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Problems
We like ALTRO. Recall that we find the feedback gain using:

S = —(Quu + pl)_l(quaxk +Qu)
We may also remember that:
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As the constraints costs increase over successive outer loops, so do @, Qux, @y This is further exacerbated by Q,,,, Quy, @, depending on Py, Di+1,
which depend on Q,,,,, Qu, @, of the future timestep. Overall the matrices grow in size.

Eventually, either after enough constraint increases, or given a long-enough trajectory

P =Qxx + KI;.I—QuuKk + K;qu + QxuKx
will run into numerical issues where the addition/subtraction of such large matrices results in floating point loss.

Cholesky Decomposition
QR-Decomposition Py
The terminal cost is:

9% (xy) 6C(xN)T 6C(xN)
N = 9x2 wN

VQXXN xx,N

Py = dc(xn) dc(xy)
N M’ CxN‘I\/;CXN

Py=M™M

Py = (QR)T(QR)

Py = RTQTQR

Since Q is unitary (QT = Q~1), property of QR-decomposition:
Py =RTR

xx,N

\/—NBC(XN)
[,l

Consequently: Sy = R = /Py = QR [

QR-Decomposition Q,,
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Using same prmc1ples

| axk |

xx = 4/ Qxx = QR Sk+1Ak I

l aka
QR-Decomposition Q,,,

a2l ackT acy,
Quu = EW 2+BkPk+lBk u Iu,ka_uk
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Other QR-Decompositions
Unfortunately, the form of Q,,,, @, means it is not possible to do a Cholesky Decomposition in this manner.
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Qux Tupdn, + By Pry1 4k + EM Ik %,

Using Cholesky Decomposition
We may now use S, Z,, Z,,,, for two important formulas:

Feedback Control Law
Recall

Suk = _Q‘IIL]L. (qu5xk + Qu)
6uk = Kk5xk + dk

—QJQqu = %&Z qu
di = =QuuQu = —Zi Zo Qu

Observation: Here, the regularization term is not used!
Gradient and change in cost-to-go
1
AV, = Qdy + EdZQuudk
T 1 T
AV = Qudy + E(Zuudk) Zydy

p=0x+ K;Quudk + KI;rQu + Qxudy
p=0Qx+ (ZuuKk)T(Zuudk) + KIIQu + Qxudy

Recursive Formula for Py
Finally, we are getting to what our original problem was. Let's have at it.

P = Qxx 'jl_'KlIQuuKk + KIIqu + QxuKi
p. = [ ] Qux qu] [ 1 ]
k Kk qu Quu Kk

re= L) [ ol ol
Ky Ky

p, = [Zxx + CK] [Zxx +CK

with

C= Z;;qu

D = \/ZIIMZ‘U.U. quZxe QX'LL - DownDate(Zuu' Zx);eru)

We can use the same trick as above to find:

Sk_JP—k_QR([ZXX+CK)
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