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“on” means that a car is willing to enter the bridge or to leave it.
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REQ1

The system is controlling cars on a bridge connecting the mainland to an island. g“"n e wb& {
The number of cars on bridge and island is limited. I — ( er “Aﬁdu#{
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REQ3 The bridge is one-way or the other, not both at tha=Same time.
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Bridge Controller: State Transitions of the Initial Model

REQ2 The number of cars on bridge and island is limited.

axioms:

constants: (d )
| axm0.1:d <N Island <> ML_out

Mainland

invariants:

variables: n in _l:neN
in _2=:nsd







Event Execution via a Central Controller o 4&!«%&@1 vasdirogi
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Using TLA+: Manual vs. Automated
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PlusCal vs. TLA+ ¥
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vars == << n, i, pc, stack >>

Global variables *) 'I l

|2 - »
/\'n=20 4?% \ pc_=_"loop" b?
--algorithm bridgeController_m0@ { /\Ni=0 - /\ IF #qub‘/): A ﬂb"
variable n =0, i = 0; 5 /\ stack = << >> . ELSE /¥ o e {_f‘a&
T e /\ pc = "loop" /\ UNCHANGED <<, i, stack >>
procedure ML _oUt() { %
ML_out_action: n :=n + 1; ‘ ML out action == /\ pc = "ML out action" choice == ;t Q; ;\“ch9ice:ML . -
return; w /An" =n+1 pc' = "ML out_guar
' \/ /\ pc' = "ML_in_guard"
} M‘ /\ pc' = Head(stack).pc UNCHANGED e ack L.
J\ stack' = Tail(stack) A <<n, i, stack > M Ot
procedure ML_in() { /A1t =1 ML_out_guard == /\ pc = "ML_out_guard"
ML in_action: n :=n - 1; ) /\ IF I:g: A pe = ML out occurs”
) return; t P' ) WML_out == ML out action £ ELSE /\ pc' = "progress"
F ML in action == /\ pc = "ML _in action" /\ UNCHANGED << n, 1, stack >>
\* maj rogram ,9 # /A\n"=n-1 == /\ pc = "ML_out_occurs"”
{ p. " btaw /\ pc' = Head(stack) pc /\ stack' = << [ > u
while (i < { M /\ stack' = Tail(stack) a’“w £ |-> "progress" ] >>
- (4= bound} i' =i stac
choice: either { AN L sk) /\ pc' = "ML_out_action" e
UNCHANGED << n, ;@"‘
ML in == ML in action F‘ A <n 1>

ML_out quard: if(TRUE) { &
% [MLout occurg: call ML out();
}

} $o sttv

or {
ML_in_guard:
ML_in_occurs:

if(TRUE) {

call ML_in();
};

} ‘

progress: i :=
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[WML_in_guard == /\ pc = "ML _in guard"

/\ IF TRUE e
THEN /\ pc' = "ML_in_occurs"” a “l‘“k
ELSE /\ pc' = "progress" “
/\ UNCHANGED << n, i, stack >> '.h *W"
uLM ML_in_occurs == /\ pc = "ML_in_occurs"
/\ stack' = << [ procedure |[-> "ML_in",
> ‘"progress" ] >>

pc |
/ \o stack
/ /\ pc' = "ML_in_action"

/\ UNCHANGED << n, i >>

progress == /\ pc = "progress"
/N1t =1+1
/\ pc' = "loop"

I &\&CHANGED << n, stack >>
Mlte s 8g to preght deaJ)ck on termlna jon. *) -
Terminating == pc = mm N uucnmasn vars JpctM

(% Allow i

= ML_out \/ ML_in \/ loop \/ choice \/ MLJutJuard@
\/ ML_in_guard \/ ML_in_occurs \/ progress

h 7, —‘M \/ Terminating
= Init /\ [][Next] vars

RS -

ML out_occurs
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N\ stack = <<>>
Ni=0
An=20

N\ pc = "ML out occurs”

Ni=0
An=20

Ni=0
An=20

N\ stack = <<>>
Ni=0
An=0

N\ pc = "ML out guard"

N\ stack = <<[pc |-> "progress", procedure |-> "ML out"]>>

Ni=0
An=20

A pc = "ML out action"

:

N\ stack = <<>>
Ni=20
An=1

N\ pc = "progress"

N\ stack = <<>>
Ni=1
An=1

/\pC — ||100p||

N\ stack = <<>>
Ni=1
An=1

N\ pc = "choice"

/\ stack = <<>>
Ni=1
An=1

N\ pc = "ML out guard"

N\ stack = <<>>
Ni=1
An=1

N\ pc = "ML out occurs”

N\ stack = <<>>
Ni=1
An=1

A pc = "ML in guard"

Ni=1
An=1

A\ pc = "ML out action"

-> "ML out"]>>

N\ stack = <<[pc |-> "progress", procedure |

/\ stack = <<>>
Ni=1
An=2

N\ pc = "progress"

N\ stack = <<>>
Ni=2
An=2

/\pC — ||100p||

N\ stack = <<>>
Ni=2
An=2

N\ pc = "Done"

/\ stack = <<>>

/\pC — ||100p||

N\ stack = <<>>

N\ pc = "choice"

A pc = "ML in guard"

/\ stack = <<>>
Ni=20
An=20

N\ stack = <<>>
Ni=0
An=20

A pc = "ML in occurs"

stack = <<|[pc |-> "progress", procedure |-> "ML in"]>>

S

Ni=0
An=20

A pc = "ML in action"

/\ stack = <<>>
Ni=1
An=1

N\ pc = "ML in occurs"

/\ stack = <<>>
Ni=0
An=-1

N\ pc = “progress"

- "ML_in"]> >
=1

N\ stack = <<[pc |-> "progress", procedure |
A1
An=1

N\ pc = "ML in action"

N\ stack = <<>>
Ni=1
An=0

N\ pc = "progress"

/\ stack = <<>>
Ni=2
An=20

/\pC — ||100p||

N\ stack = <<>>
Ni=2
An=20

N\ pc = "Done"

Next State Actions

choice

ML in guard

ML in action

ML in occurs

Terminating

2

<<
[

i |-> 0,

nl|->0,

pc |-> "loop”,

stack |-> <<>>

1.

[

i |-> 0,

nl|->0,

pc |-> "choice",

stack |-> <<>>

],

[

i |-> 0,

nl|->0,

pc |-> "ML_in_guard",
stack |-> <<>>

],

[

i |-> 0,

nl->0,

pc |-> "ML_in_occurs",
stack |-> <<>>

pc |-> "ML_in_action",

variable n =0, i = 0;

procedure ML out() {

ML out action: n :=n + 1;
return;

}

procedure ML in() {
ML in action: n :=n - 1;

return;

}

\* main program

{

Lloop: while (i < bound) {
choice: either {

--algorithm bridgeController moO {

ML out guard: if(TRUE) {
ML out occurs: call ML out();

}i
}

or {

morl
> et

ML in guard: if(TRUE) {
ML in occurs: call ML in();

};
};
_aprogress: 1 i

+ 1
} —

stack |-> <«<[pc |-> "progress”, procedure |-> "ML_in"]>>

],

[ 4t?

i |-> 0, ?‘&Aﬂl‘!‘o

n |-@ J( e M s .Fk,‘o
pc |-> "progress”, 1€

stack |-> <<>> k) » N
]

>>

e/
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