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Abstract : Benchmarking new optimization methods on test problems is essential for assessing
their performance and tuning their parameters. Yet, few problems are available in the literature
for mixed-variable optimization. This manuscript introduces Cat-Suite, a collection of optimization
problems involving categorical, integer, and continuous variables. Currently, Cat-Suite includes 32
analytical problems, half of which are constrained and half unconstrained. Each of these problems is
either a modification of an existing one from the literature or derived from classical continuous test
functions, such as Rosenbrock. Cat-Suite is an ongoing project, and additional problems will be added
in the future. The goal is to facilitate benchmarking and testing of novel mixed-variable optimization
methods with a diverse problem collection. The problems are implemented in Python and available at
https://github.com/bbopt/Cat-Suite.

Keywords : Optimization, benchmarking, mixed-variable, categorical variables, constraints
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1 Introduction

In mixed-variable optimization, categorical variables are notoriously hard to tackle due to their qual-
itative nature and lack of inherent structure. Such variables take values, called categories, in sets
that lack well-defined metrics and may be unordered [5, 11]. Many practical applications involve
these variables. Optimal engineering designs are often found through the optimization of physics-
based models with variables that include material choices, such as steel or alloys. Designated methods
tackling such problems form an active research field, notably in mixed-variable derivative-free opti-
mization, where functions are frequently expensive-to-evaluate computer simulations without expres-
sions [1, 3, 7, 8, 15, 16, 17, 18]. However, the current literature offers few test problems that are
mixed-variable, making it difficult to thoroughly test the performance of novel solution methods. This
manuscript introduces Cat-Suite, a collection of mixed-variable optimization problems.

The purpose of Cat-Suite is to facilitate benchmarking and testing of mixed-variable optimization
methods. The project draws inspiration from CUTEst, a well-known collection of problems for contin-
uous optimization [9]. Cat-Suite is an ongoing project. The collection will be expanded with additional
and more diverse problems. Contributions and participation are welcome.

Currently, Cat-Suite contains 32 mixed-variable analytical problems, half of which are unconstrained
and the other half constrained. Each problem contains at least one categorical and one continuous
variables. Most of these problems also contains integer variables. The categorical variables influence the
behavior of the functions involve via cases, tables or penalties taking continuous and integer variables.
Approximately half of the problems are nonsmooth, i.e., there is a least one function that is not
differentiable for fixed categorical and integer variables. Nonsmoothness typically adds considerable
challenge, but it is highly relevant in some optimization context, such as derivative-free or blackbox
optimization where functions are often contaminated by noise or discontinuities [2, 4]. The current
test problems proposed are either modifications of existing problems from the literature or adaptations
of classic continuous optimization problems, such as the Rosenbrock and Rastrigin problems [12].

1.1 Problem statement

The problems in Cat-Suite are mixed-variable with inequality constraints, expressed as follows:

i 1
min f(z) (1)
where f: X — R is the objective function, X is the domain of the objective and constraint functions,
Q={xecX : gj(x) <0, je{l,2,...,m}} is the feasible set, g; : X — R is the j-th constraint
function of the problem, with j € J, and m € N is the number of constraints.
The variables of a given type ¢ € {cat, int, cont} are contained in a column vector expressed as
xh = (a], @b, 5h) e X =X x X xLLox XL, (2)

where n' € N is the number of variables of type ¢, X' is the set of type ¢, 2! € X} denotes the i-th
variable of type ¢, and X! contains the bounds of zf. The indices of the variables of type ¢ are contained
in the set I'' == {1,2,...,n'}. Following this, a point is formalized as a partition of these vectors by
types and the domain is constructed with Cartesian products of the sets by types, such that

T = (xcat’a:int’wcont) cX = Xcat X Xint x Xcont. (3)

In this manuscript, the problems considered are not hierarchical. There are no meta variables
that control the inclusion, bounds or admissible values of other variables, as described in [5, 10]. The
number of variables is fixed, and the bounds of each variable is predefined.

The rest of this document is organized as follows. Section 2 summarizes the main characteristics of
the problems, such as the number of variables or constraints, using tables. This section also discusses
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the techniques used to construct the problems. Afterwards, Sections 3 and 4 details the mathematical
formulations of the unconstrained and constrained problems respectively.

2 Summary and characteristics of the test problems

The characteristics of the unconstrained and constrained test problems are presented in Table 1 and
Table 2, respectively. The * symbol denotes a user-specified positive integer. The implementations
are publicly available at https://github.com/bbopt/Cat-Suite. Additional information is also pro-
vided, such as the best feasible value known for problems.

Table 1: Unconstrained test problems.

Name Sec. nt ¢ nint ncont Smooth Ref. Original problem  Modifications
Cat-1 31 2 9 2 * No [12] Ackley Fct-to-cases & penalty
Cat-2 32 2 9 2 3 No [12] Beale Cont-to-cat
Cat-3 33 2 4 2 2 Yes  [15] Augmented-Branin Added integers & removed constraints
Cat-4 34 2 4 2 4 No  [12] Bukin-6 Cont-to-cat
Cat-5 35 1 6 1 3 Yes [13] EVD-52 Added integers & minimax-to-cat
Cat-6 36 2 9 0 2 Yes  [15] Goldstein Removed constraints
Cat-7 37 3 16 3 2 No  [12] Goldstein-Price Penalty
Cat-8 38 1 4 1 5 Yes [13] HST8 Added integer, added category & minimax-to-cat
Cat-9 39 2 9 2 * No  [12] Rastrigin Cont-to-cat & fct-to-cat
Cat-10 3.10 2 6 2 * No  [12] Rosenbrock Fct-to-cat & penalty
Cat-11 3.11 1 4 1 4 Yes  [13] Rosen-Suzuki Added integer & minimax-to-cat
Cat-12 3.12 1 5 & * No  [12] Styblinski-Tang Cont-to-cat
Cat-13 3.13 1 10 O 4 Yes  [14] Toy Added variables & modified functions
Cat-14 3.14 1 10 O 8 No  [14] Toy Added variables & modified functions
Cat-15 3.15 1 5 3 4 Yes  [13] Wong-1 Cont-to-int & minimax-to-cat
Cat-16 3.16 2 9 2 * No  [12] Zakharov Created
Table 2: Constrained test problems.
Name Sec. ncat ¢ nint pcont 4y Smooth Ref. Original problem  Modifications
Cat-cstrs-1 4.1 2 9 2 3 3 No [12] Beale Cat-2 with added constraints
Cat-cstrs-2 4.2 2 4 2 2 1 Yes [15] Augmented-Branin Added integers
Cat-cstrs-3 43 2 9 2 4 2 No [12] Bukin-6 Cat-4 with added constraints
Cat-cstrs-4 44 1 4 4 4 3 Yes [13] Dembo-5 Con-to-int & minimax-to-cat
Cat-cstrs-5 45 1 6 1 3 1 No [13] EVD-52 Added integers & added constraints
Cat-cstrs-6 4.6 2 9 2 3 4 Yes [6] G-09 Con-to-int, modified constraints & cat-tables
Cat-cstrs-7 47 2 9 0 2 1 Yes [15] Goldstein None
Cat-cstrs-8 4.8 2 25 2 2 2  Yes [12] Himmelblau Added constraints
Cat-cstrs-9 4.9 2 4 3 5 4 Yes [13] HS-114 Con-to-int & minimax-to-cat
Cat-cstrs-104.10 1 3 2 4 6 Yes [13] Pentagon Con-to-int & minimax-to-cat
Cat-cstrs-11 4.11 1 8 2 2 3 Yes [6] Pressure-Vessel Con-to-int, added integers & con-to-cat
Cat-cstrs-12 4.12 2 25 1 2 2  Yes [6] Reinforced-Concrete Added continuous & simplified cat tables
Cat-cstrs-13 4.13 2 6 2 * 1 No [12] Rosenbrock Cat-10 with added constraints
Cat-cstrs-14 4.14 1 5 « * 2  No [12] Styblinski-Tang Cat-12 with added constraints
Cat-cstrs-154.15 1 10 0 4 2  Yes [14] Toy Added variables & added constraints
Cat-cstrs-16 4.16 1 6 4 6 3 Yes [13] Wong-2 Con-to-int, minimax-to-cat & added cstrs

The problem statements, with the objective and constraints functions, are presented in their corre-
sponding subsection. A problem is nonsmooth if there is a least one function that is not differentiable
with respect to its continuous variables. For each problem, a reference and a summary of the modifi-
cations are provided.

Three techniques are employed to create mixed-variable problems from classic problems. The first
technique replaces continuous variables with functions that depend on both categorical and continuous
variables. For example, in Cat-12, detailed in Subsection 3.12, the function s in the summation replaces
a continuous variable z¢°™ from the original Styblinski-Tang objective. This functions s now maps z$°"*

%
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differently depending on the category taken by the categorical variable 2°** € {A B, C,D,E}. This is
referred to as “con-to-cat” in the tables. The second technique, similar to the first one, transforms a
function into another one with cases, each assigned to a category. This is named “fct-to-cases”. For
example, in Cat-1, formulated in 3.1, the three function cases of the second term are variations of
the original Ackley objective function. The last technique, called “penalty”, simply adds a penalty
function with cases assigned to categories. The first term in the objective function of the Cat-1 problem
correspond to such penalty.

The problems modified from [13] are originally minimax problems on many functions. These
problems are transformed into mixed-variable problems by assigning each function to a categorical
component " € X, This technique is taken from [14] and this is referred to as “minimax-to-cat” in
the tables. Some problems are adapted from [14], with minor modifications such as introducing integer
variables. Similarly, problems taken from [15] undergo small modifications. The Cat-23 constrained
problem in Table 2 is the only unmodified problem taken directly from [15]. The minimax problems
in [13] are strictly continuous. Some continuous variables are transformed into integer variables and
this is referred to as “con-to-int” in the tables. The mixed-variable constrained problems from [6] have
been modified with the different techniques discussed above.

3 Description of the unconstrained problems

The following subsections details the unconstrained problems.

3.1 Cat-1: modified Ackley [12]

cat _ cat int int cont |\ _ cat cont
f Ty ,T2 ,T1 ,Ly , T _S(IQ y & )

on
ncont cont

2 1 t int\2 1 n cont int 3 cat __
—20exp | —21\/ zemr Dory (xont + zint) ) — exp (W S, cos (2mxi™ x @ )) if 2§ = A

Lcont

. cont . .
+<{ —10exp —%0\/7nc£m S |agert + ﬂclf‘tl) +530, cos (2mzo™t — ab) if 2§ =B

ncont cont

1 t int 1 n cont int . cat __
—15exp ,\/W ST |goont i gin |) — 5exp (*W S, cos (2maio™ + o )) if 2§ =C

where
[ et x 15 if 25 = A
s ($(2:at, mcont) — ’Z?;jnt (:r;;ont _ 1)’ x 15 if xgat —B
’ng z™™ | x 10 if 25 = C

e n° =2 and 25", 25" € {A,B,C};
n'™ =2 and zi™ € {1,2,...,10}, 25" € {-1,0,1};
o n° ¢ N and z{°™ € [—5, 5] for i € I°°™.

3.2 Cat-2: modified Beale [12]

. . . 2
cat cat int int cont cont cont cat cont int cat cont
f(ml y L2 L1 ;T2 ;21 y L2 » L3 ) = (1‘5_81 (xl y L1 ) +:C1 (1_82(I2 y L2 )))

cat _ cont int cat conty) 2 2
+ (2.25 -5 (xl , T ) + x5 (1 — s2(x5™, x5 )) )

+ (2.625 —s1 (@7, 25°) + 25 (1 — s (a5, x;"“t))?’)z
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where
Eaud if xcat =A [zt + 1 ifas = A
cat cont
s1 (2, 250y = { af if 2 =B and s2(23™,257") = 257" if chat =B

cont

exp( =

) if xcat =-C (mgont)2 _9 if x2 —C

e n°* =2 and z{, 25" € {A,B, C};
o n'™ =2 and 2™,z € {—2,-1,0,1,2};

o n°" =3 and 2§°"*, 25°" 257" € [—4.5,4.5].

3.3 Cat-3: modified Branin [15]

s (:clf‘t it ggont mg‘)"t) if 2{** = A and 5% = A
0 45( int :L,ll’lt xcont xcont) lf A and xcat — B
cat _ cat int int _ cont cont | __ ’ 2 ! 2
Flor,zy o, xy o1, X =
—0.75s (2", 25", 2§, 25°™)  if 2§*" = B and 25*" = A
—0.5s ( intpint xf‘)“t,x%’"t) if 5% =B and 25" = B

where
s (.’Ellnt,xz x(iont x;ont) —
int

1 xint 2 T . 2 1 .
- 15$50m _ (15$iont _ $12ﬂt) 4 1 (15$iont _ $12nt) 4 xllnt cos (15Iiont _ 5) + zllnt b
a 4m2 ™ 87

with @ = 51.9496, b = 54.8104,

e n° =2 and x5, 25" € {A,B};
e n'™ =2 and 2, 2 € {1,2,3,4,5);

o n°™ =2 and z{°", 25" € [0, 1].

3.4 Cat-4: modified Bukin-6 [12]

cat cat int int cont cont cont cont _ cat cont cont cat int cont cont
f(ﬂcl DR R S 1 R PR N )1 )-100\/|51(Jc1 , TSP Sont) — 0.01so (x5t 2ipt, p§ont, pgont)|

+ 0.01 59 ( can:7 xilnt7 l’iont cont) + 12nt
where
VIEs™ + g [ +2 if 2 = A
s (25 250 5oty = { a5 + afm| if 25" = B
2
(zgozucl_‘._2 agont) 1 if o — G
and

\/|aclnt + et et 1.5 if x5t = A

i t t t s t
s (xS, it oot gonty = J |aPt + 2 + 2| if 25 =B
int cont  _cont)2
+(z +x .
o (e ) 155 ) +1 if 25 = C

o n® =2 and 7§, 25" € {A,B C}
o n'™ =2 and 2™ 2 € {—5,—4,...,4,5};
o 1Mt = 4 and (25, 25, 25N, x?;’m) € [=15,5] x [=3,3] x [~15,5] x [~3,3].
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3.5 Cat-5: modified EVD-52 [13]

(:U(iont)2 4 (:C(zzont)2 + (x(éont) -1
(m(lzont)2 + (xgont>2 + (I§ont _ 2)2 _ 15‘:‘; if 2%t — B

mt

if 2% = A

f(mcat7 int7 x(lzont7 xgont7 x:c))ont) — :Z:: + wzz:: + mcont -1- 5:71(; lf mcat = C
2 st gt 4142 5 if % =
2 ( cont) + 6 ( cont) + 2 (5 cont xcl:ont 4 1)2 4 % if xcat )
(:tci"“t)2 — 9zt 4 15“:; if 2% = F

e n° =1 and 2" € {A,B,C,D,E,F};

o n™ =1 and o™ € {-25,-24,...,,24,25};
e n°" =3 and z{°™ € [—25,25] for i € I°™.

3.6 Cat-6: modified Goldstein [15]

f (.Tiat, mga 7x(1:ont7 x;ont) —

53.3108 + 0.184901x5°™

— 5.02014 (5°")° x 107 4 7.72522 (5°™)" x 107°
— 0.087077525°™ — 0.106959s1 (5*)

+7.98772 (51 (25™))° x 107°% 4 0002424825 (5™)
+1.32851 (s5 (25™))® x 107 — 0.0014639325°™ 25"
—0.0030158827°™ 51 (z5") — 0.0027229125™" s (25™")
+ 0.001700425 51 (252%) + 0.003842825 52 (25")

— 0.000198969s1 (25>")s2(25*")

)

+ 1.86025z5° ™ £

_ 1 88719xc0nt conts2

+2.5092325" 51 (257 ) s2 (252") x 107°
)

T
cat) % 1075

s1(z
(x5*) x 107°

— 5.6219925 51 (25 52 (25") x 107°

where
20 if 25 = A,
s1(z§™) =450 if 27 = B,
80 if 27 =C,

o n° =2 and 27, 25 € {A,B,C};
o n'™ =0;
° ncont =2 and wcont cont c [0 100]

20 if 25 = A,
and sz (z5%) = {50 if 25 = B,
80 if 25** = C.

3.7 Cat-7: modified Goldstein-Price [12]

cat cat _.cat int int int cont cont | __
f(xl Ty T3 ,T7 ,Ty ,T3 ;T » Lo >_

where

$1 (I(l:ont xgont)+

cat _.cat _int _int _.cont _.cont cat ,.int _.cont , cont
52 (xl y Lo L1 Ty T » Lo >+33( y T3, T y Lo )
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cont cont
S1 (IEI , Lo )

(1+( cont+xgont+1)2 (19_14 cont+3( cont) — 14z cont+6mcont cont+3( cont)))

(30 + ( cont _ 3xcont) (18 32 cont + 12( cont) 4 48 cont 361‘C0nt cont 4 27( cont)Q))

and
goont | pint 2+ pgont | pint 2 .
2+(1 1)2(2 £) if 25 = A and 25 = A
poont | pint 2+ 2SOt | pint .
) ) 1.5—1—(1 1)4|2 il if 25" = A and 25" =B
S92 (Icat xcat xmt :Cmt mcont xcont) _
bomz odl etz dl 2 | contJrl)nt|+(Icont+wint)2 . N
1.5+ — 2 if 2* =B and 25" = A
Zcont+z1nt + I(‘ont+zint
1+| ]+ il if £5** =B and 25** = B
and
zint+zcont +2 )
[oB Fasont |42 2 | if 2§ = A
Iént:il,'cont +2 .
o —egont 2 22 | if z§* =B
S3 (wcat xint mcont wcont) _
3 »43 »41 )y L2 |7z§3“°+z§°“°‘+2 .
I E— if l,ca = C
int cont
— 5 +2 .
el e
o n° =3 and 2§, 75* € {A,B} and z§** € {A,B,C,D};
e n'™ =3 and 2™ € {-2,-1,0,1,2} for i € I'™;
e 1" =2 and xcont € [-2,2] for j € I°°™,
3.8 Cat-8: modified HS-78 [13]
5
cat int cont cont cont cont conty _ cont nt cat cont cont cont cont cont
f(x y L L1 y L2 y L3 ,Ta Ts )_ +$’ (x y L1 ) L s & y Ly 5T )
i=1
where
cat cont cont cont cont cont) __
S(:C y L1 y L2 T3 T4 5 Ts )_
5 cont 2 . cat __
oy ()" =10 if 2% = A
zgontxgont _ 5xzontmgont lf xcat —
( cont) ( cont) + 1 if m(:at — C
1

5 ( contxgont _ 5xZontw(5:ont + (xviont)3 + ( cont) + 1) lf mcat =D

e n° =1 and 2" € {A,B,C,D};
e n'™ =1 and 2™ € {0,1,2,3,4,5};

o n" =5 and z{°™ € [-2,2] for i € [,

3.9 Cat-9: modified Rastragin [12]

ncont

cat _cat _int _int cont cat _ int cont cont 2 cat _int cont
f(ml , Ty ,T] ,Ty ,T )—1051( ,T1 LT )Jr E ((xZ ) — 82 (x2 , T )Jrcos(xl ))

=1
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where
cont
ZL:I max {07$1nt + xcont} if xcat = A
cat _int _cont) __ 1 1 noont int cont cat __
51 (371 » L1 T ) - pcont 2 Zi:l |£IZ'1 + i | if T = B
cont
Z?:l max {mmt + xlqont7 0} |xlqont} if .’tiat =C
and
1+ 0.1zl if 25** = A
cat _int 1 cat
S T T = —
2(2 ’ 2) 1+Olzlnt lf.%‘ =B

140.05 (z5%)* if 25 = C

o n° =2 and 27,25 € {A,B,C};
o n'™ =2 and 2 € {-5,-4,...,4,5}, 28" € {-2,-1,0,1,2};
o n°™ ¢ N and z{*™ € [—5.1275.12] for i € 1°°™.

3.10 Cat-10: modified Rosenbrock [12]

1nt

cat _cat _int _int cont cat cont
f(xl y L2 L1 , T2 , & ): +S( , L )+

neont g N2
cont cont int cont 2 cat __
Z:l 100 (:L’H_l — (@) ) + (x5 —1)° f 2 =A
i=
cont
Tt t )2 int t . t
S 100[afgt = (a5 + et ast < 1] if a5 = B
=1
where
1 neont cont cat __
—emt 0y 1.1max{0,z{*™} if x5 = A
cat _ conty __ cont cont cat
s(@3™, ") = ¢ kxS, —0.9min{0,z{°™} if 25 =B
cont
cont . cat
e iy |2E™| it a5™ = C

o n° =2 and z{* € {A,B}, 25" € {A,B,C};
e n'™ =2 and 2™ € {-2,-1,0,1,2}, " € {—5,—4,...,4,5};
o n°" € N and z{°™ € [-10, 10] for i € I°°™.

3.11 Cat-11: modified Rosen-Suzuki [13]

cat int cont cont cont cont
f(CE ) x ] Xy )

int cont cont cont cont
y L1 > L2 » L3 y L4 )

:8(23 » L1 » L2 y L3

0 if 2% = A
10 (857 4 (557 4 (557 4 (557)? 4 250 — a7+ 257 g g) i —
10 ( Cont) +2 ( ) + ( ) +2 ( cont)2 _ gont _ geont _ oint _ 10) if 2 — O
10 (2 (257)% + (0577)* 4 (a5™)° + 2 (57)7 = 2§ — a5 — 307 — 5) if 2% = D

where

S(J?int, x(lzont7 x;ont7 xic))ont7 mzont) — (miont) 2 + (x(éont) + 2 ( cont) 2 + (mzont) 2

t t t t int t
_ 5$§0n _ Smgon _ 21m§on + 71’20“ + mm x:c)’on

e n® =1 and z° € {A,B,C,D};
o n'™ =1 and 2™ € {-5,-4,...,4,5};

cont

o n° =4 and z{°™* € [-5, 5] for i € I°°™".
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3.12 Cat-12: modified Styblinski-Tang [12]

ncont

f (mcat7 wint’ wcont) — % Z ((m(i:ont)ﬁl —16 (m;_:ont)z + 5x;nt + 8s (xcat’ mgont))
=1
where n®°™ = n'™ and

!mfor‘t — 1| if %" = A

cont 2
((zz ;) +1) lf xcat — B
S (xiat’ x;_:ont) = { exp (|$20m + 1|) -1 if mcat =C

cont )2
S ot =D
1—exp (— (acfom)2> if % = B

° ncat =1 and $cat € {A7 Ba Ca DvE}v
o n'™ € N and 2™ € {-5,—4,...,9,10} for i € I'™";
. ncont €N and x;ont c [_57 10] for 7 € Ieomt,

3.13 Cat-13: modified Toy [14]

cat cont cont cont cont) _ 2
f(l' > L1 » L2 y L3 y L4 )_ +

cos (3.6m (25" — 2) + 5°™) + 2™ — 1+ (a5°™)”

if xcat

cont

2 cos (1.171' exp (acf{or‘t)) - 9222 + (xg""t)? + 2log (1 + (mio"t)Q) if xcat

cont

€T . -
cos (27T$iont) + 22 + Igontxzont lf xcdt
3 .
Z1 COoS (3.47r (miom - 1)) — x5 — 1 25 4 (mff’“t) if xoat
(“”iont)2 )2 t) 2 t t
con con con : ca’
—f—klog(l—l—(xz ))—l—(xg, )"+ 2§ if z
cont 4 2 x5t cont ,cont s cat
2 cos (% exp (f (ml ) )) — L=+ 2" + 1 if
peont 3 .
Z1 COS (3.4x§f°nt) - 23—+ e (:UZO'“) +1 if xoat
6 7\ =5 6 t . t
oo (— cos (5%) “— ) + 2§ + 2 + 2 if z°®
(ziom)s cont 2 cont _cont cat
— o (28°7) T 4 2 e 4 1 if @

c

_ ont cont 3
— cos (57.mjiont)2 /m(lzont _ —log(af§ '2*'1‘5 +0.5) + (xiont)?’ _ 1.3 if goat

. ncat —1 and mcat c {AjB’C’D7E7F7G,H7 I7J}y
° nint — 07

cont

o n™ =4 and z{°™ € [0,1] for i € I°°™.



Les Cahiers du GERAD G-2025-39

3.14 Cat-14: modified Toy [14]

cat cont cont cont cont cont cont cont conty _ 2
F@, 2, 2™, a™ a” as T ag w7 w ) = 2+

COS(3 67’1’( cont + mgont )) + ‘mcontl + \_ COHCJ —05 if mcat — A7
Om cont 2SOnt | geont . .

2cos(l.1me® T ) — | =2 Ly E Y S N ) if x°* = B,
zcont+zcont .

COS(QTI'( cont + xgont +xcont)) + | 4 5 | _ LxgontJ lf xcat — C7
mcont+zcont .

x(l:ontxgont (COS(3 471_( cont 1)) _ | 4 3 5 ‘ lf xcat — ]:)7
gcont cont 2 .

7| 1 26 | + mcont + |xcont _ xgont| lf xcat — E,
_ (pcont cont 4 ICOrAt+Icont .

2 cos? (Ze (@3 ) )f%+|x§°m|+1 if 2% = F,

4 cont cont w%"“” cont cont 2 f cat __ G

T2 cos(3.4m(zi°™ 4+ zE°™)) — + |27 — 25 + 0.25 if z°% =G,

cont _,cont T cont cont wg‘”“ 2 f cat __ H

g —cos (T (@5 + 2§™)) — T + if x°°% = H,
pcont cont cont 3 .

_ = M \ 12507 4 [zont| if gt — 1,

t
cont _cont cont cont log(|z£°™*|4-0.5) cont . cat __
— COSs (571'( To + x3 )) |334 | e + |336 ‘ —0.6 ifx =J.

. ncat —1 and mcat c {A,B,C,D7E7F7G7H’ I7J}y
° nint — 0

cont

o n° =8 and z{°"* € [0,1] for i € I°°™".

3.15 Cat-15: modified Wong-1 [13]

cat _int _int _in cont _cont _cont _cont) __ int _int _in cont _cont _cont _ cont
S 2™y g™, 21, as™, 2™ 1 = (21", 5 yas, @i ws™, ™™ )

0 if 2% = A
10 (2 (257)% + 8 (o) 4+ 257 + (25)” + 5ag™ — 127) if 2 — B
410 (Ta§ 4 B 410 (a5)” + 2h - a5 - 282) if 2% = C
10 (2325°" 4 () 4 6 — 8ago — 196) if 2°% = D
10 (4 (xclzont)Q + (xllnt) — ggontgint 4 o ( cont) 4Bt — 11,Zont) if 2% — B

where
. . . 2 2
S(l'llnt, m12nt7 :ant’ Iiom, mgont7 xgornt7 xiont) — (miont _ ) =+ 5 ( int 12) + (xcont) + 3 ( int 11)
2 . .
_|_ 10 ( cont) _|_ 7 ( 1nt) + (:tzont)4 _ 4wéntxzont _ 1033?1: _ 8xzont
e n® =1 and z° € {A,B,C,D,E};

e n'™ =3 and 2™ € {-1,0,1} for i € I'™;

e n" =4 and z§°™ € [—1,1] for i € I°™.
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3.16 Cat-16: modified Zakharov [12]

cont (,ont

cont) 14 Z com)2 I Z 0. 51( cont

cont

cat _ cat int _int
f zry ,T2 ,T1 ;T2 ,

t t int int
+ E 052( Jon +32( S Ty,

cont

cat int _int
s1{%1 ,T1 ,T2

where
0.1 ( int __ $12nt + mlgont) if l‘iat = A
51 (x(l:at7x11nt7 332 7m:onc) — 0.05 Lxmt 4 xiQnt + l,;:ontJ if x(iat =B
0.1/ T B (2 + 2y i a5 = O
and
0.1 (=2l +al® — 2om)  if 25 = A
cat _int _int _ cont int int cont . cat
82(562 , X1 , T2 T4 ): 0.05] —z1™" — x5 — x§f°™] if z5** =B
O.IW (milm + xigm) if 25 = C
e n® =2 and a:““,x%‘“ € {A,B,C}
o n'™ =2 and 2" 20 € {-3,-2,...,2,3};

o n° ¢ N and z{*" € [-5, 5] for i € I°°™".

4 Description of the constrained problems

The following subsections details the constrained problems.

4.1 Cat-cstrs-1: modified Beale [12]

. . 2
cat cat int int cont cont cont cat cont mt cat cont
f (331 T2 ,T1 T2 ,T1 ,T2 T3 ) = (1-5 — 51 (27, 297) + 2" (1 — so(a5™, 25 )))

+ (2.25 — 51 (2§, 25°) + 2B (1 — s2 (25, x§°“t))2)2

+ (2625 — 51 (2™, 21°™) + 257 (1 — sa (25", m'%o"t))s)

where
Bl if o = A
Sl(xiat7 x(ltont) _ :C(iont if .’L'(iat =B and 82(x3at7 x;ont)
zeont . ca
exp(l2 ) if 257" = C
with constraints
g1 (w(ljont’mgont cont) =3 ( _ ) + 4 ( cont
g2 (xfl:ont7x§ont cont) — 5 ( t) + 8 (2:ont +
gs (l’iont7 x;ont’ xcont) ( cont) =+ 9 ( cont 2)2 _
e n® =2 and 2§, 75* € {A, B, C};
o '™ =2 and 2 2 € {-2,-1,0,1,2};
o 1™ =3 and x{°", 25°™, x5 € [—4.5,4.5].

) cont cont
1 T2

VIETTET it = A
= ‘mcont’ if x5 =B
(z5°™)* =2 ifa$™ = C

3)” +2 (25°™) — 100 < 0
(25 —6)° =30 <0

_ 6.T§0nt S 0

cont
@

)

2
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4.2 Cat-cstrs-2: modified Branin [15]

int int cont cont
5(551 y Ly T T2 )

if 25 = A and 25 = A

048( int w12nt x({ont’xgont) lf

cat _cat _int _int _cont _cont) __

N A R S S i R S R =
—0.75s (2™, 25, 2§, 25°™)  if
—0.5s ( int w12nt7 miont7 x(éont) lf

where
int _.int _.cont , cont
s(:cl , Ty, T, Ty ):
int
a

Y

with a = 51.9496, b = 54.8104 and constraint

x .

_xtlzontw(éont + 110 lf :L‘tia

_1 5 cont _,cont + Z‘Qr‘t f cat

g :Ccat mcat mint xint mcont xcont _ 0T T3 10 1 Ty
1 1 42 41 ,4L2 5L s L2 cont _cont lent i cat
15277 xy™ + if 7

int
cont Cont x s cat
—1.2x§ + Fy  ifaf

e n® =2 and 7, 25 € {A,B};
o n'™ =2 and a:mt,a:g"t €{1,2,3,4,5};

e 1™ =2 and x§°™, 25°™ € [0, 1].

4.3 Cat-cstrs-3: modified Bukinb [12]

cat _ cat int _int _ cont cont _cont _cont) __
f Ty ,T2 ,T1 ;T2 ,Tq y L2 » L3 y Ly -

= A and z5** =B

=Band z5** = A

=Band z5** =B

t int
100\/|81 cat cont xcont) 0. 0182 ( cat7 xllnt7 xiont cont)l + 0.01 ‘82 ( ca 7331111

=0 and x5*
=0 and x5*
=1 and x5*

=1 and x5

cont _ cont int
' T1 Ty + x2

where
/| cont + mgont| + 2 lf mcdt — A
t t t
sl(x(l:at’ xgont’ ZEgDnt) — ’xcon + mgon | if xca —B
cont_ _cont)2
(z2 +a3 ) . cat __
e+ 1 if 7™ =C
and
V0Pt 4 ot et 1.5 if 25t = A
t t t int cont cont . cat __
52(1:? ,CE1 7x(l:on 7IZOH ) — ’x + a7 + x4 ‘ if Lo = B
:cllnt_'_(x(l:ont_,'_aczont)z cat
e +1 if 25 =C
with constraints
. ont___cont . 2 .
1.5sin (w) + 0.5z — 0.1 (mcont) -2 if 2§
cat int _cont _conty __ . cont _ .cont . 2 .
gi(@1, 2,2,y ) = 4 1.5sin (%) +0.3z™ — 0.1 (mcont) — 2.5 if z§?
exp (0 Qxcont + O 1xcont) + 0 1mmt 4 lf xcat
cont | _cont . 2 .
1.5 cos (%) + 0.4x12nt —02 (xcont) —15 if x%at
¢ int ¢ " cont __cont . 2 .
g2($§a i ’Igon 7xgon ) =< 1.5cos (% 4 0.62712nt —02 (xcont) _9 if x;at
log (1 + ( gont mg“‘t) ) +0.2z — 3 if x5

1 ¢ ot t int ) 2 xl t int : int 1 t int
- 15x5°™ — ) (1590“’“ Ty ) + — (15x°°“ 5" ) + (& — 5. ) o8 (152§°™ —5) + 2™ | —b
w2

D—‘OD—‘O

cat __
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o n® =2 and 27,25 € {A,B,C};
nmt =2 and x11nt7x12nt c {_5 _ .“7475};
° ncont 4 and ( cont xgont7x§ont7miont) c [_1575] X [_3’3] X [_1575] X [_373}

4.4 Cat-cstrs-4: modified Dembo-5 [13]

cat _int _int _int _int _cont _cont _cont _cont) __ cont cont, cont
Vi AR TR I 2 S e S R T S 2 S ——( +x2 T+ a3 )
. t
0 if 29 = A
_ 105 ((833:3325229°™ | 100 _ 83333333 _ ) if 4ot — B
2SOt it zipt T pgontgint ez =
+ cont 1250( int mcont)
5 Ty 4 s cat __
—10 ;3nt xéont }Snt -1 if =C
_10° (1250000 25002 i ot — D
wnt lnt + ilnt - xgontxiélnt - 1z -

with constraints
int cont | __ int cont

g1 (mQ , Xy )-0.0025( + x4 )—1
g2 (a:ilnt7 it’ignt, xzont) — 0.0025 (xilnt7 mgnt7 xzont) 1
gs (a:lln ,xlf’t) =0.01 (a:i;nt - xilm) -1

e n® =1 and 2% € {A,B,C,D};

o n'™ =4 and 2Pz, 2 2 € {10,11,...,1000};

cont

o n° = 4 and z§°™ € [100,10000], and m“"“ € [1000,10000], and x5 € [1000,10000], and x5 €
[10, 1000]

4.5 Cat-cstrs-5: modified EVD52 [13]

cont 2 cont 2 cont 2 gint : cat __
(ml ) +(ZE2 ) +(ZB3 ) —-1- % if 2" = A
2 2 int .
( cont) + ( cont) + (l,gont _ 2) _ 150 if :L,cat =B
cont cont cont zint . cat __
cat _in cont _cont _cont + 2 + 3 -1- 50 if x =C
f(ﬂ? L 7x1 ) L2 1 X3 ) =-1x cont cont cont znt : cat
i + a5t — +1+4+ %5 if z** =D
2 int .
2 ( cont) 4 6 ( cont) + 2 (5 cont x(iont + 1) + a:50 if xcat —E
2 mt .
(xgont) _ 9 cont _|_ - if xcat =F
with constraint
1.5 int .
’xcont + xcont 5| + (‘,Egont + 1) + |z | —30 if xcat — A,
int _ .
(‘,E(iont . x(zzont + ‘xcont 1| + |CL‘ 5\ _ 30 lf xcat — ]37
cont cont 3 cont \zmt+5| . cat __
g(xcat mint xcont xcont xcont) _ ’ZE ) ’ ( ) + —30 ifx - C7
) sVl y 2 » 3 - 2 int710 .
(miont + x;ont) + {mcont 0. 5’ = | —~30 lf xcat — ,
2 int_ 10 .
(miont _ ngont) + (mcont 1. 5) + \a: + | ~30 if xcat =E,
2 —15 .
(miont . xgont) + ‘xgont + 15’ + ‘I 5 ‘ _ 30 lf xcat — F

o nct —1 and :L,cat c {A,B,C,D,E7F};
o n™ =1 and ™ € {~25,-24,...,,24,25};
. ncont — 3 and xcont [_25’ 25] for ¢ € ICDnt.
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4.6 Cat-cstrs-6: modified G-09 [6]

cont
» L1

int int
y L1 T2 y L2

cat cat
Iz, o

cont cont \ _ cont
> L3 = (93 1 =

0) +5 ( cont 12)2+(x§ont)4+3 (:Eilnt

) o)

2 2
+ 7 (sl (CE(iat7 mgat)) + (32 (xiat,x;at)) o 431 (miat7 x;at) S92 (xclzat7x(2:at) _ 1081 (.’L"iat, m;at) _ 882 (:C(lzat’xgat)
where
Table 3: Images of s; (x§2t, 252t). Table 4: Images of sy (z§2%, 25).
2§t = A | 2$2* =B | 252* =C 2§t = A | 2$2* =B | 2p2*=C

2t = A -5 2.5 75 25t = A -5 5 4

z$ =B -5 3.5 8.5 xgat =B 2.5 4.5 3

2" = C 4 45 10 Pt =C 1 6.5 9
with constraints

4 .
int int cont cont cont ) __ 2 ( CODE) + 3 ( COnt) + x(g:ont + 4 (xllnt) + 5m1nt
g1 (1 ,T2 ,T1 y L2 » L3 - D) — 127
2 .
int mt cont cont cont \ _ 7m§0nt + 3 gont + 10 ( Cont) + xlln 'rlQDt
Ty ,T y T y L2 s L3 - 2 — 282
2
g3 (l‘ an:7 a:gat7 cont’maont) _ 23.1‘5011': + (xgont) + (81 (xiat’xgat>) _ 882 (1’<1:at,.13§at) — 196
2

g4 (xcat7x;at7 cont7w§ont7mgont) — 4( cont) + (x;ont) — 3z viont cont + 2( cont) + 551 ( catjmgat) _ 1182 (x(iat I;at

o n® =2 and 7, 25 € {A,B,C};

e n'™ =2 and ™ 2 € {-10,-9,...,10};

o n°™ =3 and z{°™, 25" € [-10, 10].

4.7 Cat-cstrs-7: Goldstein taken directly from [15]

f (@1, 25", 2o, 25 =
53.3108 + 0.184901z5°™
— 5.02914 (5°™)° % 107° 4 7.72522 (a5°™) " x 107
— 0.0870775z5°™ — 0.106959s1 (z5*")
+ 7.98772 (s1(25™))” x 107° + 0.00242482s5 (25™)
+1.32851 (s (25™))° x 107° — 0.00146393z 5" 25
—0.003015882 7" 51 (25*") — 0.00272291 25" 55 (5*")
+0.001700425°™ 51 (25*) + 0.003842825°" s (x5™")
— 0.000198969s1 (25") 52 (25*")
+ 1.86025257™ 25”51 (25**) x 107°
— 1.8871925™ 5" 50 (25*) x 107°
+ 2.509232 7 51 (25 ) s2(25*") x 107°
— 5.6219925" 51 (27" ) s2 (25*) x 107°
where
20 if 5% = A, 20 if a5™ = A,
s1 (25%) = 50 if 25** = B, and so (257") = <50 if 25" = B,
80 if 5 =C, 80 if 25 = C.
with constraints
pcont 3 pgont 3
g1 (xiat, xgat,xic"“,x;w) = 51(27*") sin ( 1100 ) + s9(x5™) sin ( iO )

)
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o n® =2 and 27,25 € {A,B,C};
o n'™ =0;
o 1% =2 and 2§°™, 25°™ € [0,100].

4.8 Cat-cstrs-8: modified Himmelblau [12]

) . N2 N2
f (xllnt’ :L,12nt7 xiont’ (onnt) — ((miont)2 + x;ont _ 6 _ lent) + (a:(iont + (mgont)Q _ 2 _ 12nt) + 10
with constraints
g1 (l‘iat,$§ont, gont) = —5 (wiat) Iiont gont + 0.5
92 (xgat7m(1:ont’ gont) — 33:(1:ont — 59 (xgat) x;ont _|_ 1
where
0.75 ifz$** = A —1.25 if z§** = A
1.5 if 2t = —0.5  ifxst =
S1 (wiat) =<225 if xcat =C and S2 (mgat) =<0.25 if xcat =C
3 if 2§ =D 1 if 25** =D
375 ifzf** =E 1.75 if 25" =B
. nC =2 and 25, 25" € {A,B,C,D,E};
o n™ =2 and 2™, " € {0,1,...,5}
e n°™ =2 and x{°™, 25> € [-5, 5].
4.9 Cat-cstrs-9: modified HS144 [13]
f (.’Eiat, I;at, xilnt’ xi2nt7 xi3nt7 xa:ont’ x;ont’ xgonty xzonty zgont) —
— 5.0425°™ — 0.03525°™ — 1025™™ — 3.3625°™ + 0.063x5" 25"
+ 51 ( cat ,Tlgnt7 mionty cont) + S9 (x;at’ x;nt’ xignt, {Ei3nt)
where
( cat int _ cont cont) _
S1{Z1 , %3 ,T1 ,T4 =
—500 (1 125%™ + 0131672125 — 0.00667 (x*)” 2ont o; 5 xz°“t> if 25° = A
1
500 (1 122597+ 0.131672 25 — 0.00667 (x4) 5ot — 099 xio"t) if 25" = B
and
( cat int int) _
S2 | T2 7151 >UC2 y L3 =
; 1
—500 (1 09831:”lt 0.038 ( ”‘t) +0.325z™ — 099 99 ““ + 57. 425> if 25" = A
500 (1 098z — 0.038 (z ““) +0.325z1 — @x;}“ + 57.425> if 25 =B
with constraints
9 cont7 cont) _ 0. 02xcont + 0. 1xcont 100
cont cont

—0.125°™ — 0.525°" 4 100
—0.5z5°™ + 0.127°™ 4 500
0.2z — 0.225°™ — 500

g2

cont cont

g3
g4

cont

(@ ) =
(3 )=
G ) =
(e )=
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e n° =2 and x5, 25" € {A,B};

o n'™ =3 and 2 € {83,84,...,93}, and 2 € {90,91,...,95}, and z* € {3,4,...,12}.

e n°™ = 5 and x${°™, z™ € [1075,2000]. and x5 € [107°,16000], and x5 € [107°,120] and
x5°™ € [1075, 5000].

4.10 Cat-cstrs-10: modified Pentagon [13]

cont int)2 cont int)2 : cat __

\/(351 — )" + (x5 — al) if 2% = A
cat _int _int _cont _cont _cont _cont) _ int cont\2 int cont\2 . cat

P A R T SR M A = (xipt — 25omt)” 4 (zipt — zgont) if z** =B

\/(mgont _ CE,iont)Q + (xiont _ mgont)Q if xcat — C

with constraints

. 2 i 2
or (a3, 2) = 2 cos ( 20) 4o sin (20) <1
5 5
in in ins 8 in 8
gg(m b t) ™ cos il + 25 sin ) 1
5 5
2 2
gs (Iclzont7 x;ont) — wflzont 0s <§> + x;ont sin (%) —1
8 8
ga (mion‘c7 xgont) — m(lzont cos <?ﬂ-> + xcont sin (?’Tr) -1
2 2
gs (:I;gont7 mzont) — xgont cos <€ﬂ—> 4 xzont sin (%) -1
oo (57 ) = a5 con (55 ) i () 1

e n° =1 and 2" ¢ {A,B,C};
o n'™ =2 and 2P 2 € {-3,-2,...,3}

° ncont —4 and x5011t7x§ont7x§ont’xiont c [_71_77_(].

4.11 Cat-cstrs-11: modified Pressure-vessel [6]

f (xcaut7 milnt7 .Tigm, miont7 wgont) _ 0.6224£Ei1nt$iont8 (CECM, x;ont) 4
i . 2 . 2
1778125 (s (2, x%"‘“))Q + 3.1661 (xllm) 5™ 4 19.84 (x‘lnt) s (2, 257™)

where

20 + 0.875°™ + 15 sin (0.02z5"") if 2" = A
50 + 0.8525°" + 18sin (0.025z5°™ +0.3)  if 2°*" =
10 4 0.7525°™ + 12sin (0.01825" — 0.4)  if 2 = C
40 + 0.8225°" + 20sin (0.02225°™ +0.5)  if 2% =
200 — 0.8z5°™ — 15sin (0.02z5°™) if x°a% =
160 — 0.85z5°"" — 18sin (0.02525°™ +0.3)  if 2** = F
220 — 0.75z5°" — 12sin (0.018z5°™ — 0.4)  if z°*' = G
180 — 0.8225°™ — 20sin (0.02225°™ + 0.5)  if 2°** = H

cat _cont\ _
5(331 s L2 )—

with constraints
t int t int t t
g1 (xca yxp et ) = —z" +0.0193s (z°*, z5°™)

g2 (:rcat7 $i2nt7 xgont) _ _:Ci2nt + 0.00954s (:L‘cat7 :C;ont)
4r

3

g3 (mcat7 x(l:ont7 a:gont) — —7r;1;(1:0nt (S (xcat7 xgont))Q

(s (2, 25°))” + 1296000
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° ncat —1 and xcat c {A7B707D,E,F,G7H};
o n™ =2 and 2" = 0.0625a1, 23" = 0.0625a2 with a1, as € {1,2,...,99}
e 1 — 9 and .’E(iont, l,gont c [10, 200]

4.12 Cat-cstrs-12: modified Reinforced-concrete-beam [6]

cat cat int _cont _ cont cat _ cat int cont cont
I (ml S VR R ¢ ) = 29.4s (atl , Lo ) + 0.6x (x1 + x5 )
where

Table 5: Images of s (ac'fat, Igat)_

TPt = A Pt =B 2Pt =C 2§t =D Pt = E
5 = A 0.2 0.52 0.83 1.13 1.45
2§t =B 0.27 0.58 0.87 1.19 1.49
z§t =C 0.33 0.63 0.91 1.24 1.54
2§ =D 0.38 0.68 0.96 1.3 1.62
25 =B 0.42 0.73 1.01 1.35 1.66

with (modified) constraints
cat _cat _int _cont _ cont cont cont int cat _ cat
g1 (acl , Ty , T ,T1  ,Tg ):5(321 + x5 )—43: —1—25(1'1 , T )—2.5

cat _cat int _cont _ cont cat _cat))2 int cat _ cat int cont cont
gg(asl STy LT, X, T ):2.5(s(x1 , To )) + 25z —5(1:1 , To )x (1:1 + x5 )—2.5

e n® =2 and wiat, x5 € {A7 B,C,D, E};
o n'™ =1 and 2™ € {28,29,...,40};

n"™ =2 and x{°™, 25°™ € [5,10].

4.13 Cat-cstrs-13: modified Rosenbrock [12]

cat _cat _int _int cont ) __ int
Fl=r e o, m @ = |71

+s (x(éaut7 wcont) +

neont _q 2
cont cont 2 int /.cont 2 s cat __
100 (xm — (agent) ) it (@eont — )2 if 490t = A
i=1
neont _q )
cont cont int cont s cat
D100 a5y — (@57)?|  Bait [aft — 1] if e = B
i=1
where
1 noont cont . cat
—omt 0y 1.1max{0,z{"™} if 5% = A

cont

s(z$™, %) = —nc}mt >, —0.9min{0, "} if 25" =B

cont

1 n
ncont Zi:l

xfom| if 25** = C

with constraint

g (m%at, o 2 B s, mZ"“t) = —\/ (@§om)® + (257)? + (25°)* + (25
e 2 4.25% if 25 = A
+< ; ) +455%  ifrs* =B
8 if 25 = C

e n° =2 and 25" € {A, B}, #5*" € {A,B,C};
e n'™ =2 and 2™ € {-2,-1,0,1,2}, o € {—5,—4,...,4,5};
o n° ¢ N and z{°" € [-10,10] for i € I°°™*.
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4.14 Cat-cstrs-14: modified Styblinski-Tang [12]

where n

ncont

f (mcat7 mint’ wcont) _ % Z ((m(i:ont)4 _ 16 (m;_:ont) + 5x;nt +8s (xcat’

=1
cont __ nint and

!mcont 1| if xcat = A

peont)2
(( K 2) +1) lf xcat — B
S (xcat’ x;_:ont) = { exp |$c0nt + 1|) -1 if mcat =C

cont )2
S et =D
L—exp (= (a57)) ifa =B

with constraints

exp( cont | xcont) 10
exp ( ont 4 2x°°"t) — 18
g (:Ccat’miont7 xgont) = exp (2 cont 4 mg"“t) ~18
( cont cont) + lOg (1 4 |m§ont|) —12
(w

7 — 0.525°™) + log (1 + a5 |) — 11

exp

exp

(257 +2)% 4 (252" — 1) 4+ 0.1 (1™ — 1)* = 50
(257 —1)° + (2 “°“t+2)2+01(xi1"°+2)2—40
(cont) ( cont ) +01(mt )2_45
sin §Z§OI’°+Z°°"t§ ( ) +0.2 |3:11nt — 1’ -3

M ( cont) +0.2 |l'i1nt _ 2’ _4

cat cont _ cont) __
92(13 y L1 T2 )—

Sin 12.5

n® =1 and z° € {A,B,C,D,E}
n'™ € N and 2™ € {-5,10} for i € I'™".
n® € N and 2™ € [-5,10] for j € I°™.

m;_:ont))

if 2% = A
if ' =B
if ¢ = C
if 2% =D

if 2% = B

if z° = A
if z** =B
if z°%* = C

if %" =D
if " =F
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4.15 Cat-cstrs-15: modified Toy [14]

cat _cont _cont _ cont cont) __ 5
f(ﬂf 5 L1 s L2 » 3 y La )* +

with constraints

g1 (25, 57 25 a) = /(@5 4 (5 + () + (ag)? - 0.25°

92 (257" 257,257, a5) = @) + (@) + () + @) 0.

. ncat —1 and mcat c {A’B’C’D7E,F,G,Ha LJ};
° nint — 0;

o n° =4 and z{°"* € [0,1] for i € I°°™".

4.16 Cat-cstrs-16: modified Wong-2 [13]

ca int int int cont cont cont cont cont cont \ __
f z 7'T1 7332 7'1:3 yLg 5T s L2 s L3 y Ly y T s Le -

int _int _int _int cont _cont _cont _cont cont _ cont
—s\| %1 T2 X3 ,Tg4 ;L1 ,T2 T3 T4 T35 ,Te

0 if 2o = A
10 (3 (257" — 2)° + 4 (&1 — 3)° + 2 (25™)* — 7 (23)® — 120) if 2% = B
10 (5 (5°")° + 8™ + 6 (25°™ — 6)° — 2ai™ 40) if 2% =
T 20 (05 (@5 - 8)” H2 (@~ 4)° £ 3 (25)’ —aft —30) 2 =D
10 ( Cont) + 2( int 2)2 — 0ggOnt Nt | 14g0nt _ Gmgnt) i 2% — B
10 (=325 4 623 + 12 (2™ — 8)° — 793301“) if 2 = F
where
S(.’L’ilnt, xiznt7 xgnt7 xant} 1’(1:0“':, .T(Q:Oﬂt x§011t7 .'L'Zont, x(5:0nt7 mgont) —

(mion‘n)2 + (xilnt) + x(l:ont int — 14z iont 16xilnt + (xgont 10) + 4( int 5)2 + (mgont _ 3)2

+92 ( int 1) +5 (xzont) + 7( int 11) +2 (mgont o 10)2

cos (3 6 ( cont 2) + xgont) + ‘,L,gont -1 + (mzont)2 lf xcat —
2cos (Limexp (5)) — 7 4 (a57)? + 2log (14 (@57)7) i 2 =
cos (27rx°°“t) + z§°"t + xcontxiont if xCat _
21 COS (3 471'( cont 1)) _ mgont -1+ mcont + (miont)3 if mcat —
(‘x(lmnt)2 cont 2 cont 2 cont . cat __
—#—i—log(l—i—(:ﬂg ))+(x3 ) + x§ if x°% =
2 cos (% exp (— (xﬁont)‘l))? — 965;)[“ + 5ot 41 if zoat =
21 COS (3.43350’“) — %Dm + 5o 4 (wiontf +1 if £ =
a{on (— cos (52 ””g;mt) + 2§ o 4 2 if poat =
cont )3
— (zlzt) + (xgont)Q + mgontxzont + 1 lf xcat —
~ cos (5ras™)” (oo — TEETTN00) ooy 13 g gt =,

+ (2™ —7)% + 45
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with constraints

45O + 5 — 3™ + 92 — 105 <0 if 2§ = A
5ot 4 Gint — 39[;“3“t +9zit —105<0  ifz$™ =B
int cont _cont T 4 42 — 22 + 92 — 105 <0 if 2§ =C

o (oo i a) = O M 4 Bt — 42§ 4 102 — 105 <0 if 2§ = D
5z + bl — 3x°0‘“ + 8z —105<0 ifxi =E
F

3 cont + 4x1nt cont + 8$mt 95 S O lf l"iat .

10257 — 8™ — 172§ + 223" <0 if 2§ = A
8x§°n° — 6™ 17ac°°nt + 22§ <0 if 2{* = B
it ine _cont _cont) _ ) 1027 — 1021 — 152§ + 223" <0 if 29" = C
9 (xl T ) T ) 10250 — 82 — 1925°" + daift < 0 if 25 = D
12257 — 8™ — 192" + 12 <0 if 27 = B
925" — 9z 189[;60“ + 12 +10<0  ifaf =F
—8a§" + 221" + 5™ — 28 <0 if 2§ = A
—4z5™ + 4z 4 5z — 22 < 0 if 25" =B
int_cont cont _cont) _ | —8TI°" + 11" + 1025 — 226" <0 if 23* = C
g (a7 a5 ) =9 T M 4 22 4 2,525 — Azl < 0 if 25 = D
716:&0‘“ + 2z 4 5rgent — 12t <0 if 2§ = B

—Agx cont + lxlnt + 10$Cont 4x1nt + 10 S 0 lf :E(l:at — F

e n® =1 and z°* € {A,B,C,D,E,F};

o n'™ =4 and 2P 2 2P 2 € {0,1,...,10}
° ncont _ 6 and xcont’xgontjxgont7xiont mgont xcont [0 10]
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