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ForwardâÇë
y = F (x) + ε

x · · · �Ø¦n�P÷�Ô�*åp	
y · · · �¥ÚØ¦n³,�¦)¦
F · · · ForwardâÇë
ε · · · ³,Î¤º

Ú�Ñ<�TaylorU�	

y = F (xa) + K (x − xa) + ε

xa · · · H�$(¢×êªê)

K · · · ∂F
∂x

��nã�go, x ,xaonLÙ¯Èë,
y , εomLÙ¯Èë, K om × nL�
n ∼ 250,m ∼ 60,000
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o-�OL
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y = F(xa) + K(x− xa)

âåpyK�*åpx�B��
x = xa + K−1 (y− F(xa))�

yp$�ã

K = UΣVT

Σ = diag(σ1, · · · , σp,0, · · · )
UT U = VT V = I�ô¤	

ìËj¹��np· · ·
L�néó¯=cyp$np(p)

⇒ �,�jLimb³,gom>n>p
⇒ aö�L³�o-�OL	

More-Penrosen�,�L�
K† = VpΣ

−1
p UT

p

���WÕ

χ2(x) =
∑

i

(yi − Fi(x))
2

σ2
i

χ2(x) = (y− F(x))T S−1
y (y− F(x))

o-�OL→ χ2L�UDão

!pkB�,��kB~�jD
%nØ_aö�c	LÅ�

Cost Function
M(x) = χ2(x) + c(x)
χ2hc��B��� (OEM,TRM,MEM)
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�i¨�Õ (Optimal Estimation Method: OEM)

OEMnØ_aö

cOEM(x) =
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a
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a (x− xa)
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¨�Õk�cf�K��

Bayesn��

Py (x) =
Px(y)P(x)

P(y)

P(x) =
1
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[Sa]i,j = σ2
a exp
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S−1
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Á³ÎÕcG�Õ (Tikhonov Regularization Method: TRM)

TRMnØ_aö

¢×êªêhnî(x− xa)L�UO
j��FkØ_Y�

cTRM(x) = (x− xa)
T αLT L (x− xa)

L · · · cG�L�
α · · · cG�Ñéáü¿

cG�L�

ô¥�k�UOY�⇒ L = I (= L0)

�¥�k�UOY�⇒ L = Ln
− Lnon!nî�L�
−!pL'MD{iØ¦ø¢'
�Ø¦�ãýªOj�	

cG�Ñéáü¿

c′TRM=cTRM/αhJOh,Cost Functiono
M(x) = χ2(x) + αc′TRM(x)
n�FkøQ�.cG�Ñéáü¿
αo, Residual χ2hConstraint c′TRM n

Ðéó¹¿tnyr��_Y

αL�UNN�⇒Î¤ºL�Dã
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¨óÈíÔü�'�Õ (Maximum Entropy Method: MEM)

MEMnØ_aö
cMEM(x) = −αS(x)

S(x) = −
n∑

i=1

qi(x) ln [qi(x)]

S · · · ShannonnÅ1Ï
α · · · cG�Ñéáü¿

2!nMEM

qi = pi

/
n∑

i=1

pi

pi = xi−1 + xi+1 − 2xi�2!î�	
+ 2(xmax − xmin) + ζ�c�p	
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Ï¤ÖêÃÉÕ�OEM+TRM	
chyb(x) = (x− xa)

T S−1
a (x− xa)

+ (x− xa)
T LT S−1

r L (x− xa)

Sr : cG�n"�cq�cL�"

MLSh�ØnKÕ

− MLSgoSr = α−1I, L = L2

SMILESgoSr = α−1Sa
− Sa��cfÑéáü¿��<�

− α = 1, L = Ij�pOEM]n�n
O3, HCl, HNO3ki(

− L = L1
− O3, HCl · · · α = 10
− HNO3 · · · α = 100
− OEMnØ¦ø¢�e��(10km)

ãnº�'

Sx=
[
S−1

a + LT S−1
r L + KT S−1

y K
]−1

⇒ Ø_aöL�H�{i�pL� 

⇒ º�'o�UOj�

ãnÎ_$�
þ¶goãn	ÕLãnº�'
����UDShLaö

⇒ TRM�ek��Î_�oª�

	¹Ø¦Äò

Sxh,�¤îå�n��,

Sc=
[
S−1

a + LT S−1
r L

]−1

nþÒ���Ô�W, Sx/Sc < 0.25
gB�Äò�	¹hY�

⇒ Sn¹ÝgF~ODcfD�
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図 5 α依存性 (bandA) 
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