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Open Run-T i m e E nv i r o nm ent
Jeff Squyres

ORT E
• R un -t i m e sup p o rt  syst em

� Basis for Open MPI launch, kill, etc.
� But can b e used  ind epend ently

• T i es i n t o  b a c k -en d  run -t i m e en v i ro n m en t s
� …or not!

• St a rt ed  a s t i n y sub syst em  i n  O M P I
� E v olv ing  into its ow n proj ect
� Other proj ects using  OR T E  w ithout OMPI
� May  [ som ed ay ]  b e a separate proj ect

ORT E  Ob j ec t i v es

*Cell = one or more computers sharing a common launch environment/ point

ORT E  A r c h i t ec t ur e

T h e ORT E  Universe
• C o l l ec t i o n  o f serv i c es a n d  reso urc es

� S upports m ultiple sim ultaneous applications
� C onfig urab le env ironm ent
� Maintains sy stem  status, inter-process 
coord ination

� Monitors state-of-health
• P r o c e s s e s ,  r e s o u r c e s

T h e ORT E  Universe
• H ea d  N o d e P ro c ess ( H N P )

� R esid es on m achine from  w hich processes 
are launched  on that cell
• E . g . ,  f r o n t  e n d  o f  a  c l u s t e r ,  g r i d  m a s t e r

� R esponsib le for…
• L a u n c h i n g  a l l  p r o c e s s e s  o n  t h a t  c e l l
• M o n i t o r i n g  c e l l  s t a t e -o f -h e a l t h  ( n o d e s ,  p r o c e s s e s )
• R e p o r t i n g  c e l l  s t a t e  t o  r e s t  o f  u n i v e r s e
• R o u t i n g  c o m m u n i c a t i o n s  b e t w e e n  c e l l s
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U ni q uenes s
• U ser can hav e m ultiple sim ultaneous univ erses

� N a m e d  o r  “d e f a u l t ”
• J ob s and  processes w ithin a g iv en univ erse can 
com m unicate, sy nchroniz e

• A ccess restrictions
� S c o p e  c a n  b e  s e t  b y  u s e r

• P u b l i c  - a c c e s s i b l e  b y  a n y o n e  ( b e  c a r e f u l ! )
• P r i v a t e  - a c c e s s i b l e  b y  u s e r  o n l y  ( d e f a u l t )
• E x c l u s i v e  - d e d i c a t e d  t o  a  s p e c i f i c  j o b ,  n o  s u b s e q u e n t  
c o n n e c t i o n s  a l l o w e d

� R e l i e s  o n  o p e r a t i n g  s y s t e m  s e c u r i t y

U ni v er s e T y pes
• N o n -p ersi st en t  un i v erse ( c urren t  d efa ul t )

� E nd s w ith application com pletion
• P ersi st en t  un i v erse

� E x ists outsid e of any  particular application
� U sed  for m ultiple sy nchroniz ed  application 
operations across cells

� In MPI contex t, freq uently  used  for MPI-2  
d y nam ic operations
• C o n n e c t ,  a c c e p t ,  j o i n

U ni v er s e G l o b a l s
• P r o c e s s  n a m e :  < j o b i d >. < p s e t >. < v p i d >
• J o b  ( j o b i d )

� U n i q u e  w i t h i n  a  g i v e n  u n i v e r s e
� O n e  i s s u e d  p e r  e a c h  e x e c u t i o n  o f  “o r t e r u n ”

• N o t e :  “o r t e r u n ” =  “m p i e x e c ” =  “m p i r u n ”
• P r o c e s s  s e t  ( p s e t )

� C o l l e c t i o n  o f  p r o c e s s e s  w i t h i n  a  g i v e n  j o b  t h a t  w e r e  i n i t i a t e d  w i t h  
a  c o m m o n  “s p a w n ”

� U n i q u e  w i t h i n  a  g i v e n  job
� p s e t = 0  r e s e r v e d  f o r  d a e m o n s  t h a t  m i g h t  b e  l a u n c h e d  b y  t h e  j o b

• V i r t u a l  p r o c e s s  I D  ( v p i d )
� I D  o f  p r o c e s s  - u n i q u e  w i t h i n  a  g i v e n  p r oc e s s  s e t
� U s u a l l y  e q u a l  t o  t h e  M P I _ C O M M _ W O R L D  r a n k

U ni v er s e E l em ent s

G ener a l  P ur po s e Reg i s t r y
• D ata storag e/ retriev al sy stem

� A l l  c o m m o n  d a t a  t y p e s  p l u s  u s e r -d e f i n e d
� H e t e r o g e n e i t y  b e t w e e n  s t o r i n g  p r o c e s s  a n d  r e c i p i e n t  
a u t o m a t i c a l l y  r e s o l v e d

� S t i l l  a  s i n g l e  i n s t a n c e ;  w o r k i n g  o n  d i s t r i b u t e d
• Pub lish /  sub scrib e

� S u p p o r t  e v e n t -d r i v e n  c o o r d i n a t i o n  a n d  n o t i f i c a t i o n
� S u b s c r i b e  t o  i n d i v i d u a l  d a t a  e l e m e n t s ,  g r o u p s  o f  
e l e m e n t s ,  w i l d c a r d  c o l l e c t i o n s

� S p e c i f y  a c t i o n s  t h a t  t r i g g e r  n o t i f i c a t i o n s ,  i n f o r m a t i o n  t o  
b e  r e t u r n e d

U ni v er s e E l em ent s
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Runt i m e M es s a g i ng  L a y er
• S i n g l e  p o i n t -o f -c o n t a c t  f o r  r o u t i n g  a n d  d e l i v e r y  o f  m e s s a g e s  w i t h i n  O R T E

� N o t  i n t e n d e d  f o r  h i g h -p e r f o r m a n c e ,  l a r g e  m e s s a g e  c o m m u n i c a t i o n s
� I n t e r -c e l l  r o u t i n g
� I n t e r -u n i v e r s e  m e s s a g i n g  

n ot s u p p o r t e d
• G u a r a n t e e d  d e l i v e r y

� B l o c k i n g ,  n o n -b l o c k i n g
� B r o a d c a s t ,  p r o c e s s -t o -p r o c e s s

• M u l t i p l e  p a r a l l e l  n e t w o r k  t r a n s p o r t s
� O u t -o f -b a n d  ( O O B )  f r a m e w o r k  a u t o -s e l e c t s  a v a i l a b l e  t r a n s p o r t s
� R M L  s e l e c t s  “b e s t ”o p t i o n ( s )
� M e s s a g e  f r a g m e n t a t i o n  n ots u p p o r t e d
� A u t o -u p d a t e  o f  c o n n e c t i o n  i n f o r m a t i o n  t o  s u p p o r t  a d d i t i o n ,  d e l e t i o n  o f  p r o c e s s e s

• H e t e r o g e n e i t y  
a u t o m a t i c a l l y  r e s o l v e d
� B y t e  o r d e r ,  s i z e  d i f f e r e n c e s

D a t a  S er v i c es
• S i n g l e  i n t e r f a c e  f o r  a l l  d e c l a r e d  d a t a  t y p e s

� R e g i s t e r  d a t a  t y p e s ,  m a n i p u l a t i o n  f u n c t i o n s
� U n s t r u c t u r e d  o r  s t r u c t u r e d

• P a c k  /  u n p a c k  f o r  n e t w o r k  c o m m u n i c a t i o n s
� R e s o l v e  d a t a  h e t e r o g e n e i t y  i s s u e s
� C o n s t r u c t  /  d e c o n s t r u c t  b u f f e r s  f o r  t r a n s m i s s i o n  o v e r  R M L

• S u p p o r t  t r a n s p a r e n t  d a t a  m a n i p u l a t i o n  w i t h i n  O R T E
� A l l  d e c l a r e d  d a t a  t y p e s

• C o p y ,  c o m p a r e ,  s i z e ,  p r i n t ,  r e l e a s e
� A r i t h m e t i c  f u n c t i o n s  f o r  i n t e g e r  d a t a  t y p e s

• A d d ,  s u b t r a c t ,  d i v i d e ,  m u l t i p l y
• I n c r e m e n t ,  d e c r e m e n t

N a m e S er v i c es  &
I / O F o r w a r d i ng

N am e S erv ices
• G enerate uniq ue 
nam es

• S upport nam e 
passing  to child  
processes

• Prov id e support 
functions
� G e t  p e e r s  f o r  p r o c e s s  
s e t s ,  j o b s

I/ O F orw ard ing
• S ource /  sink:  file

� ( i n c l u d i n g  s t d i n /  o u t  /  
e r r )

• F rom  application start
� S e t u p  b e f o r e  m a i n ( )

• Only  b asic usag e 
currently  supported  b y  
m pirun
� W e  s h o u l d  d o  m o r e !

U ni v er s e E l em ent s

S t a t e M o ni t o r i ng  &  Repo r t i ng
• S ing le point for reporting  chang es in state

� R e p o r t  c h a n g e s  i n  s t a t e  a s  d e t e c t e d  b y  s y s t e m
� N o t i f i c a t i o n  t o  a l l  i n t e r e s t e d  s u b s y s t e m s  t h r o u g h  r e g i s t r y  s u b s c r i p t i o n  s e r v i c e

• Internal m onitoring  capab ilities
� U s e d  w h e r e  s y s t e m  d o e s n ’t  p r o v i d e  o w n  c a p a b i l i t y  o r  t o  a u g m e n t  a v a i l a b l e  s e r v i c e s
� P r o c e s s  s t a t e

• T r a c k s  p r o c e s s  s u c c e s s f u l  s t a r t u p / s h u t d o w n ,  a b n o r m a l  t e r m i n a t i o n s
� S y s t e m  s t a t e

• T r a c k s  s t a t u s ,  p e r f o r m a n c e
� N o d e / c e l l  ( u p ,  d o w n ,  b o o t i n g ,  …)
� C o m m u n i c a t i o n s  ( b a n d w i d t h ,  c o n n e c t i v i t y )

• D e v e l o p s  m o d e l  o f  a n t i c i p a t e d  p e r f o r m a n c e ,  f a u l t  p r e d i c t i o n

E r r o r  M a na g er
• L o g  O R T E  e r r o r s  f o r  r e p o r t i n g ,  f u t u r e  a n a l y s i s
• P r i m a r y  r e s p o n s i b i l i t y :  f a u l t  r e s p o n s e

� C o n t a i n s  d e f i n e d  r e s p o n s e  f o r  g i v e n  t y p e s  o f  f a u l t s
� R e s p o n d s  t o  f a u l t s  b y  s h i f t i n g  r e s o u r c e s ,  p r o c e s s e s

• S e c o n d a r y  r e s p o n s i b i l i t y :  r e s i l i e n c e  s t r a t e g y
� C o n t i n u o u s l y  u p d a t e  a n d  d e f i n e  p o s s i b l e  r e s p o n s e  o p t i o n s
� U t i l i z e s  S M R  f a u l t  p r e d i c t i o n  t o  t r i g g e r  p r e -e m p t i v e  a c t i o n

• A l l o w s  s e l e c t i o n  o f  v a r i o u s  r e s p o n s e  s t r a t e g i e s  v i a  
c o m p o n e n t  s y s t e m
� R u n -t i m e  d e c i s i o n
� S e l e c t a b l e  b y  c o m m a n d -l i n e  o p t i o n ,  e n v i r o n m e n t a l  p a r a m e t e r ,  o r  

d e f a u l t  t o  l o c a l  s y s t e m  c o n f i g u r a t i o n
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U ni v er s e E l em ent s Res o ur c e M a na g er  ( RM G R)
• I n t e g r a t e d ,  s i n g l e  p o i n t -o f -
c o n t a c t  f o r  l a u n c h i n g  j o b s ,  
p r o c e s s e s

• S e l e c t a b l e  c o m p o n e n t s  
a l l o w  m u l t i p l e  s t r a t e g i e s  
f o r  i n t e r w e a v i n g  f u n c t i o n a l  
b l o c k s
� U R M  c o m p o n e n t  s e e m s  t o  

m e e t  n e a r l y  a l l  n e e d s
� P r o x y  c o m p o n e n t  a l l o w s  

r e m o t e  p r o c e s s e s  t o  a c c e s s  
r e s o u r c e s  o n  t h i s / o t h e r  
c e l l s ,  w i t h o u t  t r a n s f e r r i n g  
d a t a

Res o ur c e A l l o c a t i o n
• M ea n t  t o  a l l o c a t e reso urc es

� E .g ., sub m it b atch j ob
• So m e R A S c o m p o n en t s c urren t l y ex i st

� But are really  m is-placed
� Being  ported  b ack to R D S  ( resource 
d iscov ery )

• D o  n o t  h a v e a n y rea l  R A S c o m p o n en t s yet
� Prob ab ly  only  use one com ponent at run-tim e

Res o ur c e D i s c o v er y
• D i sc o v er w h a t  reso urc es h a v e b een  g i v en  
t o  t h e j o b
� In resource m anag er j ob  ( PBS , S L U R M, etc.)
� H ostfile
� L ocalhost only

• Sup p o rt s
� H ostnam es
� Max  process counts on each ( slots)

• U se a l l  a v a i l a b l e c o m p o n en t s a t  run -t i m e

Res o ur c e M a ppi ng
• G i v en  a  set  o f p ro c esses

� Map them  to resources
• O n l y o n e c o m p o n en t :  ro un d _ ro b i n

� N od e m aj or and  slot m aj or ord ering
� May  hav e m ore here som ed ay

• U se o n e c o m p o n en t  a t  run -t i m e

P r o c es s  L a unc h
• U se a  b a c k -en d  syst em  t o  l a un c h

� S L U R M, PBS , rsh/ ssh, …
• I n t erfa c e sup p o rt s p ro c ess k i l l  a s w el l
• C a n  o n l y use o n e P L S c o m p o n en t  p er c el l
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o r t er un
• T o o l  fo r l a un c h i n g  p ro c esses i n  un i v erse

� C an launch MPI and  non-MPI apps
� S y m  linked  to m pirun and  m piex ec

• Sup p o rt s M P I -2  m p i ex ec  syn t a x
� S upports S PMD  and  MPMD
� S upports process-uniq ue MC A  param eters
� C an also g iv e a file w ith all com m and s /  arg s
� --host w orks, --arch d oes not

• See t h e m a n  p a g e ( m p i run . 1 )

o r t er un S c ena r i o
• m p i run  –n p 4  a . o ut

� R MG R  is inv oked  to spaw n the j ob
� Q uery  R D S  and  R A S
� G et a list of resources
� Inv oke R MA PS  to m ap 4  processes to 
resources

� Inv oke PL S  to launch processes
� Inv oke PL S  to w ait for processes to com plete

M P I  S t a r t up
• M P I _ I N I T  d et erm i n es i t s i d en t i t y
• C a l l s b a c k  t o  G P R  a s ren d ez v o us p o i n t

� E x chang e MPI pt2 pt connection inform ation
� D one as a “com pound  com m and ”

• E v e r y t h i n g  e x c h a n g e d  i n  o n e  t r a n s f e r  p e r  p r o c e s s
• o rt erun  un a w a re i f M P I  o r n o n -M P I  j o b

M P I _ C OM M _ S P A W N
• E ssen t i a l l y t h e sa m e a s o rt erun

� Inv okes rm g r.spaw n( )
• R en d ez v o us p o i n t  i s t h e G P R

� H ence, MPI process d oes not hav e to d oub le 
as “orterun” role

A d d i ng  S uppo r t  f o r  N ew  RM s
• T yp i c a l l y a d d  t w o  c o m p o n en t s

� R D S :  q uery  the R M to find  resources allocated  
to the j ob

� PL S :  use the R M’s nativ e m echanism  to 
launch, m onitor, kill

• E x a m p l e
� S L U R M has R A S  ( m ov ing  to R D S )  and  PL S  
com ponents

Ot h er  ORT E  T o o l s
• …n o n e yet
• B ut  o t h ers a re un d er d ev el o p m en t  /  
c o n t em p l a t ed
� C onsole-like application
� S creen-like application
� I/ O m ultiplex er
� U niv erse ps, kill, etc.
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Ong o i ng  E f f o r t s  /  F ut ur e W o r k
• R em o t e l a un c h  fro m  d esk t o p / n o t eb o o k

� S upport d isconnect/ reconnect
� R em ote status reporting
� R esource d iscov ery , sched uling

• M ul t i -c el l  o p era t i o n s
� S ing le application spanning  m ultiple cells
� Multiple applications sy nchroniz ed  and / or 
sharing  d ata across m ultiple cells

• R esi l i en t  o p era t i o n s
� N ex t-g eneration response to “faults”

Q ues t i o ns ?

B a c k up S l i d es

ORT E  v s .  G r i d

A l l  r e s o u r c e s  m u s t  i n s t a l l  a n d  
s u p p o r t  g r i d  s y s t e m s ,  p r o t o c o l s
O p e r a t e s  a t  admin l e v e l

O p e n R T E
• F u l l  l o c a l  a u t o n o m y ,  c o n t r o l

� O p e r a t e s  a t  u s e r l e v e l
� U s e r  m u s t  b e  a b l e  t o  s p a w n  

p r o c e s s  o n  h e a d  n o d e  o f  c e l l
� U t i l i z e s  m u l t i p l e  

c o m m u n i c a t i o n  p r o t o c o l s
• C o m p o n e n t  a r c h i t e c t u r e

� A l l o w s  r a p i d ,  e a s y  p r o t o t y p i n g  
a n d  i n c o r p o r a t i o n  o f  n e w  
f e a t u r e s
• S t o r e  c o m p o n e n t  i n  

a c c e s s i b l e  l o c a t i o n
• T e l l  s y s t e m  t o  u s e  i t  

( c o m m a n d  l i n e  p a r a m e t e r ,  
e n v i r o n m e n t a l  v a r i a b l e )

� P l a n n e d  i n c o r p o r a t i o n  o f  g r i d  
p r o t o c o l s  t o  a l l o w  i n t e r a c t i o n

B u i l d  a n d  d i s t r i b u t e  w e b  s e r v i c e s  
t o  a d d  n e w  c a p a b i l i t i e s ,  m u s t  
i n t e g r a t e  d i r e c t l y  i n t o  a p p l i c a t i o n

G r i d

ORT E  v s .  G r i d
O p e n R T E

• F u l l  l o c a l  a u t o n o m y ,  c o n t r o l
• C o m p o n e n t  a r c h i t e c t u r e
• T r a n s p a r e n t

� N o  a p p l i c a t i o n  c o d e  c h a n g e s  
o r  “g l u e ” p r o g r a m m i n g  t o  m o v e  
f r o m  c l u s t e r  t o  m u l t i -c e l l  
o p e r a t i o n s

A p p l i c a t i o n  i n c o r p o r a t e s  g r i d  
p r o g r a m m i n g  o r  m u s t  b e  l i n k e d  t o  g r i d -
s p e c i f i c  l i b r a r i e s
C u s t o m i z e d  p r o g r a m m i n g  t o  u t i l i z e  
m u l t i p l e c e l l s  t o  s u b d i v i d e  a p p l i c a t i o n s ,  
s y n c h r o n i z e  m u l t i p l e  a p p l i c a t i o n s

G r i d


