THE ALGORITHM

1. Given x =x;, 20=1, 5@, o, 3P =3 and i=1.

2. Construct v @ .

3. Apply the optimization procedure

B,s,t,o.C,y

[B(i),s(i),t(i),a(i),C(i)aV(i)]Zarg{ min H ] e - el T H}

=R (PO (x{", 1, ), PO (x, 1, )-R; (xy,) vV XV ev®, Vi ,k=12,...,N,,N=N;N,,

to obtain the mapping parameters.

4. Construct the surrogate model
RO (x1) = 19 RY (x1) + Q= ARy (x) + 3P A ;) , 2V €[0,1]

where Ry (X, w ) = RY (x;  97)) =R PV (X1, ), PY (X¢,07)), =1, 2, ... N,

q P(i)(xf v‘//j) BO 0| Axq c®
an . =| . . + )

PO ) | [t @] wy | )Y
5. Obtain the suggested step h" by solving

h® = arg{min U(RY (x?+h®) } @) < 6®
h®

6. If U(R, (x{) +h")) <U (R, (x1)), set xI"™ =xW+h® else x*=x".
7. Update 3@, 50 and 2®.

8. If the stopping criterion is satisfied stop.

9. Set i=i+1 and go to step 2.



COARSE AND FINE MODELS




THE SURROGATE MODEL
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INTERMEDIATE BLOCK (a)
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MINMAX OPTIMIZATION OF THE SURROGATE MODEL

Surrogate Model

Parameters
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CASE STUDY (a)

The coarse model is given by

Re(Xcr P) =200p (xep—x2 f + p?(L-Xc)? +5

The fine model is given by

Rt (Xt P¢)=Rc(Xc) Pe)
S ]
pc t o pf Y
and

1.1 -0.2 0.01 -0.3
B= , S=t= , C= , o=11 =005 and
02 09 0.01 0.3

1.0
AXt =Xt —
i

Three values of the parameter p is considered, i.e.,

where

Ri(xs.Ps) | | Rf(x5,0.9)
Ri(xt)=| Rt (x1,P¢y) |=| Rt (x5.1.0)
Ri(Xf:Ps3) Rt (x¢.1.1)



MATLAB FILES

function Rcp=Get Coarse Response (xcp) ;

xcl=xcp(1,1);

xc2=xcp(2,1);

pc=xcp(3,1);

Rclp=(100*pc* (xc2-xcl*xcl) * (xc2-xcl*xcl) )+ (pc*pc* (1-xcl) * (1-
xcl))+5;

Rcp=Rclp;



MATLAB FILES (Cont’d)

function Rs=Get_Surrogate_ Response (xs) ;
load SMPs.mat %$Load the surrogate model parameters
% These parameters are B,c,s,t,segmma,gama,Jfi,Rfi,xfi,lamda
B
c
s
t
segmma
gama
Jfi
Rfi
xfi
lamda
load P.mat %$load matrix containing the values of the vector t
NP=size (P,1)
m=size (Jfi,1l)
Nr=m/NP
Rs=zeros(m,1l) ;
dx=xs-xfi
for j=1:NP
%$1) The fine model point
XS
%2)Get the jth value of the independent parameter
P£3j=P(j,1)
%3)Get the corresponding coarse model point
xc=B*dx+s*Pfj+c
%4)Get the corresponding jth coarse model independent parameter
Pcj=t'*dx+segmma*Pfj+gama
%5)Construct the composed coarse model vector
xcp=[xc
Pcj]
%6)Get coarse model response at the transformed coarse model
$point and frequency
Rcp=Get_Coarse_Response (xcp)
%7)Get the Jacobian of the responses corresponding to the jth
gvalue of P
Jip=Jfi (((j-1) *Nr+1) : (j*Nr),:)
%8)Get the fine model responses corresponding to the jth value of
%P
Rip=Rfi (((j-1) *Nr+1) : (j*Nr) ,1)
%9)Construct the surrogate model response at the jth value of P
Rsp=lamda*Rcp+ (1-lamda) * (Rip+Jip*dx)
%$10) Accumulate this value in the vector Rs
Rs(((j-1)*Nr+1) : (j*Nr) ,1)=Rsp
pause
end



RESULTS FOR CASE STUDY (a)

B =
1.1000 -0.2000
0.2000 0.9000

c=
-0.3000
0.3000

§=
0.0100
0.0100

t=
0.0100
0.0100

segmma =
1.1000

gama =
0.0500

Jfi =

36.3803 37.8284
40.0509 42.1956
43.6871 46.6336

Rfi =
12.0359
13.0693
14.1579

xfi =
1
1

lamda =
0.5000



Nr =
1

dx =
0.2000
-0.2000

First Pass

1) xs =
1.2000
0.8000

2) Pfj =
0.9000

3)xc=
-0.0310
0.1690

4) Pcj =
1.0400

5) xcp =
-0.0310
0.1690
1.0400

6) Rcp =
9.0864

7)Jip =

36.3803 37.8284

8) Rip =
12.0359

9) Rsp =
10.4163

10) Rs =
10.4163
0
0

RESULTS FOR CASE STUDY (a) (Cont’d)



RESULTS FOR CASE STUDY (a) (Cont’d)
Second Pass

1) xs =
1.2000
0.8000

2) Pfj =
1

3) xc =
-0.0300
0.1700

4) Pcj =
1.1500

5) xcp =
-0.0300
0.1700
1.1500

6) Rcp =
9.6914

7) Jip =
40.0509 42.1956

8) Rip =
13.0693

9) Rsp =
11.1659

10) Rs =
10.4163
11.1659

0

Third Pass

1) xs =
1.2000
0.8000

2) Pfj =
1.1000



3) xc=
-0.0290
0.1710

4) Pcj =
1.2600

5) xcp =
-0.0290
0.1710
1.2600

6) Rcp =
10.3292

7) Jdip =
43.6871

8) Rip =
14.1579

9) Rsp =
11.9489

10) Rs =
10.4163
11.1659
11.9489

46.6336

RESULTS FOR CASE STUDY (a) (Cont’d)



CASE STUDY (b)

The coarse model is given by

| 200p(xgp—x4f + p?(L-xc ) +5
RC (XC ! p) 2 2 2
100 p (Xe1—1)°+300 p*(1-Xco)“ +10

The fine model is given by

Rt (xt,Ps)=Rc(Xc) Pe)

e L)

1.1 -0.2 0.01 -0.3
B= , S=t= , C= , o=11y=0.05 and
0.2 0.9 0.01 0.3

A 1.0
=Xf—
Xt f 10

Three values of the parameter p is considered, i.e.,

where

Ri(xs:Ps) | | Rf(x5,0.9)
Ri(xt)=| Rt (xt:P¢y) |=| Rt (x5.1.0)
Ri(Xf:Ps3) Rt (x¢.1.1)



MATLAB FILES

function Rcp=Get Coarse Response (xcp) ;
xcl=xcp(1,1);
xc2=xcp(2,1);
pc=xcp(3,1);
Rclp=(100*pc* (xc2-xcl*xcl) * (xc2-xcl*xcl) )+ (pc*pc* (1-xcl) * (1-
xcl))+5;
Rc2p=(100*pc* (xcl-1) * (xcl-1) )+ (300*pc*pc* (1-xc2) * (1-xc2) ) +10;
Rcp=[ Rclp
Rec2p] ;



B =
1.1000 -0.2000
0.2000 0.9000

c=
-0.3000
0.3000

§=
0.0100
0.0100

t=
0.0100
0.0100

segmma =
1.1000

gama =
0.0500

Jfi =
36.3803 37.8284
-379.0781 -342.6384
40.0509 42.1956
-429.4207 -425.2945
43.6871 46.6336
-481.6569 -516.6460

Rfi =
12.0359
338.2679
13.0693
390.2642
14.1579
445.4518

xfi =
1
1

lamda =

0.5000

RESULTS FOR CASE STUDY (b)



0.2000
-0.2000

First Pass

1) xs =
1.2000
0.8000

2) Pfj =
0.9000

3) xc =
-0.0310
0.1690

4) Pcj =
1.0400

5) xcp =
-0.0310
0.1690
1.0400

6) Rcp =
9.0864
344.6212

7)Jip =
36.3803 37.8284
-379.0781 -342.6384

8) Rip =
12.0359
338.2679

RESULTS FOR CASE STUDY (b) (Cont’d)



RESULTS FOR CASE STUDY (b) (Cont’d)
9) Rsp =
10.4163
337.8005

10) Rs =
10.4163
337.8005
0

0

0

0
Second Pass

1) xs =
1.2000
0.8000

2) Pfj =
1

3) xc=
-0.0300
0.1700

4) Pcj =
1.1500

5) xcp =
-0.0300
0.1700
1.1500

6) Rcp =
9.6914
405.3246

7)Jip =
40.0509 42.1956
-429.4207 -425.2945

8) Rip =
13.0693
390.2642



9) Rsp =
11.1659
397.3817

10) Rs =
10.4163
337.8005
11.1659
397.3817
0
0

Third Pass

1) xs =
1.2000
0.8000

2) Pfj =
1.1000

3) xc=
-0.0290
0.1710

4) Pcj =
1.2600

5) xcp =
-0.0290
0.1710
1.2600

6) Rcp =
10.3292
470.7331

7)Jip =

43.6871 46.6336
-481.6569 -516.6460

8) Rip =
14.1579
445.4518

RESULTS FOR CASE STUDY (b) (Cont’d)



9) Rsp =
11.9489
461.5913

10) Rs =
10.4163
337.8005
11.1659
397.3817
11.9489
461.5913

RESULTS FOR CASE STUDY (b) (Cont’d)



