
!"#$%"&''()*$#$%+,",-./))
0&%&''$')1'23%,#4+-)

56()7'$''3/4)
8&%"$2,$)9$''3"):",;$%-,#()

)

WoDet 2013 1 

Also: Jeremy Fineman, Phil Gibbons (Intel),  
Julian Shun, Harsha Vardham Simhadri, É  



0&%.&')93.;&.3")

!"#$% &'()( <)=$&>'$)
#$*+%$<)/&")?$#$%+,",-./)&'23%,#4+-)@$)&-)A&-#)
&-)"3"?$#$%+,",-./)3"$-B)

WoDet 2013 2 



CD#$%"&');-E)!"#$%"&')*$#$%+,",-+)
FC+%&#4G0&?6&)HIIJ)K$#L$%G9,''$%)MNOP)

•! CD#$%"&'<)-&+$),"Q6#)à)-&+$)%$-6'#)
•! !"#$%"&'<)-&+$),"Q6#)à)-&+$)R,"#$%+$?,&#$)

-#&#$-S)&"?)-&+$)%$-6'#)

WoDet 2013 3 



!"#$%"&')*$#$%+,",-+))

•! T%&/$<)&)/3+Q6#&.3"M-)U"&')-#&#$J)
,"#$%+$?,&#$)-#&#$-J)&'3"2)V,#4),#-)
/3"#%3'WX3V)*15)

•! !"#$%"&''()?$#$%+,",-./<)A3%)&"()UD$?)
,"Q6#J)&'')Q3--,@'$)$D$/6.3"-)%$-6'#),")
$Y6,;&'$"#)#%&/$-)ZV,#4)%$-Q$/#)#3)-3+$)
'$;$')3A)&@-#%&/.3"[)
–!CD#$%"&')?$#$%+,",-+))

–!=$Y6$".&')-$+&"./-)

Trace 
B¼ 

WoDet 2013 4 



!"#$%"&''()?$#$%+,",-./B)

WoDet 2013 5 



76#\\)

]4&#)?3$-),#)+$&")A3%)#%&/$-)#3)@$)$Y6,;&'$"#B)
C+%&#4G0&?6&)&"?)K$#L$%G9,''$%<)$Y6&')@,#)
%$Q%$-$"#&.3"E))K,/$)&"?)-,+Q'$E)
,-%&.$/0&/$1%/234.$<)V4&#)&@36#)Q3,"#$%-)A%3+)
+$+3%()&''3/&.3"B)

561%$+7<))&@-#%&/#)3Q$%&.3"-)3")?&#&)-#%6/#6%$-)
–! $E2E)&)?,/.3"&%()
–! $Y6&',#(),-)-6@#'$)

WoDet 2013 6 



C"/&Q-6'&.3")

:-,"2)&@-#%&/#)3Q$%&.3"-)2,;$-)&)#$/4",Y6$)#3)
R$"/&Q-6'&#$S)"3"W?$#$%+,",-+)V4,'$)-.'')@$,"2)
,"#$%"&''()?$#$%+,",-./E)
–! "3"W?$#$%+,",-./)-6@%36."$-)
–! "3"W?$#$%+,",-./),"#$%"&')%$Q%$-$"#&.3"-)3A)

?&#&)-#%6/#6%$-)

–! 8"/$&1-*%9$<)"3"W?$#$%+,",-./),+Q'$+$"#&.3"-)
3A)',"$&%,L&@'$)@6#)/3++6#&.;$)?&#&)-#%6/#6%$-)

WoDet 2013 7 



0%3-)&"?)83"-)3A)!"#$%"&')*$#$%+,",-+)

•! *$@622,"2)
•! 83+Q3-&@,',#()
•! ^$%,U/&.3")
•! 0$%A3%+&"/$)&"&'(-,-)
•! =$Y6$".&')-$+&"./-)

+ 
•! 83+Q',/&#$?)/3?$)
•! 0$%A3%+&"/$)Q$"&'#()

Ð ? 

Can Internally Deterministic Parallel 
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f (S)→Sf ⇒ vf g(Sf )→Sfg ⇒ vg

g(S)→Sg ⇒ #vg f (Sg)→Sgf ⇒ #vf

vf = !vf  and vg = !vg  and Sfg = Sgf

f (S) ! "S # v f converts from state S to SÕ returning v 
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PQ+8:9$I&1:$3-9+4.$&R"/&
  for (i=0; i<n; i++)
    f(i);
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=Q$/6'&.;$)i3%)

for (i=0; i<n; i++) f(i);

="6.$/%1&%"I&

parallel_for (i=0; i<n; i++)  
  reserve any shared vars with i
parallel_for (i=0; i<n; i++)  
  if won all reservations, f(x)  
  else mark for retry 
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for (i=0; i<n; i++) f(i);

</U&8"/$&$V32$6%90I&

while (done < n)
  parallel_for (i=0; i<k; i++)  
     reserve(I(i+done))
  parallel_for (i=0; i<n; i++)  
     if succeed f(I(i+done))
  pack remaining indices into I
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*$#$%+,",-./)c$-$%;&.3"-)
Delaunay triangulation Generic framework 

35 

iterates  = [1,É,n]; 
while(iterates remain){ 
 
        Phase 1: in parallel, all i in first P iterates  

  call reserve(i); 
 
        Phase 2: in parallel, all i in first P iterates  

  call commit(i); 
 
        Remove successfully committed iÔs from 
            iterates; 
} 

 
•!  Which iterates successfully commit is 
deterministic. 
         

reserve(i){ 
      find cavity; 
      reserve points in cavity; 
} 

         
commit(i){ 
      check reservations; 
      if(all reservations successful){ 
             add point and triangulate; 
      } 
} 

         

WoDet 2013 

iterates:  points to be added         
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=$Y6$".&')&'23%,#4+<)
for each u in V : S[u] = Remain
for each u in V 
    if for all v in N(u), v < u, S[v] = Out 
    then S[u] = In
    else S[u] = Out 

)
)
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for each u in V : S[u] = Remain
for each u in V 
    if for all v in N(u), v < u, S[v] = Out 
    then S[u] = In
    else S[u] = Out 

^$%()$k/,$"#<)+3-#)$?2$-)"3#)$;$");,-,#$?J)-,+Q'$)'33Q-)
1@36#)tD)A&-#$%)#4&")-3%."2)+)$?2$-)

)
)
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for each u in V : S[u] = Remain
for each u in V 
    if for all v in N(u), v < u, S[v] = Out 
    then S[u] = In
    else S[u] = Out 

)
)
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for each u in V : S[u] = Remain
for each u in V 
    if for all v in N(u), v < u, S[v] = Out 
    then S[u] = In
    else S[u] = Out 

)
)
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9!=)0&%&''$')83?$)
struct MISStep {
  bool reserve(int i) {
    int d = V[i].degree;
    flag = IN;
    for (int j = 0; j < d; j++) {
      int ngh = V[i].Neighbors[j];
      if (ngh < i) {
        if (Fl[ngh] == IN) { flag = OUT; return 1;}
        else if (Fl[ngh] == LIVE) flag = LIVE; } }
    return 1; }

  bool commit(int i) { return (Fl[i] = flag) != LIVE;}};

void MIS(FlType* Fl, vertex* V, int n, int psize)
  speculative_for(MISStep(Fl, V), 0, n, psize);}
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