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ABSTRACT

The program in this package implements the Generalized Breakpoint Hop-
ping algorithm published in [4]. It solves the dc problem for finding the dc operat-
ing point(s), and for tracing the driving-point and transfer characteristics of an
extremely broad class of nonlinear resistive circuits. In particular, bipolar and
MOS transistor circuits are included.
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NOEL PACKAGE 6 : CANONICAL PIECEWISE-LINEAR
DC ANALYSIS

1. Introduction

The Newton-Raphson algorithm used in (1] for dc analysis is the most popular algorithm for
solving nonlinear algebraic equation. It is however relatively inefficient due to the evaluation of
the Jacobian matrix at each iteration, and may take a lot of iterations before converging to a
solution or may not even converge. Moreover, the dc analysis in [1] requires an intermediate step
to formulate the circuit equation to a C source code, and needs to compile and link it with the
simulation routines. This compiling and linking process takes a major part of the cpu time in
doing dc analysis. We are therefore motivated to develop a completely different approach, called
Canonical Piecewise-Linear Analysis[2,3 4], for reasons of efficiency and convergence.

The new approach requires a preliminary step to model each nonlinear resistor to 2 canoni-
cal piecewise-linear representation[5]. More specifically, each 2-terminal nonlinear resistor is
represented by a 1-dimensional canonical piecewise-linear function

[
y=ga+bz+ Y |z-8| (1)
i=1
where x denotes the terminal voltage (resp.; terminal current) of the resistor whose v-i characteris-
tic is voltage-controlled (resp.; current-controlled), and y is the complementary variable. The 2-
port or 3-terminal nonlinear resistor is modeled by a 2-dimensional canonical piecewise-linear
function

o

Vi=61+buzi+bpzo+ Yey |anz) + 0poza- | (2a)
i=1
a

Yo=ao+ bz + boozo+ Y co | @iz, + ooz - | (2b)
i=1

where z; and z, are the controlling variables for port-1 and port-2 respectively.

The modeling process, called Canonical Piecewise-Linear Modeling[6], requires an optimiza-
tion process and may take considerable amount of cpu time. It is however a one-shot process : the
canonical piecewise-linear models, Egs. (1) and (2), can be repeatedly applied in various circuits
once they have been found.

With each nonlinear resistor modeled by an explicit global representation Eq.(1) or (2), the
resistive circuit can be formulated as the canonical piecewise-linear equation[4]

B, O, L+l o
fx)=a+Bx+ 3 Yom |zn —fui | + 5 Yy | <ay,z;> -7 |
 m=li=l =T, +1im1
=0 (3)

which can be solved with the Generalized Breakpoint Hopping Algorithm([4] by tracing the
corresponding solution curve as shown later.

Besides the dc operating point problem, another important part of dec analysis is to find the
DP (Driving-Point) and TC (Transfer) characteristics with respect to a driving source. The resis-
tive circuit with a driving source can be represented by the canonical piecewise-linear equation(4]

8(x:p)=-a-pr+ Bx + Eﬁ icmi Izm —ﬂnu' l

m=1f =]
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j=l+li=1

=0 (4)

Equation (4) is characterized by a linear equation in each region where each absolute func-
tion is uniquely determined to be either positive or negative of the expression within |~ |. If we
vary the value of p, then the corresponding solution of Eq.(4) will follow a straight line in that
region until it hits a boundary. Hence the solution of Eq.(4) will in general follow a 1-dimensional
polygonal curve, called the solution curve, in the domain space as we vary p continuously. The
algorithm for tracing the solution curve is called the Generalized Breakpoint Hopping Algorithm
[4], which calculates each breakpoint of the solution curve sequentially. The DP (Driving-Point)
and TC (Transfer) characteristics can be obtained easily from the solution curve since the output
variable of DP or TC is one of the components in the vector x or their linear combination.

The same algorithm, Generalized Breakpoint Hopping Algorithm which traces DP or TC
characteristics, can be applied to find the dc operating point(s) for solving Eq.(3). We introduce a
parameter p and transform Eq.(3) into a parametric equation

8(x , p) = (x) - (1 - p)(%)

B, Iy
= a + Bx + 2 Ecm‘ |z,,, —ﬂm;l

mam]imm]
‘.4-‘6 o
+ X 2hﬁ|<“:’£;35>‘7ﬁ|‘(l'l’)§'
=, +1i=1
=0 (5)

which has the same form as Eq.(4), where § = (&), and % is an arbitrary point similar to the ini-
tial guess in Newton-Raphson algorithm. Using the Generalized Breakpoint Hopping Algorithm,

the solution curve of Eq.(5) can be traced from x =% at p = 0 and the solution of f{x) =0 is
found at p = 1 where

g(x,1)=f{x) =0 (6)

Hence,. the G.eneralizec.i Breakpoint Hopping Algorithm encountered in canonical piecewise-linear
an.al.ysxs provides a unified method for analyzing piecewise-linear resistive circuits; namely, deter-
mining dc operating point(s) and tracing DP and TC characteristics.



2. Algorithm

Step 1.
Find the generalized implicit equation
Pv+Qi+s8=0 (7)

for the linear n-port obtained by extracting each l-port or 2-port piecewise-linear resistor
from the circuit such that all the linear elements and the independent voltage or current
sources are contained within the n-port.

Step 2.

Decode the element characteristic of each piecewise-linear resistor into the canonical
piecewise-linear expression :

() 2-terminal voltage-controlled piecewise-linear resistor characterized by

{"=($o ’ yo)(?-'x ’ yl) ------- (2, ) ya)(za+l ’ ya+l)}
is decoded into the 1-dimensional canonical piecewise-linear expression

[
f=a+bv + Yjc; |v-5;| (8)
Jel
where
By =z; j=12..,0 (9a)
+
b — Mo m, (gb)
2
m; - m.;_
¢; = ’T" i=12..0 (9¢)
[-d
a =Vo-5zo-zcilzo-ﬂi| (9d)
i=t
_ Yi+1- Y5 .
m; = Ti41 - 2j J —0,1,...,0 (98)

(ii) 2-terminal current-controlled piecewise-linear resistor characterized by

{v =(zO ’ !Io)(zl ’ yl) """ (za ) yo)(za+1 ’ yo+l)}
is decoded into the 1-dimensional canonical piecewise-linear expression
[
i=1
where a, b, ¢;, and §; are defined in Eq.(9).
(iii) piecewise-linear 2-port resistor characterized by
{(z1, zo):Pl=(ay, by, by, €11y €12y oo €10)iP 2==(ay,
$bgy, 00,9, €22, ... Co0);Bd =(ay; , aye, N, Q2 , g,
s Y25 0000, Qg Qo , "0}
is decoded as 2-dimensional canonical piecewise-linear function
[
Yi=61+bnzi+byzo+ Yoy |z + apozo— i | (11a)

fm=]

(-4
Ya=0g+ bz + bozo+ Y o | 012y + aiozo - | (11b)

=1



where
(1) (z1,22) =(v1,v5)and (v, y2) = (i, ig)

if 2y =1, z,=1 for a voltage-voltage controlled 2-port resistor.
(2) (z1,29) =(¢1,52) and (y,, y2) = (vy, v9)

if zy=1v , zy= v for a current-current controlled 2-port resistor.
(3) (21,29)=(01,52)8.nd(y1,y2)=(3'1,02)

if zy=1, z5= v for a voltage-current controlled 2-port resistor.
(4) (21,29 = (i), v;) and (y,, y2) = (v,, )

if z;=1v , zp =1 for a current-voltage controlled 2-port resistor.

Steps 3-7 are to find the dc operating point(s) :
Step 3.

Combine the linear n-port equation (7) and the canonical piecewise-linear models Eqs.(8)
and (10) to the canonical piecewise-linear equation (3) for finding the dc operating point(s)
(see [4] for details).

Step 4.
Choose an initial point % and transform Eq.(3) to the parametric equation (5).

Step 5.

Apply the Generalized Breakpoint Hopping Algorithm (see [4] for details) to trace the solu-
tion curve of Eq.(5) with starting point % at p = 0. A solution x* is obtained at p=1and
is written to the output file "xx...x.op” if it differs from any of the previously found solution
in "xx...x.0p”. More specifically, if

| Ix’—xl"” |y > e=10"
for i=1,2,...,s, then store x to "xx...x.op” by assigning x!**!l = x*, where "xx...x.op” con-
tains s distinct dc operating points x/!], x/2,...., x!*].
Step 6.

Stop the analysis if an aborting message is entered by the user.

Step 7.

If the solution curve enters an unbounded region, go to Step 4 for tracing another branch of
solution curve if and only if a continue message is entered by the user.

Steps 8-12 are to trace the DP and TC characteristics.
Step 8.

Decode the driving source
{(d mia » d max):dir }

such that the solution curve starts from d min URtil d .y is reached, and it is in the increas-
ing direction (resp.; decreasing direction) of source value if dir ="+’ (resp.; dir ="").

Step 9.
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Combine the generalized implicit equation (7), the canonical piecewise-linear models Eqs.(8)
and (10), and the driving source characteristic to formulate the canonical piecewise-linear
equation (4) for tracing DP and TC characteristics (see [4] for details).

Step 10.
Follow Steps 3-7 to find the dc operating point(s) at starting source value p% = d pio-

Step 11.

Apply the Generalized Breakpoint Hopping Algorithm to trace the solution curve of Eq.(4).
Each branch of solution curve starts from a point xl] at p= r(o) for i=1,2,...,s, where the
file "xx...x.op” contains s distinct operating points x!!, x2,..., xl*] at p=p0.

Step 12.

Plot the DP or TC characteristic by selecting an output variable from the solution curve.
The output variable for DP characteristic is the driving-point current (resp.; driving-point
voltage) if it is driven by a voltage source (resp.; current source). The output variable for
TC characteristic may be any one of the following variables :

(1) voltage of a 2-terminal voltage-controlled pwl resistor
(2) current of a 2-terminal current-controlled pwl resistor
(3) port-1 voltage or port-2 voltage of a voltage-voltage controlled 2-port resistor
(4) port-1 current or port-2 current of a current-current controlled 2-port resistor
(5) port-1 voltage or port-2 current of a voltage-current controlled 2-port resistor
(6) port-1 current or port-2 voltage of a current-voltage controlled 2-port resistor



3. User’s Instruction
Steps 1-2 are to find the dc operating point(s) :

Step 1.

Create a file "xx...x.spc” which describes the piecewise-linear resistive circuit and follows the
rules of the input format language defined in [7] for each class of circuit elements, where
"xx...x" is the filename for the input file with extension ”.spc”. Only the resistive circuit ele-
ment can be included in "xx...x.spc”; namely

‘R’ : 2-terminal resistor (linear or pwl)

"V’ : independent voltage source or driving voltage source
‘I’ : independent current source or driving current source
“E”’ : linear voltage-controlled voltage source

‘F’ : linear current-controlled current source

‘G’ : linear voltage-controlled current source

“H’ : linear current-controlled voltage source

"N’ : 2-port or 3-terminal resistor (linear or 1;wl)

Each nonlinear resistor must be modeled by a numerical pwl expression as defined in (7] for
1-port or 2-port resistor.

Step 2.

Type the command

pwlde xx...x

to perform canonical piecewise-linear dc analysis for finding the operating point(s). It
proceeds interactively with user in the following procedures :

(2)

(b)

(c)

(d)

enter the initial point
v(R1) =
i(R2) =

An arbitrary initial point % is entered in terms of each controlling variable in Step 12
of Section 2.

the éolution is

v(R1) =

i(R2) =

continue tracing present branch of solution curve ? y/n

If a solution is found, then it is printed in terms of each controlling variable and
prompts a message to ask the user whether to continue tracing the present branch of
solution curve in order to find more operating points.

If the user decides to continue tracing the present branch of solution curve, then it
repeats the computing process in (a) until another operating point is found;

else abort the present branch of solution curve and go to (d).
try another branch of solution curve? y/n

If 'y’ then go to (a) to repeat the same procedures for finding other operating point(s);
else stop the analysis.
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(e) If the solution curve goes to an unbounded region without hitting any boundary, then
it prompts a message :

solution curve goes to infinity in the unbounded region
try another branch of solution curve? y/n

If 'y’ then go to (a);

else stop the analysis.

Steps 3-6 are to trace the DP and TC characteristics and are combined as a batch process which
can be executed by typing the command

pwl xx..x

where "xx...x.spc” is the input file.

Step 3.

Create a file "xx...x.spc” which describes the piecewise-linear resistive circuit including the
driving source. The graphic control lines are required to specify the graphic titles and ranges

(see [7]).

Step 4.
Type the command
start xx...x

to transform the file "xx...x.spc” into a temporary file "temp.spc” such that the driving
source is replaced by an independent source with value equal to the starting source value
d pine

Step 5.
Type the command
pwlde temp

to perform the dc analysis for finding the dec operating point(s) at the starting source value
d min- Each operating point is written into the file 7XX...x.0p”".

Step 6.
Type the command

pwitf xx...x

to perform canonical piecewise-linear de¢ analysis for tracing the DP and TC characteristics.
It proceeds interactively with user in the following way :

(2) It first prints a mapping table for the definition of each lattice structure variable x and
semi-lattice structure variable z ;

x[0]=v(R1)
x[1]=i(R2)
£[0]=v1(Nbp)
z[1]=i2(Nbp)

®eescscsccces
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(b) enter the output variable : x/z/i
Choose the output variable for DP or TC characteristic; type

2

i for DP characteristic

for TC characteristic and the output variable is chosen from the lattice structure
variable

for TC characteristic and the output variable is chosen from the semi-lattice
structure variable

() TC output = x[?)

If ’x’, enter the index number for the output variable (look up the mapping table for
the definitions of lattice structure variables).

(d) TC output = g[?)

If °g’, enter the index number for the output variable (look up the mapping table for
the definitions of semi-lattice structure variables).

Step (e) appears only when -r option is specified in Step 6; namely
pwitf -r xx...x

or

pwl -r xx..x
for the batch command line.
(¢) enter input variable range for region information

Enter the input range r, and r, such that the region information is printed for any
input value z with ry < z < r,.



4. Output Format

()

(i)

DC operating point(s)

Each computed operating point is written into the output file "xx...x.op” if it differs from
any operating point already existing in ”"xx...x.op”. Each operating point, immediately fol-
lowing a line with stars "**** _ **" s given in terms of the controlling variables of the

piecewise-linear 1-port and 2-port resistors, which are listed in Step 12 of Section 2. The file
is terminated by a line "&&&&.....&&" to denote end of the file.

DP and TC characteristics

Each branch of DP or TC curve, starting from each operating point of the file "xx...x.op", is
shown on the color monitor with a designated color.

In addition to this graphic output, the breakpoints of each curve are also listed in the out-

put file "xx...x.out” if the -o option is specified in Step 6 of Section 3; namely,

or

pwitf -0 xx...x

])VVI =0 XXeeeX

for the batch command. When the region information is requested by the user, the boundary
equations of the particular region are shown as follow :

AT INPUT = %%...%
ssnssssssse REGION INFORMATION ###sssssnssss

a <=v(R1) <=b
c<=i(R2) <=d
P*v1(Nbp)+q*i2(Nbp)+r >= 0
s*v1(Nbp)+t*i2(Nbp)+u <=0

LI TTTTTTYY YT YY Y1y
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5. Examples
Ezample 1 : in file ex1.spc”
A mixed 1-port and 2-port piecewise-linear resistive circuit (Fig.1).

Ezample 2 : in file "ex2.spc”
A 2-transistor type-N negative resistance circuit (Fig.2).

Ezample 3 : in file "ex3.spc”
A two-transistor odd-symmetric voltage-controlled negative resistance circuit (Fig.3).

Ezample 4 : in file " ex4.spc”
Schmitt-Trigger circuit (Fig.4).

Ezample 5 : in file "ex5.spc”
An OP circuit (Fig.5).

Ezample 6 : in file "ex6.spc”
An NMOS depletion load inverter (Fig.6).

Ezample 7 : in file ex7.spc”
A CMOS inverter (Fig.7).
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8. Diagnosis

DC operating point(s)

1.
2.

see Section 6 of (8].
PWLDC SPICE_FILE
Bad command line, the correct one should be

pwlde XXeeeX

where ”xx...x.spc” is the input file.

CAN’T OPEN OUTPUT _FILE xx...x.op

Can’t open the output file "xx...x.op” which is to store the computed operating point(s).
INCORRECT DIMENSION J=1?7..?

The total number of branches in pwl elements is not equal to n, the port number of the
linear n-port.
HIT A CORNER POINT ON LATTICE STRUCTURE BOUNDARIES

The solution curve hits a corner point located in the intersection of more than one lattice
structure boundaries.

HIT A CORNER POINT ON SEMI-LATTICE STRUCTURE BOUNDARIES

The solution curve hits a corner point located in the intersection of more than one semi-
lattice structure boundaries.

HIT A CORNER POINT ON LATTICE AND SEMI-LATTICE BOUNDARIES

The solution curve hits a corner point located in the intersection of lattice and semi-lattice
structure boundaries.

GET STUCKED IN A BOUNDARY

The given initial point is accidentally located in a lattice structure boundary, and the direc-
tion of solution curve is to leave the region where the initial equation is defined.

DP and TC characteristics

10.

11.

12.

13.

14.

PWLTF SPICE_FILE
Bad command line, the correct one should be

pwitf xx...x
where "xx...x.spc” is the input file.
CAN'T OPEN OP_FILE xx...x.op
The file "xx...x.op” does not exist in the current directory.
INCORRECT DIMENSION J=17...7

The total number of the pwl branches and the driving source is not equal to n, the port
number of the linear n-port.

INCORRECT DRIVING SOURCE MODEL FOR TRACING DIRECTION
Bad format in the driving source model for tracing direction; should be either {.ccct+} or

R

TOO MANY DIGITS FOR STARTING POINT

The numerical - data ?77..7 for the starting point in the driving source model
{(@n...o,......... } has too many digits; it should not exceed 20 digits.

TOO MANY DIGITS FOR ENDING POINT

The numerical data ??7....? for the ending point in the driving source model {eeeen ,172...2)..}
has too many digits; it should not exceed 20 digits.



15.

16.

17.

18.

19.

20.

21.
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CAN'T READ THE STARTING POINT

Can’t read the starting point from the file ”xx...x.op”.

MISMATCHED LATTICE VARIABLE NAME

The element name of lattice structure variable in the input file "xx...x.spc” does not match
that in the file "xx...x.op” obtained by dc analysis for operating point(s).

MISMATCHED SEMI-LATTICE VARIABLE NAME '

The element name of semi-lattice structure variable in the input file "xx...x.spc” does not
match that in the file "xx...x.op” obtained by dc analysis for operating point(s).

BREAK A LOOP

Abort the present branch of solution curve when the solution curve is detected to follow a

closed loop; it will start from the next starting point in the file "xx...x.op” for a new branch
of solution curve.

WARNING MESSAGE : CORNER POINT IN LATTICE BOUNDARIES

The solution curve hits a corner point located in the intersection of more than one lattice
structure boundaries.

WARNING MESSAGE : CORNER POINT IN SEMI-LATTICE BOUNDARIES

The solution curve hits a corner point located in the intersection of more than one semi-
lattice structure boundaries.

WARNING MESSAGE : CORNER POINT IN LATTICE AND SEMI-LATTICE BOUN-
DARIES

The solution curve hits a corner point located in the intersection of lattice and semi-lattice
structure boundaries.

Both Operating Point and DP, TC Characteristics

22.

23.

24,

25.

26.

27.

28.

CAN'T OPEN SPICE FILE xx...x.spc
The input file "xx...x.spc” does not exist in the current directory.
NOT ENOUGH SPACE; LAT should be no less than ?1...?

The total number of 2-terminal pwl resistors in the circuit (=7?...7) exceeds the upper bound

60; the constant LAT in the program should be changed to ?7...7 in order to analyze this cir-
cuit.

NOT ENOUGH SPACE; SEMI should be no less than 77...7

The total number of pwl 2-port resistors in the circuit (=11...7) exceeds the upper bound 30;

the constant SEMI in the program should be changed to ?7...? in order to analyze this cir-
cuit. ’

NOT ENOUGH SPACE; DIM should be no less than 22...2
The total number of breakpoints (=17...?) of the 2-terminal pwl resistors in the circuit is

beyond the upper bound 1000; the constant DIM in the program should be changed to ?7...?
in order to analyze this circuit.

NOT ENOUGH SPACE; DIP should be no less than ??...7

The total number of branches for 2-port pwl resistors is beyond the limit 60; the constant
DIP in the program should be changed to ??...? in order to analyze this circuit.

NOT ENOUGH SPACE; DIQ should be no less than ??...7

The total number of partition boundaries in the models of pwl 2-port resistors exceeds the
upper bound 2000; the constant DIQ should be changed to 2...? in order to analyze this cir-
cuit.

NOT ENOUGH SPACE; DIN should be no less than 77...7
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The total number of partition boundary parameters in the pwl models for pwl 2-port resis-
tors exceeds the upper bound 2000; the constant DIN in the program should be changed to
?7...7 in order to analyze this circuit.

Remark :

29.

30.

31.

32.

33.

34.

35.

The numbers LAT, SEMI, DIV, DIN, DIP, and DIQ in 23-28 are defined constants in the
program. They are used as rough estimations for some arrays before the exactly dimensions
are available. When each pwl element in the circuit has been processed for the formulation
of canonical pwl equation, the required dimension for each array is then available and used
for a second allocation with exact required spaces. The messages 23-28 occur when the
required spaces of some arrays exceed the pre-allocated spaces.

TOO MANY DIGITS IN PWL 1-PORT MODEL

The numerical parameter in the pwl 1-port (or 2-terminal) resistor has too many digits and
is beyond the upper bound 20.

TOO MANY BREAKPOINTS IN PWL 1-PORT MODEL

The pwl model for 1-port (2-terminal) resistor has too many breakpoints and is beyond the
upper bound 10.

MISSING '}’ IN THE MODEL
The model description of a pwl resistor is not included within a pair of brackets 7o}

TOO MANY PARAMETERS IN THE MODEL OF PWL 2-PORT

The model of a pwl 2-port resistor has too many numerical parameters and is beyond the
upper bound 30.

TOO MANY DIGITS IN PWL 2-PORT MODEL

The numerical parameter in the pwl 2-port resistor has too many digits and is beyond tﬁe
upper bound 20.

INCORRECT PWL 2-PORT MODEL
The model description of a pwl 2-port resistor is not one of the following 4 types :

CV R (%) . }

@ {(v,v)eerrennn. }
(3) {(vi)eereruruune. }
4) {v)enn... }

INITIAL POINT IS IN UNDEFINED REGION

fJan’t. find the initial region where the initial point is located; should check the breakpoints
in pwl 1-port model to see whether they are in sequential order.
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Figure Captions

Fig.1
Fig.2
Fig.3
Fig.4
Fig.b
Fig.6
Fig.7

A mixed 1-port and 2-port piecewise-linear resistive circuit.

A 2-transistor type-N negative resistance circuit.

A 2-transistor odd-symmetric voltage-controlled negative resistance circuit.
Schmitt-Trigger circuit.

An OP circuit.

An NMOS depletion load inverter.

A CMOS inverter.
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+ Example 1
*

* mixed l-port and 2-port pwl resistive circuit

Ul 1 0 {(2,12):+}

R2 1 3 {i=(0,0)(1,2)(3,-2)(4,-1)}
R3 121

R4 4 0 2

ES 241072

G6 3 01 3 2

N7 4 3 4 © mod

x_name Vin(Uolt)

.y_name Iin(A)

.title DP

.X_axis -4 12

y_axis -6 12 .
.model mod {{i,v):P1=(-3,1,4,2,1,0);P2=(~1,1,5,1,1,-1);
$Bd=(1,-1,-1,1,1,1,0,1,-1)}

.end
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HAXEEERXEREFEXREARRREREERRREERERE R AR RN IR SRR R XXX R E RN EER
x[81=y(R2)

z[B81=v1{N7)

z{11=12{N7>

ERAF R AR R R AL RN AR R R F AR R RSN SF R AR RSN E AR AR XA XL XX
enter the initial point

vi{R2)= |
VI{N7)= 2
12{N7)= 3

the solution is

viR2)=-1.887e-15

VI{N7)=-4,641e-16

12{N73=-~9.437e-14 .
continue tracing present branch of solution curve? y./n
Y

the solution is

w({R2)=-2,0008e+00

v1iN7)=-2,00806e+00

12{N7)=-1.221e-15

continue tracing present branch of solution curve? y/n
solution curve goes to infinity in the unbounded region
try another branch of solution curve? y/n

enter the initial point

v{R2)= 2
viiN7)= 3
12(N7»= 1

the sciution is

v{R2)=1,30Ze+83

v1{N73=9,302e-081

12{N73=-4,5{2e-81

continue tracing present branch of solution curve? y/n
i

try another branch of soclution curve? y/n

n

END OF CANONICAL PWL DC ANALYSIS FOR DC OPERATING POINT

FEEEEELEFERREEEERERRRERERRRRERF RS LR R AL AR TR RERRRR XX AR RRRR
x[B81=v(R2)

z[81=vi(N7)

2[11=12(N?7)

EEEEEEER LR FXFLEXR LA S LB IR RS R E X RS AR SR L L LS L EEREFEXRRXEERER LR XEXE
enter the output variable : x/z/i

i
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* Example 2

*

* 2-transistor type-N negative resistance circuit

R1
R2
R3
R4
N1
N2

Vin 1 0

*

(SRS BN B e

POPOUN

200K

20K

100

10K

2 3 bpmod

3 1 bpmod
{(0,18):+}

* graphic control lines
.x_name Vin(Volt)
y_name Iin(A)

.title DP

.Xx_axis 9 18

.y_axis 0 0.01

*

¢+ the bipolar trsnsistor is modeled by a 2-dim canonical pwl function
.model bpmod {(i,i):Pl1=(-2.4604e-4,4.083e-2,-4.04465e-2,2.461e-4,
$9.824e-3,3.076e-2,-2.405e-4,-9.726e-3,-3.048e-2);
$P2=(-2.634e-2,-4.04167e-2,8.0891e-2,-2.407¢-4,-9.726e-3,-3.045e-2,
$4.81e-4,1,945e-2,6.096e-2);
$Bd=(1,0,0.4415,1,0,0.6165,1,0,0.6632,0,1,0.4392,0,1,0.6165,

$0,1,0.6633)}
.end
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EEFRERRE SRR EFRRRLE R R R ERRRRREERRREEEER R AR R AR AR RERER LR RRS
x{B8I=y1{ND)

x[1I=v2(N1)

x[23=v1{N2Z>

x[3)=v2{N2}

AR AR E R AR AR R R R R R AR E AR AR A RA RS R R R AR IR R AR C LR RS S
enter the initial point

yiiNi»=
v2(NII= 0
viiN2)= @

v2iN2)= 6

the solution is

viiN1)=-2,817e-03

v2{N1)=-1,9%91e-083

ViiN2)=-4.,773e-84

V2iN2)=-2,4612-85

continue tracing present branch of solution curve? y./n

trw another branch of solution curve? y/n

END OF CANONICAL PWL DC ANALYSIS FOR DC OPERATING POINT

EFEFEREXRR BRI RN R RS AR E R RN R AR LR R R R E R RN E R SRR R EEFREEERERRRRE RN
x[81=vi(Ni>

x[11=v2{N1)

x[21=vl(N2)

x[31=v2(N2)

EEEELE BN AR AR R A A R AR CAF A IR R AR LSRR R RS AR R RS EXFEA SRR RE %S
enter the output variable : x/z/i

i
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* Example 3

*

* two transistor odd-symmetric v-controlled negative resistance circuit
*

Nl 2 3 2 1 mod

N2 1312 mod

Rt 1 4 2K

R2 2 4 2K

UL 4 3 10

Ux 1 2 {(0.75,-0.75):-}

*

* graphic control lines

.x_name Vin

.y_name Iin

.title odd-symmetric circuit

.x_axis ~0.75 8.75

.y_axis -0.01 0.01

*

* the bipolar transistor is modelled by 2-dim canonical pwl function
.model mod {(i,i):Pl=(-1.B4e-3,0.2654,~-0.2628,1.115e-3,1.8786e-2,
$6.885e-2,0.17668,-1.104e-3,~-1.86e-2,-6.817e-2,-0.1749);
$P2=(-0.1839,-9.2628,0.5256,

$-1.104e-3,-1.86e-2,-6.817e~-2,-0.17493,
$2.208e-3,3.721e-2,0.13634,0.3499);Bd=(1,0,0.5297,1,0,0.6362,1,0,0.6817,
$1,0,0.7144,0,1,0.5297,0,1,0.6362,0,1,0.6817,0,1,0.7144))

.end
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EEFEEEERRRERRERFRREEERRRFRRREREEERRBEXREE AR ERREH R R RN LR XXX ¥
x[8l=v1{N1)

x{11=v2{(N1)

x[2i=v1(N2)

x[3I1=v2(N2)

ERAEEFARAE R RS RS ERREE R R AR AR R AL R R AR EA RN RRAR SRR R NR R R R
enter the initial point

vi{N1J)= 9,2

v2{N1)= 8.3

vi{N2)= 8.4

v2{N2>= 8.5

the colution is

v1{N13>=7,676e-01

v2{N1)=7.,588e-01

ui(N2}¥=1,757e-82

vZ2{N2)=-7,568082-01

continue tracing present branch of solution curve? y/n

n

iry another branch of sclution curve?. yv/n

n

END OF CANONICAL PWL DC ANALYSIS FOR DC QPERATING POINT

HEFEEERERRE R R R R RE RS R R R R R RS ER R AR TR AR RA I SRR AT RN R NSRS S
x[8)=viiND)

x{13I=v2(N1)

x[21=v1{N2)

x{33I=y2{N2)
FERELXEXXFEXRERER R R R RS R A RS IR S SR AR R A F AN AR E R R FER R R R
enter the output variable : x/z/i

i
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ansistors are treated as 2-port resistors
3 bpmod
S bpmod

(o N A% Bibws
N
o N

¥ the output nodes , nodes 5 and @8, are connected by an open-circuit resistor
Ré 5 8 {(i=(8,81¢(2.9,08)2

*

# graphic control lines

«x_name Vin

»¥_name Vout

.title Schmitt Trigger TC

X_axis 8 10

v_axis 8 12

*

% driving voltage source

Vin 2 8 {(6,18):+2

*

% the bipolar transistor is modelled by 2-dimensional canomical pwl function
.medel bpmod {(i,i):P1=(-1,85935e-3,8.265431,-0,262774,1.115e-3,1.8784e-2,
36.883e-2,0,17648,~-1,104e-3,-1.86e-2,-6.817e-2,-0.1749)
$P2=(-8.18389,-8.2428084,8.525658,

$-1.1084e-3,-1.86e-2,-4.817e-2,-8.17493,

$2.298e-3,3.721e-2,0.13634,08.3499) ;Bd=(1,0,0.5297,1,0,8.6342,1,0,08.4817,
$1,0,0.7144,06,1,0.5297,6,1,6.6362,0,1,8.4817,0,1,8.7144)>

*

end
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ERXREREEERRA LR RRFE AR ERERER R R R AR R R ERRRARE R R AR R AR RRHEAER
x[8I=v(R&)

x[11=v1{N1?

xL21=v2(N1)

x{31=v1{N2

x[43i=y2{N2)

e I T Yy Y P T e TS Ty
enter the initial point

wi{R&I= 2.2
viiNis= 8
v2{NId= 8.2
viiN2)= -{

u2{N2)= 8.4

the solution is

V(R&)=6,893e+03

V1{N13=-3,143e+080

V2iN1)=-9.4702+80

vitN2)=6,879e-81

w2(NZ2)=-3,042e+00

continue tracing present branch of solution curve? y/n
n

try another branch of solution curve? y/n

n

END OF CANCNICAL PWL DC ANALYSIS FOR DC OPERATING POINT

EEAERRERRRF RS RRF RS FREE AR R R R EEE R R RERX R XA R R XXX EERRER R K
x[81=v(R&)

x[13=vi (N1

x[23=vZ{NI1}

x[3I=vi{N2)

xL41=v2Z{N2)

EEERFREE AR LRI RS RIS R XL E R R AR AR AU A BRI RN AR R AR REERB RS
enter the output variable : x/z/i

X

cutput=x[?]

8
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* Example S
*

# OP circuit realization of an ideal diode

%

Nl 81 2@ opmod

Rdiode 1 2 {i=(@,0)78.4,8)¢0.4,1.05e-4)(0.65,7.2e-4)(08.7,4.9e-3))
Vin 1 8 ((-20,1):+)

*

*¥ agraphic control lines

Xx_name Vin(volt)

Jy_name Iin(mA)

+title Ideal Diode Realization

«X_axis -20 z6

Wv_axis -8,02 8.02

*

* canonical pw! mode! of oceration amplifier

.model opmod {({i,v):Pi={6,08,0,0,08);P2=(0,0,0,508,-560);
$Bd=¢1,0,-9.015,1,6,0.815)3

.end
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EFERERESAE R EFRERERFRERERE R R A F AR LR XA R RS ER R AR RERE SRR RS
%[ 68)=v{Rdiode)
x[11=v1iND)
x[21={2(N1)
EXERE LRI AR R R C A E R RN EA AR AR AR LA RSB LX R AR R CE R NN
enter the initial point
v{Rdiode)= @
vii{NI>)= 0
12Z{Ni»= 9
the soiution is
yi{Rdicde)=-3,580e+0
v1(N13=2,000e+81
12{N1=0.,6002+00
cantinue tracing present branch of solution curve? y/n
]
try another branch of solution curve? v/n
f

END COF CANONICAL FWL DT ANALYSIS FOR DC OPERATING POINT

FEFEEEREFRRLEERREERF AL F SRR RN AR A R R A IR RN R ERCRREXFF AR RS
xigi=v{Rdiode)

2{iI=vl{NLD)

XLZ2I=120(N12

EEBUEBXFFEF RS C TR R AR RN R RN AR R RN AR TR RS XS RN SRV AR SR RN
enter the output variable : x/z/i

i

1.y £ ey
[ R =~
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* Example 4

*

* NMOS depietion-load inverter
*

* griver trsnsistor

NI 38 28 nmod

¥ cdepletion load transistor

N2 421 2 dep

Vdd § 8 5

Vin 2 8 {{8,5):+2
Vv 4 2 8

*

%€ grxphic controtl lines

x_name Yin{Volt)

«y_name Vout(Volt)

.title NMOS Inverter 7C

M_&sxXis B 3

«v_axis 8 5

*

*® canenical pw! model for MOS transistor

.nmodel nmod {¢i,i):Pi{=(9,0,8,0,08,8,0);P2=(-3,385e-5,7.%92e-6,

57.:??e-ﬁ -4,?7Ze-3,-2. 183& 5,2.339 é, 1.:6e-°*-8d-(3 317%,-1,2,185,
.82,-1, 1.465,23.41,1, 69,1772,1,2232))

.mucal den {f;.xJ Pl—ka a,a,8, 0 B W82 3P2=(-9,29e-6,7.92e-4,

$7.279e-5,-4.972e-5,-2. 1039 5._.03e-6,1.26e-8);Bd=(0.8175,-1,-8.3473,

$1.82,-1,-1,59,23.41,1,-1.22,1772,1,-20883)3

.€ng
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EEEERSERR IR AR ERRERRRRRERRFRLLEEEERE LR RERRERRRERRERERRRRF R
2IB81=v1iND)

z[1J=v2(N1)

2[21=v]{N2)

2{31=v2{N2)

e L I Y S LIS sy
enter the initial point

uyli(N1)= 8
U2iNI)= 8
viiN2)= 0
v2iN2)= 8

the soiution is

VI1(N1)=8,080e+00

v2{N1)=4,874e+88

vi{N2)=6.0008ec+00

v2¢{N2)=1,25%e-61

continue tracing present branch of solution curve? y/n
n

iry another branch of solution curve? v/n

n

END OF CANONICAL PWL DC ANALYSIS FOR DC OPERATING POINT

FERREEEEEREF AR RREE R LR R R SRR R R E AR A SRR RERREREF AR AR EERERERR
2{B81=vi (N

zI13=v2{ND)

z[2]=vi(N2)

z{31=v2{N2)

EEEERE R R AR F R AR AR RS R LA AR R AL LR R RER R RN R SRR E AR RRENREENY
enter the output variable : x/z/i

r

viput=z{?]

[}
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* Example 7
*

* CMOS inverter circuit

*

# n-channel driving transistor

Nl 28 3 8 nmod

* p-channel load transistor

N2 1 21 3 nmod

Ydd 1 a 5

Vin 2 8 {{@,53):+)

*

* graphic control lines

x_name Vin{Volt)

¥_name Yout(Volt)

.title CMOS Inverter TC

«%_axis 8 5

y_axis -1 §

*»

*% canonical pwl model of MOS transistor
.model nmod {{i,i):P!=(6,8,0,0,8,0,8);P2=(-3.305¢-5,7.92¢e-4,
$7.279e-5,-4.972¢-5,-2.183e-5,2.83e-46,1.24e-8) ;B8d=¢0.8175,-1,2.165,
$1.82,-1,1.465,23.41,1,69,1772,1,2232)3
.end
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EEEERLEREREEARRRREEREREREHERERFRERE R LR R EREEREERERERR X R X
2{8)=vi{N1)

z[11=v2(N1>

z[21=v1{N2)

zI{31=v2{N2)

ERNEREE R REERRR AL R R R IR RN AR R AR ERRRERERRRRERRRRE R R CERR
enter the initial point

VI{ND)= 1
VZ2(Ni3= 2
VI{N2)= 3
VZ2IN2)= 4

the solution is

v1{N1)=0.006e+60

v2(N1>=5,08%+080

v1{N2)=5.800e+080

v2{(N2)=-8.882e-82

continue tracing present branch of solution curve? y/n
n

try ancther branch of solution curve? v/n

n

END OF CANONICAL PWL DC ANALYSIS FOR DC OPERATING POINT

AEXEFFREREREEEEREFRREF AR AR R R FERRIRERREF AR REE R IR R X LRSS S
z[81=vi(N1)

z[1)=u2¢{N1)

z[21=v1{N2)

2{31=v2{N2)

a2 I T R I T Y P P PP T P P e DT TP P LT )
enter the output variable : x/z/i

r4

output=z[7]

4
4
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APPENDIX : SOURCE CODE LISTINGS

1. DC Operating Point
pwlde.c, pwlde2.c, pwlde3.c, pwlded.c, pwldc5.c, pwldeB.c

2. Driving-Point and Transfer Characteristics
pwll.c, pwl2.c, pwl3.c, pwld.c, pwl5.c, pwlb.c
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f#define ELEM B8
#define MODEL 30
fidefine LAT 48
#define SEMI 39
#define DIM 1000
#define DIN 2008
#detine DIP &8
#detine DIQ 20006



Mar 22 15:41 1986 pwldc.c Page |

#include "stdio.h"
#include "nport.h"
#include “pwl.h*

/********i*******i**********************************************************/
/*****&*********************************************************************/

char *xx[LATI; /% mapping table between the lattice structure ®/

/% variables and the branch voltages and currents x/
char #2z[188]; /% mapping table between the semi-lattice variables 74

/% and the branch voltages and currents */
int nj /% circuit dimension */
int ix=8; /% # of elements with lattice structure L 74
int jx=0; /% # of elements with semi-lattice structure %/
int *im; /% # of breakpoints in the lattice structure variables %/
int %¥jm; /% #§ of boundaries in the semi-lattice variables */
int *in; /% #§ of ports in each multiport element *®/
int *iz; /% branch indices of the lattice structure elements */
int #jz; /% branch indices of the semi-lattice elements */
int *dim; /% dim{i] = total number of breakpoints up to the */

/% (i-1)-th lattice structure elements */
int *din; % dinli] = tetal number of partition boundary */

/% parmeters up to the (i-1)-th semi-lattice structure %/

/% elements */
int *dip; /% dipli] = total number of branches f{or ports) up to %/

/% the {i-1)-th semi-lattice structure elements *x/
int *dig: /% digqlil = total number of partition boundaries up to #/

/% the {i-1)-th semi-lattice structure elements .74
int ns; /% number of dc operating points */
struct INLINE branchlELEM];

/% array of element record */
struct B_VECTOR branch_vectorlELEM];

/% array for branch indices *®/
couble *P,*Q,%s; /% grneralized hybrid equation parameters */
gouble #x; /% lattice structure variables */
double *z; /% cemi-lattice structure variables */
double tp,tn; /% positions for neighboring breakpoints */

/% parameters for canonical piecewise-linear equation %/
double *B,*a,%r;

double #beta,*c;

double *h,*alpha;

FEFREEFREEEREEREERERRE R R LR RFERERF R AR B R R ERFEA R AR E XL LR F R XL ER R ERRNER/
SERERREREEZREREEREEERRSERERE RN AR EREREXERRRXE AR ER LR EXE LR R ERERRER XXX XX RRRRR/

main{argc,arqu)
int arac
char *argulil;

{

char ch{2];

int i}

double %*s5,%BB;
FILE *gp;

printf(“\nCANONICAL PWL DC ANALYSIS : FINDING DC OPERATING POINT\n\n");
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/% formuiate the circuit to the canonical pwl equation */
pwi_formulation{argc,argv,&gp’;

/% ss (resp.; BB) stores original s (resp.; B) before tracing %/
/% the solution curve since s and BB will change values after */
/% computing each breakpoint in the solution curve; they have %/
/% to be restored to the original values if it is necessary %/
/% to trace ancother branch of solution curve */
callocdin,kss,"ss");
caliocd{n#n,&BB,"BB");
tor (i=B3il{nji++)

sslil=sli];
for (i=@;i{n*n;i++)

BBLil=Bl[il;

chiel="y";
ns=0;

/% trace branchf{es) of solution curve; a dc operating point is %/
/% obtained if t=1 is reached in the parametrized solution curve %/
while (chl8l=="y")
\
/% reset s and B %/
for (i=08:;id{n;i++)
sflil=ssiil;
for (i=0@;i{n%n;i++)
elii=BBl[il;

A% start from t=0 */
tp=92.,08;

/% get the initial point of the solution curve at t=0 =/
initial_point(s);

/% trace the sclution curve by calculating each breakpoint */
/% using the Generalized Breakpoint Hopping algorithm */
pwl_computationdagp);

printfi"try another branch of solution curve? y/n\n");
scanf("¥%1s",ch);
3

/% orint E0F in the output file %/
fputs("&&&\n",qp);

fclose(gp);
printfC("\nEND OF CANONICAL PWL DC ANALYSIS FOR DC OPERATING POINT\n\n");

3

SEREEEFRER AR AR R AR R AR AR R RREE AR RF R R AR R SRR IR R R RR AR AR RE R RRER SRR RRER 2/
/% Formulate the pwl resistive circuit to the canonical pwl equation *®/
S * fix) = -Ca+t0@%r) + B¥x + sum Cc_ji*ix_j - beta_il) *®/
S* + sum {h_i*i<alpha_i,z> - gama_i!}) */
s, =0 */
/% {see Eq.(3.1) in reference [11) */

,/**************************************************************************i/
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pwl_formuiationf{argc,argv,gp)
int arqc;

char #argull;

FILE %%qgp;

{
FILE *fp,*fopen();
int mn;
char *model [MODEL],*calloc(};
/% open and read the input spice file %/
open_spice_fileargc,arqv,&fp,ap?;
#/% get the qgeneralized hybrid equation */
S P¥y + Q%i + s = B */
/% for the linear n-port formed by extracting each %/
/% nonlinear element in the circuit *®/
n=ELEM;
mn=MODEL ;
n_port{fp,model ,branch,branch_vector ,&P,&Q,%s,&n,&mn);
fcloselfpl;
/% pre-allocate space for each parameter 1n the #/
/% canonical pwl equation */
alioc_10);
/% decode the model description of each nonlinear resistor #/
/% to the canonical pwl representation : */
decode_pwl{):
/% check whether a multiport pwl model description possesses the %/
/% the lattice structure partition boundaries; if so, append it */
/% to the lattice structure part in the canonical pwl equation */
lattice();
##% re-allocate spaces for each parameter { pre-allocated in %/
/% alloc_1¢) ) for a more exact allocation once the exact */
/% dimension has been found */
alloc_20);
/% print the mapping table %/
print_table{);
/% check point for circuit dimension %/
check_dim()
/% partition the B matrix into parts of lattice %/
/% and semi-lattice structure */
partition();

3

SEEEREREREREEXEERE X R R LB R EEEEE R AR R EXR RN R L R RS RS R R R F XXX R F R XXX XXX XXX RRRRER/
/% Print the mapping table between the equation variable x in the canonical®*/

/% pwl equation and the circuit variables {(voltage anrd currents in the

*/
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/% circuity, */
SEERRRKE R IR CRERERERERERRRRERRREEREERERREEERRRERXRERRERRE LR R R R R AR R LR RERXRS

print_tablel)

{
int 1,3
printf(“************************************************************\n“);
for (i=@;i{ixii++)
pr.nt+( x{Zdl=Vvs\n",i,xx[il);
for Ci=B3id{jxsit+)
for (J=8;j<inlil;j++)
printf("zXdl=le\n" ,diplil+j,zz(diplil+jl);
printf(“******i*****************************************************\n");
3}
Pt L T T e Iy
/% Check whether the circuit dimension */
g n = ix (lattice structure branches) */
/* + dipl[jx] {semi-lattice structure branches) .74

fi*i********************************i************************i*******‘******/

check_dim<)
£
.

int j;
=ix+diplix];
it {j'=n)
{
printf{"INCORRECT DIMENSION J=¥d\n",j)
exit{l;
3
3
e e T T Iy
/% read the input spice file xx..x.spc and open the output file xx..x.op */
/% into which the computed dc operating point(s) will be written. */

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

ocpen_zpice_+filefargc,argy,fp,qp)
int argc;
chnar *argull;
FILE **fp,*xap;
{
char linel12];
FILE =fopen{);

if (argc'=2) /% incorrect command line %/
exit_message("PWLDC SPICE_FILE");

else

{
/% open the spice file #/
sprintf(line,"Xs.spc",*++arqu);
if ((*$p=+open(l1ne,"r“))==NULL)

4
.
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3

printf("CAN’T OPEN SPICE_FILE ¥s\n",line);
exit();
}

/% open the output file x/
sprintf(line,"%s.op",*arqu);
if (({%gp=fopen(line,"w"))==NULL)

£
3

printf{"CAN’T OPEN OUTPUT_FILE %s\n",line);
exit();

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

/% Pre-allocate space for each parameter in the canonical pwl equation. *®/
AREERRER R R AR RAA N RN RN R RN R SRR RN RN RN AR R AR SRR R R AR AR R AR R R R ER RN ERRS

alloc_1Q)

{

3

calloci(LAT,&im,"im");
calioci (5EMI,&jm,"jm");
calioci(SEMI ,&in,"in")
calloci{LAT,&iz,"12");
calioci(DIP+SEMI ,&jz,"jz");
cailoci{LAT ,&dim,"dim");
calloci(SEMI ,&din,"din");
cailoci{SEMI,&dip,"dip");
calloci(SEMI,&dig,"diq");
callocdin,&x,"x"2;
callocdi(n,&z,"z");
cailocdin,&a,"a"’;
caliocdin &r,"r"2;
callocdi{n*n,&B,"B")}
caliocd(DIM,&beta,“beta™);
caliocd{n*DIM,&c,"c");
calliocd{n*DIQ,&h,"h");
callocd{(DIN,&alpha,"alpha™);

FEEERBERER LT L L LA AR AR AR R LR LR R R LR RSB E R L LR RN SRR AR E R AR AR LSRR LR LA EERE R LR ERERS

/% Decode each nonlinear element { connected across the external ports of #/
/% the linear n-port ) to the canonical pwl representation. *®/
SREEEEFEERREREEREREEREREER R R R BRREERERERERLRRRREE R AR AR RS XS R R EXF R R R RN R RS/

decode_pwl ()

{

/% decode each element across each external port of the n-port */
for (i=B;ilnji++)

{

j=(branch_vector+i)-’a; /% in the j-th element line %/
switch ({(branch+j)->port®)
{

case | :
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port_l{branch,j,il;

break; /% 1-port element %/
case 2 :

port_2<{branch,branch_vector,j);

break; /% 2-port element */

~

3

it e I T L LT T Ty
/% Re-allocate spaces for the parameters in the canonical pwl equation */
7% with the exact required dimension once the exact size for each parameter %/
/% has been found. */
/**************-.(v****iﬁ#*:‘.*****************-’t**********************************/

ailoc_ 20

{
/% check whether enough spaces in the preliminary allocation %/
% alloc_14) */
check_space();

ralloci{&im,ix.,LAT?;
ralloci(&jm,jx,SEMI);
rallocit&in, jx ,SEMI);
ralloci(&iz,ix,LAT);
rallocif&jz,dipljxl+jx+1,DIP+SEMI);
ralloci(&dim,ix+1,LAT);
railocit&din,jx+1,8EMI);
ralltocii&dip,jx+1,8EMI);
ralloci{&diq,jx+1,5EMI);
rallocd(&x,ix,n);
rallocd{&z,dipljxl,n);
rallocd(&beta,dimlix],DIM);
rallocdi&c,n®xdimlix], nxDIM);
rallocd(&h,n*diqljx],n*DIQ);
rallocdi&alpha,dinljx1,DIN);
}

iRt St R R R L L T L P LR TR PR PR PP PP oy
/% Check whether enough spaces are allocated in the preliminary allocation #/

/% alloc_1¢) for each parameter in the canonical pwl equation. *,/
SEERE R R RN R RN RA R RN RRE R R AR R R R R AR R AR R RRRER SRS AR AR R XA EERRR/

check_space()
,
if (ixoLlaT)
{
printfC"NOT ENOUGH SPACE; LAT should be no less than Ad\nt,ix);
exiti);
3
if (Jx28EMIDD
{
printf{"NOT ENOUGH SPACE; SEMI should be no less than Adin®,Jix) ;s
exit{’;
b

if (dimlix3i>DIM)
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{
printf("NOT ENOUGH SPACE; DIM should be no less than “Adsn" ,dimlix1y;
exit();

3

if {dinljx1>DIN)

{
printf{“NOT ENOUGH SPACE; DIN should be no less than Add\n” ,dinljxd);
exi1i{l;

?

if <dip[jx12DIP)

{
printf{"NOT ENOUGH SPACE; DIP should be no less than Advnt ,diplixddg
exitil;

3

if (digljx1>01@)

{
printf("NOT ENOUGH SPACE; DIQ should be no less than Zdint,diqlixdd;
exitid;
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#include "stdio.h"
#include “nport.h®
#include “pwi.h"

extern int n,ix,jx,%iz,*jz,*dip,*in,*diq,*din;
extern int *im,%*jm,*dim;

extern char *xx[],%z203:

extern double *B,%P,*Q,%s,%r;

extern double #c,%*beta;

extern double %h,*alpha;

extern cdoubie #x,%z;

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

/% Partition the B matrix into two parts with lattice and semi-lattice

s x

structure respectively.

*/
*/

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

/% the ij-th entry of the matrices ¢i) B (ii) Bx is expressed as %/
(i) Bli*n+j] (ii) Bx[i*n+j] respectively »/

L
/%
g
A%

*/

the index i = jz[dipl{jl+j+k+1] denotes that the k-th branch */

of the j-th multiport element is connected across the i-th

4% port of the linear n-port

partition{?

-

3

int 1,§,k;
double #*Bx;

caliocd({n#n,%Bx,"Bx")};

/% 3 matrix before partition »/
For (j=83idnyj++)
for (i=B8;inji++)
Bxli*n+jI=Bli*n+jl;

/% lattice stiructure part : the izijl-th port is #/
/% re-numbered as the j-th port .74
for (j=83i{ix;j++)
tor (i=B;i{nji++)
Bli*n+jl=Bx[i*n+iz[jl];

/% semi-lattice structure part : the jz[dip[jl+j+k+11-th
/% port is re-numbered as the (ix+dipLjl+k)-th port
far (j=8;j{ix;j++)

{
for (i=B3i{nji++)
for (k=8;k<inljljk++)
Bli*n+ix+dipljl+kI=Bx[i*n+jz{dipljl+j+k+11];
3

cfree(Bx);

L 74

t 74

®/
*/

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

/% Decode the 1-port element ¢ which is connected across the i-th port of
/% the linear n-port and is in the j-th element line ) for canonical pwl

*/
*/
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/% equation. */
’***************************************************************************/

port_l(branch,J,l)
int ji /% element index in the input file */

int i; /% branch index for this 1-port element */
struct INLIME branchll; /% array of element record %/

{

int m,k;
char %*calioc();
double al12],%z2x,%zy;

izlixl=i; /% store the port index for this element */
xxlix)=calloc(20,sizeof(char));

/# decode the 1-port element for element characteristic */
decode_l{({branch+j)->relation,im+ix,a);

cxllocd(n,&zx,"zx")}
caliocd(n,&zy,"zy");

/% voltage-controlled case */
if (find_index("i=",{(branch+j)->relation)>8)

{
for (k=8i;k{njk++)
{
2x[k1=Plk*n+il;
zylkI=QLk*¥n+il;
Q
sprintf(xxlix1,"v{¥s)",{branch+j)->name);
3

/% current-controlled case %/
i+ (+ind_index("v=",(branch+j)->relation)>®
for (k=8;:k{n;k++)
zx[kI=Qlk*n+id;
2vlkI=PLk*n+1];
3
sprantf(xxlixl,"i{¥s)",(branch+j)->name);
N

7% dim{i] = sum of # of breakpoints for the j-th 1-port %/
/% element with j=0,1,2,...,i-1 *®/
dim{ix+] -dxmilx]+1m[1x3;

/% substitute the pwl model into the hybrid equation %/
for (k=B:k{n;k++)
{
slkl=slkl+zyikl*alBl;
Bik#*n+il=zx[kl+zylkl*xalil;
3
for (m=8im<{imlix]im++)

.
kS

for (k=8;k<{n;k++)
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cl(dimlixI+m)*¥n+kI=al2+2*ml*zy[k];
betaldim[ixJ+ml=al3+2%m];
3

Ix++y /% increment # of 1-port elements %/

cfreelzx);
ctreelzyl;}
)

SRR R ERER A ER R LR LR R R IR R LR R B R XA R FER R XXX E AR AR ER R XL RN ERRERAR/

/% Read the starting point for the solution curve and determine the tracingx/

/% vector in the range space. x/

IEEREECREREEREE XL R R E SRR R AR R EF AR R FE X R AR R T AR RN R R RRARRXRRERRERNR/

initial_pointca)
double all;

{
int i,j,k;
double fabs();
/% read the starting point %/
printf("enter the initial point\n");
for (i=83iix;it+) /% lattice structure part */
{
printfi("ds= " ,xx[il);
scant "X+ &xlil);
3
for (j=83i<ix;j++) /% semi-lattice structure part %/
for (k=@;3k<{inl{jl;k++)
{
printf{*%s= " ,zz[dipljl+k]);
scanf("A14" &2ldipljl+kl);
3
/% find the tracing vector */
r_vector{al;
3
S EEEE AR AR RA R R R RAE R AR RN E AR R RN RF R RRERRAEREL AR RIS R AR AR ERRRECERNRRES
/% Find the tracing vector r = -f(x8), where x8 is the starting point and =/
S flx) = a + B¥x + sum c_ji*! x_j - beta_i ! ®/
/* + sum h_i*i <{alpha_i,z> - gama_i ! */
/% is the canonical pwl function. */

/********************************!******************************************/

r_vectordal
double all;
{
int 1,j,k,1;
double cx,dx;

for (i=Bjid{n;it++)

{
/% calculate a+Bxx %/
cx=alil;
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for (j=8;j<ix;j++ /% lattice structure part */
ali)=alil+Bli*n+jl*x[j];
for (j=0;j{jxij++) /% semi-lattice structure part */

for (k=B;k<inljljk++)
alil+=Bli*n+ix+dipljl+kl*zldipljl+k];

/% add the lattice structure part sum c_ji*ix_j - beta_i! #/
tor (j=8;j<ix;j++)
for (k=@ ;k<{iml[j)ik++)
alil=alil+cl{dimljI+k)#n+ilxfabs(x[jl-betaldimljI+k1);

/% add the semi-lattice structure part */
S sum h_i i<alpha_i,z> - gama_il %/
for (j=03;j<jixij++)
for (k=08;k<jmljl;k++)
{
dx=8;
for (1=08;1<inljl11++)
dx=dx+alphaldinljl+k*{inljl+1)+11%z[dipljl+1];
dx=fabs{dx-alphaldin[jl+k*{(in[jl+1)+inljl11);
alil=alil+hl(diqljl+kI*n+i)xdx;
3

rlil = -alil;
atil=alil-cx;

.

3

’****4***&**********-‘5*-)‘***-I-*-!************%***4******4****¥*********-§-&***¥*/
/% Decode the 1-port element model. */
SEREEE AR R AR R R AR IR R AR AR ERF R AR AR RN LR R R R AR AR AR AR R RN RE R RN RS X

decode_l<model ,m,a)

char *model; /% model string */
int *m; /% § of breakpoints %/
doeublie ally /% numerical information in the model %/

g
char xel213,ycl213;
int nn=8,i,k,1}
double xdl[181,ydl1081;
double atof();

I=strien({modell+1;
=find_index{"=",model);
model=model+k+1;
while {(*model!'=’}’ && k++<{1)
{
if {#model==’ ‘) model++;
if (*model=='(’ && nn<{1@)
{

/% get the x-component of the breakpoint %/
i=8;
while (*model!=‘,’ && i<21)
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3

xcli++] = *(++model);
if (i>=21) exit_message("TO0 MANY DIGITS IN PWL 1-PORT MODEL");
xcli-1]=’\0";
model++;
xdlnnl=atofi{xc);

/% get the v-component of the breakpoint #/
i=08;
while (*model!=’)" && i1420)
ycli++]l = %*(model++);
1§ (1>=28) exit_message("TOO MANY DIGITS IN PWL I-PORT MODEL®);
yelil=’N0";
model++;
vdinn++l=atofiyc;

if (nn>=18)

3

exit_message("TO0 MANY BREAKPOINTS IN PWL 1-PORT MODEL");

/% incorrect model description */
if {k>»>=1)
exit_message{"MISSING ‘3’ IN THE MODEL");

¥m=nn-2;

/% § of breakpoints %/

/% construct the canonical pwl representation #/
canonical _pwl(#m,xd,yd,a);

3

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

/% Construct the canonical piecewise-linear representation for a
/% {-dimensional pwl function.

/***************************************************************************I

canonical_pwldim,xd,vd,a)

int m;

/% # of breakpoints %/

double xd[1,ydl]: /#* breakpoins %/

double all;

¢
int i;

/% parameters for canonical pwl representation */

double *slope;
double fabs();

callocd(m+1,&slope,"s)ope");

/% calculate the slope of each seament */
for (i=B3;i{=m;i++)
slopelil=(ydli+11-yd[i))/(xdli+1)-xdlil);

/% construct the parameters in the canonical pwl representation %/
alil=(slopelml+siopel8])/2;
for (i=Bjiim;i++)

{

al2+2*i1=(slopeli+il-slopelil)/2;
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al3+2#i3=xdli+1];
3
alBl=yd(8]-all1l*xd(8];
for- {i=B;i<mji++)
alBi=alB8l-al2+2*i1%fabs(al3+2%i)-xd[8]);
cfree{slope);

v
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#include “stdio.h”
#include “nport.h"
#include "pwl.h*

extern int n,jx,*jm,*in,*jz,%dip,*diq,*din;
extern double *P,*Q,%s,%B;

extern double *h,*alpha;

extern char #zz[1;

/******i**********i****i***********i***************************************ﬁf

/% Decode the 2-port model into a 2-dimensional canonical piecewise-linear %/
/% equation.
/*******************************************************i*******************/

decode_2¢{model ,nn,al,a2,bd)
char modelll; /% 2-port model =/

int *nn;

double a2[1;

{

3.

char #dx,*calloc();
double atof();
int j,k;

dx=calloc(strlen{model)+1i,sizeof(char));
/% temporary storage for the model %/

/% decode the 1st canonical pwl equation
¥=find_index{"Pi=(",model);
strocpyidx,model};

strdel{dx,8,k+4);

extractidx,nn,ald

/% decode the 2nd canonical pwl equation
k=tind_index("P2=¢(",dx);

dx=dx+k+4;

extractidx,nn,a2);

/% decode the partition boundaries */
k=find_index{"Bd=(",dx);

dx=dx+k+4;

extract(dx,&j,bd);

/% # of partition boundaries %/

double alll; /% coefficients of 1st canonical pwl equation */
/% coefficients of 2nd canonical pwl equation */
doubie bd[1; /% coefficients of partition boundary equations */

%/

*®/

L4

/**********************************************************&*****!***i******/

/%

Extract the numerical data from ASCII mode! equation.

*®/

/%**************************************************************************/

extract{code,nn,a’

char #*code; /% ASCI] code of numerical information in the model */
int *nn; /% # of partition boundaries %/

double all; /% decoded numerical data %/

{

char sti21];
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double atof();
int i,j=08,1=0;

while (find_index(*,",code)<{find_index(")",code) &&
find_index(",",code)>=0)

{
]++;
4% too many data in the model */
if (1236
exit_messaqe("TO0 MANY PARAMETERS IN THE MODEL OF PWL 2-PORT");
1=9;
if {*code==’,")
code++;
while (¥code!=’,’ && %*code!=")" && i{z8)
stli++] = *(code++);
if (ir=2z6)
exit_message("T0O0 MANY DIGITS IN PWL 2-PORT MODEL");
stlil="~\8";
alj++l=atof{st);
3
*nn=j-3;

3

T Yy Yy Py YIS I T TITET X3 9
/% Decode the 2-port element ¢ which is in the j-th element line ) for its %/

/% canonical piecewise-linear equation, */
EREREERSFEEREESCL R R R R RS ERTRFE RS SRS SRR FREER SRR RN R F SRR XA ERRRER RN LR RREE R/

port_Z2{branch,branch_vector,J’

struct INLINE branchil; /¥ array of element record %/
struct B_VECTOR branch_vectorll;/* array for branch indices */
int Jjj /% branch index of the 2-port element */

{
int 1,k
doutle ail131,a2013],bdI30],%zx1,%2x2,%2v],*2y2;
char *cailoci{);

if <chosen(jx,j)==-1 11 jx==@8) /% check whether processed %/

{
inljx1=2; /% port # = 2 %/

/% diplil = sum of ¢ # of ports in the j-th multiport element ) %/
J/* {OP .j = 0,1,2,.-.,i‘1 */
diplix+1l=dipljx)+inljx]; '

/% get the branch indices for each port branch #/
/% of this multiport element */
semi_index{branch_vector,j.ix)}

/% decode the 2-port pwl model %/
decode_2({branch+j)->relation,jm+jx,al,a2,bd);

/% digli) = sum of ¢ # of partition boundaries in the */
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s

}

SRR R RN REE AR R E R R RN IR R RN R AR AR R R AR SRR R R R F AR AR AR RRRRREEN
/# Determine whether any branch in the 2-port element has been processed;

/% return -1 if it is the 1st branch in this 2-port element ever processed */
SERER LSRR R R R RRER R R R R R R AR R IR RS RS R RE R AL E R RS ARSFRRE RIS FER RS R R RERRLRRR/

int

/% canonical pwl model of the j-th multiport element ) %/
/* 'FO" jga,l,z,--.,i“'l *-’/
gigqlix+1)=diqljxl+jmljx];

/% dinli) = sum of ( # of parameters in the partition %/
/% boundary equations of the j-th multiport element » %/
/% for j=0,1,2,,..,i-1 */
dinljx+il=dinlixl+jmlixI*{inljxI+1);

callocd(n,&zxi,"zx1");
callocd(n,&zyl, zy1");
callocdln,&zx2,"2x2")
callocd(n,&zy2,"2y2");

/% get the semi-lattice structure variable definition *®/
/% and the corresponding canonical pwl equation parameters %/
semi_var(branch,branch_vector,j,zx1,zy1,2x2,2y2)}

/% find the canonical pwl equation parameters */
for (1=8;i<{nji++)

{
slil=slil+ayilil*allol+zy2(ilxa2lol;
B[i*n+jz[dip{jx]+jx+1J]=le[i]+zy1[i]*al[1]+zy2£iJ*a2[1];
B[i*n+jzidip[jx3+jx+23]=zx2[i3+zy1[i]*al£2}+zy2[i1§a2t23;

for (i=8;i{jmljx]1;i++)

for (k=@;k<{=inljx1;k++)
alohaldinljxl+i*(inljx1+1)+kl=bdl3%i+k];
for (k=8;k<{nik++)
hiddiqljxl+id*n+k]I=zy1[kI*al[3+il+2y2{k]*a2[3+i];
3
Jrt+s /% increment # of multiport elements #/
cfree(zxi);
cfreelzyl)
cfreefzx2);
cfreefzy2);

chosentj,ja)
int j,ja;

{

int k=8;

for (k=08;3k<{=jik++)

if (jzidiplkl+kl==ja)
returnfik);

it (k>§d

return{(-1);
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3
/***§§§*********************************************************************/

/% Determine the branch indices for 2-port elements. 74
/**4************************************************************************/

semi_index(bv,ia,j?
struct B_VECTDOR bvil;
int ja,j;
{

int k;

jzldipljl+jl=ja:
for (k=@jk<njk++)
if ({bu+k)-da==ja)

{
/% 1st port of the j-th 2-port element is at port k */
/% of the linear n-port . */
if (Cbv+k)=ob==1) jzldipljl+j+il=k;
/% 2nd port of the j-th 2-port element is at port k */
/% of the linear n-port */
if ((bv+k)-3b==2) jzldipl[jl+j+2]=k;
3
3
/!***!********************!*****i*i******!******i***************************/
/% ldentify the element type for the 2-port element and construct the */
/% corresponding canonical pwl equation parameters and the semi-lattice */
/% structure variable table. */

FREFRIRIFRELXERA AR LR CRRE AR R R LR RN R KB LR REERRERRR RN SRS RIS LA SR EX LR FRRRRSS

semi_var(branch,branch_vector,ja,zx1,2zyl,2x2,2y2)
ztruct INLINE branchil;
struct B_VECTOR branch_vectorl];

int jaj
double %*zxl,#2y],%2x2,%2¥2;
{

int i,I= -1;
char #calloc();

if (find_index(*(i,i):" ,(branch+jal)->relation)>=8)
1=8; /% (1) voltage (2) voltage -controlled */
i€ (find_index("{i,v):",{branch+jal)->relation)>=8)
1=1; /% (1) voltage (2) current -controlled */
if (find_index("{v,i):",{(branch+ja)->relation)>=8)
C1=2; /% (1) current (2) voltage -controlled %/
if {find_index{"<v,v):",(branch+jad)->relation)>=8)
1=3; /% (1) current (2) current -controlled %/
if (148 11 123
exit_message{" INCORRECT 2~-PORT MODEL");

/% find the variable table for 2-port element with */
/% semi-lattice structure canonical pw! modei and the %/
/% corresponding canonical pwl! equation parameters */

for (i=B3;i{2;i++)
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zz{dipljxl+il=calloc(28,sizeof{char));
if (1<2)

{

sprintf(zz[dipljx1],"vi(¥s)",(branch+ja)->name);
if (1==8)
sprintf(zzldipljx]+1],"v2{¥%s)",(branch+ja)->name);
else sprintf(zz[dipljx1+11,"i2(¥s)",(branch+ja)->name);
for (i=B;idn;i++)¢(
zx1lil=Pli*n+jzldiplixI+jx+1]];
zy1[il=Qli*n+jz[dipljxI+jx+111;
if {1==1)
{
Zx20il=0li*¥n+jz[diplixI+ix+211;
zy2lil=Pli*n+jz[dipljx)+jx+211;
} else
{
2x2{1)=Pli*n+jz[diplixI+jx+21];
zy2[i]=Qli*¥n+jzldiplixI+jx+2]11;

3
3
it (12=2)

£
1Y

sprintfizzldiplix]],"i1(4s)" ,{branch+ja)=>name);
if (1==2>
sprintf{zzidipljxI+1],"v2(%s)",(branch+ja)~>name);
else sprintfizzldipljx]+11,"i2(¥s)",(branch+ja)~>name);
for (i=8;i<{nji++)
\
2x1lil=Qli*n+jzldiplixI+jx+11];
zyllil=Pli*n+jzldiplixI+jx+11];
if (==
{
2x20i)=0li*n+j2ldipljx1+jx+211;
2y2[iJ=Pli*n+jz[dipljx1+jx+21];
) else
{
zx2l1)=Pli*n+jzidiplix]l+jx+211;
zy2lil=R[i*n+jzIdipljxI+jx+21];

L
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#include "stdio.h”
#include “pwl.h"

extern char #xx[1];

extern
extern

int n,ix,jx,*in,*im,*jm,*dim,*dip,*diq,*din,ns;
double *alpha,*beta;

extern double *B,*r,%c;

extern
extern

double *x,%z,%h;
double tp,tn;

int i8,j8,k0,*%iy,*jy;
double *xd,¥zd,*¥xpl181,%zp[10];

AR AR R R A RN EE R R RN RN E AR R AR AR AR R AR AR AN AR RS AR AR RA AR
/% Implement the Generalized Breakpoint Hopping Algorithm to calculate each®/
/% breakpoint sequentially for tracing the

/% pwl equation and finding the dc operating point. .

_/***************i***********************************************************/

pwi_computationiqgp?
FILE =qp;

{

int q,8}
doubie *d,#*dl,fabsi);

caliocifdiqljxd,&iv,"jv");
carlocd(n,&d,"d");
callocdin,&dl,"d1");
caliocd(ix, &xd,"xd"»;
caliocdidiolixl.&zd,"zd");

/% determine the initial region for the starting point %/
lecation_index{);

% construct the initial Jacobian matrix and calculate #/
<% the initial direction vector d */
ini_B_d{dy;

/% find the first breakpoint %/

s
- !

{next_pointigp,d,&q)==-1)
return;g

/% tracing the solution curve %/
while (fabs(tn)<1.8e3)

{

/% +ind the Jacobian matrix and direction %/
/% vector in the next region */
B8_and_d{d,d1,q);

/% determine the correct direction vector in order %/
/% to continue tracing the solution curve */
d_vector(&s,q,d,dl);

/% calculate each distance of the prnsent breakpoint =/

/% to the neighboring region %/

if{increment(gp,d,s,&q)!=1) /% unbounded region #/
break;

zolution curve aof a canonical
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3

/% calculate the next breakpoint; return -1 if quit =/
7% tracing the present branch of the solution curve %/
it (break_point(gp,s,d)==-1)
break;

)

cfreeiiy);

cfreeljri:

cfree(d);

ctreefdl;

Ctreeixd);

cfree{zd);

/*****!i*******************i*************************************i**********/

/% Determine the region where the initial point located. *®/
f%***%********************************************************i***i!*******&/

location_index()

£
\

int 1,J,K3
gouble cx;

calloci{ix, &iy,"iy");

<% determine the region indices for lattice structure boundaries #*/
for (i=@B;idix;i¢+)

£
S

if ({x[il-betaldimlill)<{=0)
ivlil=0;

else
if ((x{il-betaldiml{il+im[il-11)28) iy[il=im[il;
glse

1

far (k=1;k<imliljk++)
if ({xlil-betaldim{il+k-11)#(x[il-betaldimlil+kl){=8)
iviil=k;
break;
3
if (k==iml[iD)
exit_message("INITIAL POINT IS IN UNDEFINED REGION");

L]

3

/% determine the region indices for semi-lattice structure boundaries %/
for (j=6;j<ix3j++)
for {k=8;k<{jmljl;k++)
{
cx=0;
for (i=83iinljlji++)
cx=cx+alphaldinfjl+k*{inl jl+1)+i3#2[dipljl+il;
if ((ex-alphaldinljl+k*(in[jl+172+inl[j11)48) jyldiqljl+kl=0;
else jyldiqljl+kl=1;
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wat

LY
”

e i T Y T L TS r s Ty
/% Find the Jacobian matrix and the direction vector of the solution curve %/
/% in the initial reqion. x/
AEEERREEE AR R RERERRE AR F R E R RN E R RERREERERRRE XX RRE AR R AR RERERERF R XN/

ini_B_d{(d>
doulle *d; /% direction vector %/
{

int 1,J,k,1,1x,%iput;

double #Bx,*ux,rcond;

/% construct the Jacobian matrix in the initial region %/
for (i=@;i<ixgi++) /% lattice structure part */
for (i=0;j<imlilij++4)
for (k=8i1k<{nik++)

{
1t (Jo=iyli]) Blk#*n+il-=cl{dimlil+j)%n+k];
else glk*n+il+=cl(dimlil+j)*n+k];
3
tor (i=@;i<{Jx;i++) /% semi-lattice structure part */
{
1x=8;

if (i28) for (1=83;1<i;144) Ix+=inll1];
for (j=0;i<imliil;j++)
for (k=83k<{nik++)
for Ci=@;31<Kinlil l1++)

{

1f (jyldigqlil+jl==1)
Blk#n+ix+1x+1l+=alphaldinlil+j*inlil+1)+1)
*h({diqlil+jr*n+k];
else
Blk#n+ix+Ix+ll-=alphaldinlil+j*(infil+1)+11]
*hl(diqlil+jr*n+k];

b
calloci(n,&ipvt,"iput™);
callocd{n,&ux,"ux");

callocd(n#*n,&Bx,"Bx");

/% compute the direction vector by solving Bd=r »/
for {i=B8:i{nji++)

{
dlil=rlil;
for (j=8;j<{n;j++)
Bxli*n+ji1=Bli*n+jl;
b)

sgeco{Bx,n,ipvt,&rcond,ux); /* LU decomposition */
sges1(Bx,n,ipvt,d,0);

cfreelipvt)

cfree(ux);

cfree(Bx);
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/ﬁ**i***********************************************************************/

/% Find the first breakpoint after the starting point. */
SEREERE R R R AR R R R RN R R TR RN LR R R R R R F R AR RN R R R R R R R R AR RN B RRREREERE RS/

next_point{gp,d.q>

FILE #gp; /% output file pointer %/

int #q; /% boundary index; 0 for lattice and ! for semi-lattice %/
double #d; /% direction vector »/

s

.

double fabs(),dti_t=1e5,dtj_t=1e5;
gouble delta_t;

/% calculate the distance to sach lattice siructure boundary */
if (d_Tat(l,&dti_t,di==-1)
return{-1);

/% calculate the distance to each semi-lattice structure boundary %/
i+ (d_semif<1,8,8,0,&ctj_t,c)==-1)
returni-1);

/% classified as a cornor point if within the distance = 1e-8 */
/% of a cornor point *®/
14 (dii_t<{1.0e-8 && dtj_t<1.8e-&)

printf{"HIT A CORNER POINT ON LATTICE AND SEMI-LATTICE BOUNDARIES\n");

printf(“please try another initial point\n");
return{-1);

4% compare the minimal distances from the lattice structure boundary %/

4% and the semi-lattice structure boundary and choose the minimum ®/
1+ (dti_t>dtj_t
{
*g=1
delta_t=dtj_t;
} else
{
-.“.-q:@ H

del ta_i=dti_t;

tn=tptdel ta_t;

/% caiculate the breakpoint %/
break_pointigp,1,d);
3 A

FERREEEEF RN R R AR R AR AR R AR R AR SRR R R AR AR R AR RS SRR RN AR XX AR ERRARERRS
/% Calculate the distance of the present breakpoint to each lattice */
/% structure boundary and the corresponding required amount of input for x/
7% reaching that boundary. Choose the boundary with minimal amount of input®/

4% which will be the 1st lattice structure boundary hit by the solution ®/
/% curve; return -1 if it goes to unbounded region without hitting any */
A% boundary. %/

P 2 i e I T T I Ry I T r Y Y I I I T I P
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d_lat(s,dti_t,d)

int s

double =dti_t;
double xd;

{

int i,m=8;
double *dta,fabs();

callocd(ix,&dta,"dta");

for {i=8;iixji++)

it (fabs(dlil?>].0e-9 && im[il>@)

{
if ((sxdlid)>@)
{
it Ciylil==imlid) /% i-th component poes to + infinity %/
dtalil=1.8e35%fabs{dlil]);
else
dtalil=betaldimlil+iyl{ill-x[il:
if {dtalil<l.8e-15)
{
printf("GET STUCKED IN A BOUNDARY\n");
printf("please try another initial point\n");
return{-1);
3
else
{
if (iylil==8) /% i=-th component goes to - infinity %/
dtalil=1.8e3%4abs(dlil);
else
dtalil=xlil-betaldim{il+iylil-1];
2
dtalil=dtalil/fabs(dlil); /% required amount of input for the %/
/% i-th component to hit a boundary %/
/% choose the minimum and determine the lattice %/
/% structure boundary index i8 x/
1f {(*dti_t>dtalild
{
*dti_t=dtalil;
i8=i;
?
3

for (i=83iix;i++)

if (fabs(dtalil-*dti_t)<{1.8e-17 && xdti_t<1.08ed4 && dli)!=0)
m++; /% present breakpoint is in the intersection */
/% of m lattice structure boundaries */

cfree(dta);
if (m>1)

printfC"HIT A CORNER POINT IN LATTICE STRUCTURE BOUNDARIES\n");
printf("please try another initial point\n");
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return{-1);
}
else return(l);
)

SEERCRRR R RAERER LA F RN NI R R R E RN REA SR REAREACERER AR EERERRERERRRRRE R CH XXX/
/% Calcuiate the distance of the present breakpoint to each semi-lattice */
/# structure boundary and the corresponding required amount of input for */
/% reacning that boundary. Choose the boundary with minimal amount of input*/

/% which will be the first semi-lattice structure boundary hit by the L2
/% solution curve; return -1 when entering an unbounded region without */
A% hitting anvy boundary, */

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

int S;q,il ’kl:
double *dtj_t,*d;

{

int i1,j,k,m=98;
gouble #dtb,dx,.dyv,fabs();

caiiocdddiqlixi, &dth,"dtb");

for (i=83i{ixii+d)
<

for (3=8:)4imlil;j++)
{

gx=8;

dy=8;

for (k=@:;k<inliljk++)
'

gxi=aiphaldinlil+j*{inlil+1i+klxdlix+diplil+kl;
dr+=alphaldinlil+j*Cinlil+1)+kI*z[diplil+k];
)
dy=alphaidinlil+j=*{inlil+id+inlil]-dy;
if (fabs(dy)<{l.8e-8)
m++ 3
if (dx!=@)
{
dtbldiqlil+jl=s#dy/dx;
if (dtbldiqlil+jl1>8 && *dtj_t>dtbldiqlil+jl)

{
if (qi=1 1} ji!'=1i {1 kit=§>
{
je=i;
ko=j;
#dtj_t=dtbldiqlil+jl;
3 ,
)
2
3}
i)
cfreeldtb);
if im>1)
{

printf(“HIT A CORNER POINT IN SEMI-LATTICE STRUCTURE BOUNDARIES\n");
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printf{"please try another initial point\n");
return(-1);

r else retuprn{i);

S EERFFERREREREF R R AR F R IR IR R R E R RS RRRRARRRRRRF AR R RN LR R AR R R RS R E R EF R R RS SRS
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#include “stdio.h"
#include "pwi.h"

extern char *xx[],%*zz[];

extern int NylX,JX,¥in,*im,*jm,*dim,*din,*dip,*diq;
extern double #alpha,*beta;

extern double *B,#r,xc;

extern double *h,%x,%z;

extern double tp,tn;

extern int i8,j0,k0,%iy,%jy;

extern int ns;

extern double *xd,*zd,*xpl[),*xzpl];

;"***-ﬁé**i‘.**t‘:i*********i***i**************************************************/
<% Construct the Jacobian matrix and calculate the direction vector in the %/
/% next region., */
SEEREEEREERRE SRR R AR R R R R R R RN R ER AR R R R AR E R R RA SRR RN R LI R ERRRRERERX RS

B_and_d¢d,dl,q

int gq; /% boundary index; 8 (resp,; i) for lattice %/
/% (resp.; semi-lattice) structure boundary #/

Scuble <d; /% previous direction vector %/

double #di; /% present direction vector %/

K
\

int i,i,%ipvty
double cx,*Bx,rcond,*ux;

A% if crossing the lattice structure boundary */
if (g==@)
{ /% renew the region index for lattice structure component */
if (diigl*(tn-tp)>9) /% crossing the right boundary */
iy[iB)++;
else /% crossing the left boundary */
iy(i0]--;

/% renew the Jacobian matrix %/
for (i=833idnii++)

{
if (dlid)*(tn-tp)>0)
Bli*n+iB)+=2#c[(dim[iBl+iy[iBl-1)2%n+i]);
else
Bli*n+i0]1-=2%c[(dim[i0)+iy[i0))*n+i];
b

-
Ky

7% if crossing the semi-lattice structure boundary %/
if (o==1)

4
Y

/% renew the region index for semi-lattice structure component %/
if {(jyldiqljel+kal==1)
{

cx = =13
JrldiqljBl+k81=0;
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cx=1}
jvldiqljB8l+k8l=1;
2
for (i=B;idnji++)
for (j=08;j<inl[j@l;j++)
Bli¥n+ix+dipljBl+jl+=2%cx*h[{diqljBl+k@)*n+i]
*3lphaldinlj8l+k8#Cin[jBai+1)+j;
}

callocitn, kiput,"iput");
cailocd(n,&ux,"ux");
callocdin#*n ,&Bx,"Bx");

/% find the new direction vector by solving Bsdi=r %/
for (i=8;:;i{n;i++)
gifil=rlil;
for (j=0;j{n;j++)
Bx[i#n+jl=Bli*n+j];

\
sgeco(Bx,n,ipvt,.&rcond,ux);
sgesliBx,n,ipvt,dl,e);

cfreelipvt);
cfreelux’;
cfreelBx);

3

/§*§*i***********************%********************%**************i**********/
/% Determine the correct direction vector in order to continue tracing */
/% the sciution curve. */

FEFEERERR SR RRF R LR R R LSRR FEF R R IR TR RS X E RS RN E R A SRR R AR R R R L CRRRE RN %S/

4 vector(s,q,d,di?

int g3 /% boundary index; 8 for lattice and 1 for semi-lattice */
int #s3 /% direction sign; 1 for entering and -1 for returning %/
doubie #*d; /% direction vector in the previous region #/

double #%di; /% direction vector in the present region %/

£

int 1,k
double dx,dy;

/% crossing the lattice structure boundary %/

it (q==8)
{
if ((di[iBl»d[iB1*{tn-tp>)>8) /% di is entering %/
*¥5=13
else /% dl is returning to previous region %/
*g = —1;
3
/% crossing the semi-lattice structure boundary */
if (g==1)
{

dx=9;
di=03;
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}

}

/%

for (k=8;k<inl[jB8l;k++)
{

dx+=dlix+dip{jBl+kl*alphaldin[jB1+k8*(in[jBI+1)+k];
dy+=dilix+dip[jOl+kI*alphaldinlj@I+k8*{inljB)+1)+k];

J
it ({(tn-tp)*dxxdy)>8)
¥s=1;
glse /% returning %/
#s = -1,

/% entering */

renew the direction vector %/

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

dlil=difil;

AEEEERE R R R AR R R R AR R R A R R R AR AR RN R RN A AR AR AR XA ERRCA R E AR RRRRRE SRR/
Calculate the distance between the present breakpoint and each boundary %/

/%
¥
¥
LS
Sx

and determine the next region by finding the boundary with minimal
amount of required input for the solution curve to hit that boundary
from the present breakpoint. Return -1 when entering unbounded region

or passing & corner point.
SRR RN R ER R AR AR A IR R R LR RN RN AR R AR AR AR AR R R AR R AR CRRFR R RN R ENX

increment{gp,d,s,q)

FILE =*qgp;

int s; /% direction vector sign #/
int *q; /% boundary index %/

doubie *d; /% direction vector */

Is

.

int jl,kl;
doubie dti_t=1e5,dtj_t=1e5;
double fabs(),deita_t;

A% nresent breakpoint is located in the k8-th boundary %/
/% of the jB-th multiport element with semi-lattice */
/% structure partition boundaries in its canonical pwl %/
/% model */
i1=j8;
ki=k8;
/% calculate the distance to each lattice structure %/
/% boundary and choose the minimum; return -1 when #*/
/% entering unbounded region #®/
if (d_lat(s,&dti_t,d)=-1)

return(-1);
/% calculate the distance to each semi-lattice */
/% structure boundary and choose the minimum; return*/
/% =1 when entering unbounded region *®/
if (d_semi{s,*qg,jl,kl,&dtj_t,d)==-1)

return{-1);
/% classified as a corner point if the present breakpoint is */
/% within the distance =1e-8 of a corner point
if (dti_t<1.0e-8 && dtj_t<1.0e-8

*/
*/
*,/
*/
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3

{
printf("HIT A CORNER POINT ON LATTICE AND SEMI-LATTICE BOUNDARIES\n");
printf(“please try another initial point\n");
return{-1);
3
/% compare the distances and choose the minimum */
if (dti_t>dtj_t /% hit a semi-lattice structure boundary first */
A
*q:];
delta_t=dtj_t;
2 /% hit a lattice structure boundary first */
else
{
*q:B;
delta_t=dti_t;
b
/% entering unbouned region; 1.8ed4 is an arbitrary large %/
/% number to represent an infinite distance *x/
if (delta_t>1.8e4)
{

/% a solution is located in this unbounded region %/
if ({tn-1)%(tn+sxdelta_t-1740)

{
tp=tn;
/% choose a nearby point as an ending point of the %/
/% solution curve in the unbounded region such that =/
/% it passes a solution located at t=1 in this */
/% unbounded region */
if (tpo1)
tn=0.0;
else
tn=2.8;
/% print the solutionj return -1 when no more solution */
/% is needed in this branch of the solution curve */
if {print_soligp,s,d)==-1)
return{-1);
)

printf(“solution curve goes to infinity in the unbounded region\n");
return{-1);

3

tp=tn;

tnt=sxdel ta_t;

return(i;

FEEEEEEE R R R R R RN AR R R R AR R R R R SRR A FRRREERLEERR AR RN R RCRRE R AR R X%/
/% Print the dc operating point which is located at t=1 of the parametrizedx/
/% solution curve. Return -1 when no more solution is needed is to quit */

/% tracing the present branch of the solution curve. */
REEEERR AR AR R AR AR R R AR AR AR AR AR AR R R RR AR RN CR RN RR R RN LR RERXERRERRRS/
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print_sol{(gp,s,d
FILE *gp;

int s;
double #d;

L

/% output file pointer x*/
/% direction vector sign %/
/% direction vector */

char linel303,chi2];

int i

double fabs();

/% if t=1 is passed, a solution is found ¥/
if (({tn-1)%(tp-1)) <= @)

{

printf("\nthe solution is\n");

/% a tresh solution is found */
if {(get_sol(s,d)!=-1)
£

1Y

3

sprintfi{line, " x¥xxxexxkxxxxx\n")
fputs{line,qp’;
for (i=8;id{ix;i+4)

{
sprintf(iine,"%s=X.3e\n" ,xx[11,xdli1);
fputs(line,ap’;

3

for (i=@:iddipljxl;i++)

{

sprintf(line,"¥s=X.3e\n",22{il,2dlil);
fputsiline,gpl;

3

ns++ /% increment the # of solutions %/

printf{"continue tracing present branch of solution curve? y/n\n");
scanf("%1s",ch);
if fchi@)==‘y*)

eise

return{l);

returnt-12;

SEERRRLEEEEERER R R SRR R LR R R LR R ERERRRERFRERRE R LR R REEFERER R R R XX E LR REREER/

S%
/%
/S *
ey

Compute the dc operating point corresponding to t=1 in the solution */
curve and check whether this solution has been found before.
it the solution is not new else return the total number of solutions ®/
obtained so far.

Return -1 =/

*/

IEEEXERERERRE LR EREER R AR R RS RFEREERFREFRFEERREERREER R R R X E R R R R XXX ERRE XX/

get_sol(s,d
int s;
double ¥d;

{

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

/% compute the lattice structure components of the solution %/
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3

for (i=@3i<ixji++)

{
xdlil=xlil+s*dlilxfabs(i-tp)}
printf("Ys=X.3e\n" ,xx[11,xdli1);
}

/% compute the semi-lattice structure components of the solution */
for (i=B3i<jxji++)
for (j=0:3<inlil;j++)
{
zdldiplil+jl=z2{diplil+jl+sxdlix+diplil+jl*fabsii-tp);
praintf{"¥%s=¥.3e\n",zz[diplil+jl,zdldiplil+jl);
2

/% check whether the solution is new; a fresh solution is found if %/

/% it differs by at least 1.8e-4 to any of the previous solutions #*/

7% xplklIlil (resp.; zplkl{il) denotes the i-th lattice structure */
/% (resp.; semi-lattice structure) component of the k-th solution %/
for (k=B;k{nsik++d
{
sum=0.8;
for (i=@:idix;i++)
sumt=fabs{xdlil-xplkllil);
tor (i=0;i<{dipljxl;i++)
sum+=fabs{zdlil-zplkl[il);
if (sum{l.8e-4)
return{-1J;
B
if {k==nsg)
{
callocd{ix,&xpinsl,xp");
catlocd(dipljx1,&zplnsl,"zp");
for (i=09;idix;i++)
xpinsllil=xdlil;
for (i=Bildipljxl;i+t)
zpinsllil=zdlil;
3
returni(ns);

,’***********i*********************************************%*****************/

/% Find the next breakpoint. */
P R R T T R e I I I TR PP TP TR TP T Y

break_point{gp,s,d)
FILE *gp;

int s}

double #d;

{

int i,J;
double fabs();
/% check whether a solution at t=1 is reached %/

if (print_sol(gp,s,di==~1)
return{-1);
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/% calculate the lattice structure components %/
/% of the next breakpoint */
for (i=03idixji++)

x[Lil+=dlil*(tn-tp);

/% calculate the semi-lattice structure components %/
/% of the next breakpoint L 74
for (i=@;i{jx;i++)
for (j=B3j<inlil;j++d
zldiplil+jl+=dlix+diplil+jl*{tn-tp);

return{i);

[
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#include "stdio.h"
#include "pwli.h"

extern int n,ix,jx,*iz,*jz,*im,*jm,*in,*dim,*din,*dip,*diq;
extern double #c,*beta;

extern double *h,*alpha;

extern char *xx[],#%#zz[];

g I e I Y TP I TP TTEPLLL T Y YT
/% Determine whether the canonical pwl model of a multiport element */
/% possess partition boundaries with lattice structure; if so, convert it =/
7% to a lattice structure element for computational efficiency. This new */
/% converted lattice structure element is then appended to the lattice */
/% structure part of the canonical pwl equation. */
SERERRERERRF RS R R AR R IR R IR R R R AR R AR FRARR RS R AR RN R XR R R E R AR R AR XA R AR RS RR/

lattice()

{

int i,%¥la,kx[(201;
double ecx[201];

callocidjx,&la,"1a");
for (i=@;i{jxii++)

{
lafil=0;
if (detect_latticeli, kx)==-1)
break; /% semi-lattice structure element */
else
lalii=l; /% lattice structure element /
/% convert semi-lattice structure parameters to lattice #/
/% structure parameters : alpha to beta and h to ¢ */
move_alpha_h(i,kx,cx); :
/% convert the semi-lattice structure variables to %/
/% lattice structure variables */
move_table(i,kx,cx);
3

/% reorder the semi-lattice parameters %/
re_order(la);

-
E

JERERRERARRARRERRARRRERERERERR SRR RN EERERRERRRRAREEERRRRRERERRR R RN F RN %S
/% Reorder the parameters in the semi-lattice structure part of the */
/% cancnical piecewise-linear equation. x/
ABEEEEREEREEERR R RN ERE R AR R AR A R AR R R R R R RS R EXRRRRRARR R R RN AR R R/

re_order(laj

int *laj /% multiport element indices; 1 if lattice structure %/
. .

int i=8,j,k;



Mar 23 99:47 1986 pwldcé.c Page 2

while (i{jx)
{
if {lalil==6) /% the i-th element possesses no lattice structure */
i++;
else /% possesses lattice structure »/
{

/% move the parameters of the last semi-lattice element to %/
/% the i-th element which has been detected to possess the %/
/% lattice structure and all the corresponding parameters %/
<% have been moved to the lattice structure part */
1alil=laljx-11;
inlil=inljx-11;
Jmlil=jmljx-11;
for (j=8;j<inlil;ji++)
zz(diplil+jl=zz2ldipljx-11+j1;
for (j=0;j<{=inlil;j++)
Jzldiplil+i+jl=jzldiplix-11+jx=-1+jl;
for (j=@:;j<{imlil;j++)
{
for (k=8;k<{=inlil;k++)
atphaldinfil+j®{inlil+1)+k]
=alphaldinljx-11+j*{in{jx-11+12+k];
for (k=83k<{njk++) :
hi{diqlil+jo*n+kI=hlidiqlix-1J+jr%n+k);

Jx==3 /% decrement the # of cemi-lattice elements */

2

,"¥-é-\i*'-('-é%‘4-x*%%***4-(--ﬁ-!**‘I‘***********************4****1“********4%*************4/
/% Order a set of m numbers cx[id[@11, cx[id[1]1],...., cx[idlm-13]1 to the =/
#/% increasing order such that */
LE cxlief61) ¢ cxliell1l]l ¢ ... { cxlielm-11] : */
SERRREREER LRI E R R AR R E XA RN R RN A ER R R R R AR E R AR AR SRS EXR RS X ERR RN R R R R R ERRS

order_index{m,id,cx,ie)

int m; /% # of objects to be ordered %/

int idl1; /% old index */

int 12{1; /% new index with increasing order %/
double cx[1; /% array for the objects to be ordered */
£

double ¥[181;
int 1,j,isl181;

for (i=8;iimji++)
ylil=ecx[idlill;
for (i=Bjidmji++)
{
islil=a;
for (j=B3ji{mjj++)
it (yl[jl<=ylislill) islil=j;
viislill=leé;
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for {i=0;idmji++)
ielil=idlis[il];

)

SEEREERF R R RN AR ERE A AR RRRRERERERRERRE ARSI RS R AR R SRR R CA B EERCE RN AR R R SR
/% Check whether a multiport element possesses a lattice structure in its %~
/% canonical pwl model; if so, return 1. #/
/***************************************************************&***********/

detect_latticedi,kx?
int i,#kx;
{

int j,k,num;

/% detect whather possessing lattice structure which exists */
S% only when it has a single nonzero coefficient in each of */

/% its partition boundary equations */
for (j=83j<imlil;j++)
{

num=a;

for (k=8 ;k<inlil;k++)
if (alphaldinlil+j*(in{il+1)+k]'!'=8)

{
num++;
kx[jl=k;
3
if {pum!=1) /% possess no lattice structure %/

return(-1>;
b
returnill;

f**************************i******************%*************i**i%***********/

/% Modify the single nonzero coefficient term in canonical pwl equation L4
% h_i i<alpha_i,z? - gama_i! L 74
F% to %/
g p*h_1 ix_Jj - gama_i/p! #/
7% where p is the nonzero coefficient and is in the j-th compeonent of ®/
/% alpha_i. ®/

S REEEFEFEEEEEELEFAERR LR AR R R R C R R LR EREXE AR F R R R ERF AR E AR AL LR SRR XL AR E R/

move_aipha_h{i,kx,cx)
int 1,%kx;
double #*cx;

{

int j, 1
double fabs();

for (j=8;:j{jmlil;j++)

{
cxljl=alphaldinlil+j*{inlil+1)+inlil]/alphaldinlil+j*Cinlil+1)+kx[jl1;
for (1=8;1<n;l++)
hiddiqlil+jr*n+1l=fabs(alphaldinlil+j*x(infil+1d+kx[j31
#*h{<diqlil+jr*n+11];
}
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SEEERERFERR AR AR R EEE AR ERCRE IR RN R ERRRARERFERR RN ERNEERARNRR SRR R ERERERRERRES
/% Move the i-th multiport element parameters {which has been detected to %/
/% possess structure partition boundaries) to the lattice structure ®/
/% part of the canonical pwl equation. */
AEEERRR AR ERER R AR R ERRE IR R RN R IR RN E R AR AR RRRF AR AR AAR AR RERRERERR

move_tablefi,kx,cx)
int i,%kx;
double #cx;
{
char *calloc();
int j,k,m,1,id[18],iel108];

for (1=8;1<inlil;1+4)

{
izlix)=jzidiplil+i+1+1]; /% jz to iz %/
xx[ixl=calloc(208,sizecf(char));
xx[ixl=zz[diplil+1]; /% 22 to xx %/
m=4;
for (J=8;j{ijmliljj++) /% group the same variable %/
if tkx[ii==1) idlm++1=j;
imlixl=m; /% # of breakpoints %/
dimlix+1l=dimlixJ+imlix];
order_index{(m,id,cx,ie); /% order the beta parameters */

tor (k=0ik{m;k++)
{
betaldimiixi+kl=cxiielki];
for (j=8;j<njj++ /% h toc %/
cl{dimlixI+k2#n+ji=hl{(diqlil+ielk))*n+j);
3
ix++;

L)
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fidefine ELEM 80
fdeftine MODEL 30
#define LAT &8
#define SEMI 30
Hdefine DIM 10600
f#define DIN 2680
fddetine DIP &8
f#define DIQ 2006
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#include <{stdio.h>

#include "nport.h®

#include "pwl.h"

#include "/usr/include/local/graf.h"

,/*****‘.‘.***{6*******-!ﬁ*******************************************************/
,/**************************************************************************/

char *xx[LAT]; /% mapping table between the lattice structure variables %/

/% and the branch voltages and currents */
char #zz[160]); /% mapping table between the semi-lattice structure %/

/% variables and the branch voltages and currents */
char chol23; /% output variable type ®/
int n; /% circuit dimension */
int ix=@; /% index for lattice structure elements */
int jx=0; /% index for semi-lattice structure-elements *®/
int *im; /% # of breakpoints in the lattice structure variable */
int *jm; /% # of boundaries in the semi-lattice structure variable %/
int #in; /% array for # of ports of each multiport element */
int *iz; /% branch indices of the lattice structure elements ®/
int #jz; /% branch indices of the semi-lattice elements */
int *dim; /% dimli] = total number of breakpoints up to the (i-1)-thx/

/% lattice structure elements %/
int «din; /% dinlil = total number of partition boundary parameters */

/% up to the (i-1)-th semi-lattice structure elements %/
int #dip; 4% diplil = total number of branches (or ports) up to the */

/% (i-1)-th semi-lattice structure elements */
int *dig; /% diqlil = total number of partition boundaries up to thex/

/% {i=-1)=th semi-lattice structure elements */
struct INLINE branchlELEM];

/% array of element record %/
struct B_VECTOR branch_vectorlELEMI;

A% arpray for branch indices ®/
double #P,*Q,%s;/% generalized hybrid equation parameters *®/
doubie #*xi /% lattice strycture variables *i
double #z2; /% semi-lattice structure variables *.

/% parameters for canonical piecewise-linear equation ¥/
double *B.%a,*r;

double *beta,*c;

gouble *h,*alphaj

double start; /% starting position */

double ending; /% ending position */

int dirg /% tracing direction #/ ' o _
doubie tp,tn; /% temporary storage for neighboring breakpoint positions *#/

/% graphic label variables in the screen %/
char x_namel38],y_namel38],titlel38];
double xmin,xmax,ymin,ymax;

int gi,g2,mn; /% output variable indices %/

/% input range for exhibiting operating region information */
double rangel,range2;
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char #model {MODEL]; /% string array for models or feature spec, %/

int outfile=0} . /% outfile changes to 1 if -o option is present %/
int reqion=8} /% region changes to 1 if -r option is present */
FILE #op; /% pointer to the output file "xx...x.out" %/

FILE #rp; /% pointer to the region inf. file "xx..,.x.reg */

SEEFRRRERARS RS IR R REEE SR AEREERRFEEEEEREERREEE R LR R R RERRA AR R AR LEREEERRS
/% Cangnical piecewize-linear DC analysis for tracing the driving-point */
/% and transfer characteristics. 74
AEEEERRERR R CRRRERE SRR AR AR R RRREER AR EER AR RS RERREER XA E R R R LR RRLE XS

main{argc,argv)

int argec;
char *arqull;
{

FILE #gp;: /% pnointer for input file %/

pwl_+ormuiationiargc,arqu,&gpl;
pwl_analysisiap);
it {outfile ==1)
fcliozeiop);
if {region ==i)
fcloselrpl;

FEFEISEFULUL B LR FZ AR LRI R R LR B LR XL AR B LSRR E R SRR CE AR RS R E RSB EER LR FERRRRRES/

/% Formulate the pwl resistive circuit to the canonical pwi equation */
A Bxx + sum (c_ji*ix_Jj - beta_il) + sum (h_i%*i<alpha_i,z> - gama_il) */
A% = a + t*r */
A% (zee Eq.%2.17) in reference [1]) ®/

SEEFUFRLFLERLEFEREF R AR R FF RS L TR E XXX C R R X RS LIS R FF AR LR SRR R R R R R R AR R LR R R R/

wwl_formulation{arqc,arqv,gp?
int arges

char <argvil;

FILE #xgp;

1

“r

™
pee Y

i €
-

PO
£ 3
- oy
L

i

(U]

/% open the input files %/
open_spice_+ilefargc,arqu,&fp,gp);

/% get the generalized hybrid equation %/
L Pv + Qi + 5=28 . */
/% for the linear n-port formed by extracting all nonlinear #*/
#% elements and the driving source */
n=ELEM;

mn=MODEL ;

n_port{fp,model,branch,branch_vector ,&P,&Q,&s,&n,&mn) ;
fclose(+pl;
/% pre-allocate spaces for each parameter in the %/

/% canonical pwl equation */
alioc_14);
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/% decode the driving source and the model description of */
/% each nonlinear resistor to the canonical pwl representation */
decode_pwl(&is);

/% check whether 'a multiport pwl model description possesses the #/
/7% lattice structuyre partition boundaries; if so, append it to */
/% the lattice structurs part in the canonical pwl equation ®/
fattice();

/% re-aliocate spaces for each parameter ¢ pre-allocated in %/
/% altloc_14(7) for a more exact allocation once the exact */
Z% dimensicon has been found */
ailoc_21);

/% check point for circuit dimencion %/
check_dim{);

/% partiticn the B matrix into parts of lattice #/
/% and semi-lattice structure x/
martitiond{is);

/% print the mapping tahle %/
srint_tabled),

e

SERERERLL P LA A AR R TR AR SRR AR RN A AR S UR RN A RN C AR RN ERRAF AR R R AR RR R AR AR R SRR
/% Perform the canonical pwl analysis for tracing the DP (Driving-Point) x/
/% and TC (Transfer) characteristics. */
P L Ty I I I I T IS I TP TT T TT I T Y Y

swi_analysisigp)
FILE #qp;

SRAF *graf_open{),*hp;
int i,j,k;
double #s¢,%BB;

moiasngpi{@,8);
np=graf_opent’;

/% read the graphic information %/
read_gfl)

/% get the graphic specification #/
get_specimn);

/% draw the graphic axises %/
setup_graf(xmin,xmax,ymin,ymax,x_name,y_name,title,hp);

callocd(n,&ss,"s5");

callocd{n*n,&BB,"BB")};

for (i=Bi;i{n*n;i++)
BBLil=B[il;

for (i=@3;i{nji++)
selil=slil;
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=3 _ /% starting from the 3rd color %/

/% trace branch(es) of solution curve %/

while ©{1nitial_point(ap,B,s,start)==1)

{
/% change color for next branch of solution curve %/
mgihueid);

tp=start; /% starting position for input variable #/

/% calculate each breakpoint sequentially for tracing #/
/% the solution curve */
pwl_computation{hp);

/% reset s and B %/
for (j=@;j{n;j++
sljl=ssljl;
for (k=8 ;k<{nik++)
Bli*n+k]=BBLj*n+kl;

o

3
fclioselgp);

araf_close(hp?
moideagpil;

e e I T T PP P TP PO TP T T LTy
#% Dzcoce the driving source and each nonlinear element (connected across %/
/% the external ports of the linear n-port) to the canonical pwl */
/% representation. */
it e e e L I I I I E 2T T T R P P T PP P T T T T T DT LT DR Qupivpvrpey

decode_pwitis)
int *1¢;

£
3

char chg
int 1,43

for {i=Biid{nji++)
4
i

j=(branch_vector+i)-’a; /% in the j-th element line %/

ch=(branch+j)->namel81];

if (ch=='V’ || ch=="1") /% driving source #/
driving_source(ch,i,is, branch+j)~>relation);

else

{

switch((branch+j)->port)
I
case 1 : port_l<(branch,j.i);
break; /% l-port element %/
case 2 : port_2(branch,branch_vector,j’;
break; /% 2-port element %/
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i T Ty e T T T L T DL T sy
/% Read the graphic information ®/
SRR R RN RE R R AR LRI R AR R R SRR RN N AR ERF RN R AR RN RNARER AL CARRRS

read_gf()
{
char chnl23];

/% read the output variable type and indices; */

e 1 : driving output */
Vg ] x ¢ lattice structure variable */
S® 2 : semi-lattice structure variable #*/

printf("enter the output variable : x/z/i\n");

scanf{"¥%1s",cho);

11 (choiBl=="%x"3¢{ /% output chosen from lattice structure variable #/
printf{"output=xI?I\n");
scant{"¥d" ,&ql1);

3

if (chol@l=="2")¢{ /% putput chosen from semi-lattice variable #=/
printf{"output=z{?I\n");
scanf("%d" ,&q1);

it tregion ==1)

{
printf("enter input variable range for region informationn");
scanf("ZA1F41+" &rangel ,&range2);

3

3

A EEEAER R RS R E R AR TR AR RN R R R AR E RS RE R F R RN AR AR C A AR F RGN A AR RN R R TR/
A% Exiract the feature specification from the input file. */
AR R AR TR R R SRR AP R RN R SRR R IR R RN R AR AER AR AR R F R FERF R LR R 22

get_specina)

int naj
char templ[38];
int i
double atof();

for (i=0;ilnaji++?
{
if (find_index(".x_rame",modellil)==0)
strecpy(x_name,model[i}+8);
if (find_index(",y_name" ,model{il)==0)
strcpy{y_name,model[il+8);
if (find_index(".title",modellil)==0)
- strecpy(titie,model[i1+7);
if (find_index(".x_axis",modellil))==0>
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find_word(modellil,temp,2);
xmin=atof(temp);
find_word(modeilil,temp,3);
xmax=atof(temp);

3

if {find_index<".y_axis",modellil)==8)

{
find_wordimodel{il,temp,2);
vmin=atof(temp);
+ind_word(modellil,temp,3):
ymax=atof{temp);

ot

ARERAREER AR R CER AR E AR R A SRR R AR AR R R AT AR E R AR R R RS RSRF LR R R RN/
/% Print the mapping table between the equation variable x in the canonical®/
/% pwl equation and the circuit variables (voltages and currents in the #/
4% circyit) */
SEEE R R RN RN R R AR R RN R R R AR AR AR AN AR E R R R E XA RAR R R R R R R R RS

print_table()

)

F0'x{¥dI=eNn ,1,xx0i1)
1idjxgi+sd
J=9,J<1n[1] Jt4)
printf{"z[X4di=¥s\n",diplil+j,22{diplil+jl);
PRINTF( SRR REER AR R RR RS RRERRRRNRERRRERRE R RE RS LFRRRRRRRERR KRR X\

ot

/*444**4**44¥4¥¥¥¥3f*4***4*4§¥¥4******4********#i*******4*******************/

4% Check whether the circuit dimension */
£ n= ix {lattice structure branches) */
g + dipljx] (semi-lattice stucture branches) */
S + 1 {driving source) */

SEEFREFREERERER LR RERREEREEEEREXEEER SRR R R XL ERRR R R R F R AR R XX R XX R XD R R RS

check_dim(?

{
int jj
J=ix+dipljx1+1;
if £5'=n)
{
printf("INCORRECT DIMENSION J=Xd\n",j);
exit(l;
¥
3

FEERRFEERR RS RN R AR R LA LRSS R F R R AL R AR AR R R XA R R RAR AR AR RGN E R RN R RN/
/% Open the spice file xxx..x.spc and the file xxx..x.op with the starting %/
/% point{s)., If -0 (resp.j -r) option is specified, it also opens L4
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A% Xx.o.x.0ut (Pesp.i XX...X.PeQ). *®/
SEEERERERERERRERERRRREEREERF R R R RRRREEERAER LR RRREER AR SR AR E R R R R RE AR RERRR X/

open_spice_filelargc,argv,fp,gp)
int argc;
char #argull;
FILE #xfp,##gp;
{
char *sc,linel12);
FILE #fopen();

A% extract the options %/
while {(--argc > 0 &% (#++argu)[B8] == "-)
for {(sc=arqQuiBl+l; %sc ‘= ‘\@’; sc++)
switch{*sc)

{

case ‘o0’ : outfile=1; break;

case ‘r’ : reqgion=1; break;

default : printf("illegal option ¥c\n",*sc);
argc=9;
break;

if Carge '= 1)
exit_message{"usage: pwltf -o -r filename");
ise

1D

sorintfiline,"¥s.spc",*arqu);
if ({*xfp=fopeniline,"r"))==NULL)

Ed
Ay

arintf("CAN‘T OPEN SPICE_FILE ¥s\n",line);
exitid;

2

sprintf{line, " s.op" ,%argu);

if {(*gp=fopenf{iine,"r"))==NULL)

A8
print+("CAN‘T OPEN OP_FILE temp.op\n");
exit(d;

:

/% open the output file "xx...x.out" =/
it (outfile = 1)

£
*

sprintf(line, " s.out" ,*arguv);
if <(op=fopen(line,"w"))==NULL)>
exit_message("CAN’T OPEN OUT_FILE");

3

/% open the region information file "xx...x.reg" %/
if (region = 1)

{

sprintf(line, "% s.reqg",*arqv);
if ((rp=fopen{line,;"w"))==NULL)
exit_message("CAN‘T OPEN REG_FILE");
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/********&******************************%********************!**************/

/% Pre-aliocate spaces for the parameters in the canonical pw) equation. .74
/**********iﬁ******i***********************************i*****************i**}

alloc_143

{

ca

o

{10

1oci{LAT &
i

loci{SEMI

l'n.

41n

“im")

ocz-S:NI,qu “am")

llinﬂ)

s
.
'

toci{LAT &12,‘ D
1oci(DIP+SEMI ,&jz,"jz" )
10Ci(LAT &dim,"dim");
itoci(5EMI,&din,"din")
loci{SEMI ,&dip,"dip*>
1cci(5EM] &dig,"diq")
Tlocdin,&x,"x");
llocd(n,u., z")y
allocdin,&a "a");
allocdin,&r,"r");
ca?locd(n*n,&B,"B");
caliocd(DIM,&beta, "beta");
callocdin#DIM,&c,"c");
callocd(n*DIR,&h,"h" )
cailocd{DIN,%alpha,"alpha”);

N Moo N
w

"
w W

-e me we

e e R Y R e E T PP T PT I T I T I I LY PP T s

7% Fe-allocate spaces for the parameters in the cancnical pwl equation L 74
/% with the exact required dimension since the zxact size of dimension has %/
A% been +ound. %/

SEERRERLAES AR IR L C R AN AL C RN IR R R RS LR AR ENA LR E R E AR ER R RN EX XN/

v

FRR X

I
"
(3

Ll

"
3
b}
(]
=
(1]
o
[0
N
M
~

-~z

i {&im,ix,LAT)
'°Jm,JA ScMI);
&in,jx,SEMI);
i(&iz,ix,LAT);

i {&jz dlp[Jx]+Jx+1 DIP+SEMI);
(&d:m ix+1,LAT);

a ’&dln,J,(‘*l.acMI),

ra {&dip,jx+1,SEMI1);
ral;ocz(&dlq,jx+1,SEMI);
rallocd(&x,ix+i,n);
rallocdl&z,diplixl,n);
rallocdi&beta,dimlix]1,DIM);
rallocd(&c,n*dim{ix],n*DIM);
rallocdi&h,nxdiqljx1,n*DIQ);
allocdi&alpha,dinljx1,DIN);

[ N B ] 0

e e )
N D-l N
n [ T I o N T I B ]

"’"7-.1
[y
Q O 09

-t et et wed mad eed e

Hoauaba..aw..-t—o

[

fi*i**i*§*§***§§*********%*********************!****************************/
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/% Check whether enough spaces are allocated in the preliminary allocation #/
/% alloc_1¢) for each parameter in the canonical! pwl equation. */
e e I i eIy T I I I I T T PP P P e e R Y P P T YT ST T s

check_space()

s
.

if Cix>LAT)
printf("NOT ENOUGH SPACE; LAT should be no less than ¥d\n",ix);
exit()y

s

if (jx>3EMI

printf{"NOT ENQUGH SPACE; SEMI should be no less than ¥d\n",jx);
exitil;

1f (dimlix1>DIMD

printfs"NOT ENOUGH SPACE; DIM should be no less than Zd\n® ,dimlix]i);
exit();

£ 0dinljxIyDIND

printf{"NOT ENOUGH SPACE; DIN should be no less than ¥d\n",dinljx1);
exit(l;

1f {diplix1>DIP)

printt("NOT ENOUGH SPACE; DIP should be no less than ¥dw\n",dipljx);
exit()}

if (diqljx1>DI)
{

printf{"NOT ENOUGH SPACE; DIQ should be no less than Xd\n",digljx1);

exitl{ly
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#include {stdio.h>
#include "nport.h”
#include "pwl.h"

extern int n,ix,jx,*iz,*jz,*in;

extern int #im,%jm,*dim,*dip,*diq,*din;

extern char #xx[1,%z2[];

extern cdouble *B,#P,xQ,%s,%r;

extern double #c,*bets;

extern double #h,*aipha;

extern double *x,%z;

exiern doubie start,ending;

extern int dir;

SRR SRR AR RIS R RS RN E R R RN R R RS IR R AR AL AR AR F R CRAE R RRRER )
/% Decode the driving source for tracing range and direction of DP and TC %/
P T L Y I Y Y e T T T S YT Y e T T T VA

driving_source{ch,i,is,model)

char chy J% 77 (resp.; “17) for voltage (resp.; current) source %/
char #*model; A% driving source description %/
int i,%is; /% branch index for the driving source %/
{
int j,k;

chap x2[211,r2021];
double atofi);

/% delete unnecessary spacings %/
sqeezimedel)

7% decode the tracing direction; dir=1 <resp.; dir=-1) for */
/# the direction of increasing {resp.; decreasing) input *®/

)

if (f#ind_indexi":+" ,model)d=0)

dir=1;
slze
{
it (find_index(":-" ,model)>»=8)
dir = -1
eise

exit_message("INCORRECT DRIVING SOURCE MODEL FOR TRACING DIRECTION");

“

<% decode the starting position %/
k=find_index("{",model);
wodel+=k+1
=5 ;
whiie {(*model'=",’ && j{28)
xz[j++] = *{model++)};
if (jr=20)
exit_message("TO0 MANY DIGITS FOR STARTING POINT");
XKZLil="\8";
start=atofixz);

=3

¢

[

/% decode the ending position */
model++;
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i=t;
whiie (#model!=’)’ && j<28)
yz[j++] = %(model++);
if (jr=28)
2xit_message(“TO0 MANY DIGITS FOR ENDING POINT");
vzl jl="\8";
ending=atof(yz);

/% construct the B matrix and r vector %/
for (k=0;k<{nik++)

{

if¥ {ch=="V)

{
rikl = -Plk#n+il;
Blk*n+i1=Qlk*n+il;

3
if (ch=="1"
{
rlkl = -Glk#*n+il;
Blk*n+i1=Plk*n+i);
}
#js=1} /% store the branch index for the driving source #/

(]

AEERREEFERRGRFEE R R IR R AL RS SR C R A F R EI AR IR AR AR AR ERE RN ERRRF GRS R X%/
7% Re-arrange and partition the B matrix into two parts with lattice and »/
/% semi-lattice structure respectively. */
S EEERERELEERR R ERERCRR ARG ERERE R IR AR TR AR R RER AR R R R R R RN EE AR R C RN EAX R RRRRRRS
artitiondis?
nt H

4
tis

(o2 R

/% branch index for driving source %/

E)

int 1,J,k,1
double *Bx;

caliocd{n*n ,&Bx,"Bx");

4% B matrix before partition %/
for (j=8:j<{nj;j++)
for (i=B8;i4{nji++)
Bxli*n+jl=Bli*n+j];

A% jattice structure part %/
for (j=83j<ix3j++)
for (i=B;i{nji++)
Bli#n+jl=Bx[i*n+iz(jll;

/% semi-lattice structure part */
for (j=0;j<{jx;jt+)

93

(j>8>

for (k=0;k<{jik++> 1+=inl[jl}
for (i=@;i<inji++)

=
if
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for (k=8;k<inljl;k++)
Bli*n+ix+1+k]=Bxli*n+jz[dipljl+j+k+11];
)

/% driving source part */
for (i=B;i<{nji++)
Bli#n+n-11=Bxli%¥n+is];

cfree(Bx);
3

SEEREEXEEFRERF R E AR E R R R B R R LS LR R R SRR R R R LRSS RS LR SN FEF AR L XA R XXX RERN X/

/% Decode the 1-port element for cancnical pwl equation. */
FREERERREERE R B AR R LR EERLE R R F AR R LSRR A SR FX XA F AT LR R AR F XXX LR R R E XXX XXER RS/

port_l<branch,ja,i)
int ja; /% element index in the input file »/
int i; /% branch index for this 1-port element %/
struct INLINE branchll; /% array of element record %/
int j,k;
char ¥calloc{);
double ali12],%zx,%2y;

izlixl=i /% the element is connected across the i-th port %/
/% of the linear n-port x/

xxlixl=calloc(28,sizeof(char));

/+# decode the l-port eiement for element characteristic %/
gecode_l{{branch+jad->relation,im+ix,a’;

callocdin, &zx,"zx");
callocd(n &zy,"zy" )}

“% yoltage-controlled case */
if (find_index{"i=",{branch+ja)-Irelation)>®)

{

tor (k=8;k{njk++)

s
.

zxlkI=Plk*n+il;
zylkl=0Q[k*n+il;
H
sprintf{xxLixd,"v{%s)",(branch+ja)->name);
3

/% current-controlled case #/
if {find_index("v=",(branch+jal)->relation)>8)

{
for (k=0; ;k<{njk++)
{
ZxLkI=QLk*n+i];
zylkl=Plk#n+il;
)

sprintfixxlix],"i{¥s)",(branch+ja)->name);
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/% gimlil = sum of (# of breakpoints in the j-th I-port element) #/
/% for j=8,1,2,...,i-1 */
gimlix+!l=dimlix1+iml{ix];

/% substitute the pwl model into the hybrid equation %/
for (k=3 ;k<{njk++)
{
siki=siki+zylkl=al6l;
Blk*n+il=zx(kl+zylkixall];,
}
+or (§=8;i<imlix];j++)

{

for (k=8;k<{njk++)
ci{dimlixl+jr*n+kl=al242%j1%zy[k];
vetaldimlix]+jl=al3+2%j];
3
ix++;
cfree(zx);
cfreelzy);

/***************************&**!****&***************************************/

/% Read the starting point for the solution curve and calculate the */
/% initial driving input current{resp.; voltage) if the driving source */
/% is a voltage (resp.; current) source. */

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

initial_point(qgp,B8B,a,sta’

FILE #qgp; /% pointer for initial condition file #/
double staj /% initial value for input variable %/
doubie all; /% source vector %/

Gouble BBL];

{
char lineiS@8),¥calloc();
int 1,J,k,1;
doubte dx,fabs(),atof();

if ({fgetsiline,58,gp))==NULL)
exit_message("CAN‘T READ THE STARTING POINT");
if (linelBl==&’)
exit{);

#% read the starting operating point %/
for (i=B;i{ix;it+)
/% lattice structure variable %/
if ((fgets(iine,508,9p))==NULL)
exit_message{"CAN’T READ THE STARTING POINT");
if ({I=match_lat(line))==-1)
exit_message{"MISMATCHED LATTICE_VARIABLE NAME");
xl1]=atof(line);

for {j=03i4{jx3j++)
for (k=8;k<{inljlik++)
{
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/% semi-lattice structure variable %/
if ((fgets(line,38,9gp))==NULL)
exit_message("CAN’T READ THE STARTING POINT");
if ({1=match_semi(linel))==-1)
exit_message("MISMATCHED SEMI_VARIABLE NAME");
zl11=atof(line);

]
/% calculate the driving input current or voltage %~/
i=-1;
while (BBl (++i)*n+n-1]==8 && i<{n); /% search a nonzero coefficient »/
if {i{n>

s
AY

for (j=03j<ix;j++)
alil=alil+BBli*n+jl*x[j];
for (j=B8;j<ixsi++)

{
1=6;
if (j2e
for (k=@ik{jik++)> 1+=inlkl;
for (k=B;k<inlJjljk++)
alil+=BBli*n+ix+k+11%z[dipljl+k];
b)

for (j=B3j{ix;j++)
for (k=0;k<imljljk++)
alil=alil+cl(dimljl+k)I*n+i)%fabsi{x[jl-betaldimljl+kl);
for (j=B;j<{jx;j++)
for (k=0;k<imljl;k++)

{
dx=6;
for (1=0;1<inljl;l++>
dx=dx+alphaldinljl+k*{inljl+12+1)%2[dipljl+1];
dx=fabs(dx-alphaldin[jl+k*(inljl+1)+inlj11);
alil=alil+hi(diqljl+k)*n+i)=dx;
3
x[ixl=(sta*r{il-alil)/BBli*n+n-1];
3
return{i);
3
AR REE R R RRE R R RRR R R R R ERAE R IR RE R RR AR RS L LA R RF AR R R AR ERR RS ERRRNRR S
/% Decode the 1-port element model */
S {1 €Or VIS(XX X Y oY) XXXy ¥Ye¥) e o (XK XYY ¥)2 */
/% to the canonical pwl representation */
I Yy =a + b¥*x + sum c_i*ix - beta_il *x/

SEEREEEEEERREFREREEERLEERRXRXRREREXXXRXE N *********************************,’

decode_1{model,m,a)

char *modei; /% model string %/
int *m; /% # of breakpoints %/
double all; /% numerical information in the model %/

{

char xz[211,y2021);
int na=8,1,k,1;
double xwii0l,ywli181;
double atof();
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I=strienimodel)+1;
. k=tind_index{"=",model);
madei=model+k+1;
while t#*model!="3" && k++<1)
r
if {*model==" ‘) model++;
it {*modei=="{")

{
/% get the x-component of the breakpoint */
i=8;
whnile {*model'="," && i{21)
xzli++] = *(++model);
if (1=21)
exit_message("TOD MANY DIGITS IN PWL 1-PORT MODEL");
xzli-1]=/\8"}
model++;
if {na’=1g)
exit_message("TO0 MANY BREAKPOINTS IN PWL 1-PORT MODEL");
xwinal=atofixz); .
/% get the y-component of the breakpoint */
i=8;
while (*model'="3" &L& i{2®)
yzli++]l = *¥{model++);
if (i3=28) ‘
exit_messaqe("TCO MANY DIGITS IN PWL 1-PORT MODEL");
vzlil="\0";
model++;
vwlna++l=atofiyz);
3

3
/% incorrect model description */
if Ckr=1)
exit_messaqe("MISSING 7} IN THE MODEL");
m=na-2; /% @& of breakpoints %/
/% construct the canonical pw! representation */
canonical_pwl{¥*m xw,yw,a);
3

,/*-Z‘:i****-.‘6-!*******¥****§*****§********************************i**************/

/% Given the x and y coordinates of each breakpoint and two arbitrary */
/% points in the ending segments, construct the 1-dimensional canonical */
/% owl representation */
¥ Yy = a ¢+ b¥x + sum c_i%!x - beta_i! */

AEREFEEEREEREEREREEEEEREE RN R R R R ERFRREREEEF LIRS R RN R SRR R R LR R AR R RS R RS SR
cancnical_pwiim,xw,yw,a)
int m; /* & of breakpoints */

agouble xwll,vwil; /% breakpoins %/
double allj /% parameters for canonical pwl representation %/



Mar 23 10:85 1986 pwli2.c Page 7

Lol

int i;
double #slope;
double fabs();

callocdim+i ,&slope,"slope”);

/% calcuiate the slope of each segment */
for (is@;i<=mji++)
slopelil=(ywli+1)-ywlil)/(xwli+i)~xwlil);

/% construct the parameters in the canonical pw! representation */

alll=islopelml+slopeldl)/2;

for (i=@;id{mji++)

{
af2+2*i)=(slopeli+ll-clopelild/2;
al3+2*iI=xwli+1];

)

2i0)=ywli0l-alllexwlB]l;

for (i=@3idm;i++)
alB)=ail@dl-al2+2%i1«¢fabs({al3+2%i)-xwlel)};

cfreelsiope);

}

AR ERERREEEE AR ER RN R R RS AR AR RN EE R AR A AR R CRARE AR RRRR AR RSB R RERR SRR/
<% Match the input line in the file with starting points to the mapping */
/% table of lattice structure variables to identify the index i such that %/
A% the input line is the atarting point for x[il; return -1 if there is no ¥/
7% matched variabile. */
AEREEEERRERREERR R EFRER AR ERE RN SRR ER RN R R AR R CRRE NN LR AR R SRR RS XE R RRRRRRRE RS

match_lat{line’
char *iine;
{

int i,ks

k=find_index{"=",line)}

/% search the mapping table for lattice structure variables #/
for (i=@;i<ixji++)
if {find_index{xx[i),line)==0)

s
.

/% extract the ASCII] code for the starting point %/
strdel(line,B,k+1)
strdeifline,strlen{liner-1,1);

return(il;
3

if(i==ix)
return(-1);
3

SEEREERERERAERRREE R R AL R RN E SRR IR E R ER RN RS LR NS ASE IR LR ARRAER R AR RERRRE/
/% Match the input line in the file with starting points to the mapping */
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/%
VZ
A%
J¥
/%

table of semi-lattice structure variables for identifying the indices

1 and j such that the numerical value in the input line is the starting
point +or the semi-lattice structure variable z[diplil+j], the j-th
port variable of the i-th semi-lattice structure multiport element;
return -1 if there is no matched variable.

%/
®/
%/
%/
*/

f***************************************************************************/

mat

ch_semi{line’

char #line;

{

1t i,J,i
k=find_index{"=",line)

/% search the mapping table for semi-lattice structure variables %/
for C(i=B3i{jxji++)
tor (§=8:j<inlil;j++)
it ($ind_index(zz[diplil+jl,line)==0)

{

/% extract the ASCII code for the starting point %/
strdetiline,8,k+1);
strdel(line,strient{line)-1,1);

returni{diplil+j);
3
if Ci==jx)
returni-13;
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#include {stdio.h>
#include “nport.h®
#include “pwi.h"

extern int n,jx,*jm,*in,*jz,*dip,*diq,*din;
extern double *P,*Q,%s,%B;

extern double #h,xalpha;

extern char *zz[1];

i e T R T I T2 P
/% Decode the 2-port model into a 2-dimensional canonical piecewise-linear %/
4% egguation, */
FEREEERRERE AR AR R AL E R R REEFRF AR R X R R A AR R SRR F R XU AR R R EERRRRERRERRRRER SR/

decode_2(model,nn,al,a2,bd)
char modell]; /% 2-port model #/

int *nn; 7% § of partition boundaries */

double alii; /% coefficients of 1st canonical pwl equation %/
double a2[1; /% coefficients of 2nd canonical pwl equation %/
double bdll; /% coefficients of partition boundary equations */

i

X
char #dx,#calloc();
doubie atofi)d;
int §.i

dx=callcc{strleni{model)+l,sizeof({char)) /% temporary stzrage for the model */

/% decode the 1st canonical pwl squation %/
k=find_index("Pi=(" ,model’;
strcpy(dx,model);

strdel(dx,8,k+d4);

extract{dx,nn,al);

/% decode the 2nd canonical pwl equation £/
k=find_index{"P2=(",dx);

dx=dxtk+3

extract(dx,nn,a2);

/% decode the partition boundaries %/
k=find_index("Bd=(",dx);
dx=dx+k+4;
extract(dx,&j,bd);
3}

/*-1--2‘.********************************&****!**********************************,’
/% Extract the numerical data from ASCII] model equation. */
/*************i**************************!*************************i********}'

extract{code,nn,a)

char #code; /% ASCII] code of numerical information in the model */
int *nn; /% # of partition boundaries %/

double allj /% decoded numerical data %/

{

char st{211;
double atof();
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int i,j=8,1=0;

whiie (find_index(",",code)<{find_index(")",code) &&
find_index(",",code)>=0)
R
if {1538
exit_messaqe("TOD MANY PARAMETERS IN THE MODEL OF PWL 2-PORT");
i=§;
if (*code==’,’) code++;
while (%code!=’,’ && #*code'=’)’ && i<20)
stli++] = *{code++);
14 (i>=28) exit_message("TOO MANY DIGITS IN PWL 2-PORT MODEL"):
stlil="\0";
alj++l=atofist);
)]
*#nn=j-3;
3

e e R R Y I T TN T TP P Py
/% Decode the 2-port element ( which is in the j-th element line ) for its %/

/% canonical piecewise-linear equation, x/
AEREEAREEEERERL RS LR EEREREEE RS FRERE SRR SRR RE R AR LR R AR LR R E R LR RS X R R E RN RN R/

port_2<(branch,branch_vector,ja)

siruct INLIMNE branchll; /% array of element record %/
struct B_VECTOR branch_vector{];/# array for branch indices %/
int ja; A% branch index of the 2-port element %/
{
int 1,.k;

double alii31,a20131,bdl36) ,%zx1,%2x2,%2y1,%2y2;
char *calloc();

if {chosen{jx,ja)=s=-1 || jx==0) /% check whether processed #/
inljxi=2; /% port # = 2 %/

/% dipli] = sum of (# of ports in the j-th multiport element) %/
/* 'fCtl" j=3,1,2’oan,i-l *ll
diplix+1]=dipljxl+inljx1];

/% get the branch indices for each port branch #«/
/% of this multiport element */
semi_index(branch_vector,ja,jx);

/% decode the 2-port pwl model %/
decode_2{((branch+ja)->relation,&imljx1,al,a2,bd);

/% diqlil = sum of (# of partition boundaries in the %/
/% canonical pw! model of the j-th multiport element) %/
/% for j=8,1,2,...,i-1 %/
dinlix+1)l=dinljxI+jmljxI%{inljx1+1);

/% ginli] = sum of (# of parameters in the partition */
/% boundary equations of the j-th multiport element) %/
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.l,* fOP j=9,1,2,.-.,i"1 */
diqijx+1)=diqljixI+jmljx];

callocd(n,&zx1,"zx1");
callocd(n,&zx2,"zx2");
callocd(n,&z2y1,"zy1");
callocd(n,&zy2,"zy2");

/% get the semi-lattice structure variable definition and %/
/% the corresponding canonical pwl equation parameters */
semi_var(branch,branch_vector,ja,zx1,zv1,2x2,zy2);

/% find the canonical pwl equation parameters %/
for (i=08;id{n;i++)

{
sli)=slil+zy1(il*al[B1+2y2(il%a2[8]; .
Bli*n+jzldipljx]+jx+111=zx1[il+2y1[il*all1]+2y2[il*a2[1];
Bli*n+jzldiplixI+jx+21]=zx20i)+2v11il%all2)+2y2[i)*a2(2];

3

for (i=85id{jmljxl;i++)

{

for (k=B8;k<{=inljx);k++)
alphaldinljx]+i#{inljx1+1)+ki=bd[3*i+k];

for (k=8ik<n;k++2
hiddiqljxl+id*n+kl=2y1[kI*all3+il+2y2[k]1%a2(3+i1;

3

Jx+4; /% increment # of multiport elements */
cfreefzxi);
ctree(zyi);
ctreel(zx2);
cfreeizy2);

3

f**§¥*!4***&%#%&*******i***%****&******************i*%*******4*****4*&*****&/
/% Determine whether any branch in the 2-port element has been procesced; #/
7% return -1 if it is the 1st branch of this 2-port zlement sver processed %/
/***************************************************************************/

chasen(j,jal
int j,ja;
{

int k=0;

for (k=8i1k<{=jik++d
if (jzldiplkl+kl==ja)
returnik);
if (k2>
return{-1>;
}

/*****************i*********************************************************/
/% Determine the branch indices for 2-port elements. */
j********************i*i**************************************i**!**********/

semi_index(bv,ja,j>
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struct B_VECTOR bull;
int ja,j;
{

int k;

Jjzldipljl+jl=ja;
for (k=063k<{njk++)
if ((bv+k)-ra==ja)

{
/% 1st port of the j-th 2-port element is at port k =/
/% of the linear n-port */
if ({bv+k)->b==1)
Jzldipljl+j+1l=k;
/% 2nd port of the j-th 2-port element is at port k %/
/% of the linear n-port */
if ({byu+kir=db==2)
Jzldipljl+j+21=k;
3

3

f********i************ﬁ*****************************************************/

/% ldentify the element type for the 2-port element and construct the */
/% corresponding canonical pwl equation parameters and the semi-lattice */
#/% structure variable table. */

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

semi_varibranch,branch_vector,ja,zx1,zy1,2x2,zy2)
struct INLINE branchl];

struct B_VECTOR branch_vectori];

int jai

double *zx{,%zyl,*2x2,%zy2;

{

int 1,1= -1,
char *calloc();

if {find_index("<i,id:",(branch+ja)->relation)>=8)

1=8; #% (1) voltage (2) voltage -controlled %/
if <find_index("(i,v):",(branch+ja)~>relation)>=0)
i=1; /% (1) voltage (2) current -controlled ¥/
if (find_index{"{v,i):" ,(branch+ja)->relation)>=8)
1=2; /% (1) current (2) voltage -controlled */
if (find_index{("(v,v):",(branch+ja)->relation)»=8)
1=3; /% (1) current (2) current -controlled */

NS RCEER N D X))
exit_message(" INCORRECT 2-PORT MODEL");

/% find the variable table for 2-port element with *®/
/% semi-lattice structure canonical pwl model and the #*/
/% corresponding canonical pwl equation parameters %/

for (i=83i2;i++)
zzldipljxl+il=calloc{28,sizeoflchar));
if (142
A
sprintfizzidiolix]],"vi(¥s) ", (branch+ja)-Yname);
if (1==8)
sprintfizz(diplix]+1],"v2(¥s)",(branch+ja)->name);
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elee sprintfizzldiplix1+1],"i2¢¥%s)",(branchtja)->name);
tor {i=0;idnji++){
2x1[i]=Pli*n+jz{diplixI+jx+111;
zy1lil=QLi*n+jzldiplixl+jx+11];
if (1==1)
{
zx2[i1=QLi*n+jzldiplix)+jx+21];
zy2lil=Pli*n+jzldiplix]+jx+21];
} else
{
2x20i1=Pli*n+jzldiplix]l+jx+211;
zy2lil=Qli*n+jzldipljxI+jx+21];

.'.
4

£ (1>=2)

P S TR ]

sprintflzzldiplix]],"i1{¥s)" ,(branch+ja)=->name)
if (1==2)

sprintf{zzldipljx1+11,°v2{¥s)" ,(branch+ja)->name);
else sprintf{zzidipljx1+11,"i2(¥s)" ,(branch+ja)->name);
for (i=B;i{n;i++)

{

zxilil=0li*n+jzldiplixI+jx+13];
zylliJ=Pli*n+jzldiplix]+jx+111;
if {1=3
{
zx2[i1=Qli*n+jzidiplixI+jx+211;
zy2lii=Pli#n+jzidiplix]+jx+211;
} else
{
zx2li)=Pli%n+jz[diplixI+jx+211;
zv2lil=Qli*n+jzidiplixl+jx+211;
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#include {stdio.h>
#include "pwl.h"
#include "/usr/include/local/graf.h"

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

ext

ern int n,ix,jx,%in %im,*jm,dir ,%dim,*dip,*diq,*din;

extern char #*xx[],#zz[),chol];
extern double *alpha,*beta;
extern double #B,%r,%c;

extern double #x,%z,%h;

extern double start,ending,tp,tn:
extern int ql,g2;

extern double rangel,range2;
extern FILE *op,*rp;

extern int outfile,reqion;

int 10,j8,k8,%iy,%jv;

int nc=8;

/***%*&*******i******************!i**%**i******%****************************/

L s
S *
S
,l, *

Implement the Generalized Breakpoint Hopping Algorithm to calculate ®/
each breakpoint sequentially for tracing the solution curve of a #/
cancnical pw! egquation and find the DP (Driving-Point) and TC (Transfer)/
characteristic of a nonlinear resistive circuit. */

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

FILE *fopen{);

int g,s,ub=0;

doudle #d,*d1,fabs();
double cut,ti;

catleciddiglind,&ir,"jv");
calliocdin,&d,"d");
callocdi{n,&dl,"di");

/% select the output variable %/
switch(chol81)

kS

case “x” ¢ out=x[gll; break;
case ‘z° t out=zlgll; break;
case ‘i’ 1 out = -xlixd); break;

baf_moue(start,out.hp);
if (outfile == 1)

) W

-

fprintfiop, " n¥sxxxx*x PWL CURVE ¥d *x%x%xxx\n",++nc);
fprintf{op,"input = ¥.2e\t\toutput = ¥.3e\n",start,ocut?;

/% determine the initial reqion for the starting point %/
location_index{);
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if (region == 1 &k tp<{range2 && tp>=rangel)
reg_inf(tp);
/% construct the initial Jacobian matrix and calculate %/
/% the initial direction vector *®/
ini_B_df(d»:

/% +ind the 1st breakpoint and draw the line segment %/

/% between the breakpoint and the starting point */
if {(next_pointid,&ql==-1)

ub=1:;
switch{choldl)

i

case “x” ! out=x{gll; break;
case “z/ : out=z0(gll; break;
case ‘i ¢ out = -x[ix]); break;
\

+

graf_drawttn,cut,hp);

if {outfile == 1)
fprintfcop,"input = W.3eNt\toutput = X.3e\n",tn,out);
ti=tn;

while(({(dir>8 && tn<{ending) ! (dir{d &% tn’ending)) &% ub==8)
{
/% find the Jacobian matrix and direction %/
/% vector in the next regqgion .74
g_=and_d<d,dl,q);

if (tn{range2 &% tn)=rangel)
reg_inf{tn);

/% determine the correct direction vector in order %/
/% to continue tracing the solution curve x®/
c_vector(&s,q,d.di);

/% calculate each distance of the present breakpoint #*/
/% to the neighboring reqion */
incrementi{d,s,%qQ?;

/% calculate the next breakpoint and draw the line szcment %/

4% between the present and the next breakpoint %/
i¥ (break_point(s,d)==-1)
ub=13;
switch(chol81)
{

case ‘x’ : out=x[gll; break;
case “z” : out=zl[gll; break;
case “i‘ ¢ out = -x[ix]; break;
3
graf_drawl{tn,cut,hp);
if (outfile == 1)
fprintflop,"input = Z.3eNt\toutput = ¥.3e\n",tn,out);
if (fabs{tn-ti)<!.0e-8)
{
printf("BREAK A LOOP\n");
break;
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3

3
i
cfreefiv)y
cfreeljrl;
cfreel{d);
cfree(dl);

f***§*§****&**************************************************&**i********i*/

/% Find the first breakpoint after the starting point, */
L i T e T LIy

next_pointid,q)
int *q; /% boundary index; @ for lattice and | for semi-lattice %/
double #d; /% direction vector */

{

3

double fabs(),dti_t=1e5,dty_t=1e5;
double deita_t;

/% caiculate the distance to each lattice structure boundary */
d_latdidir,&dti_t,d);

4% calculate the distance to each semi-lattice structure boundary %/
d_semi(dir,@,06,8,&dtj_t,d);

/% ciassified as a corner point if within the distance =le-8 %/
/% of a corner point */
it (dti_t¢l.8e-3 && dtj_t{1.8e-
erint£("WARNING MESSAGE : CORNER POINT IN LATTICE AND ")
printf"SEMI-LATTICE STRUCTURE BOUNDARIES\n")»;

.

S% compare the minimal distances from the lattice structure boundary %/

/% and the semi-lattice structure boundary and choose the minimum */
it (dti_trdti_to
{
#Q=1;
delta_t=dir*dtj_t;
} else
*q=0;

celta_t=dirxdti_t;
¥

tn=tp+delta_t; /% position for next breakpoint %/

/% calculate the breakpoint #/
if {break_point(l,d)==-1)
return(-1);
else
returnd{@);

f*************************************i*************************************/
/% Print the boundary equations for a region. */
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/****i**********************************************************************/

reg_infl{tx)
double tx;
{
int i,u;
char di{28],d20281,1ine(808];

fprint+irp,"\nPWL CURVE ¥%d AT INPUT=YX.3e\n",nc,tx);
forintfirp,"#xxexxxxx REGION INFORMATICN #%xxxsx¥#x\n");

/% print the lattice structure boundary %/
tor (i=@;i<ix;i++D

{

if (iylil==8)

{

f_to_ax(betaldimlill,d1);
forintfirp,"¥s >= ¥s \n",dl,xxlil);

3

if {iylil==iml[il)

{
t_to_ax(betaldiml{il+imlil-1],d1);
tprintfirp,"4s >= %s “\n",xx[i),dl>;

3

if Ciylidod &% iylidimliD)

{
f_to_axi{betaldiml{il+iy[il),dl);
f_to_ax(betaldimlil+iy[il-11,d2);
forintfirp,"¥s »>= ¥s »= Ys\n",dl,xx[il,d2);

)

¥

J*% print the semi-lattice structure boundary ¥/
for (i=3;i{ju;i++:
tor (k=@;k{imliljik++)
L
##% construct the boundary expression %/
semi_regiline,zzldiplill,z2ldiplil+il,alphaldinlil+k=(inlil+1)],
alphaldinfil+k*(inlil+id+1),alphaldinlil+ksCinlil+12+21);

if (jyldiqlil+ki==1)
fprintfirp,"%s >= B8\n",line);

if (jyldiqlil+kl==0)
fprintfirp,®%s {= O\n",linel;

3
fprintfirp, "\n");
?
fﬁ*****%****************&*********************************i*****************/
/% Construct the string expression of a boundary equation from the */
/% numerical values of the equation coefficients. */

SEEFFREERRFRR SRR R R R R LR R ERERERERERE R R R AR AE SRR E LSRR AR XL X R XXX XN AR %R/

semi_reg{line,cl,c2,al,a2,ald)
char #line,%#cl,#c2;
gouble al,a2,a3;
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int 1
char diizZ8],d20201,d3[20];

/% determine the sign of the coefficients %/
if (a25=0 &% a2>=8)

1=1;

1f (a2>=8 && a3{3)
1=2;

if (a248 && a3>=8)
1=3;

if (2240 && a34@)
1=4;

]
ES

4% convert the numerical value of each coefficient to »/
7% the ASCII expression */
f_to_axf{al.dl)
o_ax{a2,d2)
o_ax¥a3,d3’

e @

it
i_t

/% combine =sach coefficient expression with the corresponding */
/% variable into the ASCII expression of the boundary equation %/
#% gach following case correspondes to a particular sign pattern %/

/% of the coefficien*s in order to avoid the expression like */
% 3%y{R1)--2%i{R2)~~1 ®/
/% (should be 2*u(R1I+2%1{R2)+1 ) %/
switch(l)
{
case 1 : sprintf{line,"Xs*¥s+)s*s-¥s",dl,c1,d2,c2,d3); break;
case 2 @ {
strdel(d3,8,1);
sprintf(line,"Xs¥{s+/s*¥s+/s" ,dl,cl,d2,c2,d3):
break
3
case 3 ! sprintfiline,"Xs#Xs¥s*is-¥s",dl,c!,d2,c2,43); break;
case 4 : ¢

zirdel(d3,8,1);
sprintf(line, "X s*)sks*s+¥s" ,dl,cl,d2,c2,d3);
break;

w

L)

f§*§§§§§§*************************ﬁ*******§*******§§***§*********ﬁ**********/

/% Determine the region where the initial point is located. */
/**i*****i****i****&***&**ﬁ**********%***i**********i***************%*******/

location_index?{)
£
A3

int i,J,k;
double cx;
callecifix, &iy,"iy")

/% determine the reqion indices for lattice structure boundaries #/
for (i=@;idixji++)
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{
: if {{(x[il-betaldimlill)<{=2)
iylil=0;
else
{
it ({xlil-betaldimlil+im[i]-11)38) iy[il=imlil;
else
{
for (k=1;k<imlidjk++)
if C(i{x[il-betaldimlil+k-1))%(x[il-betaldimlii+kl){=0)
{
ivliil=k;
break;
)
if (k==imli])
exit_message("INITIAL POINT IS5 IN UNDEFINED REGION");
}
)
3

/% determine the region indices for semi-lattice structure boundaries */
for (j=8;i{jx;j++d

for {(k=8;k<{imljlik++)

r

A8
cx=0;
tor (i=@;iinljli+4)
cx=cx+alphaldinl{jl+k#{inljl+1)+id*zldipljl+il;
if ({cx-alphaldinljl+k*#(inljl+1)+in[j112<@) jyldiqljl+ki=8;
elee jyridiqlji+ki=1;
)
>
SRR R RN AR TR RN R R F R LA RN R AT F AR SRS AR E AR RN A SRR ER GRS/
/% Find the dJacecbian matrix and the direction vector of the solution curve %/
S% ip the initial reqion. %/

i_g_diag>
1

4n__
doiuble #

& 0.

0.+
-e

£% direction vector ¥/

-y

int 1,J,k,1,I1x,*%ipvt;
doubtle #Bx,*ux,rcond;

/% construct the Jacobian matrix in the initial region #/
for (i=8jiixgi++) 7% lattice structure part %/
for (j=9;j<imlilj++
for (k=0 ik<{njk++)

{ .
if (jo=iy[il) Blk*n+il-=ci(dimiil+jr*n+k];
else Blk*n+il+=cl(dim{il+j)*n+k];
3
for (i=@3id{jxji++) /% semi-lattice structure part %/
{
1x=083;

if (i38) for (1=0;1<i;1++2 Ix+=inll1];
for (j=0;i<imlil;j++)
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for (k=0;k<{n;k++)
for (1=0;1<inlil;1++)

{
if (jyldiqlil+jl==1)
Blk¥n+ix+ix+11+=alphaldinlil+j*(inlil+1)41]
*h[(diqlil+jo*n+k];
elce
Blk*¥n+ix+1x+1)-=alphaldinlil+j*(inlil+1)+1]
*hl{{(diqlil+jr*n+k];
2

3

calleociin &ipvt,"iput®);
callocdin, &ux,"ux");
callecdin*n ,&Bx,"Bx"};

/% compute the direction vector by solving Bd=r #/
for (i=@3i{nji++)
{

diis=rlil;

for {j=@3j{n;j++)

Bxli*n+jl=Bli*n+jl;

}
zgecovBx,n,ipvt,&rcond,ux>; /* LU decomposition #/
sgesi(Bx,n,ipvt,d,8);

cfreefipyt);
cfreefux);
cfree(Bx);

/%*’k’**********i***********&********************!**!ﬁ************************/

/%

Calculate the distance of the present breakpoint to each lattice

*/

/% siructure boundary and the corresponding required amount of input for */
/% reaching that boundary. Choose the boundary with minimal amount of inputx/
/% which will be the 1st lattice structure boundary hit by ihe sclution */
/% curve; return -1 if if goes to unbounded region without hitting any *®/
/% boundary.
AREREERRE R R TR R RN R R ERF R X RN LR R LR R E R R AR R R AR LR AR R R R AR EE R R R R R F R R R R R R ERS

€/

_iatis,dti_t,d

int s3

double =*dti_t;
double ¥*d4;

{

int i,m=@;
double #*dta,fabs{);

caliocd{ix,&dta,"dta");

for (i=8;i{ixji++)
if (fabs(dfil)>{.0e-% && im[il>®)
{
if ((sxdlild>®
{
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if (iylil==imlil} /% i-th component goes to + infinity #/
dtalil=1.0e5%fabs(dli1);
else
dtalil=betaldimlil+iy[i1]-x[i];
$

elce
{
if (iviil==@) /% i-th component goes to - infinity */
ditalil=1.8eS*fabs(dlil);
2lse
dtalil=xlil-betaldimlil+iylil-11];
}

dtalil=dtalil/fabs(dlil); /% required amount of input for the #*/
/% i-th component to hit a boundary %/

/% choose the minimum and determine the, lattice %/
/% structure boundary index i@ */
it (*dti_t>dtalild
{

¥dti_t=dtalil;

i8=1i;

for (i=@;idixi+s+)
if (fabs{dtalii-#dti_t)<{1.08e-8 && *dti_t<{1.0e-4 && dlil'=@>
m++; g prnsent breakpoint is in the intersection */
/% of m lattice structure boundariss *®/

cfreefdtal;

if (mal)

{ .
orintfC"WARNING MESSAGE : CORNER POINT IN LATTICE STRUCTURE “);

rintf{"BOUNDARIESN\N" )

©n

¥4¥it4*********4*4*4**********¥**¥*****£¥¥4¥¥*¥**************¥<*¥*<**¥4f¥,
Caicuiate the distance of the present breakpoint to each semi-lattize */
siructiure boundary and the corresponding required amount of input for %/
reaching that boundary. Choose the boundary with minimal amount of inputx/

wnich will be the 1st semi-lattice structure boundary hit by the ®/
solution curve; return -1 when entering an unuounded region without %/
nitting any boundary. */

FEEUAFXAREEXRERRRF A ERF SRR RRRF R R C AR R AR E ISR RIS ERERFE R EFFEXRELEREESS
emi{s,q,jl,kt,dtj_t,d>

S,Q,31,kl

Sie =dtj_t,*d;

int 1,j,k,1,m=0;
double #dtb,dx,dy;

callocd(diqljx],&dtb,"dtb"),
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tor (i=81i{jxji++)
r
N\

1=0;
if (i28)

tor (k=83;k<{ijk++) 1+=inlkl;
for (j=@;j<imlil;j++)

{

[}

x=03
dy=8;
for (k=@ k<inlilik++)

-

dx+=alphaldinlil+j*(inlil+{)+kiedlix+1+4k];
dy+=alphaldinlil+j*{inlil+1)+kI*z[diplil+k];

¥

dy=alphaldinlil+j#(inlil+12+inlil)-dy;
if {fabs(dy){1.0e-8)
m++;
if {dx!=8)
dtoldigqlil+jl=s*dy/dx;
if (dtbidiqlil+jl>8 && #dtj_t>dtbldiqlil+jd)

{
if (gql=1 11 jit=i {1} kil=j
{
jg=i;
kl=j ;
*dtj_t=dtbldiqlil+jl;
N
}

3

T

if {m>1)

printf("WARNING MESSAGE : CORNER POINT IN SEMI-LATTICE ");
printf{"STRUCTURE BOUNDARIES\n");

ctree(dtb);

fiﬁ*******%******#********************i********************************i****f
SEEAE XSS E R R R R LR R R R ERERER R XL ERER IR AR LSRR F R XA SR LB SRS RERRF SRR R SRR/
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#inciude {stdio.h>
#include "pwl.h"

extern int n,ix,jx,*in,*im,%¥jm,dir,*dim,*din,*dip,*diq;

extern char *xx[1,%*z22[1;

extern double #alpha,*beta;

extern double #B,xr,xc;

extern doubie #h,¥x,%z;

extern double tp,tn,ending;

extern int i6,j0,k08,%iy,*jy;

e I e L LT
<# Caicuiate the distance between the present breakpoint and each boundary #/
/# and cetermine the next region by finding the boundary with minimal .74
/% amount of reguired input for the solution curve to hit that boundary */
A% from the present breakpoint. Return -1 when entering unbounded regqion. %/
SRR RN AR AR R R R RN R R AR RN AR R R IR AR AR LR R AR AR R R AR R RN R AR R CRRRREE

incrementid,s,.q)

0

int g3 /% direction vector sign %/
int #qi /% poundary index #/
douile *d; /% direction vector %/

4
2

int jil,ki;
double dti_
double fabs

/% present breakpoint i3 located in the k@-th boundary of the */
/% jB-th multiport element with semi-lattice structure partition %/
/% poundaries in its canonical pwl model */
j1=383
ki=ka;

/% caiculate the distance to each lattice structure boundary and %/
/% choose the minimum to determine the next region */
2_latde,&dti_t,4);

/% caleculate the distance to each semi-lattice structure boundary */
/#% and choose the minimum to determine the next region #/
d_zemiis,*q,jl,kl,&dtj_t,d);

7% classified as a corner point if within the distance =1e-8 »/
/% gf a corner point */
¥ (dti_td{1.0e-8 && dtj_t<i.pe-8)

{

orintf("WARNING MESSAGE : CORNER POINT IN LATTICE “);
printf{"AND SEMI-LATTICE STRUCTURE BOUNDARIES\n");

s% compare the distances and choose the minimum #/
if (dti_t>dti_ /% hit a semi-lattice structure boundary first %/
g

“\
*q:
el

1.
L ]
delta_t=dtj_t;

s
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- m
—
n
1]

/% hit a lattice structure boundary first %/

*q=g;
delta_t=dti_t;

.

/% ronew the position to next breakpoint %/
tp=tn;
th += sxgdelta_t;

X**&***************i************i*********ﬁ*i*&*****%***ﬁ*****************%*/
/% Caiculate the next breakpoint; return -1 if entering an unbounded

%

region and an arbitrary point on the ending segment is calculatad.

*/
%/

/**ii**********************%**************************************%*****%***/

break_point(s,d)

int =3 /% direction vector sign */
double *d; /% direction vector */
{

int i,],ub=0;

double fabs();

##% entering the unbounded region %/

it (fabs(tn)»>5.8e4)

.

AS

!
th=tp+c*100;

i3 reached %/

/% check whether the ending positio
11 (dir{9 Eu tn{ending)’

if {{gir>@ && tnrending)
tn=ending;

7% calculate the jattice structure coordinates =/
/% of the next breakpoint */
for ({i=s8;idixgi++)

XLi1l+=alil¥{tn-%p);

/% taiculate the semi-lattice structure coordinates #/

/% of the next breakpoint /

for {i=Biidixyi+d)
for (j=B83j<inliljj++)
zldiplil+jl+=diix+diplil+jl«(tn-tp);

/% calculate the driuing current or voltage of the next breakpoint
xlixl+=dlix+dipljx1I*{tn-tp);

if¥ (ub==1)
retyrn{-1J;
else
returnc@l;

*,:"

/ﬁﬁii%*%**************************i*&*************i%************************[
A% Renew the Jacobian matrix and calculate the direction vector in the

*/
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/% next region. */
AEERERERREREEERERERRERREERRE R R LR R LSRG RS R R A SRR RN SRR EER R R R R RRREERRRRRRE S

B_and_d<d,d!,q)

int q; /% boundary index %/

double xd; /% previous direction vector %/
cocuble *di; Z% present direction vector %/
r

S
int 1,j,%iput;
double cx . #8x,rcond,*ux;

/% if crossing the lattice structure boundary %/
if (g==8)

/% renew the reqion index for lattice structure component #/

1 (dliBl*{tn-tp) @) /% crossing the right boundary %/
iwlidl++;

else /% crossing the left boundary %/
iyliBl-—-;

/% renaw the Jacobian matrix in lattice structure part =/
for {i=8:i{n;i++)

{
if fdligl*{tn-tpl>@)
Bli*n+iBl+=2#cl{dimli@1+iy[iBl-1)%n+il;
elsae
Bli*n+iBl-=2%c{ {dimliBl+iv[iB]2%n+i];
3 :
J% 1% crossing the semi-lattice structure boundary %/
if {g==1)
{
/% renew the reqion index for semi-lattice component */
if (jyidiglj@l+kal==1>
{
cx = =13
jwldigqij@l+kol=0;
3 elze
{
cx=13
iyldiqljBl+kal=1;
i
for (i=Bji{nji++)
for (j=83;j<inljBl;j++)
[i*n+ix+dipl[jBl+jl+=2%cx*h[(diqljBl+ka)*n+i)
*alphaldin(jOl+kB=#{in[jB]+12+3];
3

calloci({n,&ipvt,"ipvt™);
callocd(n,&ux,"ux");
callocdi{n*n,&Bx,"Bx");

/% $ind the new direction vector by solving B#dl=r #*/
for (i=@;inji++>

{
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di{il=rlil;
for (j=03;j<{n3j++)
Bx[i*n+jl=Bli*n+jl;

geco(Bx,n,ipvt,&rcond,ux);
gesl<Bx,n,ipvt,dl,8);

" og

cfreeliputd;
cfreelux)
cfree{Bx);

%
5

/% Determine the correct direction vector in order to continue tracing */
/% the solution curve, */

/§§*§*******%************************§§***¥**************é******************/

d_vector(s,q,d,dl>

int a9 /% boundary index; 8 for lattice and ! for semi-lattice */
int %s; /% direction sign; 1 for entering and -1 for returning */
doubile *d; /% direction vector in the previous region */
doubie #di; 4% direction vector in the present region */
{

int i,k;

doubie dx,dy;

/% croseing the lattice structuyre boundary %/
it igq==81 :
{
14 ((giii@l*gliBl*(tn~-tp))>@) /% dl is entering */
*s=1
else /% dl is returning to previous rsqion %/
#g5 = -1;

/% crossing the semi-lattice structure boundary %/
4 dg==1’

S
N H
o

[

(k=83k<inljB1;k++)

<~ CL (L
o < 3
3

dx+=dlix+dip[jBl+kl*alphaldinl jBI+kO*(inljBl+1)+k]}
dy+=di[ix+dipljOl+kl*alphaldinl jBl+k@*¢in[jBI+1)+k];

3

if ({({tn-tp)*xdx*dy)>8) /% entering %/
*s=13

else ‘ /% returning */
#s = -1

%

#% renew the direction vector */
for (i=83id{n;i++)
dlil=dil{il;
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SEERRLEEREREEERERERERE R LR RREERE AR R RS RERERREERRF AR R R LR R AR EE XXX RS RERRRRNE/
AEEEEEEREEERRRRERRRERREELERERREEEEEEERERERERREERR R EERERERFRRRRCRE XX RRERRR/
FEEREEEREREERERRREERRERTERRRER RN R L LA SRR R R R RS R RS ER SRR AR AR B XA R E XA RRNLS
SEEEERERRECEREERRERRRERERRERE RS EREERFR LR EREFRERERER RN LR LR LR R RSN RN

#include "stdio.h"
#include "pwl.h®

extern int n,ix,jx,%iz,*jz,%im,*jm,*in,%dim,*din,*dip,*diq;
extern double *c,*beta;

extern double #*h,*alpha;

extern char #xx[1,%zz[1];

AEEEREEAERER R AR EE RN REER SR LRI RS RR BB RR R AL AR LR E A AR R R R R R AR AR CR RN/
/% Determine whether the canonical pwl model of a multiport element ®/
/% possess partition boundaries with lattice structure; if so, convert it #/
/% to a lattice structure element for computational efficiency. This new */
/% converted lattice structure element is then appended to the lattice */
4% structure part of the canonical pw! equation. */
AEREEEREERE R R R R R ERE R RS R R R AR ARSI ER AR R SRR RGN AR LT RNRAC LR RREEERRRARES

attice()

o =

int 1,#13,kxl28];
double cx{201;

calloci{jx,&la,"la");
for (i=0;i{jx3i++)

i

1alil=8;

if (detect_latticedi,kxi==-1)

break; /% semi-lattice structure element %/
else

jalil=i; /% lattice structure element /

S# convert sami-lattice structure parameters to lattice %/
/% structure parameters : aipha to beta and h to ¢ */
move_alpha_h({i kx,cx);

/% convert the semi-lattice structure variables to %/
/% lattice structure variables %/
move_table(i,kx,cx);

3

/% reorder the semi-lattice parameters */
re_srder(lal;

JREEREERELEE R AR C X IR AR AR REEEE R R SRR A RIS E X R AR R R R R XSS AR EEECRRE XX R R XXX XX XX/
/% Reorder the parameters in the semi-lattice structure part of the */
/% canonical piecewise-linear equation. */
SEERREEEERE R ERERRE R R R AR R AR R E IR E RN R R R SRR R ERE LR R R RERRRFRRX R X R REXR %R/

re_order{la)
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int %}
{

o

H /% multiport element indices; 1 if lattice structure */
int i=@,],k;

whiie (i{jx?
I
(s

it fialil==m) /% the i-th element possesses no lattice structure #/
iv+4;

else /% possesses lattice structure */

{

/% move the parameters of the last semi-lattice element to %/
/% the i-th element which has been detected to possess the #/
/% lattice structure and all the corresponding parameters #/
/% have been moved to the lattice structure part */
1alil=laljx-11;
iniil=inlix~-11;
Jmfil=imijx~-13;
for (j=03;jdinlil;ji++)
zzidiplil+il=zzldipljx=-13+§]
for (J=2ii{=inlilj++)
jzidiplil+i+jl=jzidiplix-11+jx-1+j]);
for (j=835¢imlil;j++)
LY
for (k=83k<{=inlil;k++)
alphaldinlil+j*{inlil+1)+k]
=alphaldin[jx-1J+j*C(inljx=-13+1)+Kk];
for (k=0ik{nik++)
hi{diqlid+jd#n+k]=hl{diqljx-11+j)#n+k];

Cas V2

==} /% decrement the # of semi-lattice elements «/

“~
.t

e

SEEREEERRER R RS XA A N AR A AR R AR R RS R AR AR R A RN AR RSN E RS ARAE RS CARRNRR RN TR X/
A% Order a set of m numbers cx{id[81], cx[idl133,...., cxlidlm-11] to the =/
/% increasing order such that x/

¥ cxliefBl] { cxliell13] ¢ ... ¢ cxlielm-131 */
SRR RN R AR AR R AR R R R R R AR AR R F L C AR C R AR AN AR RN AR RIS R XA RS

order_1ndex{m,id,cx,ie)

=

/% § of objects to be ordered %/

int my

int igll; /% old index %/

int 1203 /% new index with increasing order %/
coyoie cxll; /% array for the objects to be ordered %/
¢

goubie »{18];
int i,j,isli@];

far Ci=@3iimyitt)
yLil=cx[idlill;

for {i=8j;i{m}i++)

{
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is{11=0;
for (j=0;j{m;j++)

if (yl[jl{=ylislil]) islil=j;
vlislill=leé;

Y
4

for {i=8;id{mii++)
ielil=idlislill;
}
SRR RE RN E R EE RN R RN R LA E R AR R SRS AR AR AR AR R RS RIS SR A SRR RERE R
<% Check whether a multiport element possesses a lattice structure in its =/
/% canonical pw! model; if so, return 1. */
A i R R R R E it T I I I Y TP IR D P PR P PP PP P DT PPy

detect_lattice(i,ikx)
int 1,%kx;

£

S

int j,k,num;

/% detect whether possessing lattice structure which exists */
/% only when it has a single nonzerc coefficient in each of */

/% its partition boundary equations */
for {j=8;j<imliljj++)
{

rum=9

for (k=B;k{inliljk++)
if <alphaldinfil+j*inlil+1)+k]1'=a)

5

AY
num++;
®2Lii=k;
b3
El
it (numi=1) /% possess no lattice structure %/

returni{-1);
3
returndil;

o)

/% Modify the single nonzero coefficient term in canonicail pwl eguation *#/
S hoi 1Kalpha_i,2> - gQama_i} */
S¥® 1o */
/¥ p*h_i ix_j -~ gama_i/p! s
/% where p is the nonzero coefficient and is in the j-~th component of */
/% alpha_i. */

,.’*%******************************i‘:*‘.('***-Z('-!****#***************************{'**/

move_alpha_h(i,kx,cx)
int i,%kx;
doubie #cx;
{
int j,1;
double fabs{(J);

for (§=R3i<imlilyj++) .

N

cxljl=alphaldinlil+j*(inlil+1)+inlill/alphaldinlil+j*Cinlil+{o+kx[j11;
for {i1=0;1<{n;1++)
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hiddiqlil+jd*n+]1)=fabs(alphaldinlil+j*(inlil+1)+kx[j]1)
¥h[{diqlil+j)*n+1];

o

Pt T T Y Y s i I I I T e Y P e T LTt
/% Move the i-th multiport element parameters (which has been detected to #*/
/% poscsess structure partition boundaries) to the lattice structure */
7% part of the canonical pwl equation. ®/
e T Ry L T I e N e STty

move_tableli, kx,cx)
int 1,%kx;
double #cx;

I
A3

char *calioc();
int j,k,m,1,id{18),iel181;

for {1=831<4inlil;l+43

{
izlixd=jzldiplil+i+1+41]; /% jz to iz %/
xxlixl=cailoc{28,sizeofichar));
¥xlixl=zzldiplil+il; /% 22 to xx %/
m=0
for {j=8;i<{jmlil;j++) /% group the same variable */
if (kxljd==1) idim++1=j;
imlixi=m; /% 8 of breakpoints %/
dimfin+ll=dimlixl+imlix];
order_indexim,id,cx,ied; /% order the beta parametersz %/

for (k=03k<mik++)
rd
LY

cetaldimiixl+kl=cxlielkl];
for (j=B;i<n;i++? /% h to c %/
clidimlix)+k)*n+jI=hl(diqlil+ielklI*xn+j];
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ginclude "stdio.h"”

SRR EFERFEEUREARE R R LR R ER R R RS E LB LR LA R IR LA R AR E RS C L X R R AR R SRR AER R/

/% Replace the driving source of the spice file "xx...x.spc" by an */
/% indepzndent source with value eauxl to the starting value of the .74
A% driving source, */
/*i******t***4¥‘¥+f*#*k*“***‘**f*ﬁ**‘i#****ﬁ‘******?***‘*4*****%**4*‘******/

main{arcc,argy)
1Nt argc;
char #argull:

!
.

int i,u,m;
char 'inmel8il;
FILE *4p,*qp,*fopeni;
if fargqc!=2)
exit_mossaged "3TART HPICE _FILE");
zprintfl{iine,"¥s.spc" +++aﬂ b
if i(fp=fopen(nzne.'*"‘““"NLL ?
L
printf{"CAN’T GPEN TRE INPUT FILE Zz\a",line);
exit();
3
it Cigp=fopen(’temp,spc”, %" i==NULL?
< .
Arintfd"CaAN'T OPEN THE FILZ femp.spehn');
exitl{);
whiia {(fgetsl{line,88,fq) '=NULL)
i
i+ {Vipel@i=="U" || Yipelll=="1"
{
¥=dind_index{"{",linel;
14 (xI=B 7# & driving source %,
{
/¥ r25iace the driving source by the siarting valus #/
finc_index(",",iirel;
fOP (ismipidm=23i+4+
iinel1i=Y1nel1+Z];
linelm-21=’\n";
linelm-131="\8";
3
H
fprintflap,"“e",line);
e .
foioseiip)dy
Foioseinni;g

L
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