
Problem 1. [4]
Dimension: n = 2,
Component functions:
f1(x) = max{f1

1 (x), f2
1 (x), f3

1 (x)} + f1
2 (x) + f2

2 (x) + f3
2 (x),

f2(x) = max{f1
2 (x) + f2

2 (x), f2
2 (x) + f3

2 (x), f1
2 (x) + f3

2 (x)},
f1

1 (x) = x4
1 + x2

2, f2
1 (x) = (2 − x1)2 + (2 − x2)2, f3

1 (x) = 2e−x1+x2 ,
f1

2 (x) = x2
1 − 2x1 + x2

2 − 4x2 + 4, f2
2 (x) = 2x2

1 − 5x1 + x2
2 − 2x2 + 4,

f3
2 (x) = x2

1 + 2x2
2 − 4x2 + 1,

Starting point: x0 = (2, 2)T ,
Optimum point: x∗ = (1, 1)T ,
Optimum value: f∗ = 2.

Problem 2. [4]
Dimension: n = 2,
Component functions: f1(x) = |x1 − 1| + 200 max{0, |x1| − x2},
f2(x) = 100(|x1| − x2),
Starting point: x0 = (−1.2, 1)T ,
Optimum point: x∗ = (1, 1)T ,
Optimum value: f∗ = 0.

Problem 3. [4]
Dimension: n = 4,
Component functions: f1(x) = |x1 − 1| + 200 max{0, |x1| − x2}

+180 max{0, |x3|−x4}+ |x3 −1|+10.1(|x2 −1|+ |x4 −1|)+4.95|x2 +x4 −2|,
f2(x) = 100(|x1| − x2) + 90(|x3| − x4) + 4.95|x2 − x4|,
Starting point: x0 = (1, 3, 3, 1)T ,
Optimum point: x∗ = (1, 1, 1, 1)T ,
Optimum value: f∗ = 0.

Problem 4. [4]
Dimension: n = 2, 5, 10, 50, 100, 150, 200, 250, 350, 500, 750,
Component functions: f1(x) = n max {|xi| : i = 1, . . . , n} , f2(x) =

∑n
i=1 |xi|,

Starting point: x0 = (i, i = 1, . . . , "n/2# , − i, i = "n/2# + 1, . . . , n)T ,
Optimum point: x∗ = (x∗

1, . . . , x∗
n)T , x∗

i = α or x∗
i = −α, α ∈ R, i = 1, . . . , n,

Optimum value: f∗ = 0.

Problem 5. [4]
Dimension: n = 2, 5, 10, 50, 100, 150, 200, 250, 300, 350, 400, 500, 1000,
1500, 3000, 10 000, 15 000, 20 000, 50 000,
Component functions: f1(x) = 20 max

{∣

∣

∣

∑n
i=1(xi − x∗

i )ti−1
j

∣

∣

∣ : j = 1, . . . , 20
}

,

f2(x) =
∑20

j=1

∣

∣

∣

∑n
i=1(xi − x∗

i )ti−1
j

∣

∣

∣ , tj = 0.05j, j = 1, . . . , 20,

Starting point: x0 = (0, . . . , 0)T ,
Optimum point: x∗ = (1/n, . . . , 1/n)T ,
Optimum value: f∗ = 0.
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Problem 6.

Dimension: n = 2
Component functions: f1(x) = x2 + 0.1(x2

1 + x2
2) + 10 max {0, −x2},

f2(x) = |x1| + |x2|,
Starting point: x0 = (10, 1)T ,
Optimum point: x∗ = (5, 0)T ,
Optimum value: f∗ = −2.5.

Problem 7.

Dimension: n = 2
Component functions: f1(x) = |x1 − 1| + 200 max{0, |x1| − x2}

+ 10 max{x2
1 + x2

2 + |x2|, x1 + x2
1 + x2

2 + |x2| − 0.5, |x1 − x2| + |x2| − 1, x1 + x2
1 + x2

2},
f2(x) = 100(|x1| − x2) + 10(x2

1 + x2
2 + |x2|),

Starting point: x0 = (−2, 1)T ,
Optimum point: x∗ = (0.5, 0.5)T ,
Optimum value: f∗ = 0.5.

Problem 8.

Dimension: n = 3
Component functions: f1(x) = 9 − 8x1 − 6x2 − 4x3 + 2|x1| + 2|x2| + 2|x3|

+ 4x2
1 + 2x2

2 + 2x2
3 + 10 max{0, x1 + x2 + 2x3 − 3, −x1, −x2, −x3},

f2(x) = |x1 − x2| + |x1 − x3|,
Starting point: x0 = (0.5, 0.5, 0.5)T ,
Optimum point: x∗ = (0.75, 1.25, 0.25)T ,
Optimum value: f∗ = 3.5.

Problem 9.

Dimension: n = 4
Component functions: f1(x) = x2

1 + (x1 − 1)2 + 2(x1 − 2)2 + (x1 − 3)2 + 2x2
2

+ (x2 − 1)2 + 2(x2 − 2)2 + x2
3 + (x3 − 1)2 + 2(x3 − 2)2 + (x3 − 3)2

+ 2x2
4 + (x4 − 1)2 + 2(x4 − 2)2

f2(x) = max{(x1 − 2)2 + x2
2, (x3 − 2)2 + x2

4}
+ max{(x1 − 2)2 + (x2 − 1)2, (x3 − 2)2 + (x4 − 1)2}
+ max{(x1 − 3)2 + x2

2, (x3 − 3)2 + x2
4} + max{x2

1 + (x2 − 2)2, x2
3 + (x4 − 2)2}

+ max{(x1 − 1)2 + (x2 − 2)2, (x3 − 1)2 + (x4 − 2)2},
Starting point: x0 = (4, 2, 4, 2)T ,
Optimum point: x∗ = (7/3, 1/3, 0.5, 2),
Optimum value: f∗ = 11/6.

Problem 10.

Dimension: n = 2, 4, 5, 10, 20, 50, 100, 150, 200
Component functions: f1(x) =

∑n
i=1 x2

i , f2(x) =
∑n

i=2 |xi − xi−1|,
Starting point: x0 = (x0,1, . . . , x0,n)T , x0,i = 0.1i,
Optimum point: For even n: x∗ = (x∗

1, . . . , x∗
n)T : x∗

1 = −0.5, x∗
n = 0.5,

x∗
2i = 1, i = 1, . . . , n/2 − 1, x∗

2i+1 = 1, i = 1, . . . , n/2 − 1,
For odd n ≥ 3: x∗ = (x∗

1, . . . , x∗
n)T : x∗

1 = −0.5, x∗
n = 0.5, x∗

j = 0,
j = "n/2# + 1, x∗

2i = 1, x∗
2i+1 = −1, for 2i ≤ "n/2# , x∗

2i = −1,
x∗

2i+1 = 1, for 2i > "n/2# + 1,
Optimum value: For even n: f∗ = 1.5 − n,

For odd n ≥ 3: f∗ = 2.5 − n.
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