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1. NLP Problem Structure.

Consider the NLP problem from the Hicks-Ray reactor dynamic optimization problem,
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define the variable vector z; = [20 20 Ye,\ -0 Yein, Ytin -+ Ytin, Wil Zesy Ztin -+ Uine Zesn. %) and
the multipliers, \; = [AS, A7 A9 AY ...Ag AN AL )\{M )\{ ] for every finite element .

Symbols 2.(¢) and 2,(¢) denote the initial conditions.

The associated Lagrange function of this problem is given by,
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The constraint Jacobian defined at finite element 4 for 3-point collocation has the following structure,
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where,
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notice that the first two columns in the Jacobian are not defined for 7 = 1.

For a Bolza-type objective function, the Hessian of the Lagrangian is block diagonal. For a given element ¢,
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where,
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The first-order optimality conditions are given by,

expanding terms,
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where d; ; is the Kronecker delta and,

VoL = Vo) + J.(2) "X —v, =0

nc
- Z M,
j=1
nc
f c
N Z Ay A
j=1
Ne
Mo —h Y M Qi
k=1
Ne
M. = hi Z M
k=1
Pu; + )‘gi’jg'ii,j + )‘fiﬁjgzttiyj = Vu; ;

g c
Pei,j + )‘Cz‘,j Ge; 4

A g, AL (=)

P, ; + Agm. gfiyj + Afi,j gfi,j + )‘Zi’]- + 6‘73(7A§i+1)
gi;()
9i5()

ne
0
Reyy T Rey T hi E Qk,]'yci,k
k=1

N
0
Py = 2 —hi ) g
k=1

qut + (1 - 51}1) (_Zcifl,nc) + 52}1 (_EC(Z))
ZtOA +(1—0:1) <—Zti,1ync) + d:1 (—2:(0))

Vu; jUij — M

2hiWiw. (2e; ; — zdes)

Pe;
Pt = th‘ijzt (Zti,j - Z?es)
Pu; 2hi Wjwa (i j — u™)




Linearizing the above expressions around an arbitrary point (z*, \F, v¥),
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expanding terms,
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