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Exercise 1. Check if each of the following processes reduces to 0 and provide its type
(when defined).

1.

2.

3.

4,

5.

6.

7.

(ay)(x < 1€ 2 x{1.0} | Y[u]0)
(vxy)(x < {€ : x{1.0} | y[£1.0.0)

vxy)(x <{€ : x{1.0} | y> 1€ : y0.0})

(x<{tr 2 x[1.0} | y> {62 2 y0.0})
vay)(x<{ty  x[1.0., &2 x0.0} | y> {6 : y0.0})
xy)(x < {6 X110} [ y> {61 : 0.0, £ 2 ¥0.0})
(

vxy)(x <l : %000, 6 x0.04 [ y> {61 : 700,62 2 y11.0})

Exercise 2. Consider the following processes.

T() = X <{lrue : ¥{1.08  F(x) = x < {Carse : (1.0}

Cond(x, P, Q) = x> {liue  X0.P . Lpatye : X0.Q)

. Show that T'(x) and F(x) have the same type.

Show that

(vxy) (T(x) | Cond(y, ,Q)) »* P and  (vxy) (F(x) | Cond(y, P, Q)) = Q
Define a process Neg(u, v) such that

(vxy) (T(x) | Neg(y,2) =° F(z)  and  (vxy) (F(x) | Neg(y,2)) =° T(2)
Define a process And(u, v, w) such that

vy xy)(P(x1) | Q(x2) | And(yr, 32, 2))

reduces in two steps to T(z) if P(x) = Q(x) = T(x) and to F(z) if P(x), Q(x) €
{T(x), F(x)} with P(x) or Q(x) equal to F(x).

[Beware that in defining And(x,y,z) we cannot do a sequential evaluation be-
cause of linearity]



Exercise 3.

¢ Give a typable process Py such that Py — P| with P} reducible;
e Give a typable process P, such that P, — P} with P is not reducible;
e Give a process P3 such that P3 — P} with P} is a runtime error;

e Give a typable process Py such that P, — P} with P is stuck (note: it cannot be
a runtime error!);

¢ Give a runtime error process Ps which is not stuck. Is it true that any P, such
that Ps — PZ is a runtime error?

[Tip: have a look at the Exercises 2 and 4 from Class 1 and Exercise 1 above]

Processes Structural Equivalence (Processes)
PO = 0 inact Pl0=P
x[].P close PlOQ=Q|P
x().P wait PI(QIR=P|O)IR
x[y].P send (y through x) (vxy)0 =0
x(y).P receive (y on x) (vx1x2)(vy1y2)P = (vy1y2)(vx1 x2) P

(vxy)P nu ((vxy)P1) | Py = (vxy) (Py | P)

PO parallel a.(vxy)P) = (vay)(a.P)

x<f;: P; selection with x,y ¢ fv(P,), a. € {[]., z0., z[w]., z(w).}
x> {l: Pg}t €L branching plus the standard a-equivalence

Operational Semantics (Processes)

Close: vxy)(x[1.P150.0) > P | Q
Com: (vxy)(xlal.P | y(b).0) = (vxy)(P | Qla/b))
Par: PlO—>P|Q if P— P’
Res: (vxy)P — (vxy)P’ if P— P’
Struct: P—-Q iftP=P - Q0 =0
Choice: (vixy)(x»>{6;: Pi: e LY | x<€: Q) > (vxy)(Pi | Q) ift=0¢cL

Figure 1: Syntax and semantics for processes



Types Duality (for Types)
T,U := := close
: \[A?]'t‘ U close L wait
| (T)<U [T «U L(T)«V ifUu LV
| @l T)e &l Tl L @{¢: T, L ifU, L V,foreach{ e L
| &{C: Tt
Typing Rules
I''+P IL+Q Ix:T,y:UrP T1U
T—-Inact — T-Par T—Resr
FO I,IhbrP|Q '+ (vxy)P
I'-P I'rP
T-Close T-Wait ————
I, x :close + x[].P I, x: wait + x().P
Ix:Uy:T+P Ix: U+ P
T-Send T-Recv
Ix:[T]«UtF x[yl.P Ix:(T) < UtF x(y).P
Lx:Ty+Py --- I,x:T,+P, Ix: T+ Py
T-Bra

T-Sel 6 €L
T,x: &6 : T6L v x» {6 2 Py ° [,x:®{€: Tl v x <t : P k

Figure 2: Types



