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LARGE-SCALE SIMULATIONS WITH THE 
CACTUS FRAMEWORK

ASTROPHYSICAL MODELLING
Realistic simulations of strongly-gravitating systems constitu-
te one of the most complex computational challenges in 
scientific modelling today. Involving mechanisms from the 
most disparate areas of physics, such as general relativity, 
fluid and radiation dynamics, and particle physics, these sy-
stems contain a large number of degrees of freedom that 
couple to each other as they evolve in time.
Correct and efficient simulations of these systems require an 
infrastructure for fast code generation, scalable concurrent 
execution and agile debugging. For over a decade, the Cac-
tus framework has provided some of these features to hun-
dreds of scientists worldwide; most notably, Cactus-based 
codes have enlightened several important areas of Einstein’s 
theory of general relativity, ranging from black hole perturba-
tion theory to gravitational wave emission. Gravitational wave 
templates produced in these simulations are currently contri-
buting to the experimental efforts for the detection of gravita-
tional waves by ground-based interferometers, such as LI-
GO, VIRGO, GEO and TAMA.

ALPACA: CACTUS TOOLS FOR
APPLICATION-LEVEL PERFORMANCE AND 

CORRECTNESS ANALYSIS
Running simulations on many processors may introduce not 
only hardware- or MPI-related problems, but also more subt-
le logical or algorithmic errors. Such errors need to be ad-
dressed at the algorithmic level. The goal of the Alpaca proj-
ect is to endow Cactus with debugging tools that can access 
and modify the simulation data at runtime, as well as control 
the execution flow at the level of individual algorithmic steps.
For scientific computations, where data size can be signifi-
cant, I/O has grown to be one of the major bottlenecks in 
this process, as the relative speed of disk access with re-
spect to CPU operations has been consistently decreasing 
over time. This problem affects, in particular, the user’s ability 
to assess and pursue code correctness within reasonable 
time scales. 
One approach to resolve the latency issue is to visualize the 
simulation data resident in memory, process it on the remote 
machine and finally dispatch the rendered image off to the 
user’s viewer. A number of mainstream visualization pack-
ages such as VisIt have begun providing libraries that can be 
linked to simulation codes, thereby exposing the data to the 
visualization package. The user can then use the standard 
tools to examine the data, sidestepping the need to write 
them to a file.
Other approaches to debugging developed within Alpaca in-
clude HTTPS, which provides the simulation with a secure 
mini webserver, which supports X.509 certificate authoriza-
tion. A user can then gain control over a running Cactus si-
mulation by connecting to the webserver.

CACTUS AND VISIT
CACTUS’ ARCHITECTURE

The architecture of the Cactus framework involves a central 
kernel of core functionalities, usually referred to as the flesh, 
and a vast number of user modules (the thorns) that can be 
added to the flesh to perform mesh operations, evolve grid 
functions, extract physical properties from the simulated sy-
stem, and interact with it. These actions are collected in a set 
of schedule bins, which are themselves ordered in a specific 
execution sequence. A sketch of Cactus’ architecture and of 
the scheduling mechanism is shown below.

VISIT AND libsim
VisIt’s design involves the separation 
between the compute engine, depu-
ted to reading and rendering data, 
and the viewer, representing the in-
terface to the user. VisIt’s simulation 
library libsim endows any C or For-
tran code with the functionalities of a 
compute engine, capable of passing 
fully rendered images of its own data 
back to the viewer. In Cactus, a 
wrapper thorn is responsible for lin-
king libsim and scheduling a function 
listening for viewer connections at 
the end of each iteration in the main 
loop.

A SAMPLE SESSION
We run a sample Cactus simulation in parallel on a 4-dual-
core workstation, activating the appropriate thorns for the 
evolution of a scalar wave equation, from initial data repre-
senting two charges in orbit around each other.

STEP 1: START THE SIMULATION AND LAUNCH VISIT

STEP 2: CONNECT TO THE SIMULATION

At startup, a file containing the simulation’s details is output; 
opening this file, VisIt can connect to the running simulation.

STEP 3: MONITOR AND STEER THE EXECUTION

Once the connection is established, the Plots menu will show 
a list of the Cactus grid functions residing in memory. VisIt al-
so provides a Simulations window for controlling the evolu-
tion of these variables.
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ABSTRACT
We illustrate the motivation, techniques and progress in run-time visualization from large-scale simulations instrumented with the Cactus framework, using the 
capabilities provided by VisIt and its simulation library libsim. In particular, we will show how Cactus variables (actual data like meshes and arrays or metadata 
representing the simulation’s status) can be exposed to VisIt on-the-fly, circumventing the need for disk I/O and, especially, data file transit over the network. 
Our tool also allows the user to control the data production by halting, resuming or advancing it in individual steps of adjustable granularity.
Generating and interacting with data thus becomes one single, highly interactive process that has the potential to spotlight simulation faults faster than tradi-
tional methods.; here we illustrate the visualization and communication model for this tool and several snapshots of a typical session. 
This functionality has been developed within Alpaca (Cactus Tools for Application-Level Performance And Correctness Analysis, NSF SDCI 0721915), a NSF-
funded scheme for endowing Cactus with built-in, high-level HPC debugging and profiling capabilities.


