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MACHINE
LeftTurnAssist
REFINES
Generic
SEES
LeftTurnAssistCtx
VARIABLES ¢, x_s, ppov, psv, vsv, vpov, asv
INVARIANTS
invl: ppov € RReal » RReal
inv2: Closed2Closed(Rzero,t) C dom(ppov)
inv5: vsv € RReal +» RReal
inv3: psv € RReal + RReal
inv4 : Closed2Closed(Rzero,t) C dom(psv)
inv6 : Closed2Closed(Rzero,t) C dom(vsv)
inv7: wvpov € Closed2Closed(uminus(V max), Rzero)
inv8: asv € Closed2Closed(uminus(B), Amax)
inv9 : x_p = bind(bind(vsv, psv), ppov)
inv10: Vi_-t_€ Closed2Closed(Rzero,t) A ppou(t_) — k € It = (psv(t_) = Rzero € leq V psv(t_) — q € geq)
EVENTS

INITIALISATION
WITH

x_p': x_p' = bind(bind(vsv', psv'), ppov’)
THEN

actl: t := Rzero
act2: wvsv,psv,ppov .= {Rzero — Rzero}, { Rzero — Rzero}, { Rzero — ppov_init}
act3: x_s := waiting
actd : vpov := vpouv_init
act5: asv := Rzero
END

Behave
REFINES Behave
ANY e, tp, v
WHERE
grdO: tp € RReal Plus At — tp €t
grdl: ee DE(S)
grd2: Solvable(Closed2Closed(t,tp),e)
grd3: v e Closed2Closed(Rzero, V max)
WITH
x_p': x_p' = bind(bind(vsv', psv'), ppov’)
Inv: Inv=S
THEN
actl:
t, Usv, psv, ppov : |
1 =tpA
vsv' € RReal +» RReal A Closed2Closed(Rzero,t") C dom(vsv')A
psv' € RReal + RReal A Closed2Closed(Rzero,t") C dom(psv')A
ppov’ € RReal + RReal A Closed2Closed(Rzero,t") C dom(ppov)A
CBAPsolutionO f(t,t', bind(bind(vsv, psv), ppov), bind (bind(vsv’, psv'), ppov'), e, S)
act2: vpov := uminus(v)
END

ctrl_transition_attempt_turn
REFINES Transition
WHERE
grdl: x_s = waiting
grd2 : Tsv(Amin — vsv(t) — psu(t)) — T pov(ppouv(t)) € It

WITH

s: s = {turning}
THEN

actl : x_s :=turning
END

ctrl_sense_turn_end
REFINES Sense
WHERE
grdl: psu(t) — q € geq
WITH
s: s ={passed}
p: p=STATES X RReal X {vsv_+> psv_ > ppov_ | vsu_ € RReal A psu_+ q € geq A ppov_ € RReal }
THEN
actl : x_s := passed
END
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75 ctrl_actuate_waiting

76 REFINES Actuate

77 ANY 1p

78 WHERE

79 grdO: tp € RReal Plus At — tp €t

80 grdl: x_s = waiting

81 WITH

82 e: e =ode(f_stable(vpov), (vsv(t) = psu(t) — ppou(t)),t)

83 s: s = {waiting}

84 x_p': x_p' = bind(bind(vsv', psv'), ppov’)

85 Inv: Inv=S

86 THEN

87 actl:

88 t, vsv, psv, ppou |

89 t = tpA

90 vsv' € RReal +» RReal A Closed2Closed(Rzero,t") C dom(vsv')A

91 psv' € RReal + RReal A Closed2Closed(Rzero,t") C dom(psv')A

92 ppov’ € RReal » RReal A Closed2Closed(Rzero,t') C dom(ppov')A

93 CBAPsolutionO f (1,1, bind(bind(vsv, psv), ppov), bind (bind (vsv’, psv'), ppov'),
94 ode(f_stable(vpov), (vsv(t) — psv(t) — ppou(t)),t),

95 S)

96 END

97

98 ctrl_actuate_turning

99 REFINES Actuate

100 ANY tp, a

101 WHERE

102 grdO: tp € RReal Plus At — tp €t

103 grdl: x_s =turning

104 grd2: a € Closed2Closed(Amin, Amax)

105 WITH

106 e: e=ode(f_accelerate_min(a — vpov — vsu(t)), (vsv(t) = psu(t) = ppou(t)),t)
107 s: s = {turning}

108 x_p': x_p' = bind(bind(vsv', psv'), ppov’)

109 Inv: Inv={vsv_w psv_w ppov_| vsv_€ RReal A psv_+ q € leq A ppov_ € RReal}
110 THEN

111 actl :

112 t, vsv, psv, ppov |

113 t = tpA

114 vsv' € RReal + RReal A Closed2Closed(Rzero,t") C dom(vsv')A

115 psv' € RReal + RReal A Closed2Closed(Rzero,t") C dom(psv')A

116 ppov’ € RReal + RReal A Closed2Closed(Rzero,t") C dom(ppov’)A

117 CBAPsolutionO f (1,1, bind(bind(vsv, psv), ppov), bind (bind (vsv’, psv'), ppov'),
118 ode(f_accelerate_min(a — vpov — vsv(t)), (vsu(t) — psu(t) — ppou(t)),t),
119 {vsv_ psv_+ ppov_ | vsv_ € RReal A psv_+> q € leq A ppov_ € RReal }
120 )

121 act2: asv:=a

122 END

123

124 ctrl_actuate_passed_stable

125 REFINES Actuate

126 ANY 1p

127 WHERE

128 grd0: tp € RRealPlus At — tp€Elt

129 grdl: x_s =turning

130 WITH

131 e: e =ode(f_stable(vpov), (vsv(t) — psu(t) = ppou(t)),t)

132 s: s ={passed}

133 x_p': x_p' = bind(bind(vsv', psv"), ppov’)

134 Inv: Inv=>S

135 THEN

136 actl :

137 t, vsv, psv, ppov |

138 ' =tpA

139 vst" € RReal » RReal A Closed2Closed(Rzero,t") C dom(vsv')A

140 psv' € RReal + RReal A Closed2Closed(Rzero,t") C dom(psv')A

141 ppov’ € RReal +» RReal A Closed2Closed(Rzero,t") C dom(ppov")A

142 CBAPsolutionO f (1,1, bind(bind(vsv, psv), ppov), bind(bind(vsv', psuv’), ppov’),
143 ode(f_stable(vpov), (vsv(t) — psv(t) — ppou(t)),t),

144 S)

145 END

146

147 ctrl_actuate_passed_accelerate
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REFINES Actuate
ANY tp, a
WHERE
grd0: tp € RRealPlus At — tp et
grdl: x_s = turning
grd2: a € Open2Closed(Rzero, Amax)
WITH
e: e=ode(f_accelerate(a — vpov — vsuv(t)), (vsv(t) — psu(t) — ppou(t)),t)
s: s = {passed}
x_p': x_p' = bind(bind(vsv', psv'), ppov’)
Inv: Inv=S
THEN
actl:
t, vsv, psv, ppov :|
' =tpA
vst' € RReal » RReal A Closed2Closed(Rzero,t") C dom(vsv')A
psv' € RReal + RReal A Closed2Closed(Rzero,t") C dom(psv')A
ppov’ € RReal +» RReal A Closed2Closed(Rzero,t") C dom(ppov')A
CBAPsolutionOf(t,t, bind(bind(vsv, psv), ppov), bind(bind(vsv', psv’), ppot’),
ode(f_accelerate(a — vpov — vsu(t)), (vsu(t) = psu(t) — ppou(t)),t),
S)
END

ctrl_actuate_passed_decelerate
REFINES Actuate
ANY tp, a
WHERE
grd0: tp € RRealPlus At — tpElt
grdl: x_s =turning
grd2: a € Closed20pen(uminus(B), Rzero)
WITH
e: e=ode(f_decelerate(a — vpov — vsuv(t)), (vsv(t) — psu(t) — ppou(t)),t)
s: s = {passed}
x_p': x_p' = bind(bind(vsv', psv'), ppov’)
Inv: Inv=S
THEN
actl:
1, Usv, psv, ppov :|
1 =tpA
vst' € RReal +» RReal A Closed2Closed(Rzero,t") C dom(vsv')A
psv' € RReal + RReal A Closed2Closed(Rzero,t") C dom(psv')A
ppov’ € RReal +» RReal A Closed2Closed(Rzero,t") C dom(ppov')A
CBAPsolutionO f(t,t', bind(bind(vsv, psv), ppov), bind (bind(vsv’, psv'), ppov’),
ode(f_decelerate(a = vpov — vsuv(t)), (vsu(t) - psu(t) — ppou(t)),t),
S)




