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Environment

» Intel Compiler 2017.4
> MPI: IMPI 2017.4

> Libraries:
e MKL 2017.4

e HDF5 1.8.19
e BOOST 175.0Z

» Input files from:

o https://juqit.fz-
juelich.de/ero/runs/jromazanov/
jet/run03/seq01

e randomSeed = false
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3240 nodes

SUSE Linux Enterprise Server 12
SP2

Intel Xeon 6140 Intel Xeon 6140
24 cores @ 2.1 24 cores @ 2.1
GHz GHz

100Gb Intel Omni-Path
Full-Fat Tree
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Structure

MPI call @ erol.@gaad —
THREAD 1.1.1 B - Tm o

THREAD 1.3.1

THREAD 1.5.1

THREAD 1.7.1 . .
THREAD 1.9.1

THREAD 1.11.1 ' '

THREAD 1.13.1 .
THREAD 1.15.1

THREAD 1.17.1

THREAD 1.18.1

THREAD 1.21.1

THREAD 1.13.1

THREAD 1.25.1

THREAD 1.27.1

THREAD 1.129.1

THREAD 1.31.1

THREAD 1.33.1

THREAD 1.35.1 . .
THREAD 1.37.1

THREAD 1.38.1

THREAD 1.41.1

THREAD 1.43.1

THREAD 1.45.1

THREAD 1.47.1

THREAD 1.48.4

8 FETTRTIE: PN

Computation

Initialization Gather Finalization

(1 step)
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MPI call @ ero2.Bdnodes.prv

Scalability

THREAD 1.1.1
THREAD 1.5.1
THREAD 1.13.1
THREAD 1.21.1
4 nodes =xin
THREAD 1.37.1
THREAD 1.45.1

THREAD 1.48.4

MPI call @ ero2.@8nodes.prv

2,185,922,518 s

THREAD 1.1.1
THREAD 1.5.1
THREAD 1.9.1
THREAD 1.13.1
THREAD 1.17.1
THREAD 1.21.1
8 nodes =i
THREAD 1.29.1
THREAD 1.33.1f
THREAD 1.37.1
THREAD 1.41.1 [
THREAD 1.45.1

THREAD 1.48.4

8 us

MPT call @ ero2.16nodes.prv

THREAD 1.5.1
THREAD 1.17.1
16 nodes =il
THREAD 1.25.1
THREAD 1.37.1

4,195,932,518 us

& ur
MPI call @ ero2.32nodes.prv
—

4,196,942 518 ux

THRERD 1.1.1
THREAD 1.5.1
THREAD 1.8.1
THREAD 1.13.1
THRERD 1.17.1
THREAD 1.21.1
NOoQges e
THREAD 1.29.1 [
THREAD 1.33.1 [
THREAD 1.37.1
THREAD 1.41.1 |,
THREAD 1.45.1
TEREAD 1.48.4 0
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2,196,842, 518 us

Computation seems
to scale well

Gather phase does
not scale



Efficiency metrics
MPI scaling

Nodes: 4 8 16 32
192(48x4)[1] 384(96x4)[2] T68(192x4)[3] 1536(384x4)[4]

Global efficiency - BD.IED ?D.IBS 5}'.I81 39151 " 100
-- Parallel efficiency = 80.20 70.59 58.33 40.43

-- Load balance - 91.52 86.73 76.55 62.27

-- Communication efficiency - 87.64 81.39 76.21 64.93
-- Computation scalability - 100.00 100.52 99.10 97.73 /

-- IPC scalability - 100.00 99.94 100.23 100.35 /

-- Instruction scalability - 100.00 100.58 98.91 97.67 / 20

-- Frequency scalability - 100.00 100.00 99.96 99.71 /

* Main scaling issues:
* Load balance
* Serialization
* Very good computation scalability
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Hybrid Parallel Efficiency

Nodes: 4 8 16 32
192(48x4)[1] 384(96x4)[2] T68(192x4)[3] 1536(384x4)[4]
-- Hybrid Parallel efficiency - ED.IZD ?D.IEE 58.I33 40143 " 100
-- MPI Parallel efficiency - 88.95 79.11 66.42 47.71 80
-- MPI Load balance . 95.46 90.80 84.69 68.30 «
- MPI Communication efficiency . 93.18 87.13 78.42 69.86 - 60
-- Serialization efficiency - 93.20 B87.18 78.53 70.03 «
-- Transfer efficiency - 99.98 99.94 99.86 99.75 - 40
-- OpenMP Parallel efficiency - 90.17 89.23 87.83 84.74
- OpenMP Load Balance - 95.87 95.53 90.39 91.17 20
-- OpenMP Communication efficiency- 94.05 93.41 97.17 92.94 .

e Communication issues are due to Serialization
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Parallel

THREAD

THREAD

THREAD

THREAD

THREAD

THREAD

THREAD

THREAD

THREAD

THREAD

THREAD

THREAD

1

1

1

1

1

Load imbalance in detail

loops @ erol.32nodes.prv

183.1

183.2

183.3

183.4

OpenMP parallel
|

—
—

us
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1,862,740,589 us



Load imbalance in detail

Parallel loops @ erol.32nodes.prv

THREAD 1.1.1

THREAD

THREAD

THREAD

THREAD

THREAD

THREAD

THREAD

THREAD

THREAD

THREAD

THREAD

1.1.

1.1.

1

1

1

1

183.1

183.2

183.3

183.4

Center

OpenMP parallel

—

==
—
o

|
] —> OpenMP imbalance
—> MPI imbalance
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Load Balance Summary

How maxMpiChunkSize affects load balance?

OpenMP Load Imbalance
e Suggestion: Taskify

MPI Load Imbalance
e Suggestion: Using Dynamic Load Balancing (DLB) library.
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©

Load Imbalance — MPI grain

1536(384x4)[1] 1536(384x4)[2]

maxMpiChunkSize: 50

-- Hybrid Parallel efficiency - 40.43
-- MPI Parallel efficiency - 47.71
-- MPI Load balance - 68.30
-- MPI Communication efficiency = 69.86
-- Serialization efficiency - 70.03

-- Transfer efficiency - 99.75

-- OpenMP Parallel efficiency - 84.74
-- OpenMP Load Balance . 91.17
-- OpenMP Communication efficiency- 92.94
-- Load balance - 62.27

10

24.26
T 76.93
70.54
70.71
99.76

63.42

\1, 75.66
‘1, 83.82

28.21

/
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Taskification

#pragma omp parallel #pragma omp parallel masked
{ {
#pragma omp for for (int i=0; i<chunkSize; i++) {
for (int i=0; i<chunkSize; i++) { #pragma omp task {

transportParticleLoop (...);

e}

transportParticleLoop (...);

One particle
per task

Task Execution Duratiom @ ero2.prv
THREAD 1.1.1
THREAD 1.1.2
THREAD 1.1.3
THREAD 1.1.4
THREAD 1.148.1
THREAD 1.148.2
THREAD 1.148.3
THREAD 1.148.4
THREAD 1.235.1
THREAD 1.235.2

THREAD 1.235.3
THREAD 1.235.4 R
8 us

|
- 144,171.79 842,393,420.01 1,647,847 ,048.75 >

OpenMP Computing

Barcelona
@ Contor Imbalance one particle 11
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MPI Load Imbalance - DLB

Shared Memory

cpuliicpu?2| |Icpu3

s

cpu4d

cpuliicpu?

MPI call

S

MP_call
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* DLB is a runtime library
transparent to the user

* Relays on OpenMP to adjust
number of threads
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MPI Load Imbalance - DLB

if (tag == QUIT) { if (tag == QUIT) {
MPI_Recv(...); MPI_Recv(...);
break; DLB_Barrier();
} break;
}

export DLB_ARGS="--lewi --ompt --ompt-thread-manager=free-agents --lewi-
ompt=mpi:borrow"

export OMP_WAIT_POLICY=passive

export OMP_NUM_THREADS=4

export KMP_FREE_AGENT_NUM_THREADS=20 # 4 + 20 = one socket
preload="SOMP_HOME/lib/libomp.so"

SDLB_HOME/bin/dlb_run --verbose env LD_PRELOAD="SLD_PRELOAD:Spreload" ero2 -f
ero2_config.xml
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MPI Load Imbalance - DLB

Task Useful Dur. 20Zoom range [3465.27,7.48692e+88) @ ero2.prv DLB Core ID @ ero2.prv

THREAD 1.265.1 THREAD 1.265.1

THREAD 1.26€.1 Treap 1266 | YT,
THREAD 1.266.1B THREAD 1.266.1E .
THREAD 1.267.1 THREAD 1.267.1 S ——
THREAD 1.268.1 THREAD 1.268.1 m
THREAD 1.260.1 THREAD 1.269.1

THREAD 1.260.5 THREAD 1.269.5 .
THREAD 1.260.13 THREAD 1.269.13 T
THREAD 1.260.28 THREAD 1.269.28 ———

THREAD 1.278.19 THREAD 1.278.19 R — —
THREAD 1.271.8 THREAD 1.271.8 e
THREAD 1.272.15 THREAD 1.272.15 R L Y, ATl
THREAD 1.273.12 THREAD 1.273.12 - ——
THREAD 1.273.24 THREAD 1.273.24

THREAD 1.275.13 THREAD 1.275.13 '—
THREAD 1.275.21 THREAD 1.275.21 =
THREAD 1.276.2 THREAD 1.276.2 femn=— .
THREAD 1.276.6 THREAD 1.276.6 - l

THREAB 1.378-33 THREAB 1:376-33
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OpenMP Load Imbalance - Advance

communication
MPI Comm.

Hew window #1 @ ero2.prv #1

Hew window #1 @ ero2.prv #1

uw w
B I
B I
3 [
I w
4 4
o @
=1 =
= =
ol )
@ @
w r
2 Fl
" w

MP| Comm. Testing idea in a
mock-up code.

Cannot visualize it
yet.
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APPL 1
4 nodes

Serialization Efficiency

# Active threads

A

# Active threads

7 minutes !1!

4,196,942, 518 us

. ;

A

32 nodes

@

MPI call @ erol.3Znodes.prv

THREAD 1.1.1

THREAD 1.129.1

THREAD 1.257.1

THREAD 1.384.4 5
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1,862,749 589 us

1,862,749, 580 us

|

7 minutes !!!

1 =
>1 &

U outside MPI
U MPI_Recv

U MPI_Bcast

M wPI_Barrier
O MPI_Gather
O MPI_Gatherv
O mpI_1nit

B WPI Finalize
[ MPI_Probe
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Serial functions

MPI call @ ero2 1l6n 12x4 mttls.prv U outside MPI
THREAD 1.1.1 i [ MPI_Bcast
i B MPI Barrier
THREAD 1.65.1 ; I WPI_Gather
THREAD 1.120.1 i O wP1_gatherv
: [ MPI_Probe
THREAD 1.192.4 3 154 377 847 us 1,016,5688,623 us
MPI caller line 2DZoom range [18.23] @ ero2 16m 12x4 mttls.prv
THREAD
THREAD
THREAD
THREAD 1.192.4 o0t 472 843 us l 3,815,689, 62
1
MPI Load Balance Work redistribution
Serial functions
Waiting particles to o end
O 1868 (ErolSimu. . tion.cpp) [1868 (Ero25imulation.cpp, erol)]
finish B 2237 (Ero2simu..tion.cpp) [2237 (Ero2Simulation.cpp, ero2)]
W 2200 (Ero25imu. . tion.cpp) [2298 (Erc25imulation.cpp, ero2)]

B 262 (SparseData2D.h, ero2)
B 387 (SparseData3D.h, ero2)
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Serial functions

MPI call.c2 @ ero2 lén 12xd mttls.prv
O outside MPI

THREAD 1.1.1 U MPI_Recv
‘ ‘ | L] MPI_Bcast
M WPI_Barrier
B MPI_Reduce
THREAD 1.2.1 O MPI_Gather
[ mPI_Gatherv
C] MPI_Probe

5,443,852,485 us 5,864,886, 498 us

MPI 2nd level caller

New Derived Window #1 @ eroZ 16n 12x4 mttls.prv

o ‘ ” |H ‘ H| ‘ ‘ |‘| | | I
- - _

5,447, 287,568 us 5,864,886, 499 us
O ena
B ero2::Er..ion::run [erc2::Ero2Simulation: :run]
O erc2::pe..sities3D [ero2: :DensityManager: :gatherParticleDensities3D]
B erc2::De..sities2D [ero2: :DensityManager: :gatherParticleDensities2D]
Barcelona O ero2::pe..sities3D [ero2: :DensityManager: :gatherEmissionDensities3D]
@ g:':':;:"m""ﬁ"g B erc2::De..sities2D [ero2::DensityManager: :gatherEmissionDensities2D]
Centro Nacional de Supercomputacion




TODO/CONSIDER/Questions

e Can any part of transportParticleLoop be parallelised?
* Yes: Use DLB
* No: Can particles with extensive transportParticleLoop times be aborted, when
blocking?
e Is this what maxTracingTime does?
* OpenMP load balance:
* Integrate communication inside the OpenMP parallelisation (advance
communication)
* Effect of the maxMpiChunkSize:
e Bigger: Worst MPI Balance; better OMP Balance
* Smaller: Better MPI Balance; worst OMP Balance
e Serialization:
* |s gather phase possible to parallelise?
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Thank you

marta.garcia@bsc.es

Joan.vinyals@bsc.es
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