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xc(k +1) = Ai(k)xc(k) +Bi(k)uc(k) + fi(k)

[δ(k) = 1] ↔ [xc(k) ≥ 0]
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Pj ∪Nj ⊆ {1, n}

Aδ ≤ b, δ ∈ {0,1}n
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δ ∈ R3 :
−δ1 + δ3 ≤ 0
−δ2 + δ3 ≤ 0

δ1 + δ2 − δ3 ≤ 1
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>> V=struct('V',[0 0 0;0 1 0;1 0 0;1 1 1]);
>> H=cddmex('hull',V);A=H.A,b=H.B
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xk+1 = Axk +B1uk +B2δk +B3zk +B5
yk = Cxk +D1uk +D2δk +D3zk +D5

E2δk + E3zk ≤ E4xk + E1uk + E5
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x ∈ Rnc × {0,1}nb, u ∈ Rmc × {0,1}mb

y ∈ Rpc × {0,1}pb, δ ∈ {0,1}rb, z ∈ Rrc
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SYSTEM name {
   INTERFACE {
      STATE {
         REAL xc [xmin,xmax]; 
         BOOL xl; }
      INPUT {
         REAL uc [umin,umax]; 
         BOOL ul; }
      PARAMETER {
         REAL param1 = 1;}
   } /* end of interface */
   
   IMPLEMENTATION {
      AUX { BOOL d; 
            REAL z; }

      AUTOMATA { xl = xl & ~ul; }

      DA { z = { IF d THEN 2*xc ELSE -xc };  }

      AD { d = xc - 1 <= 0; }

      CONTINUOUS {
         xc = z; }

      MUST {
         xc + uc <= 2;
         ~(xl & ul); }  
   } /* end implementation */
} /* end system */   
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AD { delta = hmax - h <= 0; }
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DA { unl = { IF th THEN 2.3*u - 1.3*ut 
                   ELSE u }; }

AD { th = ut - u <= 0; }
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LOGIC {
   brake =  alarm & ~(tunnel & fire); 
}
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CONTINUOUS { 
 u = u + Ts*iC*i;  
}
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AUTOMATA {
   xclosing = (uclose & xclosing) | (uclose & xstopped);
   xstopped = ustop | (uopen & xclosing) | (uclose & xopening);
   xopening = (uopen & xstopped) | (uopen & xopening);  
}

:<$/)1$%&=$<)&2=$G(2)')4'9

('%4

0-(<%#|#<1('

<1('

('%4#|#<1('

0-(<%

('%4

$B3%0%(8&$BB341<$80%(

0-(<%

:/4*)9#/4'B1<=

:/4*)9#<1*1%<=

!"#$%&'()*+ ,(+%-#.)%+/01/2%#3(41)(- #5#6 C5

FR*&'-%#`=#P&'(<%#*#0(4<1)*/41

MUST {
     h - hmax <= 0;
     -h        <= 0;
}

!):/1)*)9#-(>/0#0(4<1)*/41<#*)%#*-<(#<B''()1%+

ÿ = −g
y ≤ 0 ⇒ ẏ(t+) = −(1− α)ẏ(t−)

α ∈ [0,1]
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y(t) > 0
v(t) ≈

y(t)− y(t− 1)

Ts
−g = ÿ(t) ≈

v(t)− v(t− 1)

Ts






v(t+1) = v(t)− Tsg
y(t+1) = y(t) + Tsv(t+1)

= y(t) + Tsv(t)− T2
s g

�
v(t+1) = −(1− α)v(t)
y(t+1) = y(t)− Tsv(t)

v(t) = −(1− α)v(t− 1)
y(t) ≤ 0 y(t+1) = y(t− 1)

= y(t)− Tsv(t)
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SYSTEM bouncing_ball {
INTERFACE {
/* Description of variables and constants */
        STATE { REAL height [-10,10];
                REAL velocity [-100,100];   }

        PARAMETER {
                REAL g;
                REAL alpha;  /* 0=elastic, 1=completely anelastic */
                REAL Ts; }
}
IMPLEMENTATION {
        AUX {   BOOL negative;
                REAL hnext;
                REAL vnext;   }

        AD {    negative = height <= 0; }

        DA {    hnext = {  IF negative THEN height-Ts*velocity
                        ELSE height+Ts*velocity-Ts*Ts*g};
                vnext = {  IF negative THEN -(1-alpha)*velocity
                        ELSE velocity-Ts*g};  }
        CONTINUOUS {
                height   = hnext;
                velocity = vnext;}
}}

>&"%&"/+'&""Bdemos/hybrid/bball.m
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>>Ts=0.05;
>>g=9.8;
>>alpha=0.3;

>>S=mld('bouncing_ball',Ts);

>>N=150;
>>U=zeros(N,0);
>>x0=[5 0]';

>>[X,T,D]=sim(S,x0,U);
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>>P=pwa(S);
>>plot(P)

>>[X,T,I]=sim(P,x0,U);
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>>S=mld('heatcoolmodel',Ts)

>>[XX,TT]=sim(S,x0,U);
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