
{ }

x(k + 1) = Ax(k) + BΔu(k),

y(k) = Cx(k)

y(k) ∈ R
p u(k) ∈ R

m x(k) ∈ R
n

f(Δu) =

NpX
j=1

‖y(k + j) − w(k + j)‖2 +

Nu−1X
j=1

‖Δu(k + j)‖2

w Np Nu

Ψu =

2
6664

CB 0 · · · 0
CAB CB · · · 0

CANp−1B CANp−2B · · · CANp−NuB

3
7775,

Ψx =

2
6664

CA
CA2

CANp

3
7775 z =

2
6664

Δu(k)
Δu(k + 1)

Δu(k + Nu − 1)

3
7775 .
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min
z∈Rnv

j
1

2
z′Qz + c′z : Jz ≤ g

ff
.

nv = mNu

Q = 2Ψ′
uΨu +2I nv × nv

c = 2Ψ′
u(Ψxxk − w) nv × 1 J g

mc × nv mc × 1 mc

Q

(z0, λ0, t0) (λ0, t0)
δ

k = 0, 1, 2, . . .
Λ ← diag(λk) T ← diag(tk)

Δz

(Q+J ′ΛT−1J)Δz = −rd−J ′T−1Λ(−rb−tk+σμkΛ−1e)

Δλ = ΛT−1(JΔzk − rb) − Λ + σμkT−1e
Δt = −tk + Λ−1(σμke − TΔλ)

α ← min

j
min

i∈I(Δt)

n
− tk(i)

Δt(i)

o
, min

i∈I(Δλ)

n
− λk(i)

Δλ(i)

off

(zk+1, λk+1, tk+1) ← (zk, λk, tk) + α(Δz, Δλ,Δt)
μk+1 ← t′k+1λk+1m

−1
c

μk+1 ≤ δ
z∗ = zk+1

rd = Qzk + J ′λk + c,

rb = −Jzk + g − tk,

e = (1, 1, . . . , 1) ∈ R
mc×1,

I(Δt) = {i = 1, 2, . . . , mc : Δt(i) < 0} ,

I(Δλ) = {i = 1, 2, . . . , mc : Δλ(i) < 0} ,

σ = 0.25 zk

μk = t′kλkm−1
c tk λk

mc μk

zk

Ax = b

z∗ W0

W0

W0 W0

z0

W0

k = 0, 1, 2, . . .»
Q J ′

Wk

JWk
0

– »
Δzk

λ

–
=

»
−c − Qzk

0

–
(Δzk λ)

Δzk = 0
λ

z∗ = zk

Wk

λ zk+1 ← zk

Dk ←

j
i /∈ Wk : JiΔzk > 0,

gi − Jizk

JiΔzk

< 1

ff

Dk

zk+1 ← zk + Δz Wk+1 ← Wk

α ← min
i∈Dk

j
gi − Jizk

JiΔzk

ff
zk+1 ← zk + αΔz

Wk+1 Dk Wk

Ji i J JWk

i J i /∈ Wk

g (0, 0, . . . , 0)′

z0 = 0
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nv

mc

mc/2

mc/2 JWk

mc/2 × nv JWk

z0

Ma(nv) Mm(nv) Md(nv)

nv + mc/2

Ma(nv + mc/2) Mm(nv + mc/2) Md(nv + mc/2)
Ma Mm Md

n = 1, 2, . . .

Ma(n) = 0.5(n − 1)n(n + 1),

Mm(n) = 0.5n2(n + 1),

Md(n) = n.

Ma + Mm +
Md

n2
vmc n2

vmc

2mc

n2
v(mc + 1) + nv(3mc + 1) + 7mc − 1

+Ma(nv)
n

2
v(mc + 1) + nv(4mc + 1) + 7mc + 2

+Mm(nv)
3mc + 1 + Md(nv)
n2

v + 2nv + 10mc + 19

n
2
v + nv(2mc + 1) − mc + Ma(nv + 0.5mc)

n
2
v + nv(2mc + 1) + Mm(nv + 0.5mc)

mc + Md(nv + 0.5mc)
n2

v + nv(2mc + 2) + m2
c + mc + 9

Ma = Mm = Md = 0

J ′ΛT−1J rd rb

Ma = Mm = Md = 0

nv + mc/2

nv
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nv

mc nv mc

(nv , mc) ∈ {3, 5, 7, . . . , 13} ×
{31, 41, 51, . . . , 111}

(1, 1, . . . , 1) (0, 0, . . . , 0)
z0 = (0, 0, . . . , 0)

Q

(nv, mc) nv mc

nv mc (nv, mc) = (13, 111)

nv

mc

nv mc

nv

nv mc

nv

nv
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(nv, mc)
nv = 13 mc = 111

nv + mc/2
nv

zk

1/tk(i)
T tk(i)

i i
tk(i)

1/tk(i)

Δzk

Δzk

A =

2
664
−1.2822 0 0.98 0

0 0 1 0
−5.4293 0 −1.8366 0
−128.2 128.2 0 0

3
775, B =

2
664
−0.3

0
−17
0

3
775,

C =

2
4 0 1 0 0

0 0 0 1
−128.8 128.8 0 0

3
5 .

± ±
± ±

(a) (b)

(a) (b)

± ±

w(k + j) =
ˆ
0 400 0

˜′

Np = 10 Nu = 3

|u| ≤ 0.262, |Δu| ≤ 0.524, |y1| ≤ 0.349.
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