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Data-ty p e s  an d  c o n v e r s i o n
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M P I   Data-ty p e s
• H ow  a re t h ey  c rea t ed  ?
• W h ere a re t h ey  u s ed :

� Point-to-p oint c om m u nic a tions
� O ne  s id e d  c om m u nic a tions
� M PI  I / O

• T h ey  h a v e d i f f eren t  req u i rem en t s  !
• H ow  a re t h ey  u s ed  t o c on v ert  t h e d a t a  ?

� E f f ic ie ntl y  r e p r e s e nt a nd  tr a ns f e r  d a ta
� M inim iz e  m e m or y  u s a g e

Some of M P I ’s  
P r e-D efi n ed  D a t a t y p es

DOUBLE PRECISION*8l o n g  d o u b l eM PI_ LONG _ DOUBLE
DOUBLE PRECISIONd o u b l eM PI_ DOUBLE
REA Lf l o a tM PI_ F LOA T

u n s i g n e d  l o n g  i n tM PI_ UNSIG NED_ LONG
u n s i g n e d  i n tM PI_ UNSIG NED
u n s i g n e d  s h o r tM PI_ UNSIG NED_ SH ORT
u n s i g n e d  c h a rM PI_ UNSIG NED_ CH A R
s i g n e d  l o n g  i n tM PI_ LONG

INT EG ERs i g n e d  i n tM PI_ INT
INT EG ER*2s i g n e d  s h o r t  i n tM PI_ SH ORT
CH A RA CT ERs i g n e d  c h a rM PI_ CH A R

F o r t r a n  d a t a t y p eC d a t a t y p eM PI_ Da t a t y p e

U s e r -De f i n e d  Dataty p e s
• A p p l i c a t i on s  c a n  d ef i n e u n i q u e d a t a t y p es

� C om p os ition of  oth e r  d a ta ty p e s
� M PI  f u nc tions  p r ov id e d  f or  c om m on p a tte r ns

• C o n t i g u o u s
• V e c t o r
• I n d e x e d
• …

� A l w a y s  red u c es  t o a  t y p e m a p  of  p re-
d ef i n ed  d a t a t y p es

C o n ti g u o u s  B l o c k s
• R ep l i c a t i on  of  a  d a t a t y p e i n t o a  c on t i gu ou s  

b u f f er
M P I _ T y p e _ c o n t i g u o u s(3,  o l d t y p e ,  n e w t y p e )
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V e c to r s
• R ep l i c a t i on  of  a  d a t a t y p e i n t o l oc a t i on s  t h a t  

c on s i s t  of  eq u a l l y  s p a c ed  b l oc k s
M P I _ T y p e _ v e c t o r ( 7 ,  2,  3,  o l d t y p e ,  n e w t y p e  )

sb

I n d e x e d  B l o c k s
• R e p l ic a tion of  a n ol d  d a ta ty p e  into a  s e q u e nc e  of  
b l oc k s
� E a c h  bl o c k  c a n  c o n t a i n  a  d i f f e r e n t  n u m be r  o f  c o p i e s 
a n d  h a v e  a  d i f f e r e n t  d i sp l a c e m e n t

B[0] B[1] B[2 ] B[3 ] B[4] B[5]

D [0]
D [1]

D [2 ]
D [3 ]

D [4]

A r b i tr ar y  S tr u c tu r e s
• T h e m os t  gen era l  d a t a t y p e c on s t ru c t or
• A l l ow s  ea c h  b l oc k  t o c on s i s t  of  rep l i c a t i on  

of  d i f f eren t  d a t a t y p es

i n t i n t i n t f l o a t f l o a t

l e n g t h [ 0] l e n g t h [ 1]

d i sp l s[ 0] d i sp l s[ 1]

struct {
i n t i [ 3 ] ;
f l o a t f [ 2 ] ;
}  a rra y [ 1 0 0 ] ;

Data R e p r e s e n tati o n
• D i f f eren t  a c ros s  d i f f eren t  m a c h i n es

� L e ng th :  3 2  v s .  6 4  b its  (v s .  …? )
� E nd ia n:  b ig  v s .  l ittl e
� A r c h ite c tu r e  d e s c r ip tion

• P rob l em s
� N o s ta nd a r d  a b ou t th e  d a ta  l e ng th  in th e  

p r og r a m m ing  l a ng u a g e s  (C / C + + )
� N o s ta nd a r d  f l oa ting  p oint d a ta  r e p r e s e nta tion

• I E E E  S t a n d a r d  7 54 F l o a t i n g  P o i n t  N u m be r s
� S ub n o rm a l s,  i n f i n i ti e s,  N A N s …

• S a m e  r e p r e se n t a t i o n  bu t  d i f f e r e n t  l e n g t h s f o r  l o n g  
d o u bl e s

Dataty p e  C o n v e r s i o n
• “D a t a  s en t  =  d a t a  rec ei v ed ”
• 2  t y p es  of  c on v ers i on s :

� R e p r e s e nta tion c onv e r s ion:  c h a ng e  th e  b ina r y  
r e p r e s e nta tion (e . g . ,  h e x  f l oa ting  p oint to I E E E  
f l oa ting  p oint)

� T y p e  c onv e r s ion:  c onv e r t f r om  d if f e r e nt ty p e s  
(e . g . ,  int to f l oa t)

� O n l y  rep res en t a t i on  c on v ers i on  i s  a l l ow ed

Dataty p e  C o n v e r s i o n
i f  (m y _ r a n k  = =  r o o t )
M P I _ S e n d (m sg ,  1,  M P I _ I N T ,  …)

e l se
M P I _ R e c v (m sg ,  1,  M P I _ I N T ,  …)

if  (m y _ r a nk  = =  r oot)
M PI _ S e nd (m s g ,  1 ,  M PI _ I N T ,  …)

e l s e
M PI _ R e c v (m s g ,  1 ,  M PI _ F L O A T ,  …)

✔

✖
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W h at A b o u t P e r f o r m an c e ?
• B a d  ( ol d )  w a y

� U s e r  m a nu a l l y  c op ie s  d a ta  to a  p r e -a l l oc a te d  
b u f f e r ,  or

� U s e r  c a l l s  M PI _ PA C K  a nd  M PI _ U N PA C K
• Good  ( n ew )  w a y

� T r u s t th e  [ m od e r n]  M PI  l ib r a r y
� U s e s  h ig h  p e r f or m a nc e  M PI  “d a ta ty p e s ”

W h at A b o u t P e r f o r m an c e ?
• P a c k  /  u n p a c k  a p p roa c h

• 3  d i s t i n c t  s t ep s :  p a c k ,  n et w ork  x f er,  u n p a c k
• N o c om p u t a t i on  /  c om m u n i c a t i on  ov erl a p
• H ow  t o i n c rea s e t h e p erf orm a n c e?

S e n d e r R e c e i v e r

T i m eP a c k N e t w o r k  t r a n s f e r U n p a c k

I m p r o v i n g  P e r f o r m an c e
• P i p el i n e

� C r e a te  c om p u ta tion /  c om m u nic a tion ov e r l a p
� S p l it th e  c om p u ta tions  in s m a l l  s l ic e s

T i m eP a c k N e t w o r k  t r a n s f e r U n p a c k

T i m e

T i m e

I m p ro v e m e n t

I m p r o v i n g  P e r f o r m an c e
• O t h er q u es t i on s :

� H ow  to a d a p t to th e  ne tw or k  l a y e r ?
� H ow  to s u p p or t R D M A  op e r a tions ?
� H ow  to h a nd l e  h e te r og e ne ou s  
c om m u nic a tions ?

� H ow  to s p l it th e  d a ta  p a c k  /  u np a c k ?
• W h o h a n d l es  a l l  t h i s ?

� M PI  im p l e m e nta tion c a n s ol v e  th e s e  p r ob l e m s
� U s e r -l e v e l  a p p l ic a tions  c a nnot

B e n e f i ts
• W or s t c a s e :  th e  m os t s c a tte r e d  d a ta  
r e p r e s e nta tion in m e m or y  (ie .  one  b y te  p e r  l ine  of  
c a c h e ) l e a d s  to 8 0 -8 5 %  of  th e  op tim a l  b a nd w id th  
s ta r ting  f r om  m e s s a g e  of  s iz e  2 5 6  b y te s .

• U s u a l y ,  f or  H PL  l ik e  d a ta -ty p e s ,  O p e n M PI  r u n a t 
b e tw e e n 9 0  a nd  1 0 0 %  of  th e  m a x im a l  b a nd w id th  
(d e p e nd ing  on th e  s iz e  of  th e  m e s s a g e )

• U p  to 3  tim e s  f a s te r  th a n oth e r  M PI  
im p l e m e nta tions ,  d e p e nd ing  on th e  m e m or y  
l a y ou t.

I n te r n al  R e p r e s e n tati o n
• A l l  i n f orm a t i on  rel a t ed  t o t h e M P I  

d es c ri p t i on :  a l i gn m en t ,  l ow er b ou n d ,  u p p er 
b ou n d ,  t ru e l ow er b ou n d ,  t ru e u p p er 
b ou n d ,  f l a gs

• M P I  a rgs :  u s ed  f or get _ c on t en t  op era t i on
• W e c rea t e t h e d a t a -t y p e b y  a d d i n g n ew  

i n f orm a t i on  on  a n  a l rea d y  d ef i n ed  d a t a -
t y p e ( d i f f eren t  t h a n  M P I ) .
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M P I  C o m b i n e r
• D es c ri b e h ow  t h e d a t a -t y p e w a s  c rea t ed
• S t ore a l l  t h e a rgu m en t s  of  t h e M P I  

f u n c t i on ,  s o t h e d a t a  c a n  b e rec rea t ed .
• W e s t ore i t  i n  a  c on t i gu ou s a rra y .

O n e  s i d e d  c o m m u n i c ati o n
• W e  ne e d  to m ov e  th e  d a ta  r e p r e s e nta tion on th e  
r e m ote  nod e

• W e  p a r s e  th e  c om b ine r  s tr u c t to c r e a te  a  
c ontig u ou s  a r r a y  w ith  a l l  th e  inf or m a tion d ow n to 
th e  p r e d e f ine d  d a ta -ty p e s .

• T h is  p a c k e d  a r r a y  is  s e nd  on th e  r e m ote  s id e ,  
w h e r e  it w il l  b e  p a r s e d  to r e c r e a te  th e  d a ta  
d e s c r ip tion.

• F or  h om og e ne ou s  a r c h ite c tu r e s  w e  c a n p a s s  
d ir e c tl y  th e  op tim iz e d  d a ta  d e s c r ip tion.

L o o p s  an d  d ata-ty p e s
• P red ef i n ed  d a t a  f i el d

• L oop  s t a rt

• L oop  en d

c o m m o n c o u n t d i sp l e x t e n t

c o m m o n l o o p s e x t e n t i t e m s

c o m m o n i t e m s f i r st  d i sp l si z e

E x am p l e
• C on t i gu ou s  1 0 M P I _ I N T

L O O P , C 10 4 2
M P I _ I N T , C 1 0 4

E N D_ L O O P 2 0 4

M P I _ I N T , C 10 0 4

Data o p ti m i z ati o n s
• M P I _ C om m i t  …

� O p tim iz e  th e  r e p r e s e nta tion in or d e r  to 
d e c r e a s e  th e  nu m b e r  of  ind e p e nd e nt d a ta  a nd  
to inc r e a s e  th e  s iz e  of  e a c h  of  th e m .

� U nr ol l  l oop s
� R e w r ite  l oop s  w ith  th e ir  p r ol og  a nd
e p il og

� L os e  th e  ty p e  inf or m a tion if  w e  a r e
in a n h om og e ne ou s  e nv ir onm e nt.

M P I
D D T

Data o p ti m i z ati o n s
• T y p e c ol l a p s e:

� 2  s im il a r  ty p e s  w ith  id e ntic a l  
p r op e r tie s  w il l  b e  m ix e d

I N T , C 1 0 4
I N T , C 1 4 4

0 4
I N T , C 2 0 4
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Data o p ti m i z ati o n s
• L oop  u n rol l i n g /  reord eri n g

L O O P , C 10 12 3
M P I _ I N T , C 1 4 8

E N D_ L O O P 3 4 8

M P I _ I N T , C 1 0 4

M P I _ I N T , C 1 12 4

M P I _ I N T , C 2 0 4
L O O P , C 9 12 2
M P I _ I N T , C 2 12 4

E N D_ L O O P 2 4 8
M P I _ I N T , C 1 120 4

Data o p ti m i z ati o n s
• H ow  d o w e m ov e i n s i d e t h i s  s t ru c t u re ?
• H ow  d o w e k n ow  h ow  m a n y  i t em s  a re 

i n s i d e ?
M P I _ I N T , C 2 0 4
L O O P , C 9 12 2
M P I _ I N T , C 2 12 4

E N D_ L O O P 2 4 8
M P I _ I N T , C 1 120 4

E N D_ L O O P 5 0 84

C o n v e r s i o n
• T h e d a t a  rep res en t a t i on  i s  n ot  en ou gh  i n  

ord er t o p erf orm rep res en t a t i on  c on v ers i on
� E nd ia nne s s
� S h r ink / E x p a nd  th e  nu m b e r  of  b its  in th e  
e x p one nt a nd  m a ntis s a

� C h a ng e  th e  s iz e  of  th e  d a ta
• T h e c on v ers i on  i s  d on e b y  a  c on v ert or
• N o X D R
• R ec ei v er m a k e ri gh t  ( ea s y  t o s en d )

C o n v e r to r
• C rea t ed  b a s ed  on  2  a rc h i t ec t u res :  l oc a l  

a n d  rem ot e.
• O n c e t h e d a t a -t y p e i s  a t t a c h ed  i s  c a n  

c om p u t e t h e l oc a l  a n d  rem ot e s i z e
• C a n  c on v ert  t h e d a t a  s egm en t  b y  s egm en t :  

i ov ec  c on v ers i on
� F or  p e r f or m a nc e  r e a s ons  th e r e  is  no r oom  f or  
r e c u r s iv ity

C o n v e r to r
• T h e s t a c k :

i n d e x c o u n t e n d _ l o o p d i sp l

MPI _ I N T , C 2 0 4
LO O P, C 9 12 2
MPI _ I N T , C 2 12 4

E N D _ LO O P 2 4 8
MPI _ I N T , C 1 120 4

1 9 4 0

-1 1 5 0

C o n v e r to r :  H o w  to  
• C rea t i n g a  c on v ert or i s  a  c os t l y  op era t i on

� S h ou l d  b e  a v oid e d  in th e  c r itic a l  p a th
� M a s te r  c onv e r tor
� T h e n c l one  it or  c op y  it (! )
� O nc e  w e  h a v e  a  initia l iz e d  c onv e r tor  w e  c a n 
p r e p a r e  it b y  a tta c h ing  th e  d a ta  a nd  c ou nt
• S p e c i a l i z e d p r e p a r a t i o n :  p a c k  a n d  u n p a c k

• P os i t i on  i n  t h e d a t a :  a n ot h er c os t l y  
op era t i on
� Pr ob l e m  w ith  th e  d a ta  b ou nd a r ie s  …
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C o n v e r to r :  H o w  to
• O n c e c orrec t l y s et u p

� Pa c k
� U np a c k

• C h ec k s u m  c om p u t a t i on
• C R C
• P red ef i n ed  d a t a -t y p e b ou n d a ri es  p rob l em
• C on v ert or p ers on a l i z a t i on

� M e m or y  a l l oc a tion f u nc tion
� U s ing  N U L L  p ointe r s

C o n v e r to r :  H o w  to
• S e nd e r

� C r e a t e  t h e  c o n v e r t o r  
a n d  se t  i t  t o  p o si t i o n  0

� U n t i l t h e  e n d  c a l l  
o m p i _ c o n v e r t o r _ p a c k  
i n  a  l o o p

� R e l e a se  t h e  c o n v e r t o r

• R e c e iv e r
� C r e a t e  t h e  c o n v e r t o r  
a n d  se t  i t  t o  p o si t i o n  0

� U n t i l  t h e  e n d  c a l l  
o m p i _ c o n v e r t o r _ u n p a c k  
i n  a  l o o p

� R e l e a se  t h e  c o n v e r t o r

E a sy  i sn ’t  i t  ? !

C o n v e r to r :  H o w  to
• I n  f a c t  t h e rec ei v e i s  m ore d i f f i c u l t

� A d d itiona l  c ons tr a ints
• F r a g m e n t s n o t  r e c e i v e d  i n  t h e  e x p e c t e d  o r d e r
• F r a g m e n t s n o t  r e c e i v e d (d r o p p e d  p a c k e t s)
• F r a g m e n t s c o r r u p t e d
• F r a g m e n t s st o p  i n  t h e  m i d d l e  o f  a  p r e d e f i n e d  d a t a -
t y p e  …

� D o w e  l ook  f or  p e r f or m a nc e  ?


