Determinant ano
recurrent mapping



A. The Ikeda map

The Tkeda map|52] is characterized by a nonlinear system,

f1(331, 332)
f2(931,332)

f($17552) —

where coordinate functions are given by

fi(xy,22) = R4 Cs(xq cos (C’l — C3/(1 + :C% + x%)) — Z9 Sin (Cl — C3/(1 + x? + x%))),

fo(z1,20) = Co(aysin (C1 — C3/(1+af +23)) + aacos (C1 — C3/(1 + a7 + 23))),

The parameters are given by R =1,C; =0.4,C5 = 0.9, and C5 = 6.
Let x[n| = (x1|n], z2[n]) and x[0] denote a random initial condition. The Ikeda time

series is generated by the first-order recursive function,

x[n +1] = f(x[n]). (1)



Ikeda time series
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Density support
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MSE : Training error : 8.5348e-008
Testing error : 6.3944e-007
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Recurrent relation of Laplacian expansion

- det(A) is decomposed to n sub-tasks

- Each calculates determinant of an (n-1)-by-
(n-1) matrix A

- The problem size is reduced from n to n-1

Det(A) = E (_1)i+1a1i det(zli)
=

REERETEER



Recursive programming based on Laplacian

expansion

function ans= mydet(A)

\J

\ for i=1:n

'
B=[A(2:n,1:i-1) A(2:n,i+1:n)]

G ai= (-1)\(i+1)*A(1,i)*mydet(B)

ans = ans +ai

ans=A(1,1)*A(2,2)-A(1,2)*A(2,1)

BB (E B ER 10



Drawbacks

- Computational complexity, O(n!)
- Time consuming

- Memory consuming

- If n >10, it results in intolerant computing
time to evaluate determinant by recursive
programming.

- An improvement by Bareiss's standard
fraction free Gaussian elimination

11



Bareiss's standard fraction free Gaussian
elimination

Bareiss’ standard fraction free Gaussian elimination (Bareiss, 1968).

(-1) ,

= A4, for1<i<n,1<j<m,

k—1) ,{k—1 k—-1) (k=1
AU AL — AL

17
=)
Ar 1k

,forl <k <nk<i,j<m.

It 1s well known that
Alx Al

(k) _
Aji =

A Ak j
A Aij

Thus when m = n, det(4) = A,(,:f;l), and when A = ( AIJ g ), for square
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[N,M]=size(A);
a=zeros(N,N,N);

forl1 <k <nk<i,j7<m.

for k=1:N

for i=k+1:N

for j=k+1:N

Age’ = 1,
AY = A for1<i<nl<j<m,
(k—1) ,{k—1) {k-1) , (k=1
A(k) Ak,k Ai,j _Ai,k A}c,j)
7 A(k_2) ,
k—1,k-1

\ ‘
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for k=1:N
for i=k+1:N
for j=k+1:N

—1
Alg,ﬁ) = 1
A Aij, for1<i<n,1<j<m,
(k-1 k—1 k—1 k—
Ak )Ar(:,j )_Az{,k )Al(c,j &

(k—2) ’
Ap 1 k1
\

(k)
A
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if k==
a(l ’J 3 k)=A(k’ k)*A(I ’J )_A(I 3 k)*A(kaJ),
end

If k==

Ay = 1,
A = A forl<i<nl<j<m,
(k—1) , {(k—1 k1) o (ke
A0 Akk A — Al Al
i = D) =
k—1,k-1

a(i,j,k)=(a(k,k,1)* a(i,j,1)-a(i,k,1)* a(k,j,1))/A(k-1,k-1);

end

If k>2

a(ij,k)=(a(k,k,k-1)* a(i,j,k-1)-a(i,k,k-1)* a(k,j,k-1))a(k-1,k-1,k-2);

end
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IN,M]=size(A);
a=zeros(N,N,N);
for k=1:N
for i=k+1:N
for j=k+1:N
If k==
a(l’J’k)=A(k’k)*A(I’J)_A(I!k)*A(ksJ)’
end
If k==2
a(i,j,k)=(a(k,k,1)* a(i,j,1)-a(i,k,1)* a(k,j,1))/A(k-1,k-1);
end
if k>2
a(i,j,k)=(a(k,k,k-1)* a(i,j,k-1)-a(i,k,k-1)* a(k,j,k-1))/
a(k-1,k-1,k-2);

Bareiss’ standard fraction free Gaussian elimination (Bareiss, 1968).

end AP =,
end AD = Ay for1<i<n1<j<m,
(k=1)  (k=1) _ ,(k=1) 4(k=1)
ALY gB=D) k1) 4 (-
end AR = EE W bk _"ki  forl1<k<nk<ij<m.

Alk—2)

d k—1,k-1

en It is well known that

a(N,N,N-1) An o Ane Ay
Ar1 - Arx Akj
Ay o Aix Aig

Thus when m = n, det(A) = Aq(r:,l;l), and when A = ( ﬂIJ g ), for square
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