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System Functions for
Look-Up Tables

The proposed $t abl e system functions are used to manipulate look-up tables
that depend on 1, 2, or 3 independent variables or parameter arrays (Table 1).
The data is extracted either from ASCII files or from parameter arrays and is
interpolated to model continuous behavior. Each system function operates in
DC, AC, and transient analyses, and returns a single real value.

Table 1: $t abl e System Functions

System Argument(s) Models continuous behavior

Functions 9 from a table of data based on:

$t abl elf () y_var, file, method a single independent variable

(see page 4)

$t abl e2f () x_var, y var, file, two independent variables
method (see page 6)

$t abl e3f () w_var, x_var, y var, |threeindependent variables
file, method (see page 8)

$t abl ela() y, y_array, f_array, an independent variable and a
method parameter array (see page 11)

$t abl e2a() X, Yy, Xx_array, two independent variables and
y array, f_array, two parameter arrays
method (see page 13)

$t abl e3a() w, X, Yy, Ww_array, three independent variables and
X_array, y_array, three parameter arrays
f array, method (see page 15)
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For those system functions that reference a file name (file), the simulator
searches the following locations in the order shown for the file containing the
tabular data:

1. current directory

2. directories specified using the +i ncdi r + named argument for the
simulator command

Note — Using the +i ncdi r + named argument, the location of
the data files can remain fixed while the project directory
changes.

$t abl elf () System Function
The general form for the $t abl elf () system function is:
$t abl elf (y_var, "file", method);

where the arguments and their meanings are as follows:

Argument | Description

y_var independent variable

file name of ASCII file containing tabular data

method integer flag for interpolation method:
1=linear

3=natural cubic spline

The data in file consists of pairs of values, one pair per line, up to a maximum
of 10,000 lines (pairs). The first number in the pair is the value of y _var. The
second number in the pair is the output value, f(y_var). The data does not have
to adhere to a uniform grid (i.e., it can be nonuniformly spaced); also, the data
points in the file may be freely formatted. The independent variable, y _var, can
be either increasing or decreasing, but must be monotonic.

Note — If the y_var values are not monotonic, the program will
automatically sort them such that they are.

4 Antrim Design Systems, Inc.



System Functions for Look-Up Tables

The interpolation method (method) is used to connect the points.

Note — If the cubic spline method is specified (i.e., method = 3), the
interpolation method reverts to linear (i.e., method = 1) wherever the
input variable exceeds the range of the table (as defined in the data file,
file) because a natural cubic spline has unpredictable behavior outside its
range.

Here is an example using $t abl elf () in the context of a voltage-controlled
oscillator (VCO):

modul e vcol(vin, vout, t1);
i nout vin, vout, t1;
el ectrical vin, vout, t1;
paraneter real amp = 1.0;
paraneter real center_freq = 2.5e3;
paraneter real vco_gain = 1.0e4;
real phase;

anal og begin
V(tl) <+ $tablelf(V(vin),"inp.dat", 3);
phase = idt(center_freq + vco_gain*V(t1l));
V(vout) <+anp*abs(si n(6. 28*phase));
end
endnodul e

V(t 1) depends on V(i n) according to the data listed in the file i np. dat . The
data is interpolated using a natural cubic spline. The data in i np. dat might
look like this (without the heading row):

0 & first pair. V(in) V(t1)
0 < second pair

1 & third pair

0 & fourth pair

0 & fifth pair

9 & sixth pair

0 < seventh pair

OhRhANERE

The first pair says, when V(i n) is 0.0, V(t 1) is 1.0; the second pair says,
when V(in) is 1.0, V(t1) is also 1.0; and so on.
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$t abl e2f () System Function
The general form for the $t abl e2f () system function is:

$t abl e2f (x_var, y var, "file", method);

where the arguments and their meanings are as follows:

Argument | Description

X_var first independent variable

y_var second independent variable

file name of ASCII file containing tabular data

method integer flag for interpolation method:
1=linear

2=spline in y_var, linear in x_var
3=spline in x_var, linear in y_var
4=spline in both x varand y var

The data in file consists of triplets of values, one triplet per line, up to a
maximum of 1e8 lines (triplets). The first number in the triplet is the value of
x_var. The second number in the triplet is the value of y_var. The third number
in the triplet is the output value, f(x_var, y var). The data does not have to
adhere to a uniform grid (i.e., it can be nonuniformly spaced); also, the data
points in the file may be freely formatted. Each axis value may be either
increasing or decreasing, but must be monotonic.

Note — If the axis values are not monotonic, the program will
automatically sort them such that they are.

The interpolation method (method) is used to connect the points. Points with
the same x_var form a column. Each column must contain at least two points
(i.e., there must be two y_var values for each x_var column). The number and
spacing of the y_var points along each column may vary.

Here is an example using $t abl e2f () in the context of a voltage-controlled
oscillator (VCO):

modul e vco2(in, out, vdd, t2);
inin, vdd;
out out;
i nout t2;
electrical in, out, vdd, t2;
paraneter real amp=1.0, center_freq=2.5e3,
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System Functions for Look-Up Tables

vco_gai n=1. Oe4;
real phase;

anal og begin
V(t2) <+ $table2f(V(in), V(vdd), "inp.dat", 1);
phase = idt(center _freq + vco_gai n*V(t2));
V(out) <+ anp*abs(sin( M TWO Pl *phase));
end
endnodul e

V(t 2) depends on V(i n) and V(vdd) according to the data listed in the file
i np. dat . This example uses linear interpolation. The data in i np. dat might
look like this (without the heading row):

x_var y var f(x_var, y var)

1 3.5 leb

1 4.5 1. 1e6 f |

1 5 1. 2e6 irst column

2 4 2e6

2 5 2.1e6 second column
3 3.3 3eb6

3 3.8 3. 1leb

3 4.8 3. 226 third column
4 3.5 3.5e6

4 4.3 3. 6eb6

4 4.9 3. 726 fourth column
5 3.8 4e6

5 4 4. 1eb

5 5 4. 226 fifth column

The data set above defines five columns; all except the second column contain
three y_var points (Figure 2-1013). The values for both x_var and y var are
increasing and monotonic.

Note — The number of y_var points in each column may vary, as long
as each column contains at least two y_var data points.
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Figure 2-10: Sample Distribution of Columns and Points for $t abl e2f ()

$t abl e3f () System Function
The general form for the $t abl e3f () system function is:
$t abl e3f (w_var, x_var, y var, "file", method);

where the arguments and their meanings are as follows:

Argument | Description

w_var first independent

X_var second independent variable

y_var third independent variable

file name of ASCII file containing tabular data

method integer flag for interpolation method:
1=linear

2=spline in y_var, linear in x_var, w_var
3=spline in x_var, linear in y_var, w_var
4=spline in x_var and y var, linear in w_var

The data in file consists of quadruplets (set of four) of values, one quadruplet
per line, up to a maximum of 1e8 lines (quadruplets). The first number in the
quadruplet is the value of w_var. The second number is the value of x_var. The
third number is the value of y_var. The fourth number is the output value,
f(w_var, y_var, x_var). The data does not have to adhere to a uniform grid (i.e.,
it can be nonuniformly spaced); also, the data points in the file may be freely
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System Functions for Look-Up Tables

formatted. Each axis value may be either increasing or decreasing, but must

be monotonic.

Note — If the axis values are not monotonic, the program will
automatically sort them such that they are.

The interpolation method (method) is used to connect the points. Points with
the same w_var form planes. Points with the same x_var and w_var form
columns which are parallel to y_var. All planes must have the same number of
columns, and the x_var of the columns in each plane must match. There must
be at least two planes. The interpolation method (method) is used to connect

Here is an example using $t abl e3f () in the context of a voltage-controlled

oscillator (VCO):

modul e vco3(in, out, vdd, plane, t3);

in in, vdd, plane;

out out;

i nout t3;

electrical in, out, vdd, plane, t3;

paraneter real amp=1.0, center_freq=2.5e3,
vco_gai n=1. Oe4;

real phase;

anal og begin
V(t3) <+ $table3f(V(in), V(vdd), V(plane),
"inp.dat", 1);
phase = idt(center_freq + vco_gain*V(t3));
V(out) <+ anmp*abs(sin( M. TWO PI *phase));
end

endnodul e
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V(t 3) depends on V(in), V(vdd), and V(pl ane) according to the data
listed in the file i np. dat . This example uses linear interpolation. The data in
i np. dat might look like this (without the heading row):

w_var x_var y var f(w_var, x_var, y_var)
1

=

first plane

second plane

NNNMNNNNNNRPRPRPERPERRERPRE
WWWNNREFPPRPPWOWOWWDNNEREPRE
GNPFPWOFRPPORLPANPORLBEADNERE
O~NUOTOOO~NOOPRA~NOPOOINO O1TW

For the above data, there are two planes: one corresponding to w_var=1 and
the other corresponding to w_var=2. Each plane contains three columns,
defined by x_var=1, 2, and 3 for each w_var (Figure 2-1114).
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System Functions for Look-Up Tables

x_wvar=3

x_var =2

X wvar =1

wovar =1 wovar =2

Figure 2-11: Sample Planes and Columns for $t abl e3f ()

$t abl ela() System Function

The general form for the $t abl ela() system function is:
$t abl ela(y var, y array, f_array, method) ;

where the arguments and their meanings are as follows:

y_var real variable used to determine value in y_array

y_array parameter array of real values

f_array parameter array of real values representing
f(y_array)

method integer flag for interpolation method: 1=linear
3=natural cubic spline

The real variable y var is used to interpolate a value from the parameter array
y_array. The interpolated real value from the parameter array y_array is then
used to determine the corresponding [interpolated] result from the real values
in the parameter array f_array, which is f(y_array).
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The data defined in the arrays does not have to adhere to a uniform grid (i.e.,
it can be nonuniformly spaced). The real values in y_array and f_array can be
either increasing or decreasing, but must be monotonic.

Note — If the y_array or f_array values are not monotonic, the program
will automatically sort them such that they are.

The interpolation method (method) is used to connect the points.

Note — If the cubic spline method is specified (i.e., method = 3), the
interpolation method reverts to linear (i.e., method = 1) wherever the
input variable exceeds the range of the table (as defined in the parameter
arrays y_array and f_array) because a natural cubic spline has
unpredictable behavior outside its range.

Compare the following example using $t abl ela() in the context of a
voltage-controlled oscillator (VCO) with the similar example using $t abl elf ()
(see $t abl elf () System Function on page 4):

nmodul e vcol(vin, vout, t1);
i nout vin, vout, t1;
el ectrical vin, vout, t1;
paraneter real anp = 1.0;
paraneter real center _freq = 2.5e3;
paraneter real vco_gain = 1.0e4;
real phase;

paraneter real yl1[0:6]=

{0.0, 1.0, 2.0, 3.0, 3.5, 5.0, 6.1};
paraneter real di1[0:6]=

{1.0, 1.0, 1.1, 2.0, 4.0, 4.9, 5.0};

anal og begin
V(tl) <+ $tablela(V(vin),yl, dl, 3);
phase = idt(center _freq + vco_gain*V(tl));
V(vout) <+anp*abs(si n(6. 28*phase));
end
endnodul e
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System Functions for Look-Up Tables

$t abl e2a() System Function
The general form for the $t abl e2a() system function is:

$tabl e2a(x, y, x_array, y array, f array, method);

where the arguments and their meanings are as follows:

Argument | Description

X real variable used to determine value in x_array
y real variable used to determine value in y_array
X_array first parameter array of real values

y_array second parameter array of real values

f array parameter array of real values representing

f(x_array, y_array)

method integer flag for interpolation method: 1=linear
2=spline in y_array, linear in x_array
3=spline in x_array, linear in y_array
4=spline in both x_array and y array

The real variables x and y are used to interpolate values from the parameter
arrays x_array and y_array. The interpolated real values from those parameter
arrays are then used to determine the corresponding [interpolated] result from
the real values in the parameter array f_array, which is f(x_array, y_array).

The data defined in the arrays does not have to adhere to a uniform grid (i.e.,
it can be nonuniformly spaced). Each axis value may be either increasing or
decreasing, but must be monotonic.

Note — If the axis values are not monotonic, the program will
automatically sort them such that they are.

The interpolation method (method) is used to connect the points. Points with
the same x_array value form a column. Each column must contain at least two
points (i.e., there must be two y_array values for each x_array column). The
number and spacing of the y_array points along each column may vary.

Compare the following example using $t abl e2a() in the context of a
voltage-controlled oscillator (VCO) with the similar example using $t abl e2f ()
(see $t abl e2f () System Function on page 6):

nmodul e vco2(in, out, vdd, t2);
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inin, vdd;

out out;

i nout t2;

electrical in, out, vdd, t2;

paraneter real anp=1.0, center_freq=2.5e3,
vco_gai n=1. Oe4;

real phase;

paraneter real x2[0:13]={1.0, 1.0, 1.0,

2.0, 2.0,

3.0, 3.0, 3.0,

4.0, 4.0, 4.0,

5.0, 5.0, 5.0};
paraneter real y2[0:13]={3.5, 4.5, 5.0,

4.0, 5.0,

3.3, 3.8, 4.8,

3.5, 4.3, 4.9,

3.8, 4.0, 5.0};
paraneter real d2[0:13]={1.0e6, 1.1le6, 1.2e6,

2. 0e6, 2.1e6,

3.0e6, 3.1le6, 3. 2e6,

3.5e6, 3.6e6, 3.7e6

4.0e6, 4.1le6, 4.2e6};

anal og begin
V(t2) <+ S$table2a(V(in), V(vdd), x2,y2,d2, 1);
phase = idt(center_freq + vco_gain*V(t2));
V(out) <+ anmp*abs(sin(°M_TWO PI *phase));
end
endnodul e
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$t abl e3a() System Function
The general form for the $t abl e3a() system function is:

$tabl e3a(w, x, y, w_array, x_ array, y_ array, f_array,
method) ;

where the arguments and their meanings are as follows:

Argument | Description

w real variable used to determine value in w_array

X real variable used to determine value in x_array

y real variable used to determine value in y_array

w_array first parameter array of real values

X_array second parameter array of real values

y_array third parameter array of real values

f_array parameter array of real values representing
f(w_array, x_array, y_array)

method integer flag for interpolation method: 1=linear
2=spline in y_array, linear in x_array, w_array
3=spline in x_array, linear in y_array, w_array
4=spline in x_array and y_array, linear in w_array

The data in consists of quadruplets (set of four) of values, one quadruplet per
line, up to a maximum of 1e8 lines (quadruplets). The first number in the
quadruplet is the value of w_var. The second number is the value of x_var. The
third number is the value of y_var. The fourth number is the output value,
f(w_var, y_var, x_var).

The data defined in the arrays does not have to adhere to a uniform grid (i.e.,
it can be nonuniformly spaced). Each axis value may be either increasing or
decreasing, but must be monotonic.

Note — If the axis values are not monotonic, the program will
automatically sort them such that they are.

The interpolation method (method) is used to connect the points. Points with
the same w_array values form planes. Points with the same x_array values and
w_array values form columns which are parallel to y_array. All planes must
have the same number of columns, and the x_array value of the columns in
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each plane must match. There must be at least two planes. The interpolation
method (method) is used to connect the points.

Compare the following example using $t abl e3a() in the context of a
voltage-controlled oscillator (VCO) with the similar example using $t abl e3f ()
(see $t abl e3f () System Function on page 8):

nmodul e vco3(in, out, vdd, plane, t3);
inin, vdd, plane;
out out;
i nout t3;
electrical in, out, vdd, plane, t3;
paraneter real amp=1.0, center_freq=2.5e3,
vco_gai n=1. Oe4;
real phase;

paraneter real w3[0:15]={1.0, 1.0, 1.0, 1.0,
1.0, 1.0, 1.0, 1.0,
2.0, 2.0, 2.0, 2.0,
2.0, 2.0, 2.0, 2.0};
paraneter real x3[0:15]={1.0, 1.0, 1.0, 2.0,
2.0, 3.0, 3.0, 3.0,
1.0, 1.0, 1.0, 2.0,
2.0, 3.0, 3.0, 3.0};
paraneter real y3[0:15]={1.0, 2.0, 4.0, 1.0,
3.0, 1.0, 2.0, 4.0,
1.0, 3.0, 4.0, 1.0,
3.0, 1.0, 2.0, 5.0};
paraneter real d3[0:15]={3.0, 5.0, 6.0, 7.0,
5.0, 4.0, 6.0, 7.0,
4.0, 6.0, 7.0, 8.0,
6.0, 5.0, 7.0, 8.0};

anal og begin
V(t3) <+ $table3a(V(in), V(vdd), V(plane),
w3, x3, d3, 1);
phase = idt(center_freq + vco_gain*V(t3));
V(out) <+ anmp*abs(sin( M. TWO Pl *phase));
end
endnodul e
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