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Space Mapping validation space

(Bandler et al., 1994)

mapping

optimization
space
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Implicit Space Mapping Theory: Modeling

Implicit mapping Q between the spaces X;, X. and X

XC
X fine R (X+) ™ coarse _Fic(xc’x)
model % | model
A A
X ma mapping Xer X
Q(X¢, X, X) =0
> such that >

R.( X, X) = R¢ (Xy)
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Implicit Space Mapping Theory: Prediction
Implicit mapping Q between the spaces X;, X. and X

X

Xy fine Rs (X5)
model

A A
Xt V/optimih X X

mapped model
to obtain new X

coarse | Rc(Xc,X)
N

s
X_, model

>




Simulation Optimization Systems Research Laboratory @
@ McMaster University Q@FI,SDQJ;EE

General Space Mapping Technology (Bandler et al., 1994-2002)

linearized: original and Aggressive Space Mapping
nonlinear: Neural Space Mapping, etc.
Implicit: preassigned parameters (ISM)

> fine
Xq ¥ model

1 I

| 1 ~

»( space }—»| coarse | 1R~ Ry
! : 1y

P MaPPING jJ—>| model

parameters X: coarse space parameters, neuron weights
mapping tableau, KPP (ISM)
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General Space Mapping Steps

Step 1 select a mapping function (linear, nonlinear, neural)
Step 2 select an approach (1implicit, explicit)

Step 3 optimize coarse model (initial surrogate) w.r.t. design
parameters

Step 4 apply parameter extraction (KPP, neuron weights, coarse
space parameters)

Step 5 reoptimize “mapped coarse model” (surrogate) w.r.t. design
parameters (or evaluate inverse if available)



Simulation Optimization Systems Research Laboratory @
@ McMaster University O@%QJ;ER

General Space Mapping Steps (continued)
Step 6 simulate the fine model at the solution to Step 5

Step 7 terminate 1f a stopping criterion (€.g., response meets
specifications) 1s satisfied, else go to Step 4
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An Implicit Space Mapping Algorithm—Preassigned
Parameters

Step 1 select candidate preassigned parameters x as in ESMDF or
by experience

Step 2 set i =0 and initialize x(©)
Step 3 obtain optimal mapped coarse model
X = argminU (R, (x,, x"))
C

Step 4 predict Xfci)from
— (1)
Xs =X
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An Implicit Space Mapping Algorithm—Preassigned
Parameters (continued)

Step 5 simulate the fine model at Xfci)

Step 6 terminate 1f a stopping criterion (€.g., response meets
specifications) 1s satisfied

Step 7 calibrate the mapped coarse model (surrogate) by extracting
the preassigned parameters x

X = arg min HRf (x{) - Rc(x?),x)H

where we set _
= x (D

X T

C
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An Implicit Space Mapping Algorithm—Preassigned
Parameters (continued)

Step 8 increment i and go to Step 3
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Cheese Cutting Problem—A Numerical Example

optimal coarse model

Initial guess
PE

prediction

verification

target volume =30

volume =24

volume =24
2.4

target volume =30

A\ NNV AN

ﬂ volume =31.5
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Cheese Cutting Problem—A Numerical Example

verification @éqz_? :"';')53 volume =31.5

PE @ !:5 volume =31.5

i 1 2.52
prediction @Lﬂg— volume =30.0

verification @/_411_97 volume =29.7
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HTS Quarter-Wave Parallel Coupled-Line Microstrip Filter
(Westinghouse, 1993)
L

we take L, = 50 mil, H = 20 mil,
W =7mil, g =23.425, loss
tangent = 3x107°; the
metalization is considered
lossless

the design parameters are

, H X = [Ly Lo Lg Sy S, 8417

‘A L‘

specifications

1S,,] > 0.95 for 4.008 GHz < » < 4.058 GHz
1S,,] £0.05 for @< 3.967 GHz and @ > 4.099 GHz
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HTS Quarter-Wave Parallel Coupled-Line Microstrip Filter
(Westinghouse, 1993)
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ADS implementation of coarse model

i

¥ Term
MLIN Term2
#— — — - T2 Num=2
W=W mil =50 Ohm
MCLIN
: L=50.0 mil =
S —e  CLin5
MCLIN =W mi =
] | Clin4 S=81 mil
MCLIN W=W mil  L=L1 mil
— — — | CLin3 f_:fzz m‘|”
voLn WEWmil TR
. $=S3 mil
-~ _ 7 e =3 mi
Term1 MLIN MCLIN e
Num=1  TL1 CLint =52 mi
7=50 Ohm W=W mil W=wW mi L=L2mil
L=50 mil  $=S1 mil
= L=L1 mil

X =lL L Ly S S S3]T

T
X:[grl Hrl ) Hr2 &3 Hr3]
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HTS Quarter-Wave Parallel Coupled-Line Microstrip Filter
(Westinghouse, 1993)

solution reached by

parameter initial solution the algorithm
L, 189.65 187.10
L, 196.03 191.30
L, 189.50 186.97
S, 23.02 22.79
S, 95.53 93.56
S 104.95 104.86

w

all values are in mils
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HTS Quarter-Wave Parallel Coupled-Line Microstrip Filter

(Westinghouse, 1993)

preassigned original final iteration
parameters values
H, 20 mil 19.80 mil
H, 20 mil 19.05 mil
H, 20 mil 19.00 mil
& 23.425 24.404
&, 23.425 24.245
23.425 24.334
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HTS Quarter-Wave Parallel Coupled-Line Microstrip Filter
(Westinghouse, 1993)

the fine (©) and optimal coarse model (—) responses at the 1nitial
solution

O o o 0N
Uy ¥ Yy

3.90 3.95 4.00 4.05 4.10 4.15 4.20

frequency (GHz)
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HTS Quarter-Wave Parallel Coupled-Line Microstrip Filter
(Westinghouse, 1993)

the fine (©) and optimal coarse model (—) responses at the final
iteration

IIII|IIII|III||IIII|IIII|IIII

3.90 3.95 4.00 4.05 4.10 4.15 4.20
frequency (GHz)
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Conclusions

we propose Implicit Space Mapping (ISM) optimization
effective for EM-based modeling and design

coarse model is aligned with EM (fine) model
through preassigned parameters

easy implementation
no explicit mapping is involved

no matrices to keep track of
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The Space Mapping Concept
(Bandler et al., 1994-)

X fine Ry (X¢) Xc coarse R.(Xc)
—> —> —>
model model
VxH=jwD+J ~
X - Rf(Xf) X, Y @) L% RC(XC)
_> VXE:_J_(OB V oB=0 —) ) @ /\\/ngf(\”' >
B=uH Veb=p s % @%
A /\' A
X¢ X, =P(X;) Xe
such that
> >

R.(P(X¢)) = R; (X5)
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Conventional Space Mapping for Microwave Circuits

(Bandler et al., 1994)

fine model

coarse model

V xH=j@D+J
X, —» e R. (X, ) X —»
f D=cE f\f C
p) V>E=—joB VES >
@ VoD=p a)C )

B=uH

{x

@

C

C

find

}: P(X;,®)

such that

Rc(xc’wc) ~ Rf (Xf ,C())

Rc (Xc ’a)c)
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Implicit Space Mapping Motivation
(Bandler et al., 2001)

(6))

X fine Rf

X model
o—>
w —»

X | coarse model
— P A Set A
() : >R ~R,

C

XO . Set B

Key Preassigned Parameters (KPP) (ESMDF algorithm)
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Implicit Space Mapping Motivation
(Bandler et al., 2001)

60
X fine Rf
X model
o—>
L —»
X | coarse model
- SetA

C

XO . Set B

Key Preassigned Parameters (KPP) (ESMDF algorithm)
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General Space Mapping—Explicit Mapping

original Space Mapping, Aggressive Space Mapping, NISM, etc.

X; fine Fif
model
X | coarse | R
—» >

model

fine and coarse model
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General Space Mapping—Explicit Mapping

original Space Mapping, Aggressive Space Mapping, NISM, etc.

X; fine Fif
model
X Zx * R *
e e coarse c
—> —>

model

optimize coarse model
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General Space Mapping—Explicit Mapping

original Space Mapping, Aggressive Space Mapping, NISM, etc.

—_ * *
X=X fine Ry (x.7)
|
model
* *
X | coarse | Re
> —>

model

evaluate fine model at optimal coarse space parameters



@ Simulation Optimization Systems Research Laboratory

McMaster University

2ANDLER

General Space Mapping—Explicit Mapping

original Space Mapping, Aggressive Space Mapping, NISM, etc.

X

Ry

coarse
model

f fine
model
X.=P(X;, X)
space | *
mapping
T/'
X

set up the mapping and parameter extract
X could be neuron weights, coarse space parameters

>
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General Space Mapping—Explicit Mapping

original Space Mapping, Aggressive Space Mapping, NISM, etc.
A

/Xf fine R
o model g
X *=P(X;, X
R *
| space I coarse c
—>
appmg model

X

find the Xx; corresponding to the optimal coarse space parameters
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General Space Mapping—Explicit Mapping

original Space Mapping, Aggressive Space Mapping, NISM, etc.

—p-1 *
X, =P (X.*, X) fine R,
model g
space | Xc | coarse | Rc”
. —>
mapping model
X

If P 1 is available evaluate x; directly else optimization is used to
obtain x;
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General Space Mapping—Implicit Mapping
preassigned parameters, etc.

f fine
model

— *I * *
KX space | X" | coarse |! R
| | mapping model :

optimize implicit mapped coarse model
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General Space Mapping—Implicit Mapping

preassigned parameters, etc.

X=X fine Ry (%)
model g
I __________ 1
X=X [ space | %™ | coarse J_Fic*
| | mapping model |
 — _T _______ -
X

evaluate fine model at optimal coarse space parameters
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General Space Mapping—Implicit Mapping

preassigned parameters, etc.

fine

model

I
X, [ space
| | mappin

>

parameter extract x

coarse
model
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General Space Mapping—Implicit Mapping

preassigned parameters, etc.

A
X fine R,
] model g
__________ -1
space | X" | coarse IR*
applng model T’

reoptimize implicit mapped coarse model (surrogate)

to predict the fine model design
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General Space Mapping—Implicit Mapping

preassigned parameters, etc.

% fine R,
model g
__________ 1
5 . | R*
pace I c | | space I " | coarse M
{ applng mapplng model [
x x

explicit mapping to enhance the implicitly mapped coarse model
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Explicit Mapping vs. Implicit Mapping

0
oxf( :

Y

x.(0)

v
[ ]
£

In

\j

\

\J
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Explicit Mapping vs. Implicit Mapping

0
oxf( :

|

Y

0
.Xf( )

I /)

\j

\

\J
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Explicit Mapping vs. Implicit Mapping

A A
X * 0
¢y . Xf( )
AN i
°
XC(O)
i i
A XC*(l) A
A
0
XC*( ) . Xf(o)

\J
\J
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Explicit Mapping vs. Implicit Mapping

x (1)
/ ° f
*
X L XO
7AN A8}
[ J
0
x ©
A8 . .
A XC*(l) A X (1)
> f
I&‘ ) > @

any o

\J
\J
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Space Mapping Practice—Cheese Cutting Problem

optimal coarse model
Initial guess

PE

N N N

prediction

new old

X7 = x4 PTH(x, — x2®")

C

Xr];lew _ X?Id +X, — X(r:ew
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Implicit Space Mapping Practice—Cheese Cutting Problem

optimal coarse model

Initial guess
PE

prediction

verification

IXIE

-

______________________

A\ NNV AN

X:(O) x(©
Xgo) _ X:(O)
X:(O) @

x:(l) @

x® = O
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Implicit Space Mapping Practice—Cheese Cutting Problem

verification @l/_ Xg})v Xgl) =x:(1)

PE @ ______________________ é";IX(Z) X:(l) @

prediction @ YRS G

verification @ x{?) = x
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Implicit Space Mapping: Steps 1-3
optimize coarse model

Eii ‘I_I|_| ‘I_I|_|
@ OPTIM Term1 TLIN TLIN
. Num=1 LA L2
Optim 7=50 Ohm 7=71 Ohm 7-72 Ohm
89}!”‘} vinima = E=E1 E=E2
ptim Ty pe=Minim ax - -
L i F=f0 GHz F=f0 GHz
MaxIters=1000 -
p=2

DesiredEmor=-1000 e | SPARAMETERS
GOAL
StatusLevel=4

SetBestValues=yes S_Param

Goal
Seed= ) SP1
_ OptimGoal1 -
SaveSolns=yes Expr="db(mag(S11))" Start_5 GHz
SaveGoals=yes Stop=15 GHz

Sav eOptimVars=y es fnlir:zlnstanceN ame="SP1

UpdateDataset=yes  pjav=_on
UseAllGoals=y es Weight=1

Step=1000 MHz

RangeVar[ 1]="freq"
RangeMin[1]=5GHz
RangeMax[1]=15GHz

=] VAR
Width_to_Z0
epslon_r=9.7
h=0.635
epslon_e1=(epslon_r+1)/2+{epslon_r-1)/(2* sqrt{1+12*h/\W1))

VAR

TLIN

TL3

Z=73 Ohm
E=E3
F=f0 GHz

Optimizable_Variables
W1=0.4 opt{ 0.001 to 40 }
W2=0.15 opt{ 0.001 to 40 }
W3=0.05 opt{ 0.001 to 40 }
L1=0.003 opt{ 0.0001 to 120 }
L2=0.003 opt{ 0.0001 to 120 }
L3=0.003 opt{ 0.0001 to 120 }

N

Term

’ -
Term2
Num=2

Z=150 Ohm

VAR

Electrical_length_to_physical_length
f0=10
E1=4*L1*90"sqrt{epslon_e1)*"T0/c0* 1et
EZ2=4*L2*90"sqrt{epslon_e2)*T0/c0* 1et
E3=4*L3*90"sqrt{epslon_e3)*f0/c0* 1ef

Z1= if ((W1/h)<=1) then ((60/sqrt(epslon_e1))* In(8*h/W1+ W1/(4*h))) else (120*pi/(sqri(epslon_e1)*(W1/h+1.393+0.667*In(W1/h+1.444)))) endif

epslon_e2=(epslon_r+1)/2+{epslon_r-1)/(2* sqrt{1+12*h/W2))

Z2= if ((W2/h)<=1) then ((60/sqrt(epslon_e2))* In(8*h/W2+ W2/(4*h))) else (120*pi/(sqrt(epslon_e2)* (W2/h+1.393+0.667*In(\W2/h+1.444)))) endif

epslon_e3=(epslon_r+1)/2+{epslon_r-1)/(2* sqrt{1+12*h/W3))

Z3= if ((W3/h)<=1) then ((60/sqrt(epslon_e3))* In(8*/W3+ W3/(4*h))) else (120*pi/(sqri(epsion_e3)* (W3/h+1.393+0.667*In(W3/h+1.444)))) endif

Agilent Technologies

ADS/Momentum Implementation
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Implicit Space Mapping: Steps 1-3
optimize coarse mg

del

rerm ‘l_l ‘I_I
ﬁ;‘a OPTIM Term1 TLIN TLIN

MaxIters=1000

p=2
DesiredEmror=-1000
StatusLevel=4
SetBestValues=yes
Seed=
SaveSolns=yes
SaveGoals=y es

Sav eOptimVars=yes

Goal

Optim Goal1
Expr="db{mag(S11))"
SimlnstanceName="SP1"
Min=

UpdateDataset=yes  pjav=_on

UseAllGoals=y es

Weight=1

RangeVar[ 1]="freq"
RangeMin[1]=5GHz
RangeMax[1]=15GHz

=] VAR
Width_to_Z0
epslon_r=9.7
h=0.635

SPARAMETERS

S_Param
SP1
Start=5 GHz
Stop=15 GHz
Step=1000 MHz

epslon_e1=(epslon_r+1)/2+{epslon_r-1)/(2* sqrt{1+12*h/\W1))

VAR VAR
Optimizable_Variables Electrical_length_to_physical_length
W1=0.4 opt{ 0.001 to 40 } f0=10
W2=0.15 opt{ 0.001 to 40 } E1=4*L1*90*sqgrt(epslon_e1)*f0/c0* 1et
W3=0.05 opt{ 0.001 to 40 } E2=4* 2*90*sqrt(epslon_e2)*f0/c0* 1et

L1=0.003 opt
=U. t
L3=0.003 opt

|€3)*T0/cO* 1e€

coarse model
circuit

Z1=if ((W1/h)<=1) then ((60/sgrt(epslon_e1))* In(8*h/W1+ W1/(4*h))) else (120*pi/(sgrt(epslon_e1)*(W1/h+1.393+0.667*In(W1/h+1.444)))) endif
epslon_e2=(epslon_r+1)/2+{epslon_r-1)/(2* sqrt{1+12*h/W2))

Z2=if {((W2/h)<=1) then ((60/sqrt(epslon_e2))* In(8*h/W2+ W2/(4*h))) else (120*pi/{sqrt{epslon_e2)* (W2/h+1.393+0.667*In(W2/h+1.444)))) endif
epslon_e3=(epslon_r+1)/2+{epslon_r-1)/(2* sqrt{1+12*h/W3))

Z3= if ((W3/h)<=1) then ((60/sqrt(epslon_e3))* In(8*/W3+ W3/(4*h))) else (120*pi/(sqri(epsion_e3)* (W3/h+1.393+0.667*In(W3/h+1.444)))) endif

ADS/Momentum Implementation
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Implicit Space Mapping: Steps 1-3

ﬁ__i;g OPTIM

Optim

Optim1

Optim Ty pe=Minimax
ErrorForm=MM
MaxIters=1000

p=2

ctatetovars L GOAL |
StatusLevel=4 COAL

SetBestValues=yes
Seed=
SaveSolns=yes
SaveGoals=y es

Sav eOptimVars=yes
UpdateDataset=yes
UseAllGoals=y es

optimize coarse model / ‘ sweep range
1 {1 1A _

lerm e
Term1 TLIN TLIN TLIN
Num=1 L1 TL2 L3 b Term
Z=50 Ohm Z=Z1 Ohm Z=72 Ohm 7=73 Ohm Torm?
E=E1 E=E3 g Nam=s
F=f0 GHz F=f0 GHz Z=150 Ohm
Q% S-PARAMETERS X =
S_Param VAR VAR
Goa_l SP1 Optimizable_Variables Electrical_length_to_physical_length
gp“rzfjga” Sy Start=5 GHz W1=0.4 opt{ 0.001 to 40 } £0=10
xpr="dbimag(S11)" {  gi05=15 GHz W2=0.15 opt{ 0.001 to 40 } E1=4*L1*90*sqrt(epslon_e1)*f0/c0* 1e€
fﬂ'{:_'”smnceName: SP Step=1000 MHz W3=0.05 opt{ 0.001 to 40 } E2=4*L2*90*sqrt(epslon_e2)*f0/c0* 1e¢

L1=0.003 opt{ 0.0001 to 120}  E3=4*L3*90*sqrt(epslon_e3)*0/c0* et
L2=0.003 opt{ 0.0001 to 120 }
L3=0.003 opt{ 0.0001 to 120 }

Max=-20

Weight=1

RangeVar[ 1]="freq"
RangeMin[1]=5GHz
RangeMax[1]=15GHz

VAR

Width_to_Z0

epslon_r=9.7

h=0.635

epslon_e1=(epslon_r+1)/2+{epslon_r-1)/(2* sqrt{1+12*h/\W1))

Z1=if ((W1/h)<=1) then ((60/sgrt(epslon_e1))* In(8*h/W1+ W1/(4*h))) else (120*pi/(sgrt(epslon_e1)*(W1/h+1.393+0.667*In(W1/h+1.444)))) endif
epslon_e2=(epslon_r+1)/2+{epslon_r-1)/(2* sqrt{1+12*h/W2))

Z2=if {((W2/h)<=1) then ((60/sqrt(epslon_e2))* In(8*h/W2+ W2/(4*h))) else (120*pi/{sqrt{epslon_e2)* (W2/h+1.393+0.667*In(W2/h+1.444)))) endif
epslon_e3=(epslon_r+1)/2+{epslon_r-1)/(2* sqrt{1+12*h/W3))

Z3= if ((W3/h)<=1) then ((60/sqrt(epslon_e3))* In(8*/W3+ W3/(4*h))) else (120*pi/(sqri(epsion_e3)* (W3/h+1.393+0.667*In(W3/h+1.444)))) endif
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Implicit Space Mapping: Steps 1-3
optimize coarse model

ﬁ__i;g OPTIM

Optim

Optim1
Optim Ty pe=Minin
ErrorForm=MM
MaxIters=1000

P=2

DesiredEmror=-1000 GOAL m S-PARAMETERS

StatusLevel=4
SetBestValues=y
Seed=
SaveSolns=yes
SaveGoals=y es

Sav eOptimVars=yes
UpdateDataset=yes  pjav=_on

UseAllGoals=y es

Optlmlzable gizzg Oh "g Emz
parameters Fero Gz ) 2=150 Ohm

es S_Param (] VAR
Goal oo ) ) )
; SP1 Optimizable_Variables Electrical_length_to_physical_length
gp“rﬂfjga” Sy Start=5 GHz W1=0.4 opt{ 0.001 to 40 } £0=10
xpr"dbmag(S11))"  — g405-15 GHzZ W2=0.15 opt{ 0.001 to 40 } E1=4*L1*90*sqrt(epslon_e1)*f0/c0* e
fn'ir:_'”m”ce'\'ame‘ SP1 Step=1000 MHz W3=0.05 opt{ 0.001 to 40 } E2=4*L2*90*sqrt(epslon_e2)*f 0/c0* 1e€

L1=0.003 opt{ 0.0001 to 120 }
L2=0.003 opt{ 0.0001 to 120 }
L3=0.003 opt{ 0.0001 to 120

E3=4*L3*90*sqrt{epslon_e3)*f0/c0* 1et

Weight=1

RangeVar[ 1]="freq"
RangeMin[1]=5GHz
RangeMax[1]=15GHz

=] VAR

Width_to_Z0
epslon_r=9.7
h=0.635
epslon_e1=(epslon_r+1)/2+{epslon_r-1)/(2* sqrt{1+12*h/\W1))
Z1=if ((W1/h)<=1) then ((60/sgrt(epslon_e1))* In(8*h/W1+ W1/(4*h))) else (120*pi/(sgrt(epslon_e1)*(W1/h+1.393+0.667*In(W1/h+1.444)))) endif
epslon_e2=(epslon_r+1)/2+{epslon_r-1)/(2* sqrt{1+12*h/W2))
Z2=if {((W2/h)<=1) then ((60/sqrt(epslon_e2))* In(8*h/W2+ W2/(4*h))) else (120*pi/{sqrt{epslon_e2)* (W2/h+1.393+0.667*In(W2/h+1.444)))) endif
epslon_e3=(epslon_r+1)/2+{epslon_r-1)/(2* sqrt{1+12*h/W3))
Z3=if ((W3/h)<=1) then ((60/sgrt(epslon_e3))* In(8*h/W3+ W3/(4*h))) else (120*pi/(sgrt(epslon_e3)*(W3/h+1.393+0.667*In(W3/h+1.444)))) endif
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Implicit Space Mapping: Steps 1-3

optimize coarse model

rerm ‘l—l
@ OPTIM Term1 TLIN
. Num=1 LA L2
Optim 7=50 Ohm 7=71 Ohm
89}!”‘} vinima = E=E1 E=E2
pum Iy pe=iinimax F=f0 GHz

ErrorForm=MM

MaxIters=1000
p=2

Z=Z2 Ohm

F=f0 GHz

DesiredEmor=-1003 SPARAMETERS
S_Param

SP1

Start=5 GHz

Stop=15 GHz

Step=1000 MHz

Goal
Optim Goal1
Expr="db{mag(S11))"
SimlnstanceName="SP1"

Min=
UpdateDatasgt=yes MIE:])(:_QO
UseAllGoals= Weight=1

RangeVar[ 1]="freq"
RangeMin[1]=5GHz
RangeMax[1]=15G

=] VAR
Width_to_Z0
epslon_r=9.7
h=0.635

epslon_e1=(epslon_r+1)/2+{epslon_r-1)/(2* sqrt{1+12*h/\W1))

VAR

goal of the
optimization

Optimizable_Variables
W1=0.4 opt{ 0.001 to 40 }
W2=0.15 opt{ 0.001 to 40 }
W3=0.05 opt{ 0.001 to 40 }
L1=0.003 opt{ 0.0001 to 120 }
L2=0.003 opt{ 0.0001 to 120 }
L3=0.003 opt{ 0.0001 to 120 }

il Term?2
E:E?’ Num=2
F=f0 GHz Z=150 Ohm

VAR

Electrical_length_to_physical_length
f0=10
E1=4*L1*90"sqrt{epslon_e1)*"T0/c0* 1et
EZ2=4*L2*90"sqrt{epslon_e2)*T0/c0* 1et
E3=4*L3*90"sqrt{epslon_e3)*f0/c0* 1ef

Z1= if ((W1/h)<=1) then ((60/sqrt(epslon_e1))* In(8*h/W1+ W1/(4*h))) else (120*pi/(sqri(epslon_e1)*(W1/h+1.393+0.667*In(W1/h+1.444)))) endif

epslon_e2=(epslon_r+1)/2+{epslon_r-1)/(2* sqrt{1+12*h/W2))

Z2= if ((W2/h)<=1) then ((60/sqrt(epslon_e2))* In(8*h/W2+ W2/(4*h))) else (120*pi/(sqrt(epslon_e2)* (W2/h+1.393+0.667*In(\W2/h+1.444)))) endif

epslon_e3=(epslon_r+1)/2+{epslon_r-1)/(2* sqrt{1+12*h/W3))

Z3= if ((W3/h)<=1) then ((60/sqrt(epslon_e3))* In(8*/W3+ W3/(4*h))) else (120*pi/(sqri(epsion_e3)* (W3/h+1.393+0.667*In(W3/h+1.444)))) endif
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Implicit Space Mapping: Steps 1-3
optimize coarse model

TLIN p TLIN
, LA L3 o}

8":!”‘ 1 7=71 Ohm yazarg ey 7=73 Ohm Emz
Ogt:mType=Minimax ‘ \ EfE1 Esz EfES g Num=2
ErrorE ot F=f0 GHz F=f0 GHz F=f0 GHz 22150 Ohm
MaxIters=1000 -
p=2 ——
DesiredErmor=- |§i§ | S-PARAMETERS I =
StatusLevel=4
SetBestValues=yes [~ S_Param VAR VAR
Seed= ; SP1 Optimizable_Variables Electrical_length_to_physical_length
SaveSolns=yes gptlrg%gaﬁ Sy Start=5 GHz W1=0.4 opt{ 0.001 to 40 } f0=10
Sav eGoals=y es xpr"dbmag(S11))"  — g405-15 GHzZ W2=0.15 opt{ 0.001 to 40 } E1=4*L1*90*sqrt(epslon_e1)*f0/c0* et
Sav eOptimVars=yfs > MInstanceName="SP1 Step=1000 MHz W3=0.05 opt{ 0.001 to 40 } E2=4*L2*90*sqrt(epslon_e2)*f0/c0* 1e¢

hdateDatasef es M'”‘_ 20 L1=0.003 opt{ 0.0001to 120}  E3=4"L3*90*sqrt(epslon_e3)*f0/c0* 1e¢
U Sicaske® cs ax=-cL L2=0.003 opt{ 0.0001 to 120 }

Weight=1 L3=0.003 opt{ 0.0001 to 120 }

RangeVar[ 1]="freq"
RangeMin[1]=5GHz
RangeMax[1]=15GHz

=] VAR

Width_to_Z0
epslon_r=9.7
h=0.635
epslon_e1=(epslon_r+1)/2+{epslon_r-1)/(2* sqrt{1+12*h/\W1))
Z1=if ((W1/h)<=1) then ((60/sgrt(epslon_e1))* In(8*h/W1+ W1/(4*h))) else (120*pi/(sgrt(epslon_e1)*(W1/h+1.393+0.667*In(W1/h+1.444)))) endif
epslon_e2=(epslon_r+1)/2+{epslon_r-1)/(2* sqrt{1+12*h/W2))
Z2=if {((W2/h)<=1) then ((60/sqrt(epslon_e2))* In(8*h/W2+ W2/(4*h))) else (120*pi/{sqrt{epslon_e2)* (W2/h+1.393+0.667*In(W2/h+1.444)))) endif
epslon_e3=(epslon_r+1)/2+{epslon_r-1)/(2* sqrt{1+12*h/W3))
Z3=if ((W3/h)<=1) then ((60/sgrt(epslon_e3))* In(8*h/W3+ W3/(4*h))) else (120*pi/(sgrt(epslon_e3)*(W3/h+1.393+0.667*In(W3/h+1.444)))) endif
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Implicit Space Mapping: Steps 4-5

simulate fine model using Momentum

VAR
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Implicit Space Mapping: Steps 5-6

obtain the fine model result and check stopping criteria

ST

—15 |
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Implicit Space Mapping: Step 7
calibrate coarse model: extract preassigned parameters x

S-PARAMETERS

A

S_Param

SP1

Start=5 GHz
Stop=15 GHz
Step=1000 MHz

OPTIM

&R

Optim

Optim2
OptimType=Quasi-Newton
ErmorForm=L2
Mepdters=100000
P=2
DesiredEmor=-1000
Status Level=4
SetBestValues=yes
Seed=
SaveSolns=yes
SaveGoal s=yes
SaveOptimVars=yes
UpdateDatas et=yes
UseAllGoals=yes

|  — |
rem ] | S | | S| |
Tem TLIN TLIN e —
Num=1 TL1 TL2
Z=50 Chm Z=7Z1 Chm Z=72 Chm
= E=E1 E=E2
F=f0 GHz F=f0 GHz

7] VAR

Electrical_length_to_physical_length
f0=10
E1=4*L1°90"sqrt(epslon_e1) f0/c0*1e9
E2=4*L2°90"sqrt{epslon_e2) f0/c0*1e9
E3=4*L3*90"sqrt{epslon_e3) f0/c0*1e9

VAR

Width_to_Z0

epslon_el=(epslon_r1+1)/2+epslon_r1-1%/(2* sqrt(1+12*h1/W1
Z1=if (W1/h1)==1) then ((60/sqrtiepslon_e1)* In(8*h 1A+ \Wiil/(d*h 1)) else (120*pif(sqriiepslon_e1)* (W1/h1+1.39340.667* In(W1/h1+1.444))) endif
epslon_e2=(epslon_r2+1)/2Hepslon_r2-1/2" sqit(1+12'h
2= if (W2/h2)<=1) then ((60/sqrt{epslon_e2))" |

epslon_e3=(epslon_r3+1)/2
Z3=if (W3/h3)=<=1)

VAR

Optimizalfle_Variables
W1=0.338826 noopt{ 0.001 1}

Momentum responses

Imported

11)real (533"
me="5P1"

W2=0.1/9239 noopt{ 0.001 to 40 }

#

71311 noopt{ 0.001 to 40}

Term
Term3
Num=3
Z=50 Ohm

i

SNPY
ImpMaxFreq=15 GHz
ImpDeltaFreq=0.5 GHz

h1=0.635 opt{ 0.001 to 1000 }
h2=0.635 opt{ 0.001 to 1000 }
h3=0.635 opt{ 0.001 to 1000 }
epslon_r1=9.7 opt{ 0.001 to 1000}
epslon_r2=9.7 opt{ 0.001 to 1000}
epslon_r3=9.7 opt{ 0.001 to 1000}

j4*h2)) else (120" pifsartiepslon_e2)* (AW2h2+1.393+0 667 In(N2h2+1 .444))) endif
sqrt(1+12*h3MA3)

sqrtiepsion_e3)* In(8*h3AN3+ W3/d"h3)) else (120 slon_e3)* (W3h3+1.393+0 667 In(W3h3+1 .444))) endif

RangeMax{1]=15GHz

GOAL

Goal

OptimGoal 2

Expr="abs{imag(S 11} mag(S33))"
SiminstanceName="5P1"

Min=

Mere=0.001

Weight=1

RangeVar1]="freq"
RangeMin[1]=5GHZ
RangeMax{1]=156GHz

ADS/Momentum Implementation
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Implicit Space Mapping: Step 7
calibrate coarse model: extract preassigned parameters x

[r— p— [r—
Iem e | S | | S |
?233 S PARAMETERS Tem1 TLIN TLIN TLIN
Num=1 TLI TL2 TL3
S._Param Z=50 Ohm Z=21 Chm Z=22 Ohm Z=73 Ohm Tem G°?' oal3
SP1 E=El EsE2 OptimGoal

Expr="abs(real (S11)-real (S33))"
SimInstanceName="SP1"
Min=

Max=0.001

Weight=1

Stan=5 GHz
Stop=15 GHz
Step=1000 MH

goals for parameter extraction
RangeVar1]="freq"

2] Kl (calibration step) e P

Optim

! 20} h3=0.635 opt{ 0.001

Optim2 - 20} epslon_r1=9.7 opt{ 0.08

OptimType=Quasi-Newton L3=0.0031349 noopt{ 0.0001 to 120} epslon_r2=9.7 opt{ 0.00

ErmorForm=L2 T

Maxiters=100000 epslon_r3=9.7 opt{ 0.001 GOAL

p=2 - VAR

DesiredEmor=-1000 Width_to_70 Goal

Status Level=4 epslon_el=(epslon_r1+1)/2Hepslon_ri1-1){2* sqrt(1+12*h1ANM1)) OptimGoal 2
SetBestValues=yes Z1=if (W1/h1)==1) then ((60/sqrt{epslon_e1)* In(8*h 1A+ W /(4 h 1)) else (120*pif(sqriiepslon_e1)* W1/h1+1.39340.667* In(W1h1+1.444 ) endif Expr="abs({imag(S 11)}imag(S33;
Seed= epslon_e2=(epslon_r2+1)/2+Hepslon_r2-1)/2" sqrt(1+12"h2W\2)) SiminstanceName="5P1"
SaveSolns=yes 2= if (W2/h2)<=1) then ((60/sqrtiepslon_e2)* In(8*h2AN2+ W2/(4*h2)) else (120*pi/(sqri(epslon_e2)* (W2h2+1.39340.667* In(W2h2+1 .444)))gndif Min=

SaveGoals=yes epslon_e3=(epslon_r3+1)/2-+epslon_r3-1)/(2" sqrt(1+12"h3MN\3)) ] Meu=0.001
SaveOptimVars=yes Z3=if (W3/h3)<=1) then ((60/sqrtiepslon_e3)* In(8*h3MN3+ W3/(4*h3)) else (120*pi/(sqrifepslon_e3)* (W3 3+1.393+0.667 In(W3h3+1 .444)) e Weight=1

UpdateDatas et=yes

RangeVar1]="freq"
RangeMin[1]=5GHZ
angeMax(1]=15G

UseAllGoals=yes

ImpDeltaFreq=0.5 GHz

Tem
Term = Tem4
Term3 ; Num=4
Num=3 S Z=50 Chm
Z=50 Ohm SNPY
- ImpMaxFreq=15 GHz L
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Implicit Space Mapping: Step 7
calibrate coarse model: extract preassigned parameters x

— [— —
Temnm | N ) L — —_ GOAL
?233 S PARAMETERS Tem1 TLIN TLIN TLIN
Num=1 TL1 TL2 TL3
S Param Z=50 Ohm Z=Z1 Chm 7=72 Ohm 7=73 Ohm F"“z Goal
SP1 i EsE2 EsEa em COptimGoal 3
real (S33)"
Star=5 GHz Zigpq"
Stop=15 GHz
Stepml@QhiH=

optimizer for parameter extractio

[0
E1=4*L1*90"sqrt{epslon_|

&R

E2=4*L2°90"sqrt{epslon_|
E3=4*L3*90"sqrt{epslon_|

(calibration step)

Optim2

N

OptimType=Quasi-Newtol
EnorForm=L2
Maxlters=100000
P=2
DesiredEmor=-1000
Status Level=4
SetBestValues=yes
Seed=
SaveSolns=yes

-
L3=0.0031349 noopt{ 0.0001 to 120} epslon_r2=9.7 opt{ 0.001 to 1000}
epslon_r3=9.7 opt{ 0.001 to 1000}

VAR

Width_to_Z0

epslon_el=(epslon_r1+1)/2+epslon_ri1-1¥/2* sqrt(1+12*h 1A/N1))

Z1=if (W1/h1)==1) then ((60/sqrt{epslon_e1)* In(8*h 1A+ W /(4 h 1)) else (120*pif(sqriiepslon_e1)* (W1/h1+1.39340.667* In(W1/h1+1.444))) endif
epslon_e2=(epslon_r2+1)/2+Hepslon_r2-1)/2" sqrt(1+12"h2W\2))

2= if (W2/h2)<=1) then ((60/sqrtiepslon_e2)* In(8*h2AN2+ W2/(4*h2)) else (120*pi/(sqri(epslon_e2)* (W2h2+1.39340.667* In(W2h2+1.444)) endif

SaveGoal s=yes epslon_e3=(epslon_r3+1)/2+Hepslon_r3-1)/2" sqrt(1+12 h3\3))
SaveCptimVars=yes Z3=if (W3/h3)<=1) then ((B0/sqrtiepslon_e3)* In(8*h3AN3+ W3/(4*h3)) else (120*pi/(sqri(epslon_e3)* (W3h3+1.39340.667*In(W3h3+1.444))) endif
UpdateDatas et=yes

UseAllGoals=yes

Tem
Term = Tem4
Term3 ; Num=4
Num=3 S Z=50 Chm
Z=50 Ohm SNPY
- ImpMaxFreq=15 GHz L

ImpDeltaFreq=0.5 GHz

GOAL

Goal

OptimGoal 2

Expr="abs{imag(S 11} mag(S33))"
SiminstanceName="5P1"

Min=

Mere=0.001

Weight=1

RangeVar1]="freq"
RangeMin[1]=5GHZ
RangeMax{1]=156GHz

ADS/Momentum Implementation
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Implicit Space Mapping: Step 7
calibrate coarse model: extract preassigned parameters x

?233 S PARAMETERS

S_Param

SP1

Start=5 GHz
Stop=15 GHz
Step=1000 MHz

o

@ OPTIM

Optim

Optim2
OptimType=Quasi-Newton
EnorForm=L2

Maxlters=100000

p=2 (5]
DesiredEmor=-1000

Status Level=4

1 | — 1
remm e | S | e
Tem1 TLIN TLIN TLIN
Num=1 TL1 TL2 TL3 Temn
Z=50 Ohm Z=Z1 Chm Z=72 Chm Z=Z3 Chm Tem?2
= E=E1 E=E2 E=E3 Num=2
F=f0 GHz F=f0 GHz F=f GHz Z=150 Ohm
VAR R
Electrical_length_to_physical_length Optimizable_Variables EVAR
f0=10 W1=0.398826 noopt{ 0.001 t0 40} VAR

E1=4*L1°90"sqrt(epslon_e1) f0/c0*1e9
E2=4*L2°90"sqrt{epslon_e2) f0/c0*1e9
E3=4*L3*90"sqrt{epslon_e3) f0/c0*1e9

VAR
Width_to_Z0

W2=0.149239 noopt{ 0.001 to 40 }
W3=0.0471311 noopt{ 0.001 to 40}
L1=0.00298468 noopt{ 0.0001 to 120}
L2=0.00307353 noopt{ 0.0001 to 120}
L3=0.0031349 noopt{ 0.0001 to 120}

h1=0.635 opt{ 0.001 to 1000 }
h2=0.635 opt{ 0.001 to 1000 }
h3=0.635 opt{ 0.001 to 1000 }
epslon_r1=9.7 opt{ 0.001 to 1000}
epslon_r2=9.7 opt{ 0.001 to 10

epslon_r3=9.7 opt{ 0.001 0}

epslon_el=(epslon_r1+1)/2+epslon_ri1-1¥/2* sqrt(1+12*h 1A/N1))
Z1=if (W1/h1)==1) then ((60/sqrt{epslon_el1)* In(B*h1AN1+ WH /(4" h1))) else (120"
epslon_e2=(epslon_r2+1)/2+Hepslon_r2-1)/2" sqrt(1+12"h2W\2))

SetBestValues=yes
Seed=

SaveSolns=yes 2= if (W2/h2)<=1) then ((B0/sqrt{epslon_e2)* In(8*h2AN2+ W2/(4*h2)) else (120*
SaveGoal s=yes epslon_e3=(epslon_r3+1)/2+Hepslon_r3-1)/2" sqrt(1+12 h3\3))
p ’ i = i ¥ * 0+

fix the designable parameters:
optimize preassigned parameters

pif(sgrt{epslon_e1)* (Wi/h1+

93+0.667° In(WW1/h1+1.444))) endif

pi/(sgriepsion_e2)* (A2f8+1.393+0 667 In(N2h2+1 444))) endif

h3+1.393+0.667* In(W33+1 .444))) endif

Tem
Temd4
Num=4
Z=50 Chm

GOAL

Goal

OptimGoal 3

Expr="abs(real (S11)-real (S33))"
SiminstanceMame="5P1"
Min=

Men=0.001

Weight=1

RangeVar1]="freq"
RangeMin[1]=1GHZ
RangeMax{1]=15GHz

GOAL

Goal

OptimGoal 2

Expr="abs{imag(S 11} mag(S33))"
SiminstanceName="5P1"

Min=

Mere=0.001

Weight=1

RangeVar1]="freq"
RangeMin[1]=5GHZ
RangeMax{1]=156GHz

ADS/Momentum Implementation
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Implicit Space Mapping: Steps 8-3
fix preassigned parameters: reoptimize calibrated coarse model

ﬁ OPTIM

Optim

Optim1

OptimT ype=Minimax
EmorForm=NM
Maxlters=1000

p=2

DesiredEmor=-1000
StatusLevel=4
SetBestValues=yes
Seed=
SaveSolns=yes
SaveGoals=yes
SaveOptimVars=yes
UpdateDataset=yes
UseAllGoals=yes

@ S-PARAMETERS

S_Param

SP1

Start=5 GHz
Stop=15 GHz
Step=1000 MHz

———] ] ]
Eil g I I ‘
Tem1 TLIN TLIN TLIN oal
Num=1 TL4 TL5 TL6 _ OptimGoali
7=50 Ohm 7=71 Ohm 7=72 Chm 7=73 Chm Temo Expr="cbi(mag(S11)"
E=E1 E=E2 = Num=2 SimInstanceName="SP1"
F=f0 GHz F= GHz F=0 GHz 20 Ohm Minz
Max=-20
== Weight=1
vl VAR - . ] VAR - RangeVar1]="freq"
Electrical_length_to_physical_length1 Opfimizable_Variables VARI angeMin[1]=5GHz

fo=10
E1=4"L1"90"sqrt(epslon_e1)"f0/c0*1ey
E2=4"12"90"sqrt{epslon_e2)*f0/c0*1ed
E3=4"L3"90"sqrt(epslon_e3)*f0/c0*1e9

VAR

W1=0.398826 opt{0.001to 40}
W2=0.149239 opt{0.001 to 40}
W3=0.0471311 opt{ 0.001 to 40}
L1=0.00298468 opt{ 0.0001 to 120}
L2=0.00307353 opt{ 0.0001 to 120}
=0.0031349 opt{ 0.0001 to 120}

h1=0.738556 noopt{ 0.001 to 1000} angeMax1]=15GHz
h2=0.738568 noopt{ 0.001 to 1000}

h3=0.665535 noopt{ 0.001 to 1000}

epslon_r1=10.7294 noopt{ 0.001 to 1000

epslon_r2=10.4245 noopt{ 0.001 to }

epslon_r3=9.93542 noopt o 1000}

Width_to_Z0

epslon_e1=(epslon_r1+1)}2+epslon_r1-1)}/(2* sqrt(1+12*h1/W1))
Z1= if (W1/h1)<=1) then ((B0/sqrt(epslon_e1))* In(B*h1AV1+W1/(4*h1}) else (120" pif(sqrt
epslon_e2=(epslon_r2+1)/2+{epslon_r2-1)}/(2* sqrt(1+12*h2/\W2))

Z2= if (W2/h2)<=1) then ((B0/sqrt(epslon_e2))* In(B*h2AWW2+ W2/(4*h2)) else (120" pif(s
epslon_e3d=(epslon_r3+1)/2+{epslon_r3-1}/(2° sgrt(1+12"h3/WV3))

slon_e1)* (W1/h1+1.393+0.667' In(A1/h1+1.444)) endif

(epslon_e2)* (W2/h2+1.393+0 667" In(N2/h2+1 444)) endif

Bise (120°piffcrtiepslon_e3) (W3M3+1.393+0 667 In(A3/h3+1 444))) endif

fix preassigned parameters:
reoptimize calibrated coarse model

ADS/Momentum Implementation
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Implicit Space Mapping: Steps 4-6

simulate fine model using Momentum,
satisfy stopping criteria

ST
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— — 254
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O _
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o ]
O i
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4 6 8 10 12 14 16

Frequency

ADS/Momentum Implementation
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3:1 Microstrip Transformer
e

T e
JW;V\:Z % \:’3 =W, W, Wy Ly L, L]
- )

~i Agilent Technologies

X=[g H; & H, & H3]T

Xi=[E, E, B35 Z; Z, Zs]T

z E, X; =P(X;,X)

“implicit” mapping through empirical formulas (Pozar, 1990)
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3:1 Microstrip Transformer

Initial iteration
-15

Sy, dB

frequency (GHz)
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3:1 Microstrip Transformer

final 1teration
-20

Sy, dB

frequency (GHz)



	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10: Implicit Space Mapping Theory: Modeling  implicit mapping Q between the spaces xf, xc and x 
	Slide 11: Implicit Space Mapping Theory: Prediction  implicit mapping Q between the spaces xf, xc and x
	Slide 12: General Space Mapping Technology (Bandler et al., 1994-2002)  linearized: original and Aggressive Space Mapping nonlinear: Neural Space Mapping, etc. implicit: preassigned parameters (ISM)             parameters x: coarse space parameters, neuro
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34: Conventional Space Mapping for Microwave Circuits (Bandler et al., 1994)
	Slide 35: Implicit Space Mapping Motivation (Bandler et al., 2001)             Key Preassigned Parameters (KPP) (ESMDF algorithm) 
	Slide 36: Implicit Space Mapping Motivation (Bandler et al., 2001)             Key Preassigned Parameters (KPP) (ESMDF algorithm) 
	Slide 37
	Slide 38
	Slide 39
	Slide 40
	Slide 41
	Slide 42
	Slide 43
	Slide 44
	Slide 45
	Slide 46
	Slide 47
	Slide 48
	Slide 49
	Slide 50
	Slide 51
	Slide 52
	Slide 53
	Slide 54
	Slide 55
	Slide 56
	Slide 57
	Slide 58
	Slide 59
	Slide 60
	Slide 61
	Slide 62
	Slide 63
	Slide 64
	Slide 65
	Slide 66
	Slide 67
	Slide 68
	Slide 69
	Slide 70
	Slide 71

