One Track Railroad crossing: the whole system 
1 Informal description 
The idea is to consider grid approximation of a int-time function. That is we approximate int line with a dense sequence of events with step 1/N sec, where N is a free parameter. Once the system is verified for any large N, one should consider it as correct.
The whole sytem has four agents: world time, track/train, gate, and the controller.  
· The track is characterized by the TrackTimer variable: once a train arrived the timer is set with current time plus time the train needs to reach the crossing and then to pass the crossing (WaitTime and TrainTime correspondingly). 

· The gate is characterised by the GateTimer. When a direction is issued by the controller, the gate starts opening/closing. It requires OpeningTime or ClosingTime correspondingly.
· The state of the controller is given by the Deadline and Direction variables -- this is similar to the model described before.

2 AsmL model
2.1 Data types
enum Status

  Empty
  Coming
  Crossing
enum Signal

  Open
  Close
structure Infinite

function less(t1 as Integer, t2 as Integer or Infinite) as Boolean
  return t2 is Infinite or else t1< (t2 as Integer)
function SafeToOpen() as Boolean

  return (TrackStatus() = Empty) or less(CurrentTime, Deadline)
function Expired(timer as Integer) as Boolean

  timer <= CurrentTime
function TrackStatus() as Status

  if Expired (TrackTimer) then Empty 
  elseif Expired(TrackTimer - CrossingTime) then Crossing

  else Coming

function GateIsOpen() as Boolean

  (Direction = Open) and Expired (GateTimer)

function GateIsClosed() as Boolean

  (Direction = Close) and Expired (GateTimer)

2.2 State variables
const ComingTime   = 8
const CrossingTime = 11
const OpeningTime  = 4
const ClosingTime  = 4
var CurrentTime as Integer = -1 // the world time
var TrackTimer  as Integer = -1 // state of the track
var GateTimer   as Integer = -1 // state of the gate
var Direction   as Signal  = Open                    // these two define the state 
var Deadline    as (Integer or Infinite) = Infinite()// of the controller
2.3 System action
procedure TheCompleteStep(randomTrain as Boolean)

  if Direction = Open and not SafeToOpen() then
    Direction := Close
    GateTimer := CurrentTime + ClosingTime
  elseif Direction = Close and SafeToOpen() then
    Direction := Open 
    GateTimer := CurrentTime + OpeningTime 
  Deadline :=  if TrackStatus() = Coming and (Deadline is Infinite) then 

                  CurrentTime + (ComingTime - ClosingTime) - 1
               elseif TrackStatus() = Empty and not (Deadline is Infinite) then  

                  Infinite()
               else
                  Deadline
  TrackTimer  := if TrackStatus() = Empty and randomTrain then 

                   CurrentTime + ComingTime + CrossingTime
                 else 

                   TrackTimer
  CurrentTime := CurrentTime + 1
Main() 
  step until CurrentTime = 200

    choose rndTrain in {true,false}
      TheCompleteStep(rndTrain)
      msg_deadline = if Deadline is Infinite then "Infinity" else ToString(Deadline)
      msg = "Time:" + ToString(CurrentTime) 
         + " Track:" + ToString(TrackStatus()) 
         + " Direction:" + ToString(Direction) 
         + " GateOpCompleted:" + ToString(Expired(GateTimer)) 
         + " Deadline:" + msg_deadline 
      WriteLine(msg)
3 Properties
function DeadlineStatus() as String
  let status = 
    if Deadline is Infinite then "none"  
    elseif Deadline as Integer > CurrentTime then "pending"

    elseif Deadline = CurrentTime then "now"

    else "expired"
  return "Deadline: " + status
function GateStatus() as String

  let gatesStatus = 
    if Direction = Open then
      if Expired(GateTimer) then "open" else "opening"

    else 

      if Expired(GateTimer) then "closed" else "closing"
  return "Gate is " + gatesStatus
function TrackStatus() as Status

//function Hyperstate(p1 as Signal, p2 as Boolean, p3 as Status) as Boolean
  //(Prop1() = p1) and (Prop2() = p2) and (Prop3() = p3)
4   Formal verification in HOL

load "integerTheory"; load "intLib";

open integerTheory intLib typeBase;
val Null = Hol_datatype `Null = undef | null`;

4.1 Type definitions

val Status = Hol_datatype ` Status = Coming | Crossing | Empty `;

val Signal = Hol_datatype ` Signal = Open | Close `;

val Infinite = Hol_datatype ` Infinite = Infinity | infty`;

4.2 State variables

val rrCrossing_state = Hol_datatype `rrCrossing_state = <|

  ComingTime : int;

  CrossingTime : int;

  OpeningTime : int;

  ClosingTime : int;

  CurrentTime : int;

  TrackTimer : int;

  GateTimer : int;

  Direction :  Signal;

  Deadline : int + Infinite

|>`;

4.3 Functions

val less = Define ` less = \t1: int. \t2: int + Infinite.

  if (ISR (t2)) then T else  t1 < (OUTL t2)`;

val Expired = Define ` Expired = \S0. \timer: int.

  timer <= S0.CurrentTime`;

val TrackStatus = Define ` TrackStatus = \S0.

  if (Expired S0 S0.TrackTimer) then Empty

  else if (Expired S0 (S0.TrackTimer - S0.CrossingTime)) then Crossing

  else Coming `;

val SafeToOpen = Define ` SafeToOpen = \S0.
  (TrackStatus S0 = Empty) \/ (less S0.CurrentTime S0.Deadline)`;

4.4 Procedures

val TheCompleteStep = Define ` TheCompleteStep =

\randomTrain: bool. \S0.

  (if (S0.Direction = Open) /\ ~ (SafeToOpen S0) then

    S0 with <|

      Direction := Close;

      GateTimer := S0.CurrentTime + S0.ClosingTime  |>

  else if (S0.Direction = Close) /\ (SafeToOpen S0) then

    S0 with <|

      Direction := Open;

      GateTimer := S0.CurrentTime + S0.OpeningTime |>

  else S0)

  with <|

    Deadline :=

      if (TrackStatus S0 = Coming) /\ (ISR S0.Deadline) then

        INL (S0.CurrentTime + S0.ComingTime - S0.ClosingTime - 1)
      else if (TrackStatus S0 = Empty) /\ ~ (ISR S0.Deadline) then

        INR Infinity

      else

        S0.Deadline;

    TrackTimer := if (TrackStatus S0 = Empty) /\ randomTrain then

                    (S0.CurrentTime + S0.ComingTime + S0.CrossingTime)
                  else

                    S0.TrackTimer;

    CurrentTime := S0.CurrentTime + 1  |>`;

4.5 Useful theorems

val rrCrossing_state_commute_with_if 
   = store_thm("rrCrossing_state _commute_with_if",

    ``!G0: bool. !S0:rrCrossing_state. !S1:rrCrossing_state.(

  ((if G0 then S0 else S1).ComingTime

     = (if G0 then S0.ComingTime else S1.ComingTime))/\

  ((if G0 then S0 else S1).CrossingTime

     = (if G0 then S0.CrossingTime else S1.CrossingTime))/\

  ((if G0 then S0 else S1).OpeningTime

     = (if G0 then S0.OpeningTime else S1.OpeningTime))/\

  ((if G0 then S0 else S1).ClosingTime

     = (if G0 then S0.ClosingTime else S1.ClosingTime))/\

  ((if G0 then S0 else S1).CurrentTime

     = (if G0 then S0.CurrentTime else S1.CurrentTime))/\

  ((if G0 then S0 else S1).TrackTimer

     = (if G0 then S0.TrackTimer else S1.TrackTimer))/\

  ((if G0 then S0 else S1).GateTimer

     = (if G0 then S0.GateTimer else S1.GateTimer))/\

  ((if G0 then S0 else S1).Direction

     = (if G0 then S0.Direction else S1.Direction))/\

  ((if G0 then S0 else S1).Deadline

     = (if G0 then S0.Deadline else S1.Deadline))

)``,(Induct_on `S0`) THEN (Induct_on `S1`) THEN (RW_TAC bool_ss []));

val if_cases = store_thm("if_cases",

    ``!G0: bool. !x y z.
  (((if G0 then x else y) = z) = ((G0 /\ (x=z))\/(~ G0 /\(y=z))))``,
  Induct THEN (RW_TAC bool_ss []));
val THE_TAC = (EVAL_TAC THEN (Induct_on `b`) THEN (Induct_on `S0`) THEN 
  REPEAT (CHANGED_TAC (

     PURE_ONCE_REWRITE_TAC [rrCrossing_state_commute_with_if]
     THEN SIMP_TAC list_ss (simpls_of "rrCrossing_state") ))
  THEN (RW_TAC (int_ss++integer_rwts) [if_cases]) 
  THEN (FULL_SIMP_TAC list_ss []) 
  THEN TRY ARITH_TAC

  THEN TRY (PROVE_TAC []));

4.6 FSM generation 

Now we use AsmL Tester tool to generate a finite state abstraction of the system according to the four selected properties. The generated graph is exposed at the picture. This finite state machine could be used then to generate test cases for the implementation.
The two important questions one can ask about the generated FSM are the following:

1. How complete is this approximation? The easiest way to evaluate this roughly is to compare the number of discovered hyperstates to the number of all potentially possible hyperstates. The same with links. Such poor man analysis gives us the following answer: hyperstate coverage - 9/24*100 = 37.5%; hyperlink coverage - 19/576*100 = 3.3%. Not so good. On the other hand, it looks like the FSM abstraction is rather complete. At least, it is not evident how to extend it.

2. Is this FSM stable with respect to different paramenters of the model? 

To answer these questions we utilize the theorem proving technique developed so far. We will show that the graph is complete and stable. Namely, we'll prove that for each reachable hyperstates the set of subsequent hyperstates is completely defined by the generated graph.

Thus, we have 9 proof goals - one for each discovered hyperstate.
4.7 Properies and goals
val Prop1 = Define ` Prop1 = \S0.

  S0.Direction `;

val Prop2 = Define ` Prop2 = \S0.

  (Expired S0 S0.GateTimer) `;

val Prop3 = Define ` Prop3 = \S0.

  TrackStatus S0 `;

val Prop4 = Define ` Prop4 = \S0.

  if ISR S0.Deadline then 1 

  else if (S0.CurrentTime < OUTL S0.Deadline) then 2

  else if (OUTL S0.Deadline = S0.CurrentTime) then 3

  else 4`;

val Hyperstate = Define ` Hyperstate = \S0.

\p1:  Signal. \p2: bool. \p3: Status. \p4 : int.
  (Prop1 S0 = p1)/\ (Prop2 S0 = p2) /\ (Prop3 S0 = p3) /\(Prop4 S0 = p4)`;   

(* Definition of the hyperstates *)

val H1 = Define ` H1 S0 = Hyperstate S0 Open  T Empty 1`;
val H2 = Define ` H2 S0 = Hyperstate S0 Open  T Coming 1`;

val H3 = Define ` H3 S0 = Hyperstate S0 Open  T Coming 2`;

val H4 = Define ` H4 S0 = Hyperstate S0 Open  T Coming 3`;

val H5 = Define ` H5 S0 = Hyperstate S0 Close F Coming 4`;

val H6 = Define ` H6 S0 = Hyperstate S0 Close T Crossing 4`;

val H7 = Define ` H7 S0 = Hyperstate S0 Close T Empty 4`;

val H8 = Define ` H8 S0 = Hyperstate S0 Open  F Coming 1`;

val H9 = Define ` H9 S0 = Hyperstate S0 Open  F Empty 1`;

val H10 = Define ` H10 S0 = Hyperstate S0 Open  F Coming 2`;

val OrList = Define ` 

  (OrList [] S0 = F) /\

  (OrList (H::Tl) S0 = H S0 \/ (OrList Tl S0))`;

val TheRestrictions = Define `TheRestrictions S0 =

(S0.ComingTime > 2) /\ (S0.CrossingTime > 2) /\ (S0.OpeningTime > 2) 

  /\ (S0.ClosingTime > 2) /\ (S0.ClosingTime + 2 < S0.ComingTime)`;

val TheGoal = Define ` TheGoal = \H .\Hlst.

!S0: rrCrossing_state. ! b: bool.

 (H S0 /\ TheRestrictions S0 ==> OrList Hlst (TheCompleteStep b S0))`;
val TheStability = Define ` TheStability = \Hlst.

!S0: rrCrossing_state. ! b: bool.

 (OrList Hlst S0 /\ TheRestrictions S0 

   ==> OrList Hlst (TheCompleteStep b S0))`;

val TheIncoming = Define ` TheIncoming = \Hlst. \H.

!S0: rrCrossing_state. ! b: bool.

 (H (TheCompleteStep b S0) /\ TheRestrictions S0 ==> OrList Hlst S0)`;

g `TheGoal H1 [H1;H2]`; e THE_TAC; (* done *)
g `TheGoal H6 [H6;H7]`; e THE_TAC; (* done *)

g `TheGoal H7 [H8;H9]`; e THE_TAC; (* done *)

g `TheGoal H9 [H1;H2;H8;H9]`; e THE_TAC; (* done *)

So we know now that for the hyperstates H1, H6, H7, and H9 the only possible subsequent hyperstates are those generated by the tool.

Let's study what are other options for the rest of the generated hyperstates.

val H11a = Define ` H11a S0 = Hyperstate S0 Open T Crossing 2`;

val H13a = Define ` H13a S0 = Hyperstate S0 Open T Crossing 3 `;

val H14a = Define ` H14a S0 = Hyperstate S0 Close F Crossing 4`;

val H15a = Define ` H15a S0 = Hyperstate S0 Close T Coming 4`;

val H16a = Define ` H16a S0 = Hyperstate S0 Open F Crossing 2`;

val H17a = Define ` H17a S0 = Hyperstate S0 Open F Coming 3`;

val H18a = Define ` H18a S0 = Hyperstate S0 Open F Crossing 3`;

g `TheGoal H2 [H3;H11a]`; e THE_TAC; (* done *)
Thus, for H2 we know that potentially there is at most one link, namely to H11a.

g `TheGoal H3 [H3;H4;H11a;H13a]`; e THE_TAC; (* done *)

g `TheGoal H4 [H5;H14a]`; e THE_TAC; (* done *)
g `TheGoal H5 [H5;H6;H14a;H15a]`; e THE_TAC; (* done *)
g `TheGoal H8 [H3;H10;H11a;H16a]`; e THE_TAC; (* done *)
g `TheGoal H10 [H3;H10;H11a;H12a;H13a;H16a;H17a;H18a]`; e THE_TAC; (*  *)

val THE_TAC1 = (EVAL_TAC THEN (Induct_on `b`) THEN (Induct_on `S0`) THEN 

  REPEAT (CHANGED_TAC (

     PURE_ONCE_REWRITE_TAC [rrCrossing_state_commute_with_if]

     THEN SIMP_TAC list_ss (simpls_of "rrCrossing_state") ))

  THEN (RW_TAC (int_ss++integer_rwts) []) 

  THEN (FULL_SIMP_TAC list_ss []) 

  THEN TRY ARITH_TAC

  THEN TRY (PROVE_TAC []));

