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Mathematical problem 

• FWI problem 
– Forward propagation 
– Back propagation 
– Source estimation 
– Residual minimizing 

• Grid scaling 
• Domain 

decomposition 
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Forward 2D acoustic problem 
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Adjoint 2D acoustic problem 
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Finite-difference approximation 
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Kalitkin N.N. Numerical methods: Moscow, Nauka, 1978. – PP. 437-438 
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Misfit data in [0,t0] window
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Minimization problem 

Tarantola A. approach: 
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Tarantola A., 1984, Inversion of seismic reflection data in the acoustic approximation:  
Geophysics, 74, No. 8, 1259-1266. 
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Minimization strategy 

8 

( ) ( )

εα

α

α

<












∂∂
=

∆

−∆+
≈

∂

∂

−=

=

Λ∂Λ∂

Λ∂Λ∂Λ∂

Λ∂

:limitationStrong

:method Newton

:searchRoot

2

22

2

22

/
,

0

0

0000

0

cI
IcIcI

c
I

cc

I

t

tOldtOldtt

OldNew

t



Horizontal layers 
Scaling factor 5x5 
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Horizontal layers 
Scaling factor 11x5 
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Elliptic reflector 
Scaling factor 5x5 
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Domain decomposition 
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Grids matching 

Weight function 



Domain decomposition 
Exact velocity 

Exact velocity
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Domain decomposition 
Approximate velocity 
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Domain decomposition 
Approximate velocity 
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Conclusion 

• High frequency impulse source FWI  
is a good preconditioner for  
low frequency impulse source FWI 

• Multiscaling significantly affect 
 FWI convergence rate 

• Domain decomposition increases risks of FWI 
instability but it also provides easy interface 
between high and low frequency source FWIs 
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