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Short Summary

e P-Flow : JAXA's in-house MPS program

v Apply MPS method to aerospace field
v Neighbour-particle search is a bottle neck

e Propose two optimizations while
considering data size for 1 bucket

v 1 bucket requires 17.9 KB at maximum
v Opt. 1: 1 thread/ 1 bucket
v Opt. 2: 1 thread block / 1 bucket
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e Evaluate on Xeon / Xeon Phi / P100

v Intel Xeon Skylake-SP : 104.1[ms]

v Intel Xeon Phi KNL : 35.1[ms] 0

v NVIDIA Tesla P100(NVIlink) : 6.8[ms]

v NVIDIA Tesla P100(PCIe) :  7.8[ms]
NVIDIA Tesla V100(PCIe) :  2.3[ms]
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Outline

1. P-Flow: JAXA’s in-house MPS program

I.  Moving Particle Simulation (MPS) method
ii.  P-Flow and its internal structure

2. Proposed optimization techniques

I. Calculates required data size for 1 bucket
ii. Opt. 1: 1 thread/ 1 bucket
iii. Opt. 2: 1 thread block / 1 bucket

3. Implementation and evaluation

i. Xeon/Xeon Phi
li. Tesla P100
iil. Xeon/Xeon Phi, Tesla P100

4. Discussion and summary
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Motivation: Unsteady-state simulation

e Brand new method is required to simulate unsteady-
state (taking off, landing, or circling) of airplane

v" Goal: Simulate interaction between raindrops and aircraft for
water ingestion test. Raindrops give a negative effect on wings
and tires.

Water ingestion test is mandatory for new airplane
Movie: https://www.airbus.com Photo: https://hondanews.com/hondajet/photos

We adopt Moving Particle Semi-implicit (MPS) method
for simulating raindrops
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Moving Particle Simulation (MPS) Method

e Overview _
v MPS becomes popular in CFD area
» Developed for incompressible flow.

v Particle-base simulation |
» Not a stencil computation i

v Target fluids are divided to thousands Benchmark simulation by P-Flow
Of pa rtICIeS Step 0: Set initial
. . . . valugs‘of particles Step 3: Calculate
> Each particle interacts with its (position, pressure | [ pressure
neighbour-particle. M S v
- - . Pl Cleravity and precsure gradiont
v" The neighbour-particle search part is ety e g
a main bottleneck et e prictes || | st e vt
. . position) position)
» MPS compute neighbour-particle
search five times in each time [ | S o e 0
integration i

Processing step of MPS
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P-Flow: JAXA's in-house MPS program

e Features w.r.t computer science

v" 5,000 lines of Fortran90, single-prec. FP is used

v Data structure: SoA for physical quantities,
A0S for bucket management

v Memory-bound (indirect mem. access) application

e Requirement

v" Computational scientist implements and
tests new method

v Need to evaluate Xeon, Xeon Phi, and GPU
v Data structure should be kept as it is

» Deep copy

v MPI+X: MPI+0OpenMP/OpenACC

» CUDA-aware MPI (!$acc host_data use_device()) IR e

{ Balance performance and simplicity :) J
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Neighbour-particle search

[Buckets] [Processing step]

e Decompose simulation space 1. Traverse buckets

Into squares called “bucket 2. Pickup a target particle (red)

e The volume of bucket is equal

1 N\
to 3*3*3 particles 3. Traverse adjacent 33 buckets

v No fiexed order to traverse

e Effect radius (cut-off distance) bucket
s 3 particles 4. Search particles in a bucket
Traversed bucket _ _
© 5. Calculate distance and weight
\\O between the target particle
(5
6. Accumulate weighted physical
S value to a target particle
- v No fixed order to accumulate
\6;@ D physical value
N bucket

[ Maximum number of particles in a bucket is 33 }

: Adjacent buckets

om
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Linked-list for bucket management

e Adjacent buckets are expressed as doubly linked-lists

v" Iterator (not for-loop) is used to traverse adjacent buckets

v" A0S for bucket management, SoA for physical quantities
v Deep copy is required !!

e Good for domain decomposition with multiple nodes
v Simple indexing can not deal with domain decomposition
v Each bucket doesn’t need to store all the adjacency information
v Need to refer bucket management structure to access particles

Position of particles (SoA)

T2 ol 1] 2| |n
“’141 142 143 1:‘ : - Velocity of particles (SoA)
v:
5 6 7 8¢ 9 ) [~ — ,
A A A : — — — — 2
0l 14> 2<ll> 3 <ll> 4 : Ao T~ i [Bucket info structure]
: ' wall flag, wall num,
Double linked-list buckets null null null num of particles, bucket number
POIII Bucket management struct (AoS)
i R-CCS 8 2019 OpenACC F2F Meeting
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Implementation of neighbour-particle search
in P-Flow

{iloop=1s YR TZ YU MIR ~—=—==——m === -1
S e e L e e -o Loop-1: Choose a target bucket
call get_bkt_info(...) ' NTw REERE ) ]
call get_bkt_ijk(...) | #hm0&SsHE |- Loop-2: Pickup a target particle
| Loop-2: BIRUIZNAT v FRDQELFIEDNT - .
T 1. np 4_——‘——1'@ —HE (red) in the bucket
1 = pc_id_1lc + n ! RIFD1>V7vwDX
L Ecr(l) 3 %g*ﬁ;%gm _| - Loop-3: Traverse 3*3*3 adjacent
nden_temp = = ol ) .
call it_init(. | 15 L =35 buckets (in no particular order)
! Loop-3: Fnﬁ}§3x30’)h’7 ) Fgﬁkf ------------
do while(it_next(...)) «~ A= : &
call get_bkt_info(...)! /A7 w ~MEEERE-—— - Loop-4: Search particles in a
| Loop-4: E’Eii\?)%w&%f’?ut -—- bucket
donn =1, nnp 4=~ _ )
11 = pc_id_lc2 + nn v" 4-1, Calculate distance and weight
if(irank == myrank) then £
mm = Ler(11) ! bkts®index% S between the target'partlcle .
if(mm == m) cycle v' 4-2. Accumulate weighted physical value
else : - :
mm = Lnr(11) | hals®index® @5 to a target particle (in no particular order)
end if .
| NREFOERE EH & B Traversed\ad’ace”g“c"et /" It’s four nested\
r = get_distance(x(:, mm), x(:, m)) = loo
dn = wgt_func(r, re) @ P.
!d%@gﬁmﬁd | \ Which loop(s)
=T - =T +
endl"ldzn emp naen emp n ',@ should be
end do :
) S e D E. G  assignedto
end d -
Ondtgé g | Tar, itbucket 3
@ :Particle#ﬁ : Adjacent buckets \ bIOCk' /
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Memory access pattern

PEcop=1 BN R e R e e
do ib_lc = 1, bkts%num
call get_bkt_info(...)

call get_bkt_ijk(...)

' NTy RERE
! FELEAOHFSZWE

! Loop-2: IRULENTYFARDEFICDWVWT ------
don=1, np
1 = pc_id_1c + n ! RIFDT1VFTvD X
m = Ler(1) | B¥EFOIDHES
nden_temp = © ! MEEYIRRIE
call it_init(.. ! 157 L —5%¥R4t
! Loop-3: E’-ﬁﬁ3x30)h’7)l~}%% —————————————

do while(it_next(...))
call get_bkt_inf"o(...)! NT v ~ERES
! Loop-4: BRBNTYERARDEFICDOWVWT ---
do nn = 1, nnp
11 = pc_id_lc2 + nn
1f(1rank == myrank) then
mm = Ler(1l) ! bkts@indexZ S
if(mm == m) cycle
else
mm =
end if
! IREFOBEHEEHERL
r = get_distance(x(:, mm),
dn = wgt_func(r, re)

Lnr(11) ! hals@indexZ 5

X (=0m))

! MIEEENE
nden_temp =
end do
end do
nden(m) =
end do
end do

nden_temp + dn

nden(m) + nden_temp

- Loop-1: Choose a target bucket

T

\
/

: Bucket magr.

(
W\

- Loop-2: Pickup

\

in the bucket

In-direct access

l'\arget particle (red)

: Particle number

AR

7
-3: Traverse 27 adjacent buckets

)

: Bucket mgr.

\

\
I\

.| hodp-4: Search particles in a bucket

: Particle number

ula}m

t calc. and accum.

: Phys. quantity

xen R-CCS 10
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Outline

1. P-Flow: JAXA'’s in-house MPS program

I.  Moving Particle Simulation (MPS) method
ii. P-Flow and its internal structure

2. Proposed optimization techniques

I.  Calculates required data size for 1 bucket
il. Opt. 1: 1 thread/ 1 bucket
. Opt. 2: 1 thread block / 1 bucket

3. Implementation and evaluation

i. Xeon/Xeon Phi
li. Tesla P100
iil. Xeon/Xeon Phi, Tesla P100

4. Discussion and summary
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Calculate required data size for 1 bucket

e Data size of neighbour-particle search in MPS

1.A bucket access adjacent 27 (=3*3*3) buckets
2.Maximum number of particles in a bucket is around 33

3.Particle number and position (x,y,z) must be required
» 27 buckets * 33 particles/bucket * (2B +4B *3)=12,474B
v Bucket management structure Traversed adjacent bucket
> 72 B * 27 buckets = 1,944 B AQ
1.Some physical quantities are required in addition

e For particle density computation 5
v Density (= one single FP = 4 bytes) is required P \\“| e

» 27 buckets * 33 particles/bucket * 4 B = 3,564 B ® rocen L]
v 17,982 bytes = 17.9 KB required for a bucket computation

: Adjacent buckets

If the size of cache for each processing element is larger than
17.9KB, each bucket computation can be done with only cache

iy R-CCS 12 2019 OpenACC F2F Meeting 02/09/2019



Opt. 1: 1 thread/ 1 bucket

e One thread computes particles in a bucket

v Loop-1 : Computed by each thread in parallel
v Loop-2,3,4 : Computed sequentially by a thread

v' Each thread requires 17.9KB Particles in a bucket
v Load of each thread will be imbalance - Q
® 5 3
e For Skylake/KNL % 3 |
v L1 cache (512KB/32KB) is large enough 2 1
v Loop-1 : '$omp parallel do schedule =+
@) o
e For P100/V100 > 3
& o
v L1 cache (24KB/32t) is not large enough 3 &
v All the CUDA thread will be activate a o

Each thread |

e > RCCS 13 2019 OpenACC F2F Meeting 02/09/2019



Opt. 2: 1 thread block / 1 bucket

e One CUDA thread block computes a bucket

v Loop-1 : Computed by each thread block in parallel
v Loop-2 : Computed by each thread in a thread block
v Loop-3,4 : Computed sequentially by a thread

v Each thread block requires 17.9KB

e For Skylake/KNL

v Vectorize inner-loop
v Loop-4 : !$omp simd (not vectorized)

Computed on each
thread in thread block

O
O
O

-O
O
O

\
A
\

o]0 [o|[o

e For P100/V100 | % % % % % %
v L1 cache (24KB) is large enough 3] [3][3] 3]+ [3][3
v All the CUDA thread will not be activate HHIHE e
v Loop-1: /$acc parallel vector length(N), & 26 26 26 2§ 26 6

I$acc loop gang
v Loop-2: !$acc loop vector Thread block
Rcm

v R-CCS 14 2019 OpenACC F2F Meeting 02/09/2019
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1. P-Flow: JAXA'’s in-house MPS program

I.  Moving Particle Simulation (MPS) method
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Evaluation Environment

e Evaluation Environment
v 2CPU+2GPU node, except for Xeon Phi KNL 7210

& TFLOPS GHz threads KB]| B.W. [GB/s Host CPU

Xeon Gold 6510

Xeon Phi KNL 7210 53 1.3 256 32 480 N/A
P100 (PCle) 9.3 1.1 3,584 24 732 Xeon Gold 6510
P100 (NVlink) 10.6 1.3 3,584 24 732 Xeon E5-2695v4

e Dataset

v Dam break problem: 40cmx40cmx8cm
v 70x70x14 buckets, 2,247,750 particles
v Average first 200 timesteps

v Time measurement: MPI_Wtime()

Dam break problem at 1% timestep
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Compilers

e Xeon / Xeon Phi: Intel Fortran compiler ver. 17.0.4
v Compiler option:
"-gopenmp -03 -xXCOMMON-AVX512 -fp-model fast=2"
v Affinity of thread: "granularity=fine,compact”

v Memory mode of Xeon Phi:
Flat-Quadrant ($ numactl -membind=1)

v MPI Library: IntelMPI 5.0.2
v" Enable Hyper Threading: Xeon=2th/Core, Xeon Phi=4th/Core

e Tesla P100, V100: PGI Fortran compiler ver. 17.7

v Compiler option: "-acc -ta=nvidia:cc60, fastmath"
v MPI Library : OpenMPI 1.10.5
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Xeon Gold 6150 / Xeon Phi KNL 7210

e Eval 1: Scheduling policy of OpenMP

v “dynamic” is faster than “static”: 14.8% @Xeon, 36.1% @KNL
v' Xeon is more sensitive in terms of load balancing

e Eval 2: Flat or Hybrid parallelization ?
v Xeon : “Hybrid+dynamic” and “Hybrid+static” are 36% and 3.9%
faster than “Flat”, respectively.

v KNL : AlImost the same in all cases.

> Flat (only MPI parallelization) works almost the same performance as
Hybrid 3 (dynamic). Both decompose the domain in similar manner?

Parallelization Hybrid 1 Hybrid 2 Hybrid 3 _

Policy dynamic static guided

Num of processes 2 2 2 72 or 256
Num of threads 36 36 N/A
KNL 7210 (1 node) | 58.6 (117. 2) 60.6(121.1) 52.7(105%
Gold 6150 . 47.8 47.8

4w | | '
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Tesla P100 (PCIe, NVIink), V100

e Eval 1: Comparison between Opt.1 and Opt.2

v Opt 1 : Each CUDA thread works differently
v Opt 2 : Works well. Seven times faster than Opt 1

e Eval 2: Block size

v Block size 64 is 0.2% faster than 32. (Unexpected result.)

» The number of average bucket is around 10. We expected that block
size 32 is the fastest.

v Block size 128 performs not bad.
» The number of used register is 72. Is this the reason?

opimiion o1 _omz

Block size 64 16 32 64 128
P100 (PCle) 13.4 7.82 \ 7.80 \ 8.3
P100 (NVlink) 11.6 6.79 . 6.77 7.2
V100 (PCle) ? ? 2.3 ? ?

ﬁg%!!g 19 2019 OpenACC F2F Meeting 02/09/2019



Xeon/KNL, Tesla P100/V100

e V100 (NVLINk) is the fastest.
v'x15.2 and x22.7 times faster then Xeon and KNL, respectively.

e Vectorization is not done and not fit for Xeon and KNL.
v' Xeon and KNL are used just as a multi-thread machine

60 [(105.4) (104.1) £g 3
52.7 521 52.8
50 47.8
&
£ 10 35.1
(o))
£ 30
|—
5 20
a 10 7.8 6.8 53
0 — - —
©0 — — — ~ — ~ — ~
ﬂ ° - rel rel - - - -
= £ £ £ £ £ £ £ £
[T

KNL-7210 | Xeon Gold 6150, P100 (PCle) | P100 (NVlink) | V100 (PCle)
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Strong scaling on 2~64 GPUs on
Reedbush H @Univ. Tokyo

0.30

0.3
Xeon E5-2697 v2 @ 2.70GHz : 24 Flat-MPI: 1927.4[ms]
Xeon E5-2697 v2 @ 2.70GHz + P100: 40.1 [ms]
0.25 - Xeon E5-2695 v4 @ 2.10GHz + P100: 29.7 [ms] 0.25
— 02 - 0.2
O 0.17
0,
(o)) _
J 0.15 0.15
‘é
2 01 - 0.1
©
LLl
0.05 - 0.04 0.03 0.05
1 2 3 4 5 6
Node 1 2 4 8 16 32
GPU 2 4 8 16 32 64
Particles / GPU| 1123875 | 524475 | 261738 | 149850 @ 65934 3996
m Laplacian_u | 0.297025 | 0.167592 |0.0992125 0.05651290.0408499/0.0348665
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What's next and requests

[Next optimization]

e Apply temporal blocking

v Temporal Blocking is
gathering attention in
stencil computation

v" Reduce the number of
access to external memory
v Pre-load additional adjacent
bucket [T

2019 OpenACC F2F Meeting

[Requests]
e Improvement of
functionality of
I$acc cache directive

v Hard to understand its
behavior

e Improvement of
usability of CUDA-aware
MPI with OpenACC

v How do we check if the CUDA
-aware MPI w/ OpenACC
works correctly?

— T.Daniel@PGI answered me

e Commit to GCC

02/09/2019



Short Summary

e P-Flow : JAXA's in-house MPS program

v Apply MPS method to aerospace field
v Neighbour-particle search is a bottle neck

e Propose two optimizations while
considering data size for 1 bucket

v 1 bucket requires 17.9 KB at maximum
v Opt. 1: 1 thread/ 1 bucket
v Opt. 2: 1 thread block / 1 bucket

(o))
o

(O
o

o
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