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Charge – Discuss Data Science Capabilities for  
Visualization and Databases for Space Science
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Use Cases
1. Large spatial/temporal simulations
2. Ensembles of simulations and 

experiments
– Materials database

Data Science Capabilities
1. Visualization
2. Databases

Goal: Specific recommendation 
of open source tools 

Use Cases Data Science 
Capabilities

Open Source Tool

Large spatial/temporal simulations Visualization Paraview.org
Large spatial/temporal simulations Database HDFgroup.org

Ensembles of simulations and 
experiments

Visualization Cinemascience.org

Ensembles of simulations and 
experiments

Database SQLite.org



Visualization of large spatial/temporal simulations 
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• Asteroid Impact Video



Responding to the Trends: ParaView
• An open-source, scalable, multi-

platform visualization application

• Support for distributed computation 
models to process large data sets

• Billions of AMR cells, Scaling test 
over 1 Trillion cells

• Used by academic, government and 
commercial institutions worldwide
– Downloaded ~100K times per year
– Developed by Kitware, LANL, SNL…

• Originally designed to support a post 
processing workflow
– Simulations save data to storage and 

scientist interactive visualizes results

• The ParaView User’s Guide
– http://www.paraview.org/paraview-guide/

• Tutorials
– http://www.paraview.org/tutorials/

• The ParaView web page
– www.paraview.org

• ParaView mailing list
– paraview@paraview.org

http://www.paraview.org/paraview-guide/
http://www.paraview.org/tutorials/
http://www.paraview.org/
mailto:paraview@paraview.org


Visualization of Pressure anisotropy in ParaView
(Morley)

Pressure anisotropy in the equatorial 
plane, and the streamlines are traced 
through the 3D magnetic field 
• calculated to be in pressure-balance 

with the plasma

The streamlines are traced from a set 
of points from a disc in the equatorial 
plane, applied a clip to cut away half of 
the field. 

The black circle marks the outer 
boundary of the RAM model domain.

The bit that's missing was a cylindrical 
clip to exclude the region where the 
magnetopause (outer edge of Earth's 
magnetic field) had moved inside the 
model domain. 

The X-direction is towards the Sun.



Database of large spatial/temporal simulations 
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• Definition of database – organized collection of 
data, typically in digital form

• Codd’s relational data model - Based 
upon relational algebra and tuple relational 
calculus.

• SQL (Structured Query Language) is a 
domain-specific language used in 
programming and designed for managing data 
held in a relational database management 
system.

• Task-based approach
– Querying of simulation data

• Spatial and temporal understanding
– Storage and accessing of data & meta-data 

SELECT Type, X_location FROM Particle
WHERE Density > 150 ORDER BY 
X_location;

Particle

X_location Type Density

345 Smith 100

587 Jones 350

219 Smith 200

• Extremely successful database model

• SQL table, Spreadsheets, Panda data 
frames, numpy array, R, Machine learning.



Database recommendation - SQLite 
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• SQLite is a C-language library that implements a small, fast, self-
contained, high-reliability, full-featured, SQL database engine. 
– SQLite is the most used database engine in the world. There are over 1 

trillion SQLite databases in active use.
• The SQLite file format is stable, cross-platform, and backwards 

compatible and the developers pledge to keep it that way through at 
least the year 2050. 

• SQLite source code is in the public-domain and is free to everyone to 
use for any purpose.

• SQLite is serverless / file-based.



If your data elements are very large (>10s GBs) they need to be stored (not in 
a database) on a filesystem
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Use HDF5 (hdfgroup.org):
HDF5 is a data model, library, and file format for 
storing and managing data.
– It supports an unlimited variety of datatypes, 
– is designed for flexible and efficient I/O and for 

high volume and complex data. 
– HDF5 is portable and is extensible, allowing 

applications to evolve in their use of HDF5. 
You can still work metadata in relational 
database…

However:
– Realize that relational database is a huge market 

with drivers to make queries on massive data  
fast
• For example, Hardware for SQL - Yellowbrick



Visualization of ensembles of simulations

Cinema is a LANL-invented ecosystem for interactive 
analysis and exploration of databases

Original Use Case: Extreme Scale Scientific 
Simulations

Original insight: large data can be explored as a set 
of images
• Pre-render all images (via cartesian product of 

parameters) needed to explore data
– ‘short circuit’ for normal visualization workflow

• Make database entries for parameters and 
associated image



Analysis Ecosystem

Cinema
Database

(data extracts)

Viewers

Algorithms

Writers

ALPINE

Figure 2: Diagrammatic workflow of components in a Cinema database. Image channels (1) are gathered together in a fusion

operation (2) to create a single image (3). The image channels and the fusion operation are described in section 1.1.2. Any number
of images can then be combined together in a compositing operation (4). The final product of that composite can be shown in a
viewer application as a rendering (5). The same data workflow can provide images or renderings to a query application, an analysis
operator or other application.

1.1 What is a Cinema Database?
A Cinema database is a set of precomputed visualization components that can be queried and interactively viewed.
The user can decide what types of components comprise the database, based on the type of interaction that is desired
with the final database. Figure 1 shows a diagram of the way in which final renderings are broken into components,
and then finally to image channels that this specification expects. For more detail on the types of interactions that you
might create, see [1]. Once a Cinema database is created, a user can create a viewer or analysis operator that somehow
makes use of the data. A diagram of this is shown Figure 2. One application that can be created is an interactive viewer
that allows a scientist to interactively view the data, as described in [1]. This specification describes data which could
be used by such a viewer, but could be ignored by other applications. This is a general design philosophy of Cinema
- applications that read a Cinema database can ignore data, read subsets of channels, and otherwise determine which
operations to perform. This promotes a wide range of possible interactions with the data.

This document describes release v1.0 of the Cinema Chaplin Database, in which image channels are stored instead
of standalone fully pre-rendered images. The constituent images are inputs to a deferred rendering algorithm which
allows the user to control which objects are in view and how each is colored.

1.1.1 Parameters in Cinema

A Cinema database holds a collection of results sampled by a set of visualization parameters. Visualization parameters
can be created for any control that the user might have in a traditional visualization session. Examples include isosur-
faces, slice planes and viewpoint. Cinema viewing applications give the user a control for each parameter setting and
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Example: Explore Large Data Through Images



Visualization of ensembles of simulations

• This also works for a set of non-cartesian product entries
– For example: Latin hypercube sampling 

Input parameters

Linked to output images 
or data



Cinema:Explorer designed for high dimensional relational database visualization



Cinema input/output high dimensional analysis

A B C n m

PCA mapping of input parameters 
(A,B,C,n,m) to 2D

PCA mapping of output 
velocimetry to 2D
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