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Traditional:Traditional:

Modern:Modern:

Checking Theories!

Predict Experiments/Observations!

Computer PhysicsComputer Physics

Theory                              Experiment/Observation  

Theory                                                           Experiment

                                                                       Observation

                      

                      Computer-Experiment 



Slide: Horst Simon, Exascale Computing



Slide: Horst Simon, Exascale Computing



http://www.fz-juelich.de/ias/jsc/EN/Research/research_node.html



Why Computational Physics? Our view at this lecture...Why Computational Physics? Our view at this lecture...
Differential Equations (ODE/PDE)– no analytical solution!Differential Equations (ODE/PDE)– no analytical solution!

        Relation to nonlinear dynamcs, theory of chaosRelation to nonlinear dynamcs, theory of chaos

Ordinary differential equations (ODE)  – initial value problems – particle Ordinary differential equations (ODE)  – initial value problems – particle 
simulationssimulations

        Plasma physics, molekular dynamics, stellar dynamics… Plasma physics, molekular dynamics, stellar dynamics… 

Ordinary differential equations (ODE) – boundary values problems – Ordinary differential equations (ODE) – boundary values problems – 
quantum mechanics (time-indep.), statistical mechanics, stationary statesquantum mechanics (time-indep.), statistical mechanics, stationary states

Partial differential equations (PDE)  – initial and boundary value problems Partial differential equations (PDE)  – initial and boundary value problems 
– mesh based or finite elements – mesh based or finite elements 

fluid dynamics, numerical relativity, quantum mechanics (time-dep.)fluid dynamics, numerical relativity, quantum mechanics (time-dep.)

Monte Carlo methods – use of (pseudo) random numbersMonte Carlo methods – use of (pseudo) random numbers

numerical integration, stellar dynamics, particle physics (many dims.)numerical integration, stellar dynamics, particle physics (many dims.)

Computational mathematics – ``exact'' mathematical computations       Computational mathematics – ``exact'' mathematical computations       

            Mathematica, Maple, MatLab, … Mathematica, Maple, MatLab, … 



HistoryHistory

Erik Holmberg (1908-2000)Erik Holmberg (1908-2000)
Dissertation Univ. Lund (Sweden) (1937):Dissertation Univ. Lund (Sweden) (1937):

``A study of double and multiple galaxies´´``A study of double and multiple galaxies´´

Galaxies distributed in groups and pairs – Galaxies distributed in groups and pairs – 

Satellite galaxies have uneven distributionSatellite galaxies have uneven distribution

(Holmberg-Effect)(Holmberg-Effect)

Father of numerical Astrophysics....Father of numerical Astrophysics....

...with 200 light bulbs...with 200 light bulbs
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HistoryHistory

The Astrophysical Journal, Nov. 1941The Astrophysical Journal, Nov. 1941
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John von Neumann (1903-1957)John von Neumann (1903-1957)
Geb. Budapest, Dozent Berlin, Geb. Budapest, Dozent Berlin, 

ab 1930 Princeton Univ. NJ USA Princetonab 1930 Princeton Univ. NJ USA Princeton
„„Requirements for an electronic computing machine“ (1946)Requirements for an electronic computing machine“ (1946)

GeschichteGeschichte



    

Supercomputer

JUGENE

IBM Blue Gene

Jülich

Supercomputing

Centre (JSC)

223 Tflop/s

...Petaflop/s...

2019: Exaflop/s System

(...Trillion...)

Opening with J. Rüttgers June 2008

Introduction – SupercomputersIntroduction – Supercomputers



    

Computational Science...
...after von Neumann...

Problems:
Power Consumption
Efficiency for  Real Applications

Exaflop/s?

Petaflop/s

Teraflop/s

Gigaflop/s

Thanks to Horst Simon, LBNL/NERSC for this diagram.



    

Hardware

NVIDIA Tesla C1060 :

1.3 GHz *240 processors * 3 flopclock = 930 Gflops



Beijing, China



 

Heidelberg



Nr. 1 Supercomputer from China: 33 Pflop/s Linpack

32000 Intel Xeon 12 core, 48000 Intel Phi Accelerators 57 Core

http://www.top500.org

http://www.top500.org/


Perth Oct. 2013
 

From www.top500.org  - list of fastest 
                    supercomputers in the world...
                    ... last year Nov. 2010:

Top 10 List November 2010

GPUGPU

GPUGPU

FR

GPUGPU

http://www.top500.org/


    

www.green500.org
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CosmologyCosmology

Computer Physics - AstrophysicsComputer Physics - Astrophysics



August 22, 2002August 22, 2002   1919

Structurr Formation in the UniverseStructurr Formation in the Universe

In the year 100.000....

  ...and ``today´´
(Cosmic Microwave Background)

Wilkinson Microwave  Anisotropy Probe (WMAP)Wilkinson Microwave  Anisotropy Probe (WMAP)

Computer Physics – AstrophysicsComputer Physics – Astrophysics
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Black Holes in GalaxiesBlack Holes in Galaxies

Computer Physics - AstrophysicsComputer Physics - Astrophysics



Simulations with
stars and dark matter
Khan, Berczik, Spurzem, ...2012



Post-Post-
Newtonian Newtonian 
DynamicsDynamics

Gravitational Gravitational 
Wave Wave 

TemplatesTemplates

Handle spin-orbit and 
spin-spin coupling
 (P.Brem, R. Spurzem, 
Univ. Heidelberg) 



Example: VIRGO Detector in Cascina near Pisa, Italy



VIRGO – Pisa 3km
LIGO – Livingston, LA
             Hanford, WA
                             1km
GEO600 – Hannover
                          600m
AIGO – Australien
          (planned, 5 km)

http://www.ligo-la.caltech.edu/
http://www.ego-gw.it
http://www.geo600.uni-hannover.de

Outreach to 50 Millionen
light years (Neutron Stars)

http://www.ligo-la.caltech.edu/
http://www.ego-gw.it/
http://www.geo600.uni-hannover.de/
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Nonlinear Dynamics Nonlinear Dynamics 

and Chaosand Chaos

Computer Physics - AstrophysicsComputer Physics - Astrophysics
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3-Body Problems3-Body Problems

Burrau‘s Problem                    „The Eight“ Burrau‘s Problem                    „The Eight“ 
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Lorenz-Attraktor  Lorenz-Attraktor  
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Logistische AbbildungLogistische Abbildung
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