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Part one: Introduction and assumptions:

1. This FSM library is focus on the state transitions of FSM according to input events.

2. Using the instances of the atomic model “fsm” to represent states, building Finite State Machine by coupled model. The link of coupled models will be used to link states.

3. In order to build a FSM model,  the states and events must be encoded, i.e. using a number to represent the states and events respectively.  In this library, both states and events coding begin from zero. 0—state zero, 1---state one…..etc. Also 0---event zero, 1 event one…..etc. 

4. .ma file building rules:  

a) assign a initial state using the parameter  “initState”, usually the state zero should be a initial state.

b) Specify the state number using the parameter “stateNo”,  according to the encoding result.

c) Specify the state transition rules for every state, using the parameter “state+i “event+j”,  i(1..n,  j(1..m  This combination mean if last active state is state No 1,   and present input events is event No j, then  This  state will be active.  For example,  in a FSM,  the state be specified will be active if  the last active state is state No 1, under the No 2 input event, then the rule is: state1 : 2.  

d) Specify the action rule with the parameter “state+k+act” : n.  The state+k+act mean if the last active state is state No k when present is changed to active, then an action No n. 

e) The output result is state-event pair, the active state with the input event that make it active. 

f) Currently this library is support ten states at most, but extension is easily  implemented.

5. .ev file building rules:  

a) The time interval between events must larger than 2 ms. You can specify  another time using parameter “stateTime”.

b) Input events must be valid according to the FSM events-route. Otherwise, the valid input will be ingnored or an error input message will be given and the FSM goes to initial state (state0).

Part two: Examples Definition

1. Mealy Machine
    mealy =<X,Y ,S, (,(>

X={0, 1}|

Y={out}

S={0, 1}

( : X*S(S

(  : S(Y

                                1


0                                                                      0

 

               

                                     1

  Encoding:

 States:         coding

------------------------

 state0             0

 staet1             1

 Events:           coding

---------------------------      

0                        0

1                        1

mealy.ma 

[top]

components : even@fsm odd@fsm

out : evenSt  oddSt EerrInput OerrInput action

in : in

Link : in in@even

Link : in in@odd

Link : out@even transin@even

Link : out@even transin@odd

Link : out@odd transin@even

Link : out@odd transin@odd

link : out@even evenSt

Link : out@odd oddSt

link : errout@even EerrInput

Link : errout@odd  OerrInput

link : acting@even action

Link : acting@odd  action

[even]

initState : 1

stateNo : 0

state0 : 0

state1 : 1

[odd]

stateNo : 1

state0 : 1

state1 : 0

mealy.ev

00:00:00:10 in 0

00:00:00:20 in 1

00:00:00:30 in 1

00:00:00:40 in 1

00:00:00:50 in 0

00:00:00:60 in 0

00:00:00:70 in 1

00:00:00:80 in 0

00:00:00:90 in 0

00:00:00:100 in 0

00:00:00:110 in 1

00:00:00:120 in 0

00:00:00:130 in 1

00:00:00:140 in 1

00:00:00:150 in 0

mealy.out

00:00:00:012 evenst 0

00:00:00:022 evenst 0

00:00:00:032 oddst 1

00:00:00:042 evenst 1

00:00:00:052 evenst 0

00:00:00:062 oddst 1

00:00:00:072 oddst 0

00:00:00:082 evenst 1

00:00:00:092 oddst 1

00:00:00:102 oddst 0

00:00:00:112 evenst 1

00:00:00:122 oddst 1

00:00:00:132 oddst 0

00:00:00:142 oddst 0

00:00:00:152 evenst 1

2.  Moore Machine

  moore=<X,Y,S, (,(>

  x={time0,time1,time2}

  Y={out}

  S={red, yellow, glue}

  ( : X*S(S 
  (  : S(Y
                       0      

                          0                                                   



                        1    0

              0    



                                                              1


                                                                             1


Encoding:

States             coding

---------------------------

state0                 0

staet1                 1

state2                 2

Events           coding

--------------------------

0                       0

1                       1

2                       2

moore.ma

[top]

components : s0@fsm s1@fsm s2@fsm

out : s0 s1 s2 errIn

in : in

Link : in in@s0

Link : in in@s1

Link : in in@s2

Link : out@s0 transin@s0

Link : out@s0 transin@s1

Link : out@s1 transin@s0

Link : out@s1 transin@s2

Link : out@s2 transin@s2

Link : out@s2 transin@s0

Link : out@s0 s0

Link : errout@s0 errIn

Link : out@s1 s1

Link : errout@s1 errIn

Link : out@s2 s2

Link : errout@s2 errIn

[s0]

initState : 1

stateNo : 0

state0 : 0

state1 : 0

state2 : 0

[s1]

stateNo : 1

state0 : 1

[s2]

stateNo : 2

state1 : 1

state2 : 1

moore.ev

00:00:00:10 in 0

00:00:00:20 in 1

00:00:00:30 in 1

00:00:00:40 in 1

00:00:00:50 in 0

00:00:00:60 in 0

00:00:00:70 in 1

00:00:00:80 in 0

00:00:00:90 in 0

00:00:00:100 in 0

00:00:00:110 in 1

00:00:00:120 in 0

00:00:00:130 in 1

00:00:00:140 in 1

00:00:00:150 in 0

moore.out

00:00:00:012 s0 0

00:00:00:022 s1 1

00:00:00:032 s2 1

00:00:00:042 s2 1

00:00:00:052 s0 0

00:00:00:062 s0 0

00:00:00:072 s1 1

00:00:00:082 s0 0

00:00:00:092 s0 0

00:00:00:102 s0 0

00:00:00:112 s1 1

00:00:00:122 s0 0

00:00:00:132 s1 1

00:00:00:142 s2 1

00:00:00:152 s0 0

3.   Boiling water

      boiling=<X, Y, S, (,(>

     X={on, off, t100, t}

     S={cold, heating,boiling,cooling}

     Y={out}

     ( : X*S(S

     (  : S(Y

                    on   

                                           on                                                                     


      Time-x    off     on        temp-100



                                          on

                      off  

                  

            off          

Encoding:

States             coding

---------------------------

cold                    0

heating               1

boiling               2

cooling              3

Events            coding

--------------------------

turn-on                0

turn-off               1

temp-100            2

time-x                 3

boiling.ma

[top]

components : cold@fsm heating@fsm boiling@fsm cooling@fsm

out : cold heating boiling cooling errIn action

in : in

Link : in in@cold

Link : in in@heating

Link : in in@boiling

Link : in in@cooling

Link : out@cold transin@heating

Link : out@heating transin@boiling

Link : out@heating transin@heating

Link : out@cooling transin@cooling

Link : out@cooling transin@heating

Link : out@boiling transin@cooling

Link : out@boiling transin@boiling

Link : out@heating transin@cooling

Link : out@cooling transin@cold

Link : out@heating heating

Link : errout@heating errIn

Link : 

Link : out@boiling boiling

Link : errout@boiling errIn

Link : acting@boiling action

Link : out@cooling cooling

Link : acting@cooling action

Link : errout@cooling errIn

Link : out@cold cold

Link : errout@cold errIn

Link : acting@cold action

[cold]

initState : 1

stateNo : 0

state3 : 3

[heating]

stateNo : 1

state0 : 0

state1 : 0

[boiling]

stateNo : 2

state1 : 2

state2 : 0

[cooling]

stateNo : 3

state1 : 1

state2 : 1

state3 : 1

boiling.ev

00:00:00:10 in 0

00:00:00:20 in 0

00:00:00:30 in 0

00:00:00:40 in 2

00:00:00:50 in 0

00:00:00:60 in 1

00:00:00:70 in 1

00:00:00:80 in 3

00:00:00:90 in 0

00:00:00:100 in 1

00:00:00:110 in 3

00:00:00:120 in 0

00:00:00:130 in 1

00:00:00:140 in 3

boiling.out

00:00:00:012 cold 0

00:00:00:022 heating 0

00:00:00:032 heating 0

00:00:00:042 boiling 2

00:00:00:052 boiling 0

00:00:00:062 cooling 1

00:00:00:072 cooling 1

00:00:00:082 cold 3

00:00:00:092 heating 0

00:00:00:102 cooling 1

00:00:00:112 cold 3

00:00:00:122 heating 0

00:00:00:132 cooling 1

00:00:00:142 cold 3

4. Simmple vender

  vender==<X,Y,S, (,(>

  X={nickel-click, dime-click, 2dime-click,select-gum, select-canday}

  Y={out}

  S={zero, five, ten, fifteen, twenty}

  ( : X*S(S
  (  : S(Y
                                                 select-gum/dispensing



                                                                 dime-click

                       nickel-click

                                                        nickel-click                    nickel-click                            

                                                        


                     dime-click


                                                               nickel-click


                                                   select-candy/dispensing

Encoding:

States                   coding

-------------------------------

zero                         0

five                          1

ten                           2

fifteen                      3

twenty                     4

Events                   coding

-------------------------------

nickel-click                1

dime-click                  2

select-gum                 3

select-candy               4

vender.ma

[top]

components : zero@fsm five@fsm ten@fsm fifteen@fsm twenty@fsm

out : zero five ten fifteen twenty errIn action

in : in

Link : in in@zero

Link : in in@five

Link : in in@ten

Link : in in@fifteen

Link : in in@twenty

Link : out@zero transin@five

Link : out@zero transin@ten

Link : out@five transin@ten

Link : out@five transin@fifteen

Link : out@ten transin@twenty

Link : out@fifteen transin@zero

Link : out@fifteen transin@twenty

Link : out@twenty transin@zero

Link : out@zero zero

Link : errout@zero errIn

Link : acting@zero action

Link : out@five five

Link : errout@five errIn

Link : acting@five action

Link : out@ten ten

Link : errout@ten errIn

Link : acting@ten action

Link : out@fifteen fifteen

Link : errout@fifteen errIn

Link : acting@fifteen action

Link : out@twenty twenty

Link : errout@twenty errIn

Link : acting@twenty action

[zero]

initState : 1

stateNo : 0

state3 : 2

state4 : 3

state3act : 2

state4act : 3

[five]

stateNo : 1

state0 : 0

[ten]

stateNo : 2

state0 : 1

state1 : 0

[fifteen]

stateNo : 3

state1 : 1

[twenty]

stateNo : 4

state2 : 1

event3 : 0

vender.ev

00:00:00:10 in 0

00:00:00:20 in 1

00:00:00:30 in 1

00:00:00:40 in 3

00:00:00:50 in 0

00:00:00:60 in 0

00:00:00:70 in 1

00:00:00:80 in 3

00:00:00:90 in 0

00:00:00:100 in 0

00:00:00:110 in 1

00:00:00:120 in 0

00:00:00:130 in 3

.out

00:00:00:012 zero 0

00:00:00:022 ten 1

00:00:00:032 twenty 1

00:00:00:042 zero 3

00:00:00:042 action 1

00:00:00:052 five 0

00:00:00:062 ten 0

00:00:00:072 twenty 1

00:00:00:132 zero 3

00:00:00:132 action 1

5. ATM machine

   atm=< X, Y, S, (,(>

   X={card-in, bad-PIN, PIN-OK, withdrawl, acount, amount, confirm-yes, confim-no, deposit, insert-money, card-out}

    Y={out}

    S={dle, checkPIN, transat-select, select-acount, input-amount, confirm, dispensing, sele-deposit-account,  ready-deposit, finish-deposit}

    ( : X*S(S 

    (  : S(Y
                        Bad-PIN


                      Card-in                            PIN-OK


                                                         Deposit                           withdrawal



                                                    Account                               account  

            Withdraw-card


                                                              

                                               Insert-money          amount                no



                                                                                   

                                                                                                  yes  

                      withdraw-card


States                         coding

----------------------------------

idle                                 0

check-pin                       1

transact-select                2

select-account                3

input-amount                 4

confirm                          5

dispensing                      6   

sele-depo-account          7

ready-deposit                  8

inert-money                    9

Events                       coding

---------------------------------

card-in                        0

bad-pin                       1

PIN-ok                       2

Withdrawal                3

Account                     4

Amount                      5

Confirm-No               6 

Confirm-yes               7

Withdraw-card           8

Deposit                       9

Insert-money             10

Atm.ma

[top]

components : st0@fsm st1@fsm st2@fsm st3@fsm st4@fsm

st5@fsm

st6@fsm st7@fsm

st8@fsm

st8@fsm st9@fsm

out : idle checkin sel-transact sel-wd-ac in-amount confirm dispensing sel-depo-ac depo-ready depo-end errIn

in : in

Link : in in@st0

Link : in in@st1

Link : in in@st2

Link : in in@st3

Link : in in@st4

Link : in in@st5

Link : in in@st6

Link : in in@st7

Link : in in@st8

Link : in in@st9

Link : out@st0 transin@st1

Link : out@st1 transin@st0

Link : out@st1 transin@st2

Link : out@st2 transin@st3

Link : out@st2 transin@st7

Link : out@st3 transin@st4

Link : out@st4 transin@st5

Link : out@st5 transin@st4

Link : out@st5 transin@st6

Link : out@st6 transin@st0

Link : out@st7 transin@st8

Link : out@st8 transin@st9

Link : out@st9 transin@st0

Link : out@st0 idle

Link : errout@st0 errIn

Link : out@st1 checkin

Link : errout@st1 errIn

Link : out@st2 sel-transact 

Link : errout@st2 errIn

Link : out@st3 sel-wd-ac

Link : errout@st3 errIn

Link : out@st4 in-amount

Link : errout@st4 errIn

Link : out@st5 confirm

Link : errout@st5 errIn

Link : out@st6 dispensing

Link : errout@st6 errIn

Link : out@st7 sel-depo-ac

Link : errout@st7 errIn

Link : out@st8 depo-ready

Link : errout@st8 errIn

Link : out@st9 depo-end

Link : errout@st9 errIn

[st0]

initState : 1

stateNo : 0

state1 : 1

state6 : 8

state9 : 8

[st1]

stateNo : 1

state0 : 0

[st2]

stateNo : 2

state1 : 2

[st3]

stateNo : 3

state2 : 3

[st4]

stateNo : 4

state3 : 4

state5 : 6

[st5]

stateNo : 5

state4 : 5

[st6]

stateNo : 6

state5 : 7

[st7]

stateNo : 7

state2 : 9

[st8]

stateNo : 8

state7 : 4

[st9]

stateNo : 9

state8 : 10
atm.ev

00:00:00:10 in 0

00:00:00:20 in 0

00:00:00:30 in 2

00:00:00:40 in 3

00:00:00:50 in 4

00:00:00:60 in 5

00:00:00:70 in 6

00:00:00:80 in 5

00:00:00:90 in 7

00:00:00:100 in 8

00:00:00:110 in 0

00:00:00:120 in 1

00:00:00:130 in 0

00:00:00:140 in 1

00:00:00:150 in 0

00:00:00:160 in 2

00:00:00:170 in 9

00:00:00:180 in 4

00:00:00:190 in 10

00:00:00:200 in 8

atm.out

00:00:00:012 idle 0

00:00:00:022 checkin 0

00:00:00:032 sel-transact 2

00:00:00:042 sel-wd-ac 3

00:00:00:052 in-amount 4

00:00:00:062 confirm 5

00:00:00:072 in-amount 6

00:00:00:082 confirm 5

00:00:00:092 dispensing 7

00:00:00:102 idle 8

00:00:00:112 checkin 0

00:00:00:122 idle 1

00:00:00:132 checkin 0

00:00:00:142 idle 1

00:00:00:152 checkin 0

00:00:00:162 sel-transact 2

00:00:00:172 sel-depo-ac 9

00:00:00:182 depo-ready 4

00:00:00:192 depo-end 10

00:00:00:202 idle 8

Part Three Testing  and conclusion

1. The atomic model “fsm” is passed testing from one components to ten components in coupled modeling.  All the examples above are passed the testing. 

2. Conclusion: CD++ is flexible and powerful . We can use it to model and simulate many systems in the world if we have enough time and energy to build the corresponding atomic models.
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