
Niklas Röber (DKRZ) 119.06.2019



Niklas Röber (DKRZ)

See, understand, learn, communicate …

 Confirmatory visualization (verification)

 Interactive visualization (exploration)

 Animations and images (communication)

 But also: model debugging and performance analysis

Data Visualization
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“Visualization gives you answers to questions you didn’t know you
had.” – Ben Shneiderman

“Numbers have an important story to tell. They rely on you to give
them a clear and convincing voice.” – Stephen Few
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 21 GPU nodes (two Haswell/Boadwell, 256/512/1024 GB memory)

 4 GPUs per node (two dual Kepler/Maxwell)

 Software: NCL, ParaView, AvizoGreen, VAPOR
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 Visualizations and Examples
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(c) NASA
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Parallel Processing and Visualization

2319.06.2019

GUI 
Client

Server
Manager

Render
Server

Data
Server



Niklas Röber (DKRZ)

Large Data
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in-situ Visualization
(ParaView/Catalyst)

in-situ Compression
(VAPOR)

Simulation

Adaptor ParaView/Catalyst

Results

Simulation

Decomposition

Vapor Results

HPC System

Workstation
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Discrete Hex Wavelet Transform for ICON/MPAS

2519.06.2019

Decompose sphere into 10 diamonds

 Diamond vertices at original base
icosahedron vertices

 Each diamond has regular topology

Map centroids of quad, triangles, and
hexagons cells into a hexagonal mesh
with explicit connectivity

Apply discrete wavelet transform to
each regular hexagonal mesh
(diamond)

[1] Jubair et.al. “Icosahedral Maps for a Multiresolution Representation of Earth Data”, VMV 2016

data box spline
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Multiresolution Presentation
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[1] Jubair et.al. “Icosahedral Maps for a Multiresolution Representation of Earth Data”, VMV 2016
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From Post to In-Situ Visualization/Processing  
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ICON and Catalyst Adaptor
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ParaView
Visualization Pipeline generates Python Script

ICON Model

Catalyst Adaptor

Catalyst
VTK/C++

 Rendered images
 Cinema database 
 Data reduction
 Feature det./tracking

(cloud classification)

 Live visualization
 Compression

FORTRAN C++
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Advantages Drawbacks

 Much less I/O 

-> Faster / less disk space

 Preview of data

 Allows to run extremely large 
simulations

 Time to knowledge much 
shorter

3019.06.2019

 Additional resources required

 A priori knowledge needed 

 Need to run sim/vis again for 
new visualizations

 Complexity increases
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Generating a Catalyst Script
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Catalyst Script
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CINEMA Image Database
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Live Visualization, Steering? 
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Demo3: In Situ Cloud Classification
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Implementation

 Started refactoring other in-situ code -> too complex

 Started fresh -> few hundred lines in FORTRAN and C++

with minimal changes to ICON

 Zero Copy Arrays FORTRAN -> C++

 Tightly coupled (in line), even number of sim/vis processes

 Not everything works yet (CINEMA)
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Timings R2B10 – 2.5km global / 540 nodes

----------------------------------- -------- --------------- --------- --------------- ------------ ---------- ----------------- ---------------- ----------------- --------------------
name                                 # calls    t_min min r             t_avg t_max max r     total min (s)  total min r      total max (s)  total max rank   
----------------------------------- -------- --------------- --------- --------------- ------------ ---------- ----------------- ---------------- ----------------- --------------------
total 4305      06m48s   [659]        06m48s 06m48s [3919]        408.010 [659]           408.027   [3919]           

L wrt_output 8610       0.00778s   [ 1756]      11.8735s    23.7090s    [3239]           23.707    [1469]           23.779    [2838]           

L integrate_nh 344400         3.9458s   [3476]          4.3407s     15.2784s      [256]     347.016   [3476]           347.308                     [0]              

L nh_solve 1722000     0.29028s   [0]     0.45025s      1.1131s  [216] 156.504    [2048]          190.621    [47]             

L nh_hdiff 344400    0.09548s   [1368]   0.13672s     0.44944s      [420]             8.426    [2111]          15.589  [1852]           

L physics                       344400     0.53099s   [418]     0.94401s     12.2728s    [2598]      57.132    [421]          101.765  [2831]           

....        

L insitu_set_var 344400       0.01999s           [7]      0.02430s 0.05760s   [221]        1.663 [7]           2.037  [126]            

L insitu_do_work 340095     0.00014s   [1095]       0.06853s 0.72341s   [0]        5.312 [2392]          10.067   [0]              

L insitu_do_work1st 4305  1.5387s   [2239]       1.6174s 2.0325s   [0]       1.539 [2239]           2.033  [0]              

....         

model_init 12915        1.5042s  [1752]          01m11s 03m01s   [1672]   214.388   [1990]  215.458    [885] 

L insitu_init 4305     4.9177s   [1990]       6.1077s 6.3881s   [4164]         4.918 [1990]        6.388   [4164]           
-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
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Timings R2B10 – 2.5km global / 540 nodes

----------------------------------- -------- --------------- --------- --------------- ------------ ---------- ----------------- ---------------- ----------------- --------------------
name                                 # calls    t_min min r             t_avg t_max max r     total min (s)  total min r      total max (s)  total max rank   
----------------------------------- -------- --------------- --------- --------------- ------------ ---------- ----------------- ---------------- ----------------- --------------------
total 4305      06m48s   [659]        06m48s 06m48s [3919]        408.010 [659]           408.027   [3919]           

L wrt_output 8610       0.00778s   [ 1756]      11.8735s    23.7090s    [3239]           23.707    [1469]           23.779    [2838]           

L integrate_nh 344400         3.9458s   [3476]          4.3407s     15.2784s      [256]     347.016   [3476]           347.308                     [0]              

L nh_solve 1722000     0.29028s   [0]     0.45025s      1.1131s  [216] 156.504    [2048]          190.621    [47]             

L nh_hdiff 344400    0.09548s   [1368]   0.13672s     0.44944s      [420]             8.426    [2111]          15.589  [1852]           

L physics                       344400     0.53099s   [418]     0.94401s     12.2728s    [2598]      57.132    [421]          101.765  [2831]           

....        

L insitu_set_var 344400       0.01999s           [7]      0.02430s 0.05760s   [221]        1.663 [7]           2.037  [126]            

L insitu_do_work 340095     0.00014s   [1095]       0.06853s 0.72341s   [0]        5.312 [2392]          10.067   [0]              

L insitu_do_work1st 4305  1.5387s   [2239]       1.6174s 2.0325s   [0]       1.539 [2239]           2.033  [0]              

....         

model_init 12915        1.5042s  [1752]          01m11s 03m01s   [1672]     214.388 [1990]  215.458    [885] 

L insitu_init 4305     4.9177s   [1990]       6.1077s 6.3881s   [4164]         4.918    [1990]        6.388   [4164]           
-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
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What’s next

 Develop in-situ vis workflows for end users

 Integration of in-situ with ICON Ocean (eg. eddy census) and 
other models (as part of ESiWACE2)

 In-Situ decomposition/(lossy) compression 

 Pipeline automation (machine learning)
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ESiWACE has received funding from the
European Union’s Horizon 2020 research and
innovation program under grant agreement
No 675191

www.esiwace.eu

http://www.esiwace.eu/

