Concurrency Theory
Series 5 - Solution

Exercise 1 Value Passing Process Definitions
a)
Counter = ( Adder || Buffer || ain.nil) \ {ain, aout}
Adder = ain(z).out(z).Adder’(z)
Adder’(x) = aout(z + 1).Adder
Buffer = aout(z).ain(x).Buffer

Squares = ( Counter || Squarer ) \ {out}

Squarer = out(z).square(2z?).Squarer

Exercise 2 Translation of Value Passing into Pure

CCS

Induction Base:
nil: nil aﬁ(ﬁ)
nil = nil 2y
a(x).P: a(x).P o), Plz\ z]

Inductive Hypotheszs (LH): The assumption (P M

P & P % P’) holds for all proper subformulas (P
and P,) of P.

Inductive Step:
a(z)
P+ 5 P1+P2—>P1
P1+P2:P1+P2;—;>/PZ’

P+ P at), P, analogous
P || B PP 22 PP,
Py I\P2=EI|E;—;>P{||@

P || P, o), P, || Py analogous

=P || P

z

P\L:P\LY P L
Pl\L:Pl\{ay|a€L,y€Z}
5 Pi\{ay |ac LyeZ} =P\ L
Pif): Pl S Pl

Af] = Alf] 29 Bl = PI[A)

if b then P; : (b true) if b then P, “Z P!

a(2)

(b true) if b then P, = P P’

(b false) if b then Py aﬁ(f)—>

(b false) if b then P = nil “7

a(2)

C(el,...,ek) : 0(617...,ek) —_— Pll

Cler,...,er) = Pilz1 \ Y1, ., 2k \ k] EN P

Exercise 3 Structural Congruence in the =-
Calculus
a)

(new z Q1 Z Q1 = x € f(Q1))
& (v & fu(Q1) = new z Q1 = Q1)

Show the second formula:
(3. (4.)
Q1 = Q1 ]| nil = Q1 || new z nil

(3
= new x (Qq

(2 new x(Q1 || nil)

(*=2 & fn(Q1))

1. Application of process constructs on both sides v’
2. Renaming of bound variable names v/

3. Commutation and reassociation v

4. fo(P || nil) (P || nil = P) : fu(P || nil) =
fn(P)Ufn(nﬂ):fn(P) v
5. fn(nil) (nil =new z nil) : f,(nil) = @ =@\ {z} =

fn(new z nil) v

6. fu(newzy P) (newaxy P=newyz P): f,(P)\
{z,y} = fulnew y = P) v

7. Let © € f,(P)(*). Then
fa(P||new 2 Q) (P||new 2 Q =new z (Q || P)
fo(P || new z Q) = fu(P) U (f(Q) \ {z})
(fn(P)U fu(@) \ {2} = fu(new z(P [[ Q) v

8. fn('P) = fn(P)Ufn(P)

)
®

—f(P|'P) v



