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THEORY
IMPORT THEORY PROJECTS
/WaterTankTheory THEORIES /WaterTankTheory/Valves. dtf|org.eventb.theory.core.deployedTheoryRoot
#Valves
DATA TYPES
TankState
CONSTRUCTORS
Normal ()
Emptying ()
Filling ()
Stable ()
OPERATORS
isFlow <predicate> (state: TankState ,DR: P(RReal),Phi: RRealPlus -+ RReal,Qmin: RReal,Qmax:
RReal)
well—-definedness DR C dom(Phi)
isFlowODE <predicate> (state: TankState ,DR: P(RReal),Phip: RRealPlusxRReal + RReal,Qmin: RReal
,Qmax: RReal)
well—-definedness DRx Closed2Closed (Qmin,Qmax) C dom(Phip)
isFlowEq <predicate> (state: TankState ,DR: P(RReal),eq: DE(RReal) ,Qmin: RReal,Qmax: RReal)
well—definedness Solvable (DR, eq)
direct definition
vV Q - Q € RRealPlus + RReal A DR C dom(Q) A solutionOf(DR,Q,eq) = isFlow(state ,DR,Q,Qmin,
Quax)
Delta <expression> (delta in: RReal ,delta out: RReal)
well-definedness Rzero — delta_in € 1t ,Rzero — delta_out € It
direct definition
(M io_ - io_ € InOutValve | minus(times(delta in ~— in_ rstatus(io )) ~ times(delta out
out rstatus(io_))))
flowIO <expression> (Qmin: RReal,Qmax: RReal,delta in: RReal,delta out: RReal)
well-definedness Rzero — Qmin € leq,Rzero — Qmax € It ,Qmin — Qmax € leq,Rzero — delta_ in €
It ,Rzero — delta out € 1t
direct definition

(M io_ - io_ € InOutValve |
(AMt0_ +— g0 - t0_ € RRealPlus A q0_ € RReal |
(At = q_ -

t_ € RRealPlus A g € RReal A
plus(times(Delta(delta in,delta out)(io_) +~ minus(t_ +— t0_)) — q0_) € Closed2Closed
(Qumin, Qmax) |
Delta(delta in,delta out)(io_)
) U
At = q -
t_ € RRealPlus A g € RReal A
plus(times(Delta(delta in,delta out)(io_) +~ minus(t_ +— t0_)) — q0_) ¢ Closed2Closed
(Qmin, Qmax) |
Rzero

)
)
)
flowIOParts <expression> (Qmin: RReal,Qmax: RReal,delta in: RReal,delta out: RReal,iov:
InOutValve ,t0: RRealPlus,q0: RReal)
well-definedness Rzero — Qmin € 1t ,Rzero — Qmax € 1t ,Rzero — delta in € 1t ,Rzero —

delta _out € 1t ,Rzero — q0 € leq,q0 — Qmax € leq
direct definition

{
{ t_ | t_ € RRealPlus A plus(times(Delta(delta in,delta out)(iov) ~ minus(t_ — t0)) — q0
) € Closed2Closed (Qmin,Qmax) },
{t_ | t_ € RRealPlus A plus(times(Delta(delta in,delta out)(iov) ~ minus(t_ ~— t0)) — g0
) — Qmin € 1t },
{t_ |t € RRealPlus A Qmax — plus(times(Delta(delta in,6 delta out)(iov) ~— minus(t_ ~— t0
) = a0) € 1t }
}

FlowIOODE <expression> (Qmin: RReal,Qmax: RReal,delta in: RReal,delta out: RReal)
well-definedness Rzero — Qmin € leq,Rzero — Qmax € It ,Qmin — Qmax € leq,Rzero — delta_ in €
It ,Rzero — delta out € 1t
direct definition
(A io_ - io_ € InOutValve |
(AMt0_ +— g0 - t0_ € RRealPlus A q0_ € RReal |
ode (flowIO (Qmin,Qmax, delta in ,delta out)(io ) (t0 _~—q0 ),q0 ,t0 )
)
)

SingleTankPolicy <expression> (mode: TankState)
NoFlow <expression> ()
direct definition




60 (AMt_—Q_ - t_ € RRealPlus A Q_ € RReal | Rzero)

61 THEOREMS

62 flowode_yields flow :

63 V DR, Qmin,Qmax, Phip,st ,t0,q0 -

64 DR C RRealPlus A

65 Qmin € RReal A Rzero — Qmin € leq A

66 Qmax € RReal A Rzero — Qmax € It A

67 Qmin — Qmax € leq A

68 st € TankState A

69 t0 € DR A q0 € RReal A

70 Phip € RRealPlusxRReal -+ RReal A

71 DRx Closed2Closed (Qmin,Qmax) C dom(Phip) A

72 isFlowODE (st ,DR, Phip , Qmin, Qmax) A

73 Solvable (DR, ode (Phip ,q0,t0))

74 = (

75 vV Phi - Phi € RRealPlus -+ RReal A DR C dom(Phi) A solutionOf (DR, Phi, ode(Phip,q0,t0)) =

76 isFlow (st ,DR, Phi, Qmin, Qmax)

77 )

78 flow_type:

79 V Qmin,Qmax, delta in ,delta out,iov,t0,q0 -

80 Qmin € RReal A Rzero — Qmin € leq A

81 Qmax € RReal A Rzero — Qmax € 1t A

82 Qmin — Qmax € leq A

83 delta in € RReal A Rzero — delta _in € 1t A

84 delta _out € RReal A Rzero — delta out € 1t A

85 iov € InOutValve A

86 t0 € RRealPlus A

87 q0 € RReal = (

88 flowIO (Qmin, Qmax, delta in ,delta out) (iov)(t0—q0) € RRealPlusxRReal — RReal

89 )

90 flow_lipschitz :

91 V Qmin,Qmax, delta in ,delta out,iov,t0,q0 -

92 Qmin € RReal A Rzero — Qmin € leq A

93 Qmax € RReal A Rzero — Qmax € 1t A

94 Qmin — Qmax € leq A

95 delta _in € RReal A Rzero — delta_in € 1t A

96 delta _out € RReal A Rzero — delta out € 1t A

97 iov € InOutValve A

98 t0 € RRealPlus A

99 q0 € RReal A Rzero — q0 € leq A q0 — Qmax € leq = (

100 vVt -t_ € RRealPlus =

101 lipschitzContinuous (RReal ,RReal , partial2 (flowIO (Qmin,Qmax, delta in ,delta out)(iov) (t0+—
q0),t_))

102

103 flow _piecewise_ continuous :

104 V Qmin,Qmax, delta in ,delta out,iov,t0,q0 -

105 Qmin € RReal A Rzero — Qmin € leq A

106 Qmax € RReal A Rzero — Qmax € It A

107 Qmin — Qmax € leq A

108 delta in € RReal A Rzero — delta in € 1t A

109 delta _out € RReal A Rzero — delta out € 1t A

110 iov € InOutValve A

111 t0 € RRealPlus A

112 q0 € RReal A Rzero — q0 € leq A q0 — Qmax € leq = (

113 partialPiecewiseContinuous (

114 flowIOParts (Qmax,Qmin, delta in ,delta out,iov,t0,q0),

115 RReal , RReal,

116 flowIO (Qmin, Qmax, delta in ,delta _out) (iov) (t0—q0)

117 )

118 )

119 flow_pw_ CL_cond:

120 V Qmin,Qmax, delta in ,delta out,iov ,t0,q0 -

121 Qmin € RReal A Rzero — Qmin € leq A

122 Qmax € RReal A Rzero — Qmax € It A

123 Qmin — Qmax € leq A

124 delta_in € RReal A Rzero +— delta_in € 1t A

125 delta out € RReal A Rzero — delta out € 1t A

126 iov € InOutValve A

127 t0 € RRealPlus A

128 q0 € RReal A Rzero — q0 € leq A q0 — Qmax € leq = (

129 PiecewiseCauchyLipschitzCondition (

130 flowIOParts (Qmin, Qmax, delta in ,delta out ,iov,t0,q0),

131 RReal,

132 FlowIOODE (Qmin, Qmax, delta in ,delta out) (iov) (t0+—q0)
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)
flowio_is_flowode_ single tank_policy :
vV DR, Qmin,Qmax, delta in ,delta out,state
DR C RRealPlus A
Qmin € RReal A Rzero — Qmin € leq A
Qmax € RReal A Rzero — Qmax € It A
Qmin — Qmax € leq A
delta _in € RReal A Rzero — delta _in € 1t A
delta_out € RReal A Rzero ~ delta_out € 1t A
state € TankState
= (
V iov ,t0,q0 -
iov € SingleTankPolicy (state) A
t0 € DR A q0 € RReal A
Qmin — q0 € leq A q0 — Qmax € leq
=
isFlowODE (state ,DR, flowIO (Qmin,Qmax, delta in ,delta _out) (iov) (t0—q0) ,Qmin,Qmax)
)
flow LC:
Vv DR,
Phil, 1, Qlmin, Qlmax,
Phi2, m, Q2min, Q2max -
DR C RReal A
1 € RReal A Rzero — 1 € 1t A
Qlmin € RReal A Qlmax € RReal A Qlmin — Qlmax € leq A
Rzero — Qlmin € leq A Rzero — Qlmax € It A
Phil € RRealPlus -+ RReal A DR C dom(Phil) A
m € RReal A Rzero — m € 1t A
Q2min € RReal A Q2max € RReal A Q2min — Q2max € leq A
Rzero — Q2min € leq A Rzero — Q2max € It A
Phi2 € RRealPlus + RReal A DR C dom(Phi2) = (
(V st - st € TankState = isFlow (st ,DR,Phil,Qlmin,Qlmax) A isFlow (st ,DR,Phi2,Q2min,Q2max))

<~

(V st - st € TankState = isFlow (
st ,
DR,
LinComb2 (1, Phil ,m, Phi2),
sLinComb2 (1, Qlmin,m, Q2min) ,
sLinComb2 (1, Qlmax,m, Q2max)
)

)

flowODE LC':
V DR,

Phipl, 1, Qlmin, Qlmax,

Phip2, m, Q2min, Q2max -

DR C RReal A

Qlmin € RReal A Qlmax € RReal A Qlmin — Qlmax € leq A

Rzero — Qlmin € leq A Rzero — Qlmax € It A

Phipl € RRealPlusxRReal + RReal A DRxClosed2Closed (Qlmin,Qlmax) C dom(Phipl) A

m € RReal A Rzero — m € 1t A

Q2min € RReal A Q2max € RReal A Q2min — Q2max € leq A

Rzero — Q2min € leq A Rzero — Q2max € It A

Phip2 € RRealPlusxRReal -+ RReal A DRxClosed2Closed (Q2min,Q2max) C dom(Phip2) = (
(V st - st € TankState = isFlowODE (st ,DR,Phipl,Qlmin,Qlmax) A isFlowODE (st ,DR,Phip2,Q2min

|Q2max))
-~
(V st - st € TankState = isFlowODE(
st ,
DR,
LinComb2 (1, Phipl ,m, Phip2),
sLinComb2 (1 ,Qlmin,m, Q2min) ,
sLinComb2 (1, Qlmax,m, Q2max)
)
)
)

flowode_is_ floweg :
V DR, Qmin,Qmax, Phip,st ,t0,q0 -
DR C RRealPlus A
Qmin € RReal A Rzero — Qmin € leq A
Qmax € RReal A Rzero — Qmax € It A
Qmin — Qmax € leq A
st € TankState A
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t0 € DR A q0 € RReal A
Phip € RRealPlusxRReal + RReal A DRxClosed2Closed (Qmin,Qmax) C dom(Phip) A
isFlowODE (st ,DR, Phip , Qmin, Qmax) A
Solvable (DR, ode (Phip,q0,t0))
=
isFlowEq (st ,DR, ode (Phip,q0,t0) ,Qmin,Qmax)




