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Introduction

This document presents additional information on the bbob-mixint and bbob-biobj-mixint bench-
mark problems introduced in [4] and implemented in the COCO (COmparing Continuous Optimizers)
platform [3] available at https://github.com/numbbo/cocol

The document first gives a short overview of the mixed-integer problems followed by level sets plots
for all problem instances of the bbob-mixint suite.

The bbob-mixint and bbob-biobj-mixint Test Suites

The bbob-mixint test suite provides 24 mixed-integer single-objective functions in six dimensions (5, 10,
20, 40, 80 and 160) that were constructed by discretizing the 24 functions from the bbob [2] (dimensions
up to 40) and bbob-largescale [5] suites (dimensions 80 and 160).

The bbob-biobj-mixint test suite combines the bbob-mixint problems into bi-objective ones in the
same way the bbob-biobj-ext problems were constructed from the bbob problems [I]. This yields 92
mixed-integer bi-objective functions in six dimensions (5, 10, 20, 40, 80 and 160).

For both suites, all decision space dimensions n are multiples of 5. Each n-dimensional problem has
4/5n integer and 1/5n continuous variables. The arities of n/5 consecutive variables are 2,4, 8,16 and
00. This means that the following holds for the function domain X:

X ={0,1}"° x {0,1,2,3}"/5 x {0,1,...,7}"° x {0,1,...,15}"/5 x R™/® (1)

In COCO, the number of integer variables and their lower and upper limits for any mixed-integer
problem PROBLEM can be accessed through the following language-dependent interfaces:

C/C++ coco_problem_get number_of_integer_variables(PROBLEM),
coco_problem get_smallest_values_of_interest (PROBLEM),
coco_problem get_largest_values_of_interest (PROBLEM)

Python PROBLEM.number_of _integer_variables,
PROBLEM. lower_bounds,
PROBLEM. upper_bounds,

Java PROBLEM. getNumberOf IntegerVariabls(),
PROBLEM. getSmallestValuesOf Interest (),
PROBLEM. getLargestValuesOfInterest ()

Matlab/Octave cocoProblemGetNumber0f IntegerVariables (PROBLEM),
cocoProblemGetSmallestValuesOf Interest (PROBLEM),
cocoProblemGetLargestValuesOfInterest (PROBLEM)


https://github.com/numbbo/coco

Note that although the functions are defined on R for any continuous variable, the smallest/largest
values of interest correspond to values that contain the optimal solution and equal —5/5 for bbob-mixint
problems and —100/100 for bbob-biobj-mixint problems.

Level Sets for the bbob-mixint Test Suite

In the continuation of this document, we provide level set plots for all problem instances of the bbob-mixint
test suite. The plots show the objective function values for the cut z;, x;41 through the region of interest
in the decision space that contains the optimal solution (depicted as the black dot), where z; is the last
integer variable and z;; is the first continuous one. Darker colors denote smaller values. All plots were
created on COCO version 2.3. Each page contains level sets for all instances of a bbob-mixint problem
with the same function and dimension.
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1 Function f; — Sphere
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2 Function f; — Ellipsoidal
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2.2 Function f;, Dimension 10
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2.3 Function f;, Dimension 20
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2.4 Function f;, Dimension 40
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2.5 Function f;, Dimension 80
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2.6 Function f;, Dimension 160
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3 Function f; — Rastr

igin

3.1 Function f3, Dimension 5
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3.2 Function f;, Dimension 10
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3.3 Function f;, Dimension 20
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3.4 Function f;, Dimension 40
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3.5 Function f;, Dimension 80
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3.6 Function f;, Dimension 160
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4 Function f; — Biiche-Rastrigin

4.1 Function f;, Dimension 5
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Instance 1 Instance 2 Instance 3
i ] =g S e—
400.000 —— [ 600000 I 400.000
5] ' 200.000 » I—300.000 400.000 » J— 200.000 ‘
— 0.000
X17 0 1 X17 0- [ X17 0 L4
-2 - -2 -2
—4 1 J —4 1 —4
0 5 10 15 0 5 10 15 0 5 10 15
X16 X16 X16
Instance 4 Instance 5 Instance 6
— 600500 = ERRA —— e
4 +— 450.000 4= 2555@5 44— 60.000
150000 . Z00.000 0.000
: T — 100.000 °
2 - 2 A ° 21
X17 04 X17 04 X17 0
-2 1 -2 -2
—4 1 —4 4 -4
0 5 10 15 0 5 10 15 0 5 10 15
X16 X16 X16
Instance 7 Instance 8 Instance 9
' 384
¢ = 606.600
S 400.000]
2 a 2 > — 200.000
X17 0 X17 0- X17 0 L4
-2 -2 L2000 7 -2
25,000
-4 @m—"'_r -4 4 -4 4
| <0l ; . ; .
0 5 10 15 0 5 10 15 0 5 10 15
X16 X16 X16
Instance 10 Instance 11 Instance 12
 — "aYa¥lela¥a 1R A memmmeeaa— e DL LU
o F=_730006 ——rrrd] 4 =t = — 4= 368:666 >0
— %@@@@@ — [ 100.000
21 0.000 21 27 hd
X d X X
17 E 17 B o 17 04
000 —=
-2 - -2 -2
-4 _-\5\17' -4 -E 50000 S —4 A
. on = T T ——] T T T T
0 5 10 15 0 5 10 15 0 5 10 15
X16 X16 X16
Instance 13 Instance 14 Instance 15
== ———————| = 0555 —— E 2RA-AAE E
4 ="60.000 ——=-120.000 41— 250.000 — RUIAIS] 4= g???gg E———
o — 150.000 ——— =000 — 160.000 =5 500 —
2 1 2 A o 2 °
—~5=
X17 04 X17 04 X17 0
-2 1 -2 -2 _-tb\_\gv-u
—4 - -4 -4 4 000 —
0 5 10 15 0 5 10 15 0 5 10 15
X16 X16 X16

26



4.4 Function f;, Dimension 40
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4.5 Function f;, Dimension 80
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4.6 Function f;, Dimension 160
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5 Function f; — Linear Slope

5.1 Function f;, Dimension 5
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Function f5, Dimension 10
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5.3 Function f;, Dimension 20
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5.4 Function f5, Dimension 40
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5.5 Function f;, Dimension 80
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5.6 Function f5, Dimension 160
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6 Function f; — Attractive Sector

6.1 Function fz, Dimension 5
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6.2 Function fz, Dimension 10
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6.3 Function f;, Dimension 20
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6.4 Function f;, Dimension 40
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6.5 Function f;, Dimension 80
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6.6 Function f;, Dimension 160
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7 Function f; — Step Ellipsoidal

7.1 Function f,

Dimension 5
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7.2 Function f;, Dimension 10
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7.3 Function f;, Dimension 20
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7.4 Function f;, Dimension 40
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7.5 Function f;, Dimension 80
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7.6 Function f;, Dimension 160
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8 Function fg — Rosenbrock (Original)
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8.1 Function fg, D
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8.2

Function fs, Dimension 10
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8.3 Function fg, Dimension 20
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8.4 Function fg, Dimension 40
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8.5 Function fg, Dimension 80
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8.6 Function f3, Dimension 160

Instance 1 Instance 2
[— 150.000 k) — ——ﬂ
4 2 4 ': 20
=] 0.0,
5 0o
2 2 A
[
X19y] @ S| x5 1o 0.000
o
S| o
S| o [ ] o
—24 go © -2 §
o
—4 A I_I" I—, -4 '-\—\_\‘ -
T T T T l_.
0 5 10 15 0 5 10 15
X128 X128
Instance 4 Instance 5
At 50.000 ——%\_\‘: 4 — 6d0.000 ﬂ\-‘_‘—\_
B o ————————— 0
.00
0
— 150.000
2 ° 2 A _\
o
X129 | =4 X129 "
So
o
-2+ 2 ® S8
50.000 23
N=—— ri
|
0 15 0 5 10 15
X128 X128
Instance 7 Instance 8
e —— = 5 ] — ]
T i ——
50.000 00.00,
2 5 +— 200.000
X129 0 ° X129 0
S
Qo - 0.000
_2 - ~ _2 4
2
41| 2 -4 1
& T T 4'_’- =
0 5 10 15 0 15
X128 X128
Instance 10 Instance 11
oTIIY — 468.868 ——
4 _{_ 4 T(mh\_"‘—\—\
.000
— 100.000 Y
° 21
X129
0 o IS
S " e S
N S
24 © S
N
160.000 — 4] [ [
10 15 0 5 10 15
X128 X128
Instance 13 Instance 14
—_— T — o
44 5 5@03: 4 — 2’188665 —;m
— 50.00 [ 160.000

5 L————— 80.000 —

2 -
X129 X129
0 o 0
00
S 0%
)
_2 B d _2 4
‘;,_,_F f
—4 1 IS —4
T T -‘ T T
0 5 10 15 0 5 10 15
X128 X128

53

Instance 3

4_: ﬁﬁ@%@ _§m
L— 160.000 -
24— 80.000 ——

X129 0

°
_2 .
_4 .

-\ T T

0 5 10 15
X128
Instance 6

4 = 100600 80.000 <]

r— 120.000 ——
[~ 40.000 ____ﬂ\_\-
2 =
0.000

X129 0- [ ]
-2
-4 --\_\—\ 4 1]
:\‘\—J'OOO ;\0929'
0 5 10 15
X128
Instance 9
41 sologggﬁg\_
40.000 ————
2 .
X129 ) | L]
_2 .
L
M- 380 000 '—‘—’_'_r_r
0 5 10 15
X128
Instance 12
4= Ty —————
000
2 -
X129 0 0. 000 §
8
—2 4[_[_,
_4 .
: : [
0 5 10 15
X128
Instance 15
4- I
o
. S |
24 IS o
e
X129 g
]
-2+ S
N
-4 I 400.000_'_’_,_I_‘F
0 5 10 15
X128



9 Function fy — Rosenbrock (Rotated)

9.1 Function f9, Dimension 5

Instance 1 Instance 2 Instance 3
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9.2 Function fy, Dimension 10
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9.3 Function fy, Dimension 20

Instance 1 Instance 2 Instance 3
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9.4 Function fy, Dimension 40
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9.5 Function fy, Dimension 80

Instance 1 Instance 2 Instance 3
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9.6 Function fy, Dimension 160
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10 Function f;; — Ellipsoidal (Rotated)

10.1 Function f;y, Dimension 5
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- TU00. 5 o x 7
4 45000 4 ‘ﬁ"’_’_ﬂ 4000%° 900305
00040 16
q J_,')_A
2 - 2 -r’_,_,—l_’_’_’_’_’
X5 O-L 1500.000 — X5 0 000
5 000"
0004000
=27 7500000 — 2]
[ 6000.000 —]
—4 4 7500.000 — 41 )
15
=
@000‘_\_\_
00,
%‘H
‘0,
%
—\
600
15
4 Q
] QQ‘Q
BN
2 -
X o1
5 0 - Q,QQ
Q r
—24 o > o
RO o
A0 o
—4 ,—/_,_I
0 5 10 15
Xa
Instance 10 Instance 11
S\'E? [=]
4 J S8 8
o | —
e
214
Xs | ®
0 -
] al o [
= 3| 8
-212 o P -2 [ ]
r?n 8 8 QQQOJ
NN
T T T _I_I T
0 5 10 15 0 5 10 15 0 5 10 15
Xa Xa Xa
Instance 13 Instance 14 Instance 15

>
w
o N IS
oY
%__'——0;00
—
0000
-
o N} IS
i<
55
o ©
©
2 3
o
o)
o)
°
\ 2
x
o N} IS

|
N
. QQQ

IS
—r__l
L oo®

10

15

X4

60

15

X4

15



10.2

Instance 1

Function f3, Dimension 10
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10.3 Function f;y, Dimension 20

Instance 1 Instance 2 Instance 3
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10.4 Function f;y, Dimension 40

Instance 1 Instance 2 Instance 3
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10.5 Function f;y, Dimension 80
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10.6 Function f;j, Dimension 160
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11 Function f;; — Discus

11.1 Function f;;, Dimension 5
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11.2 Function f;;, Dimension 10
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11.3 Function f;;, Dimension
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11.4 Function f;;, Dimension 40
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11.5 Function f;;, Dimension 80
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11.6 Function f;;, Dimension 160
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12

Function fi» — Bent Cigar

12.1 Function f;5, Dimension 5
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12.2 Function f;5, Dimension 10
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12.3 Function fi5, Dimension 20
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12.4 Function f;5, Dimension 40
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12.5 Function f;5, Dimension 80
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12.6 Function f;5, Dimension 160
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13  Function f;3 — Sharp Ridge

13.1 Function f;3, Dimension 5
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13.2

Function f3, Dimension 10
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13.3 Function f;3, Dimension 20
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13.4 Function f;3, Dimension 40
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13.5 Function f;3, Dimension 80
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13.6 Function f;3, Dimension 160
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14 Function f;; — Different Powers

14.1 Function f;4, Dimension 5
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14.2

Function f4, Dimension 10
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14.3 Function f;4, Dimension 20
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14.4 Function f;4, Dimension 40
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14.5 Function f;4, Dimension 80
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14.6 Function f;4, Dimension 160
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15 Function f;5 — Rastrigin

15.1 Function f;5, Dimension 5
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15.2 Function f;5, Dimension 10
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15.3 Function f;5, Dimension 20
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15.4 Function f;5, Dimension 40
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15.5 Function f;5, Dimension 80
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15.6 Function f;5, Dimension 160
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16 Function fi3 — Weierstrass
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16.3 Function f;4, Dimension 20
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16.4 Function f;4, Dimension 40
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16.5 Function f;5, Dimension 80
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16.6 Function f;5, Dimension 160
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17

Function f;; — Schaffers F7

17.1 Function f;7;, Dimension 5
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17.4 Function f;7;, Dimension 40
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17.6 Function f;7;, Dimension 160
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18 Function fi3 — Schaffers F7 (Moderately Ill-Conditioned)

18.1 Function f;3, Dimension 5
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18.3 Function f;3, Dimension 20
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18.5 Function f;3, Dimension 80
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18.6 Function f;3, Dimension 160
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19 Function f;9 — Composite Griewank-Rosenbrock F8F2

19.1 Function f;9, Dimension 5
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20 Function fyy — Schwefel

20.1 Function f5), Dimension 5
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20.2
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20.3 Function f5), Dimension 20
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20.4 Function f5), Dimension 40
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20.5 Function f5), Dimension 80
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20.6 Function f5), Dimension 160
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21 Function fy; — Gallagher’s Gaussian 101-me Peaks

21.1 Function f5;, Dimension 5
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21.2 Function f;;, Dimension 10
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21.3 Function f;;, Dimension 20
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21.4 Function f;;, Dimension 40
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21.5 Function f;;, Dimension 80
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21.6 Function f5;, Dimension 160
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22 Function fss — Gallagher’s Gaussian 21-hi Peaks

22.1 Function f55, Dimension 5
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22.2 Function f;5, Dimension 10
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22.3 Function f;;, Dimension 20
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22.4 Function f;;, Dimension 40

Instance 1

Instance 2

Instance 3

10
X32

Instance 5

X32

X32

X32
Instance 9

»

00 Q
INeJ

h_d—'_’_’_l

e 30,000

0 5 10 15
X32 X32 X32
Instance 10 Instance 11 Instance 12
4- 90-0(.)’2_'_,_,—-— 4 4 1
J—/ﬂ N
2 2 L5200 =——= 604y 21
C“ o o é)‘:\'\_ 165000 ——
,ﬁ_\_
X33 g | % X33 g | ~105.000 X33 ¢ | X()gb(&%og—'—“\_\_
o -135.000 — 105.000
-2 o —~——————— -2 1 S
-90.000 — S °
‘_‘E_,_r N
—4 1 X —4 ~
0.-600p575.000 — - .
0 5 10 15 0 5 10 15 0 5 10 15
X32 X32 X32
Instance 13 Instance 14 Instance 15
41 5857 T 4-
570.0
J_I_/f;(loo 00 6)900 /_,_,—:
2+ mm 2- & X
o _\_\_"\_\_
°
<, [
525 2
A
15 10 15
X32 X32 X32

135



22.5 Function f;;, Dimension 80
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22.6 Function f55, Dimension 160
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23 Function fy; — Katsuura

23.1 Function f53, Dimension 5
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23.2 Function f;3, Dimension 10
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23.4 Function f;3, Dimension 40
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23.5 Function f;3, Dimension 80
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23.6 Function f53, Dimension 160
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24 Function f5; — Lunacek bi-Rastrigin

24.1 Function f5;, Dimension 5
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24.2 Function f;;, Dimension 10
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24.3 Function f;;, Dimension 20
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24.5 Function f;;, Dimension 80
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24.6 Function f5;, Dimension 160
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