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T
he

A
m

bient
C

alculus

•
Proposed

by
C

ardelli&
G

ordon
to

m
odelnotions

of

L
ocation:

am
bients

are
nested,form

ing
a

dynam
ic

tree
structure

M
obility:

am
bients

can
enter

and
exitother

am
bients

C
om

m
unication:

inside
an

am
bient,values

can
be

exchanged

betw
een

processes

•
W

e
propose

to
extend

this
w

ith

−
a

polym
orphic

type
system

−
a

functionallayer
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P
urpose

of
T

ype
System

s

Processes
should

be
guaranteed

notto
receive

values
of

w
rong

type:

m
|[
〈7〉

||
(x

).if
x

th
en

...
else

...]|

•
Solution

in
previous

type
system

s
[C

ardelli&
G

ordon,etc]:
allow

each
am

bientto
hostonly

one
topic

of
conversation

throughout.

•
O

ur
solution:

allow
for

an
am

bientto
hold

differenttopics
of

conversation
consecutively

m
|[
〈7〉

||
(x

).o
p
en

n
.〈x

=
42〉

||
n
|[
(y

).P
]|
]|

cf.session
types

in
the

π
-calculus

[G
ay

&
H

ole]

•
A

lso
w

e
allow

an
am

bientto
hold

differenttopics
of

conversation

sim
ultaneously,if

of
differentarity.
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E
xam

ple:
P

acket
R

outing

•
PacketR

outing:

r
o
u
te

r|[!r
o
u
te{

in
p
a
ck

e
t.(d

s
t).o

p
en

h
o
p
.〈lo

o
k
u
p-ro

u
te(d

s
t)〉}

]|
||

p
a
ck

e
t|[in

r
o
u
te

r
.o

p
en

r
o
u
te

.〈“genoa”〉
||
h
o
p
{
(x

).x
}
]|

•
w

e
use

n
{
P

}
as

an
abbreviation

for

n
{
P

}
,

n
|[
co

o
p
en

n
||
P

]|

in
the

style
of

L
evi&

Sangiorgi’s
co-capabilities.
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A
C

+

•
E

xpressions:

M
∈

E
xp

::=
n
|c
|λ

n
:
σ
.M

|M
1 M

2
|×

(M
1 ,...

,M
k )

|if
M

0
th

en
M

1
else

M
2
|...|ε

|M
1 .M

2

|in
M

|o
u
t
M

|o
p
en

M
|co

o
p
en

M

•
Processes:

P
∈

P
ro

c
::=

0
|P

1
||
P

2
|!P

|(ν
n

:
σ
).P

|M
.P

|M
|[P

]|

|(n
1

:
σ

1 ,...
,n

k
:
σ

k ).P
|〈M

〉
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O
perationalSem

antics

•
M

obility
and

C
om

m
unication:

n
|[in

m
.P

||
Q

]|
||
m

|[R
]|

ε
−
→

m
|[n

|[P
||
Q

]|
||
R
]|

(R
ed

In
)

m
|[n

|[o
u
t
m

.P
||
Q

]|
||
R
]|

ε
−
→

n
|[P

||
Q

]|
||
m

|[R
]|

(R
ed

O
u
t)

o
p
en

n
.P

||
n
|[co

o
p
en

n
.Q

||
R

]|
ε

−
→

P
||
Q

||
R

(R
ed

O
p
en

)

(n
1

:
σ

1 ,...
,n

k
:
σ

k ).P
||
〈×

(V
1 ,...,V

k )〉
c
o
m

m
(τ

)
−
−
−
−
−
→

P
[n

i
:=

V
i ]if

τ
=
×

(σ
1 ,...

,σ
k )

(R
ed

C
o
m

m
)
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O
perationalSem

antics

•
E

xpressions
(standard

C
B

V
)

(λ
n

:
σ
.M

)V
−
→

M
[n

:=
V

]
(R

ed
B

eta)

•
C

ontext

If
M

1
−
→

M
2

then
E
bM

1 c
−
→

E
bM

2 c
(R

ed
M

ctxtM
)

If
M

1
−
→

M
2

then
P
bM

1 c
e

ε
−
→

P
bM

2 c
e

(R
ed

M
ctxtP

)

If
P

`
−
→

Q
then

P
bP

c
p

`
−
→

P
bQ

c
p

(R
ed

P
ctxtP

)

If
P

`
−
→

Q
then

n
|[P

]|
ε

−
→

n
|[Q

]|
(R

ed
A

m
b
)

If
P
′
≡

P
,P

`
−
→

Q
,Q

≡
Q
′

then
P
′

`
−
→

Q
′

(R
ed

≡
)

•
R

eplication

!P
ε

−
→

P
||
!P

(R
ed

R
ep

l)
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T
ypes

and
B

ehaviors

B
ehaviors

b
∈

B
eh

::=
ε

no
traceable

action

|b
1 .b

2
first

b
1

then
b
2

|b
1

||
b
2

parallelcom
position

|p
u
t(σ

)
outputof

type
σ

|g
et(σ

)
inputof

type
σ

|d
iss

am
bientdissolution

|
···

other
behaviors

according
to

need;
in

this
paper

w
e

have
settled

for:
|fro

m
n
o
w

T
unordered

com
m

unication
of

T

T
∈

T
o
p
ics

=
{{

τ
1 ,...

,τ
m
}
|
m
>

0
and

arity(τ
i )
6=

arity(τ
j )

for
i
6=

j}
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T
ypes

and
B

ehaviors

T
ypes

σ
,τ

∈
T
yp

::=
b
o
o
l|in

t
|rea

l|strin
g
|
···

type
constant

|σ
→

τ
function

type

|×
(σ

1 ,...
,σ

k )
tuple

w
ith

arity
k
>

0

|
···

other
type

constructors

|a
m

b
[b,b

′]
type

of
am

bientnam
e

|ca
p
[B

]
type

of
capability

Shorthand:
a
m

b
[b]for

a
m

b
[b,b

′]if
b

=
b
′(cf.[Z

im
m

er])

B
∈

B
eh

C
o
n
t
::=

�

|(b.B
)
|(B

.b)
|(b

||
B

)
|(B

||
b)

behavior
context
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E
xam

ple:
O

rderly
C

om
m

unication

B
y

assigning
n

the
type

a
m

b
[g

et(b
o
o
l).b](w

ith
b

the
behavior

of
P

),w
e

can
constructa

type
derivation

for

m
|[
〈7〉

||
(x

).o
p
en

n
.〈x

=
42〉

||
n
{

(y
).P

}
]|

w
here

the
process

inside
m

has
behavior

p
u
t(in

t)
||
g
et(in

t).(p
u
t(b

o
o
l)

||
g
et(b

o
o
l).b

)
||
ε

w
hich

is
safe,in

thatthe
only

“w
ell-form

ed”
trace

is

p
u
t(in

t)
g
et(in

t)
p
u
t(b

o
o
l)

g
et(b

o
o
l)
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E
xam

ple:
R

outing

r
o
u
te

r|[!r
o
u
te{

in
p
a
ck

e
t.(d

s
t).o

p
en

h
o
p
.〈lo

o
k
u
p-ro

u
te(d

s
t)〉}

]|
||

p
a
ck

e
t|[in

r
o
u
te

r
.o

p
en

r
o
u
te

.〈“genoa”〉
||
h
o
p
{
(x

).x
}
]|

A
type

derivation
for

this
process

can
be

constructed
as

follow
s:

•
Process

inside
h
o
p

:
g
et(ca

p
[

�

]).ε
||
d
iss

•
h
o
p

:
a
m

b
[g

et(ca
p
[

�

]).ε]

•
Process

inside
ro

u
te:

b
||
d
iss

w
here

b
=

g
et(strin

g
). (

g
et(ca

p
[

�
]).ε

||
p
u
t(ca

p
[

�

]))

•
ro

u
te

:
a
m

b
[b]

•
Process

inside
p
a
c
k
e
t:

b
||
p
u
t(strin

g
)
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T
yping

R
ules

(P
ro

c
P
ar)

(P
ro

c
O

u
tp

u
t)

E
`

P
1

:
b
1

E
`

P
2

:
b
2

E
`

P
1

||
P

2
:
b
1

||
b
2

E
`

M
:
×

(τ
1 ,...

,τ
k )

E
`

〈M
〉

:
p
u
t(×

(τ
1 ,...

,τ
k ))

(P
ro

c
In

p
u
t)E

,n
1

:
τ
1 ,···

,n
k

:
τ
k
`

P
:
b

E
`

(n
1

:
τ
1 ,...

,n
k

:
τ
k ).P

:
g
et(×

(τ
1 ,...

,τ
k )).b
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T
yping

R
ules

(P
ro

c
A

ctio
n
)

(E
x
p

In
)

E
`

M
:
ca

p
[B

]
E
`

P
:
b

E
`

M
.P

:
B
bbc

E
`

M
:
a
m

b
[b,b

′]

E
`

in
M

:
ca

p
[

�

]

(E
xp

C
o
o
p
en

)
(E

xp
O

p
en

)

E
`

M
:
a
m

b
[b,b

′]

E
`

co
o
p
en

M
:
ca

p
[d

iss.

�

]

E
`

M
:
a
m

b
[b,b

′]

E
`

o
p
en

M
:
ca

p
[b
′
||

�

]
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Subtyping
and

B
ehavior

Subsum
ption

•
O

n
base

types,w
e

have
in

t
6

rea
l.O

n
com

posite
types,the

ordering

is
defined

using
the

follow
ing

polarity
rules:

	
→

⊕
(⊕

,...
,⊕

)
a
m

b
[	

,⊕
]

ca
p
[⊕

]

•
W

e
w

rite
b
1
6

b
2

w
hen

b
2

is
m

ore
“perm

issive”
than

b
1 ,as

in

p
u
t(in

t)
6

p
u
t(rea

l)

g
et(rea

l)
6

g
et(in

t)

p
u
t(in

t)
6

fro
m

n
o
w
{
in

t}

T
hus

“descriptive”
rather

than
“prescriptive”

pointof
view

.

•
T

he
ordering

on
behaviors

gives
rise

to
an

ordering
on

behavior

contexts:
B

1
6

B
2

holds
iff

for
all

b
w

e
have

B
1 bbc

6
B

2 bbc.
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T
races

=
B

ehavior
Sem

antics

1.
A

trace
tr
∈

T
ra

ce
is

a
finite

sequence
of

actions,w
here

an
action

a
∈

A
ct

is
either

p
u
t(τ

),
g
et(τ

),or
d
iss.

2.
T

he
sem

antics
[[b]]of

a
behavior

b
belongs

to
the

pow
erset

P
(T

ra
ce),

and
is

given
by

[[ε]]
=

{•}
[[d

iss]]
=

{
d
iss}

[[b
1 .b

2 ]]
=

[[b
1 ]]�

[[b
2 ]]

[[b
1

||
b
2 ]]

=
[[b

1 ]]
‖

[[b
2 ]]

[[p
u
t(τ

)]]
=

{
p
u
t(τ

)}
[[g

et(τ
)]]

=
{
g
et(τ

)}

[[fro
m

n
o
w

T
]]

=
{
tr
|
∀
a
∈

tr
:
a
∈
{
p
u
t(τ

),g
et(τ

)}
for

τ
∈

T
}

3.
b
1
6

b
2

iff
[[b

1 ]]
6

[[b
2 ]],thatis

for
all

tr
1
∈

[[b
1 ]]there

exists

tr
2
∈

[[b
2 ]]w

ith
tr

1
6

tr
2 .
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T
yping

R
ules

(P
ro

c
R
ep

l)
E
`

P
:
b

E
`

!P
:
b

(if
(b

||
b)
6

b)

(P
ro

c
A

m
b
)

E
`

M
:
a
m

b
[b,b

′]
E
`

P
:
b
1

E
`

M
|[P

]|
:
ε

(if
b
1

safe
and

b
1
 

b
and

b
6

b
′)

H
ere

b
is

safe
if

no
trace

tr
∈

[[b]]is
of

the
form

(n
≥

0
and

tr
arbitrary)

p
u
t(τ

1 )g
et(σ

1 )
...p

u
t(τ

n
)g

et(σ
n
)p

u
t(τ

)g
et(σ

)
�

tr

w
ith

arity(τ
)
=

arity(σ
)

but
τ
66

σ
,and

∀
i
∈
{1

...n
}

:
τ
i
6

σ
i .
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L
em

m
as

and
T

heorem
s

•
[Subject

reduction
for

processes]
Suppose

that
P

`
−
→

Q
.

If
w

ith
b

safe
itholds

that
E
`

P
:
b

then
there

exists
safe

b
′and

b
0

w
ith

`
∼

b
0

such
that

E
`

Q
:
b
′and

b
0 .b

′
6

b.

H
ere

ε
∼

ε
and

com
m

(τ
)
∼

p
u
t(τ

−
).g

et(τ
+
)

if
τ
−
6

τ
6

τ
+

.

•
[D

ecidability
issues]

U
sing

finite
autom

ata,w
e

can
decide

−
[subtyping]

w
hether

τ
6

σ

−
[subsum

ption
]

w
hether

b
1
6

b
2

−
[type

checking]
w

hether
a

purported
derivation

of
E
`

M
:
τ

or

E
`

P
:
b

is
in

factvalid.
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F
uture

w
ork

•
A

n
algorithm

for
type

inference?

•
E

xtend
traces/behaviors

to
record

am
bientm

ovem
ents

(usefulfor
security)

•
E

xplore
relation

to
other

type
system

s,such
as

the
single-threaded

types
of

L
evi&

Sangiorgi

•
D

enotationalsem
antics

for
the

am
bientcalculus

by
m

eans
of

traces?
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