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Communicating Processes

Parallel compositon of transition systems

Synchronization by label matching
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Communicating Processes

Parallel compositon of transition systems

Synchronization by label matching

without synchronization: (ab)*||(bc)*
with synchronization: a(b(a|c))*
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Communication structure

e Basic Mechanism

e Handshake (synchronous)
e Mailbox (asynchronous)

¢ Configuration

e Fixed (static structure)
e Variable (dynamic structure)
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Communication structure

e Basic Mechanism

e Handshake (synchronous)
e Mailbox (asynchronous)

¢ Configuration

o Fixed (static structure)
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Behavioral semantics

e Semantics of a program (Continuous) Function f(x)

Classical I/O system

e Input = parameters
e QOutput = evaluated value

Communicating system

7?Appropriate 1/0O correspondence??

Domains of 'interactional behaviors?

A program be a function over the behavior domain

Algebraic Approach

Algebraic Characterization

Based on CCS (Milner:1980,1989)

Behavior is an equivalence over terms

= An algebra of behavior

P=Q “P behaves exactly like Q"

For all operations F in the calculus:
F(P) = F(Q) when P = Q@

Process algebra (P,=): P:Set of process terms

Processes = communicating (concurrent) programs
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Semantics of Programs Behavior of automata
Formal semantics
=a mathematical structure corresponding to programs The (classical) theory of automata
Equivalence relation ~ over program terms o
Definition
P~ Q Automaton
Given a set of actions Act:A = (Q, qo, F,T)
i e Q:Set of states;
Finest algebra:term algebra
(all programs are distinguished if any syntactic difference.) * qo € Q:the start state,
e F C Q:the accepting states; and
1+1#2 Usuallyunacceptable e 7 C Q x Act x Q:the transtions
?Appropirate Equivalence (or preorder)? (g,a,q') € T is written as g = ¢. A'is finite if |Q| is finite. A is
deterministic if |[{q’ 2 ¢} =1 forall g, a.
Coarsest algebra = singleton Ha'la=d} 9
all programs are identical.
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Transition graph

A finite automata Ag over {a, b, c}

Semantics of automata

Definition
An automaton: A= (Q,qo, F,T)
A={wlq * q, g€ F}

w  ai a

a
—=>5..- 35 where w = a1,...,a,

Ay ~ Ay if A = A,

A pair of automata are equal if they accept the same language.
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Regular sets Arden’s Rule
Operation over sets Proposition
S1U Sz (Union) For any sets of strings S and T :
S1-5 = {wi-wz|w; € S1,w € Sp} X=85-X+T has X =S5*-T as a solution. Moreover, this
S*={ejuSUS-SUS-S5-SU--- solution is unique ife ¢ S
Regular set
Definition Xo = aXi+ bXz+cXz
A set of strings over Act is regular if it is constructed applying X; = aXs4 bXo+cXo+e
followi les:
© OVg’”g rures / X = aXsz+ bXs+ cXo
e (), {a} are regular, X5 = aXs+ bXs 4+ cXs
e 51 US, is regular if both S; and S, are regular;
o 5155 is regular if both S; and Sy are regular;
e S* is regular if S is regular Using the Arden'’s rule:Ag = a((bc + c)a)*
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DFA and NFA
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To get a juice:
Put one coin and push button
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Correct vending machine?

Intuitively VM is correct and VM, is broken.

Correct vending machine?

Intuitively VM is correct and VM5 is broken.

Why?
H23 AT GEHRRR 2011/10/4 17/18 H23 W7o GHERR R 2011/10/4 17/18
Correct vending machine? Reactive system
Intuitively VM is correct and VM, is broken. A reactive system behavior is not fully characterized by languages!
Necessary to have an alternative equivalence notion to distinguish:
b
Why? ) (P .
a
A customer has control in VMjy, but a machine has control in VM. @ ° @ -
. . . : . : c
Differnce is recognized during the interaction. P Q
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