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und 10 Minuten, bel mir uber 13 n.
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iInner Loop

for t in range(0,N):
for ring in range(O rings):
for cell in range(0,ringsize):

flux = ....
# Perform RunTe -Kutta integration on current cell

ring][cell
K rm cell
11 = (X y, lux)

k12 = h*det(

k21 = h*dthix+O .5*k11, y+0.5*k12,flux)
k22 = h*dYdt(x+0.5*k11, y+0.5*k12)

k31 = h*dXdt £X+O 9*k21, y+0.57k22,flux)
k32 = h*dYdt(x+0.5*k21, y+0.5*k22)

K41 = h cXc £x+k31 ; y+k32,flux)

k42 = h*dYdt(x+k31, y+k32}

)Y([EIH[rmg][cell £k11 +2°k21 + 2*k31 + k41

ring][cell

K12 + 2°k22 + 2*k32 + k42



Running In jupyter

f_\ JUu p}/ter step0-cython Last Checkpoint: vor einer Stunde (unsaved changes) P Logout
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Numpy // python
dynamische lypen

A=

AR H S

A = np.arange(3) # | 0, 1, 2]

D=t 1, 2, 3] elementwise
A+ B # [ 1,3, 5] elementwise
A*B # 10, 2, 6] elementwise

TAssEscty # 10,1, 4] elementwise



Numpy // python dynamic
types

NnpP.sin(A # elementwise sin

np.greater(A,B) # elementwise true/false if Afil > B[]
A = np.arange(3)

#example functions work both with scalar and vector
def f(X) :

return x=>2

for 1 in range(0,3): # b = 1(a)
bli] = f(alil)



Grundsatzliche Schleife

for t in range(0,N):
for ring in range(0,rings):

flux = ....
# Perform Run e Ku]tta integration on current cell
rin
il
K11 = R™dXdt(x,y, flux)
k12 = h*dYdt

)

k21 = h*dthix+O 5*k11, y+0.5*k12, flux)
ﬁ
ﬁ

k22 = h*dYdt(x+0.5*k11, y+0.5*k12)

k31 = h*dXdt(x+0.5%k21, y+0.5*k22,flux)
k32 = h*dYdt(x+0.5*k21, y+0.5*k22)

K41 = h*dXdt(x+k31, y+k32 flux)

k42 = h*dYdt(x+k31, y+k32}

)Y([‘thH[rmg =X + £k11 + 2°k21 + 2*k31 + k41 ;

6
ring] =y + (k12 + 2°k22 + 2*k32 + k42)/6



Profit

The tight internal loop is now done by numpy

Numpy uses opltimized routines for vectors, matrices

BLAS (Basic Linear Algebra System)

These may be hand optimized to match processor



Vectorisieren

SIMD: Single Instruction, Multiple Data
Voraussetung: Keine Datenalbhangigkeiten

Intel/AMD: AVX/AVXZ, ... spezielle Register die mehrere FP
aufnehmen konnen.

ARM: "Neon®

Dazu muss man den Code attributieren.



Bounadary conaitions

flux = 0.0
# horizontal diffusion
if cell == O:

flux = Dxr*( X[lndex][rln%; [ringsize-1
+ DxI%( X[mdex]!rlng][ >§f
elif ce \::rm??ze

d |
ndekmolica

flux = Dxr*(X[index|[ring]|cell-1] - X[index]{ring][cell]) \
| + DxI” X%lndexﬂrm%ﬂO] Iﬂde[X][rlﬂg]JE[C QH) )
else:

O B Xindexrngicelie1] - xinoeximaiicet)




Nachbarschaftsbeziehungen

Boundary conditions will be handled automatically

xr = np.roll(X{index|[ring], 1)
x| = np.roll(X[index|{rng], -1)
flux = Dxr = (xr - X[index][ring]) + DxI * (x| - X[index][ring])



boolean Indices

# vertical di {Zusmn
mcex] rm [cell] > X[mdex][l Ing cell]:

flux + mdex ring- 1] cell md x][ring][cell
if X[inde rm cell] > [mdex rm +1] cell]]
flux -= mdex][rmg][ce 1 ex][ring+1][cell

# Boolean indices !
d = np.greater(X[index][ring = 1], X[index]{ring])
# d == True calc/do not calc corresponding value

# Array  Access by Array of bools == Boolean index

ux[d] += Dxd * (X[index][ring - 1][d] - X[mdex]lknng [el))
d = np. greater( index|[ring], Xli ndex][rmg + 1 >3
lux[d] -= Dxd * (X[index] rmg][ Xlindex][ring + 1][d])
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cython.org

Cython is an optimising static compiler for both the Python programming language and the
extended Cython programming language (based on Pyrex). [t makes writing G extensions for
Python as easy as Python itself.

Cython gives you the combined power of Python and C to let you
write Python code that calls back and forth from and to C or C++ code natively at any point.
easlily tune readable Python code into plain G performance by adding static type declarations.
use combined source code level debugging to find bugs in your Python, Cython and C code.
interact efficiently with large data sets, e.g. using multi-dimensional NumPy arrays.
quickly build your applications within the large, mature and widely used CPython ecosystem.

Integrate natively with existing code-and data from legacy, low-level or high-performance
libraries and applications.


http://cython.org
http://www.python.org/about/
http://docs.cython.org/src/tutorial/external.html
http://docs.cython.org/src/quickstart/cythonize.html
http://docs.cython.org/src/userguide/debugging.html
http://docs.cython.org/src/userguide/memoryviews.html
http://numpy.scipy.org/
http://www.python.org/about/
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Cython: timestep.pyx

flux = ....
# Perform Runge-Kutta integration on current cell
X= X[t ring][cell
K = Y[t]|ring]|cell
11 = h dXdt(x y, lux)
k12 = h*dYdt(x,y
k21 = 1*cXct£x+O.5*k1’ . y+0.5*k12,flux)
k22 = h*dYdt(x+0.5*k11, y+0.5*k12)
k31 = 1*cXct§x+O.5*k2’ , y+0.57k22,flux)
k32 = h*dYdt(x+0.5*k21, y+0.5*k22)
k41 = h cXc 2x+k31 , y+k32,flux)
k42 = h*dYdt(x+k31, y+k32}

¥[EIH[HR§] [ESH fk12 + 2*k22 + 2*k32 + k42

k11 + 2°k21 + 2*°k31 + k41 ;

ooy



Cython:
optimize timestep.pyx

flux =
# Perform Run -Kutta integration on current cell
X[t rmg ll
Y{t][ring]{cell
11 = R*dX x,y, lux)
k12 = h*dYdt(x,Yy)
K21 = 1*cXct£x+O.5*<11 , y+0.57k12, flux)
k22 = h*dYdt(x+0.5*k11, y+0.5*k12)
K31 = 1*cXct$x+O.5*<21 , y+0.57k22, flux)
k32 = h*dYdt(x+0.5*k21, y+0.5*k22]}
k41 = h cXct{x+k31 , y+k32,flux)
k42 = h*dYdt(x+k31, y+k32)
X[t+1] ring ][cell g + 2°k21 + 2*k31 + k41
Y[t+1][ring + 27k22 + 2*k32 + k42

ldee: typed memoryviews
Schneller geht's nicht...

Leider funktioniert das nicht fur
Scalar * Vector...

Deswegen ausgangsbasis ursprunglicher Code
Step0

76



Cython:
AUSZUg aus timestep.c

/* "timestep.pyx":121

% k42 = h*dYdt(x+k31, y+k32)

¢ Xret = x + (k11 + 2*k21 + 2*k31 + k41)/6 # <<<<<<<<<<<<<<
2 Yret =y + (kK12 + 2*k22 +2*k32 + k42)/6

2 X[(index+1)%tau][ring][cell] = Xret

*/

_pyx_v_Xret = (_pyx_v.x+ ((((__pyx_.v_k11 + (2.0 * —_pyx_v_k21)) + (2.0 * . pyx_v_k31)) + _pyx_v_k41) / 6.0));

/* "timestep.pyx":122

* Xret = x + (k11 +2*k21-+ 2*k31 + k41)/6

g Yret =y + (k12 + 2*k22 + 2*k32 + k42)/6 # <<<<<<<<<<<<<<
= X[(index+1)%tau][ring][cell] = Xret

3 Y[(index+1)%tau][ring][cell] = Yret

¢

__pyx_v_Yret = (__pyx_ v_y+ ((((__pyx_v_k12 + (2.0 * -_pyx_v_k22)) + (2.0 * _pyx_v_k32)) + _ pyx_v_k42) / 6.0));



Bewertung

® Aufwandig:

® [ypdefinitionen

® Keine Operationen scalar mit vector (Broadcasting)
x Raum fur weitere Optimierungen (Compiler)

® \\elt verbreltet



numba.pydata.org

x JIT (Just Iin time) compiler fur python, aufloauend auf
LLVM

x Benotigt sehr viel Infrastrucktur
® (Anaconda bringt alles mit)

® |ntegriert mit numpy. (!)


http://numba.pydata.org

| ogic from Numlba

@f]lt(cache True)
ringdynamics( X, Y, cylinderConcPerCell, index, t, tau, h, omega, Am):

1{o] 8 rmg in range(rlngs)
flux =

# Perform Runge-Kutta integration on current cell

x = X[index][ring] ldee: Vectorcode als Funktion damit dieser

v Y[mdex)l rmgg] annotiert werden kann

1Ry o
= X,

IIE%% - R ﬁ%ﬁ'i X +y23 g* 'ﬁ” y - 8 g* ﬂ%i Lele @njit: Fehler, wenn Optimierung nicht durchgefuhrt werde
=2 X + * s + % :

SRS s e e :
= X + LY+

k41 = h * dXdt(x + k31, y + kEyZ flux)

k42 = h * dYdt(x + k31, y + k32)

X[{index + 1) % tau][rm ] =X + €k11 + 2 *k21 + 2 * k31 + k41; /6

Y[(index + 1) % taul[ring] =y + (k12 + 2 * k22 + 2 * k32 + k42) / 6



nuMmoba Bewertung:

® Sehr einfaches Handling
® (Geht oder Geht nicht.
® Kann nicht komplettes numpy

® Np.roll musste ersetzt werden durch "kompatible®
Implementierung

® \/erfugbarkelt eingeschrankt
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C

for (int ring = 0; ring < RINGS; ring++) {
for (int cell = 0; cell < RINGSIZE; cell++) {
double flux = 0.;

double flux = ....

float X = X[index][ring][cell];

float y = Y[index][ring][cell];

double k11 = h * dXdt(x, vy, flux);

double kK12 ="h * dYdt(x, y);

double k21 = h *dXdt(x + 0.5 * k11, y + 0.5 * k12, flux);
double k22 = h*dYdt(x+ 0.5 * k11, y + 0.5 " k12);
double k31 =h *dXdt(x + 0.5 * k21, y + 0.5 * k22, flux);
double k32 = h*dYdt(x + 0.5 * k21, y + 0.5 * k22);
double k41 = h * dXdt(x + k31, y + k32, flux);

double k42 = h *dYdt(x + k31, y + k32);

X[(index + 1) % TAU][ring][cell] = x + (k11 + 2 * k21 + 2 * k31 + k41) / 6;
Y[(index + 1) % TAU][ring][cell] =y + (k12 + 2 * k22 + 2 * k32 + k42) / 6

)



Bewertung C

® [xe Arrays sehr unflexibel

® \Vlehrdimensionale Dynamische Arrays sehr
fenhlertracnhtig

® Binding uber cython senhr einfach moglich

x \/iel welteres Optimierungspotential



Resultate

® StepO: 125 sec

® stepl/step2: 12sec

® StepO + optimites cython: 2sec

® stepZ + optimiertes numba: 2sec

x stepO in C ohne matplotlib: 0.2sec



Crgennis

® Python ist langsam
® Numpy Ist schneller
x Cython ist aufwandig, sehr schnell

®  Numba ist senr einfach && senr schnell, verfugbarkeit
eingeschranki

x  Sowohl cython als auch numba integrieren gut in jupyter!

x G |st weilterhin am schnellsten.



/Zum Mithehmen

® upyter + matplotlio ist gell zum explorativen Arbeiten.
® nuMmba ist der Star, wenn es funktioniert.

x G Ist und bleibt: Ressourcenschonend, schnell, aber
fehlertrachtig und autwandig.

® C++ ISt schwierig den richtigen Stil zu finden

% \/irtual environments verwenden!



/7 (EASY_INSTALL) <—?— $PYTHONPATH

: N
ANACONDA

PYTHON /> (ANOTHER PIP??

Just/local /Cellakv

/usr/ local/opt

/usrllocal/lib/ python3.6
[T usrliocal/lib/ python27

/(A BUNCH OF PATHS WITH “FRAMEWORKS" IN THEM SOMEWHERE)/

MY PYTHON ENVIRONMENT HAS BECOME S0 DEGRADED
THAT MY LAPTOP HAS BEEN DECLARED A SUPERFUND SITE.




Dankel

github.com/oflebbe/pp4pp
of at oflebbe dot de



http://github.com/oflebbe/pp4pp

