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Intro d uctio n to  P2P
• Based  on  a 
com p on en t  
arch it ect u re
� Flexible run-t im e 
t uning

� “P lug -ins” f o r d if f erent  
c a p a bilit ies (e. g . ,  
d if f erent  net w o rk s)

• Natively support 
commodity networks
� I nf iniba nd
� My rinet  G M /  MX
� L A P I
� P o rt a ls
� S h a red  m em o ry  
� T C P

P2P

C o m po nent F ra m ew o rk s

P2P C o m po nent F ra m ew o rk s

E x a m pl e
• F ram ew ork  

� B T L  - B y t e T ra nsf er L a y er (int erc o nnec t  a bst ra c t io n)
� T h e f ra m ew o rk  d ef ines t h e int erf a c e t h a t  a ll 
c o m p o nent s a nd  m o d ules exp o rt

• C om p on en t
� B T L  O p enI B  - T h e I nf iniba nd  B T L  C o m p o nent  
p ro v id es init ia liz a t io n (d isc o v ery  o f  H C A  a d a p t ers,  et c )

• M od u le
� Fo r t h e B T L  O p enI B  a  m o d ule is c rea t ed  f o r ea c h  
A c t iv e P o rt  o n H C A

MPI L a y er
• Not a component 

� L ocat ed  in  t op d ir/ om p i/ m p i
• C ,  F7 7 ,  F9 0  a nd  C + +  sp ec if ic  sup p o rt / bind ing s a re 
lo c a t ed  in c o rresp o nd ing  subd irec t o ries

• E xa m p le so urc e f ile:  t o p d ir/ o m p i/ m p i/ c / isend . c
� MPI_Isend - c a l l s PML  l ev el  t h r o u g h  a  “h el p er ” m a c r o
� PML  p r o v i des su p p o r t  f o r  t h e a sy nc h r o no u s send 
� In g ener a l  PML  l ev el  p r o v i des a l l  m essa g i ng  sem a nt i c s 
r eq u i r ed f o r  MPI p o i nt -t o -p o i nt
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PML
• P r ov i d es  M P I  P oi nt-to-poi nt s emanti cs

� S t an d ard
� Bu f f ered
� R ead y
� S y n ch ron ou s

• M es s ag e P r og r es s i on
• R eq u es t C ompl eti on and  Noti f i cati on (v i a 
r eq u es t ob j ects )

PML
• I nter nal  M P I  mes s ag i ng  pr otocol s  

� E ager sen d
� R en d ez v ou s

• S u ppor t f or  v ar i ou s  ty pes  of  i nter connect
� S en d / R ecv
� R D M A
� H y b rid s

PML  Interf a ces
• p m l _a dd_p r o c s - p eer  r eso u r c e di sc o v er y  ( v i a   B ML )
• p m l _del _p r o c s - c l ea n u p  p eer  r eso u r c es ( v i a  B ML )
• p m l _p r o g r ess - p r o g r ess B T L S  ( v i a  B ML )
• p m l _a dd_c o m m - a dd PML  da t a  st r u c t u r es t o  t h e c o m m u ni c a t o r
• p m l _del _c o m m - r em o v e PML  da t a  st r u c t u r es f r o m  c o m m u ni c a t o r
• p m l _i r ec v _i ni t - Ini t i a l i z e p er si st ent  r ec ei v e r eq u est
• p m l _i r ec v - A sy nc h r o no u s r ec ei v e
• p m l _i send_i ni t - Ini t i a l i z e p er si st ent  send r eq u est
• p m l _i send - A sy nc h r o no u s send
• p m l _i p r o b e - Pr o b e r ec ei v e q u eu es f o r  m a t c h
• ….  Mi r r o r s MPI i nt er f a c es

PML
• F r amew or k  l ocated  i n topd i r / ompi / pml

� I n t erf aces d ef in ed  in  t op d ir/ om p i/ p m l/ p m l. h
• 2  C omponents  cu r r entl y  av ai l ab l e i n th i s  
f r amew or k
� O B1  -D ef au lt
� D R  - D at a reliab ilit y  ( u n d er d ev elop m en t )

• O B 1  f ou nd  i n topd i r / ompi / pml / ob 1

PML
• O B 1  C omponent

� D ef in ed  in  t op d ir/ om p i/ m ca/ p m l/ ob 1 / p m l_ ob 1 . h
� E ach  f u n ct ion  p rot ot y p e d ef in ed  b y  t h e 
f ram ew ork  is im p lem en t ed  b y  t h e com p on en t  
an d  m od u les

• O B 1  i ns tanti ates  a s i ng l e mod u l e 
� T h in k  of  t h is as a sin glet on  in  ob j ect  sp eak

B T L
• B T L  - B y te T r ans f er  L ay er

� P rov id es ab st ract ion  ov er t h e u n d erly in g 
in t ercon n ect

� A  sim p le t ag b ased  in t erf ace f or S en d / R ecv  
sim ilar t o act iv e m essagin g

� P rov id es f acilit ies f or R D M A  op erat ion s 
in clu d in g p rep arin g m em ory  regist rat ion s

� S u p p ort s b ot h  P u t  an d  Get  R D M A  op erat ion s
� P rov id es com p let ion  callb ack f u n ct ion s
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B T L  Interf a ces
• b t l _a dd_p r o c s - di sc o v er  p eer  r eso u r c es a nd set u p  endp o i nt s t o  t h e 

p eer  
• b t l _del _p r o c s - r em o v e r eso u r c es a l l o c a t ed t o  r em o t e p eer  
• b t l _r eg i st er - r eg i st er  a  a c t i v e m essa g e c a l l b a c k
• b t l _a l l o c - a l l o c a t e a  desc r i p t o r
• b t l _f r ee - f r ee a  desc r i p t o r
• b t l _p r ep a r e_sr c - p r ep a r e a  so u r c e desc r i p t o r
• b t l _p r ep a r e_dst - p r ep a r e a  dest i na t i o n desc r i p t o r
• b t l _send - send a  desc r i p t o r  t o  a n endp o i nt  
• b t l _p u t - p u t  a  desc r i p t o r  t o  a n endp o i nt  ( R D MA  w r i t e)
• b t l _g et - g et  a  desc r i p t o r  f r o m  a n endp o i nt  ( R D MA  r ea d)

B T L  d es cripto r
• T h e B T L  d es cr i ptor  contai ns  a l i s t of  
s ou r ce/ d es ti nati on s eg ments ,  compl eti on 
cal l b ack f u ncti on and  cal l b ack d ata

B T L  s uppo rt
• I nf i ni b and  - O penI B / M V A P I
• M y r i net - G M / M X
• P or tal s
• P r oces s  L oopb ack  - S el f
• Q u ad r i cs  - E L A N 4  - u nd er  d ev el opment
• S h ar ed  M emor y  - S M
• T C P
• u D A P L  - u nd er  d ev el opment

Open IB  B T L
• O penI B  B T L  C omponent

� P rov id es su p p ort  f or I n f in ib an d  H C A s t h rou gh  
t h e O p en I B D riv er an d  L ib s

� U ses R C  b ased  com m u n icat ion
� S en d / R ecv  in clu d in g in lin e d at a
� S R Q  su p p ort
� R D M A  su p p ort  ( read / w rit e)
� S m all m essage R D M A  ( ala Gleb )

G M B T L
• G M  B T L  C omponent

� P rov id es su p p ort  f or M y rin et  GM  A P I
� S en d / R ecv
� R D M A  su p p ort  ( p u t / get )
� GM  m p ool ab st ract s m em ory  regist rat ion
� S u p p ort s P M L  p ip elin e p rot ocol

B ML
• B M L  - B T L  M anag ement L ay er

� P rov id es a t h in  m u lt ip lex in g lay er ov er t h e 
BT L ’s ( in lin e f u n ct ion s)

� M an ages p eer resou rce d iscov ery ,  allow in g 
m u lt ip le u p p er lay ers t o u se t h e BT L s

� A llow s f or sim p le rou n d  rob in  sch ed u lin g 
across t h e av ailab le BT L ’s
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Mpo o l
• M p ool - M em ory  P ool

� P ro v id es m em o ry  m a na g em ent  f unc t io ns
• A l l o c a t e
• D ea l l o c a t e
• R eg i st er
• D er eg i st er

� Ma y  be used  by  v a rio us o t h er c o m p o nent s
• B T L  - o n dem a nd r eg i st r a t i o n a nd p r e-a l l o c a t ed f r a g m ent s
• PML  - a l l o w s p m l t o  m a k e p r o t o c o l  dec i si o ns b a sed w h et h er  
t h e u ser ’s b u f f er  i s r eg i st er ed w i t h  a n m p o o l

• MPI - p r o v i des a  si m p l e so l l u t i o n f o r  MPI_A l l o c _m em

R ca che
• R cach e - R egist rat ion  C ach e

� P ro v id es m em o ry  reg ist ra t io n c a c h ing  f unc t io ns
• F i nd
• Inser t
• D el et e

� C urrent ly  used  by  m em o ry  p o o ls t o  c a c h e m em o ry  
reg ist ra t io ns f o r R D MA  c a p a ble int erc o nnec t s

� I m p lem ent ed  a s a  R ed  B la c k  T ree in t h e R B  
C o m p o nent  a lt h o ug h  a  v a riet y  o f  c a c h ing  t ec h niq ues 
c o uld  be used  by  sim p ly  a d d ing  a no t h er R c a c h e 
C o m p o nent .

P2P C o m po nents  
F ra m ew o rk s

P2P

C o m po nent Initia l iz a tio n

MPI_ Init
• O pens  P M L  C omponents  (O B 1  and  D R ,  
d ef au l ti ng  to O B 1 )
� P M L  op en s t h e BM L  C om p on en t  ( R 2 )
� BM L  op en s all BT L  C om p on en t s 

• I ni t P M L  C omponent
� P M L  I n it s t h e BM L  C om p on en t

• B ML  I nit  ret urns a  sing let o n m o d ule
� BM L  I n it s t h e BT L  C om p on en t s

• B T L  I nit  ret urns a  list  o f  m o d ules
� P M L  regist ers act iv e m essage callb ack s w it h  
each  BT L  m od u le

R es o urce D is co v ery
• M os t of  th e w or k  i s  at th e B T L  l ev el  d u r i ng  
open/ i ni t
� L ocal resou rce d iscov ery ,  f or O p en I B t h is 
in clu d es:  

� op en in g d ev ices
� ch eck in g f or act iv e p ort s 
� creat in g a m od u le f or each  act iv e p ort
� P u b lish  p ort  in f orm at ion  t o t h e GP R
� S et  recv  call b ack  f or O O B m essages 
( d y n am ic con n ect ion  est ab lish m en t )
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D eterm ining  Peer R ea cha b il ity
• M P I _ I n it creat es a list  of  p rocess st ru ct u res v ia 
O R T E  f or each  p eer in  M P I _ C O M M _ W O R L D

• C alls ad d  p rocs on  t h e P M L  p assin g in  t h e 
p rocess list

• P M L  calls ad d  p rocs on  t h e BM L
� C a ll a d d  p ro c s o n ea c h  B T L  p a ssing  t h e list  o f  p ro c ess 
st ruc t ures

� Fo r ea c h  p eer t h e B T L  c rea t es a n end p o int  d a t a  
st ruc t ure w h ic h  w ill rep resent  a  p o t ent ia l c o nnec t io n t o  
t h e p eer a nd  c a c h es t h e p eers a d d ressing  inf o rm a t io n 

D eterm ining  Peer R ea cha b il ity
• A d d  pr ocs conti nu ed

� A f t er t h e BT L  en d p oin t  is creat ed  t h e BM L  
creat es a d at a st ru ct u re t o cach e t h e BT L  
en d p oin t  an d  m od u le u sed  t o reach  a p eer

� T h e BM L  cach es an  array  of  t h ese d at a 
st ru ct u res grou p in g t h em  b y  BT L  f u n ct ion alit y  
• bt l_ ea g er - used  f o r ea g er f ra g s (lo w  la t enc y )
• bt l_ send - send / rec eiv e c a p a ble
• bt l_ rd m a - R D MA  c a p a ble 

OpenIB  Peer R es o urce 
D is co v ery

• O p en  I B BT L  ex am p le
� P rior t o ad d  p rocs t h e GP R  d ist rib u t es all t h e 
p eers ad d ressin g in f orm at ion  t o ev ery  p rocess

� BT L  w ill q u ery  p eer resou rces ( N u m b er of  
p ort s/ lid s f rom  cach ed  GP R  d at a)  

� BT L  en d p oin t  is creat ed ,  m at ch in g t h e BT L  
m od u le’s p ort / su b n et  w it h  t h e p eer’s

� N o t e t h a t  a  c o nnec t io n is no t  y et  est a blish ed  a nd  w ill 
be w ired  up  o n t h e f irst  m essa g e sent  t o  t h e p eer v ia  
t h e end p o int

OpenIB  Peer R es o urce 
D is co v ery  - C o ntinued

• O p en I B BT L  ex am p le con t in u ed
� A  m irro r o f  t h e o m p i_ p ro c _ t st ruc t ure is c rea t ed  a t  t h e 
B T L  lev el 

� C a c h es inf o rm a t io n f ro m  t h e O MP I  p ro c
� S t o res p o rt  inf o rm a t io n 
� S t o res a n a rra y  o f  end p o int s t o  t h e p eer used  in 
est a blish ing  c o nnec t io ns ba sed  o n p o rt / subnet

D a ta  S tructures

S end  /  R eceiv e
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S end  (MPI_ S end )
• D oes  any  par ameter  v al i d ati on (i f  enab l ed )
• C al l s  th e P M L  i nter f ace

� m ca_ p m l. p m l_ sen d ( )

S end  R eq ues t Init 
(m ca _ pm l _ o b 1 _ s end )

• A l l ocate a s end  r eq u es t (f r om P M L  f r ee 
l i s t)

• I ni ti al i z e th e s end  r eq u es t
� L ook u p  om p i_ p roc_ t associat ed  w it h  t h e d est

• C r eate (copy )  and  i ni ti al i z e th e conv er ter  
f or  th i s  r eq u es t 
� N ot e t h at  a con v ert er is cach ed  f or t h e p eer on  
t h e p m l p roc st ru ct u re b ased  on  p eer 
arch it ect u re an d  u ser d at at y p e S t art  t h e sen d  
req u est

S end  R eq ues t S ta rt
• C ach ed  on  t h e om p i_ p roc_ t is a BM L  en d p oin t  

� c o nt a ins a  list  o f  B ML _ B T L  d a t a  st ruc t ures (c o m bines 
t h e B T L  m o d ule a nd  t h e B T L  end p o int  f o r t h e p eer)

• T h e n ex t  BM L _ BT L  is select ed  rou n d  rob in  f or 
t h is req u est

• S m all m essages are sch ed u led  v ia 
m ca_ p m l_ ob 1 _ sen d _ req u est _ st art _ cop y

Eager Send 
( m c a_ p m l _ o b 1 _ s end_ req u es t _ s t art _ c o p y )

• T h e P M L  w ill allocat e a sen d  d escrip t or b y  callin g 
m ca_ b m l_ b ase_ alloc
� sp ec if y ing  t h e a m o unt  o f  t h e m essa g e t o  send  (up  t o  
ea g er lim it ) p lus reserv e f o r h ea d ers

� T h e send  d esc rip t o r is a llo c a t ed  by  t h e B T L  f ro m  a  
f ree list  

� A n Mp o o l a sso c ia t ed  w it h  t h e B T L  is used  t o  g ro w  t h e 
f ree list  if  nec essa ry  (m a y  use p re-reg ist ered  m em o ry )

• T h e con v ert er is t h en  u sed  t o p ack  t h e u ser d at a 
in t o t h e sen d  d escrip t or

• H ead er in f orm at ion  is p op u lat ed  in clu d in g t h e t ag 
v alu e ( f or act iv e m essage callb ack )

E a g er S end  - C o ntinued
• A  cal l b ack i s  s et on th e d es cr i ptor  and  th e 
s end  r eq u es t i s  s et as  cal l b ack d ata

• T h e d es cr i ptor  i s  r ead y  f or  s end i ng  
mca_ b ml _ b as e_ s end i s  cal l ed

• O n s end er  s i d e compl eti on,  th e 
d es cr i ptor ’s  cal l b ack f u ncti on i s  cal l ed  
al ong  w i th  th e cal l b ack d ata (s end  r eq u es t)

• T h e cal l b ack i s  a P M L  f u ncti on w h i ch  
r etu r ns  th e s end  r eq u es t and  f r ees  th e 
d es cr i ptor

Open IB  B T L  S end  E x a m pl e
• mca_ b ml _ b as e_ s end cal l s  th e B T L  l ev el  
s end ,  pas s i ng  i n th e end poi nt and  mod u l e

• I f  th i s  i s  th e f i r s t d es cr i ptor  to th e peer  
� Q u eu e t h e d escrip t or at  t h e BT L
� I n it ializ e t h e Q P  locally
� S en d  t h e Q P  in f orm at ion  t o t h e p eer v ia t h e 
O O B ( t riggers t h e recv  callb ack regist ered  w it h  
t h e O O B)

� O n  receip t  of  t h e p eers Q P  in f orm at ion  f in ish  
est ab lish in g t h e Q P  C on n ect ion

� S en d  an y  q u eu ed  f ragm en t s t o t h e p eer
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R eceiv e - Po s ting
• MP I _ R ec v sim p ly  c a lls t h e P ML  rec v

(m c a _ p m l_ o b1 _ rec v )
• A llo c a t e a  rec v req uest  (f ro m  g lo ba l f ree list )
• I nit ia liz e t h e rec v req uest

� L o o k u p  o m p i _p r o c _t a sso c i a t ed w i t h  t h e dest
• U nlik e t h e send  req uest ,  t h e rec v req uest  d o es no t  

init ia liz e a  c o nv ert er f o r t h e req uest  unt il t h e rec v is 
m a t c h ed  (sa v es reso urc es)

• S t a rt  t h e rec v req uest
� C h ec k  t h e u nex p ec t ed r ec v l i st  f o r  t h e m a t c h  
� If  no t  f o u nd p o st  i t  t o  t h e r i g h t  l i st  f o r  m a t c h i ng  l a t er

R eceiv e - F ra g m ents
• Messa g es a re rec eiv ed  v ia  t h e p ro g ress eng ine
• Fo r p o lling  p ro g ress m c a _ bm l_ r2 _ p ro g ress is reg ist ered  

a s a  p ro g ress f unc t io n a nd  is c a lled  v ia  o rt e_ p ro g ress
• m c a _ bm l_ r2 _ p ro g ress lo o p s t h ro ug h  t h e B T L ’s a nd  c a lls 

a  c o m p o nent  lev el p ro g ress f unc t io n
• R ec eiv ing  d a t a  is B T L  sp ec if ic
• A f t er rec eip t  o f  t h e d a t a  B T L  p ro g ress w ill lo o k up  a nd  

inv o k e t h e a c t iv e m essa g e c a llba c k  ba sed  o n t h e t a g  
v a lue sp ec if ied  in t h e m essa g e h ea d er p a ssing  in t h e 
d esc rip t o r

R eceiv e - Activ e Mes s a g e 
C a l l b a ck

• R ecal l  th e acti v e mes s ag e cal l b ack  w as  
r eg i s ter ed  ear l i er  w i th  th e B T L

• P M L  O B 1  u s es  a s i ng l e acti v e mes s ag e 
cal l b ack  mca_ pml _ ob 1 _ r ecv _ f r ag _ cal l b ack

• T h e cal l b ack  i s  s peci f i c to th e ty pe of  s end  
th at w as  i ni ti ated
� f or sm all eager m essages t h e receiv er w ill 
at t em p t  t o f in d  a m at ch  b y  callin g 
m ca_ p m l_ ob 1 _ recv _ f rag_ m at ch

R eceiv e - Ma tching
• I f  th e mes s ag e i s  match ed  

� C op y  an d  in it ializ e a con v ert er f or t h e req u est
� N ot e t h at  a con v ert er is cach ed  f or t h e p eer on  
t h e p m l p roc st ru ct u re b ased  on  p eer 
arch it ect u re an d  u ser d at at y p e

� m ca_ p m l_ ob 1 _ recv _ req u est _ m at ch  is called
• O th er w i s e th e d ata i s  b u f f er ed  and  th e 
match  i s  pos ted  to th e u nex pected  l i s t 

R eceiv e - U npa ck
• A ssum ing  t h e rec eiv e is m a t c h ed
• W it h  t h e c o nv ert er no w  init ia liz ed  t h e d a t a  is unp a c k ed  

int o  t h e user’s buf f er
• A  sm a ll m essa g e (less t h a n ea g er lim it ) is no w  c o m p let e 

a nd  t h e rec eiv e req uest  is sig na led  c o m p let e a t  t h e MP I  
lev el

• T h e P ML  lev el reso urc es a re t h en relea sed  a nd  t h e 
req uest  ret urned  t o  t h e g lo ba l f ree list
� F o r  no n-b l o c k i ng  r ec ei v es t h e r eq u est  i s no t  f r eed u nt i l  MPI_T est  
o r  MPI_W a i t

• N o t e t h a t  t h e B T L  d esc rip t o r is o nly  v a lid  f o r t h e lif e o f  t h e 
a c t iv e m essa g e c a llba c k  so  t h e d esc rip t o r m ust  be 
unp a c k ed  int o  t h e user’s buf f er o r buf f ered  a t  t h e P ML  
lev el

“L ea v e Pinned ”
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“L ea v e Pinned ”
• F or  conti g u ou s  d ata 
• U s es  th e M pool  to r eg i s ter  th e enti r e b u f f er  
u p f r ont and  cach e th e r eg i s tr ati on v i a th e 
R cach e

• I ni ti ate a s i ng l e R D M A  r ead  or  w r i te (per  
av ai l ab l e R D M A  B T L )

• S u b s eq u ent s end / r ecei v e f r om th e s ame 
u s er  b u f f er  can av oi d  r eg i s tr ati on b y  
s ear ch i ng  f or  th e r eg i s tr ati on i n th e R cach e

“L ea v e Pinned ”
• O nly  f o r m essa g es o v er t h e ea g er lim it
• R eq uires a  R end ez v o us

� F o r  R D MA  W r i t e t h e r ec ei v er  m u st  b e no t i f i ed o f  t h e r eq u est  
( m a t c h )  a nd r esp o nds w i t h  t h e t a r g et  a ddr ess,  t h e sender  t h en 
“p u t s” t h e da t a

� F o r  R D MA  R ea d t h e r ec ei v er  i s no t i f i ed o f  t h e r eq u est  a nd g i v en 
t h e sender s a ddr ess,  t h e r ec ei v er  t h en “g et s” t h e da t a

• Fo r reg ist ra t io n c a c h e c o h erenc y  m em o ry  h o o k s a re 
used  t o  d et ec t  c h a ng es in v irt ua l/ p h y sic a l m a p p ing s o r 
sbrk  is d isa bled

“L ea v e Pinned ”
• MP I _ S end -->  m c a _ p m l_ o b1 _ send
• C h ec k  user buf f er c o nt ig uo us =  t rue
• Find  a  c a c h ed  reg ist ra t io n (m c a _ p m l_ o b1 _ rd m a _ bt ls) 

� E a c h  B T L  m o du l e i s c a c h ed i n t h e b m l _endp o i nt ,  l o o p  t h r o u g h  
ea c h  B T L  
• C h e c k  i f  t h e  u s e r  b u f f e r  i s  r e g i s t e r e d  m p o o l _ f i n d (…)  
• I f  n o  r e g i s t r a t i o n  i s  f o u n d ,  r e g i s t e r  t h e  u s e r  b u f f e r  a n d  c a c h e  i t  u s i n g  
m p o o l _ r e g i s t e r (…. .  ,  M C A _ M P O O L _ F L A G S _ C A C H E )

• M p o o l s u s e  t h e  R c a c h e  t o  c a c h e / s e a r c h  t h e  r e g i s t r a t i o n

Send R endez v o u s  
( m c a_ p m l _ o b 1 _ s end_ req u es t _ s t art _ rdm a)

• m ca_ p m l_ ob 1 _ sen d _ req u est _ st art _ rd m a is 
called  p assin g in  t h e regist rat ion  f ou n d / regist ered  
p rev iou sly  

• I f  t h e BT L  su p p ort s R D M A  R ead  an d  t h ere is 
on ly  on e R D M A  BT L  av ailab le 
� P rep a re a  so urc e d esc rip t o r f o r t h e ent ire m essa g e
� S end  a n R D MA  G E T  c o nt ro l m essa g e inc lud ing  t h e 
d esc rip t o r seg m ent s

• O t h erw ise sen d  a ren d ez v ou s h ead er ( n o eager 
d at a is sen t )

R end ez v ou s  R ecei v ed  
mca_ pml _ ob 1 _ r ecv _ f r ag _ cal l b ack

• O n th e r ecei pt of  th e f r ag ment th e acti v e 
mes s ag e cal l b ack
mca_ pml _ ob 1 _ r ecv _ f r ag _ cal l b ack  i s  cal l ed

• M atch i ng  l og i c i s  cal l ed  f or  a r end ez v ou s  
h ead er  (mca_ pml _ ob 1 _ r ecv _ f r ag _ match )
� I f  t h e receiv e is n ot  p ost ed ,  in sert  t h e f ragm en t  
on  t h e u n ex p ect ed  list  

� W h en  t h e receiv e is m at ch ed  gen erat e an  ack
an d  sch ed u le t h e receiv e req u est

G ener ate A C K  
mca_ pml _ ob 1 _ r ecv _ r eq u es t_ ack

• U sing  t h e c o nv ert er c h ec k  if  t h e user buf f er is c o nt ig uo us 
(o m p i_ c o nv ert o r_ need _ buf f ers)

• Find  a  c a c h ed  reg ist ra t io n (o r reg ist er a nd  c a c h e if  no t  
f o und ) 

• C a c h e t h e a v a ila ble reg ist ra t io ns a nd  c o rresp o nd ing  
B T L s o n t h e rec eiv e req uest

• G enera t e a n a c k t o  t h e p eer set t ing  R D MA  o f f set  t o  z ero  
� T h e R D MA  o f f set  t el l s t h e sender  h o w  m u c h  da t a  t o  sc h edu l e v i a  
send/ r ec ei v e 

� A n o f f set  o f  z er o  i ndi c a t es t h e r ec ei v er  w i l l  sc h edu l e t h e ent i r e 
m essa g e
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R ecei v er  S i d e S ch ed u l e 
mca_ pml _ ob 1 _ r ecv _ r eq u es t_ s ch ed u l e

• S ch ed u l e th e mes s ag e ov er  th e av ai l ab l e 
r eg i s tr ati ons / B T L s .

• F r ag ment th e mes s ag e b as ed  on a s tati c 
B T L  w ei g h ti ng  f actor  (cu r r entl y  per centag e 
of  conf i g u r ed  b and w i d th )

• F or  each  B T L ,  u s e th e B M L / B T L  
mca_ b ml _ b as e_ pr epar e_ d s t i nter f ace to 
cr eate a d es cr i ptor  as  th e d es ti nati on of  th e 
R D M A

R ecei v er  S i d e S ch ed u l e - C onti nu ed

• F or  each  B T L ,  s end  a contr ol  mes s ag e 
(P U T )  w i th  th e R D M A  tar g et ad d r es s  to th e 
s ou r ce
� U se t h e BT L  on  w h ich  t h e R D M A  sh ou ld  b e 
sch ed u led

� I n clu d e a ref eren ce t o t h e R D M A  d escrip t or at  
t h e d est in at ion  ( sen t  b ack  on  R D M A  
com p let ion )

S end er - PU T  C o ntro l  
Mes s a g e R eceiv ed

• O n r ecei pt of  th e “P U T ” contr ol  mes s ag e
� m ca_ p m l_ ob 1 _ sen d _ req u est _ p u t  is called
� T h e sen d er sid e regist rat ion  is ob t ain ed  f rom  
t h e m p ool/ rcach e f or t h is BT L  

� A  d escrip t or corresp on d in g t o t h e u ser b u f f er 
is ob t ain ed  v ia
• m c a _ bm l_ ba se_ p rep a re_ src

S end er  I ni ti ates  R D M A  W r i te 
mca_ pml _ ob 1 _ s end _ r eq u es t_ pu t

• T h e d es cr i ptor  i s  u pd ated  to poi nt to th e 
d es ti nati on s eg ments  r etu r ned  i n th e P U T  
contr ol  mes s ag e

• mca_ pml _ ob 1 _ pu t i s  cal l ed  on th e 
d es cr i ptor  

• O n l ocal  compl eti on th e d es cr i ptor  cal l b ack
i s  i nv ok ed  
� m ca_ p m l_ ob 1 _ p u t _ com p let ion

S end er  S i d e R D M A  C ompl eti on 
mca_ pml _ ob 1 _ pu t_ compl eti on

• T h e sen d  req u est  is u p d at ed  w /  b y t es t ran sf erred
• I f  b y t es t ran sf erred  = =  m essage siz e,  M P I  
com p let ion  is sign alled

• A  d escrip t or is allocat ed
• A n  R D M A  F I N  con t rol m essage is sen t  t o t h e 
p eer t o in d icat e rem ot e com p let ion
� inc lud ed  in t h is m essa g e is t h e R D MA  w rit e d esc rip t o r 
ref erenc e (f o r t h e rec eiv er)

• F ree t h e R D M A  d escrip t or b t l_ f ree
• O n  local com p let ion  t h e d escrip t or u sed  f or t h e 
con t rol m essage is ret u rn ed  v ia b t l_ f ree

R eceiv er - R D MA F IN  
receiv ed

• A  ref erenc e t o  t h e rec eiv er’s R D MA  d esc rip t o r is inc lud ed  
in t h e R D MA  c o nt ro l m essa g e
� T h e lo c a l c o m p let io n c a llba c k a sso c ia t ed  w it h  t h is 
d esc rip t o r is c a lled  (sim ula t es rem o t e c o m p let io n)
• m c a _p m l _o b 1 _p u t _c o m p l et i o n 
• D i f f e r e n t  f u n c t i o n . .  S a m e  n a m e  : -(

• T h e R D MA  d esc rip t o r is f reed  (m c a _ bm l_ ba se_ f ree) 
• T h e MP I  req uest  is sig na lled  c o m p let e
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“L ea v e Pinned ” - PU T “L ea v e Pinned ” - G E T

R es ul ts

0 Byte Latency 

3.09 usec

Pipel ine Pro to co l  

Pipel ine Pro to co l
• F or  conti g u ou s  d ata
• M es s ag es  l ar g er  th an B T L  max  s end  s i z e
• O v er l aps  memor y  r eg i s tr ati on w i th  R D M A  
oper ati ons

• U s es  M pool  to r eg i s ter  memor y  i n ch u nk s  
(B T L  max  R D M A  s i z e)

• I ni ti ate mu l ti pl e R D M A  oper ati ons  at once 
(u p to B T L  pi pel i ne d epth )

Pipel ine Pro to co l  - Mes s a g e 
L a y o ut
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Pipel ine Pro to co l
• S tar ts  l i k e S end / R ecv  R end ez v ou s  
pr otocol  
� S elect  n ex t  BT L  f rom  BM L  E n d p oin t ’s eager 
BT L  list

� A llocat e a d escrip t or u sin g t h e BM L / BT L
� Bu ild  a R N D V  m at ch  h ead er an d  p ack  eager 
d at a u sin g con v ert er

� S en d   R N D V  m at ch + E ager

Pipel ine Pro to co l  -
E a g er+ Ma tch

R eceiv e R N D V  H ea d er
• O n match  of  R ND V  h ead er  

� Gen erat e a R N D V  A C K  t o t h e p eer w it h  t h e 
R D M A  of f set
• R D MA  o f f set  is t h e m inim um  o f  t h e 
MI N _ R D MA _ S I Z E  o f  t h e R D MA  d ev ic es a v a ila ble 
o n t h e rec eiv er

• O n r ecei pt of  th e R ND V  A C K  th e s ou r ce:
� T h e sou rce sch ed u les u p  t o t h e R D M A  of f set  
u sin g sen d / recv  sem an t ics

� T h is h elp s cov er t h e cost  of  in it ializ in g t h e 
p ip elin e on  t h e receiv e sid e

Pipel ine Pro to co l  - S end  up to  
R D MA Of f s et

R eceiv er S ched ul es  R D MA 
F ra g m ents

• A f t er gen erat in g t h e R N D V  A C K  t h e receiv er 
im m ed iat ely  b egin s sch ed u lin g R D M A  f ragm en t s
� T h e next  B T L  is selec t ed  f ro m  t h e B ML  end p o int ’s 
R D MA  B T L  a rra y

� P rep a re d est is used  t o  reg ist er a  seg m ent  o f  t h e user 
buf f er

� E a c h  seg m ent s siz e is c o nst ra ined  by  t h e B T L  
MA X _ R D MA _ S I Z E  

� S end  a  P U T  c o nt ro l m essa g e (inc lud ing  t h e seg m ent  
list  o f  t h e R D MA  d esc rip t o r) t o  t h e so urc e using  t h e 
sa m e B T L

Pipel ine Pro to co l  - R eg is ter 
R eceiv er S id e “chunk s ”
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S o urce receiv es  PU T  co ntro l  
m es s a g e

• S im ilar t o t h e “L eav e P in n ed ” p rot ocol:
� C a lls p rep a re so urc e t o  build  a  d esc rip t o r f o r t h e 
R D MA  o p era t io n 
• T h e PU T  c o nt r o l  m essa g e sp ec i f i es o f f set  a nd si z e
• B T L  R eg i st er s t h e u ser ’s b u f f er  i f  r eq u i r ed v i a  t h e MPo o l

� S et up  t h e d esc rip t o r t o  p o int  t o  t h e d est ina t io n 
seg m ent s a s sp ec if ied  in t h e P U T  c o nt ro l m essa g e

� I nit ia t e t h e R D MA  W rit e 
� O n lo c a l c o m p let io n o f  t h e R D MA  W rit e send  a  FI N  
c o nt ro l m essa g e t o  t h e p eer

Pipel ine Pro to co l  - R eg is ter 
a nd  R D MA

F IN  m es s a g e receiv ed
• I ncl u d ed  i n th e F I N mes s ag e i s  th e poi nter  
to th e r ecei v er ’s  R D M A  d es cr i ptor
� T h e R D M A  d escrip t or’s callb ack  is in v ok ed  
�( sim u lat in g rem ot e com p let ion )

� U p d at e receiv e req u est  st at u s 
• m a y  sig na l MP I  c o m p let io n

� F ree t h e R D M A  d escrip t or 
• m a y  unreg ist er t h e user’s buf f er

Pipel ine Pro to co l  - T im ing  
D ia g ra m

Pipel ine Perf o rm a nce Pipel ine Perf o rm a nce
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T hrea d ing  S tra teg ies

E na b l ing  T hrea d  S uppo rt
• C ompi l e T i me D eci s i on

--en ab le-m p i-t h read s
• S up p o rt s m ult ip le user t h rea d s in t h e libra ry
• T h rea d  lo c k s d isa bled  unless init ia liz ed  a s 
MP I _ T H R E A D _ MU L T I P L E

--en ab le-p rogress-t h read s
• T h rea d s used  int erna lly  by  t h e libra ry  t o  ena ble 
a sy nc h ro no us p ro g ress

• T h rea d  lo c k s a lw a y s ena bled

C o d ing  S ta nd a rd s
• C r i ti cal  s ecti ons  pr otected  b y  atomi c 
oper ati ons  and / or  mu tex es

• M acr os  opti onal l y  enab l e l ock i ng  b as ed  on 
conf i g u r e opti ons

O P A L _ T H R E A D _ L O C K (& lo c k )
/ *  c rit ic a l sec t io n * /
O P A L _ T H R E A D _ U N L O C K (& lo c k )

• B y  d ef au l t th es e ar e compi l ed  ou t

C o d ing  S ta nd a rd s  (C o nt)
• A b s tr acti ons  f or  mu tex es and  cond i ti on 
v ar i ab l es  pr ov i d ed  i n:
� op al/ t h read s/ m u t ex . h con d it ion . h

• A tomi c oper ati ons  pr ov i d ed  i n 
opal / s y s / atomi c.h
� op al_ at om ic_ ad d 3 2 ( v olat ile in t 3 2 _ t * ,  in t )

• W r apper s  f or  cond i ti onal  atomi cs  pr ov i d ed  
i n opal / th r ead s / mu tex .h
� O P A L _ T H R E A D _ A D D 3 2 ( v olat ile in t 3 2 _ t * ,  in t )

PML  R eq ues t C o m pl etio n
• G l ob al  mu tex (ompi _ r eq u es t_ l ock )  pr otects  
ch ang es  to r eq u es t s tate

• G l ob al  cond i ti on v ar i ab l e 
(ompi _ r eq u es t_ cond )  u s ed  to w ai t on 
r eq u es t compl eti on

• C ond i ti on v ar i ab l es  pr ov i d e an ab s tr acti on 
th at s u ppor ts  pr og r es s i on w i th  mu l ti pl e 
th r ead i ng  mod el s

S ing l e T hrea d ed
• M u l ti pl e i mpl ementati ons  of  
opal _ cond i ti on_ t

• S i ng l e T h r ead ed
� op al_ con d it ion _ w ait ( ) sp in s callin g 
op al_ p rogress( ) u n t il con d it ion  v ariab le is 
sign alled .
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Pro g res s  T hrea d s
• U s er  l ev el  th r ead  pol l s  v i a opal _ pr og r es s ()  
f or  compl eti on

• B l ock s  on pos i x  cond i ti on v ar i ab l e af ter  
conf i g u r ab l e nu mb er  of  cy cl es

• B T L  th r ead s  pr og r es s  r eq u es ts  
as y nch r onou s l y

• U pcal l s f r om B T L -> P M L  w i l l  s i g nal  cond i ti on 
v ar i ab l e on r eq u es t compl eti on.

MPI_ R eq ues t_ W a it
int o m p i_ r e q u e s t _ w a it( o m p i_ r e q u e s t_ t ** r e q _ p tr ,  o m p i_ s t a tu s _ p u b l ic _ t * s ta t u s )
{
o m p i_ r e q u e s t _ t *r e q =  *r e q _ p tr ;
if ( r e q ->r e q _ c o m p l e te = =  f a l s e )  {

#if  O M P I _ E N A B L E _ P R O G R E S S _ T H R E A D S
/ * p o l l  f o r  c o m p l e tio n */
if ( o p a l _ p r o g r e s s _ s p in( & r e q ->r e q _ c o m p l e t e ) )
g o to f inis h e d ;

#e n d if
/ * g iv e  u p  a n d  s l e e p  u ntil  c o m p l e tio n */
O P A L _ T H R E A D _ L O C K ( & o m p i_ r e q u e s t _ l o c k ) ;
o m p i _ r e q u e s t_ w a iting + + ;
w h il e  ( r e q ->r e q _ c o m p l e t e = =  f a l s e )  {
o p a l _ c o nd itio n _ w a it( & o m p i _ r e q u e s t_ c o nd ,  & o m p i_ r e q u e s t_ l o c k ) ;

}
o m p i _ r e q u e s t_ w a iting --;
O P A L _ T H R E A D _ U N L O C K ( & o m p i_ r e q u e s t_ l o c k ) ;

}
#if  O M P I _ E N A B L E _ P R O G R E S S _ T H R E A D S
f inis h e d :
#e n d if
. . . . . .

PML  L o ck ing
• M u lt ip le t h read s cou ld  b e at t em p t in g t o p rogress a 
p en d in g req u est
� U t iliz e a p er req u est  cou n t er an d  at om ic 
op erat ion s t o p rev en t  m u lt ip le t h read s f rom  
en t erin g sch ed u lin g logic

• M P I  q u eu es ( u n ex p ect ed , p ost ed receiv es) are 
st ored  on  a P M L  d at ast ru ct u re associat ed  w it h  t h e 
com m u n icat or
� U t iliz e a sin gle p er com m u n icat or lock  t h at  is 
h eld  d u rin g m at ch in g

B T L  L o ck ing
• P er  B T L  mu tex acq u i r ed  w h en acces s i ng  
B T L  s peci f i c q u eu es / s tate

• A tomi c oper ati ons  u s ed  to manag e tok en 
cou nts  (e.g . nu mb er  of  s end  tok ens  
av ai l ab l e)

• F r ee l i s ts  (ompi _ f r ee_ l i s t_ t)  each  mai ntai n a 
mu tex to pr otect ag ai ns t concu r r ent acces s   

Pro g res s  T hrea d s
(--w ith-pro g res s -threa d s )

• B T L  i s  r es pons i b l e f or  pr og r es s i ng  al l  
r eq u es ts  as y nch r onou s l y

• D epend i ng  on th e i nter connect,  th i s  may  
r eq u i r e a th r ead  per  B T L

• M y r i net/ G M  - w e cr eate a th r ead  th at b l ock s  
i n th e d r i v er
� gm _ b lock in g_ receiv e_ n o_ sp in ( )

Pro g res s  T hrea d s
• T o i mpr ov e l atency ,  w e can al l ow  u s er  
th r ead  to pr og r es s  ev ents  f or  a conf i g u r ab l e 
nu mb er  of  cy cl es

• I f  r eq u es ts  d o not compl ete,  al l ow  B T L  
th r ead  to compl ete th em as y nch r onou s l y

• Need  to d ef i ne a s tand ar d  mech ani s m to 
s i g nal / w ak e B T L  th r ead  i n th i s  cas e


