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Aggressive Space M apping (ASM) Concept

Fine

Xy
model

—>Rf(xf) Xo —» Coarse > R(X,)

model

COARSE OPTIMIZATION:
Find the optimal response
using the coarse model

R:(x:)
;

Choose the coarse optimal
solution as a starting point
for the fine model

X; = X,
v
Calculate the fine Update
response X,
R (Xf ) using Broyden's formula
v -

PARAMETER EXTRACTION:
Find the optimal value of

Xe

such that

Rc(xc) » R (Xf)

End
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ASM Algorithm (Bandler et al., 1995)

Sep 0. Initialize xﬁcl):xz, BM =1, j =1.

Sep 1. Evaluate R (xﬁcl)).

Sep 2. Extract x((:l) such that Rc(x((:l)) »R; (xfcl)).
Sep3.  Evauate f @ =x{ - xg. Stopif | @] £h.
Sep 4. Solve BU) h(D) = ¢ (D) for p(),

Sep5.  Set x{UH=x) +p)

Sep6.  Evaluate Ry (x{™Y).

Sep7.  Extract x{!™ suchthat Ry(x{*Y) » Ry (x{I*D).

Sep8.  Evauate f U™ =xU . x° . Stopif Hf Ul gh.

f (DT
NOUNOI

Sep9.  Update BU™ =) 4+

Sep10. Set j=j+1;goto Sep4.
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Coarse Modd: Rosenbrock Function
R. (X) = 100(x, - x12)2 + (1- x1)2 , Where ng 13

&2

Coarse response, R

A0 i

2500,
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Fine Model: Perturbed Rosenbrock Function
AU U 5 0.20
R; (x) = 100(u, - u12)2 + (1- u1)2 where u :@13 :x+g ﬂ
&, g &+ 0.2y

Fine respanse, Rf

I ey
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Multiple Point Parameter Extraction
Instead of minimizing HRC(X) - Ry (XZ)H we will minimize a
P

parameter extraction objective function considering five matching points
HRC(X+ BUx) - Ry (xg +7? X‘)H , where
P

’ 601 €0.50 6050 & 0.50

u
Dxlz I’DXZZA ’,DX3:" ’,DX4—" I’DXS:A i
Y £0.5( g0 [ & 0.5¢ & 0.5¢

B

Since the matrix B) =1 for the first parameter extraction optimization,
the corresponding five error functions E; are given by
Ei =R (X +2X;) - Ry (X +2X)
Considering only l,and |, norms, the corresponding objective functions
are
ABS;, =|Ey| +|Ep|+... +[Ey

QR, =(Ey)* +(Ep)* +...+(E,)?

98-27-6



Simulation Optimization Systems Research Laboratory
McMaster University

|, Objective Function for the Parameter Extraction Problem

Absolute value of error 1, ABS1
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(@) single point parameter extraction

Absolute value of errors 1, 2, 3, 4 and 5: ABS5

‘04 05 06 07 08 09 1 11 12 13 14
X1

(b) multiple point parameter extraction (4 additional points)
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|, Objective Function for 5-point Parameter Extraction

Absolute value of errors 1, 2, 3, 4 and 5: ABS5

‘04 05 06 07 08 09 1 11 12 13 14

X1
Dx _§Ou Dx —(,Stol\il Dx —(,5(0'5@ _éO.S@ Dx —?0'5@
Lofolr 72 G5t 70 ol T om0 & os!
€vL €Y-YL eEVYL € Y- € Y-IL
Absolute value of errors 1, 2, 3, 4 and 5: ABS5
1.4
oy = &0 6081y & 08
17840 & gl
€0t

5—@ !
8t & o8¢
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|, Objective Function for 5-point Parameter Extraction

Absolute value of errors 1, 2, 3, 4 and 5: ABS5

1.2 1.3 1.4

X
I
P B

cC\NC/

Absolute value of errors 1, 2, 3, 4 and 5: ABS5
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|, Objective Function for 5-point Parameter Extraction

Absolute value of errors 1, 2, 3, 4 and 5: ABS5

/

11 1.2 1.3 1.4

_é03u _ & 03
4 — @ 1 PA5 — 8 I
€ 0.3 & 0.3

Absolute value of errors 1, 2, 3, 4 and 5: ABS5
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|, Objective Function for 5-point Parameter Extraction

Absolute value of errors 1, 2, 3, 4 and 5: ABS5
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Absolute value of errors 1, 2, 3, 4 and 5: ABS5
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|, Objective Function for the Parameter Extraction Problem

Square of error 1, SQR1

1.3F
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(@) single point parameter extraction

Square of errors 1, 2, 3, 4 and 5: SQR5
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(b) multiple point parameter extraction (with 4 additional points)
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|, Objective Function for 5-point Parameter Extraction

Square of errors 1, 2, 3, 4 and 5: SQR5
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|, Objective Function for 5-point Parameter Extraction

Square of errors 1, 2, 3, 4 and 5: SQR5
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|, Objective Function for 5-point Parameter Extraction

Square of errors 1, 2, 3, 4 and 5: SQR5
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|, Objective Function for 5-point Parameter Extraction

Square of errors 1, 2, 3, 4 and 5: SQR5
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It can be visualized from the plots of ABS; and SQRg that the solution

: : ¢€0.80
for the parameter extraction problem is x :éLZC" It can also be
el-cl

verified that

€0.80
A H+’>x1) = Rs (x +?X,) =314,
2(

R°sl

0.8
R. (& ﬂ X,) =R: (Xo +?x,)=112.4,
eel 2t

8u
Re ( & 0" ?X3) =Ry (Xg +?X3) =24.1,
€l.2(

&0.80
R. (& 3 x4) =R; (Xo+?x,4)=98.1, and
eel 2t

8u
R ( & o at?Xs) =Rq (X +? X5) =37.7
€ L
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Space M apped Solution

Sep 0.

x® =89 B0 =1 j=1

Eﬁ}gv
R (xtV) =314

When x (1)_e0 u

f(l) €08U éI-U é 0.20

2U gl_'l:l eozu
0.2 ¢
SinceB® =1, h(l)—g E
€ 0.2/

elu e02u éL.20)

Setx(z)—
8{1 - 0.2 &o.8f

Re (x'?)=0

x((:z) = g’; because we know Rc(x((:z)) =0

Since f @ = xéz)

g o Re(xE) =Ry (x )

eou, then X = x(z)—

él.2(
eos“
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2" Fine M odel: Perturbed Rosenbrock Function
Rf (X) = 100(u, - uf)? + (1- uy)® where
J = éni _éll - 0.2@X+ é 030
G, 02 09l &o03{

Fine response, Rf

X2
=

R (x,) =108.3
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First I, Parameter Extraction

Absolute value of error 1, ABS1

(@) single point parameter extraction

Absolute value of errors 1, 2 and 3: ABS3

)(g?) _ é?).fSE;
' i,
15 2

(b) multiple point parameter extraction (2 additional points)
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First |, Parameter Extraction

Square of error 1, SQR1

(b) single point parameter extraction
Square of errors 1, 2 and 3: SQR3

0.5 8|_4ltJ
ok

05/
1 : . .

-1.5 -1 -0.5

(b) multiple point parameter extraction (with 2 additional points)
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Space M apped Solution

Sep 0.

Sep 1.

Sep 2.

Sep 3.

Sep 4.

Sep 5.

Sep 6.

x® =89 g0 =1 j=1

=g

R (x9) =108.32

€0.60
When x¢ =" g Ro(x{) =Ry (x{)
L

€

f(l)_606u élu & 0.4y
Gral" &l Eoal

7 0.4 AN
Since BY =1, h(l):g 3
€ 04¢

0.4 4(
X(Z)_elu €04 0_éLag

Set
al” & 0.4l L6l

R¢ (x$?) =1.8207

él.12(

When x? = 3'129, R.(x?) =Ry (x?)

f 2 — él.12( elu €0.12()
~ 81l &Y & g0l
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Sep 9.

Sep 4b.

Sep 5hb.

Sep 6b.

Sep 7hb.

Sep 8b.

Sep 9b.

Sep 4c.

Sep 5c.

Sep 6c.

f@RO"  g.15 - 0.150

B =p® 4+ -
HOTH®  &.15 0.85 §

ho = g@ i@ - & 0120

& 0.12¢

Setx(g)_e]-4u é 012U 6128U
.60 & 0120 Eo.ag!
Ry (x$¥) =0.1308

éL.012(
When x> = €0.988" R.(x®?) =R; (x{¥)

(@ = él.0120 éln e0012 U
€0.988H & & 0.012H

FOR@T &1 - 020

B® =@ 4 _€ )
NEINE 92 o09H
h® =. B(B)'1 FO = e' 0.0082(
€0.0151 !
Set x(V= ¢ €l.280 e 0.00821 _ éL.2718y

0} 48u €0.0151 ! E0.4951¢

R (x!Y)=0,then x, = x!” and the algorithm ends

98-27-23



Simulation Optimization Systems Research Laboratory
McMaster University

Second |, Parameter Extraction

Absolute value of error 1, ABS1
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(@) single point parameter extraction

Absolute value of errors 1, 2, 3, 4 and 5: ABS5
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(b) multiple point parameter extraction (4 additional points)

98-27-24



Simulation Optimization Systems Research Laboratory
McMaster University

Second |, Parameter Extraction

Square of error 1, SQR1
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(b) single point parameter extraction

Square of errors 1, 2, 3, 4 and 5: SQR5
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(b) multiple point parameter extraction (with 4 additional points)
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Third Parameter Extraction

Absolute value of error 1, ABS1

(3) él. 020

" &.08!

05 0 0.5 1 15 2 2.5
X1
(@) single point |, parameter extraction
Square of error 1, SQR1

}@ = &0

~ &.08f

25

(b) single point |, parameter extraction
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Conclusions

the Aggressive Space Mapping (ASM) algorithm with multiple point
parameter extraction was illustrated making use of two analytica
Rosenbrock functions

the improvement in the uniqueness of the parameter extraction due to
multiple point matching was graphically illustrated

the sizes and directions of the Dx; used for multiple point parameter

extraction affects the degree of improvement in the unigueness of the
parameter extraction solution

the ASM algorithm was executed in a step by step fashion, and the
corresponding space mapped solution was accomplished after only one
SM iteration for the case of shifting in the input parameters, and after
three SM iterations for the case of shifting, scaling and rotation of the
Input parameters

the mapping calculated by the ASM algorithm is equal to the original
linear mapping between both parameter spaces
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