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Abstract

Anew algorithm, namely aFast Simulated Diffusion (FSD) is proposed to solve amulti-

minimal optimization problem on multi-dimensional continuous space. The algorithm performs
agreedy search and arandom search alternately and can give the global minimum with apractical

success rate. Anew efficient hill-decending method which is employed as the greedy search

the FSD is proposed. When the FSD is applied to aset of standard test functions, it shows

order of magnitude faster speed than the conventional simulated diffusion. Some of the

optimization problems encountered in system and VLSI designs are classified into the multi-

optimal problems. AMOSFET parameter extraction problem is one of them and the proposed
FSD is successfully applied to the problem with adeep sub-micron MOSFET. Aprogram
listings arealsoattached.
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1. Introduction

Some of the VLSI design problems including transistor sizing and model parameter
extraction can be considered as an minimization problem in multi-dimensional continuous space

with an object function which has plural local minima. Well-established minimization

procedures for convex functions like Levenberg-Marquarlt method[l], can be easily trapped in

one of the local minima and thus can not find aglobal minimizer. Recently amethod called

'simulated diffusion' (SD) has been proposed[2] to find the global minimum ofamulti-minimal

function on continuous space. The simulated diffusion is conceived by the stimulus of

•simulated annealing' (SA), which is for combinatorial optimization problems[3]. Although
much efforts have been made to theoretically study the behavior of the SD[4,5] and it has been

demonstrated theoretically that under certain conditions the method guarantees to find the global

minimizer with aprobability ofunity, little is known about the practical aspects of the SD as an

optimization procedure. Although the SD could find aglobal minimizer, it was very slow[2].

In this paper, anew optimization method, named Fast Simulated Diffusion (FSD), is

proposed to provide afaster way to find the global minimum. The new method is successfully
applied to MOSFET parameter extraction problem in the deep sub-micron regime.

In Section 2, the basic idea of the conventional SD is described. In Section 3, the

algorithm ofthe fast SD is presented and the advantage ofthe fast SD over the conventional SD

is clarified in Section 4. Section 5is dedicated for the discussion on the application of the
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proposed fast SD method to the practical VLSI design problems, namely a MOSFET model

parameterextraction problem for a circuit simulator. A conclusion is summarized in Section 6.

2. Conventional Simulated Diffusion (CSD)

First, abasic idea of the conventional simulated diffusion is described. Essentially, the

SD makes use of the physical fact that a particle placed in a given potential and with Brownian

motion is diffused into the global minimum of the given potential profile. The following is the

more mathematical formulation of the process. An differential equation which describes a

diffusion process ofa particle with Brownian motion is given as

dx =-Vf(x)dt +<f2Tdw, (1)

where r is time, x is the space coordinate which points the location where the particle is, f(x) is

a potential function in which the particle is put, V is a gradient operation, dw is a Gaussian

random noise and T is a temperature. The first term on the left-hand side corresponds to the

drift component of the movement and the second term signifies the Brownian movement When

the temperature is high, the second term dominates and the movement of the particle is just

stochastic. On the other hand, when the temperature becomes low, the first term dominates and

the process approaches pure hill-descent. The second term is essential to get out of the local

minimaandthe first term gives the tendencyto minimize the function.

It hasbeen shown[4] that with a proper cooling schedule, the probability distribution ofx,

P(x), approaches
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P(x)<*exp{-f(x)/T} (2)

asr goesinfinity. This means that the limit distribution is independent of the initial value and is

peaked around the global minimizers of f(x). This in turn means that ifdx is integrated overa

long period of time, x tends to converge to aglobal minimum of the function f(x). This is the

prmciple of the conventional simulated diffusion. Aluffi-ftaitini et al.[2] numerically integrated
Eq.l to obtain the minimizer from this first principle. However, the numerical process turned out
to be slow.

If there are constraints in the original minimization problem, it is possible to introduce

penalization functions and make it a minimization problem without constraints^].
Consequendy, the SD can be applicable not only to the unconstrained minimization problems but
also tothe optimization problems with constraints.

3. Fast Simulated Diffusion (FSD)

In this work, instead of integrating Eq.l directly, two basic modifications are made. One

is the introduction of an accept/non-accept function ofaBoltzman distribution type, which is
commonly used in the simulated annealing. If the next point xnext (= x+dx) gives the smaller

function value than the current x, take the xnext. On the other hand, if xnext gives the larger
function value than the current x, generate arandom number Rin [0,1] and calculate P=exp[-
{f(x+dx)-f(x)}fT]. If R<P, then accept the xnext, otherwise discard the xnext and re-generate
xnext. The higher the function value becomes in the next move, the less probable it becomes to
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accept the move. The introduction of this Boltzman accept/non-accept function can be validated

by Eq.2 which is the Boltzmann distribution itself and it is expected to help establishing the
probability distribution ofEq.2 faster than simply integrating Eq.l. In practice, the use of this

accept/non-accept function prunes very 'stupid' moves to be taken otherwise and consequently
accelerates theconvergence.

The other modification is concerning with the generation of the next move. Instead of

adding the greedy hill-descending part (the first term ofEq.l) and the random perturbation part
(the second term of Eq.l), the generation ofat based on agreedy method and arandom method

are carried out alternately. That is, in one time, dx is calculated by -Vf(x)dt and the next time,

dx is calculated as V5? dw. By generating the next move by the gradient method and the

random method alternately, it is possible to achieve hill-descending even if the temperature is

relatively high. In the relatively high temperature range, the random term happens to generate
ineffective moves and it is probable that no improvements of f(x) will be observed ifthe two

terms are added together as in the CSD, because the hill-descending part can be hidden by the
dominating random noise and all moves are possibly rejected.

Several considerations are taken other than the above-mentioned two major modifications
to make the method more efficient First, since it is expensive to calculate the direction ofVf(x)
if the space has large dimensions, <Vf(x)-r>r is used instead, where r is aunit vector of a

randomly picked axis. This is because the expected direction of <Vf(x)>r>r approachesV/W
in a longrun[2].
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Secondly, since it is difficult to choose agood value of*, anew hill-descending method
is proposed and used. The choice of* is critical because if it is too small, the improvement of
thesolutionisSmallbutifitistoobig,-V/W</r does not always give the improvement The
proposed method is described in Fig.l. First, pick arandom axis direction. If the function is

concave at the point along the picked axis, quadratic fitting is carried out and the minimum x in

that direction is guessed and adopted as the xnext. If the function is convex, choose asmall dx

first and double the dx until f(x+dx) fails to decrease from f(x). The doubling process is
confined up to acertain number of times (three in the following examples). It is not an objective
of this new hill-descending method to obtain the exact minimum in that direction but to provide
an inexpensive yet effective way to improve the solution, since there is always apossibility that
the random search can give rise to abig jump and then the previous hill-descending becomes
wasteful. This method is considered as an inexpensive adaptive method to determine agood
value ofdt.

The detailed algorithm of the FSD is shown in Fig.l In the first several external loops
(around 10 loops), the hill-descending is not taken and only random search is carried out

because big jumps are accepted in the high temperature stage and the hill-descending is not
effective at all

The initialization scheme and the temperature update algorithms in [7] are adopted. That
is, the initial temperature, Tinit, is determined by astatistics gathered over randomly selected
Ninit points as is shown in Fig.2. The adopted temperature update algorithm (cooling schedule)
is basically ageometric decrease. The theory of the SD suggests that the cooling schedule
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}

main {

T=Tinit =(K *(standard deviation of /(X) over randomly selected Ninit points));
•=smit; "„ TJtSB*Tme by USin9 Au**te* =a2' mt=200
xx,n"=^as^:^irely seiected nw poims
xopt =X=Xinit; //set initial Xto the best Xknown

iINT - 0- 7/ Extemal l00D wfth varying T

WhilNTa+C+Ttain ^^ (eX' 15~25*dimension)> Vinternal loop with constant T
A/ln/(XnVw)°:/(X)- 7/ Generate new x&Emulated diffusion
lUV-lL //If cost decreases,

J:fSw f,' rx/ //adopttheXnew.
) else / /( P]) { °Pt =X} /f Save best x-

P- Pvnr a / /-n- 7/ Even if ^ increases,r*^- . rn //adopt the Xnew
5m<p?% Uvber ? [0)1]; //accord/A7g toif (R <P) {X =Xnew} //e0/tZA7?a^ distribution.

}
if ( /(X) >/(Xopt)) {X=Xopt} //flesume the best Xif (cost is not improved considerably) { ™sume ™oest X.
\ pi'qp SrGaSP ++: 7/ ,f 0Mf /s "of *U|prov&f considerably

TJ n /f take LasLGasp loop,
iLast_basp =0; // wnere Tisincreased a little

Update T()• /f and ^e/? decreased t0 feeze-

}̂ ^^j^r^^'^^^^a-°-75)solution =xS Lasf-GasP ,0°P 's »*»" '°"9 enough and Tgels low enough.

°*VmfrZ° ikL r //generate neivXif (iINT < mINT) {
gradient Flag = 0;

} else { -
gradient_Flag = 1 - gradient_Flag;

if (gradient_Flag == 1) {
Randomly select single variable Xi and move only in this axis

}elsef{ WWlth 9radient informa,ion according to Pand fvalues.
Xnew =X+S*(n-th dimensional Gaussian or Lorentzian distribution)

Update_T() { //update temperature
if (iLast_Gasp = 0) {

V^L=, 6XP(;X I'a) f ex X=a 7' «-aa™*W dev. of accepted f(x)
T"^f Fac°or T-FaCt0r-Min) <T-Factor =T_Factor_Min (=0.5)}} i - _ cor

«U <wSStaStfn2) I?-= T-?c,or2 (T-Factor2 >1•ex-13)} //ex. n2=4(n^ <iLast_Qasp) {T*= T_Facton (T_Facton <1, ex. 0.75)}
}

Fig.2 Algorithm of Fast Simulated Diffusion
8
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should is much slower the geometric decease to guarantee to reach the global minimum even for
ill-conditioned functional 1]. However, for practical problems, the geometric cooling works
well [7,12].

The initial distribution ofdw is chosen so that almost all the feasible space is covered by
the random search at the initial stage. Such adistribution can be determined when the feasible
region ofxis given as asupercube, [xmin, xmax]. In practical problems, this feasible region is
known apriori (see Section 5) or is set sufficiently large. If the randomly generated, falls out
of the feasible region, it is re-generated. At the last stage of the FSD, when the object function
shows little change, Last_Gasp sequence is taken where the temperature is i„crea*d alittle and
then decreased to freeze. The details are described in Fig.2.

In Fig.2, amultiplier Scontrols the random search space volume. Sshould be shrinked
proportional to Vr as Tis lowered according to the first principle of the SD, but in practice, S
can be shrinked faster and is proportional to T"(n =0.5 - 1.0).

4. Comparison between the FSD and the CSD

TABLE Ishows acomparison between the FSD and the CSD when they are applied to a
set of standard test functions given in [2]. On the average, the FSD is about an order of
magnitude faster than the CSD. Let's define a"reachability as aprobability to be able to find
out the global minimum in afinite period of time using the given algorithm. Successful trials in

ten trials in TABLE Ican be used as an index for the reachability. Improvement in efficiency or



TABLE I Comparison of the conventional SD and the Fast SD
problem description

problem
#n,2)

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

dimen
sion

1

1

2

2

2

2

2

3

4

5

8

10

2

3

4

5

6

7

average 3.8

# of local
minima

3

19

760

760

760

6

25

125

625

1e5

1e8

1e10

900

2.7e4

8.1e5

7.6e5

1.1e7

1.7e8

5.7e8

CSD (*1)

NF1:#of
function

evaluation

7168

77699

241215

76894

183819

10822

159549

72851

49690

72226

136061

98985

23770

66010

122166

66365

98974

109886

93009

Fast Simulated Diffusion (this
work)

NF2: # of
function

evaluation
(*3)

3644

2586

3067

2968

2734

4573

3408

3572

3818

5246

9819

12206

4081

4036

4473

4588

5559

6509

4828

success NF2/NF1
rate in 10 (%)
trials (*4)

1.0

1.0

1.0

0.8

0.7

1.0

1.0

1.0

1.0

1.0

0.9

1.0

1.0

1.0

1.0

1.0

1.0

0.9

0.96

50.8

3.3

1.3

3.9

1.5

42.3

2.1

4.9

7.7

7.3

7.2

12.3

17.2

6.1

3.7

6.9

5.6

5.9

5.2

M) F. Aluffi-Pentini, V.Parisi, &F.Ziril.i, "Global Optimization and Stochastic Differentia,
equations , J. of Optimization theory and Application, Vol.45, No 1 ppM6
Sept.1985. ' HH '

•2) Expressions for problem #4and 5presented in Aluffi-Pentini's paper seems to
contain errors and hence they are modified and used.

*3) Average over 10 trials

*4) The rate of having reached to the global minimum in10 trials. Aluffi-Pentini et al's
paper does not contain this information. It only gives yes or no in one trial as the
reachability information.

10
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speed might be obtained at the risk of degradation in the reachability. Judging from TABLE I,
the reachability of the FSD is in the practical range.

When the first term in Eq.l is neglected, the method becomes similar to the SA. This SA-
like method is supposed to be better than the mere extension of the SA to acontinuous space[8],
since the random search space is decreased by afactor of yf2T as the temperature is lowered.
The FSD is faster than this SA-like method as shown TABLE 0because less number of 'stupid-
moves are generated. In TABLE II, the results of using aLorentzian distribution^] instead of

the Gaussian distribution are also shown. Further improvement in both speed and reachability is
observed. Since the Lorentian distribution has alonger tail than the Gaussian distribution, with
the Lorentzian distribution, the possibility of abig jump is rather high even at the low
temperature and it helps to get out of the local minima at the final stage.

5. Application to MOSFET Model Parameter Extraction

Model parameter extraction problem is to minimize the object function

f(P)°vaHousbiI;coli$%Z™CMn)']lD>^ 0)

with the model parameters, as variables. In the above expression, ID denotes drain current of

aMOSFET and the weight function is optional. SPICE LEVEL3 MOS model is used as aMOS
model in this section as an example, although the method is not restricted to aspecific device

models. The model parameters p that minimizes f(p) is considered to be agood extracted
parameter set and can be used for the circuit simulation afterwards. With the conventional



TABLE " Two modified version of the Fast Simulated Diffusion

problem
#

1

2

3
4

5

6
7

8
9

10

11

12

13
14

15

16
17

18

NFl:#of
function

evaluation

7168

77699
241215
76894

183819
10822

159549
72851

49690
72226

136061
98985
23770

66010
122166
66365
98974

109886
average 93009

Simulated Annealing-like
random search

NF3: # of
function

evaluation

3111

3060
4131

5967

5831

5151
7701

11322

11475
20053
28689
33986
7378

10761
11424

14790

19730
22962

12640

success

rate in 10
trials

(Table I *4)

1.0
1.0
0.7
0.7
0.7
0.9
0.9
1.0
1.0
1.0

0.9
1.0
1.0
1.0
1.0
1.0
1.0
1.0

0.93

(Z

NF3/NF1
(%)

43.4

3.9
1.7

7.8
3.2

47.6
4.8

15.5
23.1

27.8
21.1

34.3
31.0
16.3

9.4

22.3
19.9
20.9

13.6

Simulated Diffusion with
Lorentzian Distribution

success

rate in 10
trials

(Table I*4}

NF4: # of
function

evaluation

2939
2387
2877

3170
2678
3609
3023
3232

3401
4108

7716

9856
3294
3446
4051

4140

4903

6295

4174

1.0

1.0

1.0

0.8

0.7

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0
1.0

1.0

1.0

1.0

1.0

0.97

NF4/NF1

(%)

41.0

3.1

1.2

4.1

1.5

33.4

1.9
4.4

6.8
5.7

5.7

10.0
13.9
5.2

3.3
6.2

5.0

5.7

4.5
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extraction program, the extracted parameters give the local minimum off(p) which is the nearest

to the given an initial parameter set[l]. However, in practice, it is difficult to guess the initial

parameter set correctly. The FSD does not require any initial value. All information needed

beforehand is on the bounds, pmin and pmax, for each parameter. This is rather easy because it

is known that, for example, the parameter KAPPA is in the range of0-2. The used values for

the bounds are tabulated in TABLE III. The same set ofbounds is used to extract 0.25um and

1um MOSFET parameters.

In order to further increase the efficiency in this specific problem ofparameter extraction,

the search is carried out in the logarithmic space for NSUB, VMAX and NSS. This measure is

taken to achieve abalanced search over aspace because for example, VMAX is in the range of

le4 - le8 and the increase from le4 to l.le4 tends to generate the similar effect on IDjnoda as

the increase from le7 to l.le7 does. For other parameters, the search is made in the linear scale.

The multi-minimal nature of the object function is shown in Fig.3 together with the

generated x points with the FSD. An example of the fitted drain current is shown in Fig.4 for

lum MOSFET. Figure 5 shows another example ofthe parameter extraction with a0.25um

channel-length MOSFET[10]. Good agreement is observed even down to the deep sub-micron

region.

6. Conclusions

Fast simulated diffusion is proposed to provide afast method to find aglobal minimum of

amulti-minimal function on multi-dimensional continuous space. The fast simulated diffusion

/i



TABLE III MOSFET model parameter extraction results
parameter Pmin Pmax extracted extracted 1

params forname params for
1um MOS

0.769

0.25jum MOS
VTO 0 1.5 0.743
UO 10 1000 900 406

NSUB 1e16 1e20 1.80e17 5.97e18
GAMMA 0.2 1.5 0.928 0.477

ETA 0 2 0.0293 0.00754
THETA ' 0 2 0.996 0.775
KAPPA 0 2 0.382 0.299
VMAX 1e4 1e8 5.26e7 1.81e5

XJ 1e-8 3e-8 2e-7(fixed) 2.02e-8
TOX

- - 2e-8(fixed) 5e-9(fixed)
NFS -

- O(fixed) O(fixed)
LD

- - 0.1 (fixed) O(fixed)
W

-
- 10e-6(fixed) 4e-6(fixed)

L
- - 1.0e-6(fixed)

4258

0.25e-6(flxed)
# of func. eval.

- - 3114
time (min.-MIPS) - - -18 -13

/^
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shows about an order of magnitude fester speed over the conventional simulated diffusion, when

applied toa set of standard test functions. The fast simulated diffusion is successfully applied to

MOSFET model parameter extraction in the deep submicron region. The method is supposed be

be applicable to other optimization problems encountered in system and VLSI designs.
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Appendix A Program Listing

Program source codes are shown in the following pages. The programs are written in
QuickBasic Ver.1.0 for Macintosh SE/30. There are two programs. The firs, one is a
simulated diffusion program for aset of test functions, which corresponds to Section 4of this
paper. The second one is asimulated diffusion program to extract device parameters for
MOSFET LEVEL3 model which is found in SPICE 2and SPICE3 circuit simulators. This
program corresponds to Section 5of the paper.
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Simulated Diffusion Program for MOSFET Device Parameter Extraction

*— Minimization with simulated anneaina
OPTION BASEO ^^
maxnX% = l4

maxnData% = 1000
maxnEXT% = l00

5JUIK5IS °P«XTX(maxnX%). opt[NTX(maxnX%)
DIM SHARED nwiX(maxnX%). maxX(maxnX%). WtX<maxnX%)
x(maxnX%), rangeX(maxnX%)
SSJIKJ2IS h»te(TC08t(maxnEXT%). rfetlOTACo8t(maxnData%)
SU fK5IS? ZTKmaXnDa^).> ^^"«Data%). vt»m(maxnData%)DIM SHARED tdm(maxnData%. ivgdbm%(maxnData%).
we»ghtm(maxnDala%) '
SSI f2**!£«2.V%(maxnX%*1). iV2»X%(maxnX%+1)

SHARED mtnV(maxnX%). maxV(maxnX%). WtV(maxnX%)
namevS(maxnX1)/o) "
DM SHARED ifine%. ntokenMax%
DIM SHARED maxVgd, maxlds
ntokenMax% = 6
DMtoken$(rttokenMax%)

Initializer

reeed%= 17635
WWty = lE+20
irfinlesmal = 1E-20
WtTK = .l

updateTLambda = .7
factorUpdateTLB = .5
epsExitEXTrelCost = .02
minnEXT% = 5
(Gaus3Cafled% = 0
JGenenateXCaflecP/o = 0
epsRndFac=1!
'— mos3 initialization—
nXP%=T4

ivto% =1: hsub% =2: igammac% =3: iuo% «4: theta%=S
*apparM>=6: ivTTiax% =7: ieta% =8: KPi =9: id% =10
lox%= 11: Hs% =12 p/o=13:iw%=14
ialVb = 15

CALL Wtta!izeV(ivto%. Vto". -2!, Z. A)
CALL WtializeV(insub%. "nsub*. 1E+16,1E+20 1E+18)
CALL WtializeV(igammac%. "gamma". 0!, 2!. .6)
CALL WtiaIizeV(tuo%. "uo",10!.1600!, 4001)
CALL in*iaSzeV(ftheta%. "theta", 0!. 2. .7) '
CALL WtiaiizeV(i<appa%. "Kappa", <H,2,£)
CALL initiaiizeV(ivmax%, \max". 100000!. 1E+08 1000000")
CALL mflJafizeV(ieta%, "eta", 0!. 2!. 1!) '
CALL iniiaIizeV(ixp/o, "xf\ 0!. .00001.0!)
CALL initia!izeV(ild%. V.01. .00001.0!)
CALL WtiafizeV(iox%. "tox". 1E-10. .0000001.3E-08)
CALL«tia(izeV(fTfa%."rrf8".0!.0!.0!)
CALL WtializeV(il%. T. 0!. .0001. .000001)
CALL «tiafizeV(iw%, V. 0!..001, .00001)
iX2iV%fial%) = taJP/b
A/2iX%<ial%) =U)Vo

pi= 3.141592
q = 1.6E-19
vtherm=.025
ni = 1.45E+10 • 1000000!
epssi = 8.855E-12"11.9
epeox=8^S5E-12 " 35

MENU 1.2.1."Show Loaded Data": cmdkey 1.2."S"
MENU 1.3.1."Output SeiecT: cmdkey 1.8."0"
MENU 1.4.0,"Pr1nt": cmdkey 1.4."P"
MENU 1.5.0."."
MENU 1.6.1."Quit": cmdkey 1.6,"0"

MENU 2.1.1."Copy"Mmdkey 2.1."C"

MENU3.1.1."Simulated Off."
MENU 3.2.1/Manual Fit"
MENU 8.3.1."Contour Map"
MENU 3.4,1,-WriteResults"

MENU 4.l,0."Params Set": cmdkey 4.1.TW

MENU 5.1 .l,"Vds kf: cmdkey 5.1."G"
MENU 5.2.1 ."Vgsjd": cmdkey 5.2."H"

ONMENUQOSUBMenucheck:MENUON •
kfle:

GOTOkfle

Menucheck:
menunumber« MENU(0)
menuitem =MENU(1)
MENU

R^NRmeminumber GOSUB Filer. CttpBoarder. Runner. Setter. Grapher

Filer:

QJJJJ menuitem GOSUB Loader. DataShower. Outer. Quitter. Quitter
RETURN

Quitter:
CLOSE

WINDOW CLOSE 1
WINDOW CLOSE 2
WINDOW CLOSE 3
PICTURE OFF

END

ClipBoarder:
ONmenuitem GOSUBCfipCooier

RETURN

Runner

RETURN8""*61" QOSUB SDRunner"ManuaJe^ Contourer. ReaShower
Setter

ON menuitem GOSUB Quitter
RETURN

Grapher
ON menuitem GOSUB Vdsider, Vgslder

WEndower

'— rttiafize window 1,2 —
WINDOW 3.Texl Wndow".(0.30H480.300) 1
TEXTSI2E9 '
WINDOW2."Qraphk»W«dow-.(2u0.30W480 310UTEXTSIZE9 r\«w.«iw;^
PtCTUREON

WINDOW 1."Report Wndow". (0.30)-(200 300)1
— Maize I/O —

TEXTSIZE9

OPEN •aanT FOR OUTPUTAS #1

'—menu—

MENU 1.0.1.Tile"
MENU 2.0.1 ."Edit"
MENU 3.0.1."Run"
MENU 4.0,0,"Param9"
MENU 5.0.1 ."Graph"

MENU 1.1.1,'Load": cmdkey l.l.T."

CiipCopier
PICTURE OFF
•nageSs PICTURES
OPEN "CUP:PICTURE" FOR OUTPUT AS13
PRINT#3. images
CLOSE #3

RETURN

Eraser

WINDOWS
W6MDOW2
WINDOW 1
«nage$c-
CLS

RETURN

Loader

'—load data—
WieS=FILESS(1 .TEXT*)
F (inhteS =-) THEN RETURN
OPEN infiteS FOR INPUT AS #2
*—input —
3kf»LoadRag%=0
idata% = 0
0CM»aO:P%=nXP%+l

Zl



Simulated Diffusion Program for MOSFET Device Parameter Extraction

ftw% = 0
WHILE NOT EOF(2)

LINE INPUT #2, inlfieS
inef% = ine%+l
•— parsetheinput Gne ~~

S')iI^S!e(S^:token$0> «<*«"%. enwParseFlag%)F(errorPaiseFbg% =1 GOTO breakLoadLooo

TH^F(rtoken%<>0)AND(token$(l)<>^AND(e5LlaSS;o)
F(tokenS(2) ="=")THEN

'—votagecard—
SELECT CASE UCASESCtokenSD)

CASEV6S" "

^(^^^TrffiNi^go^MELSEvga^AUtokenStS))
^<^3)=̂THENivgci^B2EIJ5Ev^
• ,Fj'^f(3)=̂ T^^i^^=3ELSEvbe=VAUtoken$(3))— variable parameter card— «H«!«in*wi

CASE VTO"

CA^sP^n1r^ead{lokenSO.«%. P%. h/to%)

CAS^AMMAjRead(t0ker,$()'**'IP%' ******
^^LLiraramReadttokenSO. iX%, p%, {gamma**)

CALL paramRead{tokenS(). JX%. iP%, iuo%)
F (minX{fV2iX%(iuo%)) <= 10!) THEN

minX(iV2iX%fluo%)) =10!
END IF

CASETHETA"

CASET<WAIT,Read(,(*enS0' **"***• lhBta%)
c^ALjLP^mRead(tokenSO.«%. P%. kappa%)
^A^pafamReaoXtokenSO. 0C%. iP%. rvmax%)

CALL paramRead(token$0. iX%. P%. ieta%)
CASE'Xr

CALL paramRead(token$0. «X%. iP%. bd%)
infinitesma|IF (mi^^/o<bcW><= °) ™EN mhXfiV20C^bd%)) =

CASE-LD"

CALL paramRead(tokenSO. DCM>. F%. Hd%)
CASETOX" '

CAapararnRead(tokenS().0<%.P%.|ox%)CASE"NFS' .«*»»/
CALL paramRead(tokenSO.«%. F%. nfe%)

CASE"

^CALL paramReaaXtokenSO. 0C%. P%. 1%)
^^LL^ramRead(token$0.«%. P%. fa/%)

^Lf;l^,^"^^i)t"h^"+CT^*-%)
GOTO oreakLoadLoop

END SELECT
ELSE

'—real data—
idala%=idata%+1
vgsmfdata%)=vgs
vdsm(idata%)=voB
vbsm(idata%)=vb8
Vgdbrn%Cidata%) =rvgdb%
SELECT CASE ivgoWfc

CASE1

vgsmfidata%)=VALflokenff1))
CASE2

vdsmfidata%) =VAL(tokenS{1))
CASES

vbsmOdata%) =VAL(tokenS{1))
ENDSELECT
idm(idata%) =VAL(tokenS{2))
F(tokenS(3)=-)THEN

vveighbTi(idala%) = 1!
ELSE

v»*igritrn(idata%) =VAL(tokenS(3))
ENDIF

ENDF
ELSE

F (tokenSO) =T» THEN skfcLoadFlag% =0
ENDF

22

WEND

breakLoadLoop:

i^7jW8t*proceMln9 <* *** inPul —^.0****>0) THEN ndata%=idata% ELSE CALL enrnssTNo measured
JF^-iX%<>1)THENCAUerm«c^^

nX%=iX%: sP%=F%: nP%=nXP%
— define markov chain length —

•nWRND% = nX%*50
'maxrdNT%=nX% * 24
nintRN0% = 200
maxrtNT%=nX%"l5
CLOSE #2

*—put initial X Wo X—
F0RiX%=1T0nXF%

x(K%)=.iriX(iX%)
rangeX(iX%) =maxX(iX%) - riinXfiX%)

NEXT

RETURN

X2V:

vtoax(iV21X%(rvto%))
neub e xfiVax%Oreub%)) • 1000000!
gammac =x(IV2iX%(igammac%))
uo=x<JV^iX%(iuo%))" .0001
ttwta =x(iV2iX%(Bheta%))
kappa =x(iV2iX%(ikappa%))
vmax=x(IV2iX%(ivmax%))
e*a =x(W2iX%(ieta%))
xj=x(iV2tX%flxrM>))
W=x(iV2iX%(id%))
tox=x(iV2iX%(lox%))
nfe =x(iV2iX%(W8%))" 10000!
l=x(IV2iX%(l%))
w=x(iV2iX%fiw%))

RETURN

DataShower

— show loaded data —
WINDOWS

PrInT P^13^0"^13)+CHR$(13) ♦ CHR$(13)
PRINT "Click mouseto pause"
PRINT" •

'— show parameter Wo —
FORiX%=1TOnX%

^^^f^^^2^^))' ninX(iX%). maxX(iX%). WX(iX%)
^F (MOUS6(0) &0) GOTO DataShowerLoopI
FORP%=sP%TO nP%

PRINT #1. nameVS(iX2iV%(P%))I TDC". WtXfiP%)
DataShowerLoopI

^IF (MOUSE(O) <> 0) GOTO DataShowerLoop2
'— show measured data —
PRINT #1, Vgs^dB".\bs"."id".Vr«ighr.Tvgdb"
FORidata%BlTOndata%

DataShowerLoopS:
^F (MOUSEfO) o 0) GOTO DataShowerLoopS
'—show other crttteaJWb—
PRINT #1.'W(%=F:nX%

RETURN

ResShower
'—show resut data-~
OPEN "mosft^r" FOR OUTPUT AS#5
'— Vds- Idgraph —
vgsm(0) =infinity: vdsm(0) =infinity: vbsm(0) =rfiriy
igraph%=0
*—calculate voBmax&vgsmax —
vdsmax=0:vgBmax=0
FORidata%= 1TO ndata%

IF (vgsm(idata%) >vgBmax) THEN vgsmax =vgsm(idata%)^<vdsf*idata%)>vdsmax) THEN vdsmax . vdamfS)
FORidata% = 1TO ndata%

vgs3vgsm0data%)
vdssvdBm(idata%)
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vbs=vbsmf(data%)
ivgdb% =ivgcbn?/o(idaia%)
SELECT CASE fcgdftb
CASE1

*—changing vgs —

ok^S&^SSr'"0R <*»° *""•*«•«•« «-*•*
•graph% =igraph%+i

^S^MSs3OVgBmari0°1 STEPv^mat/20
PRINT #5. vgs. ids

NEXT

PRINT #5."
END IF

CASE 2

'—changingvds —

igraph% =igraph% +1

FGOaSM2s3° V*ma5r1001 STEPvdsmax/a
PRINT#5, vds. ids

NEXT
PRINT #5."

ENDIF
END SELECT

NEXT

'— show parameterWo —
FORidata% = 1TO ndata%

igraph% =igrapn% +1

^•,NLf^"Lin8-nJype-ma,ker-laber: fcraprrVo;" 1";" 3l"bata%F(nygd3rrf>/o0data%) =i)THEN ' . ai .oata%
PRINT #5. vgsmOdata%)*l!. idmfidata%)

^PRINT #5. vgsmOdata%)"l!. idm(idata%)
F (ivgdbm%(idaJa%) =2)THEN

PRINT #5. v<tem(tdata%)*i!, idm(idata%)
PRINT #5. vd3mfidata%)"l!. idm(idata%)

PRINT #5."
NEXT

CLOSE #5

SetCreate "mosfit.gr'.'MSWD"
'— print out parameters—
OPEN •mosflt.par" FOR OUTPUT AS#4
FORiX%= lTOnX%

PRINT #4. nameVS(iX2iV%(iX%)). x(iX%)
PRINT #4."
FORP% _ 8p/o T0 rf)a/o

PRINT #4. nameVS(iX2iV%(P%)). x(iP%)
PRINT #4."
*— print out iTtportant info~~

ESSE !^"^^Co8t*T-<*n"-ave="avelNTACost
•j™. #4- TQasp=":iLastGasp%nCost=";iCo8t&
PRINT #4. TAccepr3Accepl%rgAccepr:gAccept%
PRINT #4. "exitEXTrelCosrwitEXTrelCost

SetCreate 'mosftt.par".TrtSWD"
RETURN

FOR^?^?rT!LV^^^,^• v»Bmax- ^teP"JHVD8 =vbemii TO vbsmax STEP vbsstep

^oS»l„S,rtnTOv^maxSTEPy9M,ep
PRINT #1, vgs, ids

NEXT

PRINT#1,-
NEXT

RETURN

Outer

'—output device select —
WINDOWS
PRINT "Otfput toscreenfO)"

CNLo££™^1,"aP^toa^^^
SELECTCASE outdev%
CASEO

OPEN -Bcm:" FOR OUTPUT AS#1

ou«e$ =FILES$(0)
F(outfie$=-)THEN

CALL errmegXTIe notfounds
RETURN

ELSE

OPEN outfibS FOR OUTPUT AS #1
PRINT #1.-: PRINT #1."

ENDF
CASE 2

outSe$= FILES$(1.TEXT")
F(outfle$=-)THEN

CALL errmsgfFie not found.*}
RETURN

ELSE

OPEN ouWeSFOR APPEND AS#1
PRINT #1.-: PRINT #1.-

ENDF
CASES

OPEN "W1:" FOR OUTPUT AS#1
CASEELSE

OPEN "son." FOR OUTPUT AS#1
END SELECT

RETURN

Vdslder

'-—Vds-Id graph —
WINDOW3
WPUT-Vbs":vb3

TOR^ J^T '̂Vd38,epr: vdsm&'- **"«*• vSsteproRvgs =vgsmiiTOvgsmaxSTEPvg8step
FOR vds=vdsmin TO vdsmax STEP vdssten

GOSUB Mos3 ^
PRINT#1. vds. ids

NEXT

PRINT #1."
NEXT

RETURN

Vgskter
"—Vgs.Jdgraph —
WND0W3
WPUT"Vds";vds
INPUT "Vbsmin. vbsmax. Vbsstep"; vbsmtn. vbsmax. vbsstep

Manualer:

*—manualfitting —
WINDOW 1

WPUT •maximum Ids for graph"; maxids
ygsm(0) =WWty: vdsm(0) =WWty: vbsm(0) =rfiniy
— calculate vdsmax &vgBmax

vdsmax=0:vgBmax =0
FORkfata% =1TO ndata%

If aHS28*v3STi) THEN y9»m« »vgsmfrfataVo)^F;(vdsmOdata%) >vdsmax) THEN vdsmax =vdsm(idat^»)

'—Wing loop—
ManuaFitLoop:

WWDOW1
PRINT •Variables"
FORIX%=lTOnX%

PRINT name\^JX2Jy«fe(iX%))r="3((iX%):
WPUT 88$

F(bs$o-)THEN
vabs=VAL(8sS)
x(iX%)=vab8

ENDF
NEXT

PRINTTarametere"
FORiX%=sP%TOnP%

JJjys^^iX2fv%(iX%))r="p((i^
F(ss$o-)THEN

vaba=VAL{88$)
x(iX%)=vabs

ENDF
NEXT

FORiX%oiTOnXP%
.J™m na^^«2W%(iX%)).-"="3((iX%)
NEXT

'— plotting measuredrfatn —
WINDOW2

ZB
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marksize% = 2

FOR idata% =i TO ndata%
»vgrfo% =ivgdbm%(idata%)
*9rapn% =igraph%+i
F fivgdbm%(idata%) -1) THEN vv.
IF frvgdbm%(idata%) =2)THEN w.
i =idm(idata%)
CALL User2Wodd(w. i.wX%. wY%)

maAci,S?,^rec%(0,• w***n»taize%.wY%.
marksa^,wX%+mark8i2e%.wY%+mark8ize%

FCwgdb%=i)THEN
ci e£*a PA,mOVAMVARPTR{rec%(0)))
bLSc

^ CALL FRAMEOVAMVARPTRtrec^O)))
NEXT

'— plot calculated point —
FORidata% =1TO ndata%

vgs=vgsm(idata%)
vds=vdsm(idata%)
vbs=vosm(idata%)
vgdb%=ivgdbrrfK>(idaia%)
SELECT CASE ivg*%
CASE1

'— changWj vgs —
r ^, ,F/v*<>,^mf,d^^1))OR(vt»<>vbsmridata%.l«OR

PENSI2E1.1
vgs=0

GOSUB MosS
CALL User2Worid(vg8. ids. wX%. WY%)

MOVETO wX%.wY%
FOR vgs =0TO vgsmaxM .001 STEP vgsmax/20
GOSUB Mos3

CALL User2Worid(vg8. ids. wX%. wY%)
UNETOwX%.wY%

NEXT
ENDF

CASE 2

'—changing vds —
r ^ ,F.(vgs <:> ^m(<data%-i)) OR (vbs <> vbsmftdata^in ORfivgdb% <> ivgdbm%(idata%.l)) THEN "^""WMJJOH

PENSIZE22
vds=0

GOSUB MosS
CALL User2WorId(vd3. ids. wX%. wY%)

MOVETOwX%.wY%
FOR vds =0TO vdsmax"1.001 STEP vdsmax/20
GOSUB MosS
CALL User2Worid(vds. ids. wX%. wY%)

UNETOwX%.wY%
NEXT

ENDF

END SELECT
NEXT

MOVETO 5,20
WPUT Try AgaJn(0) orExi(1)"; ssS
F(ssS ="1") THEN GOTO BreakManuaFitLoop
GOTOManualFILoop K

BreakManuaFitLoop:
RETURN

Contourer:
'— Contour output—
ContourLoop:

WINDOWS
FORiX%=lTOnXP%

PRINT riame\^iX2iV%(iX%))-3"3c/iX%)-
WPUT8SS
F(ssS o -) THEN x(iX%) =VAL(ss$)

FORiX% = 1TOnXP%
^RINT\ar#="3X%r ^nan»VS(iX2fVMD(%))^-p((ix%)

— select variables —

kxjXc% =0: logYx% =0: togZc% =0

^TH^S^A^
WPUT"lr^ortogX1)":88$: F(ssS =̂ THENIogXc% =1

THEN^^^fW'̂ ^^C::,NPUT«"* «=<«*<>->

-vgsm<idata%)
•vdsm(idata%)

z±

stepX^^^^
VAM8FsT"8teP><":8tepXc:: INPUT88$: 1F<««onTHEN8tePXc=
^theKc^a^

WPUT "hearor bg(l)"; ss$: F(ss$ =«n THEN loaYc% -1
TwSSK-tassr™-"*™«•*«»•*..-,
THa^;^%*mm-™*r>«"^ inputs .=«„»<>-,
m^XSSSSSS'***' «*•«»*-*****«. ELSE
VAL(8«r'a°PV"StopVc::INPUTM$:'F<w$<>"'T,CN'l»PYc =

™»rr"Xvw=-;nain«VS|iXaV%(i)(jfll,))

WPUT "OK orTry Aga^l)"; ssS
F(ssS="1^ THEN GOTO ContourLoop
'—outputxyzfite forcontourSI —
OPEN *mosf».cont" FOR OUTPUT AS#4
F(logXc%oO)THEN

n*Xc =LOG(minXc)
»naxXc= LOG(maxXc)
stepXc =LOG(stepXc)

ENDF

F(iogYc%oO)THEN
mhYc=LOG(minYc)
maxYc =LOG(maxYc)
8tepYc =LOG(stepYc)

ENDF

scatec =(maxXc -irtnXc) /(maxYc -irfnYc)
FOR Xc =mhXc TO maxXc STEPstepXc

FORYc =minYcTOmaxYcSTEP8tepYc

retCost IFOto9^^0)T^^=̂(«Co8t)rlOG(lO!)ELSE2c=
PRINT Xc. (YcHnfiYc)"scatec+mhXc. Zc

„™m •*• Xc (Y*rr*Yc)"scale<*mhXc. Zc
NEXT

NEXT
CLOSE #4

SetCreate "mosfit^ont'.^ISWD"
WPUT "OK orTry Again(i)"; 88$
F (ssS ="1") THEN GOTO ContourLoop

RETURN ^^

SDRunner:
'-— set initial T &X &Cost —
GOSUB InttaK
GOSUB Cost
okEXTCost»retCost
GOSUB WfeuT
oHT=T
rCost&=0

okEXTCoet = retCo8t
GOSUB EXTReport
~-save oidEXTX for optEXTX. &optlNTX —

FORiX% = 1TOnX%
optEXTX(iX%) =x(iX%)
optWTX(JX%)=x(iX%)

NEXT

optEXTCost=okEXTCost
optlNTCost =okEXTCost
EXT%=0
EXTLoop:

*—count-up bop counter—
EXT%=EXT%+1
'— Wtialize random generator —-
"RANDOMIZErseed%
RANDOMIZETMER

iWT%=0

sumWTACost =0:sumINTACost2 » 0
WcoepfM)=0: gAocepftt=0
WTLoop:

imer%oi
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'— internal loopwlh same T —
»NT% =SNT%+1

— generate new X and calculatecost
GOSUB GenerateX
— calculate cost —

GOSUB Cost
— check accept ornot—

GOSUB Accept
KSOSUBTpoW
GOSUB XpoW
F (retAccept% =1)THEN

'—accepted —
GOSUBUpdateX
okffNTCoet a retCost
F (iGenerateXCaled% =0)THEN
Wccepm=iAcoepf/o +1
histWTACostfiAccepr%) =retCost

el SE

9Accept%=gAccepP/o+1
ENDF ^^
'— save current status ifoptimal
F (retCost <optlNTCost) THEN

optINTCost = retCost
FORD0K>=lTOnX%

optWTX(iX%)=x(iX%)
NEXT '

ENDF

•GOSUB TpoW
ELSE

GOSUB ResumeOldX
ENDF
*— exitINT loop? —
GOSUB ExitlNTLoop

G0TolN?LZL0OpS!l)T'€NGOTOBreakWTL00P
BreakWTLoop:
*—post-process of INT bop—

W»r%=0
nWT% = ilNT%

'GOTO JumpWTGreedy
'—• resume optlNTX sinceitisminimal
oHWTC©3t =optlNTCost
FORiX%=lTOnX%

x(ix%)=optl^^x(tx%)
NEXT

JumplNTGreedy:
okEXTCost =okJWTCost

.^^2^0p,EXTX*"fc* °Ptimal up to now —F (okEXTCost <optEXTCost) THEN
opEXTCost =okEXTCost
FORiX%=lTOnX%

optEXTX(iX%) =x(iX%)
NEXT

ENDF

•GOTO JumpEXTGreedy
,7^^5^OJlXEXTX tfcurrent Cost isnot optimal —
F (okEXTCost >optEXTCost) THEN

okEXTCost =optEXTCost
F0RD©fc=1T0nX%

x(0«M)) =optEXTX(iX%)
NEXT '

ENDF

JumpEXTGreedy:
retCost =okEXTCost
•GOSUB TpoW
hi8EXTCost(iEXT%) =okEXTCost
•-— exIEXTbop? —
GOSUB ExtEXTLoop
F (retExiEXTLoop% =1)THEN

F (ilastGasp% >= 8)THEN
GOTObreakEXTLoop

ELSE

LastGasp% =iLastGasp% +1
i7J2l££optEXTX Icurrent Cost is not optimal —
F (okEXTCost >optEXTCost) THEN

okEXTCost=optEXTCost
FORHH>=iTOnX%

x(«X%) =opEXTX(iX%)
NEXT

ENDF
ENDF

ELSE

F(hisEXTCost(EXT%) <histEXTCo8t(EXT%-1)) THEN

-2>

LastGasp%sO
ENDF

ENDF

'—update Temp—
GOSUBUpdateT
— laxtoeepslon for laiidom part —

GOSUB UpdateEpBRndFac
GOSUB EXTReport
obT=T

GOTOEXTLoop
breakEXTLoop:
— post-process of EXT bop —

GOSUB ResShower
RETURN

Accept:

iH5S? afceptif "*** UBinfl Botonwrn dst. —deitalNTCost =retCost - oldlNTCost
F (delaWTCost <0)THEN

retAceepr%=1
ELSE

bolzmann =EXP(. delaJNTCost /T)
F (RND(1) <bottzmam) THEN

retAccept%= i
ELSE

retAccept% =0
ENDF

ENDF
RETURN

InitialX:

*—WtiafeeX—
FORiX%=lTOnX%

x(iX%) =WX(iX%)
okfEXTX(iX%) =WtX(iX%)

NEXT
RETURN

InitiaiT:

mbCostr^WWty8earCh Tmm°tlmOS and **** Miai T~~
maxCost =-WWty
sumCost =0:sumCost2 =0
FOR WRND%=i TOn»RND%

'—random generation of X —
FORiX%=iTOnX%

nameVc$=nan»V$(iX2iV%(iX%))
F(nameVcS="hsub") OR (nameVcS - \maoO THEN

lT"!^,n[!l9frera«on in log space for nsub and vmax.
bgmnX=LOG(mhX(iX%)) *""*
bgmaxX= LOG(maxX(iX%))
bgrangeX=bgmaxX- bgrrinX
delafacX=RND(1) • bgrangeX
*tafacX=EXP(delafacX)
x(iX%) =mhX(iX%)" delafacX

ELSE

detoX =RND(1)" rarigeX(iX%)
x(K%) =mhX(iX%) +detaX

ENDF
NEXT

GOSUB Coat
•an»alTFiag%si
'GOSUBXpart
'iJnttiaiTFtag% =o
F (rrinCost >retCost) THEN

'—-this isthe best cost, soupdate WtialX
mhCost=retCost ^^
FORiX%a1TOnX%

WX(iX%)=x(iX%)
NEXT

ENDF

)ZT *"* *tnew"" cost, update maxCost —
IF (maxCost <retCost) THEN mhCost =retCost
— calculate sum's —
sumCost=sumCost+retCost
wmCost2 =sumCost2 +retCost" retCost

NEXT

'— calculate aveCost. sigmaCost
N=nWflND%
aveCost = sumCost / N

•8iS"^?=f0^8"1?50812"N*•N000**aveCost) /(N-1))-~-WtiaJT =k*8igmaCo8t(ICCA086) "
WtT»WfTK*8kjmaCost
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WcCost = retCost
"PRINT #1. 'Wr.WtTrWtCosrjiritCost
T = WfT

FORiX%=lTOnX%
x(0P/o) =WtX(W>/o)

NEXT

okEXTCost = rnhCost
obWTCost =mhCost

ELSE

FORiX%=lTOnX%
x(iX%) =oldEXTX(iX%)

NEXT '
okEXTCost=okEXTCost
oldtNTCost =okEXTCost

ENDF
RETURN

GenerateX:
F (EXT% >ninnEXT%) THEN

GenerateXCaJledVo =1. iGenerateXCafled%
cLSfc

iGenerateXCalecfVo =0
ENDF

IF (iGenerateXCaIJed% =1) THEN
'— if icalled% =1then gradient
'—which X is moved —
iXv% =1+INT((nX% -.00001)*RND(1))
nameVcS=nameVS(iX2iV%(iXv%))

'-- gradient generation h bgspace for nsub and vmax —
F(togXg%=1)THEN »«navrn«~

LOG(x(SS?)= L0G(n,inX(D(v%»: "«xXg=LOG(maxX(iXv%),:Xg=
ELSE

^rrotfg=mhX(iXv%): maxXg=maxX(iXv%): Xg =x(iXv%)
rangeXg =maxXg - mhXg
'— choose DXvalue —
DX =rangeXg*.00001
*--- find Xopt by fitting quadratfc form —
f0=oldtNTCost

g'oSU??^
fobs a retCost

^^=0)TrENx(iX^)=Xg.DXELS£x(iXv%)s=EXP(Xg.DX)
frrinus = retCost
concave sfpJus + fmhus-2*fO
F (concave >0) THEN

'—T>0 —

detaXg =- DX /2• (fobs - frrthus) / concave
— limit upto fmtDetaXg —

rangex F(ABSfdeftaXg) >rangeXg•J>) THEN dettaXg=SGNfdettaXg)
ELSE*

GmitDetaXg =rangeXg " .03
'— r<=o—

F(fplu8=frninus)THEN
•— f=o—

detaXgsO
ELSE

iGenerateXLoopO% a o
GenerateXLoopO:
F(fpbs>fmhua)THEN

'— f>0 —

detaXg=4miDeItaXg
ELSE

•—f<0—

detaXg=irnlDeSaXg
ENDF ^^

EXP(Xg+^f=°,T^X(K^=̂ +d^ELSEx(iX^)=
*•— x 1/2bop—
GOSUB Cost

iGenerateXLoop0% =iGenerateXL>ocO% +1
rIn*iaJTFIag% = 1
GOSUBXpoW
anttaiTFiag% =0
F (retCost >fO) AND (iGenerateXLoop0% <= 2) THEN

*n*DettaXg=IWIDelaXg/2 ^^ '

GOTO GeneiBteXLoopO

ENDF
ENDF

J7a!5S!0 X***Xfe ^ <*""fl* I*** P"8 back —
deftaX0te9^=°)T^X^)^

£ JXR3*"**&**>)) THEN x(iXv%) =mhX(iXv%)J£(x(iXv%) >maxX(iXv%)) THEN x(iXv%)=«naxX*Xv%)
^'jf800^ B0then, random generation ~
FORiX%oiTOnX%

nameVcS«nameV$(iX2iV%(iX%))
F(nameVcS='hsub") OR (nameVcS =\roax-) THEN
,~!*^&^»™ tog space for nsub and vmax —
bgmhX=LOG(mnX(iX%))
bgmaxX=LOG(maxX(K%))
bgrangeX=bgmaxX• bgrrinX

GenerateXLoopl:
GOSUB GaussRnd: mdNum=retGaussRnd
*R8JacX =mdNum"bgrangeX /3.1 •epsRndFac
*ltafacX =EXP(delafacX)
,7:liLfa.0Ut * ran9e- then pul back —
FSSa IS???* "**<**>> THEN GenerateXLoop2

SXgQffmmm^^
ELSE

GenerateXLoop2:
«OSUB LorertzRnd. mdNum =retLorertzRnd
GOSUB GaussRnd: mdNum =retGaussRnd
deftaX=; mdNum" rangeX(iX%) /3.1 •epsRndFac
iTIlii." "* **ranae> th9n P"1 bask —
FffllS^<n^^,)T^Qen^^l^op2

ENDF
NEXT

ENDF
RETURN

UpdateEpsRndFac:
'•— update epsion for random part —
epsRndFac =epsRndFac ' (T /obT) *.75
F (iLa8tGasp% >a 1)THEN

epsRndFac u SQR(T / WtT)
ELSE

=J£^peRndFac ** 05> THEN epsRndFac =.06
RETURN

UpdateEpsRndFacOld:
'—update epsion for random part —
acceptRatJo =iAccept% / nWT%
F (LastGasp% =1)THEN

b1 lF(^»^ac>=.S)THENepeRndFacUp% =OELSEepsRndFacUP%
ENDF

IF (iLastGasp% >=1) THEN
F (epBRndFacUp% =0)THEN

epsRndFac=epsRndFac• .75
ELSE

epsRndFaca epsRndFac*1£
ENDF

F (epsRndFac >1)THEN
epsRndFac ».75
apsRndFacUp%=0

ELSE

F (epsRndFac <.1)THEN
'epsRndFac a.is
epsRndFacUp% =i

ENDF
ENDF

ELSE

FJS^tZ mhnEXT%) THEN «*eptRatte=acceptRatto"2
SOR^ac^r^T^^^^^^^

^R^^R5^^XTo^^R^^(1/^
IF (epsRndFac >1) THEN epsRndFac =1

ENDF
RETURN

UpdateX:
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FORtX%= 1TOnX%
obX(TX%) =x(iX%)

NEXT
RETURN

ResumeOMX:
FORiX% = lTOnX%

x(ix?yo)=cldX(iX%)
NEXT

RETURN

ExitlNTLoop:
'— INT bop exit condition —
retExitlNTLoop =0
F (itNT% >= maxnINT%) THEN

RETURN
ENDF

RETURN

ExitEXTLoop:
'— EXT bop exitcondition, frozen conditbn
reExi£XTLoop% =0
IF (iEXT% >maxnEXT%) THEN
""JL^TJSfP cou^, exceed ,im*- 8ir"P»y exit EXT bop —retEx«EXTLoop%=1 ^

RETURN
ENDF

*— f EXT%<minnEXT%. continue
F (EXT% >minnEXT%) THEN
GOTO JumpHistoryEval
aveCost = 0

mhCost=WWty
maxCost =-hfriiy
•~-cateulate average, max. and min ofrecent Cost -~
FORfP/o =EXT%-1 TO EXT%

hCost =his£XTCo8t(i%)
aveCost=aveCost +hCost
F (hCost >maxCost) THEN maxCost =hCost

.,JL(bCoe! *mir,c<»') THEN minCost ahCost
NEXT

aveCost =aveCost / 2
'— exit condition using aveandmin andmax
f^SSi00^ =̂ maxCo9t *rnhCost) /(ABSfaveCostJ+WWtesmaT)

devest =histEXTCost(EXT%) -WstEXTCost(EXT% -1)
exIEXTrelCosta ABS(delCo8t) /

(ABS(histEXTCost(EXT%))+Winitesmal)
F (exitEXTrelCost <epsExiEXTrelCost) THEN retExiEXTLoortw, -1IF (delCost >= 0) THEN re£xiEXTLoop%=i re,tx,EXTLooP% -1

ENDF
RETURN

UpdateT:
'— updateT by (CCAD86 —
F (iLastGasp% >= 1)THEN

F(iLastGasp% >= 3) THEN
T=5*T

ELSE
T=1.6*T

ENDF

F(T>hlT)THENT =.1'T
ELSE

N%=iAccepl%
F(N%>=S)THEN

*—I acceptance ratio ishigh enough —
sumWTACost=0
FORiU% = 1TON%

sumlNTACost =sumlNTACost +WstWTACost(iU%)

aveWTACost=sumWTACost/ N%
FORiU% = iTON%

^^snmaWTACost =(hJstWTACost(iU%) -aveWTACost) *2
sigmaWTACost =SQRfskjmaWTACost / (N%-1))
^l8i?^!fT^C<^L^0>THEN ag™MTACost=WWle8rnal
^f^S? %Exp(-updateTLambda•T/sigmalNTACost)

ta^orUpdieTLB^ *fac,orUpdateTLB>THEN factorUpdateT =
T =factorUpdateT*T

ELSE

T=a-T

sigmalNTACost a ggeQ!
aveWTACost a 9999!

ENDF
ENDF

RETURN

Cost.

— cabutathgcost—
iCost&=iCo3t&*l
'—~ summation overmeasured data
retCost=0
WINDOWS
FORidata%a 1TO ndata%

vgs =vg8m0data%)
vds=vdsmOdata%)
vbs a vbsm(idata%)
GOSUB MosS

^retCost =retCost +ABS<idm(kiata%) -ids) •w«#itmf,data%)
retCost a retCost + 1E-10

RETURN

GaussRnd:

'— gaussian distributbn (seep.217 ofNR)
F(iGau98Cai)ed% =0)THEN

gaussRa2!
WHILE (gaussR>=l!)

gaussVl=2!-RND(1).1l
gaussV2=2!*RND(1)-1!
gaussR =gaussVl •gaussVl +gaus8V2 *gaus8V2

gaussFac aSQR(-2 - LOG(gauosR) / gaussR)
gaussSet=gaussVl *gaussFac
JQa>B8Calsd% a 1
retGaussRnd =gaussV2 *gaussFac

retGaussRnd a gaussSet
iGaussCaledttaO

ENDF
RETURN

LorentzRnd:

'— Lorentzian dsmbutbn (seep.217 ofNR>
LorentzLoop:

brentzR=RND(1)

retLorentzRnd =TAN(3.141592 • lorentzR)RETURN "wwKnj

EXTReport:
'— EXTemai bop report —
WWDOW1

SIS 2 :£"?££0ostfT=":<*n"^e=-aveWTACost
PRINT #1. TGa8p="3LastGa8p%rTCost=";iCost&
PR NT #1. •rrtcceprSAcMP1%:-gAccepr;gAccept%
PRINT #1. VBlCosr.«xitEXTreI(k!st 'V™*1™
GOSUB XReport

GOTOEXTReportBreak
— show measured data

WWD0W2

PRWT #1. \gsrvdsr vbef bWT kte"
FOR idata%a 1TO ndata%

vg8avgsmCtdata%)
vd8=vdsm0data%)
vbsa vbem0data%)
GOSUB MosS

PjR^1^jV^mfKiata%); vdsm(ldata%): vbsm(idata%): Um(idata%): ids
^F (MOUSE(0) o 0) THEN GOTO EXTReportLoop
GOSUB ResShower

EXTReportBreak:

DJS SSUBEm ** 0) THEN ^S08 R«Shower
RETURN

XReport:
'— printout X values —
WWDOW1
FORiX%aiTOnXP%

PRWT #1, nameV$(iX2iV%(iX%)); x(0(%);
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F (iX%MOD 1= 0)THEN PRWT-
NEXT

PRWT#1.-
RETURN

Xpoint:
—- point a circle —

WWDOW2
SHOWPEN
F (iXpointCaflecf/o =0) THEN

'-— write frame for the first tone —
PENSIZE1.1
SetRect rect%(0).0.0.280.280
CALL FRAMERECT(VARPTR(rect%(0)))
KpoWCatled% a jXpoWCaledVo+ 1

ENDF

IFfilr»tiaiTFlag% = 1)THEN marksize% a 1 ELSE markstze% a 2
wX%=280 *(x(1)- minX(1)) / rangeX(1)
wY% =280*(1 - LOG(x(2)/minX(2)) / LOG(maxX(2)/mhX(2)))
SetRect rect%(0). wX%-mark8ize%.wY%-

ma^size%.wX%+marksize%.wY%+marksize%
F(retAccept% = 1)THEN

IFOGenerateXCatkKP/o = 1)THEN
CALLPAWTRECT(VARPTR(rect%(0)))

ELSE

CALLPAINTOVAL(VARPTR(recf>/o(0)))
ENDF

ELSE
IFOGenerateXCaQsdVo a 1)THEN

CALLFRAMERECT(VARPTR(rec1%(0)))
ELSE

CALLFrVWEOVAL(VARPTR(reGl%(0)))
ENDF

ENDF
HIDEPEN

RETURN

Tpoint:
*— point a circle —
WINDOW 2

marksize%=2

rect%(1)=50 * ABS(LOG(oldT / hlT)) / LOG(10)- mark8ize%
rect%(0) =SO*ABS(LOG(ABS(retCost / initCost))) / LOG(10)• marksize%
rect%(3) = 50 * ABS(LOG(okJT / initT))/ LOG(10) + mark8ize%
rect%(2) = SO * ABS(LOG(ABS(retCo8t/WtCost)))/ LOG(10) + marksize%
IF(iGenerateXCalledVoa 1) THEN

CALLPAWTOVAL(VARPTR(rect%(0)))
ELSE

CALLFRAMEOVAL(VARPTR(rect%(0)))
ENDF

RETURN

Mos3:
GOSUB X2V

F (tox<= 0)THENCALL errmsg("tox negativeor zero inMosS")
coxpuaepsox/tax
phi =vtherm • LOG(nsub / ni)
F (phf <=0) THEN

errormsgS="phi <0 f+STR$(nsub)+") h MosS"
CALLermtsg(errormsg$)

ENDF

phil2= phif + pW
teff = l-ld-ld

F (teff<=.1* 0 THEN bff= .1• I
phbs = phtf2 - vbs
F (phi» <=0) THEN phbs =WWtesmal
sqphbs = SQR(phb8)

'— THRESHOLD VOLTAGE —
pfn =detta*pi*ep3st*.5 *ooxpu*w
xd =SQR (2 *epssi / q / nsub)
wp=xd* sqphbs
wc= .0631353-XJ+ .8013292#*wp + .01110777**wp*wp/xj
wpxj=wp/(xj +wp)
fs =1 - xj / ieff* ((Id +wc) / xj*SQR (1 - wpxj*wpxj)• Id/ xj)
F(fs<=0)THEN

errormsgS ="fs negative in MosS. Use largerreub.
R8Ub=vSTRS(nsub)+" xd="+STR$(xd)

CALLerrmsg(errormBg$)
ENDF

sigma =eta *8.15E-22 / coxpu / teff / teff / teff
vto =vto - ph!2 - gammac * SQR (ph82)
vtha vfb +phf2 - sigma*vds +gammac• fs *sqphbs +pth* phbs

'— ON VOLTAGE-—

cd =(x»pu*(gamm3c*fe/2/8ophbs + pfn/2)
mosSN=1+(q• nfs +od)/ coxpu
von a vth + mos3N * vtherm

'— NOMINAL GATE VOLTAGE —
IF (vgs>von)THEN vgax=vgs ELSE vgsx=von

•— SATURATION VOLTAGE —
ub =uo / (1 +theta • (vgsx - vth))
fb a gammac• fs / 4 / sqphbs + pfn
arga=(vgax - vth+ .0000001)/(1+to)
argb » vmax* teff/us
vd9ats2*arga*argb
argc= arga♦ argb + SQR(arga • arga +argb * argb)
IF(argc<a0) THEN argca hfinlesmal
vdsatavdsat/argc
F (vds >vdsat) THEN vdBXa vdsat ELSE vcbx = vds
ueffa us / (1+us *vdsx / vmax / teff)

'— LINEAR REGION —
F (vds <avdsat) THEN

ids a (w / teff)*ueff *coxpu
ids=ids• (vgsx - vth - (1 +fb) / 2*vds) *vds

'— SATURATED REGION —
ELSE

ep a vmax / us * (1 ♦ vmax * teff / ub / vdsat)
arga =ep*xd*xd/2
argba kappa*xd *xd * (vds • vdsat)
argca SQRfarga* arga+argb)♦ arga
IF (argc <a0)THENargca hftnitesmal
deW a argb / argc
'— PUNCHTHROUGH APPROX. —
IF(debd>.5*teff)THEN

cleW=leff*(1.lefl/4/det<0
ENDF

ids=(w/ (bff - debd)) • ueff*coxpu
Us =ids • (vgsx - vth - (1 +fb) / 2 *vdsat) *vdsat

ENDF

*— SUBTHRESHOLD REGION —
F (vgs <von) THEN

vgsVbnVthermn a (vgs • von) / vtherm / mosSN
IF (vgBVonVthermn >-20)THENvgsvon =vgsVonVthermn ELSE

vgsvona-20
kbexp=Us * EXP(vg9von)
IF(kbexp > 1E-15) THENids a kbexp ELSEids a 1E-15

ENDF
RETURN

'—- parehg —
SUB parse(s$. tokenSO. ntoken%, errorFlag%) STATIC

errorFlag%a0
8$=8$ + "

'— cbar token array —
FOR lokerf/o a 1TO UBOUND(token$)

token$Otoken%) = -
NEXT
Ioken%a0
WHILE 1

'— delete leading tabs and spaces —
T$ = LEFT$(s$.1)
WHILE ((T$="") OR (T$ =CHR$(34)))

8$ =MID$(S$,2)
T$=LEFT$(8$.1)

WEND

*—searching tab or space whichever comes first—
hspc% a WSTR(8$." ")
Wab% a INSTR(8$. CHR$34))
F (hspc% a 0) THEN hspc% a 1000
F (Wab%=0) THEN Wab% = 1000
ktefrn%ahBpc%
IF (idefim%> Wab%) THEN ideirn% » Wab%
IF(kteQm% a 1000) GOTO breakPareeLoop
loken% = itoker»%+1

'PRWT #1,8$, lokerftt: INPUT a
F (loken% >=rtokenMax%) THEN

emxFbg%si
msg$=Too many field f+STR$(itoken%)+") inlinevsTR$(iine%)+"
CALLemnsg(mBgS)
GOTO breakPareeLoop

ENDF
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!lTJ!S2? '̂?ken M*" enav tmm •» ** char to the next blank —«okenS(rtcfcen%) =LEFTS(8S.kte6ri%.l) »™nexi oatr* —
'— update the string —
s$=MIDS(8S.ideurn%+1)

WEND

breakPareeLoop:
rtoken%a(token%

END SUB

'— error message routine —
SUB errmsg(errormsgS) STATIC

WINDOW 5..(0.0M600.400). 4
TEXTFACE1
TEXTStZE 12
MOVETO 100.50
PRINT Trlessage:":
PRWT errormsgS
BUTTON 1.1."OK".(190.100)-(250.120) 1
errmsgLoop:

WHILE DIALOG(O) o 1: WEND
F DIALOG0) o 1THEN GOTO emnsgLoop

WWDOW CLOSE 5 =H«wp
END SUB

SUB parantfteadftokenSO. D(%. F%. fv%) STATIC
IF (UCASES(tokenS(3)) =TIX") THEN

'— constant parameters—
P%=F%-1

K2rV%(Po/o)aiV)/o
W2iX%(iV%) =P%

VAL(tokeS)^=̂ THEN iT*X(iP%) ""*W{m>) ELSE r*X(PVo) =
ELSE

VAL(tokSsM3) =")THEN mWVal=minV(iV%) ELSE mWftJ=
VAL(tokeS4) =̂ THEN "^^=maXV(W%) ELSE "^V81=

"PRWT"

F (mhVal =maxVal) THEN
'— constantparameters —

P%aF%-1
K2W%(P%) = fV%
rV2iX%(iV%)aP%
h!X(P%)aminVai

ELSE

'—variables —
iX%=iX%+1
iX2iVD/o(iX%) =iV%
WZDCP/^VVoJaiX^
mhX(iX%)a mhVal
maxX(iX%)=maxVal

VALOokenSs^ ="*THEN ******* ="^^aSE ^^^J=
ENDF

ENDF
END SUB

SUB WtiaIizeV(iV%. nameVsS. minVs. maxVs. WtVa) STATIC
*— Wtializing V —
nameVS(iV%) a nameVsS

cwimS'iS/D/o) =minV8: maxV(R/%) ="»xVa: WtV(iV%) »WrVs

'—convert usercoordtoworld coord—
SUB User2Worid(x, Y.wX%. wY%) STATIC

wX%a x / maxVgd*240+20
wY% a - y / maxlda*240 +260

END SUB
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'— Minimization withsimuiated annealing —
'— Wtaifize I/O —

—mhnEXT is changed to 10 from 5
'—Lorentzian

OPEN "scm* FOR OUTPUT AS #1
OPEN funcSDjes" FOR OUTPUT AS #2

FOR iprobtem% a i TO 18
rVoabiobtem%

•F(r% <> 4)AND (i% o 5)AND (i% o 12) AND (r% o 18) THEN GOTO
BreakProblemLoop
FOR icount% a 1 T010
Windower
'— initialize window 1 —

WINDOW 2.*Graphics Window". (200.20)-(480. 300) 1
WINDOW 1.Text Wtndow*. (0.20M200. 300J.1
TEXTSIZE8
'WPUT •jprcbtem": iprobtem%

OPTION BASE 0
SELECT CASE iproblcrrfVo
CASEO

nX%=2

CASE1
nX%ai

CASE 2
nX%=1

CASE 3 TO 7.13
nX%a2

CASE 8.14
nX%a3

CASE 9.15
nX%a4

CASE 10.16
nX%=5

CASE 11

riX%=8

CASE 12
nX%=10

CASE 17
nX%=6

CASE 18

nX%=7

CASE ELSE

END SELECT
maxnX%ai4

anhilRND%anX%*50
nhJtRND%a200
maxnINT% a nX% * 24

F (maxnINT% < 100) THEN maxnlNT% = 100
maxnEXT% a 100

DIM SHARED oUX(maxnX%). newX(maxnX%). okJEXTX(maxnX%)
DIM SHARED optX(maxnX%)
DIM SHARED minX(maxnX%). maxX(maxnX%). WtX(maxnX%).
X(maxnX%). rangeX(maxnX%)
DIM SHARED histtNTACost(maxnINT%)

Initializer

iGreedy% = 1
Wrtty = 1E+20
WhiesmataiE-20
HTK = i
updaleTLambda a .7
fadorUpdateTLB = .6
mhnEXT%aio

iGaussCaIbd% = 0
iGenerateXCaled% a o
epsRndFac a 1!
pi a 3.141592

SELECT CASE iprobtom%
CASEO

FORiX%=1TOnX%
mhX(iX%) a .1!:maxX(iX%)= 1!
rangeX(iX%) a maxX(tX%)• rrihX(iX%)
'hlX(iX%) a (maxX(iX%) +rnhXfiXft)) / 2
htX(iX%) = 1!

NEXT

CASE 1 TO 15

FORiX% = lTOnX%+1
mhX(iX%) a -10:maxX(iX%)= 10
rangeX(iX%) =maxX(iX%)- irinX(iX%)
hiX(iX%)a0

3o

texr
CASE 16 TO 18
FORiX%alTOnX%*1

mhX(iX%)=-5: maxX(iX%)=5
rangeX(iX%) =maxX(iX%) - mhX(iX%)
WtX(iX%)a0

NEXT
CASE ELSE
END SELECT
oUINTCost =Whly
okJEXTCost =WWty

GOSUB SDRurmer
•WPUT a
ERASEoUX.newX.oldEXTX. optX
ERASEminX. maxX.WtX.X. rangeX
ERASE hbtlNTACost
NEXT

BreakProblemLoop:
NEXT

SetCreate "funcSD.res*. "MSWD*
CLOSE
END

SDRunner:

•-— set WtiaIT4X4 Cost —
GOSUB InMaTX

GOSUB Cost
okEXTCost a retCost
optCost a retCost
GOSUB tntiaJT
iCost& a 0: iLastGaspVo a o
okEXTCost a retCost
obWTCost = retCost
EXTCost»retCost
GOSUB EXTReport
'—save okEXTX foroptX—
optCost a retCost
FORiX%aiTOnX%

0ptX(iX%)aX(]X%)
NEXT

EXT%=0

EXTLoop:
'— count-up bop counter —
EXT%aEXT% + 1

*— Wtiafizerandom generator—
RANDOMIZE TIMER
iWT%a0

sumWTACost = 0: sum!NTACost2 a o
iAooepf%a 0:gAcoept% a 0
WTLoop:

rnor% = 1

'—internal loopwth same T —
INT%=»n%+1

*—generate new X and calculate cost
GOSUB GenerateX
GOSUB Cost
'— check accept or not —
GOSUB Accept
GOSUBTpoW
GOSUBXpoW
F (retAoosp1% a 1)THEN

GOSUB UpdateX
okJINTCost a retCost
F (iGenerateXCaJted% a 0) THEN

lAccepr%= iAccepfM)+1
histWTACk>8t(iAooepl%) o retCost

ELSE
gAocepi%=gAocepf% +1

ENDF

•— save currentstatus 9 optimal—
IF(retCost<optCost)THEN

optCost a retCost
FORWft=1TOnX%

optX(iX%)aX(MM>)
NEXT

ENDF
ELSE

GOSUB ResumeOkfX
ENDF

'—exit INTbop? —
GOSUBExitWTLoop
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IF (retExittNTLoop% =1)THEN GOTO BreakWTLoop
GOTOWTLoop
BreakWTLoop:
*— post-process of INT bop —
hner%=0

nWT%ai!NT%

EXTCost = okiWTCost
originaEXTCost a EXTCost
'-—exiEXTbop? —
IF (EXTCost >optCost) AND (iGreedy% =1)THEN GOSUB

ResumeOptX
retCost a EXTCost
GOSUB ExitEXTLoop
F (retExitEXTLoop% =1) THEN GOTO BreakEXTLoop
'— greedy substitution—
GOSUBTpoW
'— update Temp and RndFac —
GOSUB UpdateT
GOSUB UpdateEpsRndFac
GOSUB EXTReport
otaT=T

okEXTCost a EXTCost
GOTO EXTLoop
BreakEXTLoop:
'— post-process of EXTbop —
GOSUB FhaJReport

RETURN

ResumeOptX:
'— resume optX —
EXTCosta optCost
FORiX%=lTOnX%

X(iX%) =optX(D<%)
NEXT

RETURN

InitialX:
'— intiaEze X —

FORiX%aiTOnX%
X(iX%) =initX(iX%)
okEXTX(iX%) =WtX(iX%)

NEXT

RETURN

InrtialT:

'— tryrandom searchnmttRND timesandguess hitial T —
maxCost a -infinity
sumCost a 0: sumCost2 a 0
FOR inlRNDVo = 1 TO nrr*RND%

*— random generation of X —
FORiX%=1TOnX%

X(iX%) =mhX(iX%) +RND(1) *rangeX(iX%)
NEXT

GOSUB Cost
F (optCost>retCost)THEN

*— this is the best cost, so updatetnlialX—
optCost a retCost
FORiX?/o=1TOnX%

WX(iX%) = X(iX%)
NEXT

ENDF

'— ifthis is the worst cost, update maxCost —
F (maxCost<retCost)THENoptCosta retCost
'— calculate sum's —
sumCost a sumCost + retCost
sumCo8t2 a 8umCost2 + retCost • retCost

NEXT

'— calculateaveCost. sigmaCost —
N = nHRND%
aveCost a sumCost/ N

sigmaCost a SQR((sumCost2 - N*aveCost *aveCost) / (N-1))
'—-initial T =k *sigmaCost (ICCAO86) —
WtT a WfTK* sigmaCost
hiCost = retCost

PRINT #1. -WtrWTnnitCosrjnlCost
T = W(T
obTaT

'— choose hitial Xas theminimum CostX'sif1b lessthangiven htX -
F (optCost <okEXTCost) THEN

FORiX%=1TOnX%
X(iX%) =hlX(iX%)

NEXT

okEXTCost a optCost

31

oUWTCost=optCost
ELSE

FORiX% = lTOnX%
X(!X%) =okEXTX(iX%)

NEXT

okEXTCost = okEXTCost
oUWTCost a okEXTCost

ENDF

RETURN

GenerateX:

F (EXT%>mhnEXT%) THEN
JGenerateXCaSed% = 1- JGenerateXCaBed^

ELSE

iGenerateXCaled% a 0
ENDF

IF (IGeneratoXCaBecflfe a 1)THEN
•-— I baited* a 1then gradient —-
'— which X b moved —
iXv% a 1+INT((nX% - .00001) *RND(1))
'•-- choose DX value —
rangeXga rangeX(iXv%)
DX=rangeXg*.00001
Xg=X(iXv%)
'—fhd Xoptby fitting quadratic form —
fDaobWTCost
X(Kv%) =Xg+DX
GOSUB Cost
fpbB a retCost
X(iXv%) =Xg-DX
GOSUB Cost
frrenus a retCost

concave a fpiuB ••• fmhus - 2 * fO
F (concave >0) THEN
•_r>o--

delaXg=• DX/ 2• (fplus - fmhus)/ concave
'— ami upto bnlDelaXg —
F (ABSfdeltaXg) >rangeXg • .1)THEN dettaXg a SGN(dertaXg) •

rangeXgVI w
ELSE

'—f <=0 —

ImttDetaXg =rangeXg * .005
obXtetaXg=0
iGen8rateXLoopO% a 0

GenerateXLoopO:
IF(fpbB>= fmhuB) THEN

'—-f>=0—-

delaXga-iimlDelaXg
ELSE

'—f<0 —

dettaXg3|h4DetaXg
ENDF

X(iXv%)«Xg^d8ftaXg
— x2bop—

GOSUB Cost

IGenerateXLoopO% a iGenerateXLoopO% +1
F (retCost<») THEN

oUDetaXgadetaXg
F fiGenerateXLoopO% <= 3) THEN

bnlDelaXg =ImiDelaXg* 2
GOTOGenerateXLoopO

ENDF

ENDF

detaXg=ok!DetaXg
ENDF

'— update Xand ifXisout ofrange, then pud back —-
XOXv%)=Xg+detaXg
IF (X(iXv%) <mhX(iXv%)) THEN X(iXv%) =mhX(iXv%)
IF (X(iXv%) >maxX(iXv%)) THEN X(iXv%) =maxX(iXv%)

ELSE

'-—ificafleoSfe a o then,random generation —
F0fliX%aiT0nX%

GenerateXLoop2:
GOSUB LorentzRnd mdNum a retLorentzRnd/2
•GOSUBGaussRnd: mdNum a retGaussRnd
deltaX a mdNum• rangeX(iX%) /3.1• epsRndFac
— IX is outof range,then pul back —
F (X(iX%) +dettaX <mhX(IX%)) THEN GenerateXLoop2
IF (X(DC%) +dettaX >maxX(iX%)) THEN GenerateXLoop2

X(iX%)aX(iX%) +delaX
NEXT

ENDF
RETURN
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Accept:
'— decide accept orreject using Boftzmann dot.—
deltalNTCost a retCost - okflNTCost
F (deiaWTCost < 0) THEN

re«Accepl%=i
ELSE

bolzmann a EXP(- delalNTCost /T)
F (RND(1) <boftzmann) THEN

retAccepr%= i
ELSE

retAcceprVoa o
ENDF

ENDF
RETURN

UpdateX:
FOR«X%aiTOnX%

obX(iX%)= X(iX%)
NEXT

RETURN

ResumeOldX:

FORiX%aiTOnX%
X(DO%) =oldX(iX?/o)

NEXT
RETURN

ExitlNTLoop:
*— INTbop exit condtbn —
retExiWTLoop% =0
F (3NT% >= maxnlNT%)THEN

'— ifEXT bop count exceed6mt,simply exitINT bop —
retExilNTLoop% = 1
RETURN

ENDF

RETURN

ExitEXTLoop:
'— EXT bop exit conditton. frozen condibn —
ret£xtt£XTLoop% =0
IF (iEXT% >maxnEXT%) THEN
'—if EXT bopcount exceedlimi. simply exit EXT bop —

retExitEXTLoop%ai
RETURN

ENDF

'— I EXT% < minnEXT%, continue —
IF (EXT% <mhnEXT%) THEN RETURN
*— takes care of LastGasp—
detCost = EXTCost - oldEXTCost
retCost = delCost/(ABS(EXTCoBt)+Wtntesmal)
F(iGreedyo/o = l)THEN

'— greedy case —
IF(relCost<-.02)THEN

iLastGasp%a 0
ELSE

LastGasp%a jLastGasp% ♦ 1
ENDF

ELSE

"—— drift case ——
IF (EXTCost<optCost)THEN

aftspGaspVoaQ
ELSE

F(ABS(re!Co8t)< .001)THEN
iLastGasp%=LastGasp% +1

ELSE

F (iLastGasp% >= 1)THEN iLastGasp% =iLastGasp% +1
ENDF

ENDF

*— resumeoptX ff current Cost fe notoptima) —
F (LastGasp% a 4)AND (EXTCost >optCost) THEN GOSUB

ResumeOptX
F (EXTCost <optCost) THEN iLastGasp% =0

ENDF

'— exitEXT bop ifiLastGasp% andepsRndFac conditions aremet—
F (iLastGasp% >= 14) AND (epBRndFac <.099) THEN retExitEXTLoop%

RETURN

UpdateEpsRndFac:
'— updateepsion forrandompart—
F (iLastGasp% >=3) THEN

epsRndFac a (T / hlT)

3Z

ELSE
epsRndFac a (T / hHT)A .75
IF (epsRndFac <a.03)THEN epsRndFac=.03

ENDF
RETURN

UpdateT:
'—- update T by ICCAD86—
IF (iLastGasp% >= 1)THEN

F(aastGasp%>= 4)THEN
T=.75*T

ELSE

F fiGreedy% = 1)THENT =13 • T
ENDF

ELSE

•ABS(rerCost) =aRetCost
*F(aRerCost >1!)THENT = .5#T
'F (aRelCost> .3)THENT = J9 • T
'F(aRelCost>
'RETURN
N%aiAccep1%
F(N%>aS)THEN

— Vacceptance ratio is high enough—
sumWTACostaO

FORiU% = lTON%
sumlNTACost =sumlNTACost +hbtWTACo8t(iU%)

NEXT

aveWTACost = sumWTACost / N%
FORiU%=1TON%

sigmaWTACost =(NstiNTACostOU%) - aveWTACost)A 2
NEXT

sigmaWTACost a SQFWsigmaWTACost / (N%-1))
IF (sigmaWTACost =0)THEN sigmaWTACost=WWtesmal
factorUpdateT - EXP(-updateTLambda "T / sigmalNTACost)
IF (factorUpdateT <factorUpdateTLB) THEN factorUpdateT a

factorUpdateTLB
T a factorUpdateT *T

ELSE

T = J9»T
sigmalNTACost a 9999!
aveWTACost a 9999!

ENDF
ENDF

RETURN

Cost:
*"• pTOuiOfTlS****

SELECT CASE Jprobtem%
CASEO

xx =X(1):yy=X(2)
retCost =xx-xx +2»yy*yy -.3*,COS(3*prxx)-.4*COS(4*pryy)+.7

xx =X(1)
retCost =xx^-15 * xxA4 + 27 *xxA2 +250

CASE 2

xx=X(1)
CALLG1(xx. retCost)

CASES

xx=X(1):yy =X(2)
CALL G1beta(xx. yy,0!.retCost)

CASE 4

xx =X(1):yy=X(2)
CALL Glbeta(xx.yy. £. retCost)

CASES

«=X(1):yy=X(2)
CALL G1beta(xx. yy, 1!.retCost)

CASE 6

xx = X(1):yy=X(2)
retCost =(4- 2.1*xxA2 +xxM/3)*xx*2+xx*yy +(-4+4^^)* yvA2

CASE7T09 "
GOSUB G2
retCost a retG2

CASE 10 TO 12
GOSUB G3
retCost a retG3

CASE 13 T018
GOSUB G4
retCost »retG4

CASE ELSE

PRINT"Nocorresponding problem": RETURN
END SELECT
iCo8t&«JCost&+1
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RETURN

G2:

K2 = 10
a2 = 1

y1 = 1 + (X(1)-1)/4
retG2=k2*(SW(pi*y1))A2
FOR iGX% a i TO nXo/o-1

yi=1+(X(iGX%)-1)M
yi1 = 1+(X(iGX%+1)-1)/4
retG2 =retG2 +(yi-a2)A2 *(1+k2*(SW(pTyi1))A2)

NEXT

retG2a retG2+(yil. a2)A2
retG2 a pi/nX% * retG2 + .001

RETURN

G3:
kSalO

a3 = 1

y1 =X(1)
retG3=k3*(SW(p*y1))A2
FORiGX%=1TOnX%.1

yi=XfiGX%)
yi1=X(iGX%<-1)
retG3 =retG3 +(yi-a3)A2 *(1 +k3*(SW(pTyi1))A2)

r\EXT

retGS a retG3 + (yil - a3)A2
retGS a pi/nX%* retGS + .001

RETURN

G4:

k4 = .1:k5 = 1!:a4ai:io=3:iia2
X1=X(1)
retG4= (SIN(priO*x1))A2
FORiGX%=1TOnX%-1

xiaX(iGX%)
xi1=X(iGX%+1)
retG4 =retG4 +(xi-a4)A2 *(1+k5"(SIN(pHtrxi1))A2)

NEXT

retG4 =retG4 +(xi1-a4)A2 *(1 +k5*(SW(pm*xi1))A2)
retG4 a k4 * retG4 + .001

RETURN

GaussRnd:

'— gaussian distrtoutfon (see p.217of NR)—
F (rGau3sCaIled% a 0) THEN

gaussR = 2!
WHILE (gaussR >=1!)

gaussV1a2!*RND(1)-1!
gaussV2 =2!*RND(1)-1!
gaussR =gaussVl * gaussVl «• gaussV2 * gaussV2

WcTlD

gaussFac = SQR(-2• LOG(gau3sR) / gaussR)
gauBsSet a gaussVl * gaussFac
iGau3sCaled% a 1

retGaussRnda gaussV2 * gaussFac
ELSE

retGaussRnda gaussSet
iGau3sCaled% = 0

ENDF

RETURN

LorentzRnd:

*— Lorentzian dstributbn(see p.217 of NR)—
LorentzLoop:

brentzRaRND(1)
F (tarentzR <3.141592 *1.112)AND (brentzR>3.141592* .9/2)

THEN GOTO LorentzLoop
retLorentzRnd a TAN(3.141592* tarentzR)

RETURN

EXTReport:
'— EXTemal bop report —
WINDOW 1

PRWT #1."^":Wobtem%rca"£XTCostr Ta-;T
PRINT #1."E=":EXT%;,flP:ep8RndFac:TCcsf'.iCo8t&
PRINT #1. TGasp="3La8tGasp%;"relCo8rTOlCo8t
PRINT #1.TAccerrSAccept%.*gAccepr:aAccepl%
GOSUB XReport
PRWTfl.-
EXTReportLoop:

F (MOUSE(O) o 0)THEN GOTO EXTReportLoop
RETURN

&

FhalReport:
*— FhaJ resume —
WWDOW1

PRWT #2.*^";brci>bm%;Tc=";bounl%r
T=";obTrE=";EXT%;"RP;epsRndFac;

PRWT#2.1Co8ta"iCo8t&.-c=":optCost
'— print out X values —
PRWT#2."X:";
FORiX%=1TOnX%

PRINT #2.USWG "##JUm';optX(iX%);
NEXT

PRINT #2."
RETURN

XReport:
'— print out X values —
PRWT#1.-X:";
FORiX%=1TOnX%

PRINT #1. USWG "##.#### "; X(iX%):
F (iX%MOD5 a 0)THENPRWT "

NEXT
PRWT#1.-

RETURN

Xpoinl:
'— point a circle —
WINDOW 2

marksize% = 2

recfyo(0) =300• (-minX(2) +X(2)) / rangeX(2) - marksize%
rect%(1) =300*(-rrinX(l) +X(1)) / rangeX(1) - marksize%
rect%(2) =300• (-mhX(2)+X(2)) / rangeX(2) +marksize%
red%(3)=300*(-mhX(1)♦ X(1)) / rangeX(1) +marksize%
F(retAocept% = l)THEN

CALL PAWTOVAL(VARPTR(rec««)(0)))
ELSE

CALL FRAMEOVAL(VARPTR(rect%(0)))
ENDF

RETURN

Tpoint:
'—port a circle —
WWDOW2
marksizeVo = 2

rect%(1) =SO • ABS(LOG(okfT / hlT)) / LOG(10) - marksize%
rect%(0) =50• ABS(LOG(ABS(retCoBt / hitCoet))) / LOG(10) - marksize%
rect%(3) =50" ABS(LOG(oldT / WIT)) / LOG(10) ♦ mark8ize%
rect%(2) =SO • ABS(LOG(ABS(retCost / WtCost))) / LOG(10) +marksizeVo
F(hner%=0)THEN

CALL PAWTOVAL(VARPTR(rect%(0)))

CALL FRAMEOVAL(VARPTR(rect%(0)))
ENDF

RETURN

SUB G1(xx. retGl) STATIC
retGl=0

FORP/o = 1T05
retGla retGl+r% • COS((f%+1) • xx +1)

NEXT
ENDSUB

SUBG1beta(xx. yy. beta. retGlbeta) STATIC
CALL G1(xx. dummy)
CALLGl(yy. retGlbeta)
retGlbetaa retGlbeta*dummy
retGlbeta a retGlbeta +beta • ((xx - .42513^2 +(yy + 1997)A2)

END SUB
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