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6.5 Practical calculation on the sensitivity matrix

We explain calculation of the sensitivity matrix that leads to practical
use of this algorithm[13]. The computer program uses these equations.

Suppose that m = 1 and that t € Ty. Define some parameters as

v(t) = o e’ (92)
<t—1NTeT)
T(t) = > Pa(r+1)E(n)", (93)

T<t—1NTET}
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We rewrite (95) as folloes.
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Define AO as the remaining right-hand-side except O(¢). Note that
O) = Z()"'ITW)E() ! and Z(t)" = E(t + 1)~ — £@)E()T. Then we
have
O(t+1) = O)+ A0(t)
= Z(t+1D)ITOE(E4+1)71
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where the definition of ©(t), namely (95) implies
AO) = +EO{z)T @) +at+1)"T(H)}

+{U®)T2(t) + (&) Tzt + 1)}
+eW{z®)T2(t) + 2t + DT Pt + DB, (98)

From the difinitions, we have the following results.

Calculation of the sensitivity matrix
U(t+1) = W)+ 2007, (99)
Y(t+1) = Y(t)+ Pea(t+ 1)), (100)
Et+1) = E(t) — {EOOHEDTEMDER) + 13 e TE(®)}(101)
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The equation (101) is the matrix inversion lemmal[7]. By multiplying (97)
with Z(¢ 4+ 1) from both sides, we have

Lt+1) = T()
+E(t+ 1DE {0 W) + 2t + )T }E(E+ 1)
)

— &) + [<t+1{w> (1)

T 2t +1)} - DL€ 2 + 1)
+E+ DER) =) 2(t) + x(t + )T P(t+1)
+¢ )g(t)}g OT=(t+1 (102)

Equations (99), (100), (101) and (102) compose practical calculation at each

time on Tj. The initial values of each block are

Uty) = 0, (103)
T(t) = O, (104)
=(ty) = %L (105)
O(t,) = TI9. (106)

The terminal value of f(t) on T}, gives the fundamental sensitivity matrix

as

Iy = D(tpr—+1) (107)

where t gy is the terminal time of Tj. These equations have only products
of vectors with other matrices or vectors, and they have no matrix inversion
and no products of matrices with other matrices. Therefore the order of
calculation is O((n+1)2). Then the gain update is performed by (88)- (90)
at the end of each Tj.
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