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Overview

1. Presentation (~60 min)
* Motivation
* Quality indicators
* Runtime profiles
 Benchmarking tools
* COCOViz

1. Hands-on session (~30 min)

1. Q& A
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Details Hands-On-Session

you are encouraged to follow along with your own data...

function evaluations value of interest (a.k.a. quality indicator)
1 56.38765
2 43.06690
10 22.56282
1498 21.57811
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Benchmarking Motivation

Benchmarking is ubiquitous in optimization:

® to understand algorithms
® to validate new designs
e to recommend good solvers

not specific to any domain (e.g. multiobjective)
but some details might be domain-specific

here in particular: blackbox optimization
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What IS Benchmarking (in Our View)?

comparing solvers experimentally

running them on a set of function (instances)
reporting the results

analyzing/interpreting the results
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What ISN’T Benchmarking (in Our View)?

® competition
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Where Do We Start?

Running a solver on a single function instance

‘time”, e.g. function evaluations value of interest, e.g. f-value
1 56.38765
2 43.06690
3 22.56282
4 21.57811
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Where Do We Start?

Running a solver on a single function instance

function f
evaluations

1 96.38765
2 43.06690
3 22.56282
4 21.57811
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Where Do We Start?

Running a solver on a single function instance

function f, f, fs
evaluations

1 56.38765 4.8724 5.982
2 43.06690 5.1222 3.228
3 22.56282 6.2645 5.269
4 21.57811 5.8465 7.364

© D. Brockhoff, O. Mersmann and T. Tusar More Than Tables @ GECCO 2026, San Jose, Costa Rica



Where Do We Start?

Running a solver on a single function instance

function f, f, fs o¥ C,
evaluations

1 56.38765 4.8724 5.982 0.4627 11.856
2 43.06690 5.1222 3.228 2.4722 98.2837
3 22.56282 6.2645 5.269 -0.8472 2.2286
4 21.57811 5.8465 7.364 -0.2645 -736.11
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Where Do We Start?

Running a solver on a single function instance

function f,
evaluations

1 96.38765
2 43.06690
3 22.56282
4 21.57811
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f

4.8724
5.1222
6.2645
5.8465

More Than Tables @ GECCO 2026, San Jose, Costa Rica

f3

5.982
3.228
5.269
7.364

Cq

0.4627
2.4722
-0.8472
-0.2645
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Tables, Tables, Tables

© D. Brockhoff, O. Mersmann and T. Tusar

Problem MOCSA NSGA?2

() S GD |ER| (@ S GD | ER
ZDT1 | 0.0404 | 0.0055 | 0.0000 | 0 | 0.0270 | 0.0156 | 0.0011 | 0.04
ZDT2 | 0.0404 | 0.0082 | 0.0000 | 0 | 0.0202 | 0.0146 | 0.0212 | 0.02
ZDT3 | 0.0438 | 0.0148 | 0.0001 | 0 | 0.0320 | 0.0201 | 0.0020 | 0.02
ZDT4 | 0.0404 | 0.0097 | 0.0000 | 0 | 0.0328 | 0.0159 | 0.0006 | 0.02
ZDT6 | 0.0327 | 0.0150 | 0.0000 | 0 | 0.0216 | 0.0119 | 0.0000 | 0
DTLZ1 | 0.1114 | 0.0068 | 0.0000 | 0 | 0.0615 | 0.0319 | 0.0000 | 0
DTLZ2 | 0.2319 | 0.0646 | 0.0021 | 0.02 | 0.1361 | 0.0683 | 0.0020 | 0.04
DTLZ3 | 0.2770 | 0.0225 | 0.0000 | 0 | 0.1139 | 0.0739 | 0.0000 | 0
DTLZ4 | 0.2478 | 0.0424 | 0.0000 | 0 | 0.1630 | 0.0808 | 0.0019 | 0.02
DTLZ5 | 0.0487 | 0.0059 | 0.0000 | 0 | 0.0309 | 0.0176 | 0.0610 | 0.06
DTLZ6 | 0.0484 | 0.0156 | 0.0000 | 0 | 0.0306 | 0.0135 | 0.0000 | 0O
DTLZ7 | 0.2897 | 0.0510 | 0.0011 | 0.04 | 0.1880 | 0.1322 | 0.0071 | 0.22
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Tables, Tables, Tables

SO 00002 00013 00015 00013 00012 00014 00010 0.001% 00007 00014 0.0009

Table 4: Influence of different » values on the performance of the conee-MOEA on test Table 7: Problemwise comparison of the algoritfjms on the four performance metrics Table 8: Problemwise comparison of the algorithms on the four performance metrics
problems Deb52, ZDT1, and DTLZ2 with three and four objective functions. Median used, for problems Deb52, Pol and the ZDT family. The values reported represent the used, for the DTLZ family. The values reported represent the mean and standard error
(M) and standard deviation (SD) over 30 independent runs are shown. Intermediate mean and -”ta"da'fd error obtained for each combination of algorithm, problem and obtained for each combination of algorithm, problem and performance metric.
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appropriate study is required in order to formally characterize the effect of this para- - 058173 | 05653c3 | 05622c3 | 056tlel |05517c3 | 0.55-6e3 A | 0iten | 012523 | 005:1e2 | 020263 | 008+ ded | 0 5doded
meler. — A | 0538e3 | 099+6e-4 | 032834 | 033+6e-3 | 020433 | 0415863 Dzl HV | 085t6ed | 0.923de-d | 095+2e-d | 096t5ed | 0.97+1ed | 0.96+5e-4
e HV | 0.9947e5 | 099165 0.9910 099+le4 | 099435 | 0.99:7e5 CS | 0.02i8ed | 001294 | 003:le-3 | 0.00+5e-4 | 0.02:1e3 | 002+10e-4
Metric x ; Deb52 s 0.02+7e-4 | 0.03+10e-4 0.03+8e-4 0.02+8e-4 | 0.03+%-4 | 0.02+8e4 o D62L10c3 | 07053 18153 D512 | 05583 | D48 6c3
0.0 0.1 0.2 0.3 0.4 0.5 0.6 07 0.8 0.2 0.99 7 0.20t2e2 | 0.13%6e4 | 019=2e2 [ 0.19£0e3 | 0.15+2e3 | D.16=2e3 A | 08141003 | 0424403 | 0424603 | 0294503 | 0.16+3e-3 | 0.83+9%3
» M 'D‘O(I(JE‘- ().[)0'0(: I:J.(]EJEJﬁ| UO-D(I&J t].CJ()[l‘:‘- O.M]E IJ.()(}&(i C].iJClUS1 E?.[)DDC: 00006 00006 Pol A 0.58+1e2 | 0.9849e-4 0.294+6e-3 03847e-3 | 024433 | 036183 Dilz2 HV 0.89+0e4 | 0.02:4ed 0.04+1e-4 0.00+7e-4 | 0.93+1ded | 0.8910e4
SO =10 <10 <10 <10f <104 =104 <10t <104 <107 00001 0.0001 HV | 1.00tle5 | 1.0045e-6 | 100:4e6 | 1.00+3e5 | 1.00+de6 | 1.00-8e6 4 + +
A M 06786 06813 05240 032001 02533 02432 02648 02802 08147 03104 0.3190 5 3 : 12 0.05+ C | ol led | Dokt | Ooerdel | oot |Omr el el
) 67 6813 05244 D2 12532 0.2432 02648 02802 0ALT 031 D €S | 0044103 | 0Mi1e3 | 0044203 | 00441004 | 0064163 | 005513 = TR U T T [ T
| SD 00004 00021 00025 00027 00034 00039 000LT 00019 00016 0008 0.0065 - it o0 [ 0033 | 057 | 018553 (030553 | 01933 A | 0231003 | 0195102 | 028902 | 022 %02 | 015262 | 0341800
HY :JII;, *3"-“']5'1 ”-5]’;3”5 '13-2[:]5“| '3"-]-*0“% “-El‘c‘]“‘i 0--|’-‘0“*2 “'-?ﬁ;f“: “-?IE“EJ_ f"i;i“; “-‘Elﬁf:ﬁ ”-5]’50“‘; 2an A | 07911e2 | 070id4e3 | 03 i6e3 | 05018e3 | 0294763 Dtlz3 HY | 090+10e4 | 091222 | 091%1e2 | 091+£le3 | 093+3ed | 0.90-9e4
sD = < < < =107 < < < < < < HV | 099+10e-4 | 098+2e-3 | 008+2e3 | 098+0e4 | 098+1e3 s | 0.02+1e3 | 0.03£2e3 | 0044223 | 000454 | 002423 | 0024223
M 1000 5100 7400 0300 100100 10100 10100 10100 10000 10100 10100 5 ; 30 3
" SO <107% <107t (]‘033’ 03457 04842 <107 <107 < 107! 01826 0.18% 01826 = U'jziiei z;ﬂ"—;i 07232 3";313"% El?ii’i 7 0.32+8e3 | 041%2e2 | 053+3e2 | 034+le2 | 033%le2 | 0.30+3e3
SO < < 2537 0347 181 - < < L1896 01836 DIsw 04393 | 0.6528e3 B0Ltle? | 041L8e3 / : +302 + 2 24302 +
. ‘ sa | A | o7eries | ose 0507¢3 | 0284403 Dist | gy | GMeiien | Osbites | Oseiter | 0sioter |0srite:| oonired
Metric - - - — - & :5153" - — = — HV | 0.99+1ed 098+1e-4 | 0994865 CS | 004423 | 0.0241e3 | 003423 | 002423 | 003423 | 0.0311e3
. - 2 . : cs | oort3es 001+6c4 | 0.08+3e3 = = 5z =
~ M 00103 00060 00055 00058 00074 000640 00042 00061 00050 00035 = ST ST [0 53 A E;iﬁ&‘; g;gf*g 3 :gf;g giﬁ;g g;:ﬁ:g 3 é?::&f
SD 00072 00035 00057 00047 00049 00042 00060 00058 00030 D.0034 A | oe7iien 0572262 | 049162 | 0234703 Dtlz5 ; e g P - ot | 0ous1
A M 03M6 05543 03678 02084 01818 0.1812 01808 0.1037 01956 0.1891 2483 P iona 974903 | 095440t HY | Demslet | 09957 DOBESed | DoElet | 089ted | 09921
W : 5543 DIETE 0208101818 00812 D 1808 9% 18 HV | 0.98+2e3 097+%-3 | 097+%-3 | 095+4e-3 CS | 0064203 | 0.0221e3 | 00dtled | 003+1ed | 005423 | 0074223
oy T UE G wNm b umm umm um mm umu omm sl o] Hnee TR e O DR[O Ot
roa 8435 LB56 8602 BGOT | B508 8652 _B6S 86 8618 X ~ . o i . . N
¥ 0.27+2e2 047+2e-2 | 0.69+2e-2 k . Bt 5 "
SD 00115 00066 00004 00079 00082 00069 0.0009 0.0096 0.0083  0.0057 A | osiiees 0261102 | 053e1en Dilz6 S| Dradled | 09956t | DS%fed | DAISTed | 032233 ) 0faxled
| M 3700 6300 8450 9800 10000 10L.00 10100 10100 10100 101.00 Zde4 ¢ | asttses 01102 | 0228100 SO e < . 9
SD 06397 57211 28730 50001 38301 05467 05584 0.9571 13515 07112 PR s bt lotanass C5 [ 00pthed | 003284 | OMasfed | 0038 | O0B4Se2 | 0017ed
: B2 5721 2% 5. 584 098 3515 07112 < ; 2 ] 2 | 0152200 — —
— ST T | 0oerae2 O0iilc2 | 001L3c3 | 0B=2el X | 0784102 | 0852008 | 071493 | 06tled | 0520803 | 075r803
o RN (VR T Zd6 A | 0524162 037+0e-3 | 018483 | 03722 Dz HY | 0924le3 | 0912led | 093:7ed | 091=led | 09446t | 0922004
; ) ‘ . y . . ‘ ‘ ; E N e 5 . ; o < < <
¥ M 00062 00069 00072 00070 0.007T4 00079 00074 00076 00074 00078 0.0072 FC[; ﬁﬁ;ﬁlﬁ: :T?ZZ:i 018422 3?ﬁﬁi3 ﬁf?fi: %git_lqof_j e (06 2en | 008 Ren | 006 ied | OO el |00 Red | 002
; 18+2%e-2 t2e-2 t2e-2 2 | 021422 | 021422 3 045122 |O03L10ed | 024i5e3 | O52ileZ | 083 9ed | 058:le2
A
Cs
5
A
cs

A M 00503 06066 03020 02411 0238 02308 02274 0. 02079 02173 0.1952 Dilzs 0.82+9e3 070+9e-3 | 0.4948e-3 | 036:+8e-3 | 0.80+1e-2
SD 00041 00422 00357 00302 00264 00219 0036 00275 00306 00295 00230 011+4e3 024443 | 0.10+3e3 | 0.10£3e3 | 0.0943e3

HV M 06731 07149 07383 07435 0.7458 0.7469 07467 07469 07470 07470 0.7471 0.90-£5e-3 0.57 £5e-3 0.6447e-3 | 0.77+7e-3 | 0.90+5e-3
SO 00066 00M2 00023 00012 00007 00006 00005 00005 00005 00005 0.0003 Diize 0.62+5e-3 052+6e-3 | 0.49+6e-3 | 0.45+4e-3 | 0.61=6e3
0114803 034+7e3 | 02383 | 0.24+8e3 | 0.137e3

[H| M 21.00 G000 B8.00 93.00 94.50 05,00 95.00 95.00 95,00 95.00 4,00
SD L3047 316390 28367 20424 17750 10464 22804 20197 15643 22614 17100

arXiv, 2020

Metric w; DTLZZ (m=4)
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 099
¥ M 00001 00311 00385 00312 00449 00404 00445 00488 000580 00480 00534
SD 00001 00198 00218 00239 0.0283 00240 00369 00281 00284 00241 0.0304
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SD 01173 00304 00307 00226 00235 00263 00187 00262 00210 00234  0.0259
[H] ™ 14.00 70.50 G000 92.00 95.00 0600 85.50 97.00 898.00 9550 07.00
SD LU 40842 48476 42372 46307 42129 30 50496 45045 46233 43423
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Tables, Tables, Tables

Table 4: Influence of different » values on the performance of the conee-MOEA on test
problems Deb52, ZIDT1, and DTLZ2 with three and four objective functions. Median
(M) and standard deviation (SD) over 30 independent runs are shown. Intermediate

Table 7: Problemwise comparison of the algorithms on the four performance metrics
used, for problems Deb52, Pol and the ZDT family. The values reported represent the
mean and standard error obtained for each combination of algorithm, problem and

Table 8: Problemwise comparison of the algorithms on the four performance metrics
used, for the DTLZ family. The values reported represent the mean and standard error
obtained for each combination of algorithm, problem and performance metric.
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Numbers have their value.
= But not only tables, please!

arXiv, 2020

14



Tables vs. Graphs

Tables

e show precise numerical data
e transfer raw data

© D. Brockhoff, O. Mersmann and T. Tusar More Than Tables @ GECCO 2026, San Jose, Costa Rica
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Tables vs. Graphs

simplify large datasets
easier interpretation
show how values change
dynamically

visualize trends over time

Tables Often better: Graphs
e show precise numerical data e
e transfer raw data °

®

®

®

compare relationships
between variables

© D. Brockhoff, O. Mersmann and T. Tusar More Than Tables @ GECCO 2026, San Jose, Costa Rica
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Tables vs. Graphs

Tables Often better. Graphs
e show precise numerical data e simplify large datasets
e transfer raw data e casier interpretation
e show how values change
dynamically

e Vvisualize trends over time
e compare relationships
between variables

Visual information is simply faster processed by our brains..
if done rlght -)

© D. Brockhoff, O. Mersmann and T. Tusar More Than Tables @ GECCO 2026, San Jose, Costa Rica 17



Displaying Performance Visually

Convergence graphs i
is all we have to start % ot ‘_\_
with... e H
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number of function evaluations  © The BBOBies
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Indicators

simplest case of unconstrained, single-objective optimization:

quality = f-value (to be minimized)

© D. Brockhoff, O. Mersmann and T. Tusar More Than Tables @ GECCO 2026, San Jose, Costa Rica
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Indicators

simplest case of unconstrained, single-objective optimization:

quality = f-value (to be minimized)

but already less clear in the case of constrained optimization:

quality could be, for example, max(fopt, f(x)) + ;}maX(O, gr(x))

© D. Brockhoff, O. Mersmann and T. Tusar More Than Tables @ GECCO 2026, San Jose, Costa Rica
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Multiobjective: Which Indicator?

Performance indicators in multiobjective optimization

Charles Audet®, Jean Bigeon®, Dominique Cartier®, Sébastien Le Digabel®,
Ludovic Salomon®!

[ ] [ ]
*GERAD and Département de mathématiques et génie industriel, Ecole Polytechnique de Moniréal, 6 3 I n d I Ca to rS
C.P. 6079, Suce. Centre-ville, Montréal, Québec, H3C 3A7, Canada.
bUmiv. Grenoble Alpes, CNRS, Grenoble INP, G-SCOP, 38000 Grenoble, France.
“Collége de Maizonneuve, 3800 Rue Sherbrooke E, Montréal, Québec, HI1X 2A2, Canada.

[Audet et al. 2021]

Quality Evaluation of Solution Sets in
Multiobjective Optimisation: A Survey

100 indicators

'CERCIA. School of Computer Science, University of Birmingham, Birmingham B15 27T, U. K.
*Email: limitsing@gmail.com, x.yac@cs.bham.ac.uk

[Li and Yao 2019]

© D. Brockhoff, O. Mersmann and T. Tusar More Than Tables @ GECCO 2026, San Jose, Costa Rica
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Multiobjective: Which Indicator?

Focus on indicators which are (strictly) monotone
* All hypervolume-based indicators [zitzler et al. 2007]

e Unary epsilon indicator [zitzler et al. 2003]

® R2 [Hansen and Jaszkiewicz 1998]

* |GD+ [Ishibuchi et al. 2015]

© D. Brockhoff, O. Mersmann and T. Tusar More Than Tables @ GECCO 2026, San Jose, Costa Rica
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Measuring Performance Empirically

Convergence graphs i
is all we have to start % 5. ‘_\_
with... = Ei ;
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number of function evaluations  © The BBOBies
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Measuring Performance Empirically

Convergence graphs
is all we have to start
with...

Advantage of the fixed target view:

easier than for f-values)

= —%
E S ; ;
= -0: : :
: g
v X
O u:l
:
Ratio scale (interpretation of #fevals lEt TR RSN
=) .
M i
= i
(@) :
|
'i
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ECDF
Empirical Cumulative Distribution Function of the Runtime

© D. Brockhoff, O. Mersmann and T. Tusar More Than Tables @ GECCO 2026, San Jose, Costa Rica
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ECDF
Empirical Cumulative Distribution Function of the Runtime

a.k.a. runtime profile a.k.a. runtime performance profile plot
a.k.a. data profile

[Hansen et al. 2021] [Moré and Wild 2009]

© D. Brockhoff, O. Mersmann and T. Tusar More Than Tables @ GECCO 2026, San Jose, Costa Rica
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A Convergence Graph
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First Hitting Time is Monotonous
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quality indicator (to be minimized)
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15 Runs £ 15 Runtime Data Points
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Runtime Profile

110 pymiey
The of run lengths to

reach the target

* Has for each data point a
vertical step of constant size

100
90+

80+ .
* Displays for each x-value

(budget) the count of
observations to the left (first
hitting times)

70+

quality indicator (to be minimized)

60

log,o(function evaluations)
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Aggregation
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Aggregation

15 runs
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50 targets
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Aggregation
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Aggregation
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Aggregation
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Interpretation

100+

o] 0O
o o

~J
o

quality indicator (to be minimized)

60

50 targets from 15 runs
integrated in a single
graph

average log runtime
(or geometric avg. runtime)
over all targets (difficult and

log,o(function evaluations)
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Exa m p I e https://steigner.github.io/Benchmarking-PlatEMO-MultiObj-Opti-Algos-on-COCO-Problems/

1.0

0.8 -

0.4-

0.2 -

Fraction of function,target pairs

bbob-biobj-ext f1-f55, 20D | | | best2016
" 58 targets: 1..-1.0e-4 [
- 10 instances

MMEDA

MOCMA

v2.8.2, hv-hash=ff0e71e8cd978373

RLOSEMC

© D. Brockhoff, O. Mersmann and T. Tusar
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T T T T T T ™ T T T T

logl0(# f-evals / dimension)
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unfortunately, there is more to benchmarking...

© D. Brockhoff, O. Mersmann and T. Tusar More Than Tables @ GECCO 2026, San Jose, Costa Rica

39



unfortunately, there is more to benchmarking...
but because it is repetitive & time-consuming, there are tools

© D. Brockhoff, O. Mersmann and T. Tusar More Than Tables @ GECCO 2026, San Jose, Costa Rica 40



Components of benchmarking

Algorithms

© D. Brockhoff, O. Mersmann and T. Tusar

More Than Tables @ GECCO 2026, San Jose, Costa Rica

Algorithms

Including

- any variants

- parameter
settings

41



Components of benchmarking

4 )
Algorithms

(& /

4 )

Test problems

(&

)

© D. Brockhoff, O. Mersmann and T. Tusar

More Than Tables @ GECCO 2026, San Jose, Costa Rica

Test problems

Including known
optimum or Pareto
set/front
approximation
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Components of benchmarking

Test problems

4 )
Algorithms

(& /

4 )

\ )
4 )
Experimental
protocol
\ )

© D. Brockhoff, O. Mersmann and T. Tusar

More Than Tables @ GECCO 2026, San Jose, Costa Rica

Experimental
protocol

- budget/budget-
free

- number of
repetitions

- random seed
settings
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Components of benchmarking

© D. Brockhoff, O. Mersmann and T. Tusar

More Than Tables @ GECCO 2026, San Jose, Costa Rica

Performance
measures

- function value

- distance to
optimal value

- quality indicator
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Components of benchmarking

© D. Brockhoff, O. Mersmann and T. Tusar

More Than Tables @ GECCO 2026, San Jose, Costa Rica

Measured object

- current solution

- current
population

- current archive

- feasible subset
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Components of benchmarking

© D. Brockhoff, O. Mersmann and T. Tusar

More Than Tables @ GECCO 2026, San Jose, Costa Rica

Data collection
protocol

- every
evaluation

- every iteration
(generation)

- every
improvement

- every target hit

46



Components of benchmarking

Result archive

Long-term storage
of results, needs to
include metadata

© D. Brockhoff, O. Mersmann and T. Tusar More Than Tables @ GECCO 2026, San Jose, Costa Rica 47



Components of benchmarking

© D. Brockhoff, O. Mersmann and T. Tusar

More Than Tables @ GECCO 2026, San Jose, Costa Rica

Result analysis

- statistical
comparisons

- result
aggregation

- runtime profiles
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Components of benchmarking

© D. Brockhoff, O. Mersmann and T. Tusar

More Than Tables @ GECCO 2026, San Jose, Costa Rica

Result
presentation

- tables

- plots

- interactive
displays
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Dedicated benchmarking platforms

Algorithms

- J

© D. Brockhoff, O. Mersmann and T. Tusar

COCO
IOH* family

More Than Tables @ GECCO 2026, San Jose, Costa Rica
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https://coco-platform.org/
https://iohprofiler.github.io

Optimization frameworks with benchmarking

support
4 )
Algorithms
(& /
4 )

Test problems

\ J

Exp
pr

© D. Brockhoff, O. Mersmann and T. Tusar
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iMetal
iMetalPy

MOEA Framework

Nevergrad
PlatEMO
Mmoo
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https://jmetal.readthedocs.io/
https://jmetal.github.io/jMetalPy/index.html
https://moeaframework.org/
https://facebookresearch.github.io/nevergrad/index.html
https://github.com/BIMK/PlatEMO
https://pymoo.org/

Optimization frameworks with some

benchmarking support

~

(&

Algorithms

~

J

~

(&

Test problems

~

~

J
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https://evox.readthedocs.io/en/latest/index.html
https://geatpy.github.io/
https://esa.github.io/pygmo2/

Prototyping frameworks

o\

Algorithms

(&

~

© D. Brockhoff, O. Mersmann and T. Tusar

(&

Performance
measures

~

J

-

o

Result archive

N
DEAP
DESDEO

) inspyred
ParMOO

~

(&

Result analysis

~

J

pre

More Than Tables @ GECCO 2026, San Jose, Costa Rica

53


https://deap.readthedocs.io/en/master/
https://desdeo.readthedocs.io/en/latest/
https://inspyred.readthedocs.io/en/latest/index.html
https://parmoo.readthedocs.io/en/latest/index.html

Tools supporting result analysis

~ R
Algorithms

. Y,

~ R
Test problems

- Y,

/ R
Experimental

protocol
. Y,
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https://github.com/CMA-ES/moarchiving
https://multi-objective.github.io/moocore/
https://multi-objective.github.io/mooplot/r/

Light-weight benchmarking libraries

Algorithms

Test problems

-
Experimental
protocol

.

~

J
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https://github.com/numbbo/coco-visualize
https://github.com/IOHprofiler/IOHinspector/tree/main

COCOViz

A minimalist Python package to visualize benchmark experiments

e Do one thing: runtime profile (ECDF) plots

e A toolkit, not a framework
o No harness to run algorithms
o No fixed data format
o No need to define targets
o ... but lots of little helpers to support your research

® Good defaults for most situations

© D. Brockhoff, O. Mersmann and T. Tusar More Than Tables @ GECCO 2026, San Jose, Costa Rica 56



Core Objects of cocoviz: Problem

Since we are possibly aggregating results over different — O X
problems, cocoviz needs to know some properties of
your problems. from cocoviz import ProblemDescription
For that, we have a ProblemDescription object
with four fields:

- name

- instance

- number_of variables

- number_of_objectives

problem = ProblemDescription(
name="my_problem",
instance=1,
number_of_variables=10,
number_of_objectives=2

© D. Brockhoff, O. Mersmann and T. Tusar More Than Tables @ GECCO 2026, San Jose, Costa Rica
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Core Objects of cocoviz: Result

cocoviz assumes that you collected the raw results of a
single run of an algorithm on a problem in a DataFrame
like structure (pandas or polars version work equally

well). from cocoviz import Result

You also need to provide a name for the algorithm so

that cocoviz can aggregate results from the same res = Result(

algorithm and a ProblemDescription object to algorithm="my_alg",
describe the problem. Finally, cocoviz needs to know problem=problem,

which column of raw_results contains the time data=raw_results,
(measured in number of function evaluations) at which fevals_column="nevals"
the indicator values were recorded. )

© D. Brockhoff, O. Mersmann and T. Tusar More Than Tables @ GECCO 2026, San Jose, Costa Rica
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Core Objects of cocoviz: ResultSet

— U X
from cocoviz import ResultSet

results = ResultSet()

To aggregate over different results, you need to collect for problem in problems:
them in a ResultSet object. It acts just like a Python list for alg 1in algorithms:
with some extra methods. res = Result(

alg.name,
problem.description,
run(alg, problem),
"nevals"

)

results.append(res)

© D. Brockhoff, O. Mersmann and T. Tusar More Than Tables @ GECCO 2026, San Jose, Costa Rica



Subsetting ResultSets

Once you’ve collected all results in a ResultSet, you can
slice and dice the results into suitable subsets for

analysis using the following methods: — 0O X

- by _number_of variables: One subset for each
number of variables results = ... # A ResultSet

- by number_of objectives: One subset for each
y_ _01_00) for n_bar, var in results.by_number_of_variables():

number of ObJeCtlveS for name, var_name in var.by_problem_name():
- by_algorithm: One subset for each algorithm for alg, var_name_alg in var_name.by_algorithm():
- by_problem_name: One subset for each unique # Do some analysis on subset

problem name
- by_problem: One subset for each problem
instance

© D. Brockhoff, O. Mersmann and T. Tusar More Than Tables @ GECCO 2026, San Jose, Costa Rica



cocoviz hands-on session

10

https://t1p.de/mtt2026

© D. Brockhoff, O. Mersmann and T. Tusar More Than Tables @ GECCO 2026, San Jose, Costa Rica

61



International Conference on

Evolutionary Multi-Criterion
Optimization
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e Benjamin Doerr, Ecole Polytechnique, France
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Instructor Biography: Dimo Brockhoff

Dimo Brockhoff

RandOpt team

Inria Saclay - lle-de-France

CMAP, CNRS, Ecole Polytechnique, IP Paris
Route de Saclay

91128 Palaiseau

/ S~
France j))mm
After obtaining his diploma in computer science (Dipl.-Inform.) from University of Dortmund, Germany in 2005, Dimo
Brockhoff received his PhD (Dr. sc. ETH) from ETH Zurich, Switzerland in 2009. After postdoctoral research positions at
Inria Saclay lle-de-France in Orsay and at Ecole Polytechnique in Palaiseau, both in France, Dimo has been a permanent
researcher at Inria: from 2011 till 2016 with the Inria Lille - Nord Europe research center and since October 2016 with
the Saclay - lle-de-France research center, co-located with CMAP, Ecole Polytechnique, IP Paris. His most recent
research interests are focused on evolutionary multiobjective optimization (EMO) and other (single-objective) blackbox
optimization techniques, in particular with respect to benchmarking, theoretical aspects, and expensive optimization.
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Olaf Mersmann

Hochschule des Bundes flr 6ffentliche Verwaltung
Willy-Brandt-Stralle 1
50321 Brihl

Germany
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Olaf Mersmann is a Professor of Computer Science at the Federal University of Applied Administrative Sciences in
Germany and before that he was a Professor of Data Science at TH Kdln - University of Applied Sciences. He received
his BSc, MSc and PhD in Statistics from TU Dortmund. His research interests include applying statistical and machine
learning methods to large benchmark databases to gain insight into the structure of the algorithm choice problem, the
automated design of benchmark functions and benchmark function sets and using these methods on real world
engineering problems.
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Tea Tusar

Computational Intelligence Group
Department of Intelligent Systems
Jozef Stefan Institute

Jamova cesta 29

1000 Ljubljana

Slovenia

Tea Tusar is a senior research associate at the Department of Intelligent Systems of the Jozef Stefan Institute, and an
assistant professor at the Jozef Stefan International Postgraduate School, both in Ljubljana, Slovenia. After receiving
the PhD degree in Information and Communication Technologies from the Jozef Stefan International Postgraduate
School for her work on visualizing solution sets in multiobjective optimization, she has completed a one-year
postdoctoral fellowship at Inria Lille in France where she worked on benchmarking multiobjective optimizers. Her
research interests include evolutionary algorithms for singleobjective and multiobjective optimization with emphasis
on visualizing and benchmarking their results and applying them to real-world problems.
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