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Inverse Analysis Technique in Incompressible Viscous Flow
Using Automatic Differentiation for Sensitivity Analysis
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Yuya TAKAHASHI and Mutsuto KAWAHARA
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The progress of computer and numerical technique in recent years allows people not only complex
numerical simulation but also resolution of inverse problems. In the inverse analysis, it is
important to pursue higher quality of gradient computation. It is called as the sensitivity
analysis in general. This is the most bone-crushing thema in the analysis. In this study, the
authors propose the automatic differentiation as a new approach applied to the optimal control
problems. The optimal control and identification problems in incompressible viscous flows are
performed in this research. The Navier-Stokes equations with incompressibility constraint is
employed as state equation for the viscous flow. The forward mode automatic differentiation
computes the partial derivatives according to the differentiation rule of a composite function
whenever basic operation is performed. This method is efficiently implemented by operator
over-loading technique, which is depending on object oriented programming languages such as
C++-.

Key Words : Automatic differentiation, inverse analysis, optimization, sensitivity analysts,
finite element method, incompressible Nawvier-Stokes equation
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2. HBAHER
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§E-+—'u.-V'u,+Vp—1/V-(V'zH-V'u,T) =f

5 n Q, Q)

Veu=0 in Q. (2)
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BOLA IV Re DR THS. BRT R, T, &

T 6, ENENLLT O Dirichlet R &M &
Neumann HERFENHESINS.

u=1% on Iy, (3)

{—pI+v(Vu+Vuh)} . n=%t on TIy. (4

T, T RBAATH], n 38R T OOV EEEREAY
MV TH%. IEHIIRDOLSKEASNS.

u(z,0) =u’(x) in Q (5)

3. AREXRGER

velocity pressure
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1. Set I = 0 and assume the initial control value

2. Set the initial state value

3. Solve the state equation and evaluate the perfor-
mance function J!

4. Evaluate the partial derivative of J! by AD

5. Evaluate the control value by

6. Evaluate the error norm e = ||u£l;1) — ui?lH and
if e < £ then go to 7 else stop

7. Solve the state equation and evaluate the state
values u(+1)

8. Evaluate the performance function J¢+1)

9. The weighting parameter W is changed as fol-
lows;
If J+D < JO then
WD) = 0.9W® and go to 4,
else WD = 2.0W® and go to 5.
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1y Z b 1 Header file for AD class

class fdouble {

double val; // Normal value

double *d1; // Gradient vector (dynamic arry)
int size; // Size of Gradient vector
fdouble(); // Constractor)

}s

IJ X b 2 Operator overloading for multiplication

operator*(const fdouble &x, const fdouble &y)
{ // a temporary array is created here
fdouble tmp(x.size());
tmp.val() = x.val() * y.val()
for (int i = 0; i < tmp.size(); i++)

tmp.dx(i)
= x.d1(1) * y.val(Q + x.val() * y.d1(i);

return tmp;

}
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J(v) = % /T /Q (0 —w)T(w —ut)d0dt,  (30)

U= (u17u27"'7un)T7 (31)
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u* = (u;,u;,---,u;)T, (32)
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