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Assahoryu vs Baruto
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Stellar evolution




BRUTUS

a brute force arbitrary-precision N-body code

* Two Ingredients:

* Gragg-Bulirsch-Stoer method

- Modified midpoint method
- Richardson extrapolation
- Tolerance parameter

 Arbitrary-Precision arithmetic

— Number of significant digits

Tjarda Boekholt 2015
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AMUSE - philosophy

* Build on community codes

e Standardized interfaces

« Automate as much as possible
 >100 example scripts

e >20M lines of source code
F*, c/c++, python, java F

And a book:
Astronomical Recipes ‘

AMUSE




The AMUSE script

tMerge two stars
from amuse.lab import *

primary = Particle(mass=0.75|units.MSun)

secondary = Particle(mass=0.55|units.MSun)

stellar = MESA()

stellar.particles.add particles([primary, secodary])
stellar.evolve model(10.2|units.Gyr)

stellar.merge colliding(primary, secondary, MMAMS)

stellar.evolve model(1ll.7|units.Gyr)
print stellar.particles



The AMUSE script

tMerge two stars
from amuse.lab import *

primary = Particle(mass=0.75|units.MSun)

secondary = Particle(mass=0.55|units.MSun)

stellar = MESA()

stellar.particles.add particles([primary, secodary])
stellar.evolve model(10.2|units.Gyr)

stellar.merge colliding(primary, secondary, Gadget2)

stellar.evolve model(1ll.7|units.Gyr)
print stellar.particles



The AMUSE script

tMerge two stars
from amuse.lab import *

primary = Particle(mass=0.75|units.MSun)

secondary = Particle(mass=0.55|units.MSun)

stellar = MESA()

stellar.particles.add particles([primary, secodary])
stellar.evolve model(10.2|units.Gyr)

stellar.merge colliding(primary, secondary, Fi)

stellar.evolve model(1ll.7|units.Gyr)
print stellar.particles
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Conclusions

* Reproduclibility in Simulation software is an il
studied topic, and it deserves more attention.

 Emphasis should be given to:

« Software preservation.

« Guidelines for the proper conduction of simulation
experiments

» Credit for software writing, preservation and
validation
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Orbit of comet Halley
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Plane of solar system
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Growth of the error
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The New supercomputer at
Leiden Observatory

Volkskrant 5 April 2017




An ape on the shoulders of a giant,

Rodin 1902




Gravity's complexities

*Gravity has a negative heat capacity.
*The force calculation is an N*N operation.

*Gravity Is global aware: There is no shielding in gravity,
such as in molecular dynamics.

*At small distances the force grows limitless.

E=3.6 10°° erg/s ~ 1million supernovae

*The equations of motion are intrinsically chaotic (but we
do not know why).
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Creating the
Virtual Universe

Simon Portegies Zwart and Jeroen Bédorf

In The Hitchhiker's Guide to the Galaxy, the guide's editor had a
universe in his office. Now you can too. Hopefully, there's no Total
Perspective Vortex in this one. —Michiel van Genuchten and Les Hatton

TO UNDERSTAND THE universe, mod-
ern science employs a three-pronged
strategy: an empirical perspective, by
gazing at the stars; a theorerical per-
spective, by developing conjectures;
and simulation. In particular, computer
simulations are essential for acquiring
this understanding. That’s because our
view of the heavens is limited to a sin-
gle perspective in a minuscule volume
in space-time, and only a small portion
of that universe fits in a lab. Simulation
can be separated again into three areas:
hardware, algorithms, and software en-
gineering. Here, we focus on software
engineering because it’s often considered
the least important.

The immensity of space and the fact
that the smallest scales are intricately
coupled to the largest scales make mod-
eling the universe a challenge. We're just

erartine m nndererand how o comhbine

and all the physics we don't know,
comes together here. This complexity is

well posed in the Hitchiker's Guide to
the Galaxy:

All you really need to know for the mo-
ment is that the universe is a lot more
complicated than you might think,
even if you start from a position of
thinking it’s pretty damn complicated
in the first place.l

On the basis of this quote, it seems
that astronomers have accepted an im-
possible task. Nevertheless, to address
these challenges and enable scientists
to perform this task, we've developed
simulation software we call the Astro-
nomical Multipurpose Software Envi-
ronment {AMUSE).2

Addreszing the Challanoag
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