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Outline

• Black holes, motivating our research

• Cactus, a software framework

• Cactus timing infrastructure

• Checkpointing, an example scenario



Black Holes

• Black holes are out there
(see e.g. http://www.mpe.mpg.de/ir/GC or 
http://en.wikipedia.org/wiki/Black_hole)

• Studying black holes is difficult (far away, 
dangerous)

• Therefore we use HPC simulations to 
predict their behaviour, then combine these 
with observational results

http://www.mpe.mpg.de/ir/GC/
http://www.mpe.mpg.de/ir/GC/
http://en.wikipedia.org/wiki/Black_hole
http://en.wikipedia.org/wiki/Black_hole




Software Frameworks

• Our code: 10 years in the making, many 
authors, first authors have left the group

• Mixture of C/C++/Fortran 77/Fortran 90/
Perl, > 2 Mloc, many outdated parts

• Need to organise ourselves to manage the 
code

• We use a Software Framework, and we split 
the code into components (see Jarek 
Nieplocha’s talk on Tuesday)



Cactus

• In Cactus speak, the framework 
is called flesh, and the 
components thorns

• There are many public thorns 
which use Cactus, especially for 
numerical relativity

• http://www.cactuscode.org
Saguaro

(Carnegiea gigantea)

http://www.cactuscode.org
http://www.cactuscode.org


   Library vs. Framework
• A framework is like a 

library, except that it 
contains the main 
programme -- the user 
modules are libraries

• Crucial for easy 
interoperability -- 
otherwise, two modules 
may “fight” over who may 
be the main programme

• Cactus thorns are 
“connected” via their 
schedule

• Schedule is constructed 
at run time -- no code 
needs to know all 
compiled thorns

• Thorns can be developed 
completely independently



The Basic Idea

• The framework has much information about 
the overall programme (while the 
components are all independent)

• Thorns can query the framework to access 
this information to optimise their behaviour

• Cactus keeps timers for every thorn -- and 
thorns can look at Cactus’s timers to reduce 
overhead



Clocks and Timers

• A Clock is a way to measure a certain kind of 
time, e.g. wall time or CPU time or cycles 
or ...

• A Timer contains a set of clocks; it can be 
started and stopped and read out and 
printed



Timers and Clocks

gettimeofday MPI_Wtimegetrusage

Clock ClockClock

"Total time"

time

Timer
"Checkpoint"

Timer 
"Evolution"

Three (partly nested) timers, using three different clocks 



Other Possible Clocks

• clocks derived from PAPI or TAU

• rdtsc (Intel)

• omp_get_wtime

• clocks measuring discrete events, e.g. 
number of MPI messages sent/received

• clocks measuring bytes written to disk



/* Create timer */
static int handle = -1;
if (handle < 0) {

handle = CCTK_TimerCreate ("Poisson: Evaluate residual");
if (handle < 0) CCTK_WARN (CCTK_WARN_ABORT, "Could not create timer");

}
... other code ...
CCTK_TimerStartI (handle); /* Start timer */
... evaluate residual ...
CCTK_StopTimerI (handle); /* Stop timer */
... other code ...
CCTK_TimerPrintDataI (handle, -1); /* Output all clocks of this timer */

Table 3. Example source code using Cactus timers, illustrating how a timer is created,
started, stopped, and printed.

3 Use Cases

In this section we present use cases for application self-profiling. We give two
examples describing the current use of the timing infrastructure for automated
report generation and the use of profiling information to guide adaptive control
of applications. We also suggest some other possible application scenarios which
are possible given the above timing infrastructure.

3.1 Timer Report

Cactus automatically sets up timers for each scheduled routine, as described
in Sec. 2. The information from these timers is dynamically available to the
application through the timer API. This information is used to provide details
about application performance while the simulation is running, reporting it e.g.
to standard output, via a web-accessible HTTP interface3, or via log files. The
same mechanism can also be used to influence the behaviour of the application,
allowing it to adapt itself to changes in the simulation or the environment.

Timer reports are generated for any Cactus application by setting the pa-
rameter Cactus::print timing info="full". Figure 2 shows part of such a
report for one of the runs of the use case presented below. The information in
the report is collected by querying the timers periodically. In this case, the two
clocks available to the simulation were gettimeofday and getrusage. Figure 1
shows a graphical representation of such a report.

3.2 Adaptive Checkpointing

Checkpointing is often used by applications deployed on clusters and super-
computers to provide protection again hardware and software failures, to allow
3 See http://cactus.cct.lsu.edu:5555/TimerInfo/index.html for timing informa-

tion for the perpetual Cactus demonstration run

Clock name Unit Description
gettimeofday sec UNIX wall time
getrusage sec UNIX system time
MPI Wtime sec Wall time
PAPI counts Many hardware counters, e.g. instructions or Flop
rdtsc Intel CPU time stamp counter

Table 1. Available clocks in Cactus. Some of these clocks are only available on certain
architectures, or if certain libraries have been installed.

Function Description
create Create a new clock, returning a pointer to it
destroy Destroy the clock
start Start this clock
stop Stop this clock
reset Reset this clock, i.e., set the accumulated time to zero
get Get the clock’s values
set Set the clock’s values

Table 2. Cactus clock API. A clock is an object which measures certain events. Several
clocks of the same kind can exist and can be running at the same time, measuring
potentially overlapping durations. Clock can measure several values at the same time,
e.g. multiple PAPI counters. Clocks are not meant to be called by user thorns (although
this is of course possible); instead, clocks are encapsulated in timers. See also Table 3.

currently available. Table 2 describes the Cactus clock API. Clocks are usually
not used directly; they are instead encapsulated in timers.

The Cactus timing API is the interface which can be used to time or profile
events or regions of code. Timers are usually created at startup time (or the first
time a routine is entered), and they are started and stopped before and after the
events that should be measured. The values of the clocks associated with a timer
can be output explicitly using timer calls, or using a Cactus functionality that
outputs all existing timers periodically to a log file. Table 3 gives an example of
using timers, the complete API is described in the reference manual [3].

The accuracy of the timing information is obviously limited by the accuracy of
the underlying clocks. Many clocks have accuracies measured in microseconds,
and are hence not suitable for profiling very short events or routines. Other
clocks, such as e.g. rdtsc, have nanosecond resolution and can measure with a
very fine granularity. One has to keep in mind that measuring time changes the
instruction flow through the CPU, often acting as barriers, so that it is impossible
to measure with sub-nanosecond accuracy on today’s CPU architectures.

The Cactus timer interface is a high performance interface. Creating and
destroying timers typically requires allocating and freeing memory, so this should
not be done in inner loops. Starting and stopping timers is as e!cient as the
underlying clocks implement it, plus overhead from indirect function calls. (The
clocks’ routines are called via function pointers.)

Clock API

Timer example



Improving 
Checkpointing Efficiency

• Checkpointing: From time to 
time the complete simulation 
state is saved to disk

• Necessary to recover from 
failures (fault tolerance!), or to 
overcome queue time limits 
(“local policies”)

• Checkpointing too often is 
unnecessary overhead

Timing chart
of a typical simulation

(measured automatically)

bad!



Experimental Setup

• Scenario: A simulation of a collapsing star, 
adding more refined grid as the star shrinks

• We adapt the checkpointing interval 
dynamically to satisfy certain criteria:

• Goal: spend 5% of overall time 
checkpointing

• Subject to some constraints: not too 
often, not too seldom (“at least every N 
iterations”)



Experimental Results
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Discussion

• Scenario is “fake”, but demonstrates that 
dynamic checkpointing intervals are 
important here (but we knew that)

• Information gathered by the framework and 
queried by the checkpointing components 
can be used to improve efficiency

• Current implementation is good enough for 
production use in black hole simulations



Future Scenarios

• Analyse simulation results at run-time if 
efficient, defer to post-processing otherwise

• Compare efficiency to other machines, 
migrate simulation if this saves time

• Monitor simulation, change number of 
processors at run time to improve efficiency



Conclusions

• The Cactus framework has a generic timing 
infrastructure (timers and clocks); user can 
add new clocks

• Timers are conveniently and automatically 
added to components by the framework

• Components can query timers and steer 
simulation parameters dynamically, improving 
efficiency without prior system knowledge



CCT

• Interdisciplinary research 
centre at LSU, about four 
years old

• Computer science,
physics, mathematics, 
biology, music, ...

• http://www.cct.lsu.edu

T. Sterling
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