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W
hat

M
arina

left
to

sa
y

�

tile
logic

(T
L

)

�

higher-order
tiles

(H
O

T
L

)
and

cartian
closed

double
categories

(C
C

D
C

’s)

�

a
snapshotoflate

π
-calculus

encoding

�

a
snapshotoflazy

sim
ply

typed
λ

-calculus
encoding

�

com
parison

betw
een

LF
and

T
L

(based
on

the
tw

o
encodings)

�

a
few

conc
lusions

and
future

w
ork
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T
ile

Logic:
the

F
orm

alism

aim
:

m
odular

description
ofthe

dynam
ics

ofconcurrentsystem
s

(in
space

and
in

tim
e

)

f

a initial
configuration

trig
g

er

in
itia

l
in

p
u

tin
te

rfa
ce� i �

i �

i�

b
effect

���

in
itia

l
o

u
tp

u
tin

te
rfa

ce� i �

o �

i�

g
final

configuration
fin

a
lin

p
u

tin
te

rfa
ce� f�

i�

i��

fin
a

lo
u

tp
u

tin
te

rfa
ce� f�

o�

i��

R
L

f� x���

g� x�
fg 	

T
L

x
a


�

y

f� x�

b


�

g� y�

f
ab

g

s

fg

C
s

a �
f

a

C

b
b �

t
g

D



s� C���� ,then
C� f� s� � �

C� g� s� �


s� C���� ,then

s
a �a

t�

C
bb �

D

C� f� s� �

a �b �

D� g� t� �

sequents
can

be
com

posed
horizontally,vertically

and
in

parallel

features:
open

configurations,visualpresentation,categoricalm
odels
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T
ile

Logic:
the

P
rotocol

T
heory

of
C

onfigurations
F

ix
the

signature
of

configurations
identifying

the
syntactic

constructors
and

freely
adjoin

the
auxiliar

y
structure

needed
in

the
category

of

configurations
(e.g.,sym

m
etries,cartesian

operations);

T
heory

of
O

bservations
F

ix
the

signature
of

observations
(e.g.

ordinary
LT

S’s
labels

are
usually

seen
as

unary
operators)and

freely
adjoin

the
auxiliar

y
structure

needed

in
the

category
ofobservations;

T
heory

of
T

iles
D

efine
the

basic
operationalrules

for
the

dynam
ics

of
system

com
po-

nents,and
fix

the
auxiliar

y
tiles

to
be

freely
adjoined.

issues:
tile

bisim
ilarity,tile

traces,congruence
form

ats,graphicalproofs,applications

R
oberto

B
runi(bruni@

di.unipi.it)

4



M
oving

to
H

igher-O
rder

T
ile

Logic

m
onoidal

structure:
m

inim
altile

m
odel

sym
m

etric
m

onoidal
structure:

(consistent)
perm

utations
in

the
tw

o
dim

ensions

cartesianity:
(consistent)

pairing
and

projections

cartesian
closed

structure:
higher-order

configurations
and

observations

E
xam

ple
a

chem
icalsolution

(à
la

C
H

A
M

)
w

here
functions

and
argum

ents
floattogether

Γ
P

:τ σ� M
:σ� N

:σ

id
Γ

f
:τ σ� x

:σ� y
:σ

f
x� y

���

Γ
P

M
:τ� N

:σ
z

:τ� w
:σ

w
e

expectconsistency
ofhorizontal/verticalapplications
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D
oub

le
Lam

bda-N
otation

exploitthe
correspondence

betw
een

ccc
and

sim
ply

typed
λ

-calculus
to

define
a

doub
le

λ
-notation

on
the

basis
ofcartesian

closed
doub

le
categories

note:
only

object
(interface)

abstraction
is

possib
le

double
λ

-signature:Σ �
� typ

e
co

n
st.

�
� h

o
riz.

term
co

n
st.

�

� vert.
term

co
n

st.

�

� tile
term

co
n

st.

�

�

h� �

and
v� �

(w
ith  

!

h
:σ

and  
!

v
:τ)

can
have

h.o.
types

σ
and

τ;
α� �

has
a

closed
contour

type
(defining

the
tile

border)

a
generic

contour
type

t
has

the
form

H
:τ

V
:ρ

U
:σ

τ
G

:σ
ρ

;t
is

w
ell-typed

underΓ
ifH

,G
,

V
and

U
are

w
ell-typed

underΓ
,and

itis
closed

ifH
,G

,V
and

U
are

closed.

M
:: �

α

" h" v" x"$#
"� M� M� ξ" P

ro
j ξi M

" λ
ξx:σ% M

" M
@

ξM

" M
ξM

(forξ�&('
�*)�,+�,-. )

type
sentences

have
the

form
:Γ!

M

/

H
:τ

V
:ρ

U
:σ

τ
G

:σ
ρ

Γ
is

a
globalenvironm

entforM
(nam

es
in

Γ
can

be
used

in
H

,V
,U

and
G

)

R
oberto

B
runi(bruni@

di.unipi.it)

6



D
oub

le
Lam

bda-T
erm

s
as

T
iles

Γ!

M

/

H
:τ

V
:ρ

λ
y� U

:σ
τ

λ
z% G

:σ
ρ

�� Γ��

�� Γ��

H

�� y:τ��

V
M

U

�� Γ��

�� Γ��

�� z:ρ��

G

�� σ��

this
m

akes
evidentthatΓ

is
a

globalenvironm
ent
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E
ncoding

the
P

i-C
alculus

in
T

L

reverse
observations

forhandling
nam

es
H

V final
configuration

trig
g

er

fin
a

lin
p

u
tin

te
rfa

ce
U

effect

fin
a

lo
u

tp
u

tin
te

rfa
ce

G

�10

initial
configuration

in
itia

l
in

p
u

tin
te

rfa
ce

in
itia

l
o

u
tp

u
tin

te
rfa

ce

fix
a

com
pactnotation:

H
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V
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λ
y

:τ� U
:σ

τ
λ
z

:ρ% G
:σ

ρ
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w
ritten

G2 V3 z465

U2 H3 y4 :σ
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C
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P
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apping
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p
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u
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p
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τ
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� n�

p� �

p
in
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p

�� x� y� �

P��87
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p

x
λ
y
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o
u

tp
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p
b

o
u
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p
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ν
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if
:9 n� n: �
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p

��� x 7
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if9 x� y: �� P��

T
ile

term
constants

q
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@ @

q /

τ
p� q� �
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:p

x
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:n�
� p A

n� <BCED F

@ @
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o
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t9 x� P
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j1� ry� � �
b

o
u

tx� λ
y

:n�

P
ro

j1� ry� �

:p

R
oberto

B
runi(bruni@

di.unipi.it)

8



E
ncoding

the
P

i-C
alculus

in
T

L:
an

E
xam

ple

P
xy


�

P G

� νy� P
xH wI


�

P GJ wK yL yM 7

x� wMON

fn�� νy� P G�
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λ
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o
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λ
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n
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w
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P
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x

q
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b
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u
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q
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q
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ν
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Γ
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E
ncoding

the
P

i-C
alculus

in
T

L:
A

dequac
y

P
roposition

IfP
µ

YZ
Q

then
fnS PU !

M

/

S
id�� µ�� 22 P44 ,in

la
te

w
here

S �
22 Q44 ifµ

is
free,

w
hile

S �

λ
y

:n%22 Q44 ifµ
is

bound
w

ith
objecty.

[

the
proofis

by
induction

on
the

proofofP
µ


�

Q
;

[

define
a

denotationalm
apping

from
proofterm

s
oflate

LT
S

to
w

ell-typed
tile

term
s;

[

la
te

defines
a

richer
LT

S
.

C
onjecture

T
ile

bisim
ilarity

is
finer

than
late

bisim
ilarity.

processes
w

ith
differentsets

offree
nam

es
are

nottile
bisim

ilar

R
oberto

B
runi(bruni@

di.unipi.it)

10



E
ncoding

the
Lam

bda-C
alculus

in
T

L

Interfaces
C

onfigurations
O

bservations
T

ile
term

constants
ι

c: #
Z

ι
ĉ: #

Z

ι

!\
]X^

c /

ĉ2 #4 5

c2 #4

:ι
κ

0
: #

Z
κ

_

c :ιZ

κ

!
` a ^
bc

c

/
_

c2 c4 5

02 #4

:κ

[

observing
configurations;

[

since d

is
term

inalw
e

cannottakee
c :ι� d

(otherw
isee

c 7e

c �

for
allc� c G

);

[

thus
type

constantκ
and

horizontalterm
constant0

are
used;

[

this
tim

e
tile

are
not

reversed:d
d
fg F

c
ĉ

c

c

d
h i F
jk

c

e
c

0
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E
ncoding

the
Lam

bda-C
alculus

in
T

L:
A

dequac
y

P
roposition

F
or

any
closed

configuration
M

,w
e

have
that

λ ! #
dM̂

M
,

w
here

M̂
is

the
term

obtained
by

the
syntactic

replacem
entofallc

by
ĉ.

C
orollary

F
orany

closed
configurations

M

�

Λ
σ�

τ

l

and
N

�

Λ
σl

,w
e

have
λ !

M
@

N̂d

M
N

,

w
here

@ m

λ
x

:τ% λ
f

:σZ

τ% fx.

P
roposition

T
ile

bisim
ilarity

coincides
w

ith
applicative

bisim
ilarity

.

[

τ
m

oves
ofthe

applicative
LT

S
are

m
apped

to
verticalidentities;

[

the
tw

o
kinds

oflabeled
steps

have
their

counterparts
in

T
L;

[

the
type

system
allow

s
for

correctapplications
only.
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C
om

parison
B

etw
een

E
ncodings

the
choice

ofπ
and

λ
is

instrum
entalin

com
paring

T
L

and
LF

(notforthe
novelty

ofthe
encoding

technique)

LF
T

L
encoding

driven
by

syntax
encoding

driven
by

strong
typing

labels
are

separate
entities

labels
are

h.o.
vertical

operator
s

τ

n YZ

,
o

ut� x� y�
n YZ

,
in� x�

n YZZ
,

b
o

ut� x�
n YZZ

τ,o
ut

xy,in
x,b

o
ut

x
only

curryed
operator

s
cartesian

pairing
π

transition
proved

by
inhabitance

sem
antic

dom
ain

for
proofs

late
bis.

needs
strong

er
type

theory
tile

bisim
ilarity

or
ad

hoc
def.

handle
nam

e
abstraction,creation,passing,application

transition
proved

by
inhabitance

d
ynam

ic
application

is
built-in

λ
can

handle
other

evaluation
strategies

up-to
α

,β
,η

can
handle

extrinsic
type

system
s

untyped
λ

needs
som

e
extension

handle
nam

e
abstraction,application
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O
verall

C
om

parison

LF
T

L
m

ore
expressive

po
w

er
only

object
abstraction

tools
(autom

atization)
visual

form
alism

flat
vie

w
space/tim

e
distinction

functor
categories

categorical
vie

w
delegate

to
the

m
etalangua

g
e

m
an

y
aspects

of
object

system
s

(e.g.
nam

e
binding,nam

e
passing,nam

e
creation,nam

e
freshness,

capture-avoiding
substitutions,α

-conversion
se

veral
case

studies
presented

in
the

literature
H

O
A

S
(S

=
S

yntax)
H

O
A

S
(S

=
S

em
antics)
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F
uture

W
ork

�

extend
the

com
parison

via
a

thorough
exploration

of
other

sem
antics

for
the

tw
o

object
languages

considered
here

(e.g.
call-by-value

and
untyped

λ
-calculus,

early

π
-calculus,barbed

equivalence);

�

consider
other

objectsystem
s

(e.g.
am

bient,spi-calculus,polyadic
π

-calculus);

�

syntacticalencoding
ofH

O
T

L
in

LF
(feasible);

�

sem
anticalencoding

ofLF
in

H
O

T
L

(difficult,because
ofdependenttypes)
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