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Open Portability Abstraction 
L ayer ( OPAL )

Brian Barrett

S u pport L ibrary
• U til ities  f o r m ak ing  y o u r l if e eas ier
• U til ities  f o r p o rtab l y  interac ting  w ith  th e 
O p erating  S y s tem
� Memory management issues on Wednesday

• C-b as ed  o b j ec t m anag em ent s y s tem
• R ic h  s et o f  c o ntainer c l as s es

� L ists
� F ree L ists
� H ash  T ab l es

I nitializ ation
• o p al _ init to  initial iz e l ib rary

� F ew  f unc tions c an b e used b ef ore op al _ init
� C omp l etel y l oc al  op eration - no 
c ommunic ation req uired

• o p al _ f inal iz e to  f ree l ib rary  res o u rc es
� Most f unc tional ity unav ail ab l e af ter c al l

U tility C od e
• A c tu al ,  real  d o c u m entatio n!
• o p al / u til / * .[ h , c ]
• L o ts  o f  c o m p atib il ity  c o d e

� asp rintf ,  q sort,  b asename,  strnc p y
• U s ef u l  “ad d -o n” c o d e

� G et l isting of  al l  netw ork  dev ic es ( if . h )
� Manip ul ate argv arrays ( argv . h )
� p rintf deb ugging c ode ( outp ut. h )
� E rror rep orting ( sh ow _ h el p . h )

opal_ ou tpu t D ebu g g ing  C od e
• F u nc tio n to  em it d eb u g g ing  /  erro r 
m es s ag es  to  s td err,  s td o u t,  f il e,  s y s l o g ,  …

• V ers io ns  to  s im p l if y  d eb u g g ing  o u tp u t
• P rintf -l ik e arg u m ents

opal _out put ( 0,  “ hel l o,  wor l d” ) ;

opal _out put _ver bose( 0,  10,  “ debuggi ng…” ) ;

OPAL_OUTPUT( 0,  “ - - enabl e- debug onl y” ) ;

OPAL_OUTPUT_VERBOSE( …. ) ;

N ice E rror M essag es
• o p al / u til / o p al _ s h o w _ h el p .[ h , c ]
• P rint d etail ed  erro r m es s ag es  f o r c o m m o n 
u s er erro rs

• M es s ag e in tex t f il e rath er th an in s o u rc e 
c o d e

• Co u l d  ( m ay b e)  o ne d ay  al l o w  f o r m inim al  
internatio nal iz atio n s u p p o rt

• E x am p l e….
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Obj ect S ystem
• C-s ty l e ref erenc e c o u nting  o b j ec t s y s tem
• S ing l e inh eritanc e
• S tatic al l y  o r d y nam ic al l y  al l o c ated  o b j ec ts
• Co ns tru c to rs  /  D es tru c to rs  as s o c iated  w ith  
eac h  o b j ec t ins tanc e

Obj ect S ystem  E x am ple
• D ef ine c l as s  in h ead er

t ypedef st r uct  sal l y_t sal l y_t ;

st r uct  sal l y_t {

par ent _t par ent ;

voi d * f i r st _member ;

. . .

} ;

OBJ_CLASS_DECLARATI ON( sal l y_t ) ;

• par ent _t m u s t b e a o b j ec t.  R o o t o b j ec t 
is opal _obj ect _t .

Obj ect S ystem  E x am ple
• M u s t ins tantiate c l as s  d es c rip to r in .c  f il e

OBJ_CLASS_I NSTANCE( sal l y_t ,  
par ent _t ,  sal l y_const r uct ,  
sal l y_dest r uct ) ;

• Co ns tru c to r and  d es tru c to r tak e o ne 
arg u m ent - p o inter to  th e m em o ry  f o r th e 
o b j ec t to  b e c reated

• Co ns tru c to rs  and  d es tru c to rs  c al l ed  
rec u rs iv el y  u p  th e o b j ec t s tac k

D ynam ic Obj ects
• Creating  d y nam ic al l y  al l o c ated  o b j ec t:

sal l y_t * sal l y  = OBJ_NEW( sal l y_t ) ;

• I nitial  ref erenc e c o u nt s et to  1
• I nc reas ing  ref erenc e c o u nt:

OBJ_RETAI N( sal l y_t ) ;

• D ec reas ing  ref erenc e c o u nt:
OBJ_RELEASE( sal l y_t ) ;

• W h en ref erenc e c o u nt h its  0 ,  o b j ec t 
d es tro y ed

S tatic Obj ects
• Co ns tru c t o b j ec t:

sal l y_t sal l y ;

OBJ_CONSTRUCT( &sal l y ,  sal l y_t ) ;

• D es tru c t o b j ec t:
OBJ_DESTRUCT( &sal l y) ;

• Can u s e OBJ_RETAI N/ OBJ_RELEASE,  
b u t “b ad nes s ” if  ref erenc e c o u nt h its  0

• N o  au to m atic  d es tru c tio n if  o b j ec t g o es  o u t 
o f  s c o p e

Obj ect-based  C ontainers
• L is ts ,  f ree l is ts ,  h as h  tab l es ,  v al u e array ,  
ato m ic  L I F O  l is t

• O R T E  and  O M P I  p ro v id e ad d itio nal  
f u nc tio nal ity
� O R T E :  b itmap ,  p ointer array
� O MP I :  sh ared memory f if o,  red-b l ac k  tree

• U s ag e s im il ar f o r O R T E  and  O M P I ,  b u t 
c o ntain O R T E  o r O M P I  interf ac es …
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L ink ed  L ist
• opal _l i s t _t is  a d o u b l y -l ink ed  l is t
• I tem  o w ners h ip  trans f erred

� N o c op ies l ik e in S T L
� I tem onl y b el ong to one l ist

• P o inters  to  item s  nev er inv al id ated  b y  
o p al _ l is t f u nc tio ns

• O ( 1 )  ins ert,  d el ete,  j o in,  g et s iz e
• S p l ic e and  s o rt ro u tines
• L arg e d eb u g g ing  p erf o rm anc e im p ac t

M ore obj ects…
• F ree L is ts

� B ul k  ob j ec t al l oc ator
� ob j ec ts must h av e p arent c l ass 

opal _f r ee_l i s t _i t em_t

� O b j ec ts c an al w ays b e p ut in l ink ed l ists
• H as h  tab l e

� K eys eith er 3 2  or 6 4  b it integers ( p ic k  one at 
c reation and stic k  w ith  it)

� WA R N I N G :  p erf ormanc e O ( N ),  not O ( l og( N ))

Prog ress E ng ine
opal_progress( )
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Prog ress E ng ine ( continu ed )
• opal _pr ogr ess( ) trig g ers  c al l b ac k s  to  
reg is tered  f u nc tio ns

• E v ent l ib rary  f o r c o m p l ic ated  p ro g res s io n
� triggers f or f il e desc rip tors ( l ik e sel ect ,  b ut 
w ith  c al l b ac k s)

� T imer c al l b ac k s
� S ignal  c al l b ac k s ( not in signal  h andl er 
c ontex t! )

� E v ent l ib rary c an run in ow n th read

T h read s
• G eneric  interf ac e f or P T H R E A D S ,  S ol aris and 
Window s nativ e

• S up p ort f or:
� T h read  m an i pu lat i on
� M u t ex es
� C on d i t i on  v ari ab les

• Mutex es sup p ort eith er O S  l oc k s or atomic  l oc k s
� P i c k  on e an d  st i c k  w i t h  i t

• N o static  initial iz ers

C ond ition V ariables
• S em antic s  as  u s u al  f o r c o nd itio n v ariab l es
• I f  p ro g res s  th read s  enab l ed :

� C al l  underl ying system c ondition v ariab l e
• O th erw is e:

� C al l  op al _ p rogress until  signal l ed
• Cu rrentl y ,  al w ay s  u s e s o f tw are 
im p l em entatio n f o r S o l aris  o r W ind o w s  
th read s
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Atom ic Operations
• A v ail ab l e f or numb er of  p l atf orms:  x 8 6 ,  x 8 6 _ 6 4 ,  
I A 6 4 ,  MI P S ,  P ow erP C ,  S p arc ,  U l traS p arc ,  w in3 2

• S ee D ox ygen - h eaders nearl y unreadab l e
• R ic h  f unc tional ity:

� M em ory  b arri ers
� S pi n loc k s ( c an  b e st at i c ally  i n i t i ali z ed )
� C om pare an d  S w ap ( 3 2 b i t ,  6 4 b i t ,  poi n t er)
� A d d  /  S u b t rac t  ( 3 2 b i t  an d  6 4 b i t )

• 6 4  b it not al w ays sup p orted ( 3 2  b it P P C )
• I nl ine f unc tions w h ere av ail ab l e

Processor and  M em ory 
Af f inity

• A f f inity  s u p p o rt th ro u g h  c o m p o nents
� Memory:  f irst_ use,  l ib numa
� P roc essor:  L inux  ( modern systems),  S ol aris,  
Window s

• Bu il d ing  b l o c k s  f o r m o re f u nc tio nal ity
• P ro c es s o r af f inity  interf ac e u s ed  b y  O R T E  
to  as s ig n s c h ed u l ing  p o ints
� C urrentl y mostl y manual
� H op e to get b etter sup p ort f rom sc h edul ers

H ig h  R esolu tion T im ers
• S trang e c o m p o nent interf ac e - al l  h ead ers
• S u p p o rt f o r A I X ,  A l tix ,  D arw in,  L inu x ,  
S o l aris ,  W ind o w s
� L inux  sup p ort req uires assemb l y op erations
� A l tix ac tual l y I ntel  MM timer interf ac e

• I nterf ac e:  g et_ c y c l es ,  g et_ u s ec ,  g et_ f req
• D ef ines  to  h int w h eth er g et_ c y c l es o r 
g et_ u s ec im p l em ented  nativ el y

W rapper C om pilers
• G eneric  w rap p er c o m p il ers  f o r O P A L ,  
O R T E ,  o r O M P I

• R ead  in tex t f il e d es c rib ing  p aram eters  to  
ad d

• Cu rrentl y  o nl y  s u p p o rt o ne c o m p il er /  
l ib rary  b u il d
� S un may b e w ork ing on th is…


