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NOEL PACKAGE 8 : PHASE PORTRAIT OF
SECOND ORDER NONLINEAR CIRCUITS

1. Introduction

The phase portrait of a second order circuit is an important problem in nonlinear circuit
analysis. To find the phase portrait, the user has to provide the symbolic representation of the
state equation of the circuit to be analyzed, and this circuit formulation step usually causes some
inconveniencies. Moreover, if each voltage-controlled (resp.; current-controlled) nonlinear resistor
is not connected in parallel (resp.; in series) with a capacitor (resp.; an inductor), the symbolic
representation of the explicit state equation x = f(x , t) may not exist, or can be obtained only
after solving a nonlinear equation.

To make the phase portrait program more user-friendly, we apply the circuit formulation
utility program[l] to formulate the second order dynamic circuit to an implicit state equation

f(x , x , t) = 0

where the dimension of x is no less than two. Similar to the nonlinear transient analysis program
in package 4 [2], this equation is written in the form of a C source code, which also includes the
symbolic expression of the Jacobian matrix

j -i!

This equation is then solved by the BDF (Backward Differentiation Formula) integration routine
which finds the forward and backward transient trajectories for each initial condition; namely, the
transient responses for t > tQ and t < t0 respectively, where t0 is the starting time. The initial
conditions are chosen from the grid points of the phase plane; namely,

* =*imn + (*in«-Smia)**7(m+l)

y = ymin + (ym« - jfmb)*//(»» +1)

for i = 1,2,...,m , j — 1,2,...,m , where x^ (resp.; xmax) is the lower bound (resp.; upper bound)
of the x-coordinate, and y^ (resp.; ymK) is the lower bound (resp.; upper bound) of the y-
coordinate in the phase plane, and m2 initial conditions are chosen in the phase portrait. The
computed forward and backward transient trajectories are shown in the phase plane and emanate
from each initial condition with distinct colors.



2. Algorithm

Step 1.

Find the circuit equation and the corresponding Jacobian matrix for the dynamic circuit to
be analyzed.

Step 2.

Find the circuit equation and the corresponding Jacobian matrix for the modified circuit at
starting time.

Step 3.

Read the parameters for BDF transient analysis :

(1) starting time 10
(2) final time tj
(3) initial stepsize h

(4) phase plane boundaries : x^, x^, y^, ymax

(5) number of grid points in each axis : m

Step 4.

Perform the dc analysis to find the dc operating point x0 at starting time t0; namely,
f(x0,x0, *o) = 0-

Step 5.

For each initial condition located in the grid position of the phase plane, follow the BDF
procedures (Step 6 of Section 2 in package 4 [2]) to perform the forward transient analysis
to find the phase trajectory for t >t0 until t >tf , or until the trajectory goes out of the
phase plane defined by xmin<x <xmax and ymin<y ^tf max-

Step 6.

Find the backward phase trajectory for t <t0 until t <-tj . This backward transient
analysis follows the same procedures in Step 5 except using negative stepsize h <0.



3. User's Instruction

Step 1.

Create a file "xx.-.x-spc" which describes the second order dynamic circuit to be analyzed
and follows the rules of the input format language defined in [3] for each class of circuit ele
ments, where "xx...xn is the filename for the input file with extension ".spc". All the circuit
elements defined in [3] can be included in "xx...x.spcB except those described by pwl charac
teristics with numerical expression; namely

'R' : 2-terminal resistor (linear or general nonlinear char.)
'C : 2-terminal capacitor (linear or general nonlinear char.)
'L' : 2-terminal inductor (linear or general nonlinear char.)
'V : independentvoltagesource (time-invariant or time-varying)
'I' : independent current source (time-invariant or time-varying)

'E' : linear voltage-controlled voltage source

'F' : linear current-controlled current source

' G' : linear voltage-controlled current source

'H' : linear current-controlled voltage source

'K' : nonlinear controlled source (at most 2 controlling variables)

'N' : 2-port or 3-terminal resistor (linear or general nonlinear char.)

The circuit should contain exactly two dynamic elements (capacitor or inductor) for second
order phase portrait. For elements with pwl characteristics to appear in nxx...x.spc", they
should be described by the absolute function fabs().

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

phase2 xx...x

where "xx...x.spcw is the input file.

Step 2.

Type the command

form xx...x

to produce the C source code wxx...x.c" for the circuit equation and the corresponding Jaco
bian matrix.

Step 3.

Type the command

formi xx...x

to append the C source code for the circuit equation and the corresponding Jacobian matrix
of the initial circuit to the file "xx-.x-c".

Step 4.

Compile the file bxx..jc.c" to get the object code and link it with the BDF simulation rou
tine.

Step 5.

Type the command

phap xx...x

to perform the transient analysiswhich proceeds interactively with user in the following way



(a) enter the initial time

Enter the starting time t0 for BDF phase portrait.

(b) enter the final time

Enter the final time tj to terminate the transient analysis, which should be greater
than the starting time f 0-

(c) enter the initial stepsize

Enter the initial stepsize used in starting stage, which should be small enough not to
cause large truncation error.

(d) enter the number of grid points in x and y axis
enter the integer m such that m2 grid points of the phase plane are chosen as the ini
tial conditions.

(e) Choose the indices for x and y variables from the table of the variable definitions :

x[0] = i(Rl)
x[l] = i(R2)

x[2] = v(Cx)
x[3] = i(Ly)

x_yariable = x[?]

Enter the index for x variable; e.g., 2 for v(Cx)

y_yariable = x[T]

Similar to the x variable.

(e) enter xmin and xmax

Enter the lower bound xmin and the upper bound xmax for the x coordinate in the
phase plane.

(f) enter ymin and ymax

Enter the lower bound ymin and the upper bound ymax for the y coordinate in the
phase plane.



4. Examples

Example 1 : in file "exl.spc"
Second order non-autonomous circuit with a nonlinear inductor (Fig.l).

Example 2 : in file "ex2.spc"
Second order circuit with two nonlinear resistors (Fig.2).

Example 5 : in file "ex3.spc"
Second order Van der Pol circuit (Fig.3).

5. Diagnosis

See Section 6 of [2].

References

[1] A.C.Deng and L.O.Chua, "NOnlinear ELectronics utility programs"
(2] A.C.Deng and L.O.Chua, "NOnlinear ELectronics package 4 : nonlinear transient

analysis," ERL Memo., M86/27, University of California, Berkeley, Mar. 28, 1986.
[3] A.C.Deng and L.O.Chua, "NOnlinear ELectronics package 0 : general description,"

ERL Memo., M86, University of California, Berkeley, 1986.

Figure Captions

Fig.l A second order non-autonomous circuit with a nonlinear inductor.
Fig.2 A second order circuit with two nonlinear resistors.

Fig.3 A second order circuit with Van der Pol equation.
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* Example 1
*

* 2nd order nen-autonemous circuit with nonlinear inductor

Vin 1 £ <sin<t)>

ri i 2 ie

C2 2 8 1

L3 2 3 <phi=ipow<i ,3>>
R4 3 0 4

.include "math.h'1

*end
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enter the initial time

8

enter the -final time

18

enter the initial stepsize
le-4

enter the number o-f grid points in x and y axis
4

xi83=i<Vin)

xC13=i<L3)

xl23=v<C2)

x_variable=x[?2
1

y_yariable=xC?3

;;-. -*r ••'..•.:.. «nd xmax

-1C 15

enter ymin and ymax

-18 IB
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* Example 2
*

* 2nd order circuit with 2 nonlinear resistors

LI 1 6 1

Cl 2 8 1

Ra 2 8 <v=3*i+2>

R3 1 2 -1

Rnon 1 8 <i=ipow<v,3)+2*y>
.include "math.h"

.end
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enter the initial time

8

enter the -final time

18
enter the initial stepsize
1e-4
enter the number o-f grid points in x and y axis
4

x[Bj-i<Ll>.
:<E13=v<Cl)

x[23=i<Ra)

xC33=v<Rr:on)

x_variable=xC?3
8

y_variab!e=x[?3
4

i

enter xmin and xmax

enter ymin and ymax

-18 IS
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* Example 3
*

* 2nd order Van der Pol circuit

CI 1 6 i

L2 1 2 1

R3 2 8 <v=-i +ipow<i ,3)}
,include-nmath.hn

.end
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enter the initial time

6

STiter- the -final time

18

enter the initial stepsize

ls-4

enter the number o-f grid points in x and y axis
4

xE83=v<ClX

xC13=i<L2) r
xC23=iCR3)

x_variab!e=xC?J
8*"
y_variab": e=xC?3
i

enter xm in and xmax

-18 18

enter ymin and ymax

-18 18
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Source Code Listings
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Sinclude <stdio.h>

main<argc,argv)
int argc;
char *argvC3;
i

bd-f<argc,argv) j
>

/a*******************/

double ipow<x,i)
int i;
double x;
<

int j j
double z=l.0;

i-f <i >= 0>

tor <j=l;j<=i:j++)
z=z*x;

return<z)j
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#include <stdio.h>
^include Vusr/include/local/gra-f.h"

int n,k=3,ngrid,reverse;
double h,hi,*x,*t,t6,*c,*z,*y,ft?
double *r,*s,*rx,*sx,*d,*e;
double xmin,xmax,ymin,ymax,*wi;
int *iz,xv,yv;
extern double u,v,ux,vx;

/**************»*#**********************************************************^
/* Apply the BDF algorithm to per-form the transient analysis o-f a dynamic */
/* circuit. *^

bd-f(argc,argv)
int argc;
char *argv[3;
t

char *calloc<),lineC283;
int 2,j ,k ,i i, jj;
FILE *-fopenO ,*-fp;
GRAF *gp;
double *xi;

/* open the table -file */
.open_tbl_op(argc,argv,&'fp);

/* get the circuit dimension */
get_n<&xi)j

/*allocate spaces -for arrays o-f variables */
pre_al locO ;

/* re3.d the bd-f parameters */
read_bd-f O;

/* choose the phase portrait parameters */
get_tbH-fp)j
draw_gra-f<&gp);

/* the xv-th and yv-th components o-f x-vector are dynamic elements */
izCxv3=l;
izCyv3=l;

-for <ii=l;ii<ngrid;ii++)
•for <jj=i;jj<ngrid;jj++)
i

/* choose a grid point as the initial condition */
wiCxv3=xmin+ii*<xmax-xmin)/ngrid;
w iCyv3=ymin+jj*<ymax-ym in)/ngrid;

/* -find the starting point */
ini_pt<argc,argv,gp>;

/* save the starting point */
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for <i=0;i<n;i++>
xiCi3=xEi3;

/* phase portrait */
•for <i=0;i<2;i++)

/* -forward <resp.; backward) transient analysis */
/* i-f i=0 (resp. j i=l) *^
i-f <i = 0)

reverse = 1}
else

reverse = -1;

/* reset the initial stepsize and starting condition */
h=hi;

t[03=tej
•for <k=8;k<njk++>

xCk3=xi[k3;

/* -find solutions o-f the -first k+1 points */
start<);

/* -follow bcf -formula to -find the transient response */
bdf_comp<gp);

orat*_close<gp);
mgideaQpO *,

^^H,***************************************^^

'* 3ct the circuit dimension n. *^
^^^**********+*************************************************************/

cet_n(xi)
doubie **xi j

<
/* dummy variables required in calling var_alloc() */
double *z2,*z3,*z4,*z5;

/* call var_alloc in equation -file to get the circuit dimension */
var_alloc<&n,xi,&z2,&z3,&z4,&z5);
cfree(z2);
ctree(z3);
c-free<z4);
cfree<z5);

}

/*********************************************************^^
/* Read the 3DF parameters : order, -final time, and the initial stepsize. */
/********************************************^

read_bdf<)
{

print-fC'enter the initial time\nn>;
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)

scanf<K%l-f,&t0);
callocd<n*<k+2>,&x,nx");
printf<"enter the -final time\n"); /* read -ft */
scan*<n'/;HB,&-ft);
print-fCenter the initial stepsize\n"); /* read h */
scanfCXlf" ,&hi);
print-f<"enter the number o-f grid points in x and y axis\nd);
scanf<V.dn,&ngrid);
ngrid++;

/************^**********************************^^

/* Allocate spaces -for array o-f variables a-fter knowing the dimension n */
/* and the order k. ',
/**********************************************^^

pre_al1oc<)
/

callocd<8J.gct,"t">;
ca'lccdCn.&c/c")}
caliocdCn,&z,"z">;
callocd<n.&y,uyn);
callocd<k+2,fcr/r");
callocd<k+2,&rx,Brxn> j.
callccd<k +2f&s,,,su)5
callccd<k+2,&sx,nsx">;
callocd<<k+2)*<kT2),&:d,ud")j

* callocd<k+2,&:e,,,e',)5

}

/*************************************************^^
/* Evaluate the initial guess z and parameters c and ha such that the */
/* derivative x_dot is approximated by x_dot = ha*z + c */
/***************************************************************************/

appx_d_ig<ha)
double *ha;

{

int i,m;

-for <i=0;i<n;i++)
{

cCi3=8;
•for (m=l ;m<=k;m++)

cCi3=cCi3+s[m3*xCi+(k+l-m)*n];

cCil = -reverse*cCi3/h;

z[i]=0?
-for (m=l ;m<=k+l;m++)

zCi3=zCi3+rCm3*xCi+<k+l-m)*n3;

y[i3=z[i3;

}

*ha = -reverse*sC83/h;

}

/##**++**#4*****************************************************************-/
/* Evaluate the local truncation error. */
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/»#***##**##*******#»*#****#***********^^

trunca_err<ratio)
double *ratio;

int i;
double trunca=8,-fabsO,*xx;

ca11ocd<n,&xx,nxxn);
-for (i'=0 ;i<n;i++)
<

xxCi3=-fabs(z[i3-y[i3>/<t'abs';zCi3> +lE-3);
i-f < trunca<xxCi3)

trunca=xxCi3;

}
trunca=reverse*trunca*h/(tCk+13-tC83);
*ratio=trunca/le-2;
c-free(xx);

}

/#**+*******^***************************************************************/
/* Reduce the stepsize h in case o-f excessive truncation error. - */
/#+^*s**********************************************************************/

/* the i.j-th entry o-f the matrix d is expressed as dCi*(k+2)+j3 */

reduce_h\cg,ratio)
int eg;
double ratio;

{

int i,j;

/* restore to the original set o-f parameters r,s,u and v in */
/* order to evaluate the new x_dot and initial guess when a */
/* smaller stepsize is chosen */
•for <i=l;i<k+2;i++)
i

rCi3=rxCi3;
sCi-13=sxCi-13;

U=UX }

v=vx;

i-f <cg=-l)
h=h/4;

else

i-f <ratio>2)

h=h/2;
else

h=h/ratio;

/* reduce to a quarter h when nonconvergent */
/* Newton-Raphson iteration */

/* reduce to a hal-f h i-f ratio>2 and h/ratio */
/* i-f Kratio<h */

/* renew d -for a new stepsize h */
cC13=reverse*h;
•for (J=2;j<=k+1;j++)

dEj3=d[13 +eU-13;
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•for <j=l ;j<=k+i;j ++)
dCj*<k+2)3 = -d[j3;

}

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

/* Renew the BDF -formula -for computing the solution o-f the next point. */
/x*s*x***x*a***************************************************************/

/* the ij-th entry o-f the matrix d is expressed as dCi*(k+2)+j3 */

next_ptO
{

int i,j ,m;

/* save the previous r,s,u,v,and e:-first o-f d, in case x_dot and */
/* the initial guess o-f x have to be re-evaluated for a new */
/* reduced stepsize . */
-for <m=i ;m<=k+l;m++)
{

rxCm]=r[m3;
sx[m-l]=sLm-13;

}

ux=u;

vx=v;

/* save e and renew d */

for (j=k*i;j>8jj—)

eCj3=dCj3;
for <i=k+l ;i>8;i—)

d[i*<k+2)ij3=dC<i-l)*<k+2)+j-13;
}

dl!l]=reverse*h;

for <j=2;j<=k+l;j++>
GCj3=dC13+eCj-13;

for <j=l:j<=k+i;j++)
d[j*<k+2)3 = -dCj3;
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^include <stdio.h>

extern int n,k;
extern double *t,*x;
extern double *c,*z ,u ,v ,ux ,vx ,*r ,*s,*rx ,*sx ,*d;

/**i(+#<#**********************************************************'*********/
/* Newton-Raphson iteration for solving the non1inear'algebraic equation */
/* f<x) = 6 */
z***************************************************************************/

nr<ini,ha,tx)
int mi;
u•_•-c• e lis. i.a i

r

\

i"u 1 ii-!5 iIX |*lpV kj

doub 1e max=1,rcond, *f,*x_dot, *dx_dct, *zq ,*.j f;
double fabsO ;

/* allocate spaces for the variables used in Newton iterations */
r:~_ai loc<&ipvt ,&f ,&zq ,&x_dot ,&dx_dot ,&jf);

/* iterate 28 times for the starting (k+1) points */
/* and 5 times for other points */
if <mi= l)

lx=28;
el se

lx=5;

/* follow the iteration formula */
/* x_k+l = x_k - inv<jf)*f(x_k) */
/* to find the solution of f<x)=8; iteration converges if */
/* lx_k+l - x_ki < 1.0e-5 and k < lx */
whi1e <1+ + <1x && max>1.8e-5)

{

/* approximate x_dot and dx_dGt by the solutions at */
/* the previous k timing points and the projected */
/* solution at present time */
approx_d<x_dot,cx_dot,ha);

/* evaluate f<x_k) */
equation<f,z,x_dot,tx);

/* evaluate jf<x_k) */
jacob<z,x_dct,dx_dot,jf,tx);

/* LU decomposition of jf<x_k) */
sgeco<jf,n,ipvt,&rcond,zq);

/* singular Jacobian matrix : change the initial guess */
/* for starting period: otherwise return non__convergenvce */
/* to reduce thestepsize */
if (fabs<rcond)<l.8e-28;

(

if <ini==8)

return<-l);
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}

singularOni ,ha,tx) ;
break;

else

{

/* find inv<jf)*f */

sgesl(jf,n,ipvt,f,6);

V* find x_k+l = xj< - inv(jf)*f and evaluate */
/* max = max ! x_k+Ui3 - x_kCi3 ! */
max=8.0;
for (i=8:i<n;i++)
{

if <max<fabs<fCi3)) max=fabs<fCi3);
zEi3-=fEi3;

>

/* free the spaces occupied by the variables in this routine */
nr_free<ipvt,f,zq,x_cot,dx_dct,jf);

if (l>=lx && max>1.8e-5)

return<-i);
else

return<8);

z***************************************************************************/
/* Allocate scaces for the variables used in Newton-Raphson iteration */
/* routine. */
z***************************************************************************/

nr_al 1oc(ipvt,f,zq,x_dot,dx_dot,jf)
int **ipvt;
double **f,**zq,**x_dot,**dx_dot,**jf;
{

calloci<n ,ipvt ,uipvt");

ca; locd'in ,zq,uzq");
callocdCn,f,uf");
cal locd<n,x_dot,ux_dotH);
callocd<n,dx_dot,"dx_dotn);
callocd<n*n,jf,"jfu);

)

z***************************************************************************/
/* Free the spaces occupied by the variables in Newton-Raphson iteration */
/* routine, which no longer required after exit from that routine. */
z***************************************************************************/

nr_free<ipvt,f,zq,x_dot,dx_dot,jf)
int *ipvt;
double *f,*zq,*x_dot,*dx_dot,*jf;
{

cfree< ipvt);
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cfree<f);
cfree<zq);
cfree<x_dot);
cfree<dx_dot);
cfree<jf)?

}

/^^***s********************************************************************/
/* Eavluate the approximation of x_cot and dx_dot. */
/***************************************************************************'

approx_d<x_dot,dx_det,ha)
double x_dott3 ,dx_doU3 ,ha;

int i;

for <i=8;i<n;i++)
r
\

x_aot[i3=ha*zEi3+cCi3;

}

}

Z**************************************************************************^
/* Choose a new initial guess in case of singular Jacobian matrix. */
/#^************************************************************************/

singular^ :ni,ha,tx)
int ini;
double ha,tx:

int i;

printfC"»/JASNIN3 MESSAGE : JACOBIAN MATRIX IS SINGULARS");
pnntf<" TRYING ANOTHER INITIAL GUESS \n");
for <i=8;i<n;i++)

zCi3=z[i3+l/ha;
nr< ini ,'na, tx);

}

/* Initially evaluate the coefficients s_i (resp.j rC3) for the *>
Z* approximation of .
Z* x_dot = sum <s_i*x_(n+l-i)) i=8 to k
Z* (resp.; x*p = sum <r_i*x_(n+l-i)) i=l to k+1 ) *'
Z* where x*p is the initial guess for x. *
Z**************************************************************************

ini_form<)

Z* the ij-th entry of the matrix d is expressed as dCi*<k+2)+j3 */
{

int i,j,m;

Z* all of the following calculations follow the formulas in p.187 */
Z* of the reference paper, where *•'
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/* dCi*<k+2)+j3 <==> A ij */<+2)+j3 <==> A_i j

r_j <=> r_j <n, k)

O <==> alpha_j<n,k)
u <==> F<n,k)
V <==> delta<n,k)

/* */

Z* s_j <==> alpha_j<n,k) */
Z* u <==> F<n,k) */
/* * v <==> delta<n,k) */

for <i=k+l;i>=8;i—)
for (j=k +l:j>=8;j—)

dCi*(k+2)+j3=t[k+l-i3-tCk+l-j3;
for <j=i;j<=k+l ;j++)
{

rCj3=l;
for <m=l;m<=k+l;m++)

if (m!=j) rij3=rLJ3*dEm3/dEj*<k+2)+m3;

}

for (j=l;j<=k;j++)
{

sij]=dC13/dEj3;
for <nj=l :m<=k ;m+ +)

if <,7,!=j) sCj3=sEj3*dCm3/dEj*<k+2)+m3;
•\

sC83=8;
for <m=i;m<=k;m++)

s:83=sE63-sEm3;
u=l;
for <m=8;m<=k;m++)

u=u*dim+i 3;

v=dC13/dCk+13;
>

Z**************************************************************************/
/* After obtaining the solution x_n for the present timing point t_n, */
/* renew the coefficients s_i <resp.; r_i) in the approximation of */
Z* x_dot = sum <s_i*x_<n+l-i)) i=e to k */
Z* <resp.; xlp = sum <r_i*x_<n+l-i)) i=l to k+1 ) */
/* for the next timing point t_n+l. - */
z**************************************************************************/

re formO

int m;
double gx,uv;

/* all the following calculations follow the formulas of BDF-1, */
Z* BDF-2, and BDF-3 in p.167 of the reference paper; where */
/* u <==> F<n+1,k) */
/* v <==> delta<n+l,k) */
/* gx <==> Gl */
/* r_j <==> r_j<n+l,k) */
/* s_j <==> alpha_j<n+l,k) */

uv=u*v;

u=i;

for <m=8;m<=';< ;m++)
u=u*dEm+13;
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gx = -u/uv;
v=dilJ/dEk+13;
for (m=l;m<=k ;m+ +)

rEm+13=gx*sEm3*dEk+2+m+13/dCm+13;
rC13=8;
for <m=l;m<=k;m++)

rC13=rC13+rLm+13;

rE13Fl-rC13;
for <m=l;m<=k;m++)

sEm3=v*rEm3*dEm*<k+2)+k+13/dEm3;

sE83=6j"
for (ra=l;m<=k;m++)

sE83=sC63+sEm3;
sE83 = -sE03;

>

/#^***^********************************************************************/
/* Rene-! th« tim* -nd solution vector when the solution at next point is */
/* obtained such that tE83,tE13 tEk3 and xEi 3,xEi+n3,... ,xC i+k*n3 for */
/* i=8,i,...,<n-i), always represent tne time and solution of the newly */
/* computed k+i points.
/<+#*#*.>*******************************************************************/

renew'.)

for (i=8;i<n;i++)
xCi+<k+l)*n3=zCi3;

for (j=l;j<=k+l;j++)
{

tEj-13=tEj3;

for <i=6;i<n;i++)
xEi+<j-i>*r,3=xEi+j*n3;

}
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^include <stdio.h>

extern int n,k,reverse;
extern double h,*c,*z,*t ,*x;

/****^»^*»*#*»************************************************************^
Z* Initiate the BDF routine by computing solutions at the starting k+1 */
/* points for the k-th order BDF integration routine. */
/#^*******.*****************************************************************/

startO

{

int i;

Z* uniform stepsize in starting period */
for a=l:i<=k+l;i++)

tCi]=tC8j±i*reverse*h;

swi ten <k)

{

case
4

i

case 2

case 3

case 4

case 5

case 6

first__order<); break;
second_orderO ; break;
third_orderO; break;
fourth_orderC); break;
fifth_order<); break;
sixth orderO ; break;

}

/A#^#*,,*******************************************************************/
/* use the ic-t order BDF formula to compute the solution of next point . */
Z***,HHHHt*******************************^^

first orderO

int l;
double ha;

for

{

}

ha=

nr<

for

(i=8;i<n;i++)

cEi3 = -reverse*xEi3/h;
zEi3=xCi3+reverse*h;

reverse/h;
l,ha,tC13);
<i=8;i<n;i++)
xCi+n3=zEi3;

/i^^^**********************************************************************/
/* Use the 2nd order BDF formula to compute the solutions of next two */

/^^^^j^^^^^^^**********************************************************7

second orderO
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int i;
double ha;

first_order<);
for <i=6;i<n;i++)

cEi3 = -reverse*(2*xEi+n3-xEi3/2)/h;
zEi3=2*xEi+n3-xEi3;

)

ha=l,5*reverse/h;
nr<:i,ha,tE23);
for <i=8;i<n;i++)

xEi+2*n3=zEi3;

}

/^^**^*^*^***********************************************************^
/* Use the 3rd order of BDF formula to compute the solutions at the next */

/L****i*****************^^

third_order<)

{

i'n t i;
double ha;

second_prder<);
for (i=8;i<n;i++)

cEi3 = -reverse*<xEi3/3-1.5*xEi+n3+3*xEi+2*n3)/h;
zEi3=xEi3-3*xEi+n3+3*xEi+2*n3;

}

ha=ll*reverse/(6*h);

nr<i ,ha,ti33);
for <i=8;i<n;i++)

xEi+3*n3=zEi3;

}

/*^***********************************************************************/^
/* Use the 4-th order BDF formula to compute the solutions at the next */

Z***********************************************************

fourth_order<)

{

int i;
double ha;

third_order<);
for <i=8;i<n;i++)

cEi3 = -reverse*<-xEi3/4+4*xEi+n3/3-3*xEi+2*n3+4*xEi+3*n3)/h;
zEi3 = -xEi3+4*xEi+n3-6*xEi+2*n3+4*xEi+3*n3;



ha=25*reverse/<12*h);

nr(1,ha,tE43);
for <i=8:i<n;i++)

xEi+4*n3=zEi3;

}

Z**************************************************************************7
/* Use the 5-th order BDF formula to compute the solutions at the next */
/* five points. *'
Z****«**#9f************«****************************************************j/

fifth_orderO

{

int i;
double ha;

fcurth_order<);
for <i=C;i<n;i++)

eiil = -reverse*(8.2*xEi3-l,25*xEi+n3+
3.333*xE i+2*n3-5*xEi+3*n3+5*xEi+4*n3)/h;

zEi3=x Ei1-5*xE i+n3+18*x ii+ 2*n 3-18*x Ei +3*n3 +5*x Ci+4*n3;
}

ha=i37*reverse/<68*h);

r,r(! ,ha.tE53):

for (i=8;i<n;i++)
xEi+5*n.3=zEi3;

}

/#**>^>********************************************************************/
/* Use the 6-th order BDF formula to compute the solutions at the next */
/* six points. '
Z**************************************************************************7

sixth_order()

{

int i;
double ha;

fifth_order<);
for <i=8;i<n;i++)
{

cCi3 = -xEi3/6+l.2*xEi+n3-15*xEi+2*n3/4+26*xEi+3*n3/3;
cEi3 = -reverse*i;cEi3-7.5*xEi+4*n3 +6*xEi+5*n3)/h;
zti] = -xEi3+6*xEi+n3-15*xEi+2*n3+28*xEi+3*r.3-15*xEi+4*n3+6*xEi+5*n3;

}

ha=147*reverse/(68*h);

nr<1 ,ha,tE63):
for <i=8:i<n;i++)

{

xEi+6*n3=zii3;
zEi3=xEi3-7*xEi+n3+21*xEi+2*n3-35*xEi+3*n3+35*xEi+4*n3

-21*xEi +5*r.3 +7*xEi+6*n3;

}



May 27 18:58 1986 bdf4.c Page 1

^include "stdio.h"

^include "/usr/include/1ocal/graf.h"

extern int r. ,k ,reverse;
extern double h,*t,*x,*c,*z,*r,*s,*rx,*sx,*d;
extern double ft,*y;
extern.char *var_nameE3;

double u,v,ux,vx;
extern double xmin,xmax,ymin,ymax;
extern int xv,yv;
extern double t8;

z***************************************************************************•''
/* Follow the BDF formula in the reference paper to compute the solution */
/* of the implicit differential equation */
/* f<x,x_dot,t) = 8 */
/***************************************************************************/

bdf_comp(gp)
GRAF *gp;
{

int ii=8,cg;
dcu b1e ratio,ha, pcwO ,fabs();

tEk+i3=tEk3+reverse*h;
if (reverse = 1)

mgihue(3);
else

mgihue<2);
grafj7>ove<xExv3,xEyv3,gp);
graf_draw(xExv+n*(k-l)3,xEyv+n*(k-l)3,gp);

/* establish the coefficients for the approximation of */
/* x_dot and the initial guess of x */
ini_formC);

/* find the transient response until the final time is reached */
while (fabs(tEk+13)<ft && xmin<xExv+(k-l)*n3 && xExv+(k-i>*n3<xmax

&& ymin<xEyv+<k-l)*n3 && xEyv+<k-l)*n3<ymax)

{

/* approximate x_dot and the initial guess of x */
appx_d_ig(&ha);

/* reduce the differential equation f(x,x_dot,t) */
/* to a nonlinear algebraic equation and solve it */
/* by Newton-Raphson iteration; cg=-l if iteration */
/* does not converge */
cg=nr(8,ha,tEk+13)'j

/* evaluate the truncation error */

trunca_err(&ratio);

Z* reduce stepsize if nonconvergent iteration or */
/* excessive truncation error */
if ((ratio >= 1 ii cq=-1> && ii<3)
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reduce_h(cg,ratio);
if (eg != -1 && ratio <l.i)

ii++;

}

else

<

/* accept the computed solution and renew the */
•/* timing 'vector and the solution vector */
renewO ;

draw_phase(gp);

/* increase h if very small truncation error */
if (ratio < 6.5)

h=2*h;

/.* renew the parameters in BDF formula for */
/* next point iteration /
next_pt<);

tEk+13=tEk3+reverse*h; /* new timing point */

/* renew the coefficients in BDF formula */
re_form();

j

}

.„ w•.t"^**.*********************************//*****•******************************************************••••*•2"™"r«hic «i«., UbeU, coordinate titl... «d scaling factor of •/
', i. " «"<,K'a in- o-thpr r.hasp nor^ait or waveform plotting.

draw_craf(gp)
GRAF **g?;

{

char chE23,x_nameE383,y_nameE333,titleE383;
double pow();
GRAF *graf_open();

mgiasngp(8,8);
*gp=graf_open();

/* phase portrait */
phase_plot<x_name,y__name);

/* input the graphic parameters */
read_graf();

strcpyUitle,"PHASE PORTRAIT"); /* graphic title */

mgiclearpin(8,-1,6);
mgihue(3);
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Z* draw the graphic boxes */
setup_graf(xmin,xmax,ymi n,ymax ,x_name,y_name,ti11 e,*gp);

z***************************************************************************/
Z* Determine the variables for phase portrait and draw the graphic axises */

Z**^***********************************************************************7

phase_p1ot(x_name,y_name)
char x_nameE 3,y_nameE 3;
{

char lineE28 3;

int i;

for (i=8;i<n;i++)
printf ("xE/.d3=/.s\n" ,i ,var_nameE i3);

. printf("x_variable=xE?3\nn); .
scanf("%d" &xv): /* xv '• variable index for x axis */
srir.tfCy variabl e=xE?3\n");
scanf("/id7,&yv); /* W '> variable index for y axis */
strcpy(x__name ,var_nameExv3);
strcpy<y_name,var_nameEyv 3);

}

/***************************************************************************/
/* Read the graphic ranges for x-axis and y-axis variables. *•-
/**'*************************************************************************/

read_graf()
<.

printf("enter xmin and xmaxXn");
scanf("'/.If*/.lf" ,&xmir, ,&xmax);
printf("enter ymin and ymax\n");
scanf('"ZlfXlf" ,&ymin,&ymax);

-•

z***************************************************************************7
Z* Draw the phase portrait in x-y plane. *'
/***************************************************************************/

draw_phase(gp)
GRAF *gp;

{
graf_move(xExv+n*(k-l)3,xEyv+n*(k-l)3,gp);
graf_draw(zExv3,zEyv3,gp);

}
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^include "stdio.h"
ftaefine OVFL le6
tfdefme CWG le-7

extern int n;
extern double *x,*t,t8;
extern *iz;
char *var_nameE183; /* string representation for each variable */
int lx=l,outfile=8;
double *f,*jf,*dummyl,*dummy2;
extern double *wi;

/***************************************************************************-/
/* Given the initial condition (capacitor voltage and inductor current) of */
/* each dynamic element, perform a dc analysis to find the dc operating */
/* point < capacitor current, inductor vc-Mage, voltage (resp.; current) m*/
/* of v-controlled (resp.; i-controlled) nonlinear resistor, current */
/* (resp.; voltage) of time-varying voltage source (resp.; current */
/* source)) corresponding to the initial condition. *-'
/***************************************************************************/

ini_pt(argc,argv,fp)
int argc;
char *argvE3;
FILE *fp;
r
V

/* perform dc analysis */
dc_simu(fp);

z***************************************************************************/
Z* Open the file containing the mapping table between the circuit variables*/
/* (voltages and currents) and the equation variables (independent */
/* variables x and dependent variables y) *y
z***************************************************************************/

open_tbl_op(argc,argv,fp)
int argc;
char *argvE3;
FILE **fp;
<

FILE *fopen();
char *sc,lineE123;

/* extract the option */
while (—argc > 8 && (*++argv)E83 = '-')

for (sc"= argvE83+l; *sc != '\8'; sc++)
switch(*sc)

{

case 'o' : outfile=l; break; /* output file is required */
default : printf("ILLEGAL OPTION /.c\n",*sc);

argc=8; break;
}

if (argc != 1)

exit_message("BDF TABLE_F1LE");
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sprintfd ine,"Xs.tbl",*argv);
if ((*fp=fopen(Iine,"r"))=NULL)
<

printf("CAN'T OPEN THE TABLE FILE Xs\n",1ine);
exitO j

}

} . :

Z***************************************************************************-''
/* DC simulation for DC operating point(s) *^
Z***************************************************************************7

dc_simu(fp)
FILE *fp;
{

111 1 iCl -4 | .

double *dummy3;

/* allocate spaces for the variables used in */
/* equation and Jacobian matrix routines */
var_ai ;oc<&r. ,&f ,^dummy3,^dummyl ,.idummy2,&jf);
cfree(dummy3);

/* read the table and enter the initial condition for */
Z* each dynamic element, return j=-l if each variable */
/* is either a capacitor voltage or an inductor current, */
/* hence the starting point is immediately available */
/* and no need to perform the dc analysis */

while (iter=l) /* while iteration has't converged */
{

if (newton()=-l) /* not convergent */
no_cg(&iter);

else /* convergent */
dc_pt(&iter);

>

cfree(f);
cfree(jf);
cfree(dummy1);
cfree(dummy2);

}

/*******************»*******************************************************/
/* Get the initial guess for Newton-Raphson iteration; zero for default */
/* initial guess. .„^..it/
Z***************************************************************************7

get_ini_gs<)
{

int i;
char chE23,stE383;

printf("enter .the initial guess\n");
for (i=8;i<n;i++)
t

strcpy(st ,var__nameEi3);
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}

if (find_index(uv(C",st)==8)
rep:ace(st,"v(CH,"i(C");

if (find_index("i(L",st)=6)
reslace(st,"i(Lu,"v(L");

printf ("•/.s=",st);
scanf("'/IfSx +i);

/**********•*****************************************************************/
Z* Print the computed dc operating point in the output file fi1ename.Sop. */
/***************************************************************************/

<jc_pt(iter)
int *iter;

int i;

for (i=8;i<n;i++)
/* capacitor current and inductor voltage are chosen as variables */
/* in dc analysis for finding the starting point; restore the */
/* given initial capacitor voltage or inductor current to the */
/* starting point of dynamic elements */
if (izli3==l)

xEi3=wiEi3;

*iter=6j

}

/***************************************************************************/
/* Print the last iteration point when Newton-Raphson iteration does not */
Z* converge. *7
z***************************************************************************7

no_cg(i ter)
int *iter;

{

int i;
char chE23,stE383;

printf("solution at last iteration is...\n'u);
for (i=8;i<n;i++)
{

strcpy(st,var_nameE i3) ;
if (find_index<"v(Cn,st)==8)

replace(st,"v(C","i(C");
if (find_index("i(L" ,st)=8)

replace^t/ia-Vva");
pr intf(aY.s=Y..3e\n",st,xE i3);

}

printf("would you like to continue? y/n\n");
scanf(H:^ls",ch);
if (chE83=/n/)
else*i ter=8;

get_ini_gs();
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}

Z***************************************************************************/

Z* Newton-Raphson iteration for solving the nonlinear equation */
/* f(x) = 8 */

Z***************************************************************************/

r.ewtcnO

{

int k=8,*ipvt;
double *zq;
double rcond,max,*z,fabs(),*ff;

/* allocate spaces for the variables used in calling */
/* Linpack routines sgeco and sgesl */
alloc_l(&ipvt,&zq,&z,&ff);

/* Newton-Raphson iteration */
while (++k<28) /* limited to 28 iterations */

r

/* evaluate f(x) */

ini_eq(n,iz,f,x,w i,dummy1,t C83);

/* prevent overflow */
if (pre_pvf 1(k ,&max,z,ff)==-l)

return(-l);

if (max<CN'v,G) /* convergent */
break;

/* find the Jacobian matrix jf */

ini_jacob(x,jf,tE83);

/* iteration formula : x_n+l = x_n - inv(jf)*f(x_n) */
sgeco(jf,n,ipvt,&rcond,zq); /* LU deccmposion for jf */
if (fabs(rcond)<1.8e-16) /* singular Jacobian matrix */

printfC'SINGULAR JACOBIAN MATRIX FOR DC ANALYSIS'^");
return(-l);

> el se

next_i ter( ipvt ,z,ff); /* find next iteration pt x__n +l */
)

free_K ipvt,zq,z ,ff) ;
if (k>=28) return(-l);
else return(l);

}

Z***************************************************************************/

/* If f(x) numerically overflows, reduce the distance between sequential */
/* iteration points to avoid overflow (especially due to exp function). */
Z***************************************************************************/

pre_ovf 1(k ,max,z ,ff)
int k;
double *max,*ff,*z;
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int i,j=8;
UL'jJiS iiUhllJ)

Z* reduce iteration distance if f(x))i88 for k-th iteration with */
/* k>l (iteration distance !x_k - x_k-l! is undefined for k=l */
while ((*max=norm(n,f)) > O'JFL && k>l)
<

if <++j>!8)

return(-l);
for (i=8;i<n;i++)
< .

ffEi3=8.5*ffEi3;
xEi3=zEi3-ffEi3;

}

ini_eq(n,iz,f,x,wi,dummy1 ,tE83); /* re-evaluate f(x) */
}

return(l);

/***************************•************************************************/

/* Find the next iteration point x_k*i = x_k - inv(jf)*f(x__k) and save */
/* the previous iteration point x_k and the iteration distance in case */
/* the iteration distance has to be. reduced due to the overflow at the new */
/* iteration point x_k+l *''
Z***************************************************************************/

next_iter(ipvt,z,ff)
int *ipvt;
double *z,*ff;
<

int i;

sgesKjf ,n,ipvt,f ,8); /* find inv(jf)*f */
for (i=8;i<n;i++)
<

zEi3=xEi3; /* save previous point */

}

ffEi3=fEi3; /* iteration distance */
xEi3=zEi3-fEi3; /* next iteration point */

/j**************************************************************************/

/* Find the 1-1 norm of a vector. */
/***************************************************************************/

double norm(m,y)
int m; /* vector dimension */
double yE3; /* vector */
{ •

int i;
double max=8.8,fabsO;

for (i=8:i<m;i++)
if (max<fabs(yEi3)) max=fabs(yEi3);

return(max);
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z^^************************************^^
/* Read the file with the mapping table (between the circuit variables v,i *,
/* and the equation variables x,y) and input the initial condition for */
Z* each dynamic element (L or C) which will remain constant in the circuit */
Z* equation routine for evaluating f(x). ^^^*****»**»»*/
z***********************************************************^^************y

get_tbl(fp>
FILE *fp;

\.

int i=8,kj
char linei38 3,*calloc();

calloci(n,&iz,"iz");

cal 1ocd(n,&wi ,"wi");
while (fgets(1ine,38,fp)!=NULL)
{

k=find_index("=" ,line);
var_nameE-i3=calloc(28,sizeof(char));
strcpy(var_nameEi3,1ine+k+1);
st~del 'ivar^ameE i3,strl en(var_nameEi3)-l ,1) ;
i++J

}
*j

/*^*****************************************************************^f***^
Z* Allocate spaces for the variables used in Linpack routines sgeco and *^

/****t********^
alloc_i(ipvt,zq,z ,ff)
int **ipvt;
double **zq,**z,**ff;

char *calloc() ;

*ipvt=(int *)calloc(n,sizeof(int));
*zq=(couDle *)cal1oc(n,sizeof(double));
*z=<double *)cal1oc(n,sizeof(double));
*ff=(double *)calloc(n,sizeof(double));

}

^**^**********************************************************************^
Z* Free the spaces for the variables used in Linpack routines sgeco and */
/* sgesl when finishing Newton-Raphson iteration. _^**************y
Z****************************************************************

free_l(ipvt,zq,z,ff)
int *ipvt;
double *zq,*z,*ff;
{

cfree(ipvt);

cfree(zq);
cfree(z);
cfree(ff);
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^include (stdio.h)

z***************************************************************************/
Z***************************************************************************7

replace(d,el,e2)
char dE3,elE3,e2E3;
{

char *dx,*calloc();
int k)

k=find_index(el,d);
dx=calloc(strlen(d)-k,sizeof(char));
strcpy(dx,d+kfstrlen(el));
strcpy(d+k,e2);
strcpy(d+k+strlen(e2),dx);

>

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

rep_all(d,el,e2)
char dE3,eiE3,e2E3;
{

int k;

whi1e ((k=f ind_index(e1, d)) >=8)

if (k>8 && dEk-13>='a' && dEk-13<=/z/)

dCk3='*'j
else reDlace(d,el,e2);

}

while ((k=f ind_index("-$" ,d))>=8)
dEk3=e!E83;

z***************************************************************************/
/***************************************************************************•''
/*

Convert a real number expression terminated by a unit character to a
real number with double precision. *''

double stcf(s)

char *s; /* input string expression */
{

char *d; /* number field expression */
char ch; /* unit character */
char *calloc();
double x,atof();

d=calloc(strlen(s)+l,sizeof(char));
ch = *(s+strlen(s)-l); /* extract the last character */
if (ch</e-' il ch>'9') /* if it is a unit character */
<.

strcpy(d,s);



Apr 23 11:87 1986 aclib2.c Paoe 2

strdel(d,str!en(s)-l,1); /* extract the number field */

>:=atof(d) •

switch(ch

case

)

'K' •
• x=x*le3; break /* Kilo */

case 'M' ; x=x*le6; break; /* Mega */
case 'G" ! x=x*le9; break ! /* Giga */
case 'T' •

a x=x*lel2; break /* Tera */

case 'm' • x=x*le-3; break i /* mi Hi */

case 'u' • x=x*le-6; break; /* micro */

case 'n' * x=x*le-9; break i /* naro */

case 'P'
V
* x=x*le-12; break /* pico */

case '•T : x=x*le-15; break i ./* femptl */
default t

• {

}

else x=atof(s);
return(x);

}

br

printf("UNDEFINED UNIT CHARACTER Xc\n",ch);
exitO;

eak;

Z***************************************************************************Z

z***************************************************************************z

/*

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

scn(x)

doub'

{

e x:

}

if (x>=8) return(l);
else return(-l);

/***************************************************************************Z

z***********************#***************************************************z

/*

Switch two real number. */

switch_d(a,b)

double *a,*b;
/

double c;

c = *a;

*a = *b;
*b = c;

>

Z***************************************************************************Z

/***************************#***********************************************Z

/*
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Switch two integer number. */

switch_i(a,b)

int *a,*b;
{

int cj

c = *a;

*a = *Jd;
*b=c;

)

Z***************************************************************************Z

z***************************************************************************/

/*

Find the i-th word w from the string s. */

fir,d_word(s,w,i)

char *s,*w;
int i;
{

int k=l,m=8,n=8,j;
char *ps;

j=strlen(s)+l;
ps=s; /* starting position in the input string s */
while (*s=' ' && m++<j) /* delete leading blanks in s */

s++; •

if (m<j)

{

while (k<i && n++<j)

<

/* search the starting position for the i-th word */
if (*s=' ' && *(s+i)!=' ')

k++;
s++;

}

while (*s!=' ' && *s!='\t" kk *s!=/\8/ && n<j)

*w++ = *s++; /* copy the i-th word to w */
*w='\8-';

>

if (m>=j !i n>=j)

{

printf("FAIL TO FIND A WORD IN Xs\n",ps)j
exitO j

}

}

/*******************************************************************#**#****Z

z***************************************************************************z
/*

Find the position of the string t within the string s; -1 is returned if
t is not found within s. */
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find_index(t,s)
char *s,*t;
{

int i,j,k;

for (i=8;sEi3!='\8';i++)
{

.for (j=i ,k=3;tEk3!='\8' && sEj3==tEk3;j++,k++);
if <tEk3=='\8')

return(i);
}

return(-l);
}

z***************************************************************************/

z***************************************************************************/

/*

Delete n characters from the nl-th position of string s. */

strdel(s,nl,n)
char *s;

int nl,n;
t
\

int i,j,k=8;

j=strlen(s) +l; .
for (i=8;k<=j,sEi+nl+n3!='\8';k++,i++)

sEi+nl]=sEi+nl+n3;
«if (k>j)

. <

printf("ERROR IN STRDEL IN STRINGNn");
printf("Xs\n",s);
sxitO;

)

else sEi+n!3='\e';

Z***************************************************************************/

Z***************************************************************************/

/*

Delete all the blanks within the string s. */

sqeez(s)
char *s;
<

char *sx,*tx,*t,*calloc();
int i=8,k;.

sx=s;

k=strlen(s);

t=callcc(k+l,sizeof(char));
tx=t;
while (*sx != '\8' && i++<k),

{

if (*sx != ' ' kk *sx != '\V ktk *sx != '\n')

*t++ = *sx++;



/***************************************************************************/
z***************************************************************************7

c
r

!(>;txa

i(s'nu\sxyod33tfdS31^3011^i,WO.)f\"\^
>

ninN==(((aiqnoP)*03Z?s'u>:)0ll?0(*^iq^op>=^d*>)ft

f(>Dci'teD*u*q:>

is*j^q:

Ud**eiqncp
iu;ut

(s')dfu>p30iie3

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

C

C

i<s«Bu\s%dOd30tfdS31^3011^l.NtfOamuWd
>

<-nnN=<<<^'JY>j.oezts*u>doti^d<**ui)=*d*>)4.1

•()30tI*3*J1?tP
>

is*u?q2
^d**Ju;ut

(s'}d'u>potiso

/***************************************************************************''''
Z***************************************************************************'''

iO+txe
i(eSssseuj'nu\s,/„>f+uiud

•\

/

iaSesseu:*ji?qD
(a6essauj)e5es5auj~^ixa

z***************************************************************************/
Z***************************************************************************''

J(x^'s>xdDJis'esia
f

J()-+txa

'.(i'«u\px=IHUM2330SNIaoad3«m<JHd
>(>KI>H

S,8\/=**
C

J++xsas:a

C

gsuc^jjinii'fTOOvtu''»ww-*
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ral1oci(ip,newsize,oldsize)
int **ip,newsize,cldsize;
<

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

pt = *ip;
if (<*ip=(int *)calloc(newsize,sizeof(int)))==NULL)

exit_message("CAN'T REALLOCATE");
if (newsize<cldsize) size=newsize;
else si-ze=oldsize;
for (i=8;i<size;i++)

(*ip)Ei3=ptEi3;
cfree(pt);

Z**+************************************************************************/
z***************************************************************************/

ral locd1'dp ,newsize,o!dsize)
int newsize,oldsize;
oouble **ap;
{

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

pt = *cp;
.if ((*dp=(double *)cal loc(newsize, sizeof (doubl e)))=NULL)

ex: t_message( "CAN'T RE_ALLOCATE\n");
if (newsize<oldsize) size=newsize;
else size=oIdsize;
for (i=3;i<size;i++)

(*dp)Ei3=ptEi3;
cfree(pt);

z***************************************************************************/
Z***************************************************************************''
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^include <stdio.h> .
Sir,elude "Zusr/include/local/graf .h"
^include "gf.h"

/**************************************************************************/
/* Draw the graphic box, axises, titles, and assign the colors. */
/#*************************************************************************/

setup_graf(xmi n,xmax,ymin,ymax,x_name,y_name, ti11 e, gp)
double xmin*,xmax ,ymin,ymax;
char x_r:ame[ 3,y_nameE 3, ti tl eE 3;
GRAF *gp;
{

if (gp==NULL)
{

printf("Q5=NiJLL\n");
exitO;

}

def:ne_colors();
mgihue(I);
sit_screen(88,688,128,528,gp);
set_real(xmin,xmax,ymi n,ymax,op);
set_x_axis(N_L3LS ,N_TICKS,TICK_LENGTH,SIG_FIGS,LA6EL_SI DE, LABEL_SHI FT,
x_name,NAME_SNIFT,gp);
set_y_axis(Nj.BLS.NJ"ICKS,TICK_LENGTH,SIG_FIG5,LA3EL_SIDE,LABEL_SHIFT,
y_r:ame,NAME_SHIFT,gi");
set_t i11 e(t i11e,SIZE,OFFSET,gp) ;
TI=1;
draw_bounds(BOX,LABELS,TICKS,AXES,TI,gp);

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

/* define various types of colors. */
/**************************************************************************/

define—col orsO
{

mgipln(31);
mciclearpin(8,-1,8);
mgicm<l,8xf3f8f8L):
mgicm(2.8x88f8a8L);
mgicm(3,8xf8f883L);
mgicm(4,8xfeeSf8L);
mgicm(5,8xf88888L);
mgicm(6,8xa8b885L):
mgicm(7,8x88f888L);
mgicm(8,8x8888f8L);

)
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