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Modeling with State Machines

Questions:

* How to represent the system for:

Systematic analysis
So that a computer program can manipulate it

ow to model its environment
ow to compose subsystems to make bigger systems
ow to check whether the system satisfies its

specification in its operating environment



Notation for Extended State Machines

variable declaration(s)
input declaration(s)
output declaration(s)

guard / output action
set action

intial set action guard / output action
set action



Actor Model for State Machines

Expose inputs and outputs, enabling composition:
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Composition of State Machines
Side-by-side composition
Cascade composition

Feedback composition



Side-by-Side Composition

(States, Inputs, Outputs, update, initialState )

. (Statesy, Inputs 4, Outputs 4, update 4, initialState 4 )

Y (Statesp, Inputsg, Outputsg, updateg, initialStateg )

A key question: When do these machines react?
Two possibilities:

 Together (synchronous composition)

* Independently (asynchronous composition)



Synchronous Composition

SC:SAXSB

outputs: a. b (pure)

frue ! a

AN

Solbo

frue /

outputs: a. b (pure)

true ! a

true ' b

true ' a, b

aoiifcr

rue /!

true b

Synchronous composition

Note that these
two states are
not reachable.



Asynchronous Composition

SC:SAXSB

outputs: a. b (pure)

frue ! a

AN

e

frue /

outputs: a, b (pure)

true !/ a

true | b true /

Note that now
all states are
reachable.

true / D

rue /

L =

true ' b

B

Asynchronous composition
using interleaving semantics



Syntax vs. Semantics

outputs: a, b : pure

output: a: pure
true/ a

A O\

e

true /

A

output: b : pure

true/b

Synchronous
or
Asynchronous
composition?

If asynchronous,
does it allow
simultaneous
transitions in

A & B?



Asynchronous composition is not synchronous

composition with stuttering transitions.

SC:SAXSB

outputs: a. b (pure)

frue / a

V N

e

frue /

outputs: a. b (pure)

frue ! a

trive I' b

triue [ a, b

true / C

frue /

s

trive I' b

B

Synchronous composition

Stuttering is a
reaction where
no output is
produced and
the state is not
changed.

These two FSMs cannot stutter.
If they react, they change state.
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Asynchronous composition is not synchronous

composition with stuttering transitions.

outputs: a, b (pure)

SC:SAXSB

true / a

true /' b true /

outputs: a. b (pure)

frue ! a

V N

\p\—j@ true / D

e A | Asynchronous composition
with interleaving semantics

rue |

trive I' b

Stuttering is a
reaction where
no output is
produced and
the state is not
changed.

vg@‘/_\. These two FSMs cannot stutter.

If they react, they change state.
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—— 3 (Statesp, Inputsg, Ouiputsg, updateg, initialStateg )

Side-by-Side Synchronous Composition

(States, Inputs, Outputs, update, initialState )

—> 3y (Statesy, Inputs 4, Outputs 4, update 4, initialState 4 ) >

Y

Definition of the side-by-side composite machine:
States = Statess X Statesp

Inputs = Inputs, X Inputsg

Outputs = Qutputs, x Outputsy

initialState = (initialStatea ,initialStatep)

(54 (n+ 1), 55(n+1)), (va (n), y5(n)))

= update((sa(n),sg(n)). (xa(n),xg(n))),

where

(sa(n+1),va(n)) = update,(sa(n),x4(n)) and
(sgp(n+1),yp(n)) = updateg(sp(n),xp(n))



Asynchronous Composition

M, = (S84, I1, Oy, Uy, s40) and M, = (S,, 15, O,, Uy, s5)

M is the asynchronous composition of M, and M,
= (51 % Sy, Iy x 15, Oy % Oy, U, (840, 820))
where
U((S1, 85)s (i1, i5)) = (81, 85 ), (04, 0,))
and
(s ,04)=U4(sq, iy) ANDs, =s, &0, is absent
OR (s, ,0,)=U,s, i,) ANDs, =s, &0, is absent

(note interleaving semantics)
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Cascade Composition

(States, Inputs, Outputs, update, initialState )

— (States 4. Inputs 4. Outputs 4, update 4, initialState 4 ) A

A" (Statesg. Inputsg. Outputsg, updatep, initialStateg )

Output port(s) of A connected to input port(s) of B
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Example: Pedestrian Light

variable: pcount: {0,---,55}
input: sigR: pure
outputs: pedG, pedR: pure

peount := () pcount > 55 | pedR

red
, sigR / pedG
Rt pcount := ()
pcount := pcount +

This light stays green for 65 seconds, then goes red.

Upon receiving a SigR input, it repeats the cycle.
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Example: Car Light

variable: count: {0,---,60}
inputs: pedestrian : pure count < 60 /
outputs: sigR, sigG, sigY : pure count := count + 1

count > 60 / sigG

pedestrian /\ count < 60 /
count := 0

- S

pedestrian /\ count > 60 / sigY

count := 0 -

count := count + 1 ;

count :=1(

P count := count + 1

.....

Count > 60 / sigY
count > 5 / sigR count := ()

count := 00

_____
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Pedestrian Light with Car Light

variable: count: {0,---,60}

inputs: pedestrian : pure count < 60 /
outputs: sigR, sigG, sigY : pure count := count + 1

>

count > 60 / sigG

pedestrian \ count < 60 /
count := 0

>

count := count + 1

count ;=0

count 1= count + 1

- pedestrian \ count > 60 / sigY
count := 0

‘:::

count > 5 [ sigR count := 0

count :=10

count 1= count + 1

Count > 60 / sigY ’—

sigY
sigG

SigR

input: sigR: pure

What is the size of
the state space of the
composite machine?

variable: pcount: {0, --

pcount :=0 pcount > 55 / pedR

pcount = pc 0unt+ |

,55}

S lgR outputs: pedG, pedR: pure

SigR / pedG
pcount := ()

red

’ped G
’pedR
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variables: count: {0.--- .60}, pcount: {0,--- .55}
input: pedestrian: pure ,
outputs: sigR, sigG, sigY, pedR, pedG: pure count < 60 /
. count ;= count + 1
, peount 1= pcount + |

N

count := count + 1

pcount := pcount + 1 green, green

pedestrian /A count < 60 /

I’t’dt’smun-."--.mz{n_t 0 60 / s Cpending, green)} count := count + 1
0 count ;= - "pcount = pcount + 1

count :
pcount = () count > 5 |/ sigR
count 1= () Y

yellow, green conRl = 6 f"'(;'igY
: CONJIt 1=
Synchronous o

L] | ] ) ~:.;,-: I
composition peonn = peount

pcount > 55 [ pedR count = 5 [/ sigR. pedG Unsafe S ta teS

count := count + 1 count := 0
pcount 1= ()

count < 60 /

. -

.....

Y

green, red

coun\= 60 / sigG pedestrian /\ count < 60 /

0,

- pedestan / count = 60 [ sigY - o
count := count + 1} red, red count == 0 pending, red ) i count := count + 1

.....

‘ount = 60 / sigY
yellow, red count := ()

'
.

count = count + |



variables: count: {0.--- .60}, pcount: {0,--- 55}
input: pedestrian: pure
outputs: sigR, sigG, sigY, pedR, pedG: pure

count := count + 1
pcount := pcount + 1

red, green

Synchronous ..o~
composition
with

unreachable ‘
states Dt o
removed

count = 5 [/ sigR,pedG
count := ()
pcount 1= ()
count < 60 /
count 1= count + 1

Y

count := count + | fcount := count + 1

’

‘ount = 60 / sig}

count := ()

yellow, red

count = count + |



Shared Variables: Two Servers

shared variable: pending: int
input: request: pure
outputs: doneA, doneB : pure

input: request: pure
output: done: pure

—request A\ pending = 0/done

—request/

—request A\ pending > 0/done
pending := pending — 1

request b
request/done
N
pending :=0 request /
pending > 0 \ —request/ pending := pending + 1
pending := pending — 1 A
request
>

input: request: pure
output: done: pure

—request A\ pending = 0/done

>

request

pending > 0 \ —request/

pending := pending — 1

74
DY
N

—request/

—request A\ pending > 0/done
pending := pending — 1

request /done

. request /

pending := pending + 1




Feedback Composition

(States, Inputs. OQuiputs, update, initialState )

Inputs 4; Quiputs 4
—— A
(States 4. Inputs 4. Outputs 4. update 4. initialState 4 ) >
—
: Outputs
Inputs 4 Outputs 4> < Inputs 45 PUB42

More on this later... Very subtle.
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Systematic exploration of concurrent behaviors

Use hierarchy (next lecture).

Construct the product automaton using synchronous or
asynchronous composition as appropriate.

Specify criteria for correctness (we will use temporal logic).

Reason using the product FSM and the correctness criteria
(use systematic, algorithmic techniques).
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