/ Linking Operational Semantics and \
Algebraic Approach for a Probabilistic
Timed Shared-Variable Language

Huibiao Zhu, Fan Yang, Jifeng He,
Jonathan P. Bowen, Jefft W. Sanders, Shengchao Qin

LIAMA Shanghai Open Day
28 April, 2013, East China Normal University, China

\ In Journal JLAP, Vol 81(1), 29




Motivation (1) I \

e Complex software systems: (a) Probability; (b) Real-time; (c)

Shared-Variable Concurrency

We have proposed a language PTSC, which integrates these

features.

e Semantic Linking:

Denotational Semantics »  QOperational Semantics

N A

Algebraic Semantics




/ Related Work I

e Recently, Hoare proposed the challenging research for the

semantic linking between algebra, denotations, transitions
and deductions (in Meeting 52 of WG 2.3).

Denotational s

Algebra

Deductions Transitions
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/ Contribution ' \

How can we guarantee the consistency between operational semantics

and algebraic semantics for PTSC?

1) Approach: Deriving operational semantics from algebraic
g

semantics.
(2) Methodology: Theoretically and Mechanically

e Further Algebraic Laws
e Head Normal Form

e Deriving Operational Semantics from Algebraic Semantics

e Mechanizing the three steps
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Methodology: A Sketch'

Operational
Language ’ Semantics
PTSC
t for Derivi Deri
Algebraic Head Normal Strategy or. erving erlv.ed
. > —>) Operational —> Operational
Semantics Form ] .
Semantics Semantics
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Five types

(1) The first

components.

(a) Vi e

Syntax of PTSC (1) I

P = Skip | x :=e¢ | if b then P else P

whilebdo P | @b P |#n P |P; P
| PNP|PM,P|P|,P

of guarded choice:

type is composed of a set of assignment-guarded

licr{|pi] choiceje s, (bij&(sj := ei5) Pij)}

Healthiness conditions:

(V ez, bij = true) and
(Vi1,J2 € Ji® (j1 # j2) = ((bijl A b’ijz) = false))

\ (b) Yierpi =1
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/ Syntax of PTSC (2) I \

Five types of guarded choice:

(2) The second type is composed of a set of event-guarded

components.
licr{@b; P;}
(3) The third type is composed of one time-delay component.

[{#1 R}

(4) The fourth type is the guarded choice composition of the first and

second type of guarded choice.
licri[pi] choiceje s, (bij&(xi; := eq5) Pij)}

[|ke x{Qbr Q }
\ %




4 N
Syntax of PTSC (3) I

Five types of guarded choice:

(5) The fifth type is the compound of the second and third type of
guarded choice.

licr{@b; Pi}|{#1 R}

Example: Let
P = [|{ [0.7)choice( true&(x :=5) P ),
0.3]choice( (x > 2)&(x :=x) Py, (x <2)&(x:=2x)P3)

}
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Algebraic Semantics (1)'

The )
Operational
Language ” Semantics
PTSC
Derivi Deri
Algebraic Head Normal Strategyfor- erving erlv.ed
. —>) Operational —> Operational
Semantics Form . .
Semantics Semantics
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Algebraic Semantics (2)'

Laws for guarded choice:
(gchoice—l) H{Cla ...... 7Cn} — H{Ciw ...... 7O’in}
where, C;,,---,C; is a permutation of 1,--- n.
(gchoice-2) [{[p]choice{false&(z :=¢€) P, G1}, Ga}
= [{|p]choice{G1}, G2}
(gchoice-3) [{|p]choice{b1&(x =€) P, bo&(x :=¢€) P, G1}, G2}
)

= [{|plchoice{(b1 V b2)&(x :=¢€) P, G1}, G2}
(gchoice-6) [{|p]choice{G1}, |q]choice{G1}, G2}
\ = [{lp + dlchoice{G1}, Ga}

10
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Algebraic Semantics (3)'

(1) z:=e = [{[l]choice{true&(z :=¢) c}}
(2) #n = [{#1 #(n—1)}, wheren > 1

(3) if b then P else Q
= |{ [1]choice{b&(x := x) P, —b&(x :==x) Q}}

(4) Assume P = [{Ci, ...,C,}, then
P; Q = [{seq(C1,Q),..., seq(Cy, Q)}.

N
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Algebraic Semantics (4)'

Parallel Expansion Laws
(par-3-1) Let
P = |ict{lpi] choiceje s, (bij&(xij == i) Pij)}
Q = |kex{lgr] choicecr, (bri&(zr = exr) Pri)}
Then
Pl Q
= [ier{[r x pi| choicejes; (bij&e(wi; = ei;) par(Pi;, Q, 1)}
Ilkex{[(1 —r) X qi] choiceicr, (bri&(xk := ewr) par(P, Qri, 1)}

N /
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/ Algebraic Semantics (5)'

Parallel Expansion Laws
(par-3-2) Let P = |;er{[p:] choicejey, (bi;j&(zij = eij) Pij)}
and Q= [rex{Qcr Q}
Then
Pl Q@ = [icrilpi] choiceje s, (bij&(xi; := es;) par(Pi;, Q,r)}
[lkex{Qcr par(P,Qg,r)}

(par-3-6) Let P = [ier{@b; P} and Q = [;jes{Qc; Q;}
Then P | Q= [ic1{Q(b; A —c) par(P;,Q,r)}

[ljesA@Q(c; A—b) par(P,Qj;,r)}
llicrnjes{@(bi A ;) par(Pi, Q;,7)}

\ where, b = Vicrb; and ¢ = Vjejcj

~
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Algebraic Semantics (5)'

(1) Pn,Q = [{|p|lchoice{true&(z :=z) P},
|1 — p|choice{true&(z :=z)Q}}

(2) Summation: @{ P, -, P}

° @{Pl”Pn} — @{Pi17...7pin}
o If P=B{P, --,P,} and Q = P{Q1, --,Qm},
then PMQ = @{P, -, Pn,Q1, - ,Qm}
o If P=P{P, --,P.},
then P;Q = @{(P;Q), -, (Py;Q)}

N
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Head Normal Form (1) I

The )
Operational
Language ” Semantics
PTSC
) Derivi Deri
Algebraic Head Normal Strategyfor- erving erlv.ed
. —>) Operational —> Operational
Semantics Form . .
Semantics Semantics
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/ Head Normal Form (2) I \

We assign every program P a normal form called head normal form
HF(P), which can be applied in deriving operational semantics from
algebraic semantics.

(1) HF(z :=e) =g [{[l]choice{true&(x :=¢) e} }
(2) HF(Qb) =4 [{@D ¢}

(8) If HF(P) = D,c; P and HF(Q) = D,c; Qj
then HF(PMNQ) =4 P,c; P P @je,] Q;
9) If HF(P) = D,c; P and HF(Q) = D,c; Qj
then HF(P || Q) =g @ie],je,] (Pi |- Qj)
For HF(P; || Q;), it can be defined as the result of applying the
\ parallel expansion laws for HF(P;) ||» HF(Q);). /
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Animation of Alg. Sem. and HF(P) (1)'

Aim: Supporting the mechanical derivation of operational semantics
from algebraic semantics.

Generating Algebraic Laws: npar(Si||grSe,T)

(1) For Si|]|rS2, where S; and S2 are both of assignment guarded choice.
npar(S1||r S2,T) :— assignGuardChoice(S1), assignGuardChoice(S2),
assigna2 L(S1||r S2,T1), assignaR(S1||r S2,T>2),
append(Ty,To,T).
(2) For Si||rS2, where S; and S3 are both of event guarded choice.
npar(S1 ||r S2,T) :— eventGuardChoice(S1), eventGuardChoice(S2),
eventa L(S1 ||g S2,T1), eventa R(S1 || g S2,T2),
eventa Both(S1 |r S2,T3), append (T, T>,T3,T).

N /
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/ Animation of Alg. Sem. and HF(P) (2)'

Generating Head Normal Forms: hf(P, T)

(1) Assignment:
hf (V =E, [[1 for truethen V = E § epsilon |]).

(5) Nondeterministic processes:
hf (S11M8S2,T) :— summation (S1 M S2,T).
where
summation (L1 M L2, T) :— summation (L1,T71), summation (L2,T2),
append (T1,T2,T).

summation (S, [S]).

(7)Parallel processes:
hf(S1||r S2,T) :— summation(S1,S), summation(Sz, S5),

\ combination(S] ||gr S5, T).

~
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The

Operational
Language > Semantics
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Strategy for Deriving Op. Sem. from Alg. Sem.'
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Transition Types of Operational Semantics'

(1) The execution of an atomic action with certain probability

(P, o) L>p (P, o)

(2) The time delay
(P, o) — (P', o)
(3) The selection of the two components for non-deterministic choice.

(P, o) — (P!, o)

(4) The triggered case of event @Q b:
(P, o) — (P, 0)

N /
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/ Derivation Strategy I

Definition (Derivation Strategy)
Let HF(P) = D, B
(1) If |I| > 1, then (P, o) — (P;, o) (i €1).
(2) Otherwise,
(a) If HF(P)=
lict{lps] choiceje, (bijd&e(wij == eij) Pij)},
then (P, o) —,. (P, oleij/xi;]), if bi;(o)
(b) If HF(P)= [ics{@b; P;},
then (P, o) — (P;, o), if bj(0)
\_ (P, o) = (P, o), if Nigy ~bil0)

21



(c) It HF(P)=[{#1R},
then (P, o) — (R, o).
(d) If HF(P)=

licr{lp:] choiceje(bij&e(wij == eiz) Pij)}

||kex{Q@cr Qk},
then ------
then ------

22
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Deriving Op. Sem. from Alg. Sem.'

The

Operational
Language > Semantics
PTSC
- Deri
Algebraic Head Normal Strategy for. Deriving erl\{ed
) > —>) Operational —> Operational
Semantics Form . .
Semantics Semantics

~
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Theorem
(1) (z:=e, o) =1 (& ole/a])
(2) (if bthen Pelse Q, o) —1 (P, o), if b(o)
(if b then P else Q , o) —1 (Q, o), if —b(o)
(6) (PM,Q, o) %p (P, o)
(

P|_|p Q? > él—p <Q7 0>

Deriving Operational Semantics by Proof (1) I

~
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Theorem
() If (P, o) — (P, ¢'), then (PNQ, o) — (P, o)
(QMP, o) — (P, o)
(2) If stable(P), then (PNQ, o) — (P, o)
(QMNP, o) — (P, o)

Theorem
(1) (a) If (P, o) — (P', o) and stable({Q,c)),
then (P ||, Q, o) — (par(P’,Q,p1), 0).
(@ llp, P, o) = (par(Q, P',p1), o).
(b) If (P, 0) — (P, 0,) and (Q, o) — (Q’, o),
\___then (P[,, Q. ) "+ (par(P'.Q"p). o)

/ Deriving Operational Semantics by Proof (2)' \

/
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/(2) (a) If (P, o) — (P’, o) and stable({Q, o)) and \
stable E({Q, o)),
then (P |lp, Q, o) — (par(P’,Q,p1), 0).
(@ llp, P, o) — (par(Q, P',p1), o).
(b) If (P, o) — (P, o) and(Q, o) — (Q’, o),
then (P ||, Q, o) — (par(P',Q',p1), o)
(3) If (P, o) —>,, (P, ¢') and stable({z,c)) and stableE({x, o))
(z =P, Q),
then (P [, Q, 0) —pixp. (Par(P,Q,p1), o)
(@ llpy P, 0) == (1—p1)xp. (PAX(Q, P',p1), o)
(4) If (P, o) — (P, ¢/) and (Q, 0) — (Q', ¢') and
stable({x,0)) and stableE({x,0)) (x = P, Q),

\ then (P|,, Q, o) — (par(P’,Q,p1), o). /
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Equivalence of Deriv Stra and Tran Syst'

Lemma

(1) If transition (P, «) N (P, ') exists in the transition system,
then it also exists in the derivation strategy.

(2) If transition (P, «) 7, (P’,a’) exists in the derivation strategy,

then it also exists in the transition system.

Theorem: Regarding the derived operational semantics for our
probabilistic language, the derivation strategy is equivalent to the

transition system.

N /
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/Animation Approaches to Operational Semantics \I

(1) Animation of Operational Semantics:

For the derived operational semantics of PTSC, we can animate this
transition system.
(2) Animation of Derivation Strategy of Operational

Semantics:

With the mechanical approach of algebraic semantics and head normal
form, we can animate the execution of a program based on the
derivation strategy of operational semantics from algebraic semantics.

3 Advantages:

Using the simulated execution of the two animation approaches, the
fact of the equivalence between the derivation strategy and the derived
\ operational semantics can be shown through various test examples. /

28
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(1

~

Animation of Operational Semantics for PTSCI

Assignment Guarded Component:

) assignment guarded choice;

EB $ (Sigma) N Sigma- = Sigma ® (V = E) A [S’, Sigma] /{'v'}> [-, Sigma]

(2) guarded choice composed of assignment and event guarded components

[[[Pr for EB then (V = E) $ S]|S’], Sigma] —['¢’, Pr]— [S, Sigma_].

EB $ (Sigma) A [S’, Sigma] H'c’, Pr'}> [S1, Sigma-] A [S’, Sigma] /H'v'}> [, Sigma

[E—

N

[[[-PT for EB then (\V = _FE) $ _S] | S’], Sigma] —['¢’, Pr'}> [S1, Sigma_].

[S’, Sigma] {"v'} [S1, Sigmal
[[[-Pr for _EB then (.V = _FE) $ _S]|5’], Sigma] 4'v'}~ [S1, Sigmal].

/
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Definition:

)

nimation of Gene Oper Sem from Alge Sem (1

(1) If the head normal form of process P can be expressed as a guarded choice,
then the transition rules for the process P are the same as the transition
rules of its corresponding guarded choice.

(2) On the other hand, if the head normal form of process P has a structure of
summation, then the process P can first do ["tau’| transitions and reach to
all the processes that are initially deterministic.

~ pge([X | L])
[X | L], Sigma] -{'tau'}~ [ X, Sigmal].

L ~=[]A[L,Sigma] -{tau'}> [Y, Sigmal
[- | L], Sigma] q'tau’}> [Y, Sigma].
Here, ~ pgc([X | L]) indicates that the head normal form of [X | L] is not in
\ the form of the five types of guarded choice, which means it is a summation./
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Conclusion (1) I

The )
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. —>) Operational —> Operational
Semantics Form . .
Semantics Semantics
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/ Conclusions (2) I \

Theoretical Approach:

e We have provided algebraic laws. A process can be expressed as
either a guarded choice, or the summation of a set of processes
that are initially deterministic. program.

e We have studied the derivation of the operational semantics for
our language from its algebraic semantics. A transition system
(i.e., operational semantics) for our language can be derived via

the derivation strategy.

e We have investigated the relationship between the derivation

strategy and the derived operational semantics (the equivalence).

N /
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Conclusions (3) I \

Mechanical Approach:

e We explored the algebraic laws for PTSC using a mechanical
approach. We mainly focused on the mechanical generation of
the parallel expansion laws.

e We studied the mechanical generation of the head normal form

for a program.

e We implemented the theoretical derivation strategy for deriving
the operational semantics from the algebraic semantics. For the
derived operational semantics as a whole system, we also

investigated its animation.

N /
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. Our language PTSC:

. Quality Calculus + PTSC:

. Wireless System and Mobile Ad Hoc Networks:

Current and Future Work. \

We are exploring the denotational semantics for PTSC and doing

the link between various semantics for PTSC.

Currently we are working on integrating quality calculus with
PTSC.

For wireless system and mobile ad hoc networks, we are studying

various semantics and their linking theories.

Cyber-Physical Systems:

We are doing the algebraic semantics, denotational semantics, etc

for Cyber-Physical Systems. /
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