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LOCBIF: Interactive Local Bifurcation fwalyzer, v 2.2

ECOL
PHASE X, Y
PAR ALPHA,BETA,GAMMA, DELTA
X' =X-X#Y/ (1 +ALPHA=X)-BETARX "2
¥’ =—GAMMARY +X*Y/ (1+ALPHA=X)-DELTA%Y"2

Alt-X - Return to main menu, Alt-H - Help on editor and RHS specifications
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LOCBIF: Interactive Local Bifurcatiom Analyzer, v 2.2

0DEs

Enter Proceed with the ODE ECOL
Alt-E Edit the ODE

Alt-D Eraze the ODE

T and | Move the highlight

Alt-T Use the ODE as a template

Alt-X Quit and return to DOS
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6 Curve descriptions
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7 Curve computation
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Part 111
APPLICATIONS

8 Example 1: Normal form for cusp bifur-
cation
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9 Example 2: Ecological modelling

SC

(a757775(
t = z—ay/( az — [a?
y = —yy ay/( ax — oy’

/\8

(z,y



Xmin —

*X"
+
b
q
7Xma17 =



U

min

maxr



Eoui




172::‘:(4)(






5 Browse

Browsing terminated Hopf

10 Example 3: Chemical kinetic model
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APPENDICES

A LOCBIF restrictions



B Error messages
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C LOCBIF versions for fixed points and pe-
riodic solutions

2 LBFP S f LO BIF

z'= (a,p (C.

.f:(il?l,xz,...,.fn € " h P:(p17p27---7pm €
!



M 7
(C x
J y
g+ = (a:(k),p, k=, ., ,... (C.

w h K 2 = ¢ Multipliers of the
periodic orbit are eigenvalues of the Jacobian matrix of the K-th iterate of
map F. A fixed point or periodic orbit is stable if all its multipliers u;,z =
1,2,...,n, lie inside the unit circle | g |= 1. The fixed points bifurcate if
there are multipliers on the unit circle.

C.2.2 Bifurcation functions

Bifurcation functions are scalar-valued functions which are used to define bi-
furcation curves and to find special points on them. The following bifurcation
functions are involved in LBFP computations:

é1 = det(A—T)

¢2 = Dn—l
és = det(A+1)
¢s = Res(P(u),P'(n))

455:&

Here A = A(p) is the linearization (Jacobian) matrix of (C.1) at the fixed
(periodic) point (x,p). P(p) is the characteristic polynomial of matrix A
and P'(p) is its first derivative with respect to p. D,_1 denotes the Hurwitz
determinant of the order n — 1 of the polynomial

—u

Qu) = (I—p)"P (T—M)

while Res stands for the resultant of two polynomials. Function a is deter-
mined by nonlinear (quadratic) terms of (C'.1). I denotes the unit matrix.
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Condition ¢; = 0 implies that the Jacobian matrix A has at least one
eigenvalue p; = 1. A fixed point which satisfies this condition generically has
multiplicity two and bifurcates into two simple fixed points (fold bifurcation).

Function ¢, is equal to zero if there are two multipliers p; and po with
unity product: pyps = 1. If a fixed point with this condition has two com-
plex multipliers, e.g. p12 = exp(fiw), we have the Hopf (Neimark-Sacker)
bifurcation and the appearance of a closed invariant curve. On the contrary,
if the multipliers are real, we have a saddle point which does not bifurcate.

Condition ¢3 = 0 implies the existence of a multiplier -1 which gives rise
to the period doubling (flip) bifurcation.

Condition ¢, = 0 means the existence of equal multipliers p; = ps.

The function a(p) is defined for a fixed point with py = 1, if the corre-
sponding eigenspace is one-dimensional. It is given by the expression

1 d?
a(p) = §d—52<6'7F($ + £e,p))le=o

where e and €’ are the eigenvectors of matrices A and AT corresponding to the
unity eigenvalue, with conditions (e,e) = 1,(e’,¢’) = 1. Here (-,-) denotes
the standard scalar product in R", and 7' stands for transposition.

C.2.3 Curve definitions

Bifurcation analysis in LBFP version of LOCBIF is performed by con-
tinuation of a curve (one dimensional manifolds) in an appropriate phase-
parameter space. The number of non-fixed (active) parameters depends on
the selected curve type. Continuation of the following curves is automatically

supported by LBFP:
Curves with one active parameter:

Fixed point (z — F(z,p) =0)
Curve (z — F(z,p) = 0 without bifurcation analysis)

Curves with two active parameters:
Fold (z — F(x,p) =0,¢; = 0)
Hopf (z — F(z,p) =0,¢, =0)
Flip (z — F(z,p) = 0,45 = 0)
Double Multiplier (z — F(z,p) = 0,¢4 = 0)
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The last curve is not a bifurcation curve but is useful in applications. The
bifurcations of the dynamical system near the first three curves are described

in (Arnold, 1982; Guckenheimer and Holmes, 1983).

Curves with three active parameters:
Double Fold (z — F(z,p) =0,¢1 = 0,¢2 = 0)
Double Flip (z — F(z,p) = 0,63 =0, ¢, = 0)

On these curves the system has a fixed point with double multiplier +1 (-1).
In the literature these bifurcation are also known as strong resonances 1:1

and 1:2 (Arnold, 1982).

Fold + Hopf (z — F(z,p) =0,¢; = 0,0, = 0)
Flip + Hopf (z — F(2,p) = 0,¢3 = 0,4, = 0)
Fold + Flip (z — F(x,p) =0,¢1 = 0,93 =0)

These curves are the result of the superposition of two of the simplest bifur-
cation conditions.

Cusp (z — F(z,p) =0,¢1 =0,¢5 = 0)
On this curve we generically have a fixed point of multiplicity three.

Fold + Extr
Hopf + Extr
Flip + Extr

These curves of nontransversal bifurcations arise from Fold, Hopf and Flip
curves in the same way as the corresponding curves in Section 6.

Note. The current version of LBFP does not support all possible two-
parameter bifurcations of fixed points. It does not deal with the following
bifurcations: two pairs of complex multipliers on the unit circle; degenerate
flip and degenerate Hopf bifurcations, strong resonances 1:3 and 1:4.

C.2.4 Specific features of LBFP

As was pointed out before, the user interface of the LBFP version is the
same as in the main part of the manual. The obvious difference is in the
meaning of the Orbit curve which now is a sequence of points and can be
computed only forward (we do not assume the invertibility of F'). Therefore,
almost all orbit parameters used in the numerical integration of ODEs have
no meaning in LBFP.

128



The orbit parameter Itmap is the period of the studied orbit and should
be equal to 1 for fixed points, 2 for period two orbits, ete. For discrete orbits
the parameter Itmap plays almost the same role as the parameter Tmax
for continuous orbits of ODEs.

C.2.5 Example: Periodic orbits of a discrete time population
growth model

The model. Consider the following reccurence
T = rae(l —aiq) + € (C.4)

where z; is the density of a population at time ¢ and r, € are the growth and
immigration rates.
If we introduce y; = 241, the equation (C.4) can be rewritten as

g1 = ra(l—y) +e€

Y41 = Tt
which, in turn, defines a two-dimensional discrete time dynamical system:

! — —
CE/ = rae(l—y)+e (C5)
y = 2
Input system (C.5) into LBFP version of LOCBIF, for example, in the
following form:

PHASE X,Y

PAR R,EPS
X'=R*X*(1-Y)+EPS
Y'=X

Find a fized point. Set r = 1.9,¢ = 0. Select x and y as the abscissa
and the ordinate with the visibility limits from 0 to 1. Input initial values
xg = 0.5 and yg = 0.2. Set options: Pause=Update=Join=No. Select the
curve type Orbit, iterate the system and check if the orbit converges to a
fixed point. Try some other initial data. Select the last point as intial.

Continue the fized point. Activate r, select the curve type Fixed point,
set Update = Yes, Pause = Special and Join = Yes. Input HOcrv=0.01
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Figure 26: A closed curve of fixed points of the 7th-iteration of the map
(C.5)

and Hmxcrv=0.1. (Do not change the projection!). Compute the curve
and monitor the multipliers of the fixed point. Check, if message ”Hopf”
is reported which indicates the Neimark-Sacker bifurcation at r = 2.0. Find
the arguments of the critical multipliers: w = %’r (therefore, we have so called
weak resonance).

Find a closed invariant curve. Set No option for Pause, Update and Join
modes. Compute Orbit curves for r = 2.01,2.05,2.1,2.15,2.17 using various
intial data, and check if they converge to closed invariant curves giving rise
to quasi-periodic reccurences.

Find and continue a period-7 cycle. Set r = 2.177 and compute Orbit.
Select the last point, clean the screen and compute the orbit again. Reveal
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by the Pointwise browsing that a period-7 cycle is found. Select a point on
the cycle with maximal x.

Activate r, set Update=Yes, Join=Yes and Pause=Special. Put Hmx-
crv=0.01 and select r as the abscissa (with 7, = 2.17, e, = 2.21) and
z as the ordinate (with @i, = 0,2 = 1.0). Set Itmap=7, clean the
Graphics Window and compute a Fixed point curve. Interpret the result-
ing closed curve (see Figure 26) and store it as P7 in the archive. (Hint:
Each point of a period-7 orbit is a fixed point of the 7-th iteration of the
map (C.5).)

Figure 27: Arnold’s tongue (the fold bifurcation curves for period-7 cycle -
(7)
t

1.2) approaching a point of resonance 1:7 on the Hopf bifurcation curve RV

Hopf continuation. Select r and € as the abscissa and the ordinate with
the visibility limits from 1.5 to 3.0 and from -1.15 to 1.15 respectively. Load
P1 curve from the archive and select the Hopf bifurcation point as initial.
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Clean the Graphics Window. Activate €, select the curve type Hopf and
compute the Neimark-Sacker bifurcation curve within the visibility limits.
Store it.

Tangent bifurcation continuation for period-7 cycle. Load P7 curve and
select a ”Multiplier = 1” point corresponding to a higher value of r, set
the increments Dherv=Dhjac=0.1E-06. Activate ¢ and compute the Fold
curve in the both directions and store it. Load the P7 curve once more and
select a fold bifurcation point with the lower value of r, input the same values
of the increments as before. Activate € and compute Fold curve starting at
this point. Store the curve. Clean the Graphics Window and browse the
stored bifurcation curves (see Figure 27).

Notice, the fold curves form the so called Arnold’s tongue which ap-
proaches a point on the Hopf curve. Find the corresponding argument value
of the critical Hopf multipliers by browsing the Hopf curve using a different

27

color (w = ). Try to explain where are the period-6 cycles.

C.3 LBPS version of LOCBIF
C.3.1 General features of LBPS
This version of iILOCBIF is used for the analysis of periodically forced ODEs:

&= F(t,z,p) (C.6)

where F'is assumed to be 2x-periodic in ¢t. (This can be easily achived by
time rescaling. You can also choose another sample period.) For system (C.6)
the period return or Poincaré map is defined (see Guckenheimer and Holmes,
1983) by the solution of the Initial Value Problem in the interval [0, 27]. This
map defines a discrete time dynamical system for which continuation and
bifurcation analysis can be performed as described above in this Appendix.
Periodic orbits of period K of this dynamical system correspond to time-
periodic solutions (so called subharmonics) with period 27 K of (C.6) they
are called Periodic Solutions in the curve type list.

Using LBPS you have to specify 2x-periodic RHS of your ODEs and
set the orbit parameter Tmax equal to 6.28... .While selecting Orbit type
for computations, parameter Iorbit should be chosen +1 or -1 regarding
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whether you would like to see the complete trajectory of (C.6) in the interval
[0, Tmax*Itmap] or only discrete orbit of the Poincaré map.

C.3.2 Example: Periodic solutions of a periodically forced predator-
prey model

The model. Let us analyze the following time-periodic system of ODEs
(Kuznetsov et al., 1992):

. cry
= 1 — —
T ra( ) o) 1
. cry
= —d
y y+ a(t) +x

where a(t) = b(1 + esint), and parameters r, b, ¢, d are positive while 0 <
e < 1. If e = 0, the system becomes a classical predator-prey model. The
periodic function a(t) describes seasonal variation in the predator searching
time.

To analyze periodic solutions of the system, input the equations into

LBPS version of LOCBIF, for example, in the following form:

TIME T
PHASE X,Y

PAR R,B,C,D,EPS
FUN A,F
A=B*(1+EPS*sin(T))
F=C*X*Y /(A+X)
X'=R*X*(1-X)-F
Y'=-D*Y+F

Find an equilibrium in the unperturbed system. Set r = 1,b = 04,¢ =
2,d =1,e = 0. Input z¢ = 0.1 and yo = 0.4 as initial data. Select z and
y as the abscissa and the ordinate with the visibility limits from 0 to 1 and
from 0 to 0.4 respectively. Set Update=No and compute Orbit forward.
The orbit tends to a stable equilibrium point with coordinates: (z(®),y(©)) =
(0.4...,0.24...). Select this point as the initial one.

Continue the equilibrium in the unperturbed system. Activate parameter

b, set Messag=1, Epsint = 107° and check if Tint = 6.28. Modify the
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continuation parameters by setting HOcrv=0.01 and Hmxcrv=0.05. Select
e and b as the abscissa and the ordinate with the visibility limits from 0 to
1 and from 0 to 0.55 respectively. Continue the Periodic solution curve
forward and backward and find a Hopf (Neimark-Sacker) bifurcation point.
Select the Hopf point.

Continue the Neimark-Sacker bifurcation. Activate b and e, select the
curve type Hopf, set Epsext=0 (to suppress extremum location) and con-
tinue the bifurcation curve h(Y) for ¢ > 0 until a codimention two point A,
with a double multiplier -1 will be approached ( strong resonance 1:2 (see,

Arnold, 1982)). Store the curve as H1.

Figure 28: Bifurcation curves of the periodically forced predator-prey system:
hR(12) - Hopf fo(r)period—27r and -4x solutions; f(?)- Flip for period-27 and
2

-47 solutions; ;7 - Fold for period-27 solutions
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Continuation of the flip bifurcation. Browse the Hopf curve and select the
point of 1:2 resonance. Select the curve type Flip and continue the period
doubling bifurcation curve f() in the both direction within the visibility
limits (see Figure 28). Store the curve as F1 in the archive.

Find a period-2 - 27 solution near the flip bifurcation. Browse the flip
curve and stop at the upper point with € = 0.50.... Select the point. Select
the curve type back to Periodic solution, deactivate ¢ and continue the
period-27 solution curve into the unstable region. Take a point near the flip
bifurcation and find a period-2-27 solution by integration (deactivate all the
parameters, select the curve type Orbit and set Iorbit=-1 to look at an
orbit generated by the 2r-map). Select a point on the found periodic orbit.

Continue the period-2 - 2w solution. Activate b and select the curve type
Periodic solution. Set Itmap=2. Continue the period-2-27 solution with
respect to b until the next period doubling point will be found and reported as
”Multiplier = -1” (the message ”Selfcrossing” obtained while computing
the curve forward means approaching the flip bifurcation point for the period-
27 solutions). Store the curve as P21 into the archive.

Take the last point as the initial and activate now only the parameter e.
Continue the periodic solution and monitor the messages. Notice, there were
no messages when the curve crossed the flip curve since this part of the flip
curve corresponds to the appearence of an unstable period-2 - 27 cycle under
decrease of the parameter €. Continue until message: ”Multiplier = 1” will
appear which corresponds to the fold bifurcation of the period-2 - 27 orbits.
Store the curve as P22. Select the last found point as initial, activate again
only parameter b and continue the periodic solution until another tangent
bifurcation point will be found at relatively low value of b. Store the curve
as P23.

Continue flip, fold and Hopf bifurcation curves for the period-2 - 2w so-
lutions. Load the curve P21 from the archive and select the flip point for
continuation of the Flip curve f(). Activate the parameters b and ¢, com-
pute the curve and store it as F2 into the archive. Notice, another point of
codim 2 was found, namely, the point A, of resonance 1:2 for period-2 - 27
cycle.

Load in the same way the curves P22 and P23 and compute the Fold
curves for the period-2 - 27 solutions. The upper branch t§2) of the fold curve
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terminates at a codim 2 point D (degenerate flip, see: Afrajmovich et al.,
1985; Kuznetsov & Rinaldi, 1992 ) on the flip bifurcation curve f() and on
the axis € = 0 at a point where the limit cycle in the unperturbed system
has period 47. Store this branch under name T21. The lower branch tgz) of
the Fold curve (for its computation, set Epsint=0.1E-06) terminates at the
same point on the vertical axis and passes through another codim 2 point
B with a double +1 multiplier (strong resonance 1:1, Arnold(1982)) of the
period-2 - 27 cycle. Store the curve as T22.

Select the resonance 1:1 point B as the initial one for Hopf bifurcation
curve h(? continuation and compute it. Notice, it terminates at the point A,
in the flip curve f®. Store the curve as H2. Clean the Graphics Window
and plot all the bifurcation curves in one figure (see Figure 28).

C.4 LBLC version of LOCBIF
C.4.1 General features of LBLC

This version is designed for the analysis of isolated periodic solutions (limit
cycles) of autonomous ODEs. For this problem the Poincaré map can also
be defined. Consider the system of differential equations

&= F(z,p) (C.7)

Finding out periodic solutions with period Ty of this system is equivalent to
finding out periodic solutions with period 1 for the following extended system:

& =ToF(z,p) (C.8)

where T is an extra parameter. A fixed point of time-one transformation
of the phase space defined by (C.8) corresponds to a limit cycle with period
Ty of the original system (C.7) (they are called Limit Cycles in the curve
type list). Specifying RHS of your system, you have to reserve one more
parameter in your parameter list for this extra parameter 7T (you can use
an arbitrary name for it but must place it as the last parameter in the list).
Recall, that the total number of parameters (including 7p) should not exceed
ten.

To avoid a phase shift along the cycle, you have to specify a Poincaré
section ((n — 1)-dimensional manifold H = 0 transversal to the limit cycle).
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For this, orbit parameter Isec is used. If positive, Isec is a number of an
equation in RHS which zero defines the secant surface (H = FJg,.). If Isec
is negative, |Isec| is an ordering number of a user-defined function zero of
which defines the secant surface. Finally, Isec = 0 means that a secant plane
will be initially chosen and then traced automatically to keep it orthogonal
to the limit cycle.

Except one multiplier of a limit cycle which is always equals one (numer-
ically it may be close to one), all other multipliers determine stability and
bifurcations of the limit cycle. The bifurcation functions described above are
used for definition and continuation of bifurcation curves for limit cycles as
well.

The meaning of parameters Itmap and Iorbit is similar to that for

LBPS.

Note.  The period T of the limit cycle is generically varying under
parameter variations. Therefore, in the continuation of a limit cycle or while
tracing its bifurcations, parameter T, must be active.

You can also compute an isochrone of constant cycle period by fixing Tg
and activating an extra system parameter.

C.4.2 Example: Limit cycle bifurcations in a Lur’e type feedback
control system

The model. Consider the following nonlinear differential equation:
2" +az" +b2' +2(1—2)=0

which is a Lur’e type feedback control model (see, Siljak (1969)). Rewrite
this system as the third order system of differential equations:

=Y
y = z (C.9)
2 = —az—by — x4+ 2?

Input system (C.9) into LBLC version of LOCBIF (do not forget to
include the time scaling factor ¢g into the parameter list as the last parameter
and multiply all the equations by to):

PHASE X,Y,Z
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PAR A,B,T0

X'=Y*T0

Y'=Z*T0
Z'=(-A*Z-B*Y-X+X*X)*T0

Limit cycle location and determination of its period. Input a = 0.8,b =1
and find a stable limit cycle in the model starting from the inital point
xo = 0.1,y0 = 0,20 = 0.1 . Select the last point in the buffer as inital, clean
the Graphics Window and continue Orbit computation several times. Use
No Pause and No Update options.

Find the period of the cycle. For this, select a point on the cycle and
recompute it with the Pause option Pointwise. Stop the computation when
the orbit becomes (approximately) closed and estimate the period by reading
the value of time in the Value Window. Set now Tint=1 but fix the param-
eter ty at the estimated value (6.34...). Set Pause to Special and recompute
the cycle. Adjust ¢ty to get the most exact closure. Browse the cycle once
more and make a pause at the maximal value of z. Select the pause point.

Limit cycle continuation. Select the curve type Limit cycle and activate
parameters a and ty. Set Flash=>500, Messag=1 and check if Isec=1 (the
plane y = 0 will be used as a secant plane to construct the Poincaré map).
Input HOcrv=0.01 and Hmxcrv=0.1. Select a as the abscissa (with @i, =
0 and @pmer = 1.5) and b as the ordinate (with bp; = 0 and by = 2).
Clean the screen. Set Update option Yes and continue the cycle curve in the
both directions until the massges ” Minimum of parameter a=...”
?Multiplier = -1” will be found. The first message, actually, corresponds
to the disappearence of the limit cycle through the Hopf bifurcation (check

and

this!), while the second reveals the flip bifurcation. Compute a point on the
curve corresponding to the unstable cycle (for this, change Pause option to
Poinwise and let LOCBIF to find the next point after the flip). Store the
cycle curve into the archive as LC1.

Flip continuation. Browse the cycle curve and select the flip point. Set
Epsext=0 to supperss extremum location and select the curve type Flip.
Acticate parameter b and continue the flip curve within the visibility limits.
Store it as F1.
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Figure 29: Bifurcation curves in model (C.8): Hy - the Hopf bifurcation for
the equilibrium; F} 5 - the flip bifurcation curves

Continue the Hopf bifurcation of an equilibrium. lLoad LC1 curve and
select the minimum of the parameter a point. Select the curve type Fold
(explain, why), activate b and compute an approximation of the Hopf bifur-
cation curve for equilibrium (0,0,0) in system (C.8). Store it as HOPF.

Find and continue a double period cycle. Load LC1 curve and select the
last point corresponding to the unstable cycle. Set Iorbit=-1 and integrate
Orbit with all the parameters deactivated. Make a pause when a double
period cycle will be found. Set Torbit=1 and repeate computation. Select a
point with y = 0 (approximately).

Select the curve type Limit cycle, Itmap=2 and start continuation of
the double period cycle with active a. Select a point reported as ” Multiplier
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= -1” as the initial for the flip continuation.

Continue the flip bifurcation for the double period cycle. Activate a and b,
select the curve type Flip, set Epsext=0 to supperss extremum location and
continue the flip curve within the visibility limits. Store it as F2. Clean the
Graphics Window and plot the curves HOPF, F1 and F2 together (Figure
29).

140



D Mouse support

In this Appendix you will be informed how to use the mouse, if present, to

operate LOCBIF'.

D.1 Mouse installation

If your computer has a mouse and the Micrisoft mouse driver, you can use
this pointer device to operate LOCBIF (all four versions: LBEP, LBFP,
LBLC and LBPS). Before starting LOCBIF, you have to install the mouse

driver by performing the command
MOUSE

Note.lf your computer uses some other Microsoft-compatible mouse driver,
the installation command may be slightly different (see your mouse manual).

Once the mouse driver is present and installed, LOCBIF will automati-
cally detect it and allow you to operate with the mouse, as well as with the
keyboard. When LOCBIF is invoked in the standard way, a mouse pointer
appears over the Opening screen: it is a one-symbol rectangle which you can
move within the screen while moving the mouse on the desk. Over the Main
LOCBIF screen the pointer becomes a small arrow.

D.2 General conventions

The mouse has several buttons which can be pressed, or clicked on. In
LOCBIF only the left and right buttons are used. Although your mouse
might have a central button, it is ignored. In most situations only the left
button is used. However, there are cases where clicking on the right button
is meaningful.

LOCBIF detects the pointer position only at the moment when a mouse
button is clicked on. Users can select various objects on the screen by moving
the pointer to an appropiate position and clicking on a mouse button. These
objects are the following:

- items of the Main Menu;
- entries in windows appearing over the main screen (i.e., commands,
options, names and values);
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- parts of hints (i.e., texts in the Message Window or some symbols);
- positions in the Graphics Window.

Pointing and clicking an object can result either in relocation of the highlight,
or in an immediate action. In the first case, to perform an action you have
to click on the button once more at the same mouse position.

If you are working in a window, you can close it either by clicking on the
left mouse button when the pointer is outside the window, or by clicking on
the right button anywhere. Notice, that in the first case clicking on some
of the objects can cause another window to be opened or an action to be
performed. (Rigorously speaking, in the second case you can also start some
actions; see below.)

During the computation or curve browsing the pointer is disabled (invis-
ible on the screen). It becomes visible again during pauses or if the com-
putation or browsing are terminated. Nevertheless, during the computa-
tion/browsing the mouse reacts to button pressing.

D.3 LOCBIF management through mouse

Using the mouse you can perform many of the same operations as with the
keyboard. It should be noted that there are text operations that can be done
only using the keyboard. Nevertheless, the mouse allows you to operate
quickly and more effectively.

Initial screen

You can use the mouse to select a dynamical system within the ODEs
Archive Window. To do this, move the pointer to the name of the system
and click on the left button. The highlight will be placed at this system
name. If there are more systems than lines in the window, you can scroll the
name list in the window by clicking on the up/down arrow symbols.

When a system is selected, you can proceed with its analysis by clicking
on the button once more keeping the pointer at the same position. You
can also perform one of the listed actions (edit, delete, etc.) by putting the
pointer at a relevant text and clicking on the mouse button.

You cannot use the mouse inside the Equation Window to edit the system
specification.

Main menu
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Using the mouse to select and activate items of the Main Menu is straight-
forward and equivalent to using function keys F1-F7. But you can access the
Value Window by simply moving the pointer inside the window and click on
the left mouse button.

Command Window

If you have clicked on the Commands item of the Main Menu, the
Command Window appears and you can perform directly one of the listed
commands by pointing at it and pressing the left mouse button. The only
exception is the Exit command. In this case, you have to click twice to
confirm your intention to return to the Initial screen.

In accordance with the general conventions, you can leave the window
by pressing the right button or the left button (outside the window). If you
press the left button keeping the pointer at an item of the Main Menu, you
will leave the Command Window and immediately activate the pointed item
as if you had used function keys F2-F7.

If you point out a position inside the Value Window, the window will be
activated (see section Value Window below).

Option and related Windows

If you have clicked on the Options item of the Main Menu, the Option
Window appears and you can set one of the listed options directly or invoke
one of the option parameter windows by selecting it with the left mouse
button.

When the Axis Window is invoked, you can change the visibility limits by
pointing at corresponding numerical values and using the keyboard. You can
select a variable to be plotted along the abscissa(ordinata) axis in two ways.
You have to point at the abscissa(ordinata) entry within the Axis Window,
and either press the left mouse button several times until the desired name
appears, or point at the desired name directly in the Value Window and click
on the left button. To adjust the visibility limits automatically, select the
corresponding part of the hint text using the left mouse button.

When the Continuation (Orbit or Service) Parameter Window is invoked,
you can change the numerical values of the parameters by selecting them with
the mouse and then using the keyboard.

You can leave the window as described in the previous section.

Clurve Select Window
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If you have clicked on the Curves item of the Main Menu, the Curve
Select Window appears and you can select one of the listed curves using the
left mouse button.

You can leave the window as usual. In this case the old curve selection
will be preserved.

Value Window

If you have clicked on the Values item of the Main Menu, the Value
Window becomes active and the cursor will appear inside it. If you select
a position within the numerical value field the cursor will relocate to the
selected position. Now you can modity the corresponding value immediately.

If you click at a name of a parameter its highlight status changes. It
becomes highlighted if it was not highlighted previously, and not highlighted
if it was. Therefore, this action is equivalent to (de)activation of a parameter
with the Alt4+F keys. It is possible to (de)activate a parameter by pointing
at the corresponding part of the hint in the Message Window and pressing
the left button. In the same way you can change lines Up/Down in the Value
Window.

Note, that you can access the Value Window directly from the Main Menu
or from the Command, Option and Curve Windows.

Curve Archive Window

If you have clicked on the Archive item of the Main Menu, the Curve
Archive Window appears at the place of the Value Window. You can select
one of the stored curves by pointing at it and pressing the left button. When
the curve is selected, you can load it back into the memory for browsing by
clicking on the left button once more. If a stored curve is selected, you can
delete it by clicking on the corresponding part of the hint in the Message
Window.

If there are more stored curves than lines in the Curve Archive Window,
you can scroll the curve name list by selecting the corresponding Up/Dn
symbol in the Message Window.

To store a curve, you can input its name using the keyboard and press
the left mouse button keeping the pointer at the first window line. Clicking
on this line with the void name results in the leaving the window.

Computation and browsing control
Note that clicking on the left button, if the Compute item in the Main
Menu has been selected, results in starting the computation forward, while
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clicking on the right button starts computation backward. The same is true
for the Browse item.

During the computation/browsing the pointer is invisible, but you can
click on the left button to make a pause, and click on it once more to con-
tinue computation/browsing. Clicking on the right button terminates the
computation/browsing process.

Once a pause is initialized, the pointer appears again. You can change
some of the selected options by pointing at the Options item of the Main
Menu and clicking on the left mouse button. The Pause Option Window will
appear and you can proceed as described before.

The current point can be selected as initial ("inserted”) by pointing at
the Values item of the Main Menu and pressing the left mouse button.

To continue computation/browsing, put the pointer at the relevant item
in the Main Menu line and click on the left button if you compute/browse
forward and the right button to compute/browse backward.

Setting initial point for orbit computation

If the selected curve is Orbit and some of the phase variables are used as
the abscissa and the ordinata, it is possible to use the mouse to assign initial
values to these variables and start the orbit computation. While working
within the Main Menu or inside the Value Window, you can point at a point
in the Graphics Window and click on the left/right mouse button to start
the computation forward/backward. You can then proceed as usual.
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