
CME	  194	  Introduc0on	  to	  MPI	  

Disce	  Fundamenta	  —	  The	  Basics	  
h=p://cme194.stanford.edu	  



CME	  194	  Introduc0on	  to	  MPI	  

Disce	  Fundamenta	  —	  The	  Basics	  
This	  course	  is	  about	  wri0ng	  programs	  for	  computer	  clusters	  

This	  course	  answers	  two	  ques0ons	  
•  Why	  do	  we	  want	  to	  write	  parallel	  programs?	  
•  How	  do	  we	  write	  parallel	  programs?	  



Why	  do	  we	  need	  parallel	  computers?	  

Mo0va0ng	  Example:	  N-‐body	  Problem	  

Goal:	  Predict	  the	  mo0on	  of	  a	  group	  of	  N-‐bodies	  interac0ng	  gravita0onally.	  	  

Given:	   -‐	  A	  group	  of	  N	  points	  in	  space	  
-‐	  The	  laws	  of	  physics	  

	  	  At	  the	  heart	  of	  all	  direct	  algorithms	  is	  compu0ng	  O(n2) par0cle-‐par0cle	  forces	  



•  Physicists	  wish	  to	  simulate	  the	  known	  universe	  
•  Take	  into	  account	  dark	  ma=er	  
•  Wish	  to	  cover	  areas	  at	  scale	  of:	  1.5	  Gpc	  	  

(1pc	  =	  3.26	  light	  years)	  of	  space	  
•  Each	  galaxy	  has	  mass	  more	  than	  
•  Requirements	  of	  accuracy	  as	  small	  scale	  implies	  	  

at	  least	  1	  trillion	  par2cle	  simula2on	  

N-‐body	  problem	  

⇡ 1011⇥



•  Imagine	  we	  only	  needed:	  
–  10,000	  floa0ng	  point	  opera0on	  per	  point	  per	  0me	  step	  

	   	   	  about	  115	  years	  per	  0me	  step	  on	  1Ghz	  CPU	  	   	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  under	  3	  hours	  with	  a	  1Thz	  CPU	  

	  

Why	  do	  we	  need	  parallel	  computers?	  

Mo0va0ng	  Example:	  N-‐body	  Problem	  

)

Why	  not	  build	  a	  CPU	  with	  a	  clock	  speed	  of	  
	  

1	  trillion	  opera0ons	  /	  second?	  	  

)
Note:	  Direct	  methods	  require	  	  	  	  	  	  	  	  	  	  	  	  	  or	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  opera0ons	  per	  point.	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  O(n) O(1012)

Real	  codes	  are	  indirect,	  so	  our	  assump0on	  may	  not	  be	  too	  far	  off	  



A	  1Thz	  CPU	  Thought	  Experiment	  

double x[ ONE_TRILLION ];

double y[ ONE_TRILLION ];

double z[ ONE_TRILLION ];

for ( size_t i = 0; i < ONE_TRILLION; ++i){

z[i] = x[i] + y[i];

}

Execute	  this	  code:	  

In	  one	  second.	  

On	  this	  CPU:	  

1Thz	  	  



CPU"

Memory"double x[ ONE_TRILLION ];

double y[ ONE_TRILLION ];

double z[ ONE_TRILLION ];

for ( size_t i = 0; i < ONE_TRILLION; ++i){

z[i] = x[i] + y[i];

}

Execute	  this	  code:	  



CPU"

Memory"

3,000,000,000,000"
each second!

double x[ ONE_TRILLION ];

double y[ ONE_TRILLION ];

double z[ ONE_TRILLION ];

for ( size_t i = 0; i < ONE_TRILLION; ++i){

z[i] = x[i] + y[i];

}

Execute	  this	  code:	  



Memory"

3,000,000,000,000 words	  



Memory"

side length s!

CPU"

3,000,000,000,000 words	  



Memory"

side length s!

CPU"

3,000,000,000,000 words	  

3 · 108 meters/second

Words travel at"



Memory"

side length s!

CPU"

r	  

3,000,000,000,000 words	  

3 · 108 meters/second

Words travel at"

(3 · 1012) · r meters

= 3 · 108 meters/sec ⇥ 1 sec



Memory"

side length s!

CPU"

r	  

3,000,000,000,000 words	  

3 · 108 meters/second

Words travel at"

(3 · 1012) · r meters

= 3 · 108 meters/sec ⇥ 1 sec

=) r ⇡ 10�4 meters



Memory"

side length s!

CPU"

r	  

3,000,000,000,000 words	  

3 · 108 meters/second

Words travel at"

(3 · 1012) · r meters

= 3 · 108 meters/sec ⇥ 1 sec

=) r ⇡ 10�4 meters

s =
r

2
=) s = 2⇥ 10�4 meters



Memory"

side length s!

CPU"

r	  

3,000,000,000,000 words	  

3 · 108 meters/second

Words travel at"

(3 · 1012) · r meters

= 3 · 108 meters/sec ⇥ 1 sec

=) r ⇡ 10�4 meters

s =
r

2
=) s = 2⇥ 10�4 meters



Memory"

CPU"

2,000,000 words per row	  



Memory"

CPU"

2⇥ 10�4 metersp
3⇥ 106

⇡ 10�10meters

2,000,000 words per row	  

⇡ 10�10 meters



Why	  do	  we	  need	  parallel	  computers?	  

Solu2on:	  

Problem:	  
How	  do	  we	  get	  the	  necessary	  computa0onal	  power?	  

1.	  Be	  clever!	  	  	  	  	  	  	  	  	  	  	  Use	  Algorithms	  with	  lower	  complexity	  )
2.	  Put	  many	  computers	  together	  	  	  	  	  	  	  	  	  	  	  Solve	  problems	  faster	  )



Actual	  106	  –body	  simula0on	  



How	  do	  we	  use	  parallel	  computers?	  

Preliminary	  Ques2on:	  What	  exactly	  is	  a	  parallel	  computer?	  

Answer:	  Many	  different	  [parallel]	  compu0ng	  architectures.	  



Different	  Parallel	  Architectures	  

Published	  September	  1972	  
Dr.	  Michael	  Flynn	  
Stanford	  University	  	  



Different	  Parallel	  Architectures	  

There	  is	  an	  alphabet	  soup	  of	  different	  computer	  architectures:	  
•  SISD	  (Single	  instruc0on	  stream,	  single	  data	  stream)	  
•  SIMD	  (Single	  instruc0on	  stream,	  mul0ple	  data	  streams)	  
•  MISD	  (Mul0ple	  instruc0on	  streams,	  single	  data	  streams)	  
•  MIMD	  (Mul0ple	  instruc0on	  streams,	  mul0ple	  data	  streams)	  

And	  each	  of	  them	  allow	  for	  some	  type	  of	  parallel	  compu0ng	  



Different	  Parallel	  Architectures	  

This	  course:	  MIMD	  Architecture	  

•  A	  collec0on	  of	  machines	  each	  with	  their	  own	  memory	  	  
•  Machines	  work	  autonomously	  
•  Machines	  communicate	  by	  sending	  messages	  over	  a	  network	  
•  We	  will	  assume	  this	  network	  is	  fully	  connected	  

Use	  MPI	  to	  orchestrate	  the	  communica0on	  between	  machines	  	  



	  
What	  is	  MPI? 	  	  

	  
•  Stands	  for	  Message	  Passing	  Interface	  
•  A	  standard	  for	  communica0on	  via	  message	  passing	  
•  There	  are	  common	  implementa0ons	  of	  this	  standard:	  
-  OpenMPI	  	  
- MPICH	  

Ok,	  but	  how	  do	  MPI	  programs	  work?	  



• MPI	  Processes	  ini2alize	  and	  finalize	  in	  the	  
same	  way	  
•  Join	  a	  global	  communicator	  	  
•  Each	  communicator	  assigns	  a	  unique	  process	  
rank	  
•  Communicators	  have	  a	  size	  =	  #	  of	  processes	  

	  
What	  is	  MPI?	  	  

	  

How	  many	  MPI	  func0ons	  are	  there?	  



	  
What	  is	  MPI?	  	  

	  
•	  6	  +	  1	  
	  
•	  128+	  
	  
–	  52	  Point-‐to-‐Point	  Communica0on	  
	  
–	  16	  Collec0ve	  Communica0on	  
	  
–	  30	  Groups,	  Contexts,	  and	  Communicators	  
	  
–	  16	  Process	  Topologies	  
	  
–	  13	  Environmental	  Inquiry	  
	  
–	  1	  Profiling	  

•  MPI_Init(…)	  
	  	  	  	  	  	  -‐	  Start	  MPI	  
•  	  MPI_Comm_size(…)	  
	  	  	  	  	  	  –	  Number	  of	  MPI	  processes	  

•  	  MPI_Comm_rank(…)	  
	  	  	  	  	  	  –	  Internal	  process	  number	  
	  
•  	  MPI_Get_processor_name(…)	  
	  	  	  	  	  	  –	  External	  processor	  name	  
•  MPI_Finalize(…)	  
	  	  	  	  	  	  	  –	  Stop	  MPI	  
	  

Lets	  look	  at	  some	  code	  





Compiling	  and	  Running	  

•  Compiling	  &	  Linking:	  
$ mpicc	  hello_world.cc	  –o	  hello_world	  
$ mpic++	  hello_world.cpp	  –o	  hello_world	  

•  Running:	  
$ mpirun	  [	  -‐np	  X	  ]	  [	  -‐-‐hosrile	  <filename>	  ]	  	  <program>	  
	  

	  





Common	  Faux	  Pas	  
• MPI	  is	  the	  standard	  	  
– The	  library	  is	  the	  implementa0on	  

•  There	  is	  no	  MPI	  Compiler.	  

	  
What	  is	  MPI? 	  	  

	  

Source	  of	  confusion	  
•  All	  the	  libraries	  look	  the	  same	  
•  Compile	  “script”	  mpicc	  and	  mpic++	  
$ mpic++	  -‐-‐showme:compile	  	  
$ mpic++	  –showme:link	  



•  We	  may	  now	  achieve	  ideal	  parallelism!	  
•  Solve	  problems	  with	  no	  communica0on	  	  

	  
Circuit	  Sa2sfiability	  

Be=er	  example	  



	  
Circuit	  Sa0sfiability	  

	  

a	   b	   c	   d	   e	   f	   g	   h	   i	   j	   k	   l	   m	   n	   o	   p	  



•  Goal:	  Use	  MPI	  to	  find	  a	  sa0sfying	  solu0on	  to	  
the	  circuit	  diagram	  shown	  before	  in	  parallel	  

	  
Circuit	  Sa0sfiability	  

	  

a	   b	   c	   d	   e	   f	   g	   h	   i	   j	   k	   l	   m	   n	   o	   p	  



The	  Cluster	  

•  Clusters	  are	  almost	  always	  shared	  resources	  
•  Uses	  queues	  to	  manage	  them	  
•  Important	  commands:	  
$  msub	  <submit.script>	  	  
$  showq	  
$  canceljob	  <job	  id>	  



Machines	  

Use	  SSH	  
	  
ICME	  MPI	  Cluster:	  icme-‐mpi1.stanford.edu	  
ICME	  Shared	  Memory	  Machine:	  icme-‐sharedmem.stanford.edu	  
Stanford	  general	  computers:	  corn.stanford.edu	  (Barley	  Cluster)	  
	  
Accounts	  exist	  on	  the	  ICME	  systems.	  


