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Programming in the 1990’s

* PC: 80286 (8MHz, 8MB RAM)
e OS: MS-DOS (Win3.1 too slow!)

* Pascal
* Simulate life
e Simulate gravity, fractals
* Hack & decode games

* Assembly
* Main loop — very fast!
* Direct write to video cache




If you did coding and hacked stuffs in the 90’s, you’re a...




Simulate Life _

 Conway’s Game of Life
e John Conway 1970
e Cellular Automata — array of cells (0 or 1)
* Neighborhood (8 cells, sum)

e Simple if-then-else rule

for cell in cells:
if cell==1 and sumin [2, 3]: cell=1 #survive
elif cell==0 and sumin [3]: cell=1 #born
else: cell=0 #die

cell: 0or1l

/

/

/

Y

neighborhood



Conway’s Game of Life

* The moving glider

cells survive, blue cells are born, red cells die
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Conway’s Game of Life

* Spaceships, glider gun...

 Logic gate, clock, computer...

* Hackers love it!

* Good way to learn programming!




Play with the rules cell: 0 or 1

/

* What if we... 0 0
0 0

0 0

neighborhood (17)

sum= ), 7
cell = (if sum ... then ... else ...)



Play Wlth the I‘uleS real number
/

0.12 | 0.02 | .00

 What if we...
* Use floating point?

0.95 0.17

0.46 | 0.53 | 0.22
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neighborhood (17)

sum= ), 7
cell = (if sum ... then ... else ...)



real number
/

Play with the rules 7
* What if we... /

* Use floating point? ﬁ

* Bigger neighborhood? Circular?

neighborhood (1)

sum= ), 7
cell = (if sum ... then ... else ...)



Play with the rules rea/l number

: /
 What if we... /
* Use floating point? ‘/
* Bigger neighborhood? Circular? ¥
* Weighted sum?
neighborhood (71) weights (k)
sum = ), nk

cell = (if sum ... then ... else ...)



Play with the rules rea/l number

. /
* What if we... /
* Use floating point? ‘/
* Bigger neighborhood? Circular? *
* Weighted sum?
* Smooth update?
neighborhood (71) weights (k)
sum = ), nk

cell = cell + 0.1 * f(sum) (} . X
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Play with the rules

e What if we...

* Use floating point?

* Bigger neighborhood? Circular?
* Weighted sum?

* Smooth update?

e Spooky things happened...

OMG WHAT IS THIS??
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Video

A v
Q @hardmaru

Virtual Creatures Contest @GECCO2018.
Submit a short video of your artificial
creatures by June 29!
virtualcreatures.github.io/vc2018/submit

* Python = showcase video
* https://vimeo.com/277328815




Kyoto

 Won GECCO Virtual Creatures Contest, Kyoto
* Honorable Mention in ALIFE Art Award, Tokyo

* Meet my Al hero — @hardmaru
* David Ha (Google Brain Tokyo)




Using Python



Why Python?

* Good performance

* Fast coding

* Nice syntax (indent, list comprehension, etc)
* Lots of useful libraries

* Vibrant community (PyCon, GitHub...)



Python Libraries P

* “Rule 34” of Python
* “If there is a need, there is a Python library for it.”

Array St . Imag 6.? Interactive Ul Record video
calculations acceleration processing

PyOpenCL / : ) subprocess +
NumPy PyCUDA PIL/Pillow Tkinter fmpeg
] SciPy / :
Reikna OpencV Matplotlib ffmpeg-python




NumPy ’

 Fast array calculations
v'Machine learning, deep learning
v'Basis of image processing, time-series
v'Cellular automata (weighted sum using FFT)

* Main loop of Lenia in 3 lines

potential_fft = np.fft.fft2(cells) * kernel fft
potential = np.fft.fftshift(np.real(np.fft.ifft2(potential_fft))
cells_new = np.clip(cells + dt * g(potential, m, s), 0, 1)

NUMRY EVERYWHERE



PyOpenCL/PyCUDA + Reikna

e GPU acceleration O ‘,cf?‘
» (NVIDIA) CUDA = PyCUDA nvibia
 (Apple) OpenCL = PyOpenCL CUDA Opencl

C & https//docs.nvidia.com/cuda/cufft/index.html G % U

(?§! DEVELOPER CUDA TooOLKIT DOCUMENTATION

AVIDIA ZONE

Computing a number BATCH of one-dimensional DFTs of size NX using cuFFT will typically look like this: -~

#define NX 256
#define BATCH 1@
#define RANK 1

cufftHandle plan;
cufftComplex *data;

cudamalloc ((void**)&data, sizeof(cufftComplex)*NX*BATCH);
cufftPlanMany(&plan, RANK, NX, &iembed, istride, idist,
&oembed, ostride, odist, CUFFT C2C, BATCH);

cufftExecC2C(plan, data, data, CUFFT_FORWARD);
cudaDeviceSynchronize();

cufftbDestroy(plan);
cudaFree(data);
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