The human heart seen by the eyes
of a computer scientist

Marta Garcia—GasuIIa, Alfonso Santiago, Guillaume Houzeaux, Beatriz Eguzkitza and Filippo Mantovani (BSC)

*
EU H2020 Centre of Excellence (CoE) * o % 1 December 2018 — 30 November 2021
Grant Agreement No 824080




Superior vena cava Left pulmonary artery

Right pulmonary artery

Left atrium

Pulmonary trunk Left pulmonary veins

Right pulmonary

veins Mitral (bicuspid) valve

Right atrium
Aortic valve

Fossa ovalis
Tricuspid valve Pulmonary valve
Right ventricle Left ventricle ° 5] & ®
Chordae tendineae Papillary muscle S
Trabeculae carmneae Interventricular septum [ ]
Epicardium

Moderator band Myodsrdiuei $
Inferior vena cava Endocardium o

[ ]

L]
\ ]

o &% Y
s ‘® -39
‘ s % o
o? e ’ @ .. L]
: I\ ‘l ] \
04 B %s
iR S »
LA N * R °?®
e °
oy A
.' . ¥ ~ “
L] 02 ®
e
7 Barcelona
@ g:ﬁ:;mﬂ"ﬁ"!v 28th November 2019 Advances in Computational Biology 2019 - Marta Garcia-Gasulla 2
Centro Nacional de Supercomputacion



Clﬂ = _Ill__‘
p (-f\fis +fmr +B

n+ 1
vi=vy %Ara"

ul!+_[ — n 1
=u n+ =
+Am 2 do while ( I

— |

end‘\jn] wupling modu

_'l}__q_lj- 4+ Iion(‘p) =0

At 9
" el
(M+c)se="0y % (7
At D, e
mn+1 —o"+ A" + A®: \\ \é

Center

Centro Nacional de Supercomputacion

Barcelona
@ Supercomputing 28th November 2019 Advances in Computational Biology 2019 - Marta Garcia-Gasulla 3



he simulation 009

 The heartbeat of a whole human heart including
ventricles, atria and great vessels

\ Electrophysiology
e Tissue domain
» Electrophysiology
— Compute electrical impulse
» Solid mechanics : ' | Tissue
— Compute displacement of solid. _ domain

e Blood domain

» Fluid mesh deformation
— Compute mesh displacements ' " Fluid mesh
» Fluid dynamics deformation
— Compute velocity and pressure of fluid
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he simulation 009

* The code:

» Alya: Is a simulation code for high performance computational mechanics
— Unstructured Meshes

— Parallelized using MPIl and OpenMP
— Developed at BSC
e The geometry: Two meshes
» Tissue of the heart, 500k elements
» Blood within the cavities, 400k elements

Alfonso Santiago et al. Fully coupled fluid-electro-mechanical model of the human heart for supercomputers.

International journal for numerical methods in biomedical engineering (2018), 34(12), e3140.
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Paraver

Diagnosis
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First view 009

e Check structure
»Find “interesting part” = Focus of Analysis (FOA)
» Usually iterative, without initialization and finish

MPI Processes

PI_Allreduce

< Time 2

Initialization

3 steps
(with inner iterations)
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Where is the heart? 000

Electrophysiology

Solid mechanics

—

Tissue Mesh deformation

e Solid domain

W\amics S\ mechanics

Fluid dynamics

Blood
. domain |

MPI Processes

value 1 22,038,678 u=

< Time =2
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Measuring the heart rate (gj»

e One of the first sanity checks
» Cycles per us
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Cycles per us
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he patient has arrhythmia (8? o

e Why low value of cycles per us?

» Digging in the code we find a large memory allocation and initialization that was
not necessary

Cycles per us
With allocation
and initialization

Cycles per us
With allocation
and NO initialization
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Efficiency metrics of the heart §s 0009

Number of processes 48 96 192

Global efficiency

— Parallel efficiency

|— Load balance

L Communication eff.
|— Serialization eff.
L Transfer eff.

— Computation scalability
|- IPC scalability
|— Instruction scalability
- Frequency scalability

e What | see:

» Very low parallel efficiency

— Only 33% of the time is used
to do compute

» High Load imbalance

— 40% of time is “lost” waiting
for more loaded processes

> Serialization Problem

| | |
Limiting factor May become Good Scaling
for this number a limiting factor for
of cores higher number of cores
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he diagnostic... 0009

 When one physic is being solved the other must wait

e Common issue in Fluid-Structure-Interaction (FSI) problems

e How can we improve this?
» Run both codes on the same cores

» Assume MPI is not consuming cpu tlme
» Use DLB _node barrier()

> More details...

Juan Carlos Cajas et al. Fluid-Structure Interaction Based on HPC Multicode Coupling

SIAM Journal on Scientific Computing 40 (6), C677-C703
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Efficiency metrics: Tissue §¢

Number of processes 48 96 192
Global efficiency 75,50 89,77 96,44
— Parallel efficiency 7550 71,74 67,31
|- Load balance 7740 76,15 74,294

94,21 90,60

L Communication eff.
|— Serialization eff.
L Transfer eff.

L— Computation scalability

- IPC scalability

|— Instruction scalability

— Frequency scalability

i | |

e What | see:

» Load Balance problem

I | |
Limiting factor May become Good Scaling
for this number a limiting factor for
of cores higher number of cores
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* Where the load balance
comes from?

» Computational load imbalance

— Really some processes compute
more than others

MPI calls

WPI_AlLreduce

- e Why?
?3 vy _" >”Becaus.e of the different
= o materials”, some more
= & ¢ 20 “expensive”
. ¢ ef‘ ¢ m * How can we improve this?
E L L 5 4 o » Partition better the mesh
g ‘ ¢ @ » Use Dynamic Load Balancing
© T » More details...

Marta Garcia-Gasulla et al. Runtime mechanisms to survive new HPC architectures: A use case in human respiratory simulations.

The International Journal of High Performance Computing Applications (2019):

Barcelona
@ g:ﬁ:;"mﬂuﬁ"ﬂ 28th November 2019 Advances in Computational Biology 2019 - Marta Garcia-Gasulla 14

* *
*
Centro Nacional de Supercomputacion

*
)
* ¥



Efficiency metrics: Blood §¢ 000

Number of processes 48 96 192

Global efficiency ° What | see:

— Parallel efficiency

|— Load balance

L— Communication eff.
|— Serialization eff.
L Transfer eff.

— Computation scalability
|- IPC scalability
|— Instruction scalability
- Frequency scalability

»Very low transfer efficiency

— Almost 50% of time in
communication

| | |
Limiting factor May become Good Scaling
for this number a limiting factor for
of cores higher number of cores
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he diagnosis for the blood 909

e High number of collectives

» Synchronization problem
» Depending on size 2 BW

MPI calls

e Very high number of point to
point communications
» 648 callsin 76 us

» High imbalance in number of calls
— Produces imbalance at collectives

MPI calls

e How can we improve this?

s | 240 e » Can we reduce the number of
Average | 25 7,098 2 8| 7man point 2 point communications?
Maximum! 25 ?,038. S 9 42,657 .. .

Minimum | 25 7,038 3 5 600 » Can we partition with less
 stDev | 0| 0 0 0 7,384.27 neighbors?

 AvgiMax | 1 1 1| 1 0.42
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Who to blame? Bandwith or Latency?

e Original

* Bandwidth = oo &8

* Latency =0 i

e |deal
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Lessons learned 000

* Interdisciplinary work Do you want more?

» Enriches both sides is a Center of Excellence
> Advances both sides for Performance Optimisation and Productivity

> Is FUN!!

* We do a performance analysis of your
code/simulation/experiment...

e Performance analySiS e Who can ask for it?

» MUST be done > Any developer or user of a code from EU
> |Is useful to... » From academic, research or commercial organisations

- Ir.nprove performance e How?
— Find bugs > Fill the form in:

— Find configuration problems... htt ps:// pop-coe. eu/ request -servi ce-form

» Is FUN!!

* Ore-mailme: mart a. gar ci a@sc. es
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0 Performance Optimisation and Productivity
A Centre of Excellence in HPC
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