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ABSTRACT

The programs in this package construct the canonical piecewise-linear
model

(-4
y=2a+bz + Y,¢ |z -5 |

i=1

for a 2-terminal device; or

[
y1=a;+ bz +bpro+ ey |z -2+ 7 |

{=1

[-d
Vo=0o+ by )+ b2+ Yep |yz -2+ 7 |
i=1
for a 3-terminal or 2-port device. The coefficients of each model are optimally
chosen such that the approximation error between the measured data and the
canonical piecewise-linear model is minimized.
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NOEL PACKAGE 5 : CANONICAL PIECEWISE-LINEAR MODELING

1. Introduction

To take advantage of the remarkable computational efficiency of the canonical piecewise-
linear approach (dc analysis in package 6 and transient analysis in package 7)(1,2], we need a prel-
iminary step to construct the canonical piecewise-linear model for each nonlinear device; namely

[
y=a+bz+ Y ¢ |z -5 | (1)
i=1
for a 2-terminal device; or
a
yi=e6,+ bz + bpry+ E°1f|0i31-22+’¥-'| (22)
f =]
[-d
Y2=02+ b2, + bpozo+ Yjco |z —z04 v | (2b)

§ =1

for a 3-terminal or 2-port device. A unified parameter optimization algorithm for constructing
such models has been presented in [3] and is to be implemented by this software package.

Starting from the measurement of the terminal v-i characteristic of the device, we fit these
measured data into the compact global piecewise-linear function Egs.(1) or (2) for an optimal
canonical piecewise-linear representation with the optimal parameters a , b |, ¢ , B; in Eq.(1), or
81,62,by,b10,b0,b0,¢15,¢0 ,0; , 7 in Eq.(2), such that the approximation error
between the canonical piecewise-linear model and the measured data is minimized. In this way,
the internal physical phenomena of the device is not required as long as the terminal voltage and
current can be accurately measured. Three distinct programs are included in this package;
namely, pwlmod for constructing the l-dimensional canonical piecewise-linear model Eq.(1);
pwlmod2 for 2-dimensional canonical piecewise-linear function Eq.(2); pwlmodl for a two
dimension to one dimension mapping J/ :R?2 = R!, such as the single equation Eq.(2a) or Eq.(2b).



2. Algorithm
All the following equation numbers are referring to the equations in the report[3].

2.1. 1-dimensional canonical piecewise-linear modeling
Step 1.
Choose an initial set of breakpoints
2t ={a®), 5", .. g4
Set k=0.

Step 2.

Construct the matrix A in Eq.&2.6) and solve Eq.(2.12) for the optimal parameters z, " (z* )
Ww.r.t. the set of breakpoints g,(*).

Step 3.
Find the line search direction st*) by Eqs.(2.15)-(2.21).

Step 4.
Perform the line search along s*) to find al*) for the minimization problem of Eq.(2.26).

Step 5.
Compute the approximation error E*) estimated at the minimum along s(*),

Step 6.
If E*) is within the acceptable range then stop;
else increment k to k+1 and go to Step 2.

2.2. 2-dimensional canonical piecewise-linear modeling
Step 1.

Choose an initial set of partition boundaries z3(" ); k=0.

Step 2.
Solve Eq.(3.12) to Eq.(3.17) for g,° (g,* )) and 2,° (25)).

Step 3.
Find the line search direction s'*) by Egs.(3.20)-(3.26).

Step 4.

Perform the line search along s*) to find the minimum in this line search direction.

Step 5.

Compute the approximation error E(2*)) by Eq.(3.8). If the error is within acceptable

range, then stop the optimization process; else increment k to k+1 and go to Step 2 for a
new line search direction.
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2.3. 2-dimension to 1-dimension canonical piecewise-linear modeling

Procedures are the same as those of Section 2.2, except the optimization is corresponding to
a single canonical piecewise-linear equation which is either Eq.(3.6a) or Eq.(3.6b).



3. User’s Instruction

3.1. 1-dimensional canonijcal piecewise-linear modeling
Step 1. '

Create a data file "xx...x.dat”, which consists of m lines for m data points, and each line
characterizes a data point with the following format :

zz...2 vy...y ww...w

where zz...z , yy...y and ww...w are the ASCII codes for the x-coordinate, y-coordinate, and
the weighting factor of the data point respectively.

Steps 2-5 are combined as a batch process and are executed by the command
getpwl xx...x
Step 2.
Type the command
pwlmod xx...x

to find the 1-dimensional canonical piecewise-linear model Eq.(1) which optimally fits the
data points in ”xx...x.dat”. It proceeds with the following interactive procedures :

Enter the number of breakpoints

Enter an integer o for a (o + 1)-segment piecewise-linear partition. The piecewise-linear
approximation gets better for larger o.

Enter the initial set of breakpoints
Enter o real numbers for the initial breakpoints £, gO..... 8,

approximation error = ......
‘...0.0.00..0..0....'.0

000000000000 00000000000

A sequence of approximation errors are printed, each represents the approximation error of a
canonical piecewise-linear model partitioned by the set of breakpoints z,*) + a;s®)) for
i=1,2,..., which is located along the line search direction s*) for each i. The approximation
error should decrease to a minimum, it then prints the canonical piecewise-linear model
parameters corresponding to this minimum, and prompts a message

continue? y/n

canonical piecewise-linear equation.

Step 3.

Compile the C source code 7XX...X.C".

Step 4.

Link the object code "xx...x.o” with the graphic routines for drawing the canonical
piecewise-linear model.



Step 5.
Type the command

pwldraw xx...x

to plot the canonical piecewise-linear model.

3.2. 2-dimensional canonical piecewise-linear modeling
Step 1.

Create a data file "xx...x.dat”, which consists of m lines for m data points, and each line
characterizes a data point with the following format :

LS LR 1 Z2Zo " 2Zg LB BT B Yo2Y2 ' * Yo ... w
where z,2,...2,, 2,2, - + - 2, are respectively the z, and z, coordinates of the data point in
the R? domain SPace; ¥1¥1° " Y1 Ya¥g * ° * Yo are respectively the y, and y, coordinates

in the R? range space; and w is the weighting factor of the data point.

Steps 2-5 are combined as a batch process and are executed by the command

getpwl2 xx...x

Enter the number of partition boundaries
Enter an integer o for o partition lines in the 2-dimensional plane.

Enter the initial partition boundaries

Enter o sets of real numbers (m, , t1), (mg, ty), ..., (m,, t,) for the initial partition boun-
daries

mz -2+ 4 =0

for i=1,2,...,0. Choose large m; and ¢; in case a vertical line is encountered.

approximation error = .....,

A sequence of approximation errors are printed , each represents the approximation error of
a canonical piecewise-linear model partitioned by the set of partition boundaries
23(") + a; s("), for i=1,2,..., which is located along the line search direction s*) for each i.
The approximation error should decrease to a minimum and it then prints the canonical
piecewise-linear model parameters corresponding to this minimum, and prompts a message
continue? y/n

2,

Step 3.

Compile the source code "Xx...x.¢".

Step 4.
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Link the object code ™xx..x.0” with the graphic routines for drawing the canonical
piecewise-linear model.

Step 5.
Type the command

pwldraw2 xx..x

to plot the canonical piecewise-linear model on the monitor with the following options :

Enter the option number
1:yl vs x1 for fixed x2
2 : y1 vs x2 for fixed x1
3 : y2 vs x1 for fixed x2
4 : y2 vs x2 for fixed x1

Enter the option number for various types of families of 1-dimensional piecewise-linear
curves.

3.3. 2-dimension to 1-dimension canonical piecewise-linear modeling
Same as the procedures in Section 3.2, except the data file exhibits the following format :

T2, -z, ToTg - zy IVIRERR T ww...w
The modeling process is executed by the batch command

getpwll xx...x



4. Output Format

4.1. 1-dimensional canonical piecewise-linear modeling

Both the data points and the 1-dimensional curve of the computed canonical piecewise-
linear model are plotted in the color monitor for convenience of comparison. In addition to this
graphic display, the optimal canonical piecewise-linear model equation is also shown in the file
"xx..x.c” which is written as a C function.

4.2. 2-dimensional canonical piecewise-linear modeling
The family of the 1-dimensional piecewise-linear curves y,( or Yo) = [ (z,,24)], o=p, OF
vi( or yo)=f (z,, z,) | 2,=p; are plotted for various values of ?i, i=1,2,.. k. Similar to the 1-

dimensional case, the optimal canonical Piecewise-linear model equation is written to the file
"xx..X.c” as a C function.



5. Examples

Ezample 1 : in file "ex1.dat”
A pn junction diode (Fig.1).

Ezample 2 : in file ”ex2.dat”
An MOSFET i vs (vgs , vps ) characteristic (Fig.2).

Ezample 8 : in file ?ex3.dat” :
A 2-dimensional piecewise-linear function (Fig.3).



8. Diagnosis

1.

PWLMOD DATA_FILE

Bad command line for 1-dimensional canonical piecewise-linear modeling, the correct one
should be

pwlmod xx...x

where ”xx...x.dat” is the filename for the data file.

PWLMOD1 DATA _FILE

Bad command line for 2-dimension to 1-dimension canonical piecewise-linear modeling, the
correct one should be

pwlmodl xx..x

where "xx...x.dat” is the filename for the data file.

PWLMOD2 DATA_FILE

Bad command line for 2-dimensional canonical piecewise-linear modeling, the correct one
should be

pwlmod2 xx...x

where "xx...x.dat” is the filename for the data file.

CAN’T OPEN THE DATA FILE
The data file "xx...x.dat” doesn’t exist.

SINGULAR MATRIX
The matrix A in Eq.(2.6) or Eq.(3.13) is singular.

IMPROPER BOUNDARY
The partition boundary is outside the data region.
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4.000e-61
4.830e-81
4.08406e-081
4,8908e-81
4.128e-81
4.150e-01
4.1808e-81
4,210e-014
4,248e-81
4.2708e-01
4.,368e-01
4,338e-01
4,340e-01
4,3%90e-061
4.428e-0:
4.,450e-6}
4.480e-81
4.510e-0!
4,5408e-1211
4,570e-921
q.40808e-01
4,436e-061
4.468e-01
4,46%06e-01
4,728e-81
4,756e-01
4,788e-01
4,810e-61
4.,840e-81
4,870e-01
4,.5008e-01
4.936e-01
4,9¢8e-01
4.990e-01
5.0208e-01
5.850e-01
5.688e-91
S5.110e-01
S5.140e-01
5.170e-061
S.286e-81
5.238e-61
9.260e-01
5.290e-81
5.320e-21
5.356e-81
5.388e-81
5.418e-01
5.448e-81
5.470e-01
5.5808e~-01
5.530e-21
5.564e-01
5.596=-01
S5.6208e~0]
S5.858e~-01

4,8082¢-68
5.390e~-68
é,04%e-08
é.78%e-68
7.419e-88
8.551e-88
?.597e-08
1,877e-87
1.209e-87
1.357e-67
1.523e-67
1.76%9e-587
1.918e-87
2.152e-07
2.415e~07
2.711e-07
3.642e-a7
3.415e~-67
3.832e-07
4.301e-87
4.827e-07
5.417e-87
6,888e-07
6 . 8239-87
7.458e-87
8.995e-07
9.644e-87
1.0883e-04
1.215e-04
1.384e-0¢
1.536e-04
1.717e-04
1.928e-0¢
2,1463e-66
2.428e-0¢
2.725e~04
3.858e-04
2.432e-04
3.852e~84
4,323e-64
4,852e-84
5.445e-64
6.111e-084
6.838e-0¢
7.697e-04
8.43%e-6¢
?.495e-0¢
1.888e-05
1.221e-35
1.371e-85
1.538e~-05
1.726e~-85
1.937e-05
2.174e-05
2.440e-65
2.73%e-85

DO DD DI TODDDOROR RO DRI DT IO ODRODOEDDRED
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S5.480e-61
5.710e-81
5.740e-81
3.778e~61
S5.808e-81
5.830e-061
S.840e-a1
95.896e-01
S5.9208e~-41
5.950e-81
5.986e-81
6.010e-01
é.840e-81
6.878e-01
é.188e~-01
6.136e-081
6.148e-8B1
6.196e-01
6.220e-01
é.250e-01
6.280e-81
6.318e-01
é.346e-01
é6.370e-061
6.408e-81
6.4308e~81
6.468e-81
6.496e-01
6.528e-81
6.908e-01
é6.588e-01
4.618e-01
é.640e-061
6.,670e-21
é.7608e-01
6.738e~01
é.76Be-01
é6.798e-01
4.828e-81
4.858e-061
é.888e-01
6.918e~-01
é6.948e-081
6.978e-01
7.860e~71

3.674e-85
3.456e-65
3.872e-05
4,345e-035
4,874e-85
5.473e-85
é.142e-85
6.894e-85
7.737e-85
8.483e-05
9.745e-85
1.8%94e-04
1.227e-04
1.378e-64
1.544e-04
1.735e-04
1.947e-04
2,185e-04
2.453e-04
2.753e-84
3.08%e-04
3.447e-084
3.871e-04
4,347e-04
4,961e-04
S.001e-64
é.1734e-84
6.92%e-064
7.7742-84
8.727e-064
9.7952-04
1.89%9e-83
1.234e-63
1.385e-63
1.554e-83
1.744e-03
1.957e-63
2.197e-83
2.445e-63
2.767e-83
3.185e-83
3.485e-03
3.911e~-83
4,398e-63
4.,927e-083

exl.dat Page 2
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~1.0680e+80
~46.000e-01
~2.000e-01
2.0006e-061
é.800e-81
1.000e+00
1.400e+00
1.80608e+060
2,2006e+060
2,4660e+00
3.08008e+00
3.4806e+08
3.880e+00
4,260e+080
4,4B0e+00
S.08Ge+00
~-1.0080e+00
~6.0880p-a]
-2.0006e-01
2.08pe-01
6.880e-081
1.0608e+C0
1.400e+00
1.8068e+b4
2.280e+00
2.688e+08
3.0808e+00
3.408e+08
3.868=+00
4,2008e+36
4,608e+00
5.608e+00
-1.6008e+00
-4.088e-61
-2.080@e-a]
2.808e-01
é.880e-081
1.008c+88
1.408e+080
1.806e+00
2.2606e+@0
2.600e+00
3.888e+0R
3.488=2+88
3.808e+a8
4,.2602+088
4.400e+08
5.008e+08
-1.6808e+00
-6.088e~G1
-2.680e~01
2.60%e-53
é.680e-01
{1.8082+00
1.486=2+00
1.86682+20

-1.08808e+00
-1.00608e+80
-1.008e+80
-1.000e+00
-1.000e+00
-1.00082+00
-1.000e+08
-1.000e+00
-1.088e+00
-1.808e+00
~-1.0800+00
-1.660e+00
-1.008e+20
-1.660e+00
~1.0888e+00
-1.008=+08
-4.80808e-01
-4.8806e-01
-4.6008e-81
-4.868e~01
-4.0808e-81
~4.8600e-01
-4.080e-01
-4.088e-61
-6.0088e-01
-6.006e~-01
-4.088e-01
-6.800e-51
-4.608e-01
-4.868e-01
-6.0800e-a1
-4.688e~01
-2.608e-21
-2.660e-61
-2.860e-91
-2.806Ge-01
-2.008e-81
-2.6008e2-01
-2.0080e-81
-2.008e-81
-2.00808e-01
-2.08060e-01
-2.8086e-81
-2.068e~01
-2.80608e-061
-2.868e-01
-2.8088e-01
-2.608e-01
2.8606e-031

2.808e-01

2.806e-01

2.800e-01

Z.008e-01

2.086e-01

2.0860e-0)

2.888e-01

0.006e+80
@.860e+08
6.008e+R0
8.068e+08
B.0006e+80
0.06808e+98
-4,5008e+01
-4.5008e+81
~-8.500e+01
-1.858e+82
-1.250e+82
-1.458e+62
-1,456e+82
-1.850e+62
-2.856e+02
-2.256e+82
8.6060=400
B.00Re+08H
6.068e+09
f.060e+R0B
6.600e+a0
B.060e+00
-2.180e+41
-3.368e+01
-4.508e+81
-5.700e+01
-6.9008e+01
-8.166e+061
-9.300e+01
-1.85Ce+82
-1.170e+02
~1.296e+82
6.080e+00
f.066e+80
6.000e+00
0.000e+08
2.0680e+00
B.6808e+00
-5.0608e+00
-9.000e+00
~-1.380e+01
-1.788e+01
-2.1008e+01
-2.0988e+081
-2.908e+81
-3.380e+01
-3.7808e+81
-4,108e+01
8.000e+80
6.000e+00
U.860e+00
p.66Be+bO
f.000e+00
f.000e+00
3.6608e+08
7.800e+00

1.108e+81
2.008e+01
2,000e4+01
2.800e+061
2.000e401
1.160e+01
1.1806e+01
1.106e+01
1.160e+01
1.1608e+061
1.166e+@1
1.160e+01
1.160e+01
1.166e+61
1.1080e+01
1.160e+081
1.108e+01
1.1606e+61
2.608e+01
2.6060e+01
2.006e+01
2.008e+081
1.100e+01
1.108e+01
1.10082+01
1.160e+01
1.1008e+81
1.106=2+01
1.100e+01
1.1068e+081
1.180e401
1.100e+01
1.106e+01
1.100e+01
1.106e+01
2.008e+01
2.000e+01
2.808e+81
2.000Ge+61
1.188e+91
1.1088e+61]
1.100e+01
1.108e+81
1.168e+01
1.108e+61
1.188e+01
1.100e+81
1.186e+61
1.1006e+01
1.108e+81
1.1008e+81
1.108e+61
2.088e+41
2.600e+01
2.000e+01
2.806e+01
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2.200e+88
2.408e+80
3.808e+88
3.408e+08
3.8008e+00
4,260e+08
4,400e+00
5.0008e+08
-1.006e+008
-4.0608e-61
~-2.800e-61
2.0608e-01
6.868e~01
1.006e+00
1.480e+80
1.808e+00
2,208e+00
2.408e+00
3.0060e+a8
3.408e+00
3.860e+08
4.200e+00
4.4006c+80
5.0006e+00
-1.860e+08
-6.,0860e-01
-2.006e-81
2.000e-01
6.608e-01
1.068e+00
1.468e+00
1.860e+08
2.2806e+00
2.480e+60
3.008e+08
3.4000+80
2.8008e+00
4.,280e+88
4,46062+400
5.080e+00
-1.666e+230
~-6.0862-01
-2,206:=-81
2.080e-81
é.000e-51
1.60Ge+00
1.4008e+60
1.800=2+06
Z2.208e+40
2.460Be+80
3.006e+38
3.406e+00
3.880e+838
4,263e+89
4.480=+%0
S.000e+00

2.00808e-01
2.088e-01
2.868e-01
2.060e-01
2.088e-081
2.608e-01
2.000e-01
2.000e-01
6.08068e-01
6.888e-061
é.0088e-81
4.000e-01
é.800e-01
é.800e-01
é.088e-081
6.000e-01
é.0080e-01
6.600e-01
6.680e-01
6.880e-061
é6.0088e-01
6.80808e-01
4.880e-01
é6.8662-81
1.088e+a0
1.660e+00
1.,0800e+00
1.060e+00
1.0008=400
1.666:+08
1.000e+00
1.606e+00
1.080e+08
1.0060e+00
1.000e+08
1.0008e+08
1.66¢e+00
1.000e+06
1.860e+00
1.688e+00
1.466e+00
1.460e+60
1.486e+09
1.486e+80
1.4008e+80
1.466G2+00
1.460e+00
1.400e+068
1.4882440
1.460e+060
1.4008e+a8
1.408e+06
1.480e+@80
1.4802+00
1.480=400
1.408e+60

ex2.dat Page 2

1.1088e+01
1.508e+81
1.9068e+81
2,3068e+061
2.708e+01
3.1008e+61
3.508e+81
3.908e+081
8,800e+06
8.00ce+080
0.000e+080
f.0008e+00
6.000e+00
8.000e+006
4.814e400
1.506e+01
2.7680e+01
3.960e+01
5.10882+061
é6.30be+81
7.560e+81
8.7008e+01
?.980e+01
1.118e+082
f.,006e+00
0.088e+00
2.08Rc+80
8.080e+00
.000e+00
B.p0Ge+0O
4,848e+080
1.4686e+01
3.5606e+81
5.580e+81
7.5608e+01
9.580e+01
1.158e+82
1.350e+02
1.9508e+02
1.756e+82
B8.000e+00
0.008e+60
0.600e+00
f.068e+88
B8.060e+00
f.080e+00
4,080e+00
1.61%e+81
3.414e+01
é6.300e+061
?.186e+01
1.190e+4082
1.476=+462
1.758e+02
2.83Ge+02
2.318=2+82

i.160e+01
1.i68e+81
1.106e+01
1.180e+01
1.188e+01
1.100e+61
1.160e+61
1.1808e+081
1.160e+01
1.160e+81
1.1086e+81
1.108e+61
1.100e+081
2.088e4081
2,60B8e+01
2.000e+81
2.008e+81
1.106e+01
1.160e+04
1.100e+81
1.160e+81
1.168e+01
1.100e+61
1.1808e+061
1.600e+06
1.000e+00
1.608e+080
1.008e+08
1.0@0Ge+00
1.008e+00
1.000e+0]

- 1.600e+01

1.006e+61
1.668e+61
1.060e+08
1.600e+00
1.000e+00
1.606e+80
1.600e+00
1.000e+00
1.0808e+060
1.608e+08
1.000e+00
1.000e+00
1.006e+60
1.008e+080
1.068e+00
1.000e+61
1.006e+ad
1.060e+01
1.800e+01
1.080e+68
1.068e+E0
1.080e+00
1.666e+00
1.080e+00
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~-1.,0880e+08
~-6,0008e-01
~-2.,800e-91
2.068e-01
6.808e-01
1.0008e+00
1.460e+60
1.800e+00
2.200e+00
2.600e+08
3.860e+R0
3.480e+08
3.8808e+20
4.260e+0€C
4.400e+06
5.080e+8¢
~-1,000e+068
~6.806e-81
-2.900e-01
2.608e~061
é.G6680e-01
1.600e+60
1.400e+00
1.888e+68
2.200e+00
2.460e+00
3.006e+00
3.400e+06
3.800e+08
4,200e+08
4.400e+30
5.860e+80
-1.0080e+00
-4.800e-01
-2.800e-01
2.088e-81
é.08B8e-61
1.808e+68
1.,480e+29
1.860e+0p
2.200e+88
2.600e+p00
3.000e+08
3.46B8e+80
3.80808e+00
4.200e+09
4,4006e+80
5.680e+06
-1.806e+30
-4.0008e-01
-2.086e~81
2.688e-51
6.880e-i1
1.0008e+00
1.400e+89
1.8606e+560

1.800e+060
1.886e+00
1.860e+80
1.860e+00
1.868e+80
1.8088e+00
1.8068e+08
1.8060e+00
1.800e+00
1.8060e+08
1.800e+88
1.800e+030
1.868e+08
1.888e+08
1.8606e+06
1.8008e+066
2.200e+04
2.200e+00
2.280e+00
2.200e+88
2.200e+00
2.200e+08
2.260e+00
2,260e+080
2,208e+09
2.200e+69
2.2060e+08
2.2006e+00
2.200e+00
2.200e+88
2,208e+08
2.200e+060
2.608e+00
2.600e+08
2.600e+08
2.4688e+00
2.408e+00
2.4680e+00
2.400e+08
2.4600e+080
2.460e+060
2.680e+00
2.600e+08
2.600e+08
2.600e+00
2.4600e+00
2.486e+00
2.4600e+08
3.660e+00
3.500e+00
3.000e+00
3.600e+00
3.0B8Ge+aH
3.000e+60
3.8808e+00
3.680e+00

8.660e+90
0.680e+00
9.080e+00
0.086e+00
0.080e+06
9.0600e+00
4,112e+060
1.432e+01
3.443e+01
é6.,426e+01
9.988e+91
1.358e+82
1.718e+62
2.670e+62
2.430e+82
2.790e+62
0.000e+80
0.806e+00
8.6008e+00
0.060e+00
@.008e+08
0.088e+060
4.144e400
1.645e+81
3.672e+61
6.477e+01
1.884e+02
1.4306e+02
1.876e+82
2.310e+682
2.,758e402
3.190e+82
B.600e+0G
0.000e+08
8.6082480
0.08062480
6.6000+00
B.000e+60
4,174e+08
1.458e+81
3.781e+01
46.528e+b1
1.812e+02
1.446e+82
1.956e+02
2.470e+62
2.998e+02
3.510e+B2
6.860e+08
8.606e+a6
6.608e+00
0.66Be+08
f.800e+00
B.000e+00
4,208e+608
1.678e+61

1.06Be+60
1.008e+00
1.0008e+00
1.0006e+00
1.000e+0880
1.8606e+00
1.060e+00
1.008e+00
1.000e+81
1.008e+01
1.e66e+01
1.080e+81
1.0606e+00
1.000e+00
1.6060e+00
1.000e+00
1.680e+006
1.00802+00
1.6006e+06G
1.860e+00
1.6008e+00
1.000e+08
1.600e+00
1.0008e+086
1.068e+00
1.868e+61
1.088e+01
1.000e+01
1.608e+81
1.000e+08
1.000e+00
1.0008e+00
1.008e+00
1.0008e+00
1.000e+00
1.000e+80
1.008e+00
1.000e+66
1.060e+400
1.8006e+00
1.086e4060
1.0608e+00
1.6088e+01
1.8080e+D1
1.808e+61
1.000e+81
1.080e+00
1.6808e+06
1.6808e+00
1.6668e+08
1.068e+00
1.6808e+00
1.066e+00
1.000e+060
1.668e+00
1,000e+00
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2.288e+00
2.6B0e+00
3.800e+00
3.480e+060
3.86808e+00
4.260e+00
4.408e+80
5.008e+00
-1.800e+88
-6.080e-01
-2.060e-81
2.888e-01
4.068e-61
1.068e+00
1.480¢+08
1.880e+00
2.280e+088
2.600e+68
3.800e+60
3.406e2+00
3.8006e+0G0
4,200e+00
4.,480e+00
S5.060e+08
-1.0060e+6
-6.660e-01
-2.8088e-%1
2.0808e-01
46.80B8e-81
1.080e+00
1.4006e+080
1.8006e+68
2.280e+086
2.600e+00
3.0808e+08
3.4806e+08
3.8008e+08
4,2008e+08
4,488e4+00
5.868e+00
-1,0606e+00
-6.080e-01
-2.088e-81
2.0B86e-01
é.860e-81
1.660e+00
1.460e+08
1.88Ge+00
2.200e+86
2.660e+60
3.0Q88e+80
3.406GEe+08
3.808e+456
4.28Ge+08
4.,600e+00
5.0060e+08@

3.080e+08
3.800e+60

3.008e+00

3.0806e+60
3.080e+00
3.8006e+00
3.008e+08
3.000e+00
3.400e+060
3.400e+00
3.480e+00
3.4006e+0606
3.400e+04@
3.400e+00
3.408e+80
3.408e+00
3.488e+060
3.400e+60
3.468e+@0
3.400e+00
3.400e+00
3.400e+86
3.488e+00
3.400e+00
3.808e+60
3.800e+00
3.80608e+80
3.800e+08
3.800e+0@0
3.800e+80
3.880e+80
3.8008e+00
3.860e+00
2.800e+060
3.268e+00
3.808e+00
3.8008e+00
3.8606e+80
3.860e+60
3.880e+00
4.200e+00
4,200e+60
4,200e+060
4,200e+60
4.2608e+09
4,2006e+00
4.268e+80
4,20pe+00
4.206e+06
4,200e+00
4,200e+010
4,200e+08
4,2080e+060H
4,230e+80
4,.208e+00
4,200e+08

3.7308e+01
6.97%e+061

1.028e+02
1.457e+82
1.968e+82
2.550e+082
3.156e+02
3.750e+02
6.806e+00
08.000e+00
0.000e+06
f.0800e+00
B.60682+00
8.008e+08
4,24pe+09
1.483e+81

3.758e+01

6.638e+01

1.828e+02
1.46%e+02
1.984e+082
2.578e+062
3.230e+62
3.910e+62
0.600e+00
0.000e+00
6.080e+00
8.8608e+80
0.060e+80
6.000e+00
4,272e+00
1.6%4e+81

3.787e+b1

6.482e+081

1.0634e+02
1.4808e+02
1.99%9e+482
2.5%91e+62
3.253e+82
3.990e+G2
8.800e+00
0.0B88e+00
@.060e+00
0.088e+00
0.800e+00
6.000e+00
4,384e+u0
1.786%e+01

2.814e+081

é6.733e+1

1.844e+62
1.492e+82
2.8615e+82
2.611e+@2
2.27%e+82
4.814e+02

1.888e+00
1.060e+00
1.806e0+00
1.80608e+01
1.600e+61
1.080e+01
1.008e+081
1.008e+00
1.660e+60
1.0000+00
1.080e+086
1.8008e+00
1.680e+00
1.080e+00
1.860e+00
1.800e+00
1.0808e+080
1.800e+00
1.600e+80
1.000e+00
1.600e+01
1.0060e+01
1.000e+01
1.00aGe+01
1.080e+080
1.800e+090
1.0860+00
1.008e+00
1.088e+80
1.000e+00
1.000e+00
1.000e+00
1.000e+80
1.060e+00
1.8660e+08
1.600e+00
1.686e+00
1.600e+01
1.888e+01
1.060e+81
1.000e+60
1.000e+00
1.008e+00
i.000e+060
1.006e2+00
1.800e+00
1.6008e+00
1.000e+08
1.006e+08
1.668e+80
1.066e+00
1.600e+080
1.600e+08
1.600e+00
1.0868e+81
1.600e+01
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-1.6@80e+00
-6.0808e-01
-2.600e-81
2.608e-01
é.006e-01
1.00608e+00
1.460e+00
1.8806e+008
2.2008e+20
2.6B0e+00
3.6088e+020
3.4608e+00
3.508e¢00
4,280e+0€
4,480e+0@
S.000e+0¢€
-1.0608e+00
-4,000e-61
-2.5680e-01
2.008e-61
6.000e-01
1.080e+88
1.460e+80
1.866e+08
2.208e+10
2.600e+00
3.8066e+90
3.400e408
3.800e+00
4,208e+08
4,4800+09
5.080e+030

4.46Be+00
4,4600e+08
4,400e+00
4,4680e+88
4,4060e+08
4,4600e+80
4,4008e+08
4.4600e+00
4,4600e+80
4,608e+08
4,480e+00
4,600e+00
4,400e+60
4,608e+68
4.,460e+060
4,4806e+30
S.E8Be+0A
S5.6088e+00
S.068e+080
5.008e+086
S.060e+an
5.000e+00
S.DB0e+RD
S5.808e+00
5.680e+60
S5.8060e+00
S.8008e+00
5.000e+50
5.0068e+06
S5.688e+00
S5.000e+00
5.608%e+00

B.860e+00
8.808e+00
B.680e+00
0.000e+00
B.008e+00
6.000e+00
4,334e+00
1.722e+01
3.845e+01
6.784e+081
1.852e+82
1,5083e+02
2.031e+82
2.632e+62
3.385e+02
4,848e+82
0.000e+00
0.600ec+08
8.800e+80
0.000e+00
8.600e+00
B.0G8e+00
4,368e+80
1.7324e+81
3.874e+01
46.835e+81
1.848e+82
1.515e+82
2.844e+62
2.632e+082
3.331e+82
4.0806e+02

1.660e+00
1.0808e+00
1.000e+00
1.006e+0B0
1.000e+00
1.600e+880
1.000e+00
1.668e+0690
1.8600+60
1.000e+08
1.0808e+00
1.000e+60
1.8680e+08
1.000e+00
1.860e+00
1.080e+81
1.600e+00
1.8008e+00
1.000e+08
1.000e+08
1.880e+00
1.688e+060
1.00Ge+00
1.668e+08
1.8008e+08
1.000e+06
1.6806e+06
1.686e+80
1.600e+00
1.660e+00
1.888e+00
1.068e+088
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8.080e+8l
0.080e+86E
8.668e+00
0.008e+00
B8.00@e+00
6.880e+00
6.880e+906
6.860e+00
8.808e+88
8.880e+60
8.608e+00
0.080e+0@
8.8808e+00
8.608e+08
@.,080e+8¢
8.8080e+0k
1.88082+080
1.88B8e+8%
1.008e+80
1.6B8Be+d0
1.606e+80
1.08d8e+00
1.6e8e+80
1.6202+00
1.000e+80
1.0608e+88
1.888e+38
1.608e+00
1.088e+080
1.00806e+008
1,666e+00
1.0006e+00
2.0060e+00
2,0800e+00
2.080e+08
2.0008e+00
2.6080e+080
2.000e+00
2.000e+00
2.000e+00
2.0608e+00
2.060e+00
2.000e+08
2.668e+60
2.0000+00
2.860e+068
2.8606e+00
2.088e+00
3.000e+00
3.806e+08
3.600c+08
3.0008e+00
2.088e+80
3.060Ce+08
2.0088=+00
3.06ve+00

0.0060e+80
1.0008e+00
2,8006e408
3.090e+028
4.000e+08
S5.008e+88
6.088e+00
7.8008e+880
8.8060e460
?.006e+00
1.8060e+01
1.108e+461)
1.206e+81
1.308e+01
1.480e+081
1.580e+01
B.000e+00
1.086e4+08
2.808e+00
3.6808e+00
4,888e+80
5.800e+80
é.000e+00
7.888e+00
8.060e+A0
?.000e+00
1.800e+081
1.100e+01
1.260e+01
1.300e+01
1.488e+8%
1.568e+81
0.600c+G60
1.8008e+G0
2.080e+a0
3.088e+00
4.686e0+08
S.000e+00
é.080e+00
7.000e+00
8.800e400
?.660e+00
1.060e+01
1.186e+01
1.2882461
1.360e+01
1.4008e+01
1.586e+01
8.080et00
1.080e+686
2.,800e+080
3.000e+00
4.6008e+00
S.6B0e+0d
é.908e+00
7.080e+00

-7.9808e+01
~7.30Be+61
-6.700e+61
-6.180e+01
-0.500e+81
-4,.9008e+01
~4,3088e+061
-3.700e+01
-3.1060e+61
-2,508e+01
-1.900e+61
-1.380e+01
-7.008e+80
-1.008e+00
S5.000e+00

1.100e+81

-4.8008e+61
~7.800e+81
-4.4008e+01
-3.8080e+04
-5.200e+81
-4,488e+081
-4,806e+01
-3.488e+01
~2.806e+01
-2.,200e+01
-1.408e+01
-1.880e+01
-4.,000e+60
2.,060e+00

8.860e+00

1.400e+01

-5.700e+81
-5.906e+01
-4.180e+01
-9.5068e+01
-4,908e+01
-4.3008e+01
-3.700e+81
-3.1008e+81
-2,500e+q1
-1.90Ce+81
-1,308e+01
-7.000e+00
~1.00608e+00
S.000e+00

1.108e+401

7.080e+00

~-4.,408e+01
~-4,380e+01
-5.000e+01
-5.200e+01
-4.400e+01
-4,000e+81
-3.488e+81
~-2.800e+01

7.988e+081
7.308e+81
6.708e+401
6.108e+01
5.500e+01
4.%980e+01
4,.300e+061
3.708e+01
3.108e+061
2.508e+01
1.980e+01
1.360e+01
7.000e+00
1.8008e+00
~-5.000e+00
-1.100e+01
6.800e+81
7.808e+01
6.460e+61
5.800e+01
S.208e+@1
4.480e+01
4,680e+01
3.408e+01
2.8008e+81
2.20Be+61
1.460e+01
1.808e+01
4.000e+80
-2.008e+80
-8.606e+00
-1.400e+61
5.700e401
5.906e+81
6.108e+01
5.5008e+01
4,.7806e+061
4.300e+81
3.760e+01
3.180e+81
2,580e+81
1.960e+01
1.2080e+81
7.808e+00
1.8608e+0680
~-5.000e+060
-1.180e+01
-7.00B8e+00
4.406e401
4,800e+01
5.000e+0]
5.200e+081
4,408e+81
4.000e+61
3.406e+01
2.8060e+61

1.00
1.08
1.88
1.80
1.80
1.00
1.80
1.60
1.060
1.00
1.00
1.08
1.00
1.00
1.60
1.89
1.68
1.00
1.00
1.06
1.00
1.00
1.68
1.00
1.a60
1.00
1.00
1.00
1.60
1.00
1.68
1.00
1.08
1.08
1.00
1.00
1.00
1.00
1.006
1.00
1.60
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.06
1.00
1.086
1.00
1.60
1.60
1.00
1.60
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3.0@8e+490
3.008e+00
3.8080e+060
- 3.068e+80
3.806e+90
3.000e+00
3.6008e2+60
3.008e+00
4,000e+00
4.00808e+00
4.068e+00
4,800e+060
4,000e+00
4,000e+00
4.000e+00
4,600e+660
4.800e4060
4.0060e+C9
4,008e+00
4,0080e+00
4,000e+00
4,800e+80
4.0806e+008
4.060e+08
S.060e+00
S5.008e+088
5.00808e+96
5.800e+00
S5.800e+00
S5.0008e+00
5.0606e4088
5.8B80e+08
5.600e+80
5.0068e+80
5.8000e+80
5.800e+E06
5.00606e+00
5.8008e+00
S.886e+80
5.000e+020
6.8008e+00
6.8008e+60
6.088e400
é6.000e+00
é.0002+00
6.80Re+60
é.006e+480
4.600e+00
6.8608e+00
4.008e+80
6.0008e+86
6.882e+00
$.000e+B0
46.608e+09
§.,800e+an
6.008e+00

8.000e+00
9.006e+008
1.0608e+01
1.180e+01
1.200e+01
1.36B8e+081
1.4008e+81
1.500e+01
B.000e+00
1.0060e+00
2.8006e+00
3.600e+00
4,800e+00
S5.800e+00
6.000e+00
7.000e+00
8.000e+00
9.8002+68
1.000e+01
1.160e+01
1.266e+01
1.388e+61
1.468e+61
1.560e+01
8.000e4+00
1.0008e+00
2.860e+00
3.080e+060
4,.060e+00
S5.0008e+80
é.800e+00
7.000e+08
8.000c+00
?.680e+00
1.8080e+6]
1.108e+81
1.200e+81
1.3068e+01
1.400e+01
1.580e+861
6.000e+h0
1.600e+00
2.000e+80
3.880e+00
4,.808e+00
5.0806e+00
6.0080e+50
7.008e+00
8.0080e+00
?.068e+00
1.808e+81
1.168e+01¢
1.288e+01
1.300e+01
1.488e+81
1.5680e+01
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-2.200e+01
-1.606e401
-1.08008e+81
-4,000e+00
2.000e+00

8.8008e+060

4.000e+00

8.000e+060

-3.5808e+81
-3.700e+61
~-3.9008e+01
-4.168e+061
-4,300e+01
-3.780e+01
-3.160e+01
-2.5668e401
-1.906e+061
-1,3080e+061
~-7.000e+00
-1.0080e+00
5.080e+00

1.800e+80

-3.060e+00
-7.0006e+00
-2.460e+01
~-2.400e+061
-2.800e+01
-3.080e+01
-3.284e+081
-3.400e+81
-2.808e+081
-2.208e+01
-1.4080e4+0{
~-1.008e+01
-4,00606e+00
2.0068e+00

-2.0668e+00
-4.000e+80
~1.000e+081
-1.4088e+01
-1.30606e+01
-1.560e+01
-1.7606e+061
-1.900e+01
-2.100e+081
-2.3006e+01
-2.560e+01
-1,966e+01
-1.,3060e+01
-7.068e+80
-1.,0608e+G0
-5.008%e+00
-9.6060e+00
-1.366e+01
~-1.700e+01
-2.1008e+0(

2.2006e+01
1.6008e+81
1.0080e+01
4.000e+00
-2.000e+00
-8.000e+00
~-4.800e+60
9.000e+00
3.500e+01
3.700e+81
3.980e+01
4,100e+81
4.300e401
3.7806e+081
3.168e+081
2.500e+01
1.960e+81
1.308e+01
7.600e+00
1.080e+00
-5.600e+00
~1.0088e+068
3.0660e+08
7.000e+00
2.480e+01
2.488e+01
2.800e+61
3.600e+61
3.286e+01
3.400e+01
2.800e+81
2,200e+061
1.4088e+61
1.000e+01
4,000e+00
-2.000e+00
2.000e+00
é.000e+00
1.008e+01
1.460e+01
1.3068e+81
1.560e+01
1,700e+01
1.9006e+81
2.180e+01
2.300e+01
2.560e+01
1.908e+061
1.308e+01
7.0008e+00
1.66Be+00
5.000e+08
?.060e+00
1.300e+01
1.706e+01
2.100e+61

1.00
1.00
1.00
1.00
1.606
1.00
1.66
1.00
1.00
1.00
1.00
1.00
1.60
1.00
1.00
1.00
1.00
1.00
1.00
1.09
1.08
1.00
1.66@
1.00
i.00
1.006
1.08
1.00
1.86
1.00
1.66@
1.00
1.00
1.00
1.08
1.00
1.00
1.00
1.08
1.00
1.64
1.00
1.60
1.00
1.00
1.68
1.00
1.60
1.00
1.60
1.08
1.00
1.00
1.08
1.60
1.08
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7.600c+08
7.000e+00
7.086e+00
7.080e+00
7.000e+G0
7.808e+00
7.808e+80
7.800e+00
7.000e+086
7.068e+008
7.000e+00
7.000e+08
7.8080e+08
7.000e+06
7.600e+08
7.0006e+06
8.060e+080
8.088e+50
B8.800e+09
8.686e+00
B.8088e+06
8.88Re+@d
S.0pBe+08
2.000ec+80
€.00082+00
8.860e+20
8.600e2+00
8.000e+00
g.000e+00
8.880e+00
8.0686e+08
8.0080e+00
?.068e+080
9.8006e+00
7.00@e400
9.8008e+60
9.0606e+08
9.080e+08
9.008e+68
9?.008e+00
9.2008c+00
9.0066e+00
¢.060e+88
9.008e+608
9.800e+00
9.680e+08
9.0060e+80
?.0060e+08
1.068e+81
i.668e+61
1.080e+01
1.080e+01
1.,660e0+0]
1,800e+81
1.060e+01
1.800e+681

6.886e+00
1.008e+00
2.880e+00
3.0P00e+00
4.800e+80
5.800e+00
4.000e+080
7.808e+00
8.6062+4080
2.008e+00
1.0608e+01
1.180e+81
1.208e+81
1.366e+01
1.468e+01
1.500e+01
8.000e+A0
1.0686e+08
2.080e+00
3.808e+00
4.008e+08
5.0069e+80
é.680e+03
7.000e+80
&.000e+00
9.8600e+00
1.008e+01
1.180e+61
1.280e+84
1.300e+81
1.488e+01
1.5080e4+81
0.680e+88
1.800e+00
2.800e400
3.800e+00
4.080e+00
S5.808e+80
6.800e+88
7.800e+B2
8.000e+80
?.088e+00
1.608e+01
1.1686e+01
1.260e+01
1.368e+81
1.488e+481
1.588e+B1
8.666e+00
1.660e+80
2.800e+00
3.800e+80
4,606e+00
5.860e+80
é.060e+08
7.068e+00
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-2.066e+00
-4.080e+060
~6.000e408
-8.0088e+00
-1.006e+81
-1.2008e+01
-1.408e+01
-1.400e+01
-1.8008e+81
-4.0060c+88
-8.008e+08
-1.260e+01
-1.400e+81
-2.006e+01
-2.4068e+401
-2.808e+01
9.600=+60
7.000e+00
S5.860e+00
3.008e+00
1.6060e+00
-1.088e+80
-3.000e+00
-5.806e+00
~7.060e480
-1.186e+01
-1.586e+81
-1.9080e+01
~-2.3008e+01
~2,7088e+81
-3.108e+01
-3.500e+01
2.606e+01
1.800e+81
1.480e+01
1.486e+01
1.200e+01
1.0088e+81
8.808e+08
6.000e+08
-46.0800e+060
~1.808e+01
~2.200e+01
-2.680e+01
~3.000e+01
-3.488e+61
-3.800e+61
-4.,280e+01
3.188e+01
2.900e+01
2.7008e+81
2.500e+01
2.368e+81
2.100e+81
1.9606e+01
7.008e+00

2.000e+086
4,000e+00
4.088e+00
8.806e+00
1.808e+01
1.200e+01
1.400e+081
1.480e+01
1.0808e+01
4.600e+060
8.000e+00
1.260e+01
1.400e+01
2.800e+01
2.460e+61
2.8060e+01
-9.000e+08
-7.8080e+06
-5.006e+00@
-3.008e+06
-1.000e+08
1.068e+00
3.000e+08
5.8080e+00
7.0008e+068
1.168e+01
1.560e+01
1.980e+01
2.3088e401
2.760e+01
3.180e+81
3.500e+81
-2.6008e+01
-1.860e+01
-1.,6808e+81
-1.4080e+01
-1.2006e+01
-1.0868e+01
-8.000e+00
-4.088e+00
é.800e+00
1.800e+01
2.200e+081
2,660e+01
3.008e+081
3.460e+01
3.80B8e+01
4.260e+81
-3.100e+01
-2.980e+01
-2.700e+01
-2.568e+01
-2.30808e+01
-2.180e+081
-1.9008e+01
-7.0080e+80

1.60
1.00
1.00
1.00
1.00
1.00
1.06
1.00
1.80
i.00
1.08
1.60
1.00
1.08
1.60
1.6
1.80
1.60
1.88
1.00
1.00
1.660
1.80
1.00
1.00
1.68
1.00
1.60
1.06
1.00
1.68
1.08
1.08
1.00
1.08
1.00
1.06
1.00
1.60
1.00
1.60
1.00
1.088
1.60
1.08
1.00
1.00
1.80
1.008
1.00
1.00
1.00
1.09
1.00
1.60
1.00
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1.6680e+0)
1.800e+81
1.000e+81
1.000e+01
1.068e+81
1.6008e+01
1.8806e+01
1.000e+061
1.160e+81
1.100e+61
1.188e+81
1.106e+01
1.1808e+01
1.1608e+81
1.1608e+81
1.168e+61
1.1606e+h;
1.1006e+61
1.188e+01
1.108e+61
1.1680e401
1.108e+61
1.100e+61
1.160e+01
1.200e+01
1.288e+081
1.280e+91
1.200e+61
1.208e+01
1.20@6e+81
1.260e+081
1.260e+51
1.288e4+081
1.280e+81
1.280e+i1
1.2608e+61
1.20@e+31
1.260e+81
1.200e+011
1.200e+@1
1.3@80e+01
1.3008e+81
1.32808e+01
1.300e+81
1.308e+41
1.366e+01
1.3080e+01
1.3080e+061
1.388e+@1
1.30Be+81

2i0e+n]
1.3908e+51
1.38be+ii
1.385e+0g
1.380e+0]
1.3806e+41

8.000e+80
9.008e+00
1.086e+01
1.188e+61
1.208e+81
1.380e+81
1.466e+01
1.568e+81!
8.080e+00
1.808e+06
2.000e+00
3.608082+80
4.8060e+00
5.008e+00
6.0680c+00
7.8608e+80
8.0068e+848
9.680e+080
1.888e+4061
1.1008e+081
1.200e+01
1.306e+0]
1.4686e+01
1.59608e+6!
0.600e+00
1.086e+060
2.8006e+00
3.806e+00
4,808e+00
S.606e+80
$.088e+40
7.C66e+08
8.888e+00
9.888e+00
1.0682+81
1.18Ge+01
1.288e+@1
1.380e+081
1.460e+01
1.566e+461
8.000e+00
1.6060+60
2.880e+040
3.860e+00
4.863e+080
3.688e+00
6.6008e+00

7.888e+B0

&.0B8e+83
9.600e+06
1.5608e+01
1.168e+81
1.2682+81
1.308e+01
1,460e+d1
1.588e+61

-5.6000e+80
-1.7068e+01
-2.9680e+01
-3.300e+01
-3.78Ge+01
-4,.160e+61
-4,5600e+6]
-4,.960e+01
4,286e+01
4,986e+01
3.80P0e+01
3.6806e+01
3.4606e+01
3.206e+01
2.600e+21
8.000e+00
-4,600e+00
~1.668e+01
-2,800e+01
-4.,880e+01
-4,400e+01
-4 .800e+061
-5.286e+01
-5.400e+01
5.3008e+01
5.160e+61
4,788e+01
4,708e+01
4,3508e+81
3.366e+401
2.180e+61
9.600e+08
-3.000e+30
-1.5806e+01
-2.7080e+01
-3.96Ge+{1
-5.106e+a1
~5.560e+01
-3.%9608e+01
-46.388e+01
é.4066e+01
é6.200e+61
6.888e+461
5.8606e+01
4,408e+81
3.4p0e+081
2.,2068e+01
1.060e401
-2.060e+b0
-1.4808e+01
-2.6B0e+d}
~3.800e+01
~5.8806e+2)
-6.200e+G1
-4.480e+021
-7.8508e+01

S5.0086e+00
1.768e+01
2.908e+81
3.308e+01
3.7008e+81
4.100e+pR1
4,5080e+01
4,960e+01
-4,208e+01
-4.060808e+21
-3.880e+01
-3.6008e+01
-3.400e+01
-3.2008e+01
-2.9062+81
-8.06pe+00
4.600e+00
1.606e+01
2.8086e401
4.080e+01
4.,4608e+01
4.860e+01
5.206e+01
S5.606e+61
-5.360e+01
-5.180e+01
-4,960e+01
-4,788e+01
-4.,388e+01
-3.300e+81
-2.1680e+81
-9.000e+80
3.006e+00
1.566e+81
2,708e+01
3.98Ge+01
S.1008e+01
5.508e+01
5.988e+81
6.208e+01
-é.480e+6]
-6.200e+61
-6,0008e+B1
-5.886e+01
-4,480e+01
~-3.480e+01
-Z2.288e+01
-1.0006e+01
2.608e+08
1.406e+01
2.488e+41
3.286e+401
S.000=+21
é.280e+01
&.40Re+B]
7.606e+01

1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.68
1.60
i.00
1.00
1.00
1.60
i.00
1.00
1.69
1.08
1.00
1.00
1.08
1.36
1.00
1.06
1.06
1.00
1.00
1.64
1.00
1.00
1.00
1.00
1.20
1.60
1.00
1.00
1.60
1,88
1.008
1.06
1.06
1.64
1.08
1.60
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1.490e+01
1.460e+01
1.40Re+01
1.400e+061
1.460e+01
1.400e+01
1.400e+81
1.480e+01]
1.40Be+01
1.400e+01
1.480e+01
1.460e+01
1.466e+01
1.460e+8;
1.4008e+0!
1.468e+01
1.5806e+8)
1.560e+8{
1.588e+61
1.56Ee+G1
1.568e+81
1.566e+01
1.560e+01
1.568e+01
1.568e+01
1.5680e401
1.508e+81
1.5008e+01
1.5808e+061
1.5pbGe+al
1.5688e+81
1.5868e+01

g.680e+00
1.0006e+00
2.008e+00
3.800e+080
4,0008e+00
5.000e+08
4.660e+00
7.008e+060
8.008e+00
9.600e+00
1.680e+01
1.180e+81
1.2806e+81
1.300e+081
1.460e+01
1,508e+81
f.060%e+00
1.608e+00
2.688e+89
3.088e+00
4.0608e+00
5.0060e+00
6.00Be+68
7.0802+00
8.608e+08
9.008e+00
1.0080+61
1.186e+61
1.200e+81
1.306e+01
1.400e+81
1.568e+81
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7.560e+01
7.3080e+01
7.1800e+81
9.900e+01
4,7008e+01
3.560e+01
2.300e+01
1.108e+61
-1.8060e+00
-1.388e+01
-2.500e+8)
-3.760e+01
-4,900e+01
-6.189e+01
~-7.300e+81
-7.700e+01
8.4608e+01
8.488e+01
7.200e+61
6.088e+01
4,880e+01
3.600e+01
2.480e+81
1.200e+01
6.0008e+00
-1.2088e+61
-2.480e+01
-3.4600e+01
~4,880e+01
-4.060e+081
-7.208e+401
-8.430e+01

-7.5008e+81
-7.3008e+01
-7.100e+01
-9.700e+01
-4,780e+61
-3.500e+61
-2.3060e+81
-1.166e+81
1.000e+00
1.300e+01
2.500e+061
3.70B8e+01
4,980e+01
é.108e+81
7.300e+061
7.706e+01
-8.480e+81
-8.480e+61
-7.200e+01
-6.8088e+81
-4.860e+61]
-3.60808e+01
-2.488e+01
~1.288e+61
8.800e+08
1.200e+81
2.408e+081
3.400e+01
4.8080e+81
4.088e4081
7.268e+81
8.400e+81

1.80
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.006
1.08
1.08
1.00
1.00
1.00
1.00
1.00
1.60
1.08
1.08
1.808
1.60
1.00
1.00
1.00
1.08
1.60
1.080
1.006
1.60
1.08
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APPENDIX : SOURCE CODE LISTINGS

1. 1-dimensional canonical piecewise-linear modeling
pwinl.c, pwin2.c, pwln3.c, readt.c, aclib.c, pwingf.c

2. 2-dimensional canonical piecewise-linear modeling

modl.c, mod2.c, mod3.c, readt.c, aclib.c, modgf.c
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\
double LABEL_SHIFT=G.5,NAME_SHIFT=1.5;
int N_LBLS=5,N_TICKS=2,TICK_LENGTH=5,SIG_FIGS=3,LABELﬁSIDE=1
int SIZE=1,BO)=1,LABELS=I,TICKS=1;AXES=1;
int TI=1;
double OFFSET=8.5;

.
]
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#include {stdic.h>

int m,n;
double *x1,%v1,#r1,*bl,*p,error,%w,1b,ub;

S EEREARF R AR RN R R RN RRRRE R RER LR ERRRRR R RN AR ERRELERER R RN AR/
/% Canonical piecewise-linear modeling : 1-dimensional function. */
T T T L L DTy

main{argc,argu)

int arqgc;
char #*arqull;
{

FILE *fp,*gp,*fopen();
char Tinel361;

sprintf(line,"”s.dat®,s++argu);
if ({(fp=fopen(line,"r")) == NULL)
{

printf("CAN’T OPEN THE DATA FILE Ys\n",*arqu);
exit();

3

pwl_model<fp);

sprintf(line,"%s.c",*argv);

print_pwl¢{line);

felose(fp);

3

Sdadiid it dadd ittt e T T T T LT LT T T T T Ty
/% Follow the algorithm in Section 2 of the paper "Canonical Piecewise- */
/% Linear Modeling” to find the optimal cancnical piecewise-linear model x/
/% for 2-terminal element which matches the measured data points with */
/¥ minimal approximation error. */

/***************************************************************************/

pwl_mcdel (fp)

FILE #*fp;

{
char chl21;
int i,j=0;

/% get the data points and the initial partition on breakpoints */
get_data(fp);

/% tind the optimal canonical pwl model w.r.t. #/

/% the initial partition */

if Copt_p{p,&errori==-1) /% breakpoint(s) out of data region */
exit_message(“IMPROPER BOUNDARIES®);

/% adjust the partition on breakpoints to %/

/% get the optimal canonical pwl model */
chl@l=‘y’;

while (chl[Bl==‘y’)

{

/% try to get out of the control of a local minimum */
if (j>=2)
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printf(“reaching a local minimum\n®);
printf("please enter a new set of breakpoints\n®);
for C(i=B;idn;i++) '
scanf(“A1f",p+i);
Jj=8;
if Copt_p(p,&error) == -1)
exit_message("IMPROPER BOUNDARIES");
3

/% perform a line search and adjust the position of breakpoint(s) %/
if (1_search()==-})
Jt+g

/% print the canonical pwl model %/
printf("\n**% partition boundaries *%%¥\n");
for (i=Bjidnji++)
printf("x = X,3e\n",plil);
printf("a=x.3e\tb=z.3e\n",bl[&],bl[l]);
for (i=B;i{nji++)
printf{"cid=X.3e\n",i+1,b1[i+23);
printf(“"continue? y/n\n");
scanf("%1s",ch);

2

/% Get the measured data and the initial breakpointis) from an input file. #/
AR RN RN R RN R RN AR R IR E R IR AR IR FRRARA LA RREHNE/

get_data(fp)

FILE #4p;

{
char ¥calloc();
int ij

/% read the measured data points #/
read_data(fp);

print{("enter the number of breakpoints\n*);
scanf("%d" ,&n);

/% dynamic allocation for the variables */
v_alloc();

printf(“enter the initial set of breakpoints\n®);
for (i=B83i{nj;i++)
scanf("/14" ,p+id;
3

/***************i*********i******************************************i******/
/¥ Dynamic allocation for the variables. ®/
/*******************************************i*******i**********%******i*****/

v_alloc{)

{
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char #calloc();

- rl=(double *)callocim,sizeof(double));
bi=(double *¥)calloc(n+2,sizeof(double));
p=(double #*)calloc(n,sizecf{double));

3

i L T T T I T TR P E TR T T T T T LT DD PP vyu vy
/% Perform the line search to adjust the position of breakpoint(s) for */
/% reducing the error between the measured data points and the canonical x/
/% pwl model. */

1_search()
{
char *¥calloc();
int i,*ipvt,red=9,j=0;
doubie t=1,%f,%q,%2q,rcond,max=8,fabs() ,ratio=1;

f=(double #*)calloc(n*n,sizeof(double));
g=(double *)calloc(n,sizeof(double));
ipvt=Cint ¥)calloc(n,sizecf{int));
zq=(double ¥)calloc(n,sizeof(double));

/% construct the matrix Y of Eq.{(2.20) and the vector g of Eq.(2.15) %/
get_g_F(p,bl,ri,f,q);

/% g is in the most descent direction */
for (i=@83;ilnji++)
glil = -glil;

/% find the line search direction inv(Y)*g %/
sgeco(f,n,ipvt,&rcond,zq);
sgesi(f,n,ipvt,q,0);

/% max = norm-1 of the vector g %/
for (i=@;idnyi++)
if (fabs(glil)max)
max=fabs(glil);

/% adjust the breakpoint position until a minimum is reached */
/% along the line search direction */
while (t>0.1 &% fabs(ratio))ie-3)
{

Jt+;

if {new_pt&red,&t,qg,max+! ,&ratio)==-1)

break;

}

cfree(f);

cfree(qgl);

cfreelipvt);

cfreefzq);

if (j<&)
return(-1);

else
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return(@};
3

/**************************************************;************************/
/% get a new position of breakpoint(s). */
/**************************************************x************************/

new_p(red,t,s,max,ratio)
int ¥*red;
double ¥s,*t,max,*ratio;
{

char #calloc();

int i;

double err,*px;

px={double ¥)calloc{n,sizeof(double));
for C(i=@;ilnji++)

{
pxlil=plil;
plil += *t*clil/max;
3
if {opt_p(p,&err)==-1)
*ratio=1;
else

¥ratio=(err-error)/error;
printf("approximation error = Z.3e\n",err);

/% approximation error is increasing %/
if (*¥ratio’d)

{
if (*ratio<@.81)
{
cfree{px);
return(-1);
3} v
*t = x%t/4; /% reduce the increment size in line search %/
*red=1;
for (i=B;ilnji++)
plil=px[il;
3
/% approximation error is decreasing %/
else
{
if (*ratio’>-B8.1 && *red==8) /% double the increment size %/

*t=2x(%%);
error=err;
)
cfreelpx);
return(@);
)

ittt it il It e R e I T T T T I T T T TR PP D PP P P e PR PP sy
-/% When get stuck in a local minimum, adjust the breakpoint position along %/
/% a line direction until the approximation error begins to drop and may %/
/% possibly get out the control region of the previous local minimum. x®/
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/***************************************************************************,’

getout()
{

char #calloc);
int i,k=0,t=0;
double ratio,*px,*ss,err,errx;

px=f(double *)calloc(n,sizeof(double));
ss=(double #)callocin,sizeof{double));

/% line direction %/
for (i=@;ilnji++)
ss{il=(ub-plil)/25;

while (t++({=20)

{
if (t==28)
{
if (k==n)
k=83
sslkl=(1b-plkl)/25;
kt+s
t=1;
3
for (i=B;idnji++)
px[il=plil+tx*ecslil;
printf("px(BJ=L.Se\tpx[1]=Z.3e\tpx[2]=%.39\n",px[B],px[l],px[2]);
opt_pf{px,&err);
if (21
ratio=(errx-err)/err;
eise
ratio={error-err)/error;
printf("t=Zd\terr=Z.3e\tratio=%.3e\n“,t,err,ratio);
if (ratic>8.85)
{
error=err;
for (i=@;il{nji++)
plil=px{il;
break;
3
errx=eprr;
}

cfree(pxl;
cfreel{ss);



Jan 16 12:33 1986 pwin2.c Page 1

#include <{stdio.h?

extern int n,m;
extern double #x1,%yl %ri,xbi,%w;
extern double 1b,ub;

/****************%***i***********ﬁ******************************************/
/% Find the parameters for the optimal canonical piecewise-linear model */
/% w.r.t. a given set of breakpoints. */
SRR EREER R R R R RR R TR RN RN R RN RERE R RN R R AR EERRRRERRER SRR AL RRRRRRRRR/

opt_p<p,err)
double #*p,%*err;
{
char %*calloc();
int *ipvt,i;
double *a,%*zq,rcond,qet_err();

/% check whether the breakpoint is out of the data region */
for (i=@3iln;i+s)
if (plil>=ub il plil{=1b)

{
printf("the breakpoint %.3e is out of bound; enter a new one\n",
plil);
scanf("“14" ,p+i);
3

ipvt=Cint ®)calloc{n+2,sizeof(int));
zq={double ¥)calloc(n+2,sizeof{double));
a=(double ®)calloc((n+2)*(n+2),sizeof{double));

/% construct the matrix B=A%W%A’, where A and W are */
/% defined in Eqs.(2.6) and {2.7) respectively *x/
get_A(p,a);

/7% construct the vector b=AxW#y, where y and W are */
/% defined in Egs.(2.11) and (2.7) respectively */
get_b(p,bl,¥1);

/% find z=inv(B)*b for optimal parameters %/
sgecota,n+2,ipvt,&rcond,zq);
if (rcond<1i.@e-10)

{
printf("\nSINGULAR MATRIX\n");
for (i=B3i{n;i++)
printf("plAd)=/.3ent",i,plil);
printf{"\n");
return(-1);
3

sgesl{a,n+2,ipvt,bl,0);

/¥ estimate the approximation error %/
¥err=qet_err(p,bi,yl,r1);

cfreel{a)l;
cfreelipvt);
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cfree(zqg);
return(8);
3

R RN AR AR AR AR R R E RN AR R AR AR R SRR R AR R AA R AR RS ERRARRANR/
/% Construct the matrix B=A*W*A’, where A is defined in Eg.(2.4) and W is %/
/% the weighting factor specified by the user. */
JEEERERAERREEREE R AR REE R R R LA IR R REERRE R R LR R AR R AR AR R R R R RRRRERRRREXR/

get_A(p,a)

double #p,*a;

{
int i,j,k;
double fabs();

for (k=08;k<{m;k++)

{
alBl+=1/wikl;
alll+=x1Lki/wikl;

for (i=2;i{n+2;5i++)
for (k=0;k{mjk++)
alil+=fabs(x1[kl-pli-21)/wlk];
for (k=0;i;k<{msk++)
aln+3)+=x1lkl*x1lk)/wlkl;
for {i=n+4;i{2%n+4;i++)
for (k=@3k<mik++)
alil+=x1lkl*fabs(x1[kI-pli-n-41)/wlk];
for (i=2;i{n+2;i++)
for (j=i3j<n+Z;j++4)
for (k=B;i;k<mjk++)
ali*(n+2)+jl+=fabs(x1lkI-pli-21)%fabs(x1[kI-plj=-21)/wlk];
for (i=1;i{n+2;i++)
for (j=@3j<ijj++)
alix(n+2)+jl=alj*(n+2)+il;
3

SRR R R R R R RN RN R RN F RN AR ER RN AR AR AR E R AR SRR SRR R RER RN R/
/% Construct the vector b=A¥W¥y, where A and W are defined in Eqs.(2.4) */
/7% and (2.7), y is the data vector and is defined in Eq.(2.11). */
SRR EE IR AR LR R R R AR R E R R R R IR LR ERREERA R AR SRR R R RS R AR R RRRRRE R AR ERERERRE/

get_bip,b,2)
double *p,*b,%z;
{
int i,k;
double fabs{);

for (i=0;i{n+2;i++)
blil=06.6;

for (k=8ik{m;k++)

{
bl@l+=2[k1/wlik];
bI1J+=x1CklI*zlkl/wlikl:

)

2
4

for (i=2;i{n+2;i+4)
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for (k=@3k<{mjk++)

bli)+=zlkl*fabs(x1[kl-pli=-21)/wlk];
3

/**********i****************************************************************/

/% Follow Eq.¢2.2) to estimate the approximation error between the measured#/
/% data and the canonical piecewise-linear model. */

/***************************************************************************/

double
get_err(p,b,y,r
double %p,*h,*y,%r;

{
int 1,k;
double err=8,fabs();
for (k=B;k<{mjk++)
{
rlki=0;
rlkI=bIBI+bl1]%x1[k]-¥Ik];
for (i=@;idnji++)
rlkl+=bli+2)*fabe{xi1ikl-plil)}
rlkl=rlkl/wikl;
err+=p{kl*rik];
3
returnierr);
)

i L L T TrTe Yy
/% Find the lst order derivative g and the 2nd order derivative Y of the %/

/% approximxtion error w,r.t. the breakpoint position; g is found by .74
/% Eq.(2.13) and represented by the 1-dim array g, Y is found by Eq.(2.20) #*/
/% and represented by the 1-dim array f. 74

/***************************************************************************/

get_g_F{p,b,r,f,q)
double *p,%b,*r,%f,%g;
{

int i g‘j ,k;

tor (i=B3;i{n;i++)
{
for (k=8ik<{mik++)
it (x1LkI-plil<@)
oli)+=2%bli+21%r[k1/wlk];
else
glil-=2xbli+2)%r [kl /wlk];
for (j=i;ilnjj++)
for (k=0 ki{mik++)

{
if (ki lkI-plidd*{xilkl-p[j1)>B)
{
fli%n+jl+=2¢h{i+2]%bl[j+2)/wlk];
flisn+tii=Flixn+jd; '
3

else
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flixn+jl-=2xbli+21%blj+21/wlk];
fli*n+til=fli*¥n+jl;
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#include {(stdio.h)

extern int m,n;
extern double Ib,ub,*bl,xp;

/************************************************************************/
/7% Print the optimal canonical piecewise~linear model into the file */

/% "xx...x.c", where “xx,..x.dat" is the filename of the data file. */
/************************************************************************/

print_pwi{line)
char #line;
{
int i;
FILE %fopen{) ,*fp;

if ({fp=fopen{line,"w"))==NULL)
{

printf("CAN‘T OPEN ¥%s\n",line);
exit();
2
/% print the main program */
fprintf(fp, "mainfargc,argu)\n);
fprintf(fp,"int argei\n®);
fprintf{fp,“char *arguvll;\n");
fprintf(fp,"{\n pwl_draw{argc,argv) ;\nX\n\n")

/% print the canonical pwl function %/
fprintf(fp,"double pwl{x)\n");
fprintf(fp,“"double x3;\n");
fprintf(fp,"{\n");
fprintf(fp,"” double z,fabs{);\n\n");
fprintf($p,” z= Z.3e+/.3e%¥x;\n",b1[0],b1[11);
for (i=0;id{nj;i++)

fprintf{fp,” z+= J.3exfabs(x~%.3e);\n",b1li+2),plid);
fprintf{fp,"” return{z);\n");
fprintf(fp,"I\n");
fclose(fp);
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#include <{stdio.h?

double 1lc,uc;
extern int n,m;
extern double #*x1,%yl,*w,1b,ub;

/************************************************'}*-}*¥**********************/

/% Read the data file and assign the weighting factor for each data point. */
T T T L L T r

read_data{fp)
FILE =4p;

{

char linel81],%calloc();
int i=0,j;
double fabs();

/% temperatory allocation of the data points and the weiaghting factor %/
x1=(double *)calloc(1600,sizeof(double));

y1=(double *)calloc(1668,sizeof{double));

w=(double *)calloc(1888,sizeof(double));

/% read each data point and the weighting factor %/

i=8;

1b = 16888;

ub = -18008;

lc = 16868;

uc = -108068;

while (fgets(line,88,fp) '= NULL)
{

sscanf(line, "A1fA1F 414" ,x14i,y14i ,w+i);

/% ftind the lower and the upper bound */
if (1b > x1[i)
Tb=x1[il;
if Cub < x1Lid)
ub=x1[i1;
if (lc > y1ILiD)
le=yllil;
if Cuc < y1Lid)
uc=yilil;

it4;
m=i;
/% re-allocation after the exact number of data points is known %/
rallocd{&xi,m,1888);

rallocd(&yi,m,1668);
ralltocd(&w,m,10608);
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#include {stdio.h>
#include "/usr/include/local/graf.h"
#include "gf.h"

int m,n;
double #*x1,#y1,%w,lb,ub;
extern double lc,uc;

/*************:"*****************:"*********ﬁ***********i’?***i‘*************/

/% Draw family of curves of MOS transistor : 1_ds vs V_ds parametrized */
/% by V_gs, */
EEEEEREK AR R RN R EREEREF RN RR RN EEREREEERENRRERERRRE RS R RN AR R A RERRXRRERR )

pwl_draw(argc,araqv)

int argcy
char *argull;
{

GRAF xgp,*graf_open();

FILE *fopen(},*fp;

double ymin,ymax;

char x_namel20],y_namel361,titlel3081,1inel20);
double x,y,z;

doukle pw]f)-

int i,j,k;

if (argc = 2)
exit_message!"PULDRAW DATAFILE");
sprintfi{line,"’s.dat",*++arqu);
it ({fp=fopen{line,"r")) == NULL)
{

printf("CAN‘T OPEN THE DATA FILE Zs\n",line);
exit();

3

read_data(fp);

ymin=lc=(uc-1c)#*8,2;
ymax=uc+{uc-1c)*6,2;

/% assign coordinate titles */
sprintf(x_name,"x-axis");
sprintf(y_name,"y-axis");
sprintf(title, "CANONICAL PWL MODEL");

mgiasngp(8,0); /% assign the grabhic processor ¥/
gp=qgraf_open{);

/% draw the graphic coordinate box */
setup_graf(lb,ub,ymin,ymax,x_name,y_name,title,gp);

mgihueld);

k=m.5;

y=pwl(1b);
graf_move{lb,v,qp);
for (i=8;idk;i++)

{
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x=1b+5%(i+1)%(ub-1b)/{m-1);
y=pwl(x);
graf_drawi(x,y,qp’;

3

mgihue(3);
for (i=@;idm;i++)
graf_point(xi[il,y1lil,qp);

graf_close{gp);
mgideagp{);
fclose(fp);

3

SEE AR R AR AR RN R AR RN AR R AR RN E R RS R RN E R AR RS AR RN AR SRR SR RERRRRARRANARS R/
/% Draw the graphic coordinate box. */
Mttt I e T I T P T T T I T T T T T T LT T T T T T P pvpagvuvppupunny

setup_graf(xmin,xmax,ymin,ymax,x_name,y_name,title,gp)
double xmin,xmax,ymin,ymax;

char x_namell,y_namell,titlell;

GRAF *qp;

{

if (gp==NULL>
{
printf("gp=NULL\n");
exit();
3
define_colors{);
maihue(1);
set_screen(80,460,146,500,qp);
set_real{(xmin,xmax,ymin,ymax,gp);
set_x_axis(N_LBLS,N_IICKS,TICK_LENGTH,SIG_F]GS,LABEL_SIDE,LABEL_SHIFT,
x_name ,NAME_SHIFT,gp);
set_y_axis(N_LBLS,N_TICKS,TICK_LENGTH,SIB_FIGS,LABEL_SIDE,LABEL_SHIFT
y_name ,NAME_SHIFT,gp);
set_title(title,S12E,0FFSET,qp);
TI=1;
draw_bounds(BOX,LABELS,TICKS,AXES,T1,gp);

]

3

/***********************-’ﬁ**************************************************/

define_colors()

{
mgipin(31);
mgiclearpin(8,-1,0);
mgicm{1,8xfB8fBfOL);
moicm{2,6x0646a8L);
moicm{3,0xfBfE08L);
maoicm(4,8xfeBafaL);
mgicm{3J,Bxf@BB6BL) ;
moicm(é,BxaBbBE5L) ;
mgicm(7,6xB88f608L) ;
mgicm(8,8x0606F0L);
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#include <{stdio.h>

/*******************%****§****************************ﬁ*********************/
/% Convert a real number expression terminated by a unit character to a

/% real number with double precision.

/§**************************************************************************/

double stof(s)

char #¥s;
{
char
char
char

*d;
ch;
*calloc

/% input string expression %/

/% number field expression %/
/% unit character */

(3

double x,atof();

d=calloc{strien(s)+1,sizeof(char));

ch = ¥(s+strien(s)-1);

printf{"UNDEFINED UNIT CHARACTER “c\n",ch);

if (ch<’8’ {1 ch>»/ 9%
{
strcpyi(d,s);
strdeldd,strlen(s)-1,1);
x=atofi{d);
switch{ch)
{
case ‘K’ : x=x*le3;
case ‘M’ 1 x=x¥*leé;
case ‘6’ : x=x*1e?;
case T’ ! x=x#*lel2;
case ‘m’ : x=x*le-3;
case ‘u’ : x=x*le-é;
case ’‘n’ : x=x*le-9;
case ‘p’ 1 x=x%le-12;
case ‘f’/ 1 x=x%le-15;
default 1 {
exit{);
3
break;
3
3
else x=atofis);
returnix);

3

break;
break;
break;
break;
break;
break;
break;
break;
break;

/% extract the number field %/

/%
/¥
/¥
/¥
/%
/¥
/%
/%
/¥

Kilo
Mega
Giga
Tera

milli %/
micro %/

naro
pico

femptl %/

/% extract the last character %/
/7% if it is a unit character %/

%/
*/
*/
*/

%/
®/

*/
*/

/******§*§************i*****************************************************/

/% Give the sign of a real number x; 1 if x>=8 and -1 if x=0.

x/

/i****ﬁ&**i********%****************%***************i************§****§*****/

sgnRix)

double %

s
L3

.
]

if (x>=6) return(i);
else return{-1);
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/***********;********************8********;*******************%;*4**;;******/
/% Switch two real number. */
/*************************************§***********i*************************/
switch_d(a,b)

double %*a,%b;

{
double c;
€ = *aj
*a = xb;
*b = c;

3

/***%****************)*%*&i***¥***i*(****i****%*********¥*¥¥***4¥¥***¥¥*%$§*/
/% Switch two integer number. */
/****&***§¥*4**§*4§****§§§£************ﬁ*i***********************&**********/

switch_ita,b)

int #a,xb;
{
int c;
C = %3,
*3 = #b;
*b = 3
3

/************%****(*****¥*¥¥**%****************************%*******i****#***/
/% Find the i-th word w from the string s. */
/**************¥**¥*¥§******¥*¥******ﬁ*¥*****¥*********%***********i¥*¥**§**/

find_word(s,w,i)

char #s,%y;

int i

{
int k=1,m=8,n=0,j;
char #ps;

J=strlen(s)+1;

ps=s} /% starting position in the input string s %/

while (%¥s==’ ‘¢ && m++<{j) /% delete leading blanks in s */
s++'

if m{j>

{
while (k<i && n++{j)
{
/% search the starting position for the i-th word %/
if (¥s==’ 7 &k #(g+l)!=’ /)
et
St43
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while (#s!=" / && *s!=/\t’ && *s!=/\0" && n<j)

¥t = %gtdg /% copy the i-th word to w */
#w="\0";

b

if (md=j 1} nd=j)

{
printf("FAIL TO FIND A WORD IN ¥%s\n"®,ps);
exit();

3

)

.

/*********************************************************i*****************/

/% Find the position of the string t within the string s; -1 is returned %/
/7% if t is not found within s. */

/***************************************************************************/

find_index(t,s)
char *s,*t;
{

int i,3,k;

for (i=03;s[il!='\B";i++)
{
for (j=i,k=0;t[k]!'="\0’ && s[jl==tlkljj++,kt4);
if Ctlkd=="\@")
return(il;
3
return{-1);
3

/******%***&**************i****************************************&********/
/% Delete n characters from the ni-th position of string s. *®/
/******§***ﬁ***********&*******&***************************************i****/

strdel{s,ni,n)

char #*g;
int ni,n;
{

int i,J,k=0;

J=etrien(si+l;

for (i=8;k<=j,sti+n1+n]!=’\0’;k++,i++)
s{i+nll=sli+ni+nl;

if (kd>j)

{
printf{"ERROR IN STRDEL IN STRING\n");
printf({"¥s\n",s);
exit();

2

else sli+nil='\3";

2

/******************ﬁ**%**i****i*************i*ﬁ****§§***********************/
/% Get rid of unnecessary spaces in the string. *®/
/******%*i*%&****i*i***%**ﬁ*********%!*******i********§§§§¥§************ﬁﬁ**/
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sqeez(s)

char #*s;

{
char *sx,*tx,*t,*calloc();
int i=0,k;

SX=§}
k=strlen(s);
t=calloc(k+i,sizeof(int));

tx=t;
while (*sx I= ‘\@’ && i++<k)
{
if (%sx != 7 / &k %sx !'= ‘\t’ && *sx '= ‘\n’)
¥tx++ = *gx++;
elece sx++;
3
®*tx='\8",
if (ido
exit_message("ERROR IN SGEEZ");
else

strepy(s,t);

LS

SRR RN R R R AR AR RN RN AR A AR R R AR R AR AR RS AR ARSI AR F AR EARRRRS
/% Print a message and exit. x/
SRR R R R R R RSN RN RN AR R AR AR RS LS EXRRRRX R/

exit_message(message)

char ¥message;

{
printf("%s\n",mecsage);
exit();

iiadddddddd ittt il 2t R I T I T P L TR R P T DT PP
/% allocate space for integer. ®/
/********ﬁ***********************************************ﬁ**************i***/

calloci{n,pt,s)

int n,**pt;
char #s;
{

char ¥*calloc();
int *p;

p =lint *) calloc(n,sizecf(int));
if (p == NULL)

{
printf("CAN‘T ALLOCATE SPACE FOR Zs\n",s1;
exit();

3

elce
*pt = p;
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/% Allocate space for double. */
JERRE AR AR AR AR R RN RN R R R IR EIEE R R AR LR RER IR RN FEERFEEE SRR REX R/

callocd{n,pt,s)

int n;

double xxpt;

char #*s;

{
char *calloc();
double #*p;

p = (double #) calloc{n,sizeof(double));
if ( p == NULL)

{
printf("CAN‘T ALLOCATE SPACE FOR Zs\n",8);
exit(i;

3

elce
*pt = p;

/**************************************i*******************ﬁi***************/

/% Re-allocate oldsize of integers to a new area with newsize spaces, %/
AR RN R RN RN RN AR E NI AR RN E R R R RIS XA E R AAAR AR R HRREX AR

ralloci{ip,newsize,oldsize)
int #%ip,newsize,oldsize;
{

char %*calloc{);

int i,size,%pt;

/7% allocate a new space */

pt = *ip;

if ((*ip= (int %) calloc{newsize,sizecf(int)))==NULL)
exit_message("CAN’T RE_ALLOCATE");

it (newsize{oldsize)
size=newsize;
else
size=oldsize;

/% move the data to the new area %/
for (i=B8ji{size;i++)
(*#ip)[il=ptlil;

cfree(pt);

/**************************i**%i%**§*****************ﬁ******************/

/% Re-allocate oldsize of doubles to a new area with newsize spaces. */
/************ﬁ**************i*******&***************ﬁ***********************/

rallocd{dp,newsize,oldsize)
int newsize,olidsize;

double *#dp;

{
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3

char *calloc();
int i,size;
double *pt;

/% allocate the a new space %/

pt = *dp; \

if ((*dp= (double %) calloclnewsize,sizeof(double) ) )==NULL)
exit_message("CAN‘T RE_ALLOCATE");

if (newsize{oldsize) size=newsize;
else size=oldsize;

/% move the data to the new area */
for C(i=B;i{size;it+)
(xdp)[il=ptli);

cfreelpt);

/% Transform & double precision number to its ASCII code. */
/***i****i****&******i*****i************************§***********************/

f_to_ax(x,d)
double x;
char gll;

{

int i
char el26],e108),e2[18);
double fabs();

sprintfie,”.5e",fabs(x)); /% e = ASCI! code of !x! %/

strncpyiel,e,?); /% el = number field of e %/
ell71=/\06";

/% delete unnecessary ‘8 in el %/
for (i=4;iXB;i--)

{
if Cellil=='8’ }{ eflil==’.") ellil=’'\g";
else break;
3
strcpy(el2,e+?); /% e2 = exponent of e %/

/% delete unnecessary ‘8 in e2 %/

i=8;

while (i+4{2 && e2[2]}==8")
strdelie2,2,1);

if {strlenf{e2)==2) e2l8)="\8";

if (e2[lii==’+") strdel(e2,1,1);

/% concate 1 (number) with e? {exponent) %/

if (%48
sprintfid,"-%s¥z",el,e2)

else
sprintfid,"%s4s",el,e2);

.
1
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#include <(stdio.h>

int m,n;
double ¥x1,%x2,%yl,%r1,%bl ,%p,%q,error,*uw;

/***************************************************************************/
/% Canonical piecewise-linear modeling : 2-dimensional function. */
/***************************************************************************{

maintargc,arqy)

int argc;
char #arqull;
{

FILE #fp,*fopen();
char 1inel301];

/% open the data file */
if ¢argc '= 27
exit_message("PWLMOD2 DATA_FILE");
sprintf{line,"s.dat" ,*x++argu);
if ((fp=fopen(line,"r")) == NULL)
{
print£{"CAN‘T OPEN THE DATA FILE\n");
exit();
3

/% canonical pwl modeiing ¥/
pwl_model(fp);

fclose(fp);

/% print the optimal canonical pwl model equation %/
/% to the output file xx...X.C */
sprintf(line,"¥%s.c",*argv);
print_pwi{line);

3

/***i*************i*******************************i*************************/

/% Follow the formulae of Section 3 of the paper (ERL Memo M85/35) to find %/
/% the optimal canonical piecewise-linear model for 2-port (or 3-terminal) x/
/% elements. x/

/*******************************************************§******§**§****§§***/

pwl_modei{fp)
FILE #*4p;
{

char chl2];
int i
/% read the data and get the initial partition boundaries */

get_datalfp);

/% +ind the optimal canonical pwl model w.r.t. the initial partition %/
if {opt_pip,.q,&error)==-1)
exit_mescage("IMPROPER BOUNDARIES");
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/% adjust the partition boundaries to get the optimal canonical */
/% 2-dimensional canonical pwl model */
chiBl="y’;
while (chl8l=="y")
{

/% perform the line search %/

1_search();

/% print the optimal canonical pwl model */
printf("\n¥**% partition boundaries ¥*¥\n");
for (i=B;iln;i++)

printf("4.2e%¥x - y + %.2e = 8 \n",plil,qlil);
printf("a=.3e\tb11=X,3e\tb12=¥.3e\n",b1[8]1,b1{1],b1[2]);
for (i=B;idn;i++)

printf("ciZd=¥.3e\n",i+1,b1[i+31);
printf(“continue? y/n\n");..
scanf("%is",ch);

/% try to get out of a local minimum %/
if (chiBl=="2")
{

getout();

chiBl="y’;

3

/****"‘*%******?************************:‘**********i*%***********************/

/% Read the input data points and the initial partition boundariies. */
R R R RN RN RN AR AR RN AR AR R RN RRERIRERRRRRRA LR R/

get_data(fp)

FILE #*fp;

{
char #calloc();
int i

/% read the measured data */
read_data(fp);

printf(“enter the number of partition boundaries\n®);
scanf{"%d" ,&n);
v_alloci);
printf(“enter the initial set of partition boundaries\n");
for (i=@;i{n;i++)
scanf("X1f414" ,p+i,q+i);
?

/**i************************************************************************/
/% Dynamic allocation for the variables. */
/*****************************ﬁ***********ﬁ*************i*******************/

v_alloc()
{

char %*calloc();
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ri=(doubie ¥)calloci{m,sizeof{(double));
bl=(double %)calloc(n+3,sizeof(double));
p=(double ¥)calloc(n,sizeof(double));
q=(double #)calloc(n,sizeof(double));

3

/***********************************************************§*****%******%**/
/% Perform the line search on the partition boundaries for reducing the */
/% approximation error. %/

/***************************************************************************/

1_search()
{
char %*calloc();
int i,*ipvt,red=0;
double t=1,*4,*g,*zq,rcond,max=0,fabs(),ratio=1;

f=(double ¥)calloc(4*n*n,sizeof{double));
g={(doubie ¥)calloc(2%n,sizeof{double));
ipvt={int #)calloc(2*n,sizeof(int))}
zgq=(double ¥)calloc(2#%n,sizeof{double))}

/% get the matrix Y and the vector g in EQs.(2,15-2.18) %/
get_g _F(p,q,bl,rf,f,q);

/% find the line search direction inv(Y)%xg =/
for (i=@;i{2%n;i++)

glil = -qlil;
sgecolf,2%n,ipvt,%rcond,zq);
sges1(f,2%n,ipvt,q,8);

/% find the infinite norm %/
for (i=8;i<{2%n;i++)
if (fabs(qlil)>max)
max=fabs(glil);

/% get a new partition along the line direction %/
while (t>8.1 && fabs(ratio)>le-3)
new_p(&red,&t,g,max+!,&ratio);

ctree(f);
cfreeg);
cfree(ipvt);
cfree(zq);

)

/**************************************************i***********************i/

/% Adjust the partition boundaries along the line search direction. */
T L T L P DTy e P oA

new_pfred,t,s,max,ratio)
int *red;
double #s,%*t,max,*ratio;
{

char %cailoc();

int i;
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double err,%*px,%*qx,rat,fabs();

px={double %)calloc(2*n,sizeof(double));
qx=(double #)calloc(2#n,sizeof(double));
for (i=B;i<n;i++)

{
pxLil=plil;
qxlil=qlil;
plil+= xt*s[il/max;
glil+= *t*sl[i+n)/max;
3

rat = *ratio;
if Copt_p¢p,q,&%err)==-1)

*ratio=1;
else

*¥ratio=(err-error)/error;
printf("approximation error = ¥X.3e\n",err);
rat={rat-*ratio)/rat;

/% reduce the increment size if the error is increasing %/
if (*ratiod®)

{
¥t = *t/4;
*red=i;
for (i=0;i<n;i++)
{
plil=pxlil;
qlil=qx[il;
3
3
else
{
/% increase the increment size if the error decreases %/
if ((*ratio<-0.82 !! fabs(rat)<0.1) && *red==8)
®t=2%(%t);
error=err;
3

cfreelpx);
cfree(gx);
3

it i d i it i i R IR R LI T T T T T T E o g o Oy
/% Adjust the partition boundaries until the approximation error gets out %/
/% of the range of a lecal minimum. %/
i it d g g at S e i 2 e T T T T T PP T T T DT LTI PAprgvnp vy

getout()
{ .

char *calloc();
int i,t=0;
double #px,*qx,*ss,err,errx,ratio;

px={doubie #)callocin,sizenf(double));
gx=tdouble ¥)callocin,sizeof(double));
ss=(double ¥)calloc(n,sizeof(double));
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/% find the increment size %/
for (i=@;idinji++)
if (-1%qlil/plil)3.5)
ss[i)=(5-ql[i11)/25;
else
sslil = -1*(S*p[il+qlil)/25;

/% get a new partition %/
while (t+4<{=10)

{
for (i=B;i{n;i++)
gx{il=qlil+t*ss[il;
ept_p(p,qx,&err);
if {(t>1)
ratio=(errx-err)/err;
else
ratio=(error-err)/error;
printf("approximation error = A.3e\n",err);
if (ratio>@.02)
{
error=err;
for (i=08;i{nj;i++)
qlil=qgx[il;
break;
3
Errx=err;
3

for (i=B3id{nji++)
qlil=qx[il;
cfree(ss)
cfree(px);
cfresigx);
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#include {stdic.h>

extern int n,m;
extern double %x1,%x2,%yl,%r1,%bi,%w;

/***************************************************************************/
/% Find the optimal parameters of a canonical piecewise-linear model w.r.t.*/
/% a set of partition boundaries. */
R EERE AR AR R AR RN R AR RN R R AR AR AR R AR RN F AR AR IR ER R AR XRAN RN

opt_ptp,q,err>
double *p,*q,*err;

{
char ¥calloc();
int *ipvt;
double *x,¥zq,rcond,get_err();
ipvt=({int #)calloc(n+3,sizeof(int));
zg=(double #*)calloc(n+3,sizecf{double));
a=(double *)calloc((n+3)#{n+3),sizeof(double));
/% Find the matrix B=A*W*A’ in Eq.(3.17) %/
get_A(p,q,a);
/% find the vector b=AxWxy in Eq.(3.17) %/
get_b(p,q,bl,yl);.
/% colve B#*z=b for the optimal canonical pwl parameters ¥/
sgeco{a,n+3,ipvt,&rcond,zq);
if (rcond<{1.@e-16)
return(-1);
sgesi(a,n+3,ipvt,bl,0);
/% find the estimation error %/
¥err=get_err(p,q,bl,¥1,r1);
cfreelad;
cfree(iput);
cfreei{zqg);
return{@);
2

e L Ty Lt Ty
/% Construct the matrix B=A*W*A’, where A is defined in Eq.(3.13), *®/
ittt it et R T R P T T T T T PP PP PP PP g ey

get_Alp,q,a)
double *p,%g,%a;
{
int i,J,k;
double fabs();

for (k=8;k<mik++)

{
alBl+=wiki;
allli+=x1lkI*wikl;
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al2l+=x2[kI*wlk];

for (i=33;i<{n+3;i++)
for (k=0;k<{m;k++)
a[i]+=+abs(p[i-3]*xl[k]-x2[k3+q[i-3])*w[k3;
for (k=Bj;k<m;k++)

aln+4l)+=x1[kI*x1lklswlk];
aln+5l+4=x1TkI*x2[ kI %wlk]};

for (i=n+é;i{2%#n+4;i++)
for (k=8jk<mjk++)
a[iJ+=x1tk]*fabs(p[i-n-é]*xl[kJ-xZ[k]+q[i-n-6])*w[kJ;
for (k=0;3;k<mik++)
&l2%n+81+=x2[ kI *#x2[kI*wlk];
for (i=2%n+9;i{3%n+P;i++)
for (k=@;k<{mjk++)
a[i]+=x2[k]*£abs(p[i-2*n-9]*x1[k]-x2[k]+q£i~2*n-9])*w[k];
for (i=3;i{n+3;i++)
for (j=i;j{n+33j++)
for (k=8;k<{m;k++)
ali*(n+3)+jl+=fabs(pli-31%x1lk]-x2[kI+qli-31)%
fabs(plj-31*x1[kI~-x2[kI+qlj=31)*wik]l;
for (i=1;i<{n+3;i++) ‘
for (j=0;j<ijj++)
alix(n+3)+jl=alj*(n+3)+il;
) A

AR RN R AR R AR RN AR AR RN RN RN IR RN EE AR RN A AR EXRR R AR R RN AA SRR RARS
/% Construct the vector b=A¥W*y, where A and y are defined in Eqs.{3.13) *®/
/% and (3.18) respectively. ®/
S EEEE R R R AR AR R RE R R ERERERRERR AR ER LR RF SRR FERE RN EEREERERRRRRS

get_bip,q,b,z?
double #*p,%*q,*b,*z;
{

int i,k;

doubie fabs();

for (i=0;i<{n+3;i++)
blil=6.0;

for (k=8;k<mik++)

{
blBl+=zlkl*wlk];
bL1)+=x1lkI*z[kI*wlkl;
bl2)+=x2[kI*z2[kI*wlkl;

3

for (i=3:;i{n+3;i++)
for (k=83k<mik++)

blil+=2lk1#fabs{pli-31#x1lkI-x2[kl+qli-31)*wlk];
3

s Ll Ty
/% Estimate the approximation error w.r.t. a canonical piecewise-linear x/
/% modei. */
SEEEEEERRERERRRRE R LR E LR R RN RN IR R R R SRR R AR R RN R RN A E RN LR AR ERRERRRRRE %R/
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doubie
get_err(p,q,b,y,r)
double ¥p,*q,%b,*y,%r;

{
int i,k;
double err=8,fabst);
for (k=0jk<{m;k++)
{
rlikl=8;
rlkI=bl01+bl1)%x1[kI+bI2]%x20k])-y[k];
for (i=8;id{nji++
rlkl+=bli+3)#fabs(plil*x1lkl-x2[k1+qlil);
rEki=rlklxwikl;
erpr+=rkI*rlk]; ‘
3
return{err);
}

ki it d b LR i LI L EE LI I T T R R D PR Py P e D PP U R
/% Find the matrix Y in Eq.(3.22) (represented by the 1-dim array f) and #/

/% the vector g in Eq.(3.21) (represented by the 1-dim array qj. */
o gt e L T T T T T T LD VI

get_o_F(p,q,b,r,f,g)
double #p,*q,*b,%r,*f,%q;
{

int i,j,k;

for (i=@;il{nji++)

{
for (k=0;k<mik++)
{
if Cplil*x1lk)-x2[kl+qlil)>=8)
{
QLil+=2%bli+31%x1{kI¥rkIxeik]l;
gli+nl+=2%b[1+31*r[kIxelk];
3
else
{
alil-=2#bli+37#x1[kI*rIkI*wlk];
gli+nl-=2xbli+3)%rlkl*%wlk];
3
3

for (j=8;j<{n;j++)
for (k=@;k<{mijk++)

{

if ((pii]*xi[kB-xZ[k]+q[iJ)*(p[jl*xl[k]-xZ[k]+q[j]))B)

{
4[1*2*n+j}+=2*x1[k]*x1[k]*bii+3]*b[d+3]*w[k];
FLi%Z2%n+n+j1+=2%x1[k1*bli+3)%b[j+31%wlk];
flin+j)*2%n+il=f[i%2%n+n+jl;
Flin+id%2%n+n+j1+=22bli+31#bl j+3I%wik];

b)

else
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{
f[i*2*n+jJ-=2*x1[k]*xl[kJ*b[i+3J*b[j+3]*w[k];
f[i*2*n+n+j]-=2*x1[k]*b[i+33§b[j+3]*w[k];
flCn+j)¥2%n+il=F[i%2%n+n+j];
f[(n+i)*2*n+n+j]-=2*b[i+33*b[j+3]*w[k];

3
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#include {stdio.h>

extern int n;
extern double *bl,*p,xq;

e e T LT TT Iy
/% Print the optimal canonical piecewise-linear model inte the file *x/
7% "pwl,c", */
AEEARE R LR R AR RRERKR R KRR IR REE KRR RRREREREEERRREEEERRRRAR RN R/

print_pwl{line)
char *line;
{
int i;
FILE #fp,%fopen();

if ({fp=fopen¢line,"w")) == NULL)

{
printfC("CAN’T OPEN Xs\n",line);
exit();

3

/% print the main program #/
fprintf(fp,"mainCargc,argu)\n");

fprintf(fp,"int argc;\n");

fprintf(fp,“char *argull;\n");

fprintfifp,"{\n pwl_drawi{argc,argy) j\nd\n\n");

/% print the canonical pwl function %/
fprinif(fp,"double pwlix,yI\n"3;
fprintf(fp,"double x,y;\n");
fprintf(fp,"{\n");
fprintf({fp," double z,fabs();\n\n");
fprintf(fp,” z= X.3e+/.3e¥x+%.3e%y;\n" ,b1081,b1[1],b112));
for (i=B;id{n;i++)
fprintf(fp," z+4= Z.Se*fabs(x.3e*x-y*%.3e);\n",bl[i+3],p[i],q[i]);
fprintf(fp,” return{z);\n");
fprintf(fp,"IN\n");
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#include <{stdio.h)

extern int n,m;
extern double *x1,%x2,%yl,%uw;
double x11,xuf,x12,xu2,y11,yul;

/************************************************************§*****§********/

/% Read the data file and assign the weighting factor for each data point. %/
/********************************i******************************************/

read_data{fp)
FILE %fp;

{

char linel811,%calloc(’;
int i=0,j;
double fabs();

/% temperatory allocation of the data peints and the weighting factor */
x1=(doubie ¥)calloc(18008,sizeof(double));
x2=(double ¥)calloc(1808,sizeof(double));
vi={(double ¥)calloc(1080,sizeof(double));
w=(double ¥)calloc(1888,sizeof(double));

/% read each data point and the weighting factor =/

i=6;

x11 = 160660;

xul = -100680;

x12 = 10006;

Xu2 = -100680;

vl = 166006,

yul = -160060;

while (fgets(line,R80,fp) !'= NULL)
{

sscanf(]ine,"ZleilefZ]f",x1+i,x2+i,y1+i,w+i);
if (x11 ) x1Li

x11 = x1[i);
if (xul < xI10iD)
xul = x1[i];
if (%12 > x2[i1)
X12 = x2[i];
if (xu2 < x2[iD)
Xu2 = x2[il;
if {y11 > »10iD)
Y1l = yi[il;
if (yul < yILiD)
vul = yilil;
i++;
3
m=i;

/% re-allocation after the exact number of data peints is known %/
rallocdi&xi,m,160006);
rallocd(&x2,m,1608);
rallocd(&yi,m,1808);
rallocd{&w,m,10068);
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#include <stdio.h>
#include “/usr/include/local/graf.h" -
#include "gf.h"

int n,m,nc,opt;
double #x1,%x2,xy1,%w,%p;
extern double x11,xul,x12,xu2,y1i,yul;

/**********§**************%**************i*******************************/

/% Draw family of curves of the canonical
/% y1 vs x1 with fixed values of x2?

/% x1,
/************************************************************************/

pwl_drawl (arac,argv)
int argc:
char *arqull;

{

3

GRAF xap,*graf_open();

FILE #*4p;

double ymin=8,ymax=506;

char lineEBB],x_name[SG],y_name[38],title[48];

/% readn the data peints »/
open_datalargc,argy ,&fp);
read_dataifpl;

/% input the graph information #/
get_info();

/% assign coordinate titles %/
if Copt == {)
sprintfix_name,"X1%);
else
sprintf(x_name,"X2");
sprintf(y_name,"Y1");
sprintf{title,"2-dim CANONICAL PWL MODEL") ¢

mgiasngp(8,8); /% assign the graphic processor ¥/
ap=grat_open{);

/% draw the graphic coordinate box */
ymin=yll-Cyul-y11)%0,2;

ymax=vul+{yul-y11)%@,2;
setup_graf(xlz,xuz,ymin,ymax,x_name,y_name,title,gp);

draw_pwl{gp);

pwl model yl=f(x1,x2), for
y or ¥l vs x2 with fixed values of

*/

*/

/§ﬁ****§§§***%ﬁ************§*§**§*¥§**§§**§*****%i*******i***********i***/

/% Draw the

A% fixed xi.

2-dimensicnai canonical pwl model 2quation in terms of
7% family of curves; zither y1 vs x1 with fixed X2y or y! vs x2 with

%/
x/
x/
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draw_pwl{ap)

GRAF x*qp;

{
char isl181;
int i,j; .
double x,y,pwl();

/% draw nc curves ¥/
for (i=G;idncji++)

{
mgihue(i+2);
/% draw ¥1 vs x1 with fixed x2 %/
if (opt == 1)
{
sprintf(is,"X2=3¢4.,2¢" ,pl[il);
graf_move(x11,pwl(x11,plil),gp);
for (j=0;j<=20;j++)
{
x=x11+j%(xul-x11)/20;
y=pwl(x,plil);
graf_draw(x,y,gp);
3
3
else
{
/% draw y1 vs x2 with fixed x1 %/
sprintflis,"X1=/4,2¢" ;pl[il);
graf_moue(xlz,pwl(p[i],x12),gp);
for (j=8;j<=20;j++)
{
Xx=x12+j%(xu2~-x12)/28;
y=pwi{plil,x);
graf_drawi(x,y,gp);
3
3
/% draw the x! or x2 value on top of the corresponding curve %/
mgimode(1);
maixy(-408,08);
mgigfs(8,6,8,is);
mgimode(@) ;
3

}

aadda i diidi i ittt il a T I LI TR P I P P PP P E PP PPy
/% Input the information for drawing the graph. */
bbb e L T L L PO P T PP DT DDV DI V)

get_info()

{
char *#cxlloc();
int i

printf("enter the number of curves to be plotted\n®);
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scanf("4d" ,&nc);

p=(double #)callocinc,sizeof{double));
printf("enter the option number\n");
printf(“option 1 ¥ vs x1 for fixed x2\n");
printf("option 2 : vy vs x2 for fixed xi\n");
scanf("%d" ,&opt)

for (i=@;idncii++)

{

printf("the “d-th parameter value = "3;
scanf( "%1{" ,p+id;
3
printf(*\n");
3

/**************************************************************************/
/% Open the data file "xX...x.dat®. */
/**************************************************************************/

open_data(argc,arav,fp)
int argcy
char *argull;
FILE #*xfp;
ra
FILE *fopen();
char 1inel281;

if {argc = 2)
exit_message("PWLDRAW2 DATA_FILE");
sprintf(line,"¥s.dat",s++argu);
it ((%fp=fopen(line,"r")) == NULL)
{
printf("CAN’T OPEN THE DATA FILE Zs\n",line);
exit();

?

/**ﬁ**********************i************************************************/
/% Draw the graphic coordinate box. %/
/**************************************************************************/

setup_gra{(xmin,xmax,ymin,ymax,x_pame,y_name,title,gp)
double xmin,xmax,ymin,ymax;
char x_namel],y_namell,titlel];
GRAF #*gp;
{
if (gp==NULL)
{
printf{"gp=NULL\n");
exit();
3
define_colors();
mgihue(i;
set_screen(8@,406,140,586,qp);
set_rea](xmin,xmax,ymin,ymax,gp); :
set_x_axis(N_LBLS,N_TICKS,T}CK~LENGTH,SIG_FIGS,LABEL_SIDE,LABEL_SHIFT,
x_name ,NAME_SHIFT,gp)
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set_y_axis(N_LBLS,N_TICKS,TICK_LENGTH,SIG_FIGS,LABEL”SIDE,LABEL_SHIFT,
y_name ,NAME_SHIFT,qgp);
set_title(title,S1ZE,OFFSET,qgp);
TI=1;
draw_bounds(BOX,LABELS,TICKS,AXES,TI,qp);
3

/**************************************************************************/
/**************************************************************************/

deftine_colors()

{
mgipin(31);
mgiclearplin(8,-1,08);
moicm(1,8xfBfaf0OL);
mgicm(2,0x08f0aBL);
moicm(3,8xf6{088L);
mgicm(4,8xf008f8L);
mgicm(5,8xfB00086L);
mgicm{é,8xaBbBosSL) ;
moicm(?7,0x66f868L) ;
moicm(8,Bx0B00+6L);
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