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Course schedule Required learning

Discretizing differential equations Discretize differential equations using forward,
04/07 | Class 1 backward, and central difference, with high order,

and evaluate the discretization error

Finite difference methods Understand stability of low and high order
04/]| @ Class 2 time integration, and use it to solve
convection, diffusion, and wave equations

Finite element methods Understand the concepts of Galerkin methods,
04/14 | Class 3 test functions, isoparametric elements, and

use it to solve elasticity equations.

Class 4 Spectral methods Explain the advantages of orthogonal

ass

04/18 basis functions such as Fourier, Chebyshev,
Legendre, and Bessel.

Boundary element methods Understand the relation between inverse
Class 5 , . :
04/2 1 matrices, § functions and Green’s functions,
and solve boundary integral equations.

Molecular dynamics Understand the significance of symplectic
Class 6 o
04/25 time integrators and thermostats, and solve

the dynamics of interacting molecules.

Smooth particle hydrodynamics (SPH) | Evaluate the conservation and dissipation

Class 7
04/28 s properties of differential operators formed
from radial basis functions.

Particle mesh methods How to conserve higher order moments for
05/02 | Class 8 interpolations schemes when both particle and

mesh-based discretizations are used.




05/09

05/12

05/16

05/19

05/23

05/26

05/30

Class 9

Dense direct solvers

Understand the principle of LU decomposition

and the optimization and parallelization techniques
that lead to the LINPACK benchmark.

Class 10

Dense eigensolvers

Determine eigenvalues and eigenvectors
and understand the fast algorithms for

diagonalization and orthonormalization.

Class 11

Sparse direct solvers

Understand reordering in AMD and nested
dissection, and fast algorithms such as
skyline and multifrontal methods.

Class 12

Sparse iterative solvers

Understand the notion of positive definiteness,

condition number, and the difference between

Jacobi, CG, and GMRES.

Class 13

Preconditioners

Understand how preconditioning affects the
condition number and spectral radius, and
how that affects the CG method.

Class 14

Multigrid methods

Understand the role of smoothers, restriction,

and prolongation in the V-cycle.

Class 15

Fast multipole methods, H-matrices

Understand the concept of multipole
expansion and low-rank approximation,
and the role of the tree structure.




Top500
RMAX RPEAK POWER

RANK SITE SYSTEM CORES  [TFLOP/S) (TFLOP/S) (KW)

1 National Super Computer Tianhe-2 (MilkyWay-2) - TH-IVB-FEP Cluster, 3,120,000 33,862.7 54,902.4 17,808
Center in Guangzhou Intel Xeon E5-2692 12C 2.200GHz, TH Express-2,
China Intel Xeon Phi 31S1P
NUDT

2 DOE/SC/Oak Ridge National Titan - Cray XK7 , Opteron 6274 16C 2.200GHz, 560,640 17,590.0 27,1125 8,209
Laboratory Cray Gemini interconnect, NVIDIA K20x

United States Cray Inc.

J

3 DOE/NNSA/LLNL Sequoia - BlueGene/Q, Power BQC 16C 1.60 GHz, 1,572,864 17,173.2 20,132.7 7.890
United States Custom
IBM

4 RIKEN Advanced Institute for K computer, SPARCA4 VIlIfx 2.0GHz, Tofu 705,024 10,510.0 11,280.4 12,660
Computational Science [AICS] interconnect

Japan Fujitsu

5 DOE/SC/Argonne National Mira - BlueGene/Q, Power BQC 16C 1.60GHz, 786,432 8,586.6 10,066.3 3,945
Laboratory Custom
United States IBM

b DOE/NNSA/LANL/SNL Trinity - Cray XC40, Xeon E5-2698v3 16C 2.3GHz, 301,056 8,100.9 11,078.9
United States Aries interconnect
Cray Inc.

7 Swiss National Piz Daint - Cray XC30, Xeon E5-2670 8C 115,984 6,271.0 7,788.9 2,325
Supercomputing Centre (CSCS] 2.600GHz, Aries interconnect , NVIDIA K20x

Switzerland Cray Inc.

8 HLRS Hazel Hen - Cray XC40, Xeon E5-2680v3 12C 185,088 5,640.2 7,403.5
Hochstleistungsrechenzentrum 2.5GHz, Aries interconnect

Stuttgart Cray Inc.
Germany

9 King Abdullah University of Shaheen Il - Cray XC40, Xeon E5-2698v3 16C 196,608 5,537.0 7,235.2 2,834
Science and Technology 2.3GHz, Aries interconnect

Saudi Arabia Cray Inc.
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Simulation on TSUBAME
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Finite difference methods

| Y & s 4
domain |

S S| }
| |

: J’k+1‘ .
el

S ____,Jf_‘_'_’l_(___;l_’l‘ _____ Jrik| 4
dw |
k-1

= | Tv 9 *
os ;

boundary

df 5
ax

second-order accurate
first-order derivative




Finite element methods
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Spectral methods
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Boundary element methods
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Molecular dynamics
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Smooth particle hydrodynamics

Discretization of continuum body by particle
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Particle-mesh methods
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Finite difference methods

| Y & s 4
domain |

S S| }
| |
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el
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boundary

df 5
ax

second-order accurate
first-order derivative




Forward, backward, central difference

slope D, u(Z)

slope D_u(Z)
P ——
| slope u'(Z)

slope Dou(Z)

=I
I
~
=T
]
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u(z)

u(Z + h) —u(Zz)
h

() — T — h
Backward difference D-u(Z) = u(2) Z(T )

Forward difference D, u(z) =

Central difference  Dyu(z) = wz + h)z_hu(i —h) _ %(D_i_u.(g_:) + D_u(z))




Truncation error

forward

‘ backward Ou\ o Uitl—Ui ,
central T .. ( 8m)i R forward difference
i i 5 (@) ~y B Hicd backward difference
| i i E exact ox/1i Ax
Azr Az
|- »-{-t -— 1
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forward difference truncation error O(Az)

- N ou\ U — Ui N Ax [ 0*u B (Az)? [ O°u N
2 or 1:— Ax 2 \0z2 ), 6 ox3 )

backward difference truncation error O(Az)
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central difference truncation error O(Azx)?



Second order derivative

Consider once more the Taylor series

/ h? 1" h? 3 h* 4)
fz+h) = f(@) + hf'(2) + 5 f"(@) + T @) + 57D (E) '
/ h'2 " h3 (3) h* (4)
f(z = h) = f(z) = hf'(2) + 5 f"(2) = =FO (@) + 5 f D)
Adding and rearranging terms we obtain 0

f(z +h) = 2f(x) + f(z — h)

= = ["(z) + " ()

Alternatively, we can use forward and backward approximations:

z+h)—f(x 2V— f(z—h
fn(I)fwd.: f'(z+h)— f(z) owe £( +’Z fz)  fx) ’{( )
h h

_ fl+h)—2f(z) + f(z — h)
— -

or the other way around

flz+h)—f(z) _ f(z)—f(z—h)
h h
h

. \bwd. f'(x) = f'(x—h) fwd.
fi(z)— h |

_ flz+h)—2f(x) + f(z — h)
— >




Course schedule Required learning

Discretizing differential equations Discretize differential equations using forward,
04/07 | Class 1 backward, and central difference, with high order,

and evaluate the discretization error

Finite difference methods Understand stability of low and high order
04/]| @ Class 2 time integration, and use it to solve
convection, diffusion, and wave equations

Finite element methods Understand the concepts of Galerkin methods,
04/14 | Class 3 test functions, isoparametric elements, and

use it to solve elasticity equations.

Class 4 Spectral methods Explain the advantages of orthogonal

ass

04/18 basis functions such as Fourier, Chebyshev,
Legendre, and Bessel.

Boundary element methods Understand the relation between inverse
Class 5 , . :
04/2 1 matrices, § functions and Green’s functions,
and solve boundary integral equations.

Molecular dynamics Understand the significance of symplectic
Class 6 o
04/25 time integrators and thermostats, and solve

the dynamics of interacting molecules.

Smooth particle hydrodynamics (SPH) | Evaluate the conservation and dissipation

Class 7
04/28 s properties of differential operators formed
from radial basis functions.

Particle mesh methods How to conserve higher order moments for
05/02 | Class 8 interpolations schemes when both particle and

mesh-based discretizations are used.




