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for (count=@; count<NN: count++) {
tt=hx(double)count:
if (count==0){ //timer event -

mode=1;
¥

// one step evolution:start
currentPts(a, y);
runge(1,h,x,0.0, mode);
if (x[@]>alphaOff){  // phase event *
hl=(alphaOff-y[1])/(-y[1]+1.0);
y[1l]=alphaOff;
nextPts(y, u, hl);
drawTrajectory(a, u);
x[@]=alphaOff;
currentPts(a, y);
mode=0; // mode transition *
" hZ2=Nn-h1;
runge(1, h2, x, 0.0, mode);
nextPts(y, u, h2);
drawTrajectory(a, u);

border @

I3
nextPts(y, u, h);
drawTrajectory(a, u);

// one step evolution:end
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@ 1. event-mode matrix

transition | mode0 | model | mode2 | mode3

X>Xmax mode0 mode?2
X<Xmin model mode3
y>ymax mode0 | model

y<ymin mode?2 | mode3
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@ 1. mode-event matrix

switch (mod) {
case 0:

) @ ] if (x[0]<xmin) { ! mod=3;
@ | xy) dx=-dx; if (x[1]>ymax) {
mod=1; dy=—dy:
mode 0 :}( } mod=0: ’
3 (x,y) if (x[1]l<ymin) { ! '
' dy=—dy; .
ymin & Ba/” 5 mod=2; Casebg?ak'
xmin @ A 1 3
2 if (x[@]>xmax) {
break; dx=—dx :
case 1: .
if (x[0]>xmax) { , mod=2;
g§328§F if (x[1]>ymax) {
! dy=-dy;
} , mod=1;
if (x[1l<ymin) { 1
dyg:gy; break:
1 Moo=3, default:
break;
break: 1
case 2:

if (x[0]1<xmin) {
dx=-dx;



2. primitive method

if(x[@]>xmax){dx=-dx;} //collision criteria
if(x[0]<xmin){dx=—dx;}
if(x[1]1>ymax){dy=—dy;}
if(x[1]<ymin){dy=-dy;}

x1[0]=x[0]+dx; // ball dynamics on x—-axis
x1[1]=x[1]+dy; // ball dynamics on y-axis

4 D (Dphase event|FIRILICEFLT S
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3. mode variable method

for (int i=0; i<2; i++) {
if (mod[il==1 && x[il>xmax[i]) {
dx[i]=—-dx[i];
mod [1]=0;
Yelse if(mod[il==0 && x[il<xmin[i]){
dx[i]l=—-dx[i];
mod [1]=1;
s
¥

x1[0]=x[0]+dx[@]; // ball dynamics on x-axis
x1[1]=x[1]+dx[1]; // ball dynamics on y-axis

I'I'
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4. State patternz{E>

next=[mode updateX:x];

if (mode '= next) {
// actions before transition
mode=next;
// actions after transition

}

x1[0]=x[0]+[mode dx]; // ball dynamics on x-axis
x1[1]=x[1]+[mode dy]; // ball dynamics on y-axis
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/‘(m Optically Controlled Oscillator
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photo Tr
on:1 off:0
on:1 | off:0 on:1
AN Q
off:0 | off:0 off:0
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Input: Light: g=0
State:
=T, x(1)}
Dynamics:
X=-X+1
Output: PhotoTr: off
Boff

Input: Light: g=0
State:
{p=0, x(1)}
Dynamics:
X = - X
Output: PhotoTr: off
Boff

E—KO0

gt && Boft<x<ar
—>
<

qi&& X>Boff

T—K3

Input: Light: g=1
State:
{p=T, x(t)}
Dynamics:
X =-X+1
Output: PhotoTr: off
Boﬁ

X(t) < Poff X(t) < Pon
X(t) > o a] && Pox X < Boff
X(t) > o

Input: Light: g=1
State:
{p=0, x(t)}

Dynamics:
X =-X
Output: PhotoTr: on
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/‘(m mode variable method-coupled

for (int i=0; i<2; i++) {
if (mod[i]l==1 && x[il>xmax[i]) {
dx[i]=—dx[1i];
mod[1]=0;
Yelse if(mod[i]l==0 && x[i]l<xmin[i]){
dx[i]=—dx[1i];

y mod[1]=1; //coupling relation
, if (g[0]==0 && ql[1]==1) {
bdrB[@]=bon;

x1[0]=x[0]+dx[0]; glse {

xLLLISALIFdxLLES bdrB[@]=bof;

if (x[@]<bdrB[O]) A{
qlol=1;

}

}

if (qll]==0 && ql[0]==1) {
bdrB[1]=bon;

}

else {
bdrB[1]=boff;
if (x[1]<bdrB[1]) {
\ ql1]=1;

}
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23@) mode variable method-coupled

1.0

if (ql[0]l==1 && ql1]l==1) {

bdrA[@]=aon;

bdrA[1]=aon;
} 08 -
else {

bdrA[@]=aofTf;

bdrA[1l]=aoff;

if (x[@0]>bdrA[0]) {

} qlo]=0; x[1]1 |

if (x[1]>bdrA[1]) {
, ql1]=0;
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@ 1 bit Atomic Hybrid Oscillator
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Vit x(t) > B x(t) I;vent x(t) X(t) < o
R § Dynamics: . Dynamics:
3 R5 E X =-X K@%/ X = - X+]1
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R4 § Stk RIS BNE
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\Y4 Vv O > O >
B X (t) o

X (1)

if (p==1 && x>bdrA) p=0;
if (p==0 && x<bdrB) p=1;
// with ODE containing p
// \dot X = —=x + p;

2 (E:mIEZ #% [ > Cmode transition diagramZ 39
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