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Polymorphism ?

Case 1. (ML Polymorphism)

p|[ in r.〈even, 3〉]| || q|[ in r.〈not, true〉]| || r|[ (f, x). n|[ 〈f x〉 || P ]|
|| open p || open q ]|

Case 2. (Subtyping)

p|[ in r.〈3, 2〉]| || q|[ in r.〈3.6, 5.1〉]| || r|[ (x, y). n|[ 〈mult(x, y)〉 || P ]|
|| open p || open q ]|
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More Polymorphism ?

Case 3. (Arity Polymorphism)

n|[ 〈true, 5〉 || 〈5, 6, 3.6〉 || (x, y).P || (x, y, z).Q ]|

Case 4. (Orderly Communication)

m|[ 〈7〉 || (x).open n.〈x = 42〉 || n|[ (y).P ]| ]|
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Example: Packet Routing

• We usen{P} as an abbreviation for

n{P} , n|[ coopen n || P ]|

• Packet Routing:

router|[!route{in packet.(dst).open hop.〈lookup-route(dst)〉}]| ||

packet|[in router.open route.〈“bu”〉 || hop{(x).x}]|
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Example: Code on Demand, Data-Driven Dispatch

• Givenprime : int→ bool andrelative-prime : ×(int, int)→ bool,

server , s|[ !tst |[ open p ||
(x1, x2). tstres{ x1.〈prime(x2)〉 } ||
(x1, x2, x3). tstres{ x1.〈relative-prime(x2, x3)〉 } ]| ]|

client , LET exitPath = out c.in s.in tst .coopen p

returnPath = out tst .out s.in c

IN c|[ open tstres.(v).Q ||
p|[ exitPath.〈returnPath, 1 + 24096〉 ]| ]|
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Example: Code on Demand, Data-Driven Dispatch

• LET-IN desugaring:

client , LET exitPath = out c.in s.in tst .coopen p

returnPath = out tst .out s.in c

IN c|[ open tstres.(v).Q ||
p|[ exitPath.〈returnPath, 1 + 24096〉 ]| ]|

client , c|[ 〈exitPath〉 ||
(z1).〈z1, returnPath〉 ||
(z1, z2).( open tstres.(v).Q || p|[ z1.〈z2, 1 + 24096〉 ]| ) ]|
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AC+

• Expressions: fork > 0,

M ∈ Exp ::= n | c |λn : σ.M |M1M2 | ×(M1, . . . ,Mk)

| if M0 then M1 else M2 | ... | ε |M1.M2

| in M | out M | open M | coopen M

• Processes: fork > 0,

P ∈ Proc ::= 0 |P1 || P2 | !P | (νn : σ).P |M.P |M |[P ]|
| (n1 : σ1, . . . , nk : σk).P | 〈M〉
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Values and Evaluation Contexts

• Values: fork > 0,

V ::= n | c |λn : σ.M | ×(V1, . . . , Vk) | ε |V1.V2

| in V | out V | open V | coopen V

• Evaluation Contexts: fork > 0,

E ::= 2 |EM |V E | ×(V1, .., Vi−1, E,Mi+1, ..,Mk)

| if E then M1 else M2 |E.M
| in E | out E | open E | coopen E
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Operational Semantics

• Expressions:

(λn : σ.M)V −→ M [n := V ] (Red Beta)

cV −→ V ′ if V ′ = δ(c, V ) (Red Delta)

if true then M1 else M2 −→ M1 (Red IfTrue)

if false then M1 else M2 −→ M2 (Red IfFalse)

If M1 −→ M2 thenE[M1] −→ E[M2] (Red Context)
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Operational Semantics

• Mobility and Communication:

n|[in m.P || Q]| || m|[R]| ε−→ m|[n|[P || Q]| || R]| (Red In)

m|[n|[out m.P || Q]| || R]| ε−→ n|[P || Q]| || m|[R]| (Red Out)

open n.P || n|[coopen n.Q || R]| ε−→ P || Q || R (Red Open)

(n1 : σ1, . . . , nk : σk).P || 〈×(V1, ..., Vk)〉
comm(τ )−−−−−→ P [ni := Vi] if τ = ×(σ1, . . . , σk) (Red Comm)

!P ε−→ P || !P (Red Repl)
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Operational Semantics

• Reduction Rules:

If M1 −→ M2 thenM1|[P ]| ε−→ M2|[P ]| (Red Name)

If M1 −→ M2 thenM1.P
ε−→ M2.P (Red Cap)

If M1 −→ M2 then〈M1〉 ε−→ 〈M2〉 (Red Put)

If P
`−→ Q then(νn : σ).P `−→ (νn : σ).Q (Red Res)

If P
`−→ Q thenn|[P ]| ε−→ n|[Q]| (Red Amb)

If P
`−→ Q thenP || R `−→ Q || R (Red Par)

If P ′ ≡ P, P `−→ Q,Q ≡ Q′ thenP ′
`−→ Q′ (Red ≡)
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Example: Subtyping

Case 2.By assigningx andy the typereal, p the typeamb[put(int, int)],
andq the typeamb[put(real, real)], we can construct a type

derivation for

p{ in r.〈3, 2〉} || q{ in r.〈3.6, 5.1〉} ||
r|[ (x, y). n|[ 〈mult(x, y)〉 || P ]| || open p || open q ]|

where the process inr has behavior

get(real, real).ε || put(int, int) || put(real, real).
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Example: Arity Polymorphism

Case 3.With b andb′ the behaviors ofP andQ, we can construct a type

derivation for

n|[ 〈true, 5〉 || 〈5, 6, 3.6〉 || (x, y).P || (x, y, z).Q ]|

where the process inn has behavior

put(bool, int) jj put(int, int, real) jj get(bool, int).b jj get(int, int, real).b′.

Church Project Boston University



What are Polymorphically-typed Ambients ? 13

Example: Orderly Communication

Case 4.By assigningn the typeamb[get(bool).b] (with b the behavior of

P ), we can construct a type derivation for

m|[ 〈7〉 || (x).open n.〈x = 42〉 || n{ (y).P } ]|

where the process inm has behavior

put(int) || get(int).(put(bool) || get(bool).b) || ε.
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