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* Overview history: Onyx to Exascale
* ParaView
— General capabilities
— Remote visualization
* In situ
— Workflow, In transit
« Exascale challenges
— What changes
— Dax



1990’s

Before consumer market impacted
graphics. Single memory/multipipe
machines (SGlI)

2000’s

» 2005: Specialized Vis cluster - Distributed memory,
commodity clusters tightly coupled with compute
platform.

» Specialized HW (graphics cards, 1/0, memory)

» 2010: Distributed memory capability clusters —
‘Running on the platform’

* Highly constrained memory, no specialized HW

RedRoSE/BlackRoSE

2020’s

* Constrained by power
* Need: Coupled analysis

+ Exascale breaks everything
* New programming models
+ Billion-way parallelism

Exascale
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ParaView: an End User Tool for @ﬁ'aagg;gﬁgﬂes
Large-Scale Visualization
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2010 “2018” Factor Change
System Peak 2 Pfls 1 Efls 500
Power 6 MW 20 MW 3
System Memory 0.3PB 10 PB 33
Node Performance 0.125 Gf/s 10 Tf/s 80
Node Memory BW 25 GB/s 400 GB/s 16
Node Concurrency 12 cpus 1,000 cpus 83
Interconnect BW 1.5 GB/s 50 GB/s 33
System Size (nodes) 20Knodes 1 M nodes 50
Total Concurrency 225 K 1B 4,444
Storage 15 PB 300 PB 20
Input/Output bandwidth 0.2 TB/s 20 TB/s 100

DOE Exascale Initiative Roadmap, Architecture and Technology Workshop, San Diego, December, 2009.
Reported in The Opportunities and Challenges of Exascale Computing, Summary Report of the ASCAC Subcommittee, Fall 2010.
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From J. Dongarra, “Impact of Architecture and Technology for Extreme Scale on Software and Algorithm Design,” Cross-cutting
Technologies for Computing at the Exascale, February 2-5, 2010.
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1 mesh per 100 steps
~1% write time

1 image per 1 step
~0.1% write time
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DSMViewerPanel

DSM Settings and Controls
Host (name/IP address) |default |-
Port number 22000
Buffer Size/Node (in MB) | 512

Inter-Communicator Sockets
Enable DSM data routing
Disable DSM data routing

% Display content automatically
Store Time Step

Description File Settings

Description File Format |Use Sent XML

Description File Path nodel_turbine.lxmf

Browse

-

v| Resume on 'Apply'
% Force XD

Centre Of Free Body

Generated Steering Controls

vtkXdmfRead

<DataExportProperty

<DataExportDomain

I Restart the simulation

| Reload free body mesh

4 Modified Body Node Data

e

name="ModifiedBodyNodes
command="SetSteeringArray"
label="Modified Body Node Data">
name="data_export"

full path="/Mesh_DataSet"

geometry path="/Mesh_Nodes#1/NewXYZ"
topology path="/Mesh_Nodes#1/NewCo..."
command_property="ReloadFreeBodyMesh" />
</DataExportProperty>

Biddiscombe, et al, “Parallel Computational Steering and Analysis for HPC Applications using a ParaView Interface and the HDF5 DSM Virtual File Driver.”
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2010 “2018” Factor Change
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Reported in The Opportunities and Challenges of Exascale Computing, Summary Report of the ASCAC Subcommittee, Fall 2010.



Sandia
National
S lide Of Doom @ Laboratories

2010 “2018” Factor Change

System Peak 2 Pfls 1 Efls 500
Power 6 MW 20 MW 3
System Memory 0.3PB 10 PB

Node Performance 0.125 Gf/s 10 Tf/s 80
Node Memory BW 25 GB/s 400 GB/s 16
Node Concurrency 12 cpus 1,000 cpus 83
Interconnect BW 1.5 GB/s 50 GB/s 33
System Size (nodes) 20Knodes 1 M nodes 50
Total Concurrency 225 K 1B

Storage 15 PB 300 PB 20
Input/Output bandwidth 0.2 TB/s 20 TB/s 100

DOE Exascale Initiative Roadmap, Architecture and Technology Workshop, San Diego, December, 2009.
Reported in The Opportunities and Challenges of Exascale Computing, Summary Report of the ASCAC Subcommittee, Fall 2010.



Sandia
National
Laboratories

Naive Scaling

2010 “2018” Factor Change
System Memory 0.3PB 10 PB 33
Total Concurrency 225 K 1B 4,444

MPT Only?
Vis object code + state: 20MB
On Jaguar: 20MB x 200,000 processes = 4TB
On Exascale: 20MB x 1 billion processes = 20PB |

DOE Exascale Initiative Roadmap, Architecture and Technology Workshop, San Diego, December, 2009.
Reported in The Opportunities and Challenges of Exascale Computing, Summary Report of the ASCAC Subcommittee, Fall 2010.
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Naive Scaling

2010 “2018” Factor Change
System Memory 0.3PB 10 PB 33
Total Concurrency 225 K 1B 4,444

Visualization pipeline too heavyweight?
On Jaguar: 1 trillion cells > 5 million cells/thread
On Exascale: 30 ftrillion cells > 30K cells/thread

DOE Exascale Initiative Roadmap, Architecture and Technology Workshop, San Diego, December, 2009.
Reported in The Opportunities and Challenges of Exascale Computing, Summary Report of the ASCAC Subcommittee, Fall 2010.
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, Revisiting the Pipeline

* Lightweight Object

 Serial Execution

* No explicit partitioning

*No access to larger
structures

*No state

» Changing
programming models




int vtkCellDerivatives::RequestData(...)

{

...[allocate output arrays]...
...[validate inputs]...

for (cellIld=0; cellld < numCells; cellId++)

{

...[update progress]...
input->GetCell(cellld, cell);
subId
= cell->GetParametricCenter(pcoords);
inScalars->GetTuples(cell->PointIds,
cellScalars);

scalars = cellScalars->GetPointer(9);
cell->Derivatives(sublId,

pcoords,

scalars,

1,

derivs);
outGradients->SetTuple(cellld, derivs);
}

...[cleanup]...

}

Dax Makes it Easy

Sandia
National
Laboratories

DAX_WORKLET void CellGradient(...)
{

dax::exec::Cell cell(work);
dax::Vector3 parametric_cell center
= dax::make_Vector3(0.5, 0.5, 0.5);

dax::Vector3 value = cell.Derivative(
parametric_cell center,
points,
point_attribute,
0);
cell attribute.Set(work, value);



4 . . Sandia
ﬂ Threaded Programming is Hard @r;gg:g?;,ies
- Example: Marching Cubes
Easy because cubes can be processed in parallel, right?

/N

T
How do you resolve coincident points?
How do you capture topological connections?

How do you pack the results?



Fﬁ Work in Progress: () s
L Connectivity-Based Algorithms

Input Volume Triangle Soup Manifold Surface

AN

.\ / X\
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Generate Triangles Connect Surface
(Local) (Communicative)
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Coarsened Mesh Error
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1990’s 2000’s 2020’s

Before consumer market impacted » 2005: Specialized Vis cluster - Distributed memory, * Constrained by power
graphics. Single memory/multipipe commodity clusters tightly coupled with compute * Need: Coupled analysis
machines (SGl) platform. + Exascale breaks everything
+ Specialized HW (graphics cards, 1/0, memory) * New programming models
» 2010: Distributed memory capability clusters — + Billion-way parallelism

‘Running on the platform’
* Highly constrained memory, no specialized HW

RedRoSE/BlackRoSE

Exascale
Platform

Questions?



