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ABSTRACT

This paper is a supplementary file for “Towards Exploratory Land-
scape Analysis for Large-scale Optimization: A Dimensionality
Reduction Framework”.
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Figure S.1: Average computation time (sec) of three sampling methods over 31 runs. For each run, the three sampling methods
generate a sample X with the size 50 X n in [0, 1]", where n is the dimension. IHS is the improved Latin hypercube sampling
method (lhs in the flacco package). LHS is the Latin hypercube sampling method (lhs in the pyDOE package). RND is the
random number generator in the Python Numpy library. We stopped the run of IHS for n = 320 because the single-run com-
putation of THS did not finish within one day.
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Figure S.2: Average feature computation time (sec) on the first instance of fi with n € {2, 3,5, 10, 20, 40, 80, 160, 320, 640}. The
sample size |X| was set to 100 for all dimensions. In contrast to Figure 1 in the main paper, this figure shows how the feature
computation time scale with respect to the dimension n.
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Figure S.3: Average feature computation time (sec) on the first instance of f; with n = 2. The sample size |X| was set to
100, 150, 250, 500, 1 000, 2 000, 8 000, 16 000, 32 000, where they correspond to 50 X 2,50 X 3,50 X 5,50 X 10, 50 X 20, 50 X 40, 50 X 80, 50 X
160, 50 X 320, 50 X 640, respectively. In contrast to Figure 1 in the main paper, this figure shows how the feature computation
time scale with respect to the sample size |X]|.
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Figure S.4: Average feature computation time (sec) on the first instance of f; with n € {2, 3,5, 10, 20, 40, 80, 160, 320, 640}. This
figure is an extended version of Figure 1 in the main paper by including the results of the dimensionality reduction versions
of the four cell mapping features (d_gcm, d_cm_angle, d_cm_conv, d_cm_grad).



Table S.1: Average accuracy of C7, C7-E2, and C7-D2 on the 24 BBOB functions with n € {2, 3, 5, 10, 20, 40, 80, 160, 320, 640}. The numbers in

parentheses show the standard deviation.

(a) Multimodality (b) Global structure
C7 C7-E2 C7-D2 C7 C7-E2 C7-D2
2 0.642 (0.404) Na 2 0.758 (0.402) Na
3 0.569 (0.432) 0.578 (0.437) 3 0.792 (0.381) 0.778 (0.389)
5 0.536 (0.443) 0.622 (0.415) 5 0.769 (0.395) 0.761 (0.412)
10 0.522(0.451) 0.631 (0.405) 10 0.708 (0.424) 0.692 (0.435)
20 0.531(0.427) 0.639 (0.413) 20 0.714 (0.426) 0.697 (0.440)
40 0.556 (0.465) 0.617 (0.441) 40 0.711 (0.460) ~ 0.711 (0.443)
80  0.600 (0.450) 0.622 (0.454) 80  0.697 (0.444)  0.697 (0.449)
160 0.522 (0.457) 0.561 (0.475) 160  0.647 (0.447) 0.631 (0.463)
320 0.544 (0.472) Na 320 0.664 (0.474) Na
640  0.514 (0.485) Na 640  0.667 (0.461) Na
(c) Separability (d) Variable scaling
C7 C7-E2 C7-D2 C7 C7-E2 C7-D2
2 0.756 (0.381) Na 2 0.581 (0.496) Na
3 0.789 (0.363) 0.786 (0.387) 3 0.611 (0.445)  0.583 (0.468)
5 0.758 (0.395) 0.761 (0.421) 5 0.600 (0.465)  0.594 (0.480)
10 0.758 (0.401) 0.753 (0.411) 10 0.508 (0.489)  0.556 (0.494)
20 0.708 (0.427) 0.744 (0.401) 20 0.539(0.507)  0.578 (0.499)
40 0.767 (0.389) 0.758 (0.401) 40  0.539 (0.507) 0.556 (0.492)
80  0.703 (0.440) 0.686 (0.447) 80  0.542 (0.509) 0.581 (0.501)
0.697 (0.456) 0.667 (0.476) 160 0.558 (0.497)  0.583 (0.504)
0.669 (0.467) 320 0.547 (0.499) Na
0.669 (0.453) 640  0.542 (0.509) Na
(e) Homogeneity (f) Basin size
C7 C7-E2 C7-D2 C7 C7-E2 C7-D2
2 0.633 (0.397) Na 2 0.450 (0.421) Na
3 0.608 (0.379)  0.608 (0.389) 3 0.544 (0.430) 0.522 (0.428)
5 0.647 (0.399) 0.578 (0.431) 5 0.508 (0.404) 0.522 (0.373)
10 0.722 (0.380)  0.658 (0.399) 10 0.494 (0.419)  0.608 (0.387)
20 0.731 (0.400)  0.731 (0.403) 20 0.467 (0.429) 0.558 (0.409)
40 0.700 (0.432) ~ 0.744 (0.407) 40  0.531(0.447) 0.614 (0.423)
80  0.703 (0.450)  0.639 (0.448) 80  0.464 (0.474) 0.597 (0.460)
160  0.656 (0.477)  0.625 (0.466) 160  0.472(0.457)  0.578 (0.460)
320  0.719 (0.438) Na 320 0.408 (0.474)
640  0.772(0.413) Na 640  0.456 (0.477)
(g) GL contrast (h) Overall average
C7 C7-E2 C7-D2 C7 C7-E2 C7-D2
2 0.572 (0.411) Na 2 0.627 (0.422) Na
3 0.586 (0.429) 0.572 (0.422) 3 0.651 (0.413) 0.637 (0.420)
5 0.497 (0.411) 0.536 (0.411) 5 0.621 (0.421) 0.635 (0.420)
10 0.542(0.403) 0.619 (0.410) 10 0.608 (0.431)  0.669 (0.407)
20 0.544 (0.424) 0.617 (0.384) 20 0.611(0.437) 0.653 (0.421)
40 0.533 (0.422) 0.597 (0.428) 40 0.628 (0.445) 0.657 (0.436)
80  0.558 (0.458) 0.619 (0.458) 80  0.610 (0.461) 0.649 (0.451)
160 0.553 (0.441) 0.622 (0.445) 160 0.587 (0.460) 0.623 (0.458)
320  0.550 (0.478) 320 0.594 (0.472)
640  0.572(0.481) 640  0.607 (0.467)




Table S.2: Average accuracy of C7, C7-C4, and C7-D4 on the 24 BBOB functions with n € {2, 3, 5, 10, 20, 40, 80, 160, 320, 640}. The numbers in
parentheses show the standard deviation.

(a) Multimodality (b) Global structure
C7 C7-C4 C7-D4 C7 C7-C4 C7-D4
2 0.642 (0.404) Na 2 0.758 (0.402) Na
3 0.569 (0.432) 0.547 (0.424) 3 0.792 (0.381) 0.792 (0.392)
5 0.536 (0.443) 0.522 (0.423) 5 0.769 (0.395) 0.778 (0.400)
10 0.522(0.451) 10 0.708 (0.424)
20 0.531(0.427) 20 0.714 (0.426)
40 0.556 (0.465) 40 0.711 (0.460)
80 | 0.600 (0.450) 0.544 (0.436) 80  0.697 (0.444)
160 0.522 (0.457) 160  0.647 (0.447)
320 0.542 (0.472) 320 0.664 (0.474)
640  0.514 (0.485) 640  0.667 (0.461)
(c) Separability (d) Variable scaling
C7 C7-C4 C7-D4 C7 C7-C4
2 0.756 (0.381) Na 2 0.581 (0.496)
3 0.789 (0.363) 0.800 (0.390) 3 0.611 (0.445)  0.592 (0.472)
5 0.758 (0.395) 0.761 (0.409) 5 0.628 (0.454)  0.597 (0.462)
10 0.758 (0.401) 10 0.508 (0.489) Na
20 0.708 (0.427) 20 Na 0.536 (0.504)
40 0.767 (0.389) 40 Na 0.533 (0.490)
80  0.703 (0.440) 80  0.542 (0.509) Na
160 0.697 (0.456) 160 0.558 (0.497) Na
320 0.722(0.441) 320 Na 0.544 (0.506)
640  0.725 (0.400) 640  0.542 (0.509) Na
(e) Homogeneity (f) Basin size
C7 C7-C4 C7-D4 C7 C7-C4 C7-D4
2 0.633 (0.397) Na 2 0.450 (0.421)
3 0.617 (0.364)  0.617 (0.397) 3 0.544 (0.430)  0.539 (0.389)
5 0.564 (0.435)  0.636 (0.412) 5 0.508 (0.404) 0.478 (0.403)
10 Na 0.706 (0.395) 10 0.494 (0.419)
20 Na 0.769 (0.367) 20 0.467 (0.429)
40 0.761 (0.385) Na 40  0.531(0.447)
80 0.703 (0.450) Na 80 0.464 (0.474)
160 0.656 (0.477) Na 160  0.472 (0.457)
320  0.719 (0.438) Na 320 0.400 (0.478)
_ Na 0.758 (0.424) 640  0.456 (0.477)
(g) GL contrast (h) Overall average
C7 C7-C4 C7-D4 C7 C7-C4 C7-D4
2 0.572 (0.411) Na 2 0.627 (0.422) Na
3 0.586 (0.429) 0.578 (0.423) 3 0.651 (0.413) 0.648 (0.422)
5 0.497 (0.411) 0.503 (0.407) 5 0.621 (0.421) 0.616 (0.426)
10 0.542(0.403) 10 0.608 (0.431)
20 0.544 (0.424) 20 0.611(0.437)
40 0.522 (0.417) 40 0.628 (0.445)
80 0.553 (0.446) 80  0.610 (0.461)
160 Na 0.547 (0.440) 160 0.587 (0.460)
320  0.550 (0.478) Na 320 0.594 (0.472)
640 Na 0.544 (0.486) 640  0.607 (0.467)




Table S.3: Average rankings of the d_ela_meta (dem) and d_ela_level (del) features in C7-D2 for n € {3, 5, 10, 20, 40, 80, 160, 320, 640}.

(ayn=3 b)yn=5 (c)n=10 d)yn=20
Feature Rank Feature Rank Feature Rank Feature Rank
dem.lin_simple.coef.max 10.9  dem.lin_simple.coef.max 8.9 dem.lin_simple.coef.max 9.1 dem.lin_simple.coef.max 8.0
dem.lin_simple.intercept 14.2 dem.lin_simple.intercept 9.6 dem.lin_simple.intercept 11.5 dem.lin_simple.intercept 11.1
dem.lin_simple.coef.min 17.0  dem.quad_simple.adj_r2 17.9  dem.quad_w_interact.adj_r2 16.8  dem.quad_w_interact.adj_r2 13.8
dem.quad_simple.adj_r2 18.3  dem.lin_simple.coef.min 18.8  dem.lin_simple.adj_r2 17.0  dem.lin_w_interact.adj_r2 16.3
dem.quad_w_interact.adj_r2 18.6  dem.quad_w_interact.adj_r2 204  dem.lin_w_interact.adj_r2 17.1 dem.lin_simple.adj_r2 16.7
dem.lin_simple.adj_r2 252  dem.lin_w_interact.adj_r2 204  dem.quad_simple.adj_r2 17.4  dem.quad_simple.adj_r2 16.7
dem.lin_w_interact.adj_r2 27.2  dem.lin_simple.adj_r2 21.0 dem.lin_simple.coef.min 19.8  dem.lin_simple.coef.min 16.9
del.costs_runtime 36.7 del.mmce_lda_25 40.8  del.mmce_lda_25 43.2  del.mmce_mda_50 334
del.mmce_mda_25 43.6  del.mmce_lda_10 425 del.mmce_lda_10 45.0 del.mmce_lda_25 34.4
dem.quad_simple.cond 44.0  del.mmce_mda_50 46.1 del.mmce_mda_25 454  del.mmce_mda_25 35.6
del.mmce_mda_10 48.0  del.mmce_mda_10 46.8  del.mmce_mda_10 457  del.mmce_lda_10 38.2
del.mmce_lda_25 484  del.mmce_lda_50 474  del.costs_runtime 46.6  del.mmce_mda_10 38.2
del.qda_mda_25 49.5 del.costs_runtime 48.8  del.mmce_mda_50 46.9  del.mmce_lda_50 44.4
del.mmce_qda_25 50.5 del.mmce_mda_25 504  del.mmce_lda_50 49.0 del.qda_mda_10 50.9
dem.lin_simple.coef.max_by_min 51.9 del.lda_qgda_10 51.5 dem.costs_runtime 50.4 del.lda_qda_25 51.0
del.mmce_lda_50 51.9 del.lda_mda_50 52.6  del.lda_qda_50 52.2 del.lda_mda_50 51.1
del.qda_mda_10 523  dem.quad_simple.cond 55.2 del.qda_mda_10 524 del.lda_qda_10 51.3
del.lda_qda_50 53.8  del.mmce_qda_25 57.6  del.lda_mda_50 52.8  del.mmce_qda_25 52.0
del.mmce_lda_10 54.7  del.qda_mda_25 57.8 del.lda_qda_10 56.3 del.lda_qda_50 53.3
del.lda_qda_10 554 del.lda_qda_50 58.1 del.qgda_mda_50 56.3 del.qda_mda_50 54.3
del.lda_mda_50 56.3 del.lda_qgda_25 58.7 del.mmce_qda_50 61.4  del.qda_mda_25 56.2
del.lda_qda_25 58.9  dem.costs_runtime 60.3  del.lda_mda_25 61.6  del.mmce_qda_50 59.6
del.qgda_mda_50 59.2 del.qda_mda_10 60.4  del.mmce_qda_25 63.1 del.costs_runtime 60.2
del.mmce_mda_50 59.9 del.qda_mda_50 61.6  dem.quad_simple.cond 63.6 dem.lin_simple.coef.max_by_min 61.3
del.lda_mda_10 64.7  dem.lin_simple.coef.max_by_min 63.1 del.lda_qgda_25 63.8  del.lda_mda_25 61.5
del.lda_mda_25 64.8  del.mmce_qda_10 63.7 dem.lin_simple.coef.max_by_min 64.2 dem.quad_simple.cond 64.1
del.mmce_qgda_50 67.5 del.lda_mda_25 65.8 del.mmce_qda_10 66.1 del.mmce_qda_10 65.2
del.mmce_qda_10 68.4  del.mmce_gda_50 67.8  del.qda_mda_25 67.3  dem.costs_runtime 72.0
dem.costs_runtime 70.2  del.lda_mda_10 70.5 del.lda_mda_10 72.7  del.lda_mda_10 74.6
(e)n =40 (f)n =280 (g) n =160 (h) n =320
Feature Rank Feature Rank Feature Rank Feature Rank
dem.lin_simple.coef.max 9.3 dem.lin_simple.coef.max 8.1 dem.lin_simple.coef.max 7.6 dem.lin_simple.coef.max 6.2
dem.lin_simple.intercept 10.3  dem.lin_simple.intercept 10.1 dem.lin_simple.intercept 11.3  dem.lin_simple.intercept 13.6
dem.quad_w_interact.adj_r2 14.1  dem.quad_w_interact.adj_r2 17.4  dem.quad_w_interact.adj_r2 18.7 dem.lin_w_interact.adj_r2 21.0
dem.lin_w_interact.adj_r2 16.9  dem.quad_simple.adj_r2 185 dem.lin_w_interact.adj_r2 19.5 dem.lin_simple.coef.min 214
dem.lin_simple.adj_r2 174  dem.lin_simple.adj_r2 18.7 dem.lin_simple.adj_r2 20.5 dem.quad_w_interact.adj_r2 23.1
dem.quad_simple.adj_r2 19.8  dem.lin_w_interact.adj_r2 19.0  dem.quad_simple.adj_r2 21.1  dem.lin_simple.adj_r2 23.6
dem.lin_simple.coef.min 20.4 dem.lin_simple.coef.min 24.2  dem.lin_simple.coef.min 22.6  dem.quad_simple.adj_r2 24.4
del.mmce_mda_50 35.6  del.mmce_mda_50 34.8 del.mmce_mda_50 28.6  del.mmce_lda_25 36.6
del.mmce_mda_10 39.4 del.mmce_lda_25 36.6 del.mmce_lda_25 35.6 del.mmce_lda_10 36.7
del.mmce_lda_10 39.6  del.mmce_lda_10 38.9 del.mmce_lda_50 384  del.mmce_mda_50 37.0
del.mmce_lda_50 40.8  del.mmce_mda_10 39.9  del.mmce_mda_25 39.4  del.mmce_qda_25 37.2
del.mmce_mda_25 427  del.mmce_mda_25 42.1  del.mmce_lda_10 40.9  del.mmce_mda_10 38.1
del.mmce_lda_25 432 del.mmce_lda_50 441 del.mmce_mda_10 414  del.mmce_lda_50 38.6
del.lda_qda_50 45.7  del.qda_mda_50 449  del.mmce_qda_25 47.2  del.mmce_mda_25 42.0
del.qgda_mda_50 46.9 del.lda_qda_50 45,0 del.mmce_qda_50 49.7 del.qda_mda_50 46.9
del.lda_mda_50 48.7  del.mmce_qda_10 50.1 del.qda_mda_50 49.7  del.costs_runtime 48.8
del.lda_qda_25 50.9 del.lda_mda_50 50.8 del.mmce_qda_10 51.8  del.mmce_qda_10 494
del.gda_mda_10 54.8  del.mmce_qda_25 52.5 del.lda_mda_50 52.8 del.lda_qda_50 51.0
del.mmce_qda_10 56.3 del.costs_runtime 549 del.lda_qgda_25 53.2  del.mmce_qgda_50 54.9
del.lda_qda_10 56.6  del.lda_qgda_25 55.8 del.lda_qda_50 54.8 del.lda_qda_25 55.0
del.mmce_qda_25 56.8 del.qda_mda_25 57.3 del.qda_mda_10 55.6  del.lda_mda_50 55.4
del.qda_mda_25 57.8  del.lda_qgda_10 58.8 del.qda_mda_25 56.1 del.lda_qda_10 56.7
del.lda_mda_25 60.7 del.qda_mda_10 60.0 del.lda_qgda_10 56.3 del.qda_mda_25 57.5
del.mmce_qda_50 60.8  del.mmce_qgda_50 61.1 del.lda_mda_25 61.3 del.qda_mda_10 58.0
del.costs_runtime 66.2  del.lda_mda_25 62.1 del.costs_runtime 66.1  del.lda_mda_25 59.7
dem.lin_simple.coef.max_by_min 67.3 dem.lin_simple.coef.max_by_min 70.1 dem.quad_simple.cond 67.2  dem.costs_runtime 68.7
dem.quad_simple.cond 67.3  dem.quad_simple.cond 723  dem.lin_simple.coef.max_by_min 67.3 dem.lin_simple.coef.max_by_min 69.9
dem.costs_runtime 72.3  dem.costs_runtime 73.9  dem.costs_runtime 71.8  dem.quad_simple.cond 70.1
del.lda_mda_10 75.8  del.lda_mda_10 75.7 del.lda_mda_10 75.8  del.lda_mda_10 74.7
(i) n = 640 (part 1) (j) n = 640 (part 2)

Feature Rank Feature Rank

dem.lin_simple.coef.max 10.4  del.qda_mda_50 46.2

dem.lin_simple.intercept 14.0  del.mmce_qda_50 46.8

dem.lin_simple.coef.min 22.7  del.lda_qda_50 51.1

dem.quad_simple.adj_r2 22.8 del.lda_qgda_25 51.3

dem.quad_w_interact.adj_r2 23.2 del.qda_mda_10 53.1

dem.lin_simple.adj_r2 239 del.lda_mda_50 53.8

dem.lin_w_interact.adj_r2 255 del.lda_qda_10 55.2

del.mmce_qda_25 29.7  del.qda_mda_25 56.3

del.mmce_lda_50 29.7  del.lda_mda_25 64.1

del.mmce_mda_50 30.1 dem.costs_runtime 68.9

del.mmce_lda_25 347 dem.lin_simple.coef.max_by_min 69.5

del.mmce_lda_10 36.7 dem.quad_simple.cond 69.6

del.mmce_mda_10 37.3 del.costs_runtime 71.7

del.mmce_qgda_10 433  del.lda_mda_10 75.1

del.mmce_mda_25 43.4




Table S.4: Average rankings of the d_cm_angle (dca), d_cm_conv (dcc), d_cm_grad (dcg), and d_gcm (dg) features in C7-D4 for n €
{3, 5, 10, 20, 40, 80, 160, 320, 640}.
(ayn=3 b)yn=>5 (c)n =10 d)yn =20

Feature Rank Feature Rank Feature Rank Feature Rank
dca.costs_runtime 254 dca.y_ratio_best2worst.mean 20.4 dca.y_ratio_best2worst.mean 254 dca.y_ratio_best2worst.mean 26.1
dca.y_ratio_best2worst.mean 29.6  dca.y_ratio_best2worst.sd 30.8 dca.y_ratio_best2worst.sd 289 dca.y_ratio_best2worst.sd 31.6
dca.y_ratio_best2worst.sd 39.0 dca.angle.sd 44.2  dcg.mean 46.3  dca.costs_runtime 46.3
dg.min.costs_runtime 39.0 dca.angle.mean 47.6  dg.near.basin_prob.min 47.1 dca.dist_ctr2worst.mean 47.3
dcg.costs_runtime 39.3 dca.dist_ctr2worst.mean 48.0  dca.angle.sd 48.7 dca.dist_ctr2best.mean 474
dg.near.costs_runtime 439  dca.dist_ctr2worst.sd 48.5 dca.angle.mean 51.2 dca.dist_ctr2worst.sd 51.0
dca.dist_ctr2best.mean 44.5 dcg.sd 49.8 dca.dist_ctr2worst.mean 51.8 dcg.sd 52.0
dca.dist_ctr2worst.sd 48.5 dca.dist_ctr2best.sd 50.4 dg.mean.basin_prob.min 52,5 dcg.costs_runtime 52.8
dcg.mean 48.8  dca.dist_ctr2best.mean 519 dcg.sd 53.1 dca.dist_ctr2best.sd 53.4
dg.mean.costs_runtime 48.8  dcg.mean 53.0 dca.dist_ctr2best.sd 53.2 dca.angle.mean 53.4
dca.dist_ctr2best.sd 50.4 dg.mean.basin_prob.min 53.0 dca.dist_ctr2worst.sd 53.8 dca.angle.sd 54.6
dca.angle.mean 50.7 dg.near.basin_prob.min 54.8 dca.dist_ctr2best.mean 54.1 dcg.mean 55.2
dca.dist_ctr2worst.mean 50.8 dcg.costs_runtime 56.9 dg.near.best_attr.prob 56.0 dg.near.basin_prob.min 55.8
dca.angle.sd 524 dg.near.best_attr.prob 59.4  dcg.costs_runtime 60.3  dg.mean.basin_prob.min 56.4
dcg.sd 52.8 dg.min.basin_prob.min 60.3 dg.min.basin_prob.min 62.2 dg.near.costs_runtime 58.2
dg.mean.basin_prob.min 61.5 dcc.costs_runtime 61.1 dg.mean.best_attr.prob 65.8 dg.mean.costs_runtime 59.4
dg.near.best_attr.prob 61.8  dcc.concave.soft 614  dg.mean.basin_prob.max 66.2  dcc.costs_runtime 61.7
dg.near.basin_prob.min 63.1 dcc.convex.soft 619 dg.mean.basin_prob.median 66.8  dg.mean.basin_prob.max 65.0
dg.mean.best_attr.prob 63.9 dg.near.basin_prob.max 64.5 dg.near.costs_runtime 66.9 dg.mean.best_attr.prob 66.1
dg.min.best_attr.prob 64.6  dg.min.basin_prob.max 65.0 dg.min.basin_prob.max 67.9 dg.min.costs_runtime 67.2
dg.near.basin_prob.max 65.2 dg.min.best_attr.prob 67.6  dg.min.best_attr.prob 67.9 dg.min.basin_prob.min 69.0
dg.min.basin_prob.min 65.7 dg.near.costs_runtime 68.6  dcc.concave.hard 68.7 dg.min.basin_prob.max 69.6
dg.mean.basin_prob.max 66.2 dca.costs_runtime 69.0 dg.mean.costs_runtime 69.7 dg.min.best_attr.prob 69.7
dcc.concave.soft 67.8  dg.mean.basin_prob.max 70.0  dcc.convex.soft 70.1  dg.near.basin_certain.mean 70.2
dcc. convex.soft 68.8  dg.mean.best_attr.prob 70.5  dcc.concave.soft 70.1 dg.near.basin_prob.max 71.9
dg.min.basin_prob.max 69.4  dg.mean.basin_prob.median 72.9  dg.near.basin_prob.max 70.1 dg.mean.basin_prob.median 72.0
dg.mean.basin_prob.median 70.1 dg.near.basin_uncertain.max 75.0 dcc.costs_runtime 72.0 dg.near.basin_certain.sum 72.6
dcc.costs_runtime 71.3  dcc.concave.hard 75.3  dg.near.basin_uncertain.min 72.5 dg.near.uncertain 73.5
dcc.concave.hard 77.0  dg.min.basin_prob.median 76.7  dg.min.costs_runtime 73.8  dg.near.best_attr.prob 75.1
dg.near.basin_prob.median 77.6  dg.mean.costs_runtime 77.5 dca.costs_runtime 73.9 dg.mean.basin_uncertain.min 82.0
dg.min.basin_prob.median 78.2  dg.min.costs_runtime 80.7 dg.mean.basin_uncertain.median 76.3  dcc.concave.soft 82.0
dg.mean.basin_uncertain.mean  81.0  dg.near.basin_prob.median 81.1 dg.mean.basin_uncertain.mean 77.4  dg.mean.basin_uncertain.median 82.0
dg.mean.basin_prob.mean 81.2 dg.min.basin_prob.mean 81.5 dg.mean.basin_prob.mean 78.1 dg.mean.basin_certain.sum 82.6
dg.mean.basin_uncertain.median 83.8  dg.min.basin_uncertain.mean 81.5 dg.mean.basin_certain.sum 81.2  dcc.convex.soft 82.6
dg.near.basin_certain.mean 84.2  dg.mean.basin_uncertain.mean 81.6  dg.near.basin_certain.sum 83.5 dg.mean.basin_uncertain.mean 83.0
dg.min.basin_uncertain.median 85.3 dg.mean.basin_prob.mean 83.1 dg.near.uncertain 84.2 dg.near.basin_certain.median  84.1
dg.min.basin_uncertain.mean 85.8 dg.near.uncertain 83.4  dg.mean.basin_uncertain.min 85.4  dg.mean.basin_prob.mean 84.8
dg.min.basin_prob.mean 86.9 dg.near.basin_certain.mean 83.7 dg.near.basin_uncertain.max 86.9  dcc.concave.hard 85.9
dg.min.uncertain 87.3  dg.near.basin_certain.sum 84.1 dg.min.basin_prob.median 86.9 dg.near.basin_uncertain.min 86.7
dg.min.basin_uncertain.min 88.7  dg.mean.basin_certain.sum 85.0 dg.near.basin_prob.median 87.8  dg.near.basin_prob.median 87.4
dcc.convex.hard 88.8  dg.mean.basin_uncertain.median 86.4 dg.near.basin_certain.mean 88.0  dg.min.basin_uncertain.max 88.4
dg.min.basin_certain.sum 89.0 dg.min.basin_uncertain.median 86.5 dg.mean.uncertain 89.9 dg.near.basin_certain.min 89.3
dg.near.uncertain 89.1 dg.mean.basin_uncertain.min 87.1 dg.mean.basin_certain.mean 91.2 dg.min.basin_prob.median 89.5
dg.near.basin_certain.sum 89.3  dg.near.basin_uncertain.min 87.8  dg.min.basin_uncertain.max 92.7 dg.mean.uncertain 90.2
dg.min.basin_certain.mean 89.9  dg.near.basin_certain.max 87.8  dg.mean.basin_uncertain.max 93.3  dg.near.basin_uncertain.max 92.7
dg.mean.basin_certain.sum 90.7 dg.min.basin_uncertain.max 95.0 dg.min.basin_uncertain.min 939 dg.mean.basin_certain.max 93.0
dg.near.basin_uncertain.max 91.9 dg.min.basin_certain.mean 95.7 dg.min.basin_uncertain.mean 94.0 dg.mean.basin_uncertain.max 93.4
dg.mean.basin_uncertain.max 93.1 dcc.convex.hard 96.1 dg.min.basin_prob.mean 94.0 dg.mean.basin_certain.mean 95.2
dg.mean.basin_certain.mean 93.2  dg.mean.basin_uncertain.max 96.9  dg.near.basin_certain.max 944  dg.min.basin_uncertain.mean 95.6
dg.min.basin_uncertain.max 93.3  dg.mean.basin_certain.mean 97.0  dg.mean.basin_certain.median  95.0 dg.min.basin_prob.mean 96.2
dg.min.basin_certain.max 96.6  dg.near.basin_certain.median 97.1 dg.mean.basin_certain.max 96.4 dg.min.basin_certain.mean 96.9
dg.min.basin_certain.median 96.9 dg.min.basin_uncertain.min 97.5 dg.min.basin_certain.sum 98.7  dg.near.basin_certain.max 97.2
dg.near.basin_certain.median  97.7 dg.mean.uncertain 97.7 dg.min.basin_uncertain.median 99.1 dg.min.basin_uncertain.median 98.1
dg.near.basin_uncertain.min 98.1 dg.min.basin_certain.sum 98.5 dg.min.uncertain 99.2  dg.min.basin_certain.sum 99.5
dg.mean.basin_certain.max 98.2  dg.mean.basin_certain.max 99.0  dcc.convex.hard 99.7  dg.mean.basin_certain.median 99.7
dg.mean.uncertain 98.5 dg.min.basin_certain.max 100.0 dg.near.basin_certain.median 101.2 dg.min.uncertain 99.8
dg.near.basin_uncertain.median 98.8 dg.min.basin_certain.median 102.0 dg.min.basin_certain.mean 101.3 dcc.convex.hard 100.2
dg.mean.tcells 99.5 dg.min.uncertain 102.0 dg.near.basin_uncertain.median 101.8 dg.min.basin_certain.max 100.4
dg.mean.basin_uncertain.min 100.0 dg.mean.basin_certain.median  102.5 dg.min.basin_certain.median 103.9 dg.min.basin_uncertain.min 101.3
dg.near.basin_certain.max 100.3 dg.near.basin_uncertain.median 103.1 dg.near.basin_prob.mean 104.0 dg.min.basin_certain.median 101.4
dg.mean.basin_certain.median 102.6 dg.mean.tcells 105.4 dg.near.basin_uncertain.mean 104.5 dg.near.basin_uncertain.median 105.0
dg.min.tcells 104.0 dg.near.basin_uncertain.mean 105.6 dg.min.basin_certain.max 104.5 dg.mean.tcells 105.4
dg.near.basin_uncertain.mean  107.8 dg.near.attractors 106.0 dg.mean.tcells 104.7 dg.mean.pcells 111.4
dg.near.basin_prob.mean 109.1 dg.min.tcells 106.1 dg.near.attractors 105.1 dg.min.tcells 1114
dg.near.attractors 109.5 dg.near.basin_prob.mean 106.7 dg.near.tcells 105.4 dg.near.basin_prob.mean 111.8
dg.mean.pcells 110.5 dg.near.tcells 108.1 dg.min.tcells 108.7 dg.near.basin_uncertain.mean 112.2
dg.near.pcells 110.6 dg.near.pcells 108.3 dg.near.pcells 108.7 dg.mean.attractors 112.4
dg.near.tcells 110.6 dg.mean.pcells 110.3 dg.near.basin_certain.min 111.8 dg.near.attractors 112.9
dg.min.basin_certain.min 111.1 dg.mean.attractors 111.1 dg.mean.attractors 112.6 dg.mean.basin_certain.min 113.1
dg.mean.basin_uncertain.sum 111.1 dg.mean.basin_uncertain.sum 112.0 dg.mean.pcells 112.7 dg.near.tcells 113.3
dg.mean.attractors 1113 dg.min.basin_uncertain.sum 113.2 dg.mean.basin_certain.min 112.8 dg.mean.basin_uncertain.sum 113.3
dg.min.basin_uncertain.sum 112.6 dg.mean.basin_certain.min 114.2 dg.min.basin_certain.min 1134 dg.near.pcells 1135
dg.near.basin_certain.min 115.2 dg.near.basin_certain.min 1144 dg.mean.basin_uncertain.sum 113.8 dg.min.basin_uncertain.sum 113.6
dg.mean.basin_certain.min 117.8 dg.min.basin_certain.min 116.1 dg.min.basin_uncertain.sum 114.5 dg.min.basin_certain.min 116.1
dg.min.pcells 120.3 dg.min.pcells 118.2 dg.min.attractors 120.5 dg.near.best_attr.no 117.8
dg.min.attractors 121.2 dg.min.attractors 118.6 dg.min.pcells 121.1 dg.min.attractors 120.9
dg.near.best_attr.no 123.5 dg.near.best_attr.no 123.7 dg.near.best_attr.no 124.0 dg.min.pcells 121.3




Table S.5: Average rankings of the d_cm_angle (dca), d_cm_conv (dcc), d_cm_grad (dcg), and d_gcm (dg) features in C7-D4 for n €
{40, 80, 160, 320, 640 }.

(a) n =40 (b) n =80 (c) n =160 (d) n =320
Feature Rank Feature Rank Feature Rank Feature Rank
dca.y_ratio_best2worst.mean 342 dca.y_ratio_best2worst.mean 40.5 dca.y_ratio_best2worst.mean 434  dca.y_ratio_best2worst.sd 43.2
dca.y_ratio_best2worst.sd 36.0 dca.y_ratio_best2worst.sd 44.6 dca.y_ratio_best2worst.sd 452  dca.y_ratio_best2worst.mean 46.5
dg.mean.basin_prob.min 49.0  dca.angle.mean 48.9  dcc.costs_runtime 474  dca.angle.mean 49.2
dca.dist_ctr2best.sd 50.3 dca.angle.sd 544  dca.angle.mean 484  dcc.costs_runtime 49.3
dcg.sd 53.1 dg.mean.basin_prob.min 549 dcg.sd 50.6  dg.near.costs_runtime 49.9
dcg.mean 53.7 dca.dist_ctr2best.mean 553 dca.angle.sd 51.6 dca.angle.sd 51.2
dg.mean.basin_prob.median 54.5 dcg.sd 554  dcg.mean 51.6  dcg.costs_runtime 51.8
dca.angle.mean 54.8 dcg.costs_runtime 56.7 dcg.costs_runtime 55.2  dca.dist_ctr2worst.mean 52.7
dca.dist_ctr2worst.mean 55.5 dcg.mean 58.4  dg.mean.basin_prob.min 56.6 dca.dist_ctr2best.sd 53.6
dca.dist_ctr2worst.sd 56.9 dcc.costs_runtime 58.9 dg.near.costs_runtime 58.0 dca.dist_ctr2worst.sd 55.8
dcg.costs_runtime 57.8 dca.dist_ctr2worst.sd 59.9  dca.dist_ctr2worst.sd 58.7 dcg.mean 55.9
dg.near.basin_prob.min 59.2  dca.dist_ctr2worst.mean 60.0 dg.near.basin_prob.max 60.3 dca.dist_ctr2best.mean 56.3
dcc.costs_runtime 59.7 dca.dist_ctr2best.sd 60.2 dg.min.basin_prob.min 60.6 dg.min.basin_prob.min 57.1
dca.angle.sd 61.6  dg.near.costs_runtime 61.7 dca.dist_ctr2best.sd 613  dca.costs_runtime 57.5
dca.dist_ctr2best.mean 62.6  dg.mean.best_attr.prob 63.1 dca.dist_ctr2best.mean 61.5 dg.near.basin_prob.min 61.2
dg.mean.basin_prob.max 64.3  dg.mean.basin_prob.max 64.3  dca.dist_ctr2worst.mean 61.9 dg.mean.basin_prob.max 61.3
dg.near.costs_runtime 64.6 dg.min.basin_prob.min 64.5 dg.near.basin_prob.min 64.1 dg.near.basin_prob.max 61.9
dg.min.basin_prob.min 65.4 dca.costs_runtime 65.6 dg.min.best_attr.prob 66.6  dg.mean.basin_prob.min 63.7
dg.mean.best_attr.prob 65.7 dg.mean.basin_prob.median 65.7 dg.mean.basin_prob.max 66.6  dg.mean.best_attr.prob 64.2
dg.min.best_attr.prob 66.2 dg.min.best_attr.prob 66.7 dca.costs_runtime 68.2 dg.min.best_attr.prob 64.4
dg.min.basin_prob.max 69.3  dg.near.basin_prob.max 69.1 dg.near.basin_prob.median 68.9 dg.min.basin_prob.max 65.5
dca.costs_runtime 70.1 dg.min.basin_prob.max 70.1 dg.min.basin_prob.max 69.2 dg.near.best_attr.prob 724
dg.mean.basin_uncertain.mean  71.2  dcc.concave.soft 723  dg.near.best_attr.prob 70.5 dg.mean.costs_runtime 73.4
dg.near.best_attr.prob 71.4  dg.near.best_attr.prob 72.6  dg.near.basin_certain.mean 74.1  dg.min.basin_uncertain.min 76.2
dg.mean.basin_prob.mean 72.1 dg.near.basin_prob.min 73.0 dg.mean.best_attr.prob 75.1 dg.min.basin_prob.median 78.5
dg.mean.basin_uncertain.min 72.5 dcc.convex.soft 73.7  dcc.concave.soft 75.6  dg.mean.basin_prob.median 78.7
dg.mean.basin_uncertain.median 72.8  dg.mean.basin_prob.mean 74.7  dcc.convex.soft 76.6  dg.near.basin_certain.mean 79.7
dg.near.basin_prob.max 73.7  dg.mean.basin_uncertain.median 76.6  dg.near.uncertain 77.9  dg.near.basin_prob.median 81.4
dcc.convex.soft 78.9  dg.mean.basin_uncertain.mean 76.7  dg.min.basin_prob.median 78.3 dg.min.costs_runtime 82.1
dg.mean.pcells 80.2 dg.min.basin_prob.median 79.9 dg.near.basin_certain.sum 78.8  dg.near.basin_certain.sum 82.1
dg.mean.attractors 80.7 dg.near.basin_prob.median 82.4  dg.mean.basin_prob.median 83.1 dcc.concave.soft 82.3
dcc.concave.soft 80.7 dg.near.basin_certain.mean 83.4 dg.min.basin_prob.mean 83.2 dg.near.basin_uncertain.min 82.4
dg.min.basin_prob.median 81.0 dg.mean.costs_runtime 84.7  dg.mean.basin_prob.mean 84.3  dg.near.uncertain 82.9
dg.min.costs_runtime 81.8 dg.near.basin_certain.sum 85.4 dg.min.basin_uncertain.min 84.4 dcc.concave.hard 83.3
dg.mean.costs_runtime 84.0  dg.min.basin_uncertain.mean 86.2 dg.near.basin_uncertain.min 85.0 dg.mean.basin_prob.mean 83.7
dg.min.uncertain 84.5 dg.mean.basin_uncertain.min 86.2 dg.mean.basin_uncertain.mean 854  dg.near.basin_uncertain.max 84.2
dg.near.basin_prob.median 86.8  dg.mean.basin_uncertain.max 87.4 dg.min.basin_uncertain.median 855 dg.mean.basin_uncertain.mean  85.0
dg.min.basin_uncertain.mean 87.0 dg.min.basin_prob.mean 87.7  dcc.concave.hard 86.8  dcc.convex.soft 85.6
dg.mean.basin_certain.sum 89.8  dg.mean.basin_certain.sum 88.9 dg.min.basin_uncertain.mean 87.1 dg.min.basin_uncertain.mean 86.3
dg.mean.uncertain 90.3  dg.near.uncertain 89.0 dg.near.basin_certain.max 87.9 dg.min.uncertain 87.5
dg.min.basin_prob.mean 90.4  dg.near.basin_certain.max 89.2 dg.mean.basin_uncertain.median 88.2 dg.near.basin_uncertain.median 88.0
dg.near.basin_uncertain.max 90.5 dg.min.basin_uncertain.median 90.2 dg.near.basin_uncertain.median 88.5 dg.near.basin_certain.median 88.0
dg.near.basin_uncertain.min 91.2 dg.min.basin_uncertain.min 90.8  dg.near.basin_uncertain.max 89.0 dg.min.basin_prob.mean 90.4
dg.min.basin_uncertain.median 92.7 dg.mean.uncertain 91.2 dg.mean.basin_uncertain.min 91.1 dg.mean.basin_uncertain.max 90.8
dg.near.basin_certain.mean 93.1 dg.mean.basin_certain.mean 91.5 dg.near.basin_certain.median 93.0 dg.min.basin_uncertain.median 91.4
dg.mean.basin_uncertain.max 934  dg.min.costs_runtime 92.2 dg.min.basin_certain.mean 93.1 dg.mean.basin_uncertain.median 92.3
dg.mean.basin_certain.mean 93.7 dg.min.basin_certain.sum 93.0 dg.min.uncertain 944  dg.mean.basin_certain.sum 94.7
dg.mean.basin_certain.median 94.1 dg.mean.basin_certain.median 944  dg.min.basin_uncertain.max 95.2 dg.mean.uncertain 96.9
dg.min.basin_uncertain.min 943  dg.min.basin_certain.mean 96.8 dg.min.basin_certain.sum 96.3 dg.min.basin_uncertain.max 96.9
dg.min.basin_certain.sum 947  dg.near.basin_uncertain.max 96.9 dg.min.basin_certain.median 973  dg.near.basin_certain.min 97.1
dg.min.basin_uncertain.max 96.0 dg.min.basin_uncertain.max 97.6  dg.mean.tcells 98.3 dg.mean.tcells 97.6
dg.mean.tcells 98.5 dcc.concave.hard 98.3  dg.mean.costs_runtime 98.7 dg.mean.basin_certain.mean 98.0
dg.min.basin_certain.mean 99.2  dcc.convex.hard 98.7 dg.mean.uncertain 98.9 dg.min.basin_certain.sum 98.9
dg.near.basin_certain.median  100.5 dg.mean.basin_certain.max 98.8 dg.min.costs_runtime 99.8  dg.mean.basin_uncertain.sum 99.9
dg.near.uncertain 100.9 dg.min.basin_certain.max 99.3 dg.min.basin_certain.max 100.1 dg.mean.basin_certain.median 100.1
dg.near.basin_certain.sum 101.5 dg.min.basin_certain.median 100.5 dg.mean.basin_certain.sum 101.7 dg.min.tcells 100.7
dg.near.basin_uncertain.median 101.8 dg.mean.tcells 101.7 dg.near.pcells 103.8 dg.mean.basin_uncertain.min 100.7
dcc.concave.hard 103.0 dg.min.uncertain 102.1 dg.min.tcells 103.9 dg.min.basin_certain.mean 100.8
dg.min.basin_certain.max 103.5 dg.near.basin_certain.median  104.0 dg.near.basin_prob.mean 103.9 dg.min.basin_uncertain.sum 100.8
dg.min.basin_certain.median 105.1 dg.near.basin_uncertain.min 104.7 dg.near.basin_certain.min 104.5 dg.near.basin_certain.max 100.8
dg.mean.basin_certain.max 105.3 dg.min.basin_uncertain.sum 105.2 dg.mean.basin_uncertain.max 104.8 dg.min.basin_certain.max 104.3
dg.min.tcells 105.4 dg.mean.basin_uncertain.sum 1053 dg.near.tcells 105.3 dg.near.attractors 104.9
dg.near.basin_certain.max 106.0 dg.mean.pcells 106.2 dg.mean.basin_certain.mean 105.6 dg.mean.basin_certain.max 104.9
dg.mean.basin_uncertain.sum 107.2 dg.near.basin_uncertain.median 107.0 dg.near.attractors 106.2 dg.near.pcells 107.4
dg.min.basin_uncertain.sum 108.0 dg.mean.attractors 107.2 dcc.convex.hard 106.9 dcc.convex.hard 107.5
dg.near.basin_uncertain.mean 108.1 dg.min.tcells 109.0 dg.near.basin_uncertain.mean 106.9 dg.near.tcells 107.6
dg.near.basin_prob.mean 108.3 dg.mean.basin_certain.min 109.2 dg.mean.basin_certain.median  107.5 dg.min.basin_certain.median 108.0
dg.near.attractors 108.3 dg.min.basin_certain.min 112.3 dg.mean.basin_certain.max 110.3 dg.near.basin_uncertain.mean 108.2
dg.near.tcells 109.1 dg.near.basin_certain.min 112.9 dg.mean.basin_uncertain.sum 111.3 dg.near.best_attr.no 110.7
dg.near.pcells 109.9 dg.near.basin_uncertain.mean 113.4 dg.min.basin_uncertain.sum 111.7 dg.near.basin_prob.mean 110.7
dg.mean.basin_certain.min 110.1 dg.near.tcells 114.2 dg.min.basin_certain.min 111.8 dg.mean.basin_certain.min 110.7
dcc.convex.hard 113.5 dg.near.basin_prob.mean 114.7 dg.mean.attractors 115.0 dg.min.attractors 112.3
dg.min.basin_certain.min 117.3 dg.near.pcells 1147 dg.near.best_attr.no 116.9 dg.min.pcells 114.3
dg.near.basin_certain.min 120.3 dg.near.attractors 115.4 dg.min.attractors 117.1 dg.min.basin_certain.min 116.1
dg.min.attractors 120.6 dg.min.pcells 116.8 dg.min.pcells 117.7 dg.mean.attractors 120.3
dg.min.pcells 120.7 dg.near.best_attr.no 118.8 dg.mean.pcells 118.3 dg.mean.pcells 120.6
dg.near.best_attr.no 1247 dg.min.attractors 119.1 dg.mean.basin_certain.min 118.6




Table S.6: Average rankings of the d_cm_angle (dca), d_cm_conv (dcc), d_cm_grad (dcg), and d_gcm (dg) features in C7-D4 for n = 640.

(a) n = 640
Feature Rank
dca.y_ratio_best2worst.sd 43.2
dca.angle.mean 44.7
dcc.costs_runtime 47.1
dcg.mean 50.5
dg.near.costs_runtime 50.8
dca.angle.sd 51.1
dca.dist_ctr2worst.mean 51.4
dca.dist_ctr2best.mean 52.2
dca.y_ratio_best2worst.mean 52.6
dca.dist_ctr2best.sd 52.9
dcg.costs_runtime 54.9
dca.dist_ctr2worst.sd 55.4
dg.min.basin_prob.max 57.6
dg.near.basin_prob.min 62.2
dg.min.basin_prob.min 62.3
dca.costs_runtime 62.9
dg.min.best_attr.prob 63.8
dg.min.basin_prob.median 64.3
dg.mean.basin_prob.min 64.9
dg.near.best_attr.prob 65.7
dg.mean.basin_prob.max 67.8
dg.near.basin_prob.max 69.4
dg.mean.best_attr.prob 70.2
dg.min.basin_prob.mean 74.0
dg.near.basin_uncertain.min 75.1
dg.near.basin_prob.median 75.7
dg.min.basin_uncertain.mean 76.1
dg.min.basin_uncertain.median 79.0
dcc.convex.soft 79.6
dg.min.uncertain 81.1
dg.mean.costs_runtime 81.7
dg.near.basin_certain.mean 83.5
dcc.concave. soft 84.1
dg.mean.basin_prob.median 84.2
dg.min.costs_runtime 85.9
dg.near.basin_uncertain.median 86.3
dg.min.basin_certain.median 86.6
dg.min.basin_certain.mean 87.1
dg.min.basin_uncertain.min 88.1
dg.mean.basin_prob.mean 88.8
dg.near.basin_uncertain.max 89.7
dg.min.basin_uncertain.max 91.0
dg.min.basin_certain.sum 92.3

dg.mean.basin_uncertain.median 92.4
dg.mean.basin_uncertain.mean 93.3

dg.mean.uncertain 94.8
dg.mean.basin_uncertain.max 96.0
dg.min.basin_uncertain.sum 96.4
dg.min.basin_certain.max 96.7
dg.near.uncertain 96.7
dcc.concave. hard 96.9
dg.mean.basin_certain.mean 97.9
dg.min. tcells 98.7
dg.near.basin_certain.sum 99.2
dg.mean.basin_uncertain.sum 99.3
dg.near.attractors 100.9
dg.min.attractors 101.0
dg.mean.basin_uncertain.min 101.2
dg.mean.basin_certain.median  101.7
dg.near.basin_prob.mean 104.0
dg.near.tcells 104.3
dg.near.basin_certain.median 104.7
dg.min.pcells 104.8
dg.near.basin_uncertain.mean  105.0
dg.near.best_attr.no 105.1
dg.near.pcells 105.5
dg.mean.basin_certain.sum 106.2
dg.min.basin_certain.min 106.7
dg.near.basin_certain.max 106.9
dg.mean.tcells 109.3
dg.mean.basin_certain.max 109.4
dcc. convex.hard 111.6
dg.near.basin_certain.min 113.0
dg.mean.basin_certain.min 114.1
dg.mean.pcells 118.1
dg.mean.attractors 118.8




Table S.7: Average accuracy of C7-D2 with different m for n € {3, 5, 10, 20, 40, 80, 160, 320, 640}.

(a) Multimodality (b) Global structure
m=1 m=2 m=3 m=5 m =10 =1 m=2 m=3 m=5 m =10
5 0.611(0.422) 0.622 (0.415) Na Na 5 _ 0761 (0.412) ~ 0.764 (0.402) Na Na
10 0583 (0.439) 0.628 (0.425)  0.572 (0.415) Na 0.700 (0.437)  0.692 (0.435) [HOM703Y(0M35)N 0.686 (0.451) Na

20 0.617 (0.415)  0.639 (0.413) 0.647 (0.433)  0.631 (0.430) 20 0.717 (0.421)  0.697 (0.440)  0.714 (0.425)  0.717 (0. 429)
40 0.603 (0.448) 0.589 (0.434)  0.589 (0.438)  0.600 (0.429) 40  0.711(0.460) 0.711 (0.460) = 0.714 (0.456) 0.711 (0.460)
80  0.625(0.455) 0.622 (0.454) 0.625 (0.451)  0.631 (0.459) 80  0.694(0.452) 0.697 (0.453) 0.697 (0.453)  0.694 (0.453)
160 0.544 (0.477)  0.561 (0.475) 0.556 (0.477) 0.547 (0.474) 160  0.622 (0.471) ~ 0.631 (0.463) 0.628 (0.469)  0.628 (0.469)
320 0.575(0.482) 0.578 (0.472)  0.586 (0.471) 0.572 (0.474) 320  0.664 (0.480) 0.664 (0.480)  0.664 (0.480) 0.661 (0.478)
640 0.583 (0.489)  0.581 (0.488) ~ 0.583 (0.488) 0.575(0.483) 640 0.672 (0.474) 0.675 (0.471)  0.675 (0.471) ~ 0.675 (0.471)
(c) Separability (d) Variable scaling
m=1 m=2 m=3 m=5 m =10 m=1 m=2 m=3 m=5 m =10
5 0.761 (0.421)  0.764 (0.400) Na Na 5 0.586 (0.475) 0.592 (0.478) Na Na
10 0.753 (0.411)  0.750 (0.415) = 0.758 (0.408) Na 10 0.564 (0.492) 0.556 (0.490)  0.528 (0.494) Na
20 0.736 (0.402)  0.744 (0.401) 0.728 (0.425) 0.717 (0.433) 20  0.578 (0.499)  0.583 (0.504) 0.575 (0.498)  0.542 (0.509)
40 0.758 (0.400)  0.758 (0.401) 0.756 (0.399)  0.750 (0.404) 40  0.542 (0.499) 0.550 (0.494)  0.550 (0.494)  0.544 (0.497)
80  0.681(0.454) 0.686 (0.447) 0.683 (0.455) 0.683 (0.452) 80  0.539(0.507) 0.581(0.501) 0.583 (0.504) 0.567 (0.496)
160 0.669 (0.472)  0.667 (0.476) 0.667 (0.476)  0.669 (0.472) 160 0.567 (0.496)  0.583 (0.504)  0.583 (0.504) ~ 0.583 (0.504)
320 0.672(0.474) 0.669 (0.467) 0.669 (0.472)  0.661 (0.472) 320 0.547 (0.495) 0.583 (0.504) 0.583 (0.504)  0.583 (0.504)
640  0.694 (0.419)  0.669 (0.453)  0.658 (0.460)  0.775 (0.390) 640  0.542 (0.509) 0.542 (0.509) 0.542 (0.509)  0.542 (0.509)
(e) Homogeneity (f) Basin size
m=1 m=2 m=3 m=5 m =10 m=1 m=2 m=3 m=5 m =10
5 0.647 (0.408)  0.664 (0.410) Na Na 5 0.522 (0.373)  0.517 (0.375) Na Na
10 0.767 (0.341) 0.758 (0.345)  0.758 (0.350) Na 10 0.603 (0.376)  0.636 (0.384) 0.581 (0.372) Na
20 0.731(0.403)  0.731(0.396) 0.717 (0.424) = 0.736 (0.402) 20  0.536 (0.404) 0.558 (0.409)  0.569 (0.403) 0.533 (0.421)
40 0.744 (0.407) ~ 0.744 (0.413) 0.739 (0.412) 0.731 (0.414) 40  0.586 (0.431) 0.614 (0.423) 0.608 (0.421) 0.608 (0.424)
80  0.717 (0.431) 0.717 (0.419)  0.678 (0.448) 0.675(0.452) 80  0.594 (0.466)  0.597 (0.460) 0.583 (0.471)  0.583 (0.467)
160 0.678 (0.444) 0.669 (0.456)  0.675 (0.459)  0.656 (0.454) 160 0.611(0.456) 0.614 (0.447) 0.617 (0.448) 0.619 (0.439)
320 0.742 (0.438) 0.747 (0.441) ~ 0.747 (0.441)  0.739 (0.438) 320  0.497 (0.461)  0.508 (0.446) 0.511 (0.454)  0.500 (0.456)
640 0.781 (0.411)  0.742 (0.423)  0.739 (0.438) ~ 0.781 (0.410) 640 0.511 (0.468) 0.511 (0.467)  0.522 (0.474) 0.517 (0.474)
(g) GL contrast (h) Overall average
m=1 m=2 m=3 m=>5 m =10 m=1 m=2 m=3 m=>5 m =10
5 0.536 (0.414) 0.522 (0.426) Na Na 5 0.635 (0.420) ~ 0.639 (0.422) Na Na
10 0.600 (0.413)  0.619 (0.410) 0.617 (0.404) Na 10 0.654 (0.418) 0.665 (0.412)  0.643 (0.417) Na
20 0.628 (0.383) 0.617 (0.384) 0.600 (0.407)  0.619 (0.408) 20  0.655 (0.417)  0.653 (0.421) 0.652 (0.429)  0.644 (0.433)
40 0.583 (0.430) 0.578 (0.433)  0.594 (0.436) 0.589 (0.439) 40  0.656 (0.434) 0.649 (0.436)  0.652 (0.435)  0.648 (0.438)
80 0.619 (0.458)  0.617 (0.460)  0.606 (0.457)  0.592 (0.447) 80  0.639 (0.456) 0.646 (0.453)  0.635 (0.457)  0.636 (0.454)
160 0.622 (0.445)  0.608 (0.435)  0.608 (0.442)  0.600 (0.444) 160 0.617 (0.460) ~ 0.623 (0.458)  0.620 (0.458) 0.615 (0.459)
320 0.647 (0.436)  0.628 (0.428)  0.639 (0.440)  0.639 (0.440) 320  0.621 (0.468) [JOGBT(0EE9)N 0.629 (0.461) 0.628 (0.463)  0.624 (0.463)
640 0589 (0.492) 0.614 (0.473) [OG3BNOATZ)N 0.631 (0.482) 0.594 (0.481) 640  0.626 (0.466) 0.628 (0.467) 0.620 (0.468) 0.638 (0.466) [NOGA2N(04E3)N




Table S.8: Average accuracy of C7-D4 with different m for n € {5, 10, 20, 40, 80, 160, 320, 640}.

(a) Multimodality (b) Global structure
m=2 m=3 m=5 m=2 m=3 m=5
5 0.522(0.423) Na 5 0.772 (0.408) Na
10 0.558 (0.425) 0.544 (0.419) 10  0.719 (0.426) ~ 0.728 (0.412)
20 0525 (0.434)  0.536(0.419) 20 [JOZ3BNOMEIGIN 0.733 (0.412) 0.733 (0.413)
40 0.564 (0.449)  0.567 (0.456) 40 0.714 (0.456)  0.717 (0.448)
80  0.544 (0.436) 0.567 (0.442) 80  0.706 (0.440)  0.708 (0.441)
160  0.528 (0.445)  0.533 (0.450) 160 0.656 (0.453)  0.661 (0.453)
0.542 (0.472) 0.542 (0.473) 320 0.664 (0.474) 0.661 (0.478)
0.528 (0.462) 0.506 (0.468) 640  0.683 (0.461) 0.678 (0.464)
(c) Separability (d) Variable scaling
m=2 m=3 m=5 m=2 m=3 m=5
5 0.761(0.409) Na 5 [H0IG3EI0a9) 0.633 (0.464) Na
10 0.758 (0.414)  0.767 (0.413) 10 0.528 (0.486)  0.536 (0.482)
20 0.731(0.410) 0.722 (0.414) 20  0.536 (0.504) 0.531 (0.501)
40 0.775 (0.402) 0.769 (0.395) 40  0.533 (0.490)  0.550 (0.497)
80  0.719 (0.425) 0.711 (0.431) 80  0.581(0.501) 0.581 (0.501)
160  0.708 (0.440)  0.719 (0.436) 160  0.583 (0.504)  0.583 (0.504)
320  0.731 (0.433) 0.725 (0.432) 320 0.544 (0.506)  0.547 (0.504)
640  0.744 (0.413)  0.739 (0.419) 640  0.542 (0.509)  0.542 (0.509)
(e) Homogeneity (f) Basin size
m=2 m=3 m=5 m=2 m=3 m=5
5 0.636 (0.412) Na 5 0.478 (0.403) Na
10 0.697 (0.397)  0.694 (0.410) 10 0.506 (0.401) ~ 0.508 (0.403)
20 0.769 (0.367) 0.764 (0.360) 20  0.483 (0.425) 0.481 (0.432) [J0497(0%437)"
40  0.781(0.368)  0.786 (0.361) 40 0.528 (0.441)  0.525 (0.444)
80  0.706 (0.434)  0.733 (0.414) 80  0.519 (0.448) 0.508 (0.471)
160 0.656 (0.465)  0.667 (0.449) 160 0.472 (0.459)  0.475 (0.454)
320 0.772 (0.408) 0.761 (0.410) 320  0.400 (0.478) ~ 0.403 (0.476)
640  0.758 (0.424) 0.747 (0.435) 640  0.492 (0.475) 0.483 (0.479)
(g) GL contrast (h) Overall average
m=2 m=3 m=>5 m=2 m=3 m=>5
5 0.503 (0.407) Na 5 0.616 (0.426) Na
10 0.569 (0.398)  0.561 (0.409) 10 0.623 (0.423)  0.621 (0.427)
20 0.544 (0.410) 0.542 (0.412) 20 0.618 (0.432)  0.619 (0.431)
40 0.508 (0.416)  0.508 (0.417) 40  0.632 (0.440)  0.633 (0.440)
80  0.553 (0.446) 0.558 (0.443) 80  0.618 (0.447) 0.627 (0.450)
160  0.547 (0.440)  0.536 (0.443) 160 0.593 (0.457)  0.596 (0.455)
320 0.550 (0.473) 0.550 (0.478) 0.600 (0.471) 0.602 (0.470)
640  0.544 (0.486)  0.561 (0.480) 0.613 (0.466)  0.611 (0.467)
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Figure S.5: Boxplots of values of
ela_meta.lin_simple.adj_r2 and its dimensionality re-
duction version on 15 instances of fi, fs, fi0, fi5, and fo with
n = 160.
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Figure S.6: Boxplots of values of
ela_meta.lin_simple.intercept and its dimensionality
reduction version on 15 instances of fi, fs, fio0, fi5, and fao
with n = 160.
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Figure S.7: Boxplots of values of
ela_meta.lin_simple.coef.min and dimensionality
reduction version on 15 instances of fi, fs, fio0, fi5, and fa0
with n = 160.
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Figure S.8: Boxplots of values of
ela_meta.lin_simple.coef.max and dimensionality
reduction version on 15 instances of fi, fs, fi0, fi5, and fa
with n = 160.
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Figure S.9: Boxplots of values of
ela_meta.lin_simple.coef.max_by_min and its dimen-

sionality reduction version on 15 instances of fi, fs, f10, fi5,
and fzo with n = 160.
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Figure S.10: Boxplots of values of
ela_meta.lin_w_interact.adj_r2 and its dimensional-
ity reduction version on 15 instances of fi, fs, fio0, fi5, and
f20 with n = 160.
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Figure S.11: Boxplots of
ela_meta.quad_simple.adj_r2 and its
reduction version on 15 instances of fi, fs, fio, fi5, and f2o
with n = 160.
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Figure S.12: Boxplots of values of
ela_meta.quad_simple.cond and its dimensionality re-
duction version on 15 instances of fi, fs, fi0, f15, and f20 with

n = 160.
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Figure $.13: Boxplots of
ela_meta.quad_w_interact.adj_r2 and
ity reduction version on 15 instances of fi, fs, fio, fis, and
f20 with n = 160.
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Figure S.14: Boxplots of values of ela_meta.costs_fun_evals
and its dimensionality reduction version on 15 instances of
f1,f6, flOyflS’ and f20 with n = 160.
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Figure S.15: Boxplots of values of ela_meta.costs_runtime
and its dimensionality reduction version on 15 instances of

11, fo» fio. f15, and foo with n = 160.
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Figure S.16: Boxplots of values of ela_level.mmce_lda_10
and its dimensionality reduction version on 15 instances of

f],fg,fl(),fls, and fzo with n = 160.
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Figure S.17: Boxplots of values of ela_level.mmce_qda_10 Figure S.20: Boxplots of values of ela_level.lda_mda_10
and its dimensionality reduction version on 15 instances of and its dimensionality reduction version on 15 instances of
f1, fﬁ,f]o,f15, and fzo with n = 160. f],fﬁ, flO,fIS) and fz() with n = 160.
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Figure S.18: Boxplots of values of ela_level.mmce_mda_10 Figure S.21: Boxplots of values of ela_level.qda_nda_10
and its dimensionality reduction version on 15 instances of and its dimensionality reduction version on 15 instances of
fis fe, fr0, fi5, and foo with n = 160. f1, fs» f10» f15, and foo with n = 160.
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Figure S.19: Boxplots of values of ela_level.lda_qda_10 Figure S.22: Boxplots of values of ela_level.mmce_lda_25
and its dimensionality reduction version on 15 instances of and its dimensionality reduction version on 15 instances of

f1: fe> f1o, fis, and fz0 with n = 160. fi. fo» fio, fis, and foo with n = 160.
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Figure S.23: Boxplots of values of ela_level.mmce_qda_25
and its dimensionality reduction version on 15 instances of
f1s fo» fr0, fis, and fao with n = 160.

0.22 0.52
o v (.21
2020 2050
20.18 qj . | 20719
20.16 =| £0.18
El 2017
§0.14 $0.16 I
% 0.12 T = E}
0.14
1 6 10 15 20 1 6 10 15 20

BBOB function

(a) ela_level . mmce_mda_25

BBOB function
(b) d_ela_level.mmce_mda_25

Figure S.24: Boxplots of values of ela_level.mmce_mda_25
and its dimensionality reduction version on 15 instances of

11, fo» f10- f15, and foo with n = 160.
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Figure S.25: Boxplots of values of ela_level.lda_qda_25
and its dimensionality reduction version on 15 instances of
1> f6» f10» f15, and foo with n = 160.
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Figure S.26: Boxplots of values of ela_level.lda_mda_25
and its dimensionality reduction version on 15 instances of

fl,f6,f10,f15, and f20 with n = 160.
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Figure S.27: Boxplots of values of ela_level.qda_mda_25
and its dimensionality reduction version on 15 instances of

fi. fe- f10, f15, and fap with n = 160.
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Figure S.28: Boxplots of values of ela_level.mmce_lda_50
and its dimensionality reduction version on 15 instances of

f],fﬁ,fw,fls, and fz() with n = 160.
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Figure S.29: Boxplots of values of ela_level.mmce_qda_50
and its dimensionality reduction version on 15 instances of

f‘l’_fﬁv flO, ﬁS, and f‘z() with n = 160.
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Figure S.30: Boxplots of values of ela_level.mmce_mda_50
and its dimensionality reduction version on 15 instances of
f1. f6» fr0 fi5, and fog with n = 160.

0.85
£0.80
T0.75
2 0.70
£20.65
£ 0.60

0.55

o

=

5

6 10 15

BBOB function
(a) ela_level.lda_qda_50

20

Feature value
ledsdiadieli e udiudiey
IO DN=I~1X0C0OO
oo UIoOTo Ot

i

1 6 10 15 20

BBOB function

(b) d_ela_level.lda_qda_50

Figure S.31: Boxplots of values of ela_level.lda_qda_50
and its dimensionality reduction version on 15 instances of
fl,f(,,fl(),fls, and fzo with n = 160.
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Figure S.32: Boxplots of values of ela_level.lda_mda_50
and its dimensionality reduction version on 15 instances of

f],f6,f1(),f15, and f20 with n = 160.
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Figure S.33: Boxplots of values of ela_level.qda_mda_50
and its dimensionality reduction version on 15 instances of

f],f6,f1(),f15, and f20 with n = 160.
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Figure S.35: Boxplots of values of ela_level.costs_runtime
and its dimensionality reduction version on 15 instances of
fl, fﬁ,flo, f15, and fzo with n = 160.
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Figure S.36: Boxplots of values of cm_grad.mean and
its dimensionality reduction version on 15 instances of
11, fo, fio, fis, and fao with n = 5.
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Figure S.38: Boxplots of values of cm_grad.costs_fun_evals
and its dimensionality reduction version on 15 instances of

f17f6af107f15, and fz() with n = 5.
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Figure S.39: Boxplots of values of cm_grad.costs_runtime
and its dimensionality reduction version on 15 instances of
fi, fo» fi0, fis, and fao with n = 5.
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Figure S.37: Boxplots of values of cm_grad. sd and its dimen-
sionality reduction version on 15 instances of fi, fs, fi0, f15,
and f> with n = 5.

Figure S.40: Boxplots of values of
cm_angle.dist_ctr2best.mean and its dimensionality
reduction version on 15 instances of fi, fs, fi0, fi5, and fa
with n = 5.



I\

Feature value

o
S O = Y

Wﬂ?

10 15 20
BBOB function

(a) cm_angle.dist_ctr2best.sd

Figure

n=>5.

0 8.2
=
s 8.0
78
2
376
[N
7.4

(a) cm_angle.dist_ctr2worst.mean

Figure

with n =5.
5%
526
225
024 ’l‘
255
(1]
27 Lf‘
2.0

S.41:

i

1

6 10 15 20
BBOB function

S.42:

ﬁ@f

,l|
I:
10 20

BBOB functlon

(a) cm_angle.dist_ctr2worst.sd

Figure

n=>5.

S.43:

0.30
2025
£0.20
20.15
50.10
% 0.05

0.00

1

6 10 15
BBOB function

20

(b) d_cm_angle.dist_ctr2best.sd

Boxplots
cm_angle.dist_ctr2best.sd and its dimensionality re-
duction version on 15 instances of fi, fs, f10, fi5, and f2o with

of

values

of

0 0.5
=
0.4
g
303
[0
FLo2

=

Boxplots
cm_angle.dist_ctr2worst.mean
reduction version on 15 instances of fi, fs, fi0, fi5, and fag

o 0:30
30.25
(]

>0.20
©

5015
50.10
% 0.05

(b) d_cm_angle.dist_ctr2worst.sd

Boxplots
cm_angle.dist_ctr2worst.sd and its dimensionality re-
duction version on 15 instances of fi, fs, fi0, f15, and f20 with

€

of

and its

-
10

15
BBOB function

=
6

values

=
i
20

(b) d_cm_angle.dist_ctr2worst.mean

of

dimensionality

==

1

of

6 10 15
BBOB function

values

20

of

312 . ‘UIQ()
7;11 %100
010 o 80
= L
5 9 % 60
S g 8 10 :

7 20

1 6 10 15 20 1 6 10 15 20

BBOB function

(a) cm_angle.angle.mean

BBOB function

(b) d_cm_angle.angle.mean

Figure S.44: Boxplots of values of cm_angle.angle.mean and
its dimensionality reduction version on 15 instances of

f17f6af107f15, and fz() with n = 5.
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Figure S.45: Boxplots of values of cm_angle.angle.sd and
its dimensionality reduction version on 15 instances of
11, fo» fio0, f15, and fao with n = 5.
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fa0 with n = 5.
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Figure S.48: Boxplots of values of cm_angle.costs_fun_evals
and its dimensionality reduction version on 15 instances of

fi. fes f10, fi5, and fao with n = 5.
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Figure S.49: Boxplots of values of cm_angle.costs_runtime
and its dimensionality reduction version on 15 instances of

fi’f‘ﬁvflo, f15, and fZO with n = 5.
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Figure S.50: Boxplots of values of cm_conv.convex.hard and
its dimensionality reduction version on 15 instances of

f],f6,f1(),f15, and f20 with n = 5.
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Figure S.51: Boxplots of values of cm_conv.concave.hard
and its dimensionality reduction version on 15 instances of

f1 fo» f10- f15, and foo with n = 5.
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Figure S.52: Boxplots of values of cm_conv.convex.soft and
its dimensionality reduction version on 15 instances of
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Figure S.53: Boxplots of values of cm_conv.concave.soft
and its dimensionality reduction version on 15 instances of

f‘l’fﬁvfIOa ﬁS, and fZO with n = 5.
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Figure S.54: Boxplots of values of cm_conv.costs_fun_evals
and its dimensionality reduction version on 15 instances of

fi. fes f10, fi5, and fao with n = 5.
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Figure S.55: Boxplots of values of cm_conv.costs_runtime
and its dimensionality reduction version on 15 instances of

fi, fes fio, fis, and fao with n = 5.
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Figure S.56: Boxplots of values of gcm.min.attractors and
its dimensionality reduction version on 15 instances of

f],f6,f1(),f15, and f20 with n = 5.

0.025 : 0.45 :
o @ 0.4(
%0.020 =0.35 3
©0.015 @ 030
s 30.25
50.010 HT m ) E().Q{)H U % U
L =
0.005 = 8}3
1 6 10 15 20 ' 1 6 10 15 20

BBOB function
(b) d_gcm.min.pcells

BBOB function

(a) gcm.min.pcells

Figure S.57: Boxplots of values of gcm.min.pcells and
its dimensionality reduction version on 15 instances of

f1s fes fi0, fis, and fao with n = 5.
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Figure S.58: Boxplots of values of gcm.min.tcells and
its dimensionality reduction version on 15 instances of

f],fﬁ,fw,fls, and fz() with n =5.



Feature value

COLLLLoe
O WEio N

1

6 10 15
BBOB function

(a) gcm.min.uncertain

20

Feature value
St e
O N WH T ~100

1

6 10 15
BBOB function

20

(b) d_gcm.min.uncertain

Figure S.59: Boxplots of values of gcm.min.uncertain and
its dimensionality reduction version on 15 instances of
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Figure S.60: Boxplots of values of gcm.min.basin_prob.min
and its dimensionality reduction version on 15 instances of

fl,fG’fIO, ﬁS, and ﬁo with n = 5.
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Figure S.61: Boxplots of values of gcm.min.basin_prob.mean
and its dimensionality reduction version on 15 instances of

fl,fG’fIO, ﬁS, and ﬁo with n = 5.
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Figure S.62: Boxplots of values of
gem.min.basin_prob.median and its dimensionality re-
duction version on 15 instances of fi, fs, f10, fi5, and foo with
n=>5.
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Figure S.63: Boxplots of values of gcm.min.basin_prob.max
and its dimensionality reduction version on 15 instances of

f1 fo» f10- f15, and fao with n = 5.
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Figure S.67: Boxplots of values of
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Figure S.69: Boxplots of values of gcm.min.basin_certain.sd

and its dimensionality reduction version on 15 instances of
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Figure S.72: Boxplots of values of
gem.min.basin_uncertain.mean and its dimensionality
reduction version on 15 instances of fi, fs, fio0, fi5, and faq
with n =5.
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Figure S.74: Boxplots of values of
gcm.min.basin_uncertain.max and its dimensionality
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Figure S.76: Boxplots of values of
gem.min.basin_uncertain.sum and its dimensionality
reduction version on 15 instances of fi, fs, fi0, fi5, and fag
with n = 5.
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Figure S.77: Boxplots of values of gcm.min.best_attr.prob
and its dimensionality reduction version on 15 instances of

fi. fes f10, fi5, and fao with n = 5.
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Figure S.78: Boxplots of values of gcm.min.best_attr.no
and its dimensionality reduction version on 15 instances of
fi’ f‘ﬁv flO, ﬁS, and ﬁo with n = 5.
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Figure S.79: Boxplots of values of gcm.min.costs_fun_evals
and its dimensionality reduction version on 15 instances of
ﬁ’ _fév flO, ﬁS, and ]CZ() with n = 5.
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Figure S.80: Boxplots of values of gcm.min.costs_runtime
and its dimensionality reduction version on 15 instances of
f1,f6, flOyflS; and fz() with n = 5.
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Figure S.81: Boxplots of values of gcm.mean.attractors and
its dimensionality reduction version on 15 instances of

fl’f‘ﬁi f107 ﬁ57 and ﬁo with n = 5.
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Figure S.82: Boxplots of values of gcm.mean.pcells and
its dimensionality reduction version on 15 instances of

f1s fes fi0, fis, and fao with n = 5.
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Figure S.86: Boxplots of values of gcm.mean.basin_prob.mean
and its dimensionality reduction version on 15 instances of

f],f6,f1(),f15, and f20 with n = 5.
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Figure S.88: Boxplots of values of gcm.mean.basin_prob.max
and its dimensionality reduction version on 15 instances of

fl’f‘ﬁi f107 ﬁS) and ﬁo with n = 5.
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Figure S.89: Boxplots of values of gcm.mean.basin_prob.sd
and its dimensionality reduction version on 15 instances of

fl,fG’fIO, ﬁs, and ﬁo with n = 5.
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Figure S.92: Boxplots of values of
gcm.mean.basin_certain.median and its dimensionality
reduction version on 15 instances of fi, fs, fi0, fi5, and fao
with n = 5.
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Figure $.93: Boxplots of values of
gcm.mean.basin_certain.max and its dimensionality re-
duction version on 15 instances of fi, fs, fi0, fi5, and foo with
n=>5.
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Figure S.95: Boxplots of values of
gcm.mean.basin_certain.sum and its dimensionality re-
duction version on 15 instances of fi, fs, f10, fi5, and foo with
n=>5.
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Figure S.96: Boxplots of values of
gcm.mean.basin_uncertain.min and its dimensionality
reduction version on 15 instances of fi, fs, fi0, fi5, and fao
with n =5.
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Figure S.97: Boxplots of values of
gcm.mean.basin_uncertain.mean and its dimensionality
reduction version on 15 instances of fi, fs, fio0, fi5, and fa9
with n =5.
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Figure S.101: Boxplots of values of
gcm.mean.basin_uncertain.sum and its dimensionality
reduction version on 15 instances of fi, fs, fio0, fi5, and fao

with n = 5.
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Figure S.102: Boxplots of values of gcm.mean.best_attr.prob
and its dimensionality reduction version on 15 instances of

f‘lufﬁvfl()a ﬁs, and f‘zo with n = 5.
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Figure S.103: Boxplots of values of gcm.mean.best_attr.no
and its dimensionality reduction version on 15 instances of

fi,fﬁ,f]o,fls, and fzo with n = 5.
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Figure S.104: Boxplots of values of
gcm.mean.costs_fun_evals and its dimensionality
duction version on 15 instances of fi, fs. fi0, fi5, and foo with
n=>5.
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Figure S.105: Boxplots of values of gcm.mean.costs_runtime
and its dimensionality reduction version on 15 instances of

f1s fes fi0, fis, and fao with n = 5.
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Figure S.106: Boxplots of values of gcm.near.attractors
and its dimensionality reduction version on 15 instances of

11 fo» f10- f15, and foo with n = 5.
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Figure S.107: Boxplots of values of gcm.near.pcells and
its dimensionality reduction version on 15 instances of
_fl,_fé,f](),fls, and fzo with n = 5.
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Figure S.108: Boxplots of values of gcm.near.tcells and
its dimensionality reduction version on 15 instances of
fi, fo» fi0, fis, and fao with n = 5.
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Figure S.109: Boxplots of values of gcm.near.uncertain and
its dimensionality reduction version on 15 instances of
fi,fﬁ,f]o,fls, and fzo with n = 5.
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Figure S.110: Boxplots of values of gcm.near.basin_prob.min
and its dimensionality reduction version on 15 instances of

f],f6,f1(),f15, and f20 with n = 5.

1.0 ° 1.0 ° °
] 82 g 0.9
= U = 0.8
$0.7 g
206 £ 0
= U.o ) [
504 (11 302
%03 v

03 1 0.3

1 6 10 15 20 1 6 10 15 20
BBOB function BBOB function
(a) gcm. near.basin_prob.mean (b) d_gcm. near .basin_prob.mean
Figure S.111: Boxplots of values of

gcm.near.basin_prob.mean and its dimensionality re-
duction version on 15 instances of fi, fs, fi0, fi5, and fzo with
n=>5.
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Figure S.112: Boxplots of values of
gcm.near.basin_prob.median and its dimensionality re-
duction version on 15 instances of fi, fs, f10, fi5, and foo with
n=>5.
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Figure S.113: Boxplots of values of gcm.near.basin_prob.max
and its dimensionality reduction version on 15 instances of

f‘l’fﬁvfIOa ﬁS, and f‘z() with n = 5.
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Figure S.114: Boxplots of values of gcm.near.basin_prob.sd
and its dimensionality reduction version on 15 instances of
fi. fes f10, fi5, and fao with n = 5.
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Figure S.115: Boxplots of values of
gcm.near.basin_certain.min and its dimensionality re-
duction version on 15 instances of fi, fs, fi0, f15, and f20 with
n=>5.
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Figure S.117: Boxplots of values of
gcm.near.basin_certain.median and its dimensionality
reduction version on 15 instances of f1, fs, fi0, f15, and f2o

with n =5.
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Figure S.118: Boxplots of values of
gcm.near.basin_certain.max and its dimensionality re-
duction version on 15 instances of fi, fs, f10, fi5, and foo with
n=>5.
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Figure S.119: Boxplots of values of
gcm.near.basin_certain.sd and its dimensionality re-
duction version on 15 instances of fi, fs, fi0, fi5, and foo with

n=>5.
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Figure S.121: Boxplots values of
gcm.near.basin_uncertain.min and dimensionality
reduction version on 15 instances of fi, fs, fio, fi5, and fzo
withn =5.
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Figure S.122: Boxplots of values of
gcm.near.basin_uncertain.mean and its dimensionality
reduction version on 15 instances of fi, fs, fi0, fi5, and fao
with n = 5.
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Figure S.125: Boxplots of values of
gcm.near.basin_uncertain.sd and its dimensionality
reduction version on 15 instances of fi, fs, fi0, fi5, and fao

with n =5.
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Figure S.126:

with n = 5.
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Figure S.127: Boxplots of values of gcm.near.best_attr.prob
and its dimensionality reduction version on 15 instances of

f‘l’_fﬁvfl()a ﬁS, and f‘z() with n = 5.
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Figure S.128: Boxplots of values of gcm.near.best_attr.no
and its dimensionality reduction version on 15 instances of

f1. fo» f10 f15, and foo with n = 5.
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Figure S.130: Boxplots of values of gcm.near.costs_runtime
and its dimensionality reduction version on 15 instances of

f1. fe» fr0. fi5, and fop with n = 5.



FOWIIUNI SISOD’|9AS| B9
0G epw epbjeAs| e
0G EPW EpP|'[2A9] €9
r0G epb ep|‘[ans| e

0G EpW DWW’ [9AS| B9
0G epb soww A Ee
F0G Bp| oW W [9AS| €9
G2 epw epbeAs| e
GC EPW EP|'[PAS] €D
rGC epb ep|‘[ans| e

FGZ BpW DWW’ [9AS| B9
- GZ epb sowwr A e
L GZ Bp[ 2oWW’[9AS| €9
0T epw epb-eas| e
0T EPW Ep|'[oA9] €9

-0T epb ep|[an3| e

0T EpW DWW’ [9AS| €9
0T epb oowwjaas| e
0T ep| @2ww’[9AS| €9

DLODLODLODLOD
ST el Rl
—eCCoSSo—

L ]|epu=Yy

Feature

= 160.

level and d_ela_level for n

Figure S.131: Kendall 7 values of ela_

I SwilunJ~s1502" Jeau’ w3

I ou 111e7159q JESu WOT

I qoid-u11e-359q JR9U WIS

| Xew- ulensoun-uiseq iesuwd3
[ UeIpaW uleISdUN-UISeq"Jeau  Wwd3
UeSW'ule1IAdUN"UISEq JBau" WS
UlW’uleI9duN-uIseq esu’ wd3
Wins*u1e34ad"uISeq Jesu’ w3
Xew uiepad-uiseq Jeau’ wds
UelpaUlule9d-uIseq esu’ wd3
UBSW"UIBISD UISeq Jeau WS
UlW’ulIe 9D uIseq ieau’ wdS
xew qoid-uiseq ieau’ wog
uelpaw-qoid-uiseq ieau’ w3
uesw-qoid-uiseq-ieau-wd3
ulw-qoid-uiseq-iesu’ w3
uieaoun Jeau’ wd3

S[|921 4e9U WIS

s||92d 4eau w3

siooeijre sesu’wdl
AWIUNIS)SOD UeaW WD

qoud- 111e7159q uesw wog
wins*uleadun-uIseq uesw: wd3
XewW uiepadun-uiseq-uesw wog
UeIpaLuleI9dUNuISeq uesw  wog
UBSW ' UIBLISOUN"UISE] UBSW WS
Ul uIeI9dUN"UISeq  UBIW WD3
Wins*u1e149"uIseq uesw’ wdg
Xew'uiepad uiseq ueaw  wo3
UeIpaLluIedd uISeq ueaw  wos
UeSW'ule1IADUISeq UeaW W3
Ul uIeI9D uIseq uesw  wog
xew-qoid-uiseq-ueswwog
uelpaw-qoid-uiseq-uesw wog
uesw-qoid-uiseq-uesw wo3
ulw-qoid-uiseq-ueaw wo3
uiepduUN UeIW WDS

S|[921 uesw- w3
s||92d-uesw wo3
sio1oeijre uesw wds
SWIIUNI~SISOD UlW Wd3
qoud-i13e7359q Ulw wd3
WiNs*u1e4aoun-uiseq  uiw- wog
Xeuw uiepsoun-uiseq-uiw wo3
UBIpaWUIelIdUN-uISeq uiw  wd3
UBSW ' UIB1IADUN"UISEq Ul WDS
UlW'ule9duN-uIseq uIw wo3
Wwins*u1e3ad-uIseq uiw-wo3
Xew uiepad-uiseq uiw wds
UeIpaLulead uIseq uiw’ wog
UBSW ' UIBLISD UISeq UIW WS
UlW’ U9 uISeq Ul wdS
xewqoid-uiseq-uiw-wog
uelpaw-qoid-uiseq-uiw- w3
uesw-qoid-uiseq-uiw-wo3
ulw-qoad-uiseq-uiw-wo3
uiepdUN UIW WO3

I s][221 ulw-wd3

I s|[22d"ulw-wo3

I siojoel1ie ulw wdg

O
290,

D
)
XD
> 4
XD
Y
s

)
V.V, Vv

O

NP

LD
SO0
—coccCoSS—

I
L ||epu=Y

Feature

Kendall 7 values of gcm and d_gcm for n = 5.

Figure S.132
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Figure S.133: Kendall 7 values of cm_angle and d_cm_angle for n = 5.
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Figure S.134: Kendall 7 values of cm_conv and d_cm_conv for n = 5.
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Figure S.135: Kendall 7 values of cm_grad and d_cm_grad for n
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