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Modular Component 
A rc h i tec ture
Jeff Squyres

Why Components?
• Co re set  i n c l ud ed  i n  O p en  M P I  d i st ri b ut i o n
• 3rd p a rt i es c a n  d ev el o p  /  d i st ri b ut e

� Open MPI development to the community
� A s  s our ce or  b ina r y ( open vs .  clos ed s our ce)

• Ca n  b e a d d ed  t o  ex i st i n g  O p en  M P I  i n st a l l
� R educe the need f or  multiple MPI ins ta lla tions
� C a n even b e a dded on a  per -us er  b a s is

• R un -t i m e d ec i si o n s ( v s.  c o m p i l e-t i m e)

Why Components?
• B et t er so ft w a re en g i n eeri n g

� E nf or ce s tr ict a b s tr a ction b a r r ier s
• Sm a l l ,  d i sc ret e c h un k s o f c o d e

� G ood f or  lea r ning  /  new  developer s
� E a s ier  to ma inta in a nd ex tend

• Sep a ra t e user a p p s fro m  b a c k -en d  l i b ra ri es
� E . g . ,  us er  MPI a pps  not compiled a g a ins t 
lib ib ver b s . s o /  lib g m. s o /  lib pb s . a

M CA
• M CA

� T op-level a r chitectur e f or  component s er vices
� F ind,  loa d,  unloa d components

• F ra m ew o rk s
� T a r g eted s et of  f unctiona lity
� D ef ined inter f a ces
� E . g . ,  MPI point-to-point,  hig h-r es olution timer s

M CA
• Co m p o n en t s

� T hink  “plug ins ”
� C ode tha t ex por ts  a  s pecif ic inter f a ce
� L oa ded /  unloa ded a t r un-time

• M o d ul es
� A  component pa ir ed w ith r es our ces
� E . g . ,  “T C P” component loa ded,  f inds  2  T C P 
N IC s ,  ma k es  2  T C P modules

• Co m p o n en t :C+ +  c l a ss :: M o d ul e:C+ +  o b j ec t

User application

M P I  A P I

M od u lar C om ponent A rch itectu re ( M C A )
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M CA  O r g a ni z a ti on
• T h ree en t i t i es:

� MC A  b a s e a r chitectur e
� F r a mew or k s
� C omponents
( modules  a r e r un-time “ins ta nces ” of  
components )

• E v eryt h i n g  i s v ersi o n ed
� ( Ma j or ,  minor ,  r elea s e) tr iple
� A llow s  f or  b a ck w a r ds  compa tib ility
� N othing  cur r ently ha s  multiple ver s ions

M CA  O r g a ni z a ti on
• F ra m ew o rk s

� H a ve uniq ue s tr ing  na mes
� One na mes pa ce,  des pite thr ee s ections

• Co m p o n en t s
� B elong  to ex a ctly one f r a mew or k
� H a ve uniq ue s tr ing  na mes
� N a mes pa ce is  per  f r a mew or k

• A l l  n a m es m ust  b e v a l i d  C v a ri a b l e n a m es

O r g a ni z ed  b y D i r ec tor y
• < sec t i o n > / m c a / < fra m ew o rk > / < c o m p o n en t >

� S ection =  opa l,  or te,  ompi
� F r a mew or k  =  f r a mew or k na me,  or  “b a s e”
� C omponent =  component na me,  or  “b a s e”

• D i rec t o ry n a m es m ust  m a t c h
� F r a mew or k  na me
� C omponent na me

• E x a m p l es
� ompi/ mca / b tl/ tcp,  ompi/ mca / b tl/ openib

“B a se”
• R eserv ed  n a m e:  “b a se”

� opa l/ mca / b a s e:  the MC A  its elf
� or te/ mca / pls / b a s e:  the PL S  f r a mew or k
� ompi/ mca / b tl/ b a s e:  the B T L  f r a mew or k

• H el p er fun c t i o n s /  h ea d er fi l es
� C ommon to a ll components  in tha t f r a mew or k
� Pub lic da ta  /  methods  to b e invok ed f r om 
outs ide the f r a mew or k

H ea d er  F i l e Conv enti ons
• F ra m ew o rk  i n t erfa c e d efi n ed  i n

� < s ection> / mca / < f r a mew or k > / < f r a mew or k > . h
� T his  is  ma nda tor y

• P ub l i c  b a se fun c t i o n s d ec l a red  i n
� < s ection> / mca / < f r a mew or k > / b a s e/ b a s e. h
� T his  is  not ma nda tor y,  b ut common

O P A L  F ramew ork  T y pes
• o p a l / m c a / *

� ma f f inity:  Memor y a f f inity
� memor y:  Memor y hook s
� pa f f inity:  Pr oces s or  a f f inity
� timer :  H ig h-r es olution timer s
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O R T E  F ramew ork  T y pes
• or te/ mca / *

� errmgr:  E rro r ma n a ger
� i o f :  I / O  f o rw a rd i n g
� gp r:  G en era l  p u rp o s e regi s t ry
� n s :  N a me s erv er
� o o b ,  rml :  C o mmu n i c a t i o n
� p l s :  P ro c es s  l a u n c h  /  c o n t ro l
� rmgr,  rd s ,  ra s ,  rma p s :  R es o u rc e ma n a ger,  d i s c o v ery ,  
a l l o c a t i o n ,  ma p p i n g

� s d s :  S t a rt u p  d i s c o v ery  s erv i c e
� s o h :  S t a t e o f  h ea l t h  mo n i t o r

O M P I  F r a mew or k  T ypes
• o m p i / m c a / *

� a lloca tor :  Memor y a lloca tion
� coll:  C ollective oper a tions
� io:  Pa r a llel I/ O
� mpool:  Memor y pooling
� os c:  One-s ided oper a tions
� pml,  b ml,  b tl:  Point-to-point
� r ca che:  R eg is tr a tion ca che
� topo:  T opolog y ma na g ement

Components
• B a c k -en d  t ec h n o l o g i es

� F unction pointer s
� U s ua lly compiled a s  dyna mic s ha r ed ob j ects  
( D S O’s ) in . s o f iles  ( “plug ins ”)

� B ut ca n b e included in lib mpi ( etc. )
• U se G N U  L i b t o o l  “l t d l ” l i b ra ry

� Por ta b le dlopen( ),  dls ym( )
� E ven w or k s  on W indow s
� N ot G PL  ( ! )

F u nc ti on P oi nter s
• M o st  c o m m o n  c ri t i c i sm

� “U s ing  pointer s  to invok e f unctions  a r e s low ! ”
• N o t  so ,  G ra ssh o p p er

� E ur o PV M/ MPI 2 0 0 4  pa per  pr oved other w is e
� A lw a ys  f a s ter  tha n a  s ha r ed lib r a r y ca ll

I ndi rec t F unc ti on Call O v erh ead B a se Component I nter f a c e
• Co m m o n  st ruc t ure fo r a l l  c o m p o n en t s

� “Pa r ent” cla s s
• Sw i t c h  t o  sh o w  o p a l / m c a / m c a . h
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B a se Component F i el d s
• M CA  v ersi o n  ( t ri p l e)
• F ra m ew o rk  n a m e /  v ersi o n  ( t ri p l e)
• Co m p o n en t  n a m e /  v ersi o n  ( t ri p l e)

� S implif ying  convention:  included component 
ver s ions  =  Open MPI ver s ion

� U nles s  dif f er ence is  mea ning f ul ( e. g . ,  b ug  f ix  
r elea s e)

• O p en  a n d  c l o se m et h o d s
� Open ca n r etur n f a ilur e

D ef i ni ti on:  A v a i l a b i l i ty
• Co m p o n en t s a re “a v a i l a b l e” i f:

� C a n b e f ound a t r un-time ( e. g . ,  they w er e 
compiled)

� C a n b e opened a t r un-time ( e. g . ,  they ca n f ind 
a ll the s ha r ed lib r a r ies  tha t they need)

� T he “open” f unction r etur ns  S U C C E S S

D ef i ni ti on:  S el ec ti on
• A c t  o f p i c k i n g  w h i c h  c o m p o n en t s t o  use

� T ypica lly involves  q uer ying  ea ch a va ila b le
� S tr ong ly dis cour a g e ha ving  f r a mew or k  k now  
s pecif ics  a b out a ny individua l component

• E a c h  fra m ew o rk  h a s d i fferen t  sel ec t i o n  
rul es a n d  c ri t eri a
� Mus t s elect > =  0  components
� Mus t s elect > =  1  components
� Mus t s elect ex a ctly 1  component

D ef i ni ti on:  S c ope
• A p p l i c a b i l i t y o f c o m p o n en t  sel ec t i o n
• E x a m p l e:  p er-p ro c ess

� Open:  MPI_ IN IT
� S election:  MPI_ IN IT
� F ina liz e:  MPI_ F IN A L IZ E
� C los e:  MPI_ F IN A L IZ E

D ef i ni ti on:  S c ope
• E x a m p l e:  p er-c o m m un i c a t o r

� Open:  MPI_ IN IT  ( or  la z y)
� S election:  C ommunica tor  cons tr uctor s
� F ina liz e:  C ommunica tor  des tr uctor s
� C los e:  MPI_ F IN A L IZ E

• …d efi n ed  b y fra m ew o rk ,  so  o t h er 
sc en a ri o s p o ssi b l e

A mor phou sness
• M CA  b a se i s st ri c t l y d efi n ed
• E a c h  fra m ew o rk  b ui l d s up o n  t h e b a se

� B ut def initions  a r e f r a mew or k -s pecif ic
� E ver y f r a mew or k  is  dif f er ent
� D epends  on w ha t the f r a mew or k  is  f or

• T h erefo re so m ew h a t  d i ffi c ul t  t o  d esc ri b e
• B ut  m o st  fo l l o w  c o m m o n  c o n v en t i o n s
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Component I nter f a c e
• D efi n ed  b y t h e fra m ew o rk

� B ut g ua r a nteed to ha ve the b a s e component 
a s  the f ir s t memb er

• T yp i c a l l y h a s so m e k i n d  o f sel ec t i o n  
fun c t i o n
� “D o you w a nt to b e us ed w ith X? ”
� W her e “X” is  r eleva nt to the f r a mew or k
� E . g . :  C oll components  – “D o you w a nt to b e 
us ed w ith communica tor  X? ”

Component /  M od u l e L i f ec yc l e
• Component

� O pen:  per-process 
initializ ation

� S election:  per-scope 
d eterm ine if  w ant to u se

� C lose:  per-process 
f inaliz ation

• M od u l e
� I nitializ ation:  if  com ponent 

selected
� N orm al u sag e /  ch eck point
� F inaliz ation:  per-scope 

cleanu p

S election

I nitializ ation

F inaliz ation

O pen

C lose

Mo
du

le
Co

mp
on

en
t

Co
mp

.

N orm al u sag e

R un-T i me T unab le P arameters

T u na b l e P a r a meter s
• P h i l o so p h y:  d o  n o t  use c o n st a n t s

� U s e r un-time pa r a meter s  ins tea d
• R eferred  t o  a s “M CA  p a ra m et ers”

� S omew ha t mis lea ding  na me
� Mea ns :  s er vice pr ovided b y the MC A  b a s e
� D oes  not mea n tha t they a r e r es tr icted to MC A  
components  or  f r a mew or k s

� OPA L ,  OR T E ,  a nd OMPI la yer s  ha ve 
pa r a meter s

R a ti ona l e
• M a k e ev eryt h i n g  a  run -t i m e d ec i si o n

� G ive ever y pa r a m a  “s ens ib le” def a ult
� Open q ues tion w ha t to do a b out pa r a ms tha t 
ca nnot ha ve g lob a lly s ens ib le def a ults

• P a ra m et ers usua l l y i n d i c a t e:
� V a lues  ( e. g . ,  s hor t/ long  mes s a g e s iz e)
� B eha vior  ( e. g . ,  s election of  a lg or ithm)

• M uc h  ea si er t h a n  rec o m p i l i n g

I ntr i nsi c  M CA  P a r a ms
• E a c h  fra m ew o rk  n a m e i s a n  M CA  p a ra m

� S pecif ies  w hich components  to open
• M CA  b a se a ut o m a t i c a l l y reg i st ers i t

� V a lue is  a  comma -delimited lis t of  component 
na mes

� D ef a ult va lue is  empty ( mea ning  “a ll”)
• I n c l usi o n a ry o r ex c l usi o n a ry b eh a v i o r

� b tl= tcp, s elf , s m
� b tl= ^ tcp
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M CA  P a r a m L ook u p O r d er
1 . “O v erri d e” v a l ue
2 . m p i run  c o m m a n d  l i n e

� mpir un –mca < na me>  < va lue>
3 . E n v i ro n m en t  v a ri a b l e

� s etenv OMPI_ MC A _ < na me>  < va lue>
4 . F i l e

� $H OME / . openmpi/ mca -pa r a ms . conf
� $pr ef ix / etc/ openmpi-mca -pa r a ms . conf

( thes e loca tions  a r e thems elves  tuna b le)
5 . D efa ul t  v a l ue

U si ng  M CA  P a r a meter s
• Ch a ra c t eri st i c s

� S tr ing s  a nd integ er s
� R ea d-only ( inf or ma tion) a nd r ea d-w r ite
� Pr iva te a nd pub lic

• Co m p o n en t s must reg i st er p a ra m s d uri n g  
c o m p o n en t  o p en

• W A R N I N G : L o o k up  i s sl o w !
� D o not put it in cr itica l per f or ma nce pa th
� Initia liz e a t b eg inning  of  s cope

M CA  P a r a m E x a mpl es
• b t l _ g m _ v ersi o n

� R ea d-only,  s tr ing  ver s ion of  the G M lib r a r y tha t 
the B T L  g m component w a s  compiled a g a ins t

• b t l _ t c p _ i f_ i n c l ud e
� R ea d-w r ite,  s tr ing  lis t of  T C P inter f a ces  to us e

• b t l
� R ea d-w r ite,  lis t of  B T L  components  to us e

• o rt e_ b a se_ si n g l et o n
� Pr iva te,  w hether  this  pr oces s  is  a  s ing leton

S i denote:  ompi _ i nf o Command
• T el l s ev eryt h i n g  a b o ut  O M P I  i n st a l l a t i o n

� F inds  a ll components  a nd a ll pa r a ms
� G r ea t f or  deb ug g ing

• Ca n  l o o k  up  sp ec i fi c  c o m p o n en t
� ompi_ inf o --pa r a m < f r a mew or k >  < component>
� S how s  pa r a ms a nd cur r ent va lues
� C a n a ls o us e k eyw or d “a ll”

• “--p a rsa b l e” o p t i o n
� R un  o m p i _ i n fo c o m m a n d

M CA  P a r a m A P I
� Sh o w  o p a l / m c a / b a se/ m c a _ b a se_ p a ra m . h
• R eg i st er a n d  l o o k up

� S ever a l va r ia tions  of  ea ch
• Co m p o n en t s must reg i st er d uri n g  o p en

� ompi_ inf o ca lls  open/ clos e on ever y 
component tha t it f inds  ( to f ind pa r a meter s )


