
Videos	and	O
ther	M

edia	

Future	W
ork	

Accelerated	Signed	Distance	

Accelerated	Signed	Distance	Q
ueries	For	Perform

ance	Portable	Physics	Codes	
Jo
rd
a
n
	B
a
c
k
e
s	(C

o
-A
u
th
o
r)					E

v
a
n
	D
e
S
a
n
to
la
	(C

o
-A
u
th
o
r)				George	Zagaris	(Advisor)				Kenneth	W

eiss	(Advisor)				M
aFhew

	Larsen	(Advisor)				Cyrus	Harrison	(Advisor)	

This	w
ork	w

as	perform
ed	under	the	auspices	of	the	U

.S.	Departm
ent	of	Energy	by	Law

rence	Liverm
ore	N

aPonal	Laboratory	under	Contract	DE-AC52-07N
A27344.	LLN

L-PO
ST-698437	

	

Acknow
ledgem

ents	
The	authors	w

ould	like	to	acknow
ledge	support	by	the	

InsPtute	for	ScienPfic	Com
puPng	Research	(ISCR)	

Sum
m
er	Scholar	Program

	for	m
aking	this	w

ork	
possible.	In	addiPon,	the	authors	w

ould	like	to	thank	
Rich	Hornung	and	Rob	N

eely,	from
	LLN

L,	for	their	keen	
interest	in	this	w

ork	and	W
ill	Killian,	from

	U
niversity	of	

Delaw
are	for	useful	discussions	and	help	w

ith	RAJA.	
• 

W
e	query	the	BVH	subdivision	to	reconstruct	exact	signed	distances	

from
	an	arbitrary	set	of	points	to	the	surface.		

• 
Q
ueries	to	the	BVH	subdivision	are	independent	and	therefore	ripe	for	

the	parallelizaPon	enabled	by	next	generaPon	architectures.	

• 
W
e	em

ployed	a	Bounding	Volum
e	Hierarchy	acceleraPon	structure	

to	parPPon	the	surface	elem
ents	of	our	test	configuraPon	

BVH	subdivision	of	a	generic	jet	
Signed	Distance	field	on	32

3	grid	

U
nion	Signed	Distance	of	our	

w
ing-store	configuraPon	

SpaPally	varying	cost	of	querying	
the	BVH	representaPon	

• 
U
se
	th

e
	R
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b
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e
r	to

	

• Evaluate	our	im
plem

entaPon	on	different	
architectures,	such	as	m

achines	equipped	w
ith	GPU

s	
or	m

any-core	processors,	such	as	the	Xeon	Phi	

• Exploring	and	com
paring	our	im

plem
entaPon	w

ith	
other	program

m
ing	m

odels	

• 
Im

p
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v
e
	o
u
r	B

V
H
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u
g
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• Im
plem

enPng	a	Surface	Area	HeurisPc	(SAH)	to	the	
BVH	to	achieve	a	m

ore	opPm
al	BVH	decom

posiPon	

• Com
pacPon	of	internal	BVH	data	layout	to	opPm

ize	
cache	uPlizaPon	and	overall	m

em
ory	footprint	

RAJA	ParallelizaPon	and	Portability	

Load	Balancing	

A
I
e
r	lo

a
d
	b
a
la
n
c
in
g
:		IndexSet	rem

apping	of	threads	to	query	
points	(leg,	colored	by	Thread	ID)	and	the	num

ber	of	triangles	
(in	m

illions)	tested	by	each	of	16	threads	(right)	on	sam
e	grid	

	

• 
W
e	used	the	num

ber	of	triangles	tested	per	thread	as	a	hardw
are	independent	w

orkload	m
etric	

• 
W
e	discovered	a	5

1
0
%
	difference	betw

een	the	fastest	and	slow
est	threads	in	the	default	RAJA	parallelizaPon.		

• 
This	w

as	reduced	to	0
.3
%
	ager	w

e	applied	RAJA	IndexSets	to	change	the	thread	parPPoning.	

B
e
fo
re
	lo
a
d
	b
a
la
n
c
in
g
.	Default	thread	m

apping	for	a	grid	of	
275k	query	points	(leg,	colored	by	Thread	ID)	and	the	num

ber	
of	triangles	(in	m

illions)	tested	by	each	of	16	threads	(right)		

Signed distance is com
m

only em
ployed to num

erically represent m
aterial 

interfaces w
ith com

plex boundaries in m
ulti-m

aterial num
erical sim

ulations. 
H

ow
ever, 

the 
perform

ance 
of 

com
puting 

the 
signed 

distance 
field 

is 
hindered by the com

plexity and size of the input.  R
ecent trends in H

igh-
Perform

ance 
C

om
puting 

architecture 
consist 

of 
m

ulti-core 
C

PU
s 

and 
accelerators that collectively expose tens to thousands of cores to the 
application. H

arnessing this m
assive parallelism

 for com
puting the signed 

distance field presents significant challenges. C
hief am

ong them
 is the 

design and im
plem

entation of a perform
ance portable solution that can w

ork 
across 

architectures. A
ddressing 

these 
challenges 

to 
accelerate 

signed 
distance queries is the prim

ary contribution of this w
ork. Specifically, in this 

w
ork w

e em
ploy the R

A
JA

 program
m

ing m
odel, w

hich provides a loop-
level abstraction that decouples the loop-body from

 the parallel execution 
and 

insulates 
application 

developers 
from

 
non-portable 

com
piler 

and 
platform

-specific directives.  O
verview

	
	

Perform
ance	Results	

• 
Strong	scaling	yields	a	9

.7
x	speedup	w

ith	16	threads	and
	1
2
x
	ager	load	balancing	

• 
Load	balancing	increased	the	speedup	by	23.7%

	and	had	nearly	linear	w
eak	scaling	effi

ciency	
	

Strong	Scaling	

Speedup	on	275k	points	
ExecuPon	Tim

e	on	275k	points	
ExecuPon	betw

een	
threads	and	query	points		

Effi
ciency	betw

een	
threads	and	query	points	

W
eak	Scaling	

Conclusion	
• 

W
e	described	a	perform

ance	portable	parallelizaPon	
strategy	for	threading	signed	distance	queries	

• 
O
ur	prelim

inary	perform
ance	evaluaPon	indicated	

significant	load	im
balances	am

ong	threads	

• 
W
ith	the	RAJA	IndexSet	abstracPon,	w

e		address	the	
load	im

balances	and	im
prove	the	overall	perform

ance	
of	our	algorithm

	

W
e	used	RAJA’s	loop	abstracPon	m

odel	to	m
inim

ize	the	changes	necessary	to	run	our	loops	using	different	execuPon	policies.	

SequenPal	ExecuPon	

auto
signed_distance

=
[=]

(int
index)

{
quest::Point<double,3>

pt;
umesh->getMeshNode(inode,

pt.data());
phi_store[inode]

=
storeSD->computeDistance(pt);

double
dist

=
phi_store[index];

phi_union[inode]
=
std::min(dist,

phi_wing[inode]);
}RAJA::forall<RAJA::seq_exec>(0,

nnodes,
signed_distance);

RAJA::forall<RAJA::omp_parallel_for_exec>(0,
nnodes,

signed_distance);

RAJA::IndexSet
idxSet;

for(int
y
=
0;

y
<=

params.ny;
++y)

{
for(int

z
=
0;

z
<=

params.nz;
z++)

{
int

start
=
(params.nx

+
1)

*
(y

+
z
*
(params.ny

+
1));

idxSet.push_back(RAJA::RangeSegment(start,
start

+
params.nx

+
1));

}
}typedef

RAJA::IndexSet::ExecPolicy<RAJA::omp_parallel_for_segit,RAJA::simd_exec>
exec_pol;

RAJA::forall<exec_pol>
(idxSet,

signed_distance);
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Balanced	O
penM

P	ExecuPon	using	IndexSet	

auto
signed_distance

=
[=]

(int
index)

{
quest::Point<double,3>

pt;
umesh->getMeshNode(inode,

pt.data());
phi_store[inode]

=
storeSD->computeDistance(pt);

double
dist

=
phi_store[index];

phi_union[inode]
=
std::min(dist,

phi_wing[inode]);
}RAJA::forall<RAJA::seq_exec>(0,

nnodes,
signed_distance);

RAJA::forall<RAJA::omp_parallel_for_exec>(0,
nnodes,

signed_distance);

RAJA::IndexSet
idxSet;

for(int
y
=
0;

y
<=

params.ny;
++y)

{
for(int

z
=
0;

z
<=

params.nz;
z++)

{
int

start
=
(params.nx

+
1)

*
(y

+
z
*
(params.ny

+
1));

idxSet.push_back(RAJA::RangeSegment(start,
start

+
params.nx

+
1));

}
}typedef

RAJA::IndexSet::ExecPolicy<RAJA::omp_parallel_for_segit,RAJA::simd_exec>
exec_pol;

RAJA::forall<exec_pol>
(idxSet,

signed_distance);
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O
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P	ExecuPon	

auto
signed_distance

=
[=]

(int
index)

{
quest::Point<double,3>

pt;
umesh->getMeshNode(inode,

pt.data());
phi_store[inode]

=
storeSD->computeDistance(pt);

double
dist

=
phi_store[index];

phi_union[inode]
=
std::min(dist,

phi_wing[inode]);
}RAJA::forall<RAJA::seq_exec>(0,

nnodes,
signed_distance);

RAJA::forall<RAJA::omp_parallel_for_exec>(0,
nnodes,

signed_distance);

RAJA::IndexSet
idxSet;

for(int
y
=
0;

y
<=

params.ny;
++y)

{
for(int

z
=
0;

z
<=

params.nz;
z++)

{
int

start
=
(params.nx

+
1)

*
(y

+
z
*
(params.ny

+
1));

idxSet.push_back(RAJA::RangeSegment(start,
start

+
params.nx

+
1));

}
}typedef

RAJA::IndexSet::ExecPolicy<RAJA::omp_parallel_for_segit,RAJA::simd_exec>
exec_pol;

RAJA::forall<exec_pol>
(idxSet,

signed_distance);
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Loop	Kernel:	
a
u
t
o
s
i
g
n
e
d
_
d
i
s
t
a
n
c
e
=
[
=
]
(
i
n
t
i
n
d
e
x
)
{

q
u
e
s
t
:
:
P
o
i
n
t
<
d
o
u
b
l
e
,
3
>
p
t
;

u
m
e
s
h
-
>
g
e
t
M
e
s
h
N
o
d
e
(
i
n
d
e
x
,
p
t
.
d
a
t
a
(
)
)
;

p
h
i
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s
t
o
r
e
[
i
n
d
e
x
]
=

s
d
-
>
c
o
m
p
u
t
e
D
i
s
t
a
n
c
e
(
p
t
)
;

d
o
u
b
l
e
d
i
s
t
=
p
h
i
_
s
t
o
r
e
[
i
n
d
e
x
]
;

p
h
i
_
u
n
i
o
n
[
i
n
d
e
x
]
=

s
t
d
:
:
m
i
n
(
d
i
s
t
,
p
h
i
_
w
i
n
g
[
i
n
d
e
x
]
)
;

}
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