CS 428/528 Lecture 15: The P Framework
for Communicating State Machines

March 5, 2024

Based on the PLDI13 paper by Desai et al
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P Examples
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ConsiderStopping
Deferred: StartTimer
Action:
if * then
send( Elevator, OperationFailure);
send(FElevator, TimerFired)
else
send(Elevator, OperationSuccess);

raise(unit)
‘/mit Stop Time'7\
f Init ) [ TimerStarted
Deferred: ) Deferred: StartTimer
start —) Action: StartTimer Action:
(StopTimer, Ignore) if * then
skip raise(unit)
Nunit unj”
( SendTimerFired )
Deferred: StartTimer
Action:
send(FElevator, TimerFired);
raise(unit)

(c) Timer ghost machine




P Examples

r

Init

start —

Deferred:
Action:

unat

r

Loop

Deferred:
Action:

if * then

FElevator = new Elevator();
raise(unit)

send( Elevator, OpenDoor);
else if * then
send(Elevator, CloseDoor);

raise(unit)

(a) User ghost machine

unit




P Examples

ConsiderClosingDoor
ObjectEncountered ) Deferred:
Deferred: Action:
Action: . if * then
send(Elevator, ObjectDetected); Oyfeeiimeonniane) raise(unit)
raise(unit) else if * then
raise(ObjectEncountered)
) SendCmdToClose )
unit SendCmdToStop
Tnit StopDoor
Deferred: Dcf?rrcd:
start —|Action: (SendCmdToStop, Ignore), Action:
(SendCmdToReset, Ignore) send(Elevator, DoorStopped);
. raise(unit)
skip . )
W\CdeoOpen / .
unit wnit
f OpenDoor )
Deferred:
SendCmdToReset Action:
send(Elevator, DoorOpened);
raise(unit)
Reset )
Deforrod: s CloseDoor
Action: (SendCmdToOpen, Ignore), ici?rrc.d:
(SendCmdToClose, Ignore), it Gl
(SendCmdToStop, Ignore) send(Elevator, DoorClosed);
. raise(unit)
skip

(b) Door ghost machine




f Init )
Deferred: p <
Action: StoppingDoor
start = rimer — new Timer(FElevator = this); Def(?rred: CloseDoor
Door = new Door(Elevator = this); Action:
raise(unit) (OpgnDoor, Ignore),
\ J (ObjectDetected, Ignore),
/ (DoorClosed, Ignore)
unit DoorClosed
p ‘/ send(Door, SendCmdToStop)
Closed S /
Deferred:

DoorStopped
Action: (CloseDoor, Ignore) oorotoppe

send(Door, SendCmdToReset) OpenDoor
OpenDoor 'DoorOpened
DoorClosed - - N
Closing
f Opening Deferred: CloseDoor

Deferred: CloseDoor ObjectDetecltd

Action: (OpenDoor, Ignore)
send(Door, SendCmdToOpen)

Action:
send(Door, SendCmdToClose)

\ J

\

g Stop TimerReturned
DoorOpened \I TimerFired
f o) d ) - .
pene OkToClose
Deferred: CloseDoor . ) Doforred: OpenD
) Action: TimerFired |Deferred: OpenDoor
Stop TimerReturned ction: Action:
send(Door, SendCmdToReset); : ;
’ ’ d(T StartT
send( Timer, StartTimer) e (Timer, StartTimer) J
f ReturnState
Deferred: QpenDoor CloseDoor
Action: 0 tions - - <
ise(Stop TimerReturned) peramonsecess Stopping Timer
 ramseotop J Deferred: OpenDoor,
TimerFired ObjectDetected,
f WaitingForTimer ) Action: CloseDoor
Deferred: OpenDoor, . . send( Timer, Stop Timer)
ObjectDetected, OperationFailure \ )
. CloseDoor
Action:
skip

Figure 1: Elevator example



P Language Syntax

: . stmt »= ski
program = evdecl machine™ m(init*) " 'fex .
machine =  optghost machine m o P i
vrdecl® actdecl™ stdecl* z 1= new m(init")
delete

spdecl® cldecl* acdecl*
send (expr, e, expr)

raise (e, expr)

optghost = €| ghost
evdecl = event edecl™ leave
vrdecl = optghost var vdecl™ return
actdecl = action (a,stmt)™ assert(expr)
stdecl = state (n,{e1,e2,...,ex},stmt,stmt) ™ stmt; stmt
spdecl = step (n,e,n)T if expr then stmt else stmt
cldecl = call (n,e,n)T o while expr stmt
acdecl = act (n,e,a)T Init n= X = expr
=dlad] = e(type) expr = this | msg|arg|b|c|Ll|z|*
vdecl = x:type | uop expr | expr bop expr
type = void | bool | int | event | id c € int b € bool
-, — € uop —|—,—,/\,\/€b0p

r € expr a,e,m,r € hname




P Language Semantics

configuration. A machine configuration corresponding to identifier
id is of the form (v, o, s, q) with components defined as follows:

e v is a sequence of pairs (n, «), where n is a state name, and « is
map from events to AU{ T, L}, where A is the set of all actions
declared in machine Name(id). This sequence functions as
a call stack, to implement call and return, and the « values
are used to inherit deferred events and actions from caller to
callee. For an event e, a(e) can be an action a, or the value
T indicating that the event is deferred, or the value | which
indicates that the event does not have an associated action and
it is not deferred.

® o is a map from variables declared in machine Name(id) to
their values; this map contains an entry for the local variables
this, msg and arg.

® s is the statement remaining to be executed in machine 7d.

® g is a sequence of pairs of a event-argument pairs representing
the input buffer of machine 2d.




P Language Semantics

state n is executed whenever control leaves n. Given a machine
name m and a state n in m, let Deferred(m, n) denote the associ-
ated set of deferred events and let Action(m, n, e) be an that action
a 1s associated with event e in state n, if such a binding exists or L
otherwise. Let Entry(m,n) denote the associated entry statement,
and let Fxit(m,n) denote the associated exit statement. The ini-
tial state of the machine m is the first state in the state list and is
denoted by Init(m).




P Language Semantics

/M[id] = (v,0,S[z:=r],q) o(r)lwv

‘ - (ASSIGN)
M — MJid := (v, o[z := v], S[skip], q)]
M[id] = (v, 0, S[x := new m/(acl =71,T2 =T2,...,Tn = Tp)],q)
id" = fresh(m') n' = Init(m’)
o, = de. L o(ri1) 4 v1 o(r2) 4 va o(rn) 4 vn
o' = Ax. L [this := id']|[z1 := v1][z2 := v2] - - - [Tr = V]

: (NEW)
M — M]Jid := (v, o[z := id’], S[skip], q)]

[id, = ((n/a ao); U,a Entry(m/, ?’L,), 6)]

M{id] = (v, o, S[delete], q)

_ (DELETE)
M — MJid :=1]

M|id] = (v, o, S[assert(r)], q) o(r) | true
M — MJid := (v, o, S[skip], q)]

(ASSERT-PASS)

M{[id] = (v, 0, S[skip; s], q)

\]\4 — M[Zd = (’Y’G’S[S]’qn

(SEQ)




P Language Semantics

/ M['),d] = (’y, o, S[lf r then s; else 52]7 Q) O-(T) | true (IF—THEN)

M — M]|id := (v, 0,S][s1],q)]

M]Jid] = (v, o, S[if r then s; else s2], q) o(r) | false
M — M[Zd = (’77 g, 5[82]7 Q)]

(IF-ELSE)

M{id] = (v, 0, S[while r s], q) o(r) | true
M — M]|id := (v, 0, S[s; while r s], q)]

(WHILE-ITERATE)

M{[id] = (v, o, S[while r s], q) o(r) | false
M — MJid := (v, o, S[skip], q)]

(WHILE-DONE)

Mid] = (v, 0, S[send(r1, e, r2)], q)
o(r1)Lid  o(ra)lv  Mlid]= (0,0 q")
M — MJid := (v, o, S[skip], ¢)][id" := (v',0',C",q¢" ® (e,v))]

(SEND)




P Language Semantics

M[id] = ((n, ) - v, 0, S[raise (e, )], q)

o(r)lwv o' = o[msg := e][arg := v] m = Name(id)
s = if Pop(m,n,a,e) V Step(m,n,e) #L
then Ezxit(m,n)
else skip

— RAISE
M — MJid := ((n, ) - v, 0, s;raise (e, v), q)] ( )

M][id] = (v, o, S[leave], q)
M — MJid := (v, o, skip, q)]

(LEAVE)

M]|id] = (v, o, S[return], q)
M — MJid := (v, o, Exit(m,n); return, q)]

(RETURN)

Mlid] = ((n, @) - v, 0,skip, q1 - (e,v) - q2) ~ m = Name(id)
t ={e| Trans(m,n,e) #L VAction(m,n,e) #L}
d={e| ale) =T} d' = (d U Deferred(m,n)) — t
lg1| C d’ egd o' = o[msg := e][arg := v]

s = if Pop(m,n,«a,e) V Step(m,n,e) #L
then Exit(m,n)

else skip

— DEQUEUE
M —s MJid := ((n, ) - v,0’, s;raise (e, v), q1 - g2)] ( )




P Language Semantics

M]Jid] = ((n, «) - v, o, raise (e, v), q)

m = Name(id) Step(m,n,e) =n'

7 ; (STEP)
M — M[id := ((n', @) - v, 0, Entry(m,n’), q)]
M[Zd] = ((nv Oé) © Y 0, raise (6, U)v Q)
m = Name(id) Trans(m,n,e) =1
(a(e) = a A Action(m,n,e) =1) V Action(m,n,e) = a
1,7
a ¢ { ) (ACTION)

M — Mlid := ((n, ) - v, o, Stmt(m, a), q)]

M[Zd] = ((na a) -7, 0, raise (67 '1)), q)
m = Name(id) Call(m,n,e) =n'
o' =Xe. if (Trans(m,n,e) #1)then L
else if (Action(m,n,e) #L1) then Action(m,n,e)
else if (e € Deferred(m,n)) then T
else a(e)
N 7 (CALL)
M — Mlid := ((n', @) - (n, @) - v, 0, Entry(m, n’), q)]

Mlid] = ((n, @) - v, o, raise (e, v), q) Pop(m,n,a,e) = Step(m,n,e) =L A
m = Name(id) Pop(m,n, a,e) Call(m,n,e) =1 A
M Mlid — 5 (Popl) Action(m,n,e) =L A

— MJid := (v, 0, raise (e, v), q)] ae) € {1, T}

M][id] = ((n, @) - v, 0, return, q) m = Name(id)

Pop2




P Language Semantics

M]id] = (v, o, S[assert(r)], q) o(r) | false

(ASSERT-FAIL)
M — error

M][id] = (v, o, S[send(r1, e, 7r2)], q) o(r1) 4L

(SEND-FAIL1)
M — error

M]id] = (v, o, S[send(r1, e, r2)], q)
o(r1) L id"  Mlid'] =L
M — error

(SEND-FAIL2)

M[id] = (€, 0,s,q)
M — error

(PoP-FAIL)

Figure 6: Operational semantics: error transitions




