increasing	
  the	
  performance	
  and/or	
  efficiency	
  
of	
   the	
   code	
  on	
  a	
  parMcular	
   compuMng	
   system.	
   it	
   is	
   hard	
   to	
  opMmize	
  parallel	
  
programs	
  due	
  to	
  factors	
  such	
  as	
  complex	
  structure	
  of	
  the	
  parallel	
  system	
  and	
  
many	
   acMviMes	
   (such	
   as	
   message	
   passing	
   tasks,	
   read/write	
   acMviMes	
   and	
  
network	
   communicaMon)	
   that	
   need	
   to	
   be	
   analysed	
   in	
   order	
   to	
   opMmize	
   the	
  
correct	
  area	
  of	
  the	
  parallel	
  code.	
  The	
  visualizaMon	
  tools	
  a]empt	
  to	
  simplify	
  the	
  
process	
   of	
   opMmizaMon	
   but	
   not	
   all	
   of	
   them	
   can	
   be	
   able	
   to	
   provide	
   useful	
  
informaMon	
  about	
  the	
  program	
  (Schwartz-­‐Narbonne	
  et	
  al.,	
  2011):	
  	
  
	
  
-­‐	
  IdenMfy	
  exact	
  area	
  of	
  the	
  problem	
  within	
  the	
  code.	
  	
  
-­‐	
  IdenMfy	
  all	
  computaMonal	
  acMviMes	
  causing	
  performance	
  bo]lenecks.	
  

-­‐	
  Level	
  of	
  parallelism	
  within	
  code	
  of	
  the	
  applicaMon.	
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METHODS	
  USED	
  TO	
  ANALYSE	
  PARALLEL	
  PERFORMANCE	
  
	
  

	
  
	
  
Some	
   of	
   the	
   parallel	
   compuMng	
   users	
   prefer	
   to	
   uMlise	
   visualizaMon	
   and	
  
analyses	
   tools	
   such	
   as	
   Scalasca	
   and	
  Vampir	
   in	
   an	
   a]empt	
   to	
   invesMgate	
   the	
  
performance	
  of	
  parallel	
  programs	
  (Geimer	
  et	
  al.,	
  2010;	
  SuboMc	
  et	
  al.,	
  2010).	
  	
  
	
  
	
  
	
  
On	
  the	
  other	
  hand,	
  others	
  manually	
  index	
  and	
  search	
  the	
  syntax	
  of	
  the	
  code	
  to	
  
increase	
   performance	
   and	
   efficiency	
   of	
   the	
   program	
   (Schwartz-­‐Narbonne	
   et	
  
al.,	
  2011).	
  

	
  
	
  
	
  
	
  
	
  

-Slide 6- 7 



OVERVIEW	
  OF	
  VISUALIZATION	
  TOOLS	
  
	
  

Different	
  visualizaMon	
  tools	
  uMlise	
  various	
  techniques	
  to	
  perform	
  analyses	
  and	
  
trace	
  the	
  behaviour	
  of	
  the	
  applicaMon	
  executed	
  in	
  the	
  parallel	
  system.	
  Some	
  of	
  
these	
   analyses	
   sokware	
   trace	
   and	
   analyse	
   the	
   performance	
   of	
   the	
   parallel	
  
model	
  during	
  its	
  execuMon	
  (Geimer	
  et	
  al.,	
  2010)	
  while	
  others	
  can	
  also	
  visualize	
  
the	
  staMsMcs	
  of	
  the	
  applicaMon	
  aker	
  the	
  simulaMon	
  have	
  completed	
  to	
  run	
  in	
  
the	
   system	
   (Becker,	
   Frings	
  and	
  Wolf,	
   2008).	
   This	
  performance	
  analyses	
   tools	
  
also	
  support	
  different	
  types	
  of	
  applicaMons;	
  for	
  example;	
  some	
  of	
  the	
  analyses	
  
and	
  visualizaMon	
  sokware	
  support	
  MPI	
  programs	
  while	
  others	
  are	
  capable	
  of	
  
analysing	
  OpenMP	
  applicaMons.	
  In	
  this	
  study,	
  we	
  discuss	
  the	
  following:	
  
	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  -­‐	
  Scalasca.	
  	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  -­‐	
  Vampir.	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  -­‐	
  Paraver.	
  	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  -­‐	
  Periscope.	
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SCALASCA	
  
	
  

Scalable	
   Performance	
   Analysis	
   of	
   Large-­‐Scale	
   ApplicaMons	
   (Scalasca)	
   is	
   an	
  
open-­‐source	
   performance	
   analysis	
   tool	
   widely	
   used	
   to	
   idenMfy	
   both	
   MPI/
OpenMP	
   communicaMon	
   and	
   synchronizaMon	
   barriers	
   within	
   the	
   parallel	
  
programs	
  (Geimer	
  et	
  al.,	
  2010;	
  Böhme	
  et	
  al.,	
  2010).	
  
	
  	
  
Scalasca	
   provides	
   both	
   runMme	
   summaries	
   and	
   event	
   traces.	
   The	
   runMme	
  
summary	
   is	
   a	
   performance	
   report	
   of	
   the	
   program	
   during	
   execuMon,	
   while	
  
event	
   tracing	
   provides	
   detail	
   performance	
   analysis	
   report	
   aker	
   run	
  
compleMon.	
   During	
   a	
   run,	
   it	
   reports	
   on	
   the	
   total	
   execuMon	
   Mme	
   of	
   the	
  
program;	
  hardware	
   (e.g.	
  memory	
  and	
  processor)	
  uMlisaMon,	
  message-­‐passing	
  
staMsMcs	
  such	
  as	
  numbers	
  of	
  synchronizaMon,	
  communicaMon	
  and	
  read/write	
  
acMviMes	
  like	
  number	
  of	
  bytes	
  transferred,	
  sends/writes	
  versus	
  receives/reads	
  
requests.	
  
	
  
For	
  more	
  informaMon	
  visit:	
  h]p://www.scalasca.org.	
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METHOD	
  OF	
  TRACING	
  EVENTS	
  &	
  RUNTIME	
  
	
  

Scalasca	
  have	
   two	
  different	
  ways,	
  namely,	
   event	
   trace	
  and	
   runMme	
  mode	
  of	
  
recording	
   the	
   performance	
   of	
   the	
   parallel	
   program	
   in	
   the	
   system.	
   It	
  
instruments	
   the	
   target	
   applicaMon	
   with	
   its	
   libraries	
   and	
   run	
   the	
   code	
   on	
   a	
  
parallel	
   system.	
   During	
   execuMon,	
   it	
   allows	
   the	
   user	
   to	
   select	
   one	
   of	
   the	
  
modes.	
  	
  
	
  	
  
In	
   event	
   trace	
  mode,	
   it	
   generate	
   a	
   separate	
  file	
   for	
   each	
  process/event	
   that	
  
take	
  place	
  during	
  the	
  simulaMon	
  of	
  the	
  program.	
  It	
  then	
  load	
  all	
  the	
  trace	
  files	
  
(binary	
   files	
   containing	
   informaMon	
   about	
   the	
   events/processes)	
   in	
   the	
  main	
  
memory	
   and	
   analyse	
   them	
   using	
   the	
   same	
   number	
   of	
   processors	
   used	
   to	
  
simulate	
   the	
   model.	
   Thereaker,	
   the	
   analyses	
   system	
   idenMfies	
   bo]lenecks	
  
(such	
   as	
   wait	
   states,	
   late	
   message	
   sender	
   or	
   receiver,	
   wasted	
   memory,	
  
processor	
  and	
  network).	
  	
  
	
  
As	
  for	
  runMme	
  mode,	
  Scalasca	
  collects	
  the	
  staMsMcs	
  of	
  the	
  parallel	
  applicaMon	
  
and	
  report	
  immediately	
  without	
  storing	
  any	
  data.	
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Advantage	
  and	
  disadvantages	
  	
  

The	
  main	
  advantage	
  of	
  Scalasca	
  is	
  to	
  perform	
  the	
  following:	
  	
  
	
  
-­‐	
  map	
  wait	
  states	
  with	
  the	
  wasted	
  computaMonal	
  resources.	
  	
  
-­‐	
  idenMfy	
  late	
  message	
  senders	
  versus	
  receivers.	
  	
  
-­‐	
   display	
   load	
   and	
   communicaMon	
   imbalance	
   occurred	
   between	
   the	
   actual	
  
system	
  and	
  target	
  applicaMon.	
  	
  
	
  
However,	
  one	
  of	
   the	
  challenges	
  of	
   this	
  analyses	
  tool	
   is	
   that	
   it	
  creates	
  file	
   for	
  
each	
  process/event	
   and	
   this	
  may	
   cause	
  a	
  need	
   for	
  more	
   storage	
   capacity	
   to	
  
store	
   those	
   file.	
   It	
   also	
   depend	
   on	
   a	
   local	
   Mme	
   of	
   the	
   execuMon	
   nodes	
   to	
  
accurately	
  record	
  the	
  movement	
  of	
  the	
  process	
  and	
  associate	
  it	
  with	
  Mme,	
  of	
  
which,	
   this	
   can	
   be	
   disadvantageous	
   for	
   a	
   system	
   that	
   have	
   nodes	
   which	
  
contains	
  different	
  Mme	
  zones.	
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VAMPIR	
  
Vampir	
  (VisualizaMon	
  and	
  Analysis	
  of	
  MPI	
  Resources)	
  is	
  a	
  Mmeline	
  visualizaMon	
  
and	
  analyses	
  tool	
  (Becker,	
  Frings	
  and	
  Wolf,	
  2008)	
  mainly	
  used	
  to	
  provide	
  more	
  
detail	
   informaMon	
   about	
   the	
   processes	
   and	
   events	
   simulated	
   during	
   the	
  
execuMon	
  of	
  either	
  MPI	
  and/or	
  OpenMP	
  applicaMon	
   (Hein	
  et	
  al.,	
  2005;	
  Tang,	
  
2008).	
   This	
   visualizaMon	
   tool	
   was	
   developed	
   at	
   the	
   Centre	
   for	
   Applied	
  
MathemaMcs	
   of	
   Research	
   Centre,	
   Jülich	
   and	
   Centre	
   for	
   High	
   Performance	
  
CompuMng,	
   Technische	
   Universität	
   Dresden	
   and	
   has	
   capability	
   to	
   zoom/
navigate	
   into	
   processes	
   of	
   the	
   simulaMon.	
   It	
   also	
   provide	
   useful	
   informaMon	
  
about	
  execuMon	
  of	
  the	
  applicaMon	
  v/s	
  system	
  (Becker,	
  Frings	
  and	
  Wolf,	
  2008):	
  	
  
	
  	
  

	
   	
  -­‐Total	
  execuMon	
  Mme	
  taken	
  to	
  simulate	
  an	
  applicaMon	
  in	
  the	
  system.	
  
	
   	
  -­‐	
  Time	
  taken	
  to	
  simulate	
  applicaMon’s	
  code.	
  	
  
	
   	
  -­‐	
  Time	
  taken	
  to	
  process	
  message	
  passing	
  parameters.	
  	
  
	
   	
  -­‐	
  Time	
  taken	
  to	
  trace	
  overheads.	
  	
  
	
   	
  -­‐	
  Time	
  taken	
  to	
  execute	
  each	
  funcMon	
  of	
  the	
  program.	
  
	
   	
  -­‐	
  How	
  much	
  memory	
  was	
  used	
  for	
  each	
  funcMon	
  and	
  for	
  how	
  long?	
  	
  
	
   	
  -­‐	
  High-­‐level	
  staMsMcs	
  of	
  message	
  passing	
  and	
  read/write	
  acMviMes.	
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METHOD	
  USED	
  TO	
  TRACE	
  PARALLEL	
  APPLICATIONS	
  
	
  

The	
  Vampir	
  use	
  a	
  built-­‐in	
  library	
  called	
  Vampir	
  Trace	
  to	
  instrument	
  the	
  code	
  of	
  
the	
   parallel	
   program	
   in	
   the	
   supercompuMng	
   system.	
   Thereaker,	
   it	
   runs	
   an	
  
executable	
   to	
   simulate	
   the	
   program	
   and	
   collect	
   informaMon	
   about	
   the	
  
performance	
   behaviour	
   of	
   the	
   applicaMon.	
   The	
   informaMon	
   about	
   the	
  
performance	
  of	
  the	
  applicaMon	
  is	
  then	
  stored	
  in	
  a	
  file	
  that	
  supports	
  OTF	
  (Open	
  
Trace	
  Format).	
  	
  
	
  
	
  
It	
   also	
  has	
   capability	
   to	
   convert	
   data	
  files	
  of	
   other	
   third-­‐party	
   analyses	
   tools	
  
(such	
   as	
   Scalasca,	
   Paraver)	
   and	
   visualize	
   performance	
   behaviour	
   of	
   the	
  
program	
   simulated	
   in	
   the	
   computaMonal.	
   It	
   is	
   understood	
   that	
   PAPI	
  
(Performance	
   ApplicaMon	
   Programming	
   Language)	
   is	
   used	
   to	
   gather	
  
informaMon	
  related	
  to	
  hardware	
  uMlisaMon	
  and	
  pass-­‐it	
  to	
  Vampir	
  for	
  reporMng	
  
purpose.	
  (Knüpfer,	
  Brunst	
  and	
  Nagel,	
  2005).	
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ADVANTAGES	
  AND	
  DISADVANTAGES	
  

The	
  most	
  powerful	
  feature	
  of	
  Vampir	
  is	
  to	
  zoom	
  into	
  applicaMon	
  processes	
  and	
  
able	
  to	
  visualize	
  data	
  generated	
  by	
  other	
  performance	
  analyses	
  tools.	
  The	
  only	
  
obstacle	
  is	
  its	
  limited	
  depth	
  (width	
  and	
  height)	
  that	
  cannot	
  be	
  able	
  to	
  display	
  
visualizaMon	
   informaMon	
   of	
   programs	
   that	
   are	
   communicaMon	
   intensive	
  
(Becker,	
  Frings	
  and	
  Wolf,	
  2008).	
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PARAVER	
  
Paraver	
   is	
   described	
   as	
   the	
   visualizaMon	
   analysis	
   tool	
   designed	
   to	
   analyse	
  
performance	
   of	
   applicaMons	
   that	
   are	
   communicaMon	
   and	
   computaMonally	
  
intensive	
   when	
   running	
   in	
   the	
   parallel	
   system	
   (Dorta,	
   Leon	
   and	
   Rodriguez,	
  
2006;	
   SuboMc	
   et	
   al.,	
   2010;	
   Truong	
   et	
   al.,	
   2001)	
   and	
   was	
   developed	
   at	
   the	
  
Barcelona	
  SupercompuMng	
  Centre,	
  Computer	
  Science.	
  The	
   tool	
  provides	
   two	
  
different	
   types	
   of	
   visualizaMon	
   informaMon,	
   namely,	
   Mmeline	
   display	
   and	
  
staMsMcal	
  summary.	
  	
  
	
  	
  
Timeline	
  display	
  arranges	
  staMsMcs	
  according	
  to	
  processes	
  (processing	
  threads)	
  
and	
  objects	
  such	
  as	
  mpi	
   task,	
  processor,	
  memory	
  and	
  node	
  uMlisaMon	
  where	
  
one	
   can	
   be	
   able	
   to	
   zoom	
   and	
   get	
   more	
   details	
   about	
   performance	
   of	
   a	
  
parMcular	
  object	
  (Dorta,	
  Leon	
  and	
  Rodriduez,	
  2006).	
   It	
   is	
  also	
  able	
  to	
  provide	
  
useful	
  informaMon	
  programs	
  that	
  are	
  communicaMon	
  intensive,	
  for	
  example,	
  it	
  
can	
  determine	
   level	
  of	
  parallelizaMon	
  of	
   the	
  applicaMon,	
  processor	
  uMlisaMon	
  
per	
   task,	
   late	
   message	
   senders	
   v/s	
   late	
   receivers,	
   communicaMon	
   load	
   per	
  
task,	
  instrucMons	
  per	
  cycle	
  executed	
  by	
  each	
  thread,	
  load	
  balance	
  of	
  different	
  
parallel	
  loops.	
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METHOD	
  USED	
  TO	
  COLLECT	
  PERFORMANCE	
  EVENTS	
  
	
  

Paraver	
  collects	
  performance	
  events	
  of	
   the	
  applicaMon	
  by	
   instrumenMng	
  and	
  
execuMng	
   the	
   all	
   areas	
   of	
   the	
   parallel	
   code.	
   This	
   visualizaMon	
   tool	
   will	
   then	
  
generate	
  a	
  trace	
  file	
  that	
  contains	
  the	
  following	
  fields:	
  	
  
	
  
-­‐	
  communicaMon	
  (relaMonship	
  between	
  the	
  events).	
  
-­‐	
  state	
  status	
  of	
  processing	
  thread.	
  
-­‐	
  events	
  (event	
  of	
  the	
  object).	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  (Dorta,	
  Leon	
  and	
  Rodriguez,	
  2006)	
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of the problem, not much work remains for the rest of the
processors.

To analyze the communication pattern the tool PARAVER

[2] is used. PARAVER is a performance visualization and
analysis tool that can be used to analyze MPI, OpenMP,
MPI+OpenMP. PARAVER provides useful information for
improving the decisions on whether and where to invert the
programming effort to optimize an application. PARAVER

offers a graphical view to represent the behavior of the ap-

Figure 7. Trace of the Communications be-
tween Processors.

Figure 8. Zoom of the Trace.

Figure 9. Zoom of the First Part of the Com-
munication.

Figure 10. Zoom of the Second Part of the
Communication.

plication against time in a way that easily conveys to the
user a general understanding of the application behavior.
The PARAVER view consists of a time diagram with one line
for each represented object. The types of objects displayed
by PARAVER are closely related to the parallel programming
model concepts and to the execution resources. In the first
group, the objects considered are: workload, application,
task and thread. In the resources group, the objects consid-
ered are: system, node and CPU. PARAVER displayed infor-
mation consists of three elements: a time dependent value
for each represented object, flags that correspond to punc-

Proceedings of the 14th Euromicro International Conference on Parallel, Distributed, and Network-Based Processing (PDP’06) 
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ADVANTAGES	
  AND	
  DISADVANTAGES	
  

Paraver	
  has	
  capability	
  to	
  simultaneously	
  trace	
  performance	
  of	
  more	
  than	
  one	
  
applicaMon	
  and	
  provide	
   staMsMcs	
  about	
  various	
  parts	
  of	
   the	
  applicaMons	
  and	
  
system.	
  However,	
   it	
   is	
  not	
  able	
  to	
  map	
  performance	
  bo]lenecks	
  to	
  the	
  exact	
  
area	
  of	
  the	
  applicaMon’s	
  code.	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  (Dorta,	
  Leon	
  and	
  Rodriguez,	
  2006)	
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of the problem, not much work remains for the rest of the
processors.

To analyze the communication pattern the tool PARAVER

[2] is used. PARAVER is a performance visualization and
analysis tool that can be used to analyze MPI, OpenMP,
MPI+OpenMP. PARAVER provides useful information for
improving the decisions on whether and where to invert the
programming effort to optimize an application. PARAVER

offers a graphical view to represent the behavior of the ap-

Figure 7. Trace of the Communications be-
tween Processors.

Figure 8. Zoom of the Trace.

Figure 9. Zoom of the First Part of the Com-
munication.

Figure 10. Zoom of the Second Part of the
Communication.

plication against time in a way that easily conveys to the
user a general understanding of the application behavior.
The PARAVER view consists of a time diagram with one line
for each represented object. The types of objects displayed
by PARAVER are closely related to the parallel programming
model concepts and to the execution resources. In the first
group, the objects considered are: workload, application,
task and thread. In the resources group, the objects consid-
ered are: system, node and CPU. PARAVER displayed infor-
mation consists of three elements: a time dependent value
for each represented object, flags that correspond to punc-
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PERISCOPE	
  
Periscope	
   is	
  a	
  distributed	
  performance	
  analysis	
   tool	
   that	
  search	
  performance	
  
bo]lenecks	
  and	
  map	
  them	
  to	
  the	
  exact	
  area	
  of	
  the	
  applicaMon’s	
  code	
  running	
  
in	
  the	
  computaMonal	
  systems	
  (Benedict,	
  Petkov	
  and	
  Gerndt,	
  2010;	
  Petkov	
  and	
  
Gerndt,	
   2010)	
   and	
   is	
   currently	
   under-­‐development	
   at	
   Technische	
  Universitat	
  
Munchen	
  in	
  Integrated	
  Systems	
  and	
  ApplicaMon	
  Analyses.	
  	
  	
  
	
  	
  
	
  
It	
   does	
   not	
   have	
   features	
   to	
   present	
   data	
   in	
   a	
   graphical	
   way;	
   instead;	
   it	
  
provides	
   the	
   applicaMon	
   performance	
   staMsMcs	
   using	
   tables	
   with	
   rows	
   and	
  
columns.	
  In	
  summary,	
   it	
  can	
  be	
  able	
  to	
  display	
  number	
  of	
  processing	
  threads	
  
per	
   funcMon,	
   threads/loops	
   cycles	
   that	
   was	
   lost	
   and	
   reason	
   for	
   lost	
   of	
  
computaMonal	
  cycles	
  (Gerndt	
  and	
  O],	
  2009).	
  	
  
	
  
For	
   more	
   informaMon	
   about	
   periscope	
   visit:	
   h]p://www.lrr.in.tum.de/
~periscop.	
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METHOD	
  USED	
  TO	
  INSTRUMENT	
  AND	
  TRACE	
  APPLICATION	
  
	
  

	
  
Periscope	
   instruments	
   the	
  applicaMon	
  and	
   store	
  data	
   about	
   the	
   source	
   code	
  
(e.g.	
  main	
  rouMne,	
  subrouMnes,	
   loops,	
  data	
  structure,	
  etc)	
  of	
   the	
  applicaMon,	
  
which	
   can	
   later	
   be	
   used	
   to	
   transform	
   and	
   re-­‐compile	
   the	
   code	
   of	
   the	
  
applicaMon	
   (Petkov	
   and	
  Gerndt,	
   2010).	
   It	
   also	
   allows	
   the	
   simulaMon	
  users	
   to	
  
start,	
  stop	
  and	
  resume	
  the	
  analyses	
  of	
  the	
  applicaMon	
  at	
  any	
  Mme.	
  	
  
	
  
	
  
It	
   also	
   has	
   capability	
   to	
   detect	
   and	
  map	
   problem	
   to	
   the	
   specific	
   area	
   of	
   the	
  
code	
  using	
  its	
  capability	
  to	
  index	
  and	
  highlight	
  syntax	
  errors	
  within	
  the	
  code	
  of	
  
the	
  program	
  (Benedict,	
  Petkov	
  and	
  Gerndt,	
  2010).	
   	
  This	
  performance	
  analyses	
  
tool	
  is	
  designed	
  to	
  idenMfy	
  errors	
  within	
  the	
  code	
  of	
  the	
  program	
  and	
  analyse	
  
level	
  of	
  parallelism	
  applied	
  in	
  the	
  parallel	
  program.	
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ADVANTAGES	
  AND	
  DISADVANTAGES	
  

The	
   advantage	
   of	
   this	
   analyses	
   tool	
   is	
   to	
   be	
   able	
   to	
   map	
   performance	
  
bo]lenecks	
   (e.g.	
   imbalanced	
   communicaMon	
   between	
   the	
   message	
   passing	
  
acMviMes,	
   excessive	
  memory	
  and	
  processor	
  uMlisaMon)	
   to	
   certain	
   area	
  of	
   the	
  
program’s	
  code.	
  However,	
  it	
  does	
  not	
  have	
  a	
  graphical	
  interface	
  and	
  this	
  may	
  
be	
  a	
  challenge	
   to	
  other	
  users	
  who	
  prefer	
  graphs	
   to	
  visualize	
  performance	
  of	
  
the	
  parallel	
  program	
  in	
  the	
  supercomputers.	
  	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  (Petkov	
  and	
  Gerndt,	
  2010)	
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C. Analyzing the application
Periscope also uses a frontend process to start the parallel

application. It is responsible for building the analysis agent
hierarchy using an optimized mapping of application processes
and agents to processors [19]. Moreover, Periscope requires a
special registry service before running an experiment which
we manually launched on the remote machine.

The GUI provides a convenient way to launch of the perfor-
mance analysis using the Parallel Tools Platform. As shown in
Fig. 5, the developer has to create a special ETFw Profile

Launch to configure the start-up process. It resembles the
normal execution configuration provided by the IDE and as
such it is straightforward to use. After that, the experiment can
be remotely executed through a PTP Resource Manager.
Small, interactive experiments can be launched and monitored
with the help of the OpenMPI or the MPICH resource man-
agers without leaving Eclipse.

However, when it comes to large-scale runs, a batch sched-
uler should be used. Unfortunately, the parallel machine we
used is managed by a PBSPro system which is currently
not supported by the PTP environment. We had to manually
prepare a batch script containing the call to the frontend with
its appropriate arguments and submitted it to the scheduler.

D. Investigating the collected performance results
The first step after getting the results from a performance

analysis is to load the resulting properties file in the GUI.
All files of this type have a .psc extension by default. That
is why, we added a custom context menu to the IDE that
will be active only for those file endings. It provides the
developer with functionality to insert all detected properties
or only a subset of them to the internal database. During the
analysis of GENE, we decided to show bottlenecks with a
bigger impact on the code by using the menu shown in Fig. 6.
This operation loaded 14 different categories of performance
bottlenecks which were distributed in 4 code regions.

After displaying the collected properties in the table, we
applied the grouping functionality to arrange the elements
according to their source files, the respective code regions,
and bottleneck types. As the next step, we sorted the result-
ing arrangement according to the severity value in order to

Fig. 6. Loading the detected performance problems.

Fig. 7. A subset of the detected bottlenecks for GENE.

highlight the most severe problems. This approach revealed
an interesting subroutine for calculating the explicit time step
using a Runge-Kutta scheme. It had pipeline stall cycles with
a higher severity as compared to the other regions. Having
a value close to 50% means that almost half of the runtime
execution was spend due to that particular problem. As such,
this region would be the first optimization candidate because
of the fact that a substantial reduction in the stall cycles could
result in a noticeable performance improvement.

VII. FUTURE WORK

A. Management of multiple experiments
Every performance optimization process of software ap-

plications is connected with many experiments and subse-
quent code modifications. Still, not every change leads to
an increased efficiency and there exist no empirical rules
how to fix certain problems for every available hardware
architecture. That is why software tuning heavily depends on
the comparison of different measurement results. Currently,
this functionality is not supported by the GUI because it
can only display the data from a single experiment. Such a
feature can be based on the extensible data manager of the
plug-in to store the collected performance data from multiple
investigations. It can provide a management UI for adding
or deleting the results from multiple runs. Furthermore, it can
also map the collected performance data to a specific software
revision of the analyzed application in order to facilitate a
reasonable data comparison. The implemented table view can
be freely reused by changing the formating of properties
having different values in the compared experiments. For
example, a green background can indicate an improvement
while a red one can signify the opposite.

B. Enhancing the clustering functionality
As already discussed in Subsection V-D, the statistical clus-

tering support currently uses its SimpleKMeans algorithm
from the Weka workbench. It generates overall good clustering
but we would like to investigate and experiment with some
additional pre- and post-processing features of the library in
order to further improve the quality of the results. These
could be applied to the initial dataset in order to diminish
potential clustering problems and increase the quality of the



DIFFERENT	
  TYPES	
  OF	
  SUPERCOMPUTERS	
  

In	
  this	
  study,	
  we	
  classify	
  different	
  architectures	
  of	
  parallel	
  systems	
  as	
  follows:	
  
MISD,	
  MIMD	
  and	
  SIMD	
  systems:	
  
	
  
-­‐	
  MISD	
  (MulMple	
  InstrucMon	
  Single	
  Data)	
  -­‐	
  involve	
  mulMple	
  processors	
  applying	
  
different	
  instrucMons	
  to	
  a	
  single	
  data.	
  	
  
	
  	
  
-­‐	
  MIMD	
  (MulMple	
  InstrucMons	
  MulMple	
  Data)	
  -­‐	
  mulMple	
  processing	
  systems	
  
that	
  are	
  able	
  to	
  simultaneously	
  execute	
  various	
  instrucMons	
  of	
  different	
  data	
  
such	
  as	
  distributed-­‐memory	
  system	
  (clusters)	
  and	
  shared-­‐memory	
  system	
  
(symmetric	
  mulMprocessors).	
  
	
  	
  
-­‐	
  SIMD	
  (Single	
  InstrucMons	
  MulMple	
  Data)	
  -­‐	
  mulMple	
  processors	
  simultaneously	
  
execuMng	
  the	
  same	
  instrucMon	
  of	
  different	
  data	
  level	
  e.g.	
  vector.	
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THE	
  STRUCTURE	
  OF	
  CHPC	
  –	
  SUN	
  CLUSTER	
  

The	
  Centre	
  for	
  High	
  Performance	
  CompuMng,	
  South	
  Africa	
  is	
  currently	
  hosMng	
  
the	
  biggest	
  supercompuMng	
  system	
  (Sun	
  Cluster)	
   in	
   the	
  African	
  region	
  and	
   is	
  
performing	
  up	
  to	
  61.5	
  Teraflops/s	
  (Linpack	
  benchmark).	
  The	
  CHPC	
  -­‐	
  Sun	
  cluster	
  
consists	
  of	
  different	
  computaMonal	
  architectures,	
  namely,	
  Nehalem	
  (Intel	
  Xeon	
  
X5570	
  processors),	
  Westmere	
  (Intel	
  Xeon	
  X5670	
  processor),	
  Harpertown	
  (Intel	
  
Xeon	
  E5450	
  processors)	
   and	
  M9000	
   (SMP	
   -­‐	
   Sparc	
  processors).	
   The	
   system	
   is	
  
equipped	
   with	
   a	
   total	
   of	
   6976	
   processors	
   connected	
   to	
   the	
   Storage	
   Area	
  
Networks	
  (SAN)	
  of	
  480	
  Terabytes	
  running	
  Lustre	
  file	
  system.	
  	
  
	
  
	
  
	
  
	
  
	
  
For	
  more	
  informaMon	
  about	
  Sun	
  cluster	
  visit:	
  h]p://www.chpc.ac.za/sun.	
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OBJECTIVE	
  OF	
  THE	
  STUDY	
  

	
  
	
  
	
  
	
  
The	
  main	
  aim	
  of	
  the	
  study	
  is	
  to	
  design	
  a	
  visualizaMon	
  system	
  in	
  the	
  CHPC	
  -­‐	
  Sun	
  
cluster	
   that	
  will	
   help	
   supercompuMng	
  users	
   to	
  opMmize	
  parallel	
   programs	
   to	
  
achieve	
  be]er	
  performance	
  and	
  efficiency	
  within	
  the	
  system.	
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RESEARCH	
  QUESTIONS	
  
-­‐	
  Can	
  an	
  improved	
  visualizaMon	
  system	
  help	
  users	
  to	
  opMmize	
  and	
  improve	
  the	
  
performance	
  of	
  their	
  parallel	
  applicaMon?	
  	
  
	
  
-­‐	
  How	
  will	
  local	
  and	
  internaMonal	
  supercompuMng	
  community	
  benefit	
  on	
  the	
  
newly	
  improved	
  visualizaMon	
  system?	
  
	
  	
  
-­‐	
  Can	
  an	
  improved	
  visualizaMon	
  system	
  provide	
  useful	
  informaMon	
  that	
  lead	
  
the	
  user	
  to	
  an	
  exact	
  area	
  of	
  the	
  problem	
  within	
  the	
  parallel	
  code?	
  
	
  
-­‐	
  How	
  will	
  visualizaMon	
  system	
  safe	
  storage	
  capacity	
  when	
  simulate	
  parallel	
  
models	
  that	
  solve	
  large	
  problem?	
  
	
  	
  
-­‐	
  Can	
  a	
  newly	
  improved	
  visualizaMon	
  system	
  enable	
  users	
  to	
  quickly	
  filter	
  and	
  
search	
  informaMon	
  about	
  the	
  execuMon	
  behaviour	
  of	
  the	
  parallel	
  program?	
  	
  	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  

-Slide 23- 24 



IMPACT	
  OF	
  THE	
  STUDY	
  
-­‐  Benefit	
  of	
  visualizaMon	
  for	
  opMmizing	
  
VisualizaMon	
   system	
   will	
   enable	
   applicaMon	
   users	
   to	
   opMmize	
   parallel	
  
programs	
  within	
  a	
  short	
  period	
  of	
  Mme.	
  	
  
-­‐  More	
  effecMve	
  use	
  of	
  supercomputers	
  
The	
  supercompuMng	
  users	
  will	
  be	
  able	
  to	
  scale	
  parallel	
  applicaMons	
  and	
  uMlise	
  
parallel	
  systems	
  up	
  to	
  opMmum	
  level.	
  
-­‐	
  More	
  understanding	
  of	
  the	
  source	
  of	
  bo]lenecks	
  
The	
  visualizaMon	
  system	
  will	
  enable	
  both	
  applicaMon	
  users	
  and	
  developers	
  to	
  
obtain	
   useful	
   informaMon	
   that	
   lead	
   to	
   exact	
   area	
   of	
   the	
   problem	
  within	
   the	
  
parallel	
  code.	
  
-­‐	
  Value	
  of	
  understanding	
  the	
  performance	
  of	
  parallel	
  applicaMons	
  in	
  the	
  CHPC	
  
cluster	
  	
  
	
   Users	
   need	
   to	
   understand	
   the	
   performance	
   of	
   applicaMons	
   in	
   order	
   to	
   safe	
  
computaMonal	
  resources	
  and	
  at	
  the	
  same	
  Mme	
  increase	
  system	
  uMlisaMon.	
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RESEARCH	
  METHODOLOGY	
  

Methodological	
  approach	
  that	
  will	
  be	
  used	
  to	
  design	
  the	
  visualizaMon	
  system	
  
in	
  the	
  CHPC	
  Sun	
  cluster:	
  	
  
	
  
	
  
To	
   perform	
   computaMonal	
   experiment,	
   visualizaMon	
   system	
  will	
   be	
   install	
   in	
  
the	
  CHPC	
   -­‐	
  Sun	
  cluster.	
  Different	
  ways	
  of	
  visualizing	
   informaMon	
   (e.g.	
  display	
  
informaMon	
  in	
  a	
  circular	
  or	
  rectangular	
  way)	
  will	
  be	
  tested	
  and	
  applied	
  on	
  the	
  
selected	
  visualizaMon	
  system.	
  Moreover,	
  the	
  method	
  of	
  compressing	
  data	
  will	
  
be	
  used	
   to	
   reduce	
   the	
   trace	
  files	
   that	
  are	
  generated	
  during	
   the	
  execuMon	
  of	
  
the	
  model.	
   To	
   valid	
   the	
   system,	
   parallel	
   applicaMons	
  will	
   be	
   opMmized	
   using	
  
the	
   newly	
   improved	
   visualizaMon	
   tool	
   in	
   an	
   a]empt	
   to	
   increase	
   the	
  
performance	
  in	
  the	
  parallel	
  system.	
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EVALUATION	
  

The	
   visualizaMon	
   server	
  will	
   be	
   installed	
   in	
   the	
   Sun	
   cluster	
   (login	
   node)	
   that	
  
uMlise	
  Moab	
   scheduler/Torque	
   resource	
  manager	
   to	
   distribute	
   and	
   compute	
  
parallel	
  applicaMons	
  in	
  the	
  execuMon	
  nodes.	
  To	
  obtain	
  more	
  informaMon	
  about	
  
the	
   behaviour	
   of	
   the	
   visualizaMon	
   system,	
   one	
   will	
   run	
   parallel	
   jobs	
   using	
  
applicaMons	
   that	
   are	
   memory-­‐intensive	
   and	
   demand	
   more	
   processing	
  
capabiliMes	
  due	
  to	
  the	
  nature	
  of	
  their	
  problems.	
  	
  
	
  
The	
   analyses	
   results	
   of	
   the	
   applicaMons	
  will	
   also	
   be	
   used	
   to	
   understand	
   the	
  
way	
  visualizaMon	
  system	
  present	
  and	
  trace	
  execuMon	
  of	
  parallel	
  programs	
  that	
  
perform	
  many	
  calculaMons.	
  Various	
  efficient	
  ways	
  of	
  presenMng	
  visualized	
  data	
  
and	
   compressing	
   generated	
   trace	
   files	
   will	
   be	
   adopted	
   in	
   the	
   system.	
  
Furthermore,	
   parallel	
   applicaMons	
   will	
   be	
   instrumented	
   and	
   analysed	
   using	
  
libraries	
  of	
   the	
  newly	
   improved	
  visualizaMon	
  tool.	
  This	
  will	
   further	
  determine	
  
the	
  benefit	
  of	
  visualizaMon	
  system	
  to	
  the	
  users	
  of	
  the	
  supercomputers.	
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  VISUALIZATION	
  TOOL	
  AND	
  PARALLEL	
  PROGRAMS.	
  WHY	
  SELECTED?	
  

Scalasca	
  has	
  been	
  selected	
  as	
  the	
  performance	
  analyses	
  tool	
  that	
  will	
  be	
  used	
  
to	
  perform	
  computaMonal	
  experiment	
  in	
  the	
  Sun	
  cluster.	
  The	
  selecMon	
  process	
  
is	
  based	
  on	
  the	
  fact	
  that	
  the	
  tool	
  is	
  an	
  open-­‐source	
  and	
  has	
  some	
  interesMng	
  
problems	
  such	
  as	
  generaMng	
  excessive	
  trace	
  files,	
  not	
  able	
  to	
  adequately	
  filter	
  
and	
   present	
   visualizaMon	
   informaMon	
   of	
   parallel	
   models	
   that	
   simulate	
   large	
  
problem	
  sizes.	
  	
  
	
  
The	
  following	
  parallel	
  applicaMons,	
  namely,	
  DL_POLY	
  (Smith,	
  Yong	
  and	
  Rodger,	
  
2002;	
  Smith,	
  2006)	
  	
  and	
  NAMD	
  (Phillips	
  et	
  al.,	
  2005;	
  Huang	
  et	
  al.,	
  2008)	
  will	
  be	
  
used	
  to	
  opMmized	
  using	
  the	
  improved	
  visualizaMon	
  tool	
  (Scalasca)	
  and	
  achieve	
  
be]er	
  performance	
  in	
  in	
  the	
  selected	
  supercompuMng	
  system.	
  The	
  reason	
  for	
  
selecMng	
  this	
  applicaMons	
  lies	
  on	
  the	
  fact	
  that	
  both	
  programs	
  are	
  open-­‐source	
  
and	
  run	
  most	
  frequently	
  in	
  the	
  CHPC	
  Sun	
  cluster.	
  	
  
	
  

-Slide 27- 28 



PROCESS	
  TO	
  TEST,	
  ANALYSE,	
  VISUALIZE	
  AND	
  OPTIMIZE	
  APLICATIONS	
  	
  

	
  
	
  
	
  
The	
  parallel	
  applicaMons	
  will	
  be	
  simulated	
  and	
  visualized	
  using	
  the	
  libraries	
  of	
  
the	
  improved	
  visualizaMon	
  system	
  in	
  order	
  to	
  idenMfy	
  bo]lenecks	
  affecMng	
  the	
  
performance	
  and	
  efficiency	
  of	
  codes	
  in	
  the	
  Sun	
  cluster.	
  Some	
  certain	
  areas	
  of	
  
the	
   parallel	
   codes	
   will	
   be	
   opMmized	
   in	
   an	
   a]empt	
   to	
   improve	
   their	
  
performance	
   and	
   efficiency	
   in	
   the	
   selected	
   supercompuMng	
   system.	
   The	
  
process	
  of	
  opMmizaMon	
  will	
   involve	
  analysing	
   the	
  execuMon	
  behaviour	
  of	
   the	
  
parallel	
  applicaMons	
  using	
  the	
  selected	
  visualizaMon	
  tool.	
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EXPECTED	
  RESEARCH	
  OUTCOMES	
  

	
  
	
  
	
  
	
  
It	
   is	
   expected	
   that	
   the	
   study	
   will	
   produce	
   an	
   improved	
   visualizaMon	
   system	
  
that	
   will	
   help	
   supercompuMng	
   users	
   to	
   address	
   problems	
   affecMng	
   the	
  
performance	
  of	
  their	
  parallel	
  models.	
  It	
  is	
  also	
  anMcipated	
  that	
  new	
  knowledge	
  
and	
  skills	
  of	
  opMmizing	
  applicaMons	
  will	
  be	
  shared	
  across	
  the	
  HPC	
  community.	
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