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MPI Collectives
Jeff Squyres

Collective A lg or ith m s
• H o t  resea rc h  t o p i c
• P ro b l em  fo r 3 rd p a rt y resea rc h ers:

� How to implement new collective algorithms?  
• B efo re c o m p o n en t s:

� M P I  P rof iling L ay er
� E d it ex isting M P I  implementation
� C reate new M P I  implementation
� U se alternate f u nction names

T h e “coll” F r a m ew or k  ( v1 )
• C o m p o n en t s a s t h e b a c k -en d

� E ach contains all 1 5  M P I  collectives

User application
M P I  A P I
M C A
coll
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F r a m ew or k  G oa ls
• A l l o w  m ul t i p l e c o m p o n en t s i n  a p p l i c a t i o n

� S election scope is per-commu nicator
• I n t ui t i v e i n t erfa c e
• M i n i m i z e o v erh ea d
• A l l o w  d i fferen t  i m p l em en t a t i o n  m o d el s
• A l l o w  l ess-t h a n -ful l  c o m p o n en t s

Typical Implementation Models
• L a yered  o v er p o i n t -t o -p o i n t

� U se M P I _ S E N D ,  M P I _ R E C V
• A l t ern a t e c o m m un i c a t i o n  c h a n n el s

� N ative hard ware su pport f or collectives
• H i era rc h i c a l  c o l l c o m p o n en t s

� L et one coll componet u se another
� …ex plained  later

In ter f a ce
• Si m p l e 1 -t o -1  m a p p i n g

� S elected  mod u le hangs of f  commu nicator
� M od u le has pointers to b ack -end  f u nctions

� Sw i t c h  t o  sh o w  fi l e o m p i / m c a / c o l l / c o l l . h
� C omponent interf ace
� M od u le interf ace



2

L if ecy cle
S election

I nitializ ation

F inaliz ation

N orm al u sag e

M P I _ I N I T
M P I _ C O M M _ C R E A T E
M P I _ C O M M _ D UP
M P I _ C O M M _ S P L I T

M P I _ A L L G A T H E R
…
M P I _ S C A T T E R V

M P I _ C O M M _ F R E E
M P I _ C O M M _ D I S C O N N E C T
M P I _ F I N A L I Z E

S election
• F o r a n y c o m m un i c a t o r c o n st ruc t o r

� A nd  when M P I _ C O M M _ W O R L D  and  S E L F  
are created  d u ring M P I _ I N I T

• Q uery a l l  a v a i l a b l e c o m p o n en t s
� S ee if  they  want to ru n on this commu nicator
� T hose who d o retu rn a mod u le and  a priority
� K eep mod u les in priority  ord er
� Highest priority  mod u le is initializ ed
� A ll others are “u nselected ”

S election  F la w
• C urren t l y a ssum es t h a t  a l l  p ro c esses i n  a  
c o m m un i c a t o r m a k e i d en t i c a l  sel ec t i o n s
� N o attempt to ensu re selections match

• W o rk s w el l  i n  h o m o g en eo us en v i ro n m en t s
� N o one has complained … y et

• I m p l em en t a t i o n  i ssue;  n o t  d esi g n  i ssue

In itia liz a tion
• M o d ul e w i t h  h i g h est  p ri o ri t y i s i n i t i a l i z ed
• T yp i c a l l y c rea t es /  i n i t i a l i z es p ri v a t e d a t a

� P re-compu tes d ata f or f aster invocation
� A llocates resou rces
� S tored  on comm->c_ coll_ selected _ d ata

• I f m o d ul e c o n t a i n s N U L L  fo r a n y fun c t i o n
� R eplaced  with “b asic” version
� T echnically ,  this is an ab straction violation
� L ots of  special case cod e in coll b ase f or this

N or m a l U sa g e
• M o d ul e i s c a c h ed  o n  t h e c o m m un i c a t o r

� C an also have private /  opaq u e d ata hu ng of f  
commu nicator

• E x a m p l e:  M P I _ B C A ST
� I nvok es comm->c_ coll. coll_ b cast(…)

• M o d ul e c a n  use c a c h ed  p ri v a t e d a t a

S id en ote:  T em p or a r y  B u f f er s
� F ro m  m c a / c o l l / b a si c / c o l l _ b a si c _ red uc e
• So m et i m es yo u n eed  a  t em p o ra ry b uffer

� E . g. ,  tree-b ased  red u ce
• N eed  t w o  d i fferen t  v a l ues:

� How many  b y tes to malloc
� P ointer to give to M P I _ S E N D  (etc. )



3

S id en ote:  T em p or a r y   B u f f er s
• 3  b u f f er cases

� malloc = =  L B
� malloc <  L B
� malloc >  L B

• M P I   b u f f er is alway s 
(malloc – L B )

malloc,  L B

E x t e n t  an d  t r u e  e x t e n t

malloc L B

L B malloc

E x t e n t

T r u e  e x t e n t

T r u e  e x t e n t

E x t e n t

U B

U B

U B

S id en ote:  T em p or a r y   B u f f er s
• F or cou nt > 1

� N e e d  t o malloc mor e  
t h an  ( N  *  t r u e _ e x t e n t )

• E asiest to malloc:
� 1  t r u e _ e x t e n t +
� ( N -1 ) *  e x t e n t

• T his is more than 
necessary

malloc,  L B

E x t e n t  an d  t r u e  e x t e n t

malloc L B

L B malloc

E x t e n t

T r u e  e x t e n t

T r u e  e x t e n t

E x t e n t

U B

U B

U B

T em p or a r y  B u f f er s
/ *  G et ex tent and  tru e ex tent * /
ompi_ d d t_ get_ ex tent(d ty pe,  &lb ,  &ex tent);
ompi_ d d t_ get_ tru e_ ex tent(d ty pe,  &tru e_ lb ,  
&tru e_ ex tent);

/ *  A llocate more space than we need  * /
f ree_ b u f f er =  malloc(tru e_ ex tent +  (cou nt - 1 ) *  
ex tent);

/ *  P ointer that we give to M P I _ S E N D  (etc. ) * /
pml_ b u f f er =  f ree_ b u f f er - lb ;  

E x istin g  Com p on en ts
• B a si c

� B aseline linear and  logarithmic algorithms
� I ntra- and  intercommu nicators

• Sh m em
� I ntracommu nicator only
� 4  N U M A -aware shared  memory  collectives
� B arrier,  B road cast,  R ed u ce (1  f lavor),  
A llred u ce

E x istin g  Com p on en ts
• T un ed

� T he new “b asic”
� R esu lts f rom U T K  collective research
� L ots of  d if f erent algorithms f or each operation

• H i ea rc h
� Hierarchical collectives,  d ivid ed  b y  latency
� M ak e su b -commu nicators at latency  b ou nd aries
� I nvok e relevant collectives in su b -comms

E x istin g  Com p on en ts
• Sel f

� F or M P I _ C O M M _ S E L F  (and  clones)
� I f  one process in commu nicator,  retu rns 
priority  of  7 5  (otherwise,  N U L L )

� S imple no-op’s or memcpy ’s (d epend ing on 
operation)

� I ntend ed  so that no other coll components 
need  to hand le this case

� S how ompi/ mpi/ coll/ self / * . c
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Coll v2  F r a m ew or k
• U n d er a c t i v e d esi g n

� W ill lik ely  wholly  replace v1
• M uc h  m o re a m b i t i o us t h a n  v 1
• O p t i o n a l  sessi o n  t o n i g h t  t o  d i sc uss c urren t  
t h o ug h t s /  d esi g n s ( n o t  yet  c o m p l et e)

MPI T op olog ies

MPI T op olog y  O ver view
• M P I _ C A R T _ *  a n d  M P I _ G R A P H _ *

� N  d imensional C artesian
� A rb itrary  graphs

• A l l o w  M P I  t o  re-o rd er ra n k s
� I f  it has “special” k nowled ge

• A l l o w  user a p p  t o  sen d  “up , ” “d o w n , ” “l eft , ”
“ri g h t , ” et c .

F r a m ew or k  O ver view
• Sc o p e i s p er-c o m m un i c a t o r
• C o m p o n en t s l a z i l y l o a d ed

� D ecrease memory  f ootprint
� L oad ed  at f irst C A R T / G R A P H invocation

T op o B a se
• I m p l em en t s a l l  fun c t i o n s v i a :

� M P I _ C A R T _ M A P
� M P I _ G R A P H_ M A P

• H en c e,  c o m p o n en t s o n l y n eed  t o  p ro v i d e 
t h ese
� C an provid e N U L L  pointers in the mod u le
� R eplaced  with b ase f u nctions

U n ity  Com p on en t
• M a k es a  1 -t o -1  m a p p i n g

� O nly  provid e M P I _ * _ M A P  f u nctions
� V ery  simplistic
� A ll other f u nctions are N U L L

• I n t erest ed  t o  h a v e o t h ers i m p l em en t  “m o re 
i n t erest i n g ” m a p p i n g s
� A llow re-ord ering to map network  lay ou t


