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Outline

“Space Mapping” coined in 1993 @

Space Mapping intelligently links companion “coarse” and “fine”
models—full-wave electromagnetic (EM) simulations and empirical
models

Space Mapping optimization follows traditional experience of
designers

we discuss the 1993 concept and subsequent Aggressive Space
Mapping
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Space Mapping validation space

(Bandler et al., 1994)

mapping

optimization
space
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Space Mapping: a Glossary of Terms

Space Mapping transformation, link, adjustment, correction,
shift (in parameters or responses)

Coarse Model simplification or convenient representation,
companion to the fine model,
auxiliary representation, cheap model

Fine Model accurate representation of system considered,
device under test, component to be optimized,
expensive model



Simulation Optimization Systems Research Laboratory @
@ McMaster University - @Iﬂ)lli’)ﬁ!ﬂl(i)lli

Space Mapping: a Glossary of Terms

Surrogate model, approximation or representation to be
used, or to act, in place of, or as a
'l substitute for, the system under consideration
l' mapped or enhanced coarse model
Surrogate Model alternative expression for Surrogate
Target Response response the fine model should achieve,

(usually) optimal response of a coarse model,
enhanced coarse model, or surrogate
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Space Mapping: a Glossary of Terms

Companion
Low Fidelity/
Resolution
High Fidelity/
Resolution
Empirical
Simplified Physics
Physics-based
Device under Test
Electromagnetic
Simulation
Computational

coarse

cOoarse

fine

coarse

coarse

coarse or fine
fine

fine or coarse
fine or coarse
fine or coarse
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Space Mapping: a Glossary of Terms

Parameter (input) Space Mapping  mapping, transformation or
correction of design variables

Response (output) Space Mapping mapping, transformation or
correction of responses

Response Surface Approximation  linear/quadratic/polynomial
approximation of responses
w.r.t. design variables
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The Space Mapping Concept
(Bandler et al., 1994-)

X fine Rt (%) Xe coarse Re(Xc)
—> —> >
model model
V xH=jwD+J ~
X - Rf(Xf) X, Y @) L@ RC(XC)
P\ vie—jes > » o ?J%:wm ’
B=uH Veb=p s % @%
A /—\ A
Xf Xc — P(Xf) XC
such that
> >

R.(P(X¢)) = R; (X5)
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Jacobian-Space Mapping Relationship
(Bakr et al., 1999)

through PE we match the responses

Ri (X¢) = R.(P(X¢))

by differentiation

T T T
(R{) (RT) (ox]

Xy oX. ) | X
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Jacobian-Space Mapping Relationship
(Bakr et al., 1999)

given coarse model Jacobian J. and space mapping matrix B
we estimate

Jo(x;)=J . (x.)B
given J, and J; we estimate (least squares)

T —1 4T
B%(JC‘JC) JCJf
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Space Mapping Notation

(i) _ (i) *
7 =x"-x_,

h{) — X(j+1) _ X(i) and

BWRW — _§0)
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Space Mapping Practice—Cheese Cutting Problem
(Bandler 2002)

optimal coarse model Xe —
_ @ Id
initial guess L‘X? 2
e 6
new old -1/,* new
prediction@ X=X PO =X
Xr];lew _ X?Id n X;‘ _ Xgew
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The Brain’s Automatic Pilot
(Sandra Blakeslee, The New York Times,
International Herald Tribune, February 21, 2002, p.7)

[certain brain] circuits are used by the human brain
to assess social rewards ...

...findings [by neuroscientists] ...challenge the notion
that people always make conscious choices
about what they want and how to obtain it.

Gregory Berns (Emory University School of Medicine):
... most decisions are made subconsciously
with many gradations of awareness.
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The Brain’s Automatic Pilot
(Sandra Blakeslee, The New York Times,
International Herald Tribune, February 21, 2002, p.7)

P. Read Montague (Baylor College of Medicine): ... how did
evolution create a brain that could make ... distinctions ...
[about] ...what 1t must pay conscious attention to?

... the brain has evolved to shape itself, starting in infancy,
according to what it encounters in the external world.

... much of the world 1s predictable: buildings usually stay
in one place, gravity makes objects fall ...
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The Brain’s Automatic Pilot
(Sandra Blakeslee, The New York Times,
International Herald Tribune, February 21, 2002, p.7)

As children grow, their brains build internal models
of everything they encounter, gradually learning to 1dentify objects ...

... as new Information flows into it ... the brain automatically
compares It with what it already knows.

... 1f there 1s a surprise .... the mismatch ... instantly shifts
the brain into a new state.

Drawing on past experience ... a decision 1s made ...
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Wedge Cutting Problem (Bandler, 2002)

use space mapping to find the optimal position x of a cut
such that the volume is equal to 28
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Proposed Coarse Model

2 -

volume = 28 implies z = 14 O1
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ASM Algorithm (Bandler et al., 1995)

Step 1
Step 2
Step 3
Step 4
Step 5

Step 6

initializex¥ =z, BY =1, i=1

extract z¥such that R, (z%V) = R, (x®)
evaluate f®W =zW — 727 if H f “’H <&, stop
solve BVh") =—f (x) for h")

set X" =x +h

evaluate R, (x"")
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ASM Algorithm (Bandler et al., 1995)

Step 7  extract zU"*Ysuch that R,(z"*) = R, (x!"?)

Step8  evaluate T =z _77 i H f Dl < & stop
(i+1) (i) f (i+1)h(i)T
Step9  update BY =B + 0

Step 10 set i=i+1 and go to Step 4
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Initialization

coarse model optimization
z =14
V.= 28

Il
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fine model prediction
X =14
V:=43.75



Simulation Optimization Systems Research Laboratory
McMaster University

Iteration 1
extracted coarse model

2 7 =21.88
p "", lﬂ'lm""”'""' iy B V-: B
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16

z
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fine model verification
X =6.13
V= 22.155
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Iteration 2

extracted coarse model

j Z i11.08
e
fine model verific;ior? —
x =9.05 16 ¢ 20

V,=31.073
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Iteration 3
extracted coarse model

4. r
2 z =15.54
: mm...mm!mmw V231073
0 i I I
4
2 \01
0
0
2
46
fine model verification

X =751
V,= 26.516
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Iteration 4

fine model verification

ey

-

2

Ty

X =8.25
V.= 28.752

extracted coarse model
z =13.26
V.= 26.516
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Iteration 5
extracted coarse model

4-.
> z =14.38
0 II,I!II, 'l!.'ﬂ.".’.'”.’ﬂ.’l V ?: 28 752
O * 3

6 ,",,l’,""!""W"'ﬂl"""ﬂ'lWHIlmlﬂullu[ﬂlllunm,

fine model verification
X =7.88
V.= 27.626
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Iteration 6
extracted coarse model

421 [T 7 =1381
| !ﬂlﬂ.’!l.'.'l!!!.'.’f.‘ﬂﬂﬂﬂ!ﬂﬂ!ﬂ.’.’!’ﬂ’ﬂﬂ.’!ﬂlﬂﬂ!I.‘.'.'!.'Wl'l'.'!ﬂ.'lﬂ'llllﬂlmuyl"m”nwHJ,,,,,,”\\\ S
Yo 8 , iy i) |

fine model verification
X =8.06
V.= 28.187
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Iteration 7
extracted coarse model

; Ny 7 =14.09
0 i 'l!!!!!ﬂ!!l!"ﬂ"I"l"""'l"Mnmllll'lnllﬂwﬂllnlunfmqﬂlym ~

'ﬂlﬁ.WH'"J""”’.l i

4

/,

6
8 10

fine model verification
X =7.97
V.= 27.906
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TRASM Algorithm (Bakr et al., 2000)

Step 1
Step 2
Step 3

Step 4

Step 5

*

initializex" =z, BY =1, i=1, §Y =g,

extract z¥such that R, (z") = R, (x¥)
evaluate f&W =z — 77 if H f “’H <&, stop
find the minimizer h" of H fO 4 B(i)h(i)H

subject to Hh(i)H <5

set XU = x® 4+ 0
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TRASM Algorithm (Bakr et al., 2000)

Step 6
Step 7

Step 8

Step 9

Step 10

evaluate R, (x")

extract 2™ such that R.(z0?) ~ R, (x™)

f(i+1) _ Z(i+1) B Z*, if H £ (i+D)

evaluate < & stop

Al L
H £ (i)H _H £(0) B(‘)h(‘)H

find p =

adjust the trust region size

it PO <7 reject xTY, take 5 e[a,6V, 6]
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TRASM Algorithm (Bakr et al., 2000)
else if 7, < p™ <1, , accept X1 5 e[a,6,5"]
else accept XY take 50 > 50

Comment O<e, <, <1, O<n, <p,<1
(for example,,=0.1, n,=0.9 and o, = «,=0.5)

Step 11 update BM =313 )13 J,

X(i+1), S (i+1)

Comment J; , J. are evaluated at

Step12 seti=i+1 and go to Step 4
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Wedge Cutting Problem (Bandler et al., 2002)

Step 1 xd — 7" =14 B® =1, sO =2
Step2  V, (x¥)=4x® —% _4375 PE, ;0 _21875
Step3 % =21.875-14=7.875
Step4  h® =arg min|[7.875+1.h|| subject to Il <2

h® =-2

Step5  x¥ =14+(-2)=12
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Wedge Cutting Problem (Bandler et al., 2002)
Step6  V,(x*)=39
Step7  PE z®® =195

Step8 ¥ =195-14=55

w__ 7875-55
7.875—(7.875+1(-2)

Step 10  adjust trust region size 5 =25 =4

J
Stepl1l J, =4-x9/8, J =2 — B(Z)—J——125

Step9 p

C
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Wedge Cutting Problem (Bandler et al., 2002)

Step4b  h'® =arg mJnHS.S +1.25h| subject to ||h[ <4
h® =_4

Step5b  set x®¥ =12+(-4)=8

Step6b VvV, (x®)=28

Step 7b  PE z® =14

Step8b  f® =14-14=0 stop the algorithm
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Initial Step

4+ coarse model optimization
) z =14
. e, 0 V=28
8 /!!!.'.'ﬂ!.'l.'!ﬂ.!l!l!!H!!l!’l'J!!!!l.'l!l!!l!l.'!.'!l!!!.'l!!l!l.'ﬂW"lll"""l"ulllnwuynn,,m,,,,w\ -]
4 Wl U il III\\:\:‘Il' —L__

6
8 10

fine model prediction °
Xx =14
V:=43.75
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Iteration 1

extracted coarse model
z =21.875
V.=43.75

[~ -

’l.'.'.'l!!!!ll.‘.’.’.’l.'l!l! |

m

"" w.'wmwmlmmmwu

I

~

4 12 14
2 z 108 20 1
22 0
° 2, x
fine model verification L

X =12 16 Tl
X 18 99 5

V= 39
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Iteration 2

extracted coarse model

j/ T 7 =19.5
R,

R |

4 12 14 N
I 22 0
0
2y |
fine model verification S|

10
1214 L

X =8 16 1
X 18 50

V,= 28
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Change of Initial Trust Region Size

SO o v, number of
iterations

1 7.99905  27.99715 4

2 8 28 2

3 7.99905  27.99715 3

4 7.99983  27.99948 3
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Implicit Space Mapping Theory
(Bandler et al., 2002)

X
X fine R¢ (X+) coarse | Re(Xc: %)
X —>
model —»| model
A A
X m Xc: X
such that
> >

R. (X, X) = Ry (Xy)
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Implicit Space Mapping Practlce—Cheese Cutting Problem
(Bandler 2002)

IX'E

optimal coarse model L Xe —{ ) X, %)
Initial guess @ x{0 = x’(©
PE @ .0 x@
prediction @ X:(l) @
verification @ézxf}h X§) =%

1 LV
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Implicit Space Mapping Practice—Cheese Cutting Problem
(Bandler 2002)

verification @l/_ x> x® = x'®
PE @

prediction @

X:(l) x(2

X:(Z) %2

verification @ x{?) = x
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Cheese Cutting Problem—A Numerical Example
(Bandler 2002)

optimal coarse model target volume =30

Initial guess @ volume =24
PE @ volume =24
@ 2.4
prediction 125 target volume =30
verification @ 4 125@4 volume =31.5
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Cheese Cutting Problem—A Numerical Example
(Bandler 2002)

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

PE @ volume =31.5

| 2.52
prediction @ Lllg— volume =30.0
verification @ /_411.97 volume =29.7
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Implicit Space Mapping Practice
(Bandler et al., 2002)

effective for EM-based microwave modeling and design

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

easy implementation
no explicit mapping involved

no matrices to keep track of
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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 coarse model
X =argminU (R, (x;, x"))
C

Step 4 predict x\"from
— (1)
Xe = X¢
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An Implicit Space Mapping Algorithm—Preassigned
Parameters (continued)

Step 5 simulate the fine model at x!"

Step 6 terminate if a stopping criterion (e.g., response meets
specifications) is satisfied

Step 7 calibrate the coarse model by extracting the preassigned
parameters x

x™ = arg min HRf (xR (xI, X)H
where we set

X, = x\
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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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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 Xe=[Li Ly LSS, 8] T

‘A L‘

specifications

|S,,| > 0.95 for 4.008 GHz < v < 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)

ADS implementation of coarse model

e e i _.T"'
MLIN
— — — T2
o Wt
— | CLin5 —eme
W=W mil f—
MCLIN " )
— - =L1 mi
mcun  WEWmi
] . . CLin3 S=52 mil
— . L=L2 mil
W=W mil
MCLIN S=53 mil
++  lemmn ] — \(,:\Il':\],% mil L=L3 mil
Term1 MLIN MCLIN S-S mi
Num=1 TL1 CLin1 =osmi

7=50 Ohm W=W mil W=wmi LL2mil

L=50 mil 5=51 mil
L=L1 mil

Termn
Term2
Num=2
Z=50 Ohm
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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
&4 23.425 24.404
&y 23.425 24.245

£l 23.425 24.334




Simulation Optimization Systems Research Laboratory @
@ McMaster University OAR\F%QAI;EB

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

the fine (o) and optimal coarse model (—) responses at the initial
solution

O oo 0
UUVVV

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 (o) and optimal coarse model (—) responses at the final
Iteration

S, | dB

Illl|lII||IIII|I|II|I|II|IIII

3.90 3.95 4.00 4.05 4.10 4.15 4.20
frequency (GHz)
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Bandler’s Conjecture No. 1

Space Mapping is a natural mechanism for the brain to relate objects
or images with other objects, images, reality, or experience

Bandler’s Conjecture No. 2

brains of “clever”, experienced or intuitive individuals employ
a Broyden-like update in the Space Mapping process

Bandler’s Conjecture No. 3

“experienced” engineering designers, knowingly or not, routinely
employ Space Mapping to achieve complex designs
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Selected Space Mapping Contributors

Kaj Madsen (Technical University of Denmark, 1993-)
mapping updates, trust region methods

Pavio (Motorola, 1994-)
companion model approach, filter design, LTCC circuits

Shen Ye (ComDev, 1997-)
circuit calibration technique

Mansour (Com Dev, University of Waterloo, 1998-)
Cauchy method and adaptive sampling

Stephane Bila (Limoges, France 1998-) @
space mapping, waveguide devices



Simulation Optimization Systems Research Laboratory @
@ McMaster University - @%QJ?EE

Selected Space Mapping Contributors

Rayas-Sanchez (McMaster University; ITESO, Mexico 1998-)
space mapping through artificial neural networks

Jacob Sgndergaard (Technical University of Denmark, 1999-)
space mapping: theory and algorithms

QIi-jun Zhang (Carleton University, 1999-)
knowledge based neural networks, space mapping

Jan Snel (Philips Semiconductors, Netherlands, 2001)
RF component design, library model enhancement

Dan Swanson (Bartley RF Systems, 2001) g
combline filter design
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Selected Space Mapping Contributors

Steven Leary (University of Southampton, England, 2000-)
constraint mapping, applications in civil engineering

Lehmensiek (University of Stellenbosch, South Africa, 2000, 2001)
filter design, coupling structures

Frank Pedersen (Technical University of Denmark, 2001-)
space mapping, neural networks

Ke-Li Wu (Chinese University of Hong Kong, 2001-)
knowledge embedded space mapping, LTCC circuits

Pablo Soto (Polytechnic University of Valencia, Spain, 2001)
aggressive space mapping, inductively coupled filters

Hong-Soon Choi (Seoul National University, Korea, 2001)
aggressive space mapping, design of magnetic systems
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Selected Space Mapping Contributors

Luis Vicente (University of Coimbra, Portugal, 2001-)
mathematics of space mapping: models, sensitivities and trust regions

Marcus Redhe (Link6ping University, Sweden, 2001)
sheet metal forming and vehicle crashworthiness design

Dieter Peltz (Radio Frequency Systems, Australia, 2002)
difference matrix approach, coupled resonator filters

~

Safavi-Naeini (University of Waterloo, 2002)
multi-level generalized space mapping,
multi-cavity microwave structures

Jan-Willem Lobeek (Philips Semiconductors, Netherlands, 2002)
power amplifier design
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Conclusions

Space Mapping intelligently links companion “coarse” or “surrogate”
models with “fine” models—physical, empirical, electromagnetic

Space Mapping optimization follows traditional experience of
designers

researchers and practitioners attracted to Aggressive Space Mapping

Space Mapping already used in the RF industry
for enhanced (mapped) library (surrogate) models

Implicit Space Mapping (ISM), where preassigned parameters change
In coarse model—novel approach
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Implicit Space Mapping: Steps 1-3
optimize coarse model

g B g B
?:3:3 OPTIM Term1 TLIN TLIN
. Num=1 i n2
Optim 7=50 Ohm 7-71 Ohm 7=72 Ohm
89',:!"‘} Minimax = E=E1 E=E2
ptim Ty pe=Minimax " "

it Ly i F=f0 GHz F=f0 GHz

MaxIters=1000 -

P=2

DesiredError=-1000 SORL |@| S-PARAMETERS I
StatuslLevel=4

SetBestvValues=yes gl_:l:aram
xezsms— s OptimGoall Start=5 GHz

:V Expr="db{mag(S11))" Ston=15 GHz
Sav eGoals=y %_ SimInstanceName="SP1" st p=1 000 MH
Sav eOptimVars=y es Min= ep L4

UpdateDataset=yes pax—_op
USeA.“GOaIS=y es Welght=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))

TLIN

3

=73 Ohm
E=E3

F=f0 GHz

[T ] VAR

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
il

v VAR
Electrical_length_to_phy sical_length
f0=10
E1=4*L1*90*sqrt(epslon_e1)*f0/c0*1et
E2=4*12*90*sqrt(epslon_e2)*f0/c0*1et
E3=4*L3*90"sqrt(epslon_e3)*f0/c(* 1et

Z1= if (W1/h)<=1) then ((60/sqri(epsion_e1))* In(8*n/W1+ W1/(4*h))) else (120*pi/(sqri(epsion_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/sqri(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/sqri(epslon_e3))* In(8*n/W3+ W3/(4*h))) else (120" pi/(sqrt(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 model

_ I 1
?:3:3 OPTIM Term1 TLN TLIN
. Num=1 i n2
Optim 7=50 Ohm 7-71 Ohm 7=72 Ohm
8":!"'} Mini E=E1 E=E2
ptim Ty pe=Minima - -
il Loy F=f0 GHz F=f0 GHz
Maxlters=1000
P=2
DesiredError=-1000 S-PARAMETERS
StatuslLevel=4

SetBestValues=y es Goal S Param E4 VAR _ _ 7] VAR _ -

= : SP1 Optimizable_Variables Electrical_length_to_phy sical_length
Sav eSolns=y es (E))F(’t'r’[_‘.(jg?r":a 1y Start=5 GHz W1=0.4 opt{ 0.001 to 40} f0=10
Sav eGoals=y es si plnstancel?lam e="SP1” Stop=15 GHz W2=0.15 opt{ 0.001 to 40 } E1=4*L1*90*sqrt(epslon_e1)*f0/c0*1et
SaveOptimVars=yes Mli:l— Step=1000 MHz W3=0.05 opt{ 0.001 to 40} E2=4*12*90*sqrt(epslon_e2)*f0/c0*1et
UpdateDataset=yes a0 L1=0.003 opt | e3)*f0/c0* 1et

USeA.“GOaIS=y es Welght=1

S o=l coarse model
circuit

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/sqri(epslon_e1))* In{(8*h/W 1+ W1/{4*h))) else (120*pi/{sqri(epslon_e1)*(W1/h+1.393+0.667*In(W 1/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/sqri(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/sqri(epslon_e3))* In{8*h/W3+ W3/(4*h))) else (120*pi/{sqri(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

g;g:a OPTIM

Optim

Optim1

OptimTy pe=Minimax ~
ErrorForm=MM

MaxIters=1000 =

P=2

Saeovacd | GOAL
StatuslLevel=4 GOAL

SetBestValues=y es
Seed=
SaveSolns=yes
SaveGoals=yes
SaveOptimVars=yes
UpdateDataset=y es
UseAllGoals=y es

sweep range

N Y -

I | I

Term1 TLIN TLIN TLIN

Num=1 1 2 3 Term

Z=50 Ohm Z=71 Ohm Z=72 Ohm 7=73 Ohm
E=E1 E=E3 Term2

3 g Num=2

F=f0 GHz F=f0 GHz Z-150 Ohm

Goal

OptimGoal1
Expr="db{mag(S11))"
SimInstanceName="SPY{"
Min=

Max=-20

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

VAR

Width_to Z0
epslon_r=9.7
h=0.635

@ S-PARAMETERS \{

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))
Z1=if ((W1/h)<=1) then ({(60/sqri(epslon_e1))* In{(8*h/W 1+ W1/{4*h))) else (120*pi/{sqri(epslon_e1)*(W1/h+1.393+0.667*In(W 1/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/sqri(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/sqri(epslon_e3))* In(8*n/W3+ W3/(4*h))) else (120" pi/(sqrt(epsion_e3)*(W3/h+1.393+0.667*In(W3/h+1.444)})) endif

[T ] VAR

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}

VAR

f0=10

- Electrical_length_to_phy sical_length

E1=4"L1*90"sqrt(epslon_e1)*fl/c0*1et
E2=4"1 2*90*sqrt(epslon_e2)*fl/c0* 1et
E3=4*L3*90"sqrt(epslon_e3)*f0/c(* 1et
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Implicit

Space Mapping: Steps 1-3

optimize coarse model

g;g:a OPTIM

ErrorForm=MM
MaxIters=1000
P=2

DesiredError=-1000
StatuslLevel=4

SetBestValues=y es

SaveGoals=yes

SaveOptimVars=yes
UpdateDataset=yes pax—_op

UseAllGoals=y es

optimizable e
Term?2
Num=2
parameters Mg
Goal S_Param [¥] VAR
: SP1 Optimizable_Variables Electrical_length_to_phy sical_length
(E)pt'"‘_(jga“ - Start=5 GHz W1=0.4 opt{ 0.001 to 40} f0=10
xpr=mdb(mag(S11))” gig0-45 GH2 W2=0.15 opt{ 0.001 to 40 } E1=4*L1-90"sqrt(epslon_e1)*f0/c0*1e<
I\S"i:‘_'"s"a"‘:e“a"‘e: SP1 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 }
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/sqri(epslon_e1))* In{(8*h/W 1+ W1/{4*h))) else (120*pi/{sqri(epslon_e1)*(W1/h+1.393+0.667*In(W 1/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/sqri(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/sqri(epslon_e3))* In{8*h/W3+ W3/(4*h))) else (120*pi/{sqri(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

goal of the

A - - -
G | oPTIM Torm1 o optimization
Optim Num=1 T n2
: Z=50 Ohm Z=Z1 Ohm Z=Z2 Ohm
Optim1 E=E1 E=E2 E=E3 Term?2
OptimTy pe=Minimax ~ B _ B Num=2
ErrorFomm=MM F=f0 GHz F=f0 GHz F=f0 GHz 72150 Ohm
MaxIters=1000 -
P=2 L
DesiredError=-100§ -
StatuslLevel=4
SetBestValues#y es §_Param [E ] VAR e ] VAR
= Goa_l SP1 Optimizable_Variables Electrical_length_to_phy sical_length
Sav eSolns=yfks (E))F(’t'"‘_(jga“ - Start=5 GHz W1=0.4 opt{ 0.001 to 40} fo=10
Sav eGoals=yfes xpr="db(mag(S11))" Y g400-15 GHz W2=0.15 opt{ 0.001 to 40 } E1=4"L1*90"sqrt(epslon_e1)*f(/c0*1e¢
SaveOptimVirs=y es 3‘;‘_‘"5"3"““3"‘9‘ SP1 Step=1000 MHz W3=0.05 opt{ 0.001 to 40 } E2=4"1.2*90*sqri(epslon_e2)*f0/c0* 1e¢

UseAllGoals=W\es

“YE€S  Max=20

L1=0.003 opt{ 0.0001 to 120}  E3=4*L3*90"sqrt(epslon_e3)*f0/c0*1eS
L2=0.003 opt{ 0.0001 to 120 }

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

RangeVar[1]="freq”
RangeMln[1]—SGHz

- [ Yo | 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))
= if {(W1/h)<=1)then ((60/sqrt(epslon_e1))* In(B*h/W1+ W1/(4*h))) else (120*pi/(sgri(epslon_e1)*(W1/h+1_393+0.667*In(W 1/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/sqri(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/sqri(epslon_e3))* In{8*h/W3+ W3/(4*h))) else (120*pi/{sqri(epslon_e3)*(W3/h+1.393+0.667*In(W3/h+1.444)))) endif

ADS/Momentum Implementation



Simulation Optimization Systems Research Laboratory
McMaster University

AANDLER

—_ORPORATION

Implicit Space Mapping: Steps 1-3
optimize coarse model

Optim
Optim1

Optim Ty pe=Minimax ‘ ‘

ErrorForm=MM
MaxIters=1000

P=2

DesiredError=-
StatuslLevel=4
SetBastValuas—y es

TLIN
1

=71
E=E1
F=f0

OptlmGoal1
Expr="db{mag(S11))"
SimInstanceName="SP1"
Min=

Max=-20

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

- [ Yo | 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))

optimizer

TLIN
3
Ohm Z=z2onm Z=73 Ohm
E=E2 E=E3
GHz F=f0 GHz F=f0 GHz

|$ | S-PARAMETERS I

S Param

SP1

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

[T ] VAR

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 S

VAR

Term
Term2
Num=2
Z=150 Ohm

Electrical_length_to_phy sical_length

f0=10

E1=4"L1*90"sqrt(epslon_e1)*fl/c0*1et
E2=4"1 2*90*sqrt(epslon_e2)*fl/c0* 1et
E3=4*L3*90"sqrt(epslon_e3)*f0/c(* 1et

= if ((W1/h)<=1) then ((60/sqrt(epsion_e1))* In(8*h/W1+ W1/(4*h))) else (120*pif(sqrt(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/sqri(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/sqri(epslon_e3))* In(8*n/W3+ W3/(4*h))) else (120" pi/(sqrt(epsion_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

ADS/Momentum Implementation



Simulation Optimization Systems Research Laboratory @
@ McMaster University O@%QAEER

Implicit Space Mapping: Steps 5-6

obtain the fine model result and check stopping criteria

ST

—15 |
— 20—
m ]
O _

f25{
o ]
O -
> *BO—_

755_ | | | | | | | | | | |

4 6 8 10 12 14 16

Frequency
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Implicit Space Mapping: Step 7
calibrate coarse model: extract preassigned parameters x

?233 S-PARAMETERS

S_Paranm

SP1

Star=5 GHz.
Stop=15 GHz
Step=1000 MHz

@ OPTIM

Opstiiom

Optim2
OptimType=CQuasi-Newton
EmorFormn—L2
Manxiters=100000
P=2

Desired Ermor—=1000
StatusLevel=4
SetBestValues—yes
Seed=
SaveSolns—vyes
SaveGoals—yes
SaveOptimVars=yes
UpdateDalaset—yes
UseAllGoals=yes

= = e Imported
Eﬁm e e Momentum responses

E1=4*L1*90"squt{epsion_e1}f¥c0*1ed
E2=4*L2*90"squt{epslon_e2}fc0*1ad
E3=4*L3"90"squi{epslon_e37f/c0*1ed

E VAR

Width_io 70

epslm el={epslon_r1+1)2+epslon_r-1¥{2* sqi{1+12*h /W1J
i(4™h1))) else (120" pifisqrifepsion_e1)"(W/1+1.393+0 667" In(W1h1+1.444)))) endif
)

=if {(W1/h1)<=1) then {{B0/sqit{epsion_e1))* In{8"h1/W1+

epslm e2={epslon_r2+1)}2Hepslon_r2-1y{2" sqrt(1+12"h

2=1if {(W2/h2)<=1) then ((BOIsqu(epslon e2))" In{8
o ¥ P

W1=0.398825 noopt{ 0.001 e

W2=0.1¥8239 noopt{ 0.001 10 40 }

W3=0.071311 noopi{ 0.001 10 40}

8 noopt{ 0.0001 to 120}

L2=0.40307353 noopl{ 0.0001 to 120}
0f031349 noopt{ 00001 to 120}

L1=0.00028846

ot

Z=50 Chm sNP1

ImpMaxFreq=15 GHz

h1=0.635 opi{ 0.001 1o 1000}
h2=0.635 opi{ 0.001 1o 1000}
h3=0.635 opi{ 0.001 1o 1000}
epslon_r1=9.7 opi{ 0.001 to 1000}
epslon_12=8.7 opi{ 0.001 to 1000}
epslon_i3=8.7 opi{ 0.001 to 1000}

RangeMa{1}=15GHz

GOAL

Goal

COptimdGoal2
Expr="abs(imag(511Himag(S33)f
SiminstanceName="8P1"

Min=

Ma=0.001

Weaight=1

RangeVai[1]=Treq"
RangeMin|1]=5GHZ
RangeMaq1F15GHz

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

[r— p— [r—
Emim | S| | S | | S |
?233 S PARAMETERS Temmd TLIN TLIN TLUN
Num=1 T TL2 TL3

e — = = o S s
=*1 goals for parameter extraction - oo

RangeVai1]=%eq"

e [ orrm (calibration step) YR ees- e o B et

Opstiiom

opi2 0 epmen ron opg0 b fooo

0
OptimType=Cuast Newion L3=0.0031349 noopt{ 0.0001 to 120} x|:_|2=9_7 ﬁ 0.00 ‘ }
Ela)diels=100000 epslon_» |3=970pl{0001 \ GOAL
pP=2 E VAR
Desired Eno—1000 Width_to 20 Gl
Status|evel=4 epslm el<{epslon_r1+1)}2-+epslon_ri-1¥{2* sqii{1+12*h1/W1)) OptimGoal 2
SetBestValues=yes Z1=1if {(W1/h1)<=1) then {80/sqri{epslon_e1))" In{8"h1/W1+ W1/{4*h1))) else (120"pif{sgrifepsion_e1)"(W1/h1+1.393+0.66 " In(W1/h1+1.444 §) endif Expr="abs{imag(5 11 Hmag(S33]
Sead= epslon_e2={epslon_r2+1)2Hepslon_r2-1)(2" sqit{1+12"h2/W2)) SiminstanceName="5P1"
SaveSolns=yes 2= if {(W2h2)<=1) then {60/sqri{epslon_e2))* In{8*h2/W2+ W2/{4*h2))) else (120*pif{sari{fepsion_e2)*(W2h2+1.393+0.667 In{W2h2+1.444)) Rendif Min=
SaveGoals=yes epslon_e3—epslon_r3+1)2Hepslon_r3-1)(2" sqiti{1+12"h3W3)) Ma=0.001
SaveOpiimVars=yes 3= if {(W3h3)<=1) then {{60/sqri{epslon_e3))* In{8*h3/W3+ W3/{4*h3))) else (120*pif(sarifepslon_e3)*(W3h3+1.393+0.667 In(W3h3+1.444))) eri Weight=1
UpdateDalaset—yes

RangeVa1]=freq"
RangeMin[1]=5GHZ
RangeMax 115G

UseAllGoals=yes

Term Temm
T Term4
Term3 ; Num=4
Num=3 5 Z=60 Chm
Z=50 Chm sNP1
- ImpMaxFreq=15 GHz L
ImpDettaFreq=0.5 GHz -

ADS/Momentum Implementation
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2ANDLER

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

| | | 1
| SR | | S | | S | GOAL
?233 S-PARAMETERS 1E1N I::gd IIJBN
S, Pamm Z2Z1 Chm Z=22 Chm Z=23 Chm lm g::' o3
SP1 1 E=E2 E=t= yreal(S33))
Star=5 GHz Jrep”
Stop=15 GHz - - -
Sancinac b
optlmlzer for parameter extraction
cal_length_to_ph:
0=10 - -
E1=4*L1*90"sqri{epslon I b
Ewivichmmsy (calibration step) :
E3=4*L3*80"sqrt{epslon
L3=0.0031349 noopt{ 0.0001 o 15} epslm:|2=9.7 opif 0.001 to 1000}
epslon_r3=9.7 opt{ 0.001 to 1000} GOAL
[7=] VAR
Width_to Z0 Goal
epslon_a1={epslon_r1+1)2+epslon_r-1¥{2* sqrt{1+12*h1/W1)) OptimGoal 2
Z1= m(v?nm )<=‘1')' then ((60]5qll($slon_e1 ))-s::.(sm1fvv1+ WH/{4"h1))) else (120"pif{sarifepsion_e1)"(W1h1+1.393+0 667" In(W1ih1+1.444)))endif  Exp="abs{imag(S11}imag(S33)J"
epslon_e2={epslon_r2+1)2Hepslon_r2-1)(2" sqit{1+12"h2/W2)) SiminstanceName="5P1"
2Z2=if {(W2h2)<=1) then {E0/sqriiepsion_e2))* In{8"h2/W2+ W2/{4*h2))) else (120*pif(sqrifepsion_a2)*(W2h2+1.39340. 667" In(W2h2+1.444))) endif ~ Min=
3+ 3 1YE" sqi(1+12*h W3 Ma=0.001
ggmmﬁm &{m:ﬂm_g)-ﬁémm w:’B(4-h3))) alse (120*pi/{sartfepsion_a3)*(W3h3+1.393+0 667" In(W3h3+1.444)))endif  Weight=1

Term Temm
T Term4
Term3 ; Num=4
Num=3 5 Z=60 Chm
Z=50 Chm sNP1
- ImpMaxFreq=15 GHz L
ImpDettaFreq=0.5 GHz -

RangeVa1]=freq"
RangeMin[1]=5GHZ
RangeMaq1}=15GHz

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

o | —
Emm | S| | S | | NS | GOAL
?233 S PARAMETERS Temmd TLIN TLIN TLUN
Num=1 T TL2 TL3 Gnal
S Pamm 2=50 Chm Z=Z1Chm Z=72 Chm Z=73 Chm Opi 3
sP1 = E=E1 E=E2 E=£3 Expeabs{real (511)seal (S33))"
gzﬁfsa;_lz F=0 GHz F=f0 GHz F=0 GHz SiminstancoNome—SP1"
= z - Min=
Step=1000 MHz
" =] var R Max=0.001
Electiical_length_to_physical_length Weight=1

Oplimizable_Vanables E VAR

=10 W1=0.398826 noopt{ 0.00H to 40} VAR RangeVar[1]="treq
ﬁ% OPTIM E1=4*L1*90"sqri{epslon_e1)'fic0™1ed W2=0.149239 noopt{ 0.001 to 40} h1=0.635 opi{ 0.001 10 1000} RangeMin1]=1GHZ

- E2=4*12*90"squi{epslon_e2)'fic0*1ed W3=0.0471311 noopt{ 0.001 10 40} h2=0.635 opi{ 0.001 10 1000} RangeMaq1}=15GHz
Optim E3=4*L3"90"squi{epslon_e37f/c0*1ed L1=0.00298468 noopl{ 0.0001 to 120} h3=0.635 opt{ 0.001 10 1000}
Optim2 ] L2=0.00307353 noopi{ 0.0001 to 120} epslon_r1=9.7 opi{ 0.001 to 1000}
OptimType=Quasi-Newton L3=0.0031349 noopt{ 0.0001 to 120} epslon_12=9.7 opi{ 0.001 1o 1
ﬁa% epslon_r3=9.7 opif 0.001 1 GOAL
pP=2 E VAR
DesiredEno—1000 Width_to 70 Goal
StatusLevel=4 epslon_e1={epsion_r1+1¥2+epslon_r1-1¥{2* sqr{1+12*h1/W1)) CptimiGoal 2
SetBestValues=yes Z1= if {W1/h1)<=1) then {(B0/sqriepsion_e1))" IS h1/MW1+ W1/(4"h1))) else (120"pifisgrtfepslon_e1)"(W1h1+ 39310 667" InW1h1+1.444)))endif  Expr="abs{imag(S11)imag(S33)"
Sead= epslon_e2=(epslon_r2+1)2-+epslon_r2-1¥(2" sqi{1+12*h2/w2)) SiminstanceName="SP1"
SaveSolns=yes 2= if (W2rh2)<=1) then ({(B0/sqri{epsion_e2))* In(8*h2/W2+ W2/{4*h2))) else (120" pif{sqrtfepslon_e2)* 1.393+0 667" In(W2h2+1 444))endif ~ Min=
SaveGoals=yes epslon_e3=(epslon_r3+1)2+epslon_r3-1¥(2" sqi{1+12"h3W3)) Max=0.001
S 73= if W ¥h3k=1) then (G0/sari=pslon_s3)* IndE 33 Wik *pif(srifepslon_e3)" 3+1.39340 667 IN(WIh3+1 444 endif  Weight=1
Ul RangeVa1]=freq"
U RangeMin[1]=5GHZ

- - . RangeMaq1}=15GHz
fix the designable parameters: rem
Temd
- - - Num~4
optimize preassigned parameters #s0an
S—

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

A — 3 -
Cpim e 7 S g —

Tem TLIN TLIN TLIN Coal
im1
Optim i Num=1 L4 LS L6 Temm OpfimGoall
OptimT ype=hinimax Z=50 Chm Z=71 Ohm Z=Z2 Chm Z=73 Chm - .
EnorForm=hd 5 - ~ Tem2 Expr="db(mag({S11))
. - E=E1 E-E2 e — Num=2 SimlInstanceName="6P1"
Mandters=1000 F=f0 GHz F=H0 GHz F=10 GHz Min=
P=2 Shm
DesiredEmor=-1000 - Max=20
~ Weight=1
StatusLevel=4 : VAR = RangeVai[1[=¥eq"
SeiBes{Values=yes Fa | VAR . Optimizable Variables1 VAR *
Seed= Electrical_length_io_physical length1 Wi=0 398856 opt{0.001 t0 40} VAR1 ngeMin[1]=6GHz
SaveSolns 0=10 ’ ) h1=0.738556 noopt{ 0.001 to 1000} ngeMax/1F15GHz
—yes W2=0.149239 opt{0.001 10 40}
SaveGoals E1=4"L1"90"sqrtiepsion_e1)"0/c0™ h2=0.738568 noopt{ 0.001 to 1000}
—yes W3=0.0471311 opt{ 0.001 10 40}
S imVars= E2=4*12*90"sqrifepsion_e2)*/ic0*1e h3-0.665535 noopt{ 0.001 to 1000 }
aveOplimVars—yes il A " L1=0.00298468 opt{ 0.0001 o0 120} 11=10.7294 0.001 to 1000
UpdateDataset=yes E3-4"L 3*90"sqrifepslon_e3)"0/c0™1e9 L2=0.00307353 opt{ 0.0001 10 120} :ﬁ:— '2:1 04245 xﬁ 0.001 1o )
UseAllGoals=yes o -
0031349 opt{ 0.0001 10 120} epsion_13-0.93542 no 1000}
@ S PARAMETERS VAR
Width_to_Z0
5_Param epslon_e1={epslon_r1+1¥2Hepslon_r-1y{2* sqi{1+12*h1/W1))
SP1 Z1= if {{(W1/h1)<=1) then ((60'sqri{epsion_e1)J* InB™h1/W1+ WH4"h1)) dse (120"piks lon_e1)"(W1Mh1+1.393+0 6677 In(W1/h1+1.444)))) endif
Start=5 GHz epslon_e?={epslon_r2+1Y2Hepslon_r2-1y{2* sqi{1+12*h2/W2))
Stop=15 GHz Z2= if {(W2/h2)<=1) then {{60/sqri{epsion_e2))" In{8*h2/W2+ W2K{4"h2))) else (120" pif{sgfi{epslon_e2)"(W2h2+1.393+0.667 In(W2/h2-+1.444)) endif
Step=1000 MHz epslon_e3=(epslon_r3+1Y2Hepslon_r3-1){2" sqi{1+12"h3/W3))

Bise (120" pif qrifepsion_e3)"(W3h3+1.303+0 667" In(W3/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

—20 |
— —25-
m ]
O _

—BO{
o ]
O
= *35—_

740_ 1 | I | | | | l I | |

4 6 8 10 12 14 16

Frequency

ADS/Momentum Implementation
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Space Mapping: a Glossary of Terms

Neuro Implies use of artificial neural networks

Implicit Space Mapping space mapping when the mapping
IS not obvious

Not Space Mapping (usually) space mapping
when not acknowledged

Parameter Transformation  space mapping

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

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

Q

> fine
Xq ¥ model

| |

I I ~

»  SPace Y} coarse R~ R
- _|>

> MapPPINg —| model

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

Space Mapping - conceived as abstract concept by Bandler (1993),
In collaboration with Biernacki, Chen and Madsen

Space Mapping - a fundamental new theory for design
with CPU intensive simulators (1994)

EM design of high-temperature superconducting (HTS) microwave
filters (1994)

Aqggressive Space Mapping for EM design (1995)
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Space Mapping Milestones

Aqggressive Space Mapping for EM design (1995)

IMS workshop on Automated Circuit Design Using Electromagnetic
Simulators (Arndt, Bandler, Chen, Hoefer, Jain, Jansen, Pavio, Pucel,

Sorrentino, Swanson, 1995)

fully-automated Space Mapping optimization of 3D structures (1996)
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Space Mapping Milestones

OSA’s Empipe connection of OSA90/hope
with Sonnet Software’s em field simulator (1992)

@NNgﬂ

OSA’s Empipe3D connection of OSA90/hope with
(ﬁf) Hewlett-Packard’s HFSS 3D EM simulator (1996)

A Ansoft’s Maxwell Eminence 3D EM simulator (1996)
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Space Mapping Milestones

Space Mapping optimization with finite element (FEM)
and mode matching (MM) EM simulators (1997)

further developments in Aggressive Space Mapping (1998-)

Generalized Space Mapping (GSM) tableau approach to device
modeling (1999)

Neuro Space Mapping (NSM) device modeling (1999)
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Space Mapping Milestones

research begins on surrogate model/space mapping
optimization algorithms (1999)

the SMX engineering optimization system (2000)

First International Workshop on Surrogate Modelling
I' and Space Mapping for Engineering Optimization (2000)

Neural Inverse Space Mapping (NISM) optimization (2001)

Expanded Space Mapping Design Framework (ESMDF) (2001)



Simulation Optimization Systems Research Laboratory @
@ McMaster University O@%QAEEB

Space Mapping Milestones

yield driven EM optimization using Space Mapping-based
neuromodels (2001)

EM-based optimization exploiting Partial Space Mapping (PSM)
and exact sensitivities (2002)

Implicit Space Mapping (ISM) EM-based modeling and design (2002)
Introduction of Space Mapping to mathematicians (2002)
'I Special Issue of Optimization and Engineering

l' on Surrogate Modelling and Space Mapping
for Engineering Optimization (2002)
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Original Rosenbrock Function (Coarse Model)
(Bandler et al., 1999)

R (Xc) = 100()(2 - Xlz)z +(1- Xl)2
X, . 1.0

Y| and X =
X, 1.0

where X, =

Shifted Rosenbrock Function (Fine Model)
(Bandler et al., 1999)

R, (X,) =100((X, + a,) — (X, +,)?) +A— (X, +a))

X —0.2] . |[1.2]
wherex, =| |, Mo hence X; =
X, | |a,| | 02 0.8
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Gradient Parameter Extraction (GPE)
(Bandler et al., 2002)

at the jth iteration

x =argmin [e;, Je/ - e, ]|
X

c

“A20
2

where A iIs a weighting factor and E = [e, e, ... e ]
eO = Rf (Xg‘j)) - RC(XC)
E :‘Jf(xgj))_‘Jc(Xc)B



Simulation Optimization Systems Research Laboratory @
@ McMaster University O@%QAEEB

Shifted Rosenbrock Function Results

useful notation

*

(i) _ (i)
f*7=x"-x_,
h() — xﬁ”” B xﬁ” and

B = _ W)
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Original Rosenbrock Function (Coarse Model Contour Plot)
(Bandler et al., 1999)
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Shifted Rosenbrock Function (Bandler et al., 2002)
Single point PE (SPE): nonuniqueness exists
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Shifted Rosenbrock Function (Bandler et al., 2002)
Gradient PE (1st iteration)
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Shifted Rosenbrock Function (Bandler et al., 2002)
Gradient PE (2nd iteration)
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Shifted Rosenbrock Function Results
(Bandler et al., 2002)

(1.0 (1.0

0 10| |10 31.4
08| [-0.2 {1.0 o.o} 02 | [1.2

1 12| |02 ][00 10]|-02] |08] O

1.0] [0
10/ |0
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Transformed Rosenbrock Function (Fine Model)
(Bandler et al., 2002)

linear transformation of the original Rosenbrock function

Rf (Xf ) :1OO(U2 _u12)2 T (1—U1)2

u
where u=| ° |=
_u2_
. (1.2718447
" 10.4951456

1.1 -0.2]

02 09

-0.3
0.3
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Transformed Rosenbrock Function (Bandler et al., 2002)

Single point PE (SPE): nonuniqueness exists

2
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Transformed Rosenbrock Function (Bandler et al., 2002)
GPE (1st PE iteration)

2

1.57
1,
0.5/

<X 0O

-0.51

/

. {0.53} 15
X = | | |
¢ 1.38 2, 15 1 05
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Transformed Rosenbrock Function (Bandler et al., 2002)
GPE (2nd PE iteration)

2

1.57
1+
0.5)

N

X< OF

-0.5} .

/ f

15" 1

<D _ 1.18

C _ | ! | | | | |
1.18 2 45 4 05 0 05 1 15 2
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Transformed Rosenbrock Function (Bandler et al., 2002)
GPE (3rd PE iteration)

2

1.57
1+
0.5

<X 0

-0.5¢

/

< _ 0.967 |
: 0.929 E

-2 -1.5
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Transformed Rosenbrock Function (Bandler et al., 2002)
GPE (4th PE iteration)

2

1.51

o [10009] %
X =
" 1.0018 -2
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Transformed Rosenbrock Function (Bandler et al., 2002)
GPE (5th and 6th PE iteration)

2

1.51
1,
0.5}

< 0

o {1.00002} ol

- 1.00004/

15
o _[L0
’ 1.0 2% s
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Transformed Rosenbrock Results (Bandler et al., 2002)

iteration ~ xV £ B() ha o xW) R,
1.0 1.0
0 - |1 1083
0.526| |-0.474 1.01 -0.05] [ 04477 [1.447
1 1.384| | 0.384 001 1.01] |-0.385 |0.615 5.119
1.185] [0.185 096 -0.12]|[-0218] [ 1.23]
2 1.178] |0.178] |-0.096 1.06 | |-0.187| |0.427| 4.4E-3
0.967] [-0.033] [1.09 -019] [0.0429] [ 1.273]
3 0929| |-0.071] |0168 092 | |0.0697| |0.4970| 1.8E-6
1.001 0.001| [1.10001 -0.1999| [-0.001] [1.2719
4 1.001] 0001 | 01999 0.9001 | [-0002] |0.4952| °E-10
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Transformed Rosenbrock Results (Bandler et al., 2002)

torati (i) ' j (i) ()
iteration X f ) B h X R
5 [1o0002] _ . fo2] [11 -02] ., [03][L2718] 3E-17
1.00004 04| |02 09 05]|0.4951
1.0 (0.1 [11 -0.2] 0.2 ] *
1E-8 1E - X 9E-29
6 L.o} X_O.S} 02 09 T o3

f —

1.27184466
0.49514563
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Conventional Space Mapping for Microwave Circuits
(Bandler et al., 1994)

fine model coarse model

X;—»| o~ @112} R (x,,m)

O —>

find

X
C = P(X;,w)
)

C

such that
Rc(xc’wc) ~ Rf (Xf ,C())
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Microstrip Shaped T-Junction (Bandler et al., 1999)

fine model coarse model

port 2 «— MSTEP |4 MSL — T-JUNCTION — MSL — MSTEP —e port3

|
MSL

MSTEP

port 1
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Microstrip Shaped T-Junction (Bandler et al., 1999)

the region of interest
15 mil < H <25 mil
2mil < X<10 mil
15mil <Y <25 mil
8§<¢,<10

the frequency range is 2 GHz to 20 GHz with a step of 2 GHz
the number of base points is 9, the number of test points is 50

the widths W of the input lines track H so that their
characteristic impedance is 50 ohm

W, = WI/3, W, is suitably constrained
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Microstrip Shaped T-Junction Coarse Model

errors w.r.t. Sonnet’s em at the test points
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Microstrip Shaped T-Junction Enhanced Coarse Model

errors w.r.t. Sonnet’s em at the test points
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