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Open MPI Developer’s  W ork s h op
April 17-20 ,  20 0 6
C is c o  B u ild in g  14
S a n  J o s e ,  C A U S A

Open MPI Sponsors
• D o E

� ASC
� L AN L  CCS-1
� N N SA

• H L R S
• L illy  E n d o w m e n t
• M ic ro s o f t
• N S F

W ork sh op Sponsor
• C is c o  S y s t e m s

Inst ru c t ors
• B ria n  B a rre t t

� I n d i a n a  U n i v e r s i t y
• G e o rg e  B o s ilc a

� U n i v e r s i t y  o f  T e n n e s s e e
• R ic h  G ra h a m ,  G a le n  S h ipm a n ,  T im  
W o o d a ll
� L o s  Al a m o s  N a t i o n a l  L a b o r a t o r y

• J e f f  S q u y re s
� Ci s c o  Sy s t e m s

L og i st i c s
• B u ild in g  14  lo b b y ,  m e e t  a t  7: 4 5 a m

� M i s s e d  u s ?
� J e f f  L e s n i a k :  8 3 1-24 7 -16 6 0
� J e f f  Sq u y r e s :  5 0 2-6 4 8 -6 7 14

• B re a k s
� B r e a k f a s t s ,  l u n c h e s
� M o r n i n g  a n d  a f t e r n o o n  b r e a k s

L og i st i c s
• B a t h ro o m s  /  b re a k  a re a
• N e t w o rk  a c c e s s
• C e ll ph o n e s
• S lid e s
• C is c o -s po n s o re d  d in n e r T u e s d a y

� F a u l t  L i n e  B r e w e r y
� I n f o r m a t i o n  i n  y o u r  f o l d e r
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W eek  Ov erv i ew
• T h is  is  in t e ra c t iv e
• P le a s e  in t e rru pt  u s !

� Q u e s t i o n s ,  c o m m e n t s ,  e t c .

W eek  Ov erv i ew :  Mond a y
• B a c k g ro u n d  /  pro j e c t  in f o rm a t io n
• D e v e lo pe r t o o ls  /  pe rs pe c t iv e
• C o d e  b a s e
• O pe n  M P I  S t a t e  o f  t h e  U n io n
• C o m po n e n t  /  plu g in  s y s t e m
• P o rt a b ilit y  la y e r
• ( O pt io n a l)  N e x t  g e n e ra t io n  c o lle c t iv e s

W eek  Ov erv i ew :  T u esd a y
• R u n -t im e  e n v iro n m e n t
• M P I  im ple m e n t a t io n  f u n d a m e n t a ls

� G r o u p s ,  c o m m u n i c a t o r s ,  d a t a t y p e s ,  r e q u e s t s
• M P I -1 c o lle c t iv e s
• M P I -1 t o po lo g ie s
• M P I -2 d y n a m ic s
• M P I -2 P a ra lle l I / O
• C is c o -s po n s o re d  d in n e r

W eek  Ov erv i ew :  W ed nesd a y
• P o in t -t o -po in t  f ra m e w o rk s  /  
im ple m e n t a t io n s
� R D M A-b a s e d  n e t w o r k s
� Se n d / r e c e i v e -b a s e d  n e t w o r k s
� L o o p b a c k  d e v i c e

• M u lt i-t h re a d in g  is s u e s
• M e m o ry  m a n a g e m e n t
• M P I -2 o n e -s id e d

W eek  Ov erv i ew :  T h u rsd a y
• G il B lo c h ,  M e lla n o x

� L e s s o n s  l e a r n e d  – M P I  o n  I B
• P a t ric k  G e o f ra y ,  M y ric o m

� L e s s o n s  l e a r n e d  – M P I  o n  M y r i n e t
• S pill o v e r f ro m  a n y t h in g  e ls e

Proj ec t  B a c k g rou nd
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T h e N a m e
• T w o  w o rd s !

� O p e n  M P I
� NOT “O p e n M P I ”

• F re q u e n t ly  a b b re v ia t e d  “O M P I ”
� P r o n o u n c e d  “o o m -p e e ”

• I t ’s  a  b ra n d  – le t ’s  t ry  t o  g e t  it  rig h t  ☺

MPI F rom  Sc ra t c h !
• D e v e lo pe rs  o f  F T -M P I ,  L A-M P I ,  L AM / M P I

� K e p t  m e e t i n g  a t  c o n f e r e n c e s  i n  20 0 3
� Cu l m i n a t e d  a t  SC 20 0 3 :  L e t ’s  s t a r t  o v e r
� O p e n  M P I  w a s  b o r n

• S t a rt e d  s e rio u s  d e s ig n  a n d  c o d in g  w o rk  
J a n u a ry  20 0 4
� Al l  o f  M P I -2 ( i n i t i a l l y  s k i p p e d  o n e -s i d e d  o p s )
� D e m o n s t r a t e d  a t  SC 20 0 4
� R e l e a s e d  a t  SC 20 0 5

MPI F rom  Sc ra t c h :  W h y ?
• E a c h  prio r pro j e c t  h a d  d if f e re n t  s t ro n g  po in t s

� Co u l d  n o t  e a s i l y  c o m b i n e  i n t o  o n e  c o d e  b a s e
• N e w  c o n c e pt s  c o u ld  n o t  e a s ily  b e  
a c c o m m o d a t e d  in  o ld  c o d e  b a s e s

• E a s ie r t o  s t a rt  o v e r
� St a r t  w i t h  a  b l a n k  s h e e t  o f  p a p e r
� D e c a d e s  o f  c o m b i n e d  M P I  i m p l e m e n t a t i o n  
e x p e r i e n c e

MPI F rom  Sc ra t c h :  W h y ?
• M e rg e r o f  id e a s f ro m

� F T -M P I  ( U .  o f  T e n n e s s e e )
� L A-M P I  ( L o s  Al a m o s )
� L AM / M P I  ( I n d i a n a  U . )
� P ACX -M P I  ( H L R S,  U .  St u t t g a r t )

PACX-M PI
L AM / M PI

L A-M PI
F T -M PI

Open MPIOpen MPI

W h a t  A b ou t  t h e Pri or Proj ec t s ?
• All a re  in  “m a in t e n a n c e ” m o d e

� Ca n n o t  a b a n d o n  e x i s t i n g  u s e r  b a s e s
� N e w  r e l e a s e s  ( i f  a n y )  f o r  c r i t i c a l  b u g  f i x e s
� [ V a s t ]  M a j o r i t y  o f  t i m e  s p e n t  o n  O p e n  M P I

• All m a j o r f e a t u re s  b e in g  [ s lo w ly ]  ro lle d  in t o  
O pe n  M P I

Open MPI Mem b ers
• F o u n d e r s

� High Performance 
C omp u t ing C ent er,  
S t u t t gart

� I nd iana U niv ersit y
� L os A l amos N at ional  
L ab orat ory

� T he U niv ersit y  of 
T ennessee

• R e c e n t  a d d i t i o n s
� C isco S y st ems
� M el l anox  T echnol ogies
� S u n M icrosy st ems
� U niv ersit y  of Hou st on
� V ol t aire
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Mu l t i -Org a ni z a t i on 
C ol l a b ora t i on

• E a c h  o rg a n iz a t io n :
� Sh a r e s  s o m e  c o m m o n  g o a l s
� H a s  n o n -o v e r l a p p i n g  /  d i f f e r e n t  g o a l s

• …b u t  t h a t  is  o k !
� I n  f a c t ,  t h i s  i s  w h a t  m a k e s  u s  s t r o n g

• O pe n  M P I  re f le c t s  t h e  prio rit ie s  o f  t h e  
c u rre n t  m e m b e rs
� …a n d  t h e  m e m b e r s h i p  j u s t  g o t  l a r g e r

Proj ec t  G oa l s
• N e x t  g e n e ra t io n  M P I  im ple m e n t a t io n

� Al l  o f  M P I -2
� R e f l e c t  o v e r  a  d e c a d e  o f  M P I  e x p e r i e n c e

• P re v e n t  “f o rk in g ” pro b le m
� Co m m u n i t y  /  3 r d  p a r t y  i n v o l v e m e n t
� P r o d u c t i o n -q u a l i t y  r e s e a r c h  p l a t f o r m
� R a p i d  d e p l o y m e n t  f o r  n e w  p l a t f o r m s

Proj ec t  G oa l s
• O pe n  s o u rc e

� V e n d o r -f r i e n d l y  l i c e n s e  ( B SD )
� B r i n g  t o g e t h e r  “M P I -s m a r t ” d e v e l o p e r s

• P ro v id e  a n  M P I  t h a t  “j u s t  w o rk s ”
� M a k e  a  u s e r -f r i e n d l y  e x p e r i e n c e

• P o rt a b le  pe rf o rm a n c e
� Su p p o r t  a r b i t r a r y  c o m b i n a t i o n s  o f  b a c k -e n d  
n e t w o r k s ,  p l a t f o r m s ,  r u n -t i m e  e n v i r o n m e n t s

D esi g n G oa l s
• E x t e n d  /  e n h a n c e  pre v io u s  id e a s

� Co m p o n e n t  a r c h i t e c t u r e
� M e s s a g e  f r a g m e n t a t i o n  /  r e a s s e m b l y
� D e s i g n  f o r  h e t e r o g e n e o u s  e n v i r o n m e n t s

• M u l t ip l e net w ork s ( ru n-t ime sel ect ion and  st rip ing)
• N od e archit ect u re ( d at a t y p e rep resent at ion)

� Au t o m a t i c  e r r o r  d e t e c t i o n  /  r e t r a n s m i s s i o n
� P r o c e s s  f a u l t  t o l e r a n c e

D esi g n G oa l s
• D e s ig n  f o r a  c h a n g in g  e n v iro n m e n t

� H a r d w a r e  f a i l u r e
� R e s o u r c e  c h a n g e s
� Ap p l i c a t i o n  d e m a n d  ( d y n a m i c  p r o c e s s e s )

• P o rt a b le  e f f ic ie n c y  o n  a n y  pa ra lle l re s o u rc e
� Sm a l l  c l u s t e r
� “B i g  i r o n ” h a r d w a r e
� “G r i d ” ( e v e r y o n e  h a s  a  d i f f e r e n t  d e f i n i t i o n )
� …

Im pl em ent a t i on G oa l s
• All o f  M P I -2
• O pt im iz e d  pe rf o rm a n c e

� L o w  l a t e n c y
� H i g h  b a n d w i d t h

• P ro d u c t io n  q u a lit y
• T h re a d  s a f e t y  a n d  c o n c u rre n c y  
( M P I _ T H R E AD _ M U L T I P L E )
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Im pl em ent a t i on G oa l s
• B a s e d  o n  a  
c o m p o n e n t  
a r c h i t e c t u r e
� F l ex ib l e ru n-t ime 
t u ning

� “Pl u g-ins” for d ifferent  
cap ab il it ies ( e. g. ,  
d ifferent  net w ork s)

• N a t i v e l y  s u p p o r t  
c o m m o d i t y  n e t w o r k s
� T C P
� S hared  memory
� M y rinet  

• G M ,  M X
� I nfinib and

• m V A P I ,  O p e n I B
� Port al s

Opera t i ng  Sy st em s
• Cu r r e n t

� L inu x
� O S  X  ( B S D )

• N o t  f r e q u e n t l y  t e s t e d
� S ol aris
� A I X

• D e v e l o p m e n t
� M S  W ind ow

• M a y b e ?
� HP/ U X ,  I R I X

• M a j o r i t y  o f  O M P I  i s  
P O SI X  C
� N ot  d ifficu l t  t o p ort  t o 
new  O S ’s

• Se g r e g a t e  O S-
s p e c i f i c  f u n c t i o n a l i t y
� Pl u gins

R u n-T i m e E nv i ronm ent s
• D a e m o n  a n d  d a e m o n -
l e s s  m o d e s
� v s.  L A M / M PI

• Cu r r e n t  s u p p o r t
� rsh /  ssh
� B Proc ( cu rrent )
� PB S  /  T orq u e
� S L U R M
� B J S  ( L A N L  B Proc 
C l u st ermat ic)

� Y od ( R ed  S t orm)

• F u t u r e
� S G E
� L S F
� B Proc ( S cy l d )
� R M S  ( Q u ad rics)
� G rid  ( “mu l t i-cel l ”)

• Se g r e g a t e  R T E -
s p e c i f i c  f u n c t i o n a l i t y
� Pl u gins

L eg a l  St u f f
T h is  is  b o rin g  b u t  n e c e s s a ry  �

B e a r w it h  m e …

IA N A L
• I  a m  n o t  a  la w y e r
• T h is  is  n o t  le g a l a d v ic e
• T h is  is  s im ply  m y  n o n -le g a l-pro f e s s io n a l 
u n d e rs t a n d in g

• I  s t ro n g ly  e n c o u ra g e  y o u  t o  c h e c k  w it h  
y o u r o w n  le g a l c o u n s e l

Int el l ec t u a l  Propert y
• C o m m it  a c c e s s  re q u ire s  le g a l pa pe rw o rk
• W e  m u s t  h a v e  a n  I P -c le a n  c o d e  b a s e

� Co n t r i b u t i o n  a g r e e m e n t s  o n  w e b  s i t e
� M o d e l e d  a f t e r  Ap a c h e  c o n t r i b u t i o n  
a g r e e m e n t s

• N o  c o py rig h t  a s s ig n m e n t s
� J u s t  l i c e n s e  c o n t r i b u t e d  c o d e  t o  O M P I
� Al l o w  r e d i s t r i b u t i o n  u n d e r  B SD
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Ow nersh i p
• I n it ia l e n t ire  c o d e  b a s e

� J o i n t l y  d e v e l o p e d  a n d  o w n e d  b y  4  f o u n d e r s
� I U ,  U T K ,  L AN L ,  H L R S
� So  y o u ’l l  s e e  c o p y r i g h t s  f o r  a l l  4  i n  m o s t  f i l e s

• S in c e  t h e n ,  o w n e rs h ip is  d iv e rs e
� As s e r t e d  b y  c o p y r i g h t  n o t i c e s

C opy ri g h t s
• Not t h e  s a m e  t h in g  a s  lic e n s e s
• C o py rig h t  n o t ic e s  g o  in  e v e r y f ile
• R u le s  o f  t h u m b

� W h e n  i n  d o u b t ,  a s k
� I n c l u d e  m o r e  c o p y r i g h t s  ( v s .  l e s s )
� I f  y o u  e d i t  a  f i l e ,  u p d a t e  y o u r  o r g a n i z a t i o n ’s  
c o p y r i g h t  n o t i c e  i n  t h a t  f i l e

L i c ense
• O pe n  M P I  lic e n s e d  u n d e r t h e  B S D

� N o t  G P L
• All c o n t rib u t e d  c o d e  m u s t  b e  c o m pa t ib le  
w it h  B S D
� T h e r e f o r e ,  l i c e n s e s  d o  n o t  g o  i n  s o u r c e  f i l e s
� T o p -l e v e l  L I CE N SE  f i l e  o n l y
� O n e  l i c e n s e  f o r  a l l  o f  O p e n  M P I

Im port i ng  E x t erna l  Sou rc e
• M u s t  b e  lic e n s e d  pro pe rly

� Co m p a t i b l e  w i t h  B SD
� G P L  i s  n o t  c o m p a t i b l e  w i t h  B SD

• Alw a y s  in c lu d e  a ll re le v a n t  n o t ic e s
� Co p y r i g h t ( s )  a n d  l i c e n s e
� Av o i d  s o m e o n e  l a t e r  s a y i n g  “y o u  u s e d  m y  
c o d e ;  y o u  o w e  m e  m o n e y ”

• E x a m ple s
� p t m a l l o c 2,  l i b e v e n t ,  R O M I O

Pa t c h es
• “S m a ll” pa t c h e s  d o  n o t  re q u ire  s ig n e d  
c o n t rib u t io n  a g re e m e n t s
� D e f i n i t i o n  o f  “s m a l l ” i s  r e l a t i v e  a n d  l e f t  u p  t o  
c o m m o n  s e n s e

� T y p o s ,  s m a l l  p a t c h e s
� F i x e s  t o  c u r r e n t  f u n c t i o n a l i t y  ( n o t  n e w  
f u n c t i o n a l i t y )

• “L a rg e ” pa t c h e s  d o
� N e w  f u n c t i o n a l i t y  ( e . g . ,  n e w  c o m p o n e n t s )

L eg a l  /  IP Q u est i ons
• W h e n  in  d o u b t ,  a s k
• W h e n  in  d o u b t ,  a s k
• W h e n  in  d o u b t ,  a s k
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Open Sou rc e

Open Sou rc e Proj ec t
• T h e  O pe n  M P I  c o d e  b a s e  is  o pe n  s o u rc e

� An y o n e  can f o r k ,  b u t  w e  d i s c o u r a g e  t h a t
� T h e r e  a r e  t o o  m a n y  M P I ’s  a l r e a d y

• D o e s  n o t  e x c lu d e  c lo s e d  s o u rc e
� Ca n  d i s t r i b u t e  c l o s e d -s o u r c e  p l u g i n s
� D o  n o t  n e e d  t o  d i s t r i b u t e  O p e n  M P I  i t s e l f

C om m u ni t y
• S t ro n g  re la t io n s h ip w it h  o pe n  s o u rc e  
c o m m u n it y
� O p e n  r e p o s i t o r y
� O p e n  m a i l i n g  l i s t s
� R e s p o n s i v e  t o  q u e s t i o n s ,  p r o b l e m s

• W o rk  w it h  a n d  f o r t h e  H P C  c o m m u n it y

T op-L ev el  A rc h i t ec t u re

T h ree Ma i n C od e Sec t i ons
• O pe n  M P I  la y e r ( O M P I )

� T o p -l e v e l  M P I  AP I  a n d  s u p p o r t i n g  l o g i c
• O pe n  R u n -T im e  E n v iro n m e n t  ( O R T E )

� I n t e r f a c e  t o  b a c k -e n d  r u n -t i m e  s y s t e m
• O pe n  P o rt a b ilit y  Ac c e s s  L a y e r ( O P AL )

� U t i l i t y  c o d e  ( l i s t s ,  r e f e r e n c e  c o u n t i n g ,  e t c . )
• D e pe n d e n c ie s  - n o t  la y e rs

� O M P I  � O R T E  � O P AL
� St r i c t  a b s t r a c t i o n  b a r r i e r s !

T h ree Ma i n C od e Sec t i ons

O p erat ing sy st em

O M PI

O R T E

O PA L



8

OPA L
• L o w e s t  la y e r in  O pe n  M P I
• M u c h  O S / s y s t e m -s y s t e m  s pe c if ic  s t u f f

� As s e m b l y  c o d e
� P r o c e s s o r  /  m e m o r y  a f f i n i t y
� H i g h -r e s o l u t i o n  t i m e r s

• “G lu e ” c o d e
� O B J  m a c r o s
� U t i l i t y  c l a s s e s

OR T E
• R u n -t im e  e n v iro n m e n t  s u ppo rt

� H o o k  i n  t o  b a c k -e n d  r e s o u r c e  m a n a g e r s ,  e t c .
� P r o c e s s  d i s c o v e r y ,  a l l o c a t i o n ,  l a u n c h
� I / O  f o r w a r d i n g
� G e n e r a l l y  o n l y  p r o v i d e  f u n c t i o n a l i t y  i f  b a c k -e n d  
s y s t e m  d o e s  n o t

• G e n e ra l pu rpo s e  re g is t ry
• M e s s a g in g  ( n o t  h ig h -pe rf o rm a n c e )

OMPI
• All M P I  s e m a n t ic s

� G r o u p s ,  c o m m u n i c a t o r s ,  d a t a t y p e s ,  e t c .
• H e a v ily  o pt im iz e d

� W i l l  b e  s p e n d i n g  m u c h  o f  t h e  w o r k s h o p  
d i s c u s s i n g  t h i s  l a y e r


