
dm



pm



m



xm,n



xm,n−1



xm,0



xm,N



fn



W
˜

n



xm,n
i



=



∑
j

W n
ijf

n
j (xm,n−1),



or xm,n



W
˜

n · fn(xm,n−1) (in vector notation).



Find parameters pm



≈



xm,N



from data dm



xm,0.



0 ≤ f(x) < f(x′) ≤ 1



0 ≤ x < x′ ≤ 1



df(x)/dx



f1



W
˜

N



pm



xm,N(dm,W
˜

1, . . . ,W
˜

N) = xm,N .



F



min
{Wn

ij}
F (W

˜
1, . . . ,W

˜
N)



∑
m,k

[pmk − x
m,N
k (dm,W

˜
1, . . . ,W

˜
N)]2 =

∑
m

‖pm − xm,N‖2.



δW
˜

n



δF



δF (W
˜

1, . . . ,W
˜

N)



−
∑
m,k

(pmk − x
m,N
k )δxm,N

k = −
∑
m

(pm − xm,N) · δxm,N ,



where δxm,0



0



and δxm,n
i



∑
j

δW n
ij · fn

j (xm,n−1) +
∑
j

W n
ij

∑
k

∂

∂xk
fn
j (xm,n−1)δxm,n−1

k ,



or δxm,n



δW
˜

n · fn(xm,n−1) + W
˜

n ·∇
˜
fn(xm,n−1) · δxm,n−1.



δxm,n



δW
˜

n



G
˜

m,n



δxm,N
k



∑
n,i,j

Gm,n
kij δW

n
ij



or δxm,N



∑
n

G
˜

m,n : δW
˜

n.



δW n
ij



∑
m

δxm,n
i fn

j (xm,n−1),



or δW
˜

n



∑
m

δxm,n[fn(xm,n−1)]∗ (outer product),



where δxm,N



−(pm − xm,N)δF



and δxm,n−1
k



∑
j

∂

∂xk
fn
j (xm,n−1)

∑
i

W n
ijδx

m,n
i ,



or δxm,n−1



[∇
˜
fn(xm,n−1)]∗ · (W

˜
n)∗ · δxm,n.



∑
m,k

Gm,n
kij δx

m,N
k ,



(G
˜

m,n)∗ · δxm,N .



∆W n
ij =

∑
m,kG

m,n
kij [pmk − x

m,N
k (dm,W

˜
1, . . . ,W

˜
N)],



∆W
˜

n = (G
˜

m,n)∗ · (pm − xm,N)



W
˜

n + ε∆W
˜

n



ε



∆W
˜

n



α



∑
m,k [pmk − x

m,N
k (dm,W

˜
1 + α∆W

˜
1, . . . ,W

˜
N + α∆W

˜
N)]2



W
˜

n + α∆W
˜

n



∆xm,N =
∑

n G
˜

m,n : ∆W
˜

n



∑
m,k [pmk − α∆xm,N

k ]2



α = (
∑

m,k p
m
k ∆xm,N

k )/
∑

m,k ∆xm,N
k ∆xm,N

k ).



{w
˜

1, . . . ,w
˜

N}



∑
m,k [pmk − x

m,N
k (dm,W

˜
1, . . . ,W

˜
N)−∑

n,i,j G
m,n
kij w

n
ij]

2



W
˜

n + w
˜

n



w
˜

n


