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Numba implementation: V. Bochkarev, L. Gartner

Jax 1mplementation: J. Blurger, L. Gartner, N. Kumar, S. Oster
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Optimization and experiments: J. BlUrger, V. Bochkarev, S.Dayani

Refining tiles approach: N. Kumar , oot
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numba

- Start with provided code

- Implement @numba.cuda.jit

- Chose sensible thread and
block sizes

jax

- Start with provided code

- Implement the loops 1in
Djax.jit

- Increase number of batches
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Smart tiling

Exploit symmetry and half area

e Our 1dea:
o Start with uniform tiles
Loop over each tile <

Get uncertainty of area in the tile
If uncertainty > threshold:

o O O

m Subdivide the tile 1in four equal —
parts
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State-of-art

Tiles are classified into five types:

e Full Member Tiles: Entirely inside the
Mandelbrot set. : -

e Full Outside Tiles: Entirely outside the : rFFFLh
Mandelbrot set. | o

e Partly Member Tiles: Center 1nside but depth:3

partly outside.

e Partly Outside Tiles: Center outside but
partly inside.

e Chaotic Tiles: Indeterminate due to
limitations in the distance calculation.
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d(«) |lower bound |upper bound |difference |[CPU time

0(1) 0.00000]  12.50000] 12.50000] < 0.01 h

1(1) 0.00000 9.37500| 9.37500{ < 0.01 h

2(1) 0.00000 7.81250| 7.81250| < 0.01 h

3(1) 0.390 63 4.88281| 4.49219| < 0.01 h

4(1) 0.87891 3.85742| 2.97852| < 0.01 h

State -Of-a rt 5(1) 1.12305 3.08838| 1.96533| < 0.01h

6(1) 1.24207 2.61841| 1.37634| < 0.01 h

start depth=0 type 7(1) 1.33514 2.29950| 0.96435| < 0.01h

decide 5 only 8(1) 1.39542 2.09274| 0.69732| < 0.01h

9(1) 1.43704 1.95036| 0.51331| < 0.01h

type all 10(1) 1.46267 1.85196| 0.38929| < 0.01 h

5 only types 11(1) 1.47903 1.77983| 0.30080| 0.01 h

of Vg 12(1) 1.48955 1.72636| 0.23681 0.02 h

: D 13(1) 1.496 08 1.68555| 0.18948|  0.03 h

! 14(1) 1.50010 1.65405| 0.15395| 0.04 h

Sepaa depths25: | (depth++) 15(1)|  1.50261 1.62925| 0.12664| 0.05h

and 26 '\ 16(1) 1.50415 1.60949| 0.10534] 0.09h

types 17(1) 1.50509 1.59357| 0.08847| 0.21h

types 3,4and 5 18(1) 1.505 65 1.58061| 0.07496| 0.55h

1and?2 19(1) 1.50598 1.56998| 0.06400 1.53 h

20(1) 1.506 17 1.56117| 0.05501 447 h

export! 21(1) 1.506 28 1.55384| 0.04757| 13.38h

; 22(1) 1.506 34 1.54770| 0.04136| 41.83h

count & save mpert 23(1)|  1.50637 1.54251| 0.03614| 135.65 h

24(1) 1.506 39 1.53812| 0.03172| ~275h

FIG. 5. The algorithm of the quad tree tessellation. The quad 32,8; }282 jg i‘z':i ;(1) gggi g(l) : ,13;:8 ::
tree algorithm is outlined in section [1 B 4. i Rz 3 b
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State-of-art
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Malin results

numba.cuda: 1.5066035179718393 +/- 5.710544887432084e-09 // 1023s

jax: 1.5084146321999998 +/- 2.885035565690831e-09 //

® Anyone see the problem?

348s
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TODOs

- Debug Jax version - some bug concerning the area calculation
-  Implement smart tiling

- Optimize the grid and number of samples 1n batch

- Think of overall new method ®=
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