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G = |
in parallel do
{ r3:=AtomicAdd(z,1) }
{ r4:= AtomicAdd(z,10)
in parallel do
6. { 76 := AtomicAdd(z,100) }

o by b=

7. { r7:= AtomicAdd(z,1000) }
8. retl};rna:
b 2i=0
2. in parallel do
3. { 7r3:=AtomicAdd(z,1) }
4 { r4:= AtomicAdd(z,10)
5. in parallel do
6. { 7 := AtomicAdd(x,100) }
= { 77 := AtomicAdd(x, 1000) }

}

8. returnax

WoDet 2013 returns “11117 5 returns “11117
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Can Internally Deterministic Parallel
Algorithms be fast and simple to code?

WoDet 2013

#(



"H$00" &V SHEYo+," -+),") 2$@622,"

K$$7)#3) @3)/&%SAB WHALH) +$&-6%$+$"#) ?3$:

RQ$%#6% @ S)#4$)-(-#$+E)

| 7%$&)Q3,"#-=,"2'$)-#$Q0Q,"2)a)/&")3"()+&_:
Y65%,$-)#48#)&%$) ?$#$%+," - /E)) 7&-$?)3")
Q&%./6'8&%)-$Y6$".8")3%?$%E)

o1 177,"2)3@-$%:&.3"-)ZRQY%, "#S)-#&HS+$"#-])
"SSP)H3)/3"S/H)HAS+) 2$HSVo+," - /& (E)



0%3@'$+)7&-$?)7$"/4+8&% )
| *$U"$)&)-$#)3A)@$"/4+&% -),")#SY6:)}34)

<-%:-W@$4&:,3%)3")-Q3$/,U/),"Q6#-1)&"?)6-$
#4%+)#3)/3+Q8&%$)-3'6.3"-E)

10

WoDet 2013 Input



9&"()CD,-."2)7$"/4+&% )

76#)"3"$)VS) "3V)3A)+&#4)#4%)-Q3$/)

ol ="7$&,+1$78=0C88)88Q30%--98%J)=Q'&-4WbJ)
01c=C8X6,79&%)

| >::923+4"6&7:$32@3'Q&/ JY,37$"/4 IV, 308%8&"
9$?,87%"/4 ))=1Td'BN$7$"/4 J9,"$7$"/4 J)T80J)
1d07$"/43)5%&0Q4)e00J)*1918=)/4&"$"2$-)

o| A$S%B"7&,+18D3"S-H#&Vo

| A+3B26$&+6+9€)D8)/4&"$"2$])g&:&)5%&" " ?$I)K 1=
5%%$$")e00J)5%8&Q4)eO0 X6\Re&Yd)
)

\



0%$',+,"8%()7$"/4+&% -))
I

=$Y6$"/$-) h)83+Q&%,-3")=3%."2)
h)c$+3:,"2)*6Q",/&#S$-)
h)*,/.3"&%()

59%&Q4-)  h)7%$&2#4)i,%-#)=$&%/4)
h)5%&Q4)=$Q&%&#3%-)

h)9&D,+&)1"?2$Q$"2$"#)=$#)

5$3+$#%( h)*$'&6"8()T%,&"26'&.3")&"?)cSU"$+$"#)

5%&Q4.1)  hyg3msD)f6"-)
h)c&()T%,&"2'$)!"#$%-$/.3") Zc&()8&-."2])
9,/%30Q3'(23)c$"2$%,"2)

* finished

WoDet 2013

12



0%%$',+,"&%()7$"/4+&% -)')
-

9&/4,"$)  h)1"K$&%S$-#)KS,24@3%-)

d$&%","2) =6QQ3%#)"\$/#3%)9&/4,"$-)
h)jW9s&"-)

TSD#) h)=6kD)1%%&(-)

0%3/$--,"2)

C?,#)*,-#&"/$)
=#%,"2)=%$&%/4)
=/,$"$) hK@3?A3%/$)/&'/6'&.3"-)
04('32%$"$./ )#%$9)
K6+%$%,/&") h)=Q&%-$)9&#%,D)"$/#3%)96'.Q'()
=Q&%-$)d,"$&%)=3",%)
* finished

WoDet 2013



C&/A)T$"14+8&% )83"-,-#-)3AQ

1 1)Q%$/,-$)-0%/,U/&.3")3A)#4$) Q%3 @'$+)
ol =Q%/,U/&.3")3A)!"Q6# 16#Q6#)U'$)A3%+8H-)
o 1)-$#)3A),"Q6#)2$"$%&#3%-E)

| 837%$)A3%0)#$-."2)#4$)%$-6'#-)

ol +1$926$&1$C-$64+9&3"7$&




f3V)?3)#4$)Q%3@'$+-)73)3")
&)+3?7%$%")+6"./3%9P

@
&$"
&#"
&!"
o
%&"

m%J;(&"
A4KJ; (8"

15




6%)CDQ$%, +$"#)

19)/37$?)6Q)#4E)MN)@$"/4+&% -)A%3+)#4$)0
V., #4)-#%,/#),"#$%"&")?$#$%+,",-+)#%(,"2); &9
8QQ%38&/4%$-E)

83+0Q&%$?)#45+)V ,#4)-$Y63".&')/37%$)&"?)"3"W
2$#$%0+," -.[)/3?7$) @3#4),"V#$S%+-)3A)%6" . +$)
&"?)/37%$)/3+Q'$D,#(E)

=5 N N’ N



16%)1QQ%3&/4)

D$1%$7&E +/+99RTRIB
="88-%+4.$; G26$+/2H+&0B/+4"61&=#$3$'S)HN

)
?:$32@38&+::/"+3B$1I1&

1 i6"/.3"8")Q%32%&++,"2)

oL f-#3%(),"?$Q$"?2$"#) 28H#&)-#%6/#6%6$-)

ol *$#$%+,",-.)%$-$%0;&.3"-)
19%60,>%"),")2GG)V,#4)06-#)81=pA3Ip-Q&V"I)-("/)




K$-#$2)08%68"$', -4

1$)/3"-,7$%)6$1%$78:+/+99$9&3"8:-%44"61
8% @ ,#%&%()"$-."2)3A)A3% W03,")&"?)Q8%&"S')"
f&-)-3+$),+Q3%HE& "#)&?:&" #8&2%$-<)
—15337)A3%)/&/4,"2)
_1c$76/$-)-/4$76' "2)3:$%4$&?)
_1=6QQ3%#%$?)@()+&"()'&"2682%-)
_IC&-(#3)&"&'(L$)/3-#-)
—19& $-),#)$&-,$%)#3):$%,A()/37$B



83++6#&.;,#()
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for (1=0; 1i<n; 1++)

£(1);

1&"#)#3)-,+6'&#3)-$Y63".&')3%?$%)$;$")V,#4)' 3¢
1&%%,$7)?$0Q%"?$"/$-)VATHS%&3"88-%FT &



—Q%$/6'&.:$)i3%9

for (i=0; i<n; i++) £(i);

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

parallel for (1=0; 1i<n; 1++)
reserve any shared vars with 1

parallel for (1=0; 1i<n; 1++)
1f won all reservations, f(X)
else mark for retry



—Q%$/6'&.:$)i3%9

for (i=0; i<n; i++) £(i);

</U&8"/$&$V32$6%901&
while (done < n)
parallel for (1=0; 1i<k; 1++)
reserve(I(1+done))
parallel for (1=0; 1i<n; 1++)
1f succeed f(I(i+done))

pack remaining indices into I
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Generic framework

iterates = [1,E,n];
while(iterates remain){

Phase 1: in parallel, all iin first P iterates
call reserve(i);

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

Remove successfully committed iOs from
iterates;

! Which iterates successfully commit is
deterministic.

Delaunay trianqulation

iterates: points to be added

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

}

commit(i){
check reservations;
if(all reservations successful){
add point and triangulate;
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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 10
else S[u] = Out X K5
) O
2
o1
X .
) NS
4 @ ® 6
%3
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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

A$06()SK/, S #<)+3-#)$22$-)"3#)$:$"):,- #$2J)-,+Q'$)'33C
1@36#)tD)A&-#$%)#48&")-3%."2)+)$?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 1OX X 5
) O
2
o 1
X
) 8 €
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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 10

)
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)&l & WX Y& Z&[8L\& J&D) (&
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struct MISStep {
bool reserve(int i) {
int d = V[1i].degree;
flag = IN;
for (int j = 0; j < d; j++) {
int ngh = V[i].Neighbors[]];
if (ngh < 1) {
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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Delaunay Triangulation

Ty
9]
i

Run time (seconds)

- = =serialDelaunay

—— deterministicDelaunay |

¢ Galois—Delaunay

1 2 4

8 16 32

Number of threads
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Run time (seconds)

Delaunay Refinement

—+— deterministicRefine ||

@ Galois—Refine

101 2 4 8 16 32 64

Number of threads
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10° : .
- = =serialSort
o stiParallelSort
—+—sampleSort
10’ ——quickSort |1

Run time (seconds)

1 2 4 8 16 32 64
Number of threads

(a) comparison sorting algorithms with a trigram
string of length 107

= -éerialMéT
——parallelKruskal

Run time (seconds)

1 2 4 8 16 32 64
Number of threads

(d) M§Voilgerifitniwith a weighted random lo-
cal graph (n = 107, m =5 x 107)

- = =serialHash
—— deterministicHash

Run time (seconds)

10 : : '

1 2 4 8 16 32 64
Number of threads

(b) remove duplicates algorithms with a trigram
string of length 10’

= -sell'iaIMIS l

e ndMIS
—+— cdeterministicMIS

Run time (seconds)

1 2 4 8 16 32 64
Number of threads

(e) MIS algorithms withla random local graph
(n= 10", m=5>10")

- ==serialBFS
1 it NABFS

e TR —+—deterministicBFS |
) g
= oo
(o]
8
o
£ 10° |
=
=]
o

10~ : - : -

1 2 4 8 16 32 64
Number of threads

(¢) BFS algorithms with a random local graph
(n=10",m =5 x 107)

- = =serialDelaunay
—+— deterministicDelaunay
¢+ Galois—Delaunay

=
o
>l
o8

-—
O—h

Run time (seconds)

0
10
1

2 4 8 16 32 64
Number of threads

(f) Delaunay Triangulation algorithms with a 2d

in cube graph (n = 10°)
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