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what is an “explicit fusion™?

void P (Iint &, Int &y) fun P x y =

{ x = xX+y; ( X :=1Ix + ly;
y = X-V; y = 1Ix - ly;
X = X-V; X :=Ix - ly

} )

How does P behave?
How does P behave in a context where x=y ?

We write: <z=y> | P
<z=y> | P{/}
<z=y> | P{}




why explicit fusions?

they occur in real world
help implementation
momentum of related work
simplify syntax

can add explicit fusions to
different calculi. For example:

pi-F calculus

like pi but with explicit fusions
LTS, bisimulation

embeds pi, fusion calculi

full abstraction for fusion calc.



fusions In hardware
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e.g. SHRM [GO0Q]



fusions In Internet
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Fusion allows for asynchronous migration of code:
migration can happen gradually, and is non-blocking.

eg. ambients [FLS00], pi-calculus machine [in progress]

“Explicitly record and delay the effect of the fusion”
cf. Explicit Substitutions [ACCL 91]



pi-calculus
e communication between output & input

u.<y>Plu.(2)Q \, P|Q{’}

sendy rcv X
R over u \ over u(ﬂQ
P Q{7}

« dynamic creation of names/channels
« mobile scope of names/channels (vy)P | Q@ = (vy)(P|Q)



related work 1

pi. [MPW89]
u.<y>P output

u.(x)Q input
(vz)R  name-hiding

w.<y>P | u.(x)Q \, P|Q{7}

T

explicit fusions. [GWOO] pi-1. [Sang96]

fusion calculus. [V POg]

chi calculus. [FU97] w.(y)P, u(z)Q, (vz)R
u.<y>P, u<r>Q, (vz)R @ (y) Plu.(z)Q . (v2) (P{}} | Q{7})

fresh
T.<y>Plu.<z>Q \, 277 @ Hes



related work 2

Categorical Framework  Graphs @ Explicit

Symmetric ACs [GW99] Expl. Subs
Fusion Systems [GOO] |
pi-F [GWOQ]
Equators [H95]

Permutations [H]
Process Graphs [ Y 94]

Term graph rewriting [GM]




pi-F calculus
e grammar
e reaction relation

 structural congruence
(e.g. alpha conversion)

labels, bisimulation
e use CCSlabels &% % 7
e “open” bisimulation
e result: Is a congruence

embedding pi, fusion
 how to encode bound inp.

» result: reaction preserved. Full
abstraction for fusion but not pi



pi-F calculus

P = nil empty process
x.P input
T.P output
PP parallel composition
(vz)P name-hiding
<r> datum

<z=1> explicit fusion

datums explicit fusion
o are like concretions * denotes an equivalence
« not commutative relation
« polyadic, through * finite basis
parallel composition * has substitutive effect

<x>|<y>|P - <xy>P



pi-F reaction
u.Plu.@QQ \, PQQ

effect of @ iIsto fuse datums

interface

w.(<y>|P) | u.(vr)(<z>[Q) N\ (<y>P) @ (vz)(<2z>|Q)
= (vx) <<:C:y>\P\ Q)
= P{7}Q{}

encode bound input u.(z)Q encode lazy input (vz)(u.<z>|Q)



1%
1%

(vz)(z.nil)

struct.cong. rules for fusions

(
= (vz)(vy)(<z=y>|z.nil) create fresh bound name yas alias for =
(

= (vz)(vy)(<wz=y>|y.nil) substitute yfor x

= (vy)(ynil)

<x=1y> | <y=z>
<z=1y>
<r=x>

<z=y>|z.P
<z=y>|T.P

(v)(<ax=y>)

remove the now-unused bound name x

<x=y> | <x=z> transitivity
<y=x> symmetry
nil reflexivity

<x=y>|z.(<x=y>| P)
<x=y>|7y.P and other small-step substitutions

nil restriction delimits scope of fusion



pi-F labels, bisimulation

wP % P wP % P w.Plu.Q = PQQ

closed w.r.t. contexts and =

Bismulation is standard, augmented for fusion contexts:

arelation S is an open bisimulation iff whenever PSQ then
e P, (@ have same interface (same datums, fusions, restrictions)

o for all z,y, if <x=y>| P P, then <a=y>|Q > Q;and P, SQ;

e and vice versa

To avoid the quantification, we add a fusion transition
u.P|v.Q ?ﬂ PaQ



embedding results 1

@ u.<y>Plu.(z)Q \, PlQ{]}

uw.Plu.Q N\, PQQ

A\
fusio U.<x>P\ u.<y>Q | R)
N P QUL R{LY G )




embedding results 1b

(1) Structural congruence for pi and fusion embeddings
P=Q iff PP=Q~

(2) Reaction relation for pi embedding
P\, Q iff PPN\, Q"

(3) Reaction relation for fusion embedding. Need constraint *

P\, @ implies 7"\, Q"
P\, Q implies 3R, 7. (vZ)P \, R and R* = (v)Q



fusion calculus

u.<y>P u.<x>Q (ve)R
ur.P oz, P standard output
(vo)ux. P (g P standard bound output
ur.Pluy.Q “=% P|Q interaction results in a fusion

ur.Pluy.Q|R “=% P|Q|R fusion has potentially global effect

(ve)(uz.Pluy.Q|R) s P} |Q{]} | R{/} delimit extent of fusion



embedding results 2

P s p w.(<x> | P) L, <a>| P

(vr)uz.P 22 P (ve)u(<a>|P) —  (vr)(<a>|P)

ur.Pluy.Q =% P|Q (<> | P |u.(<p>|Q7) — <z=y>|P"| Q"

—



embedding results 2b

(1) fusion-calculus hyperequival ence coincides
with on its embedded image.

» proof: take hyperequivalence, close it under all interfaces, and the
result is a pi-F bisimulation. And vice versa.

(2) pi-calculus open bisimulation is strictly weaker

than

o “open” bismulation [S96] : onethat’s closed w.r.t. subsitututions —
or fusions

 proof [VP9§]: in following expression, no pi-context can make x=y;
but pi-Fcan: (vzxy)(w.<xy>|P)



#|Fusion Machine - Microsoft Internet Explorer
O Q ’g ol File Edit Mew Fawvortes Tools Help

Adress &1 hitp:/ fwe.ol cam.ac.uk/ ~jwl 004/ research/fusion-machine

&] Done

Fusion Machine.

Lucian Wischik. Work in progress.

Instructions. Type in an expression into the java applet;
then click the Step button several times to watch it
execute! You might try, for example, u<z> | ui(v) .v<> or
u<x> | lufy).

u<x> | Uyl Step

(nuyfulec [u?.(ey> |yl
-2 (U y)i<x=y> | )

== [nu "< =0 | xI)

==xl

# Intermet

ongoing work
(replication)

Implementation
based on explicit
fusions

lambda calculus
encoding, using
datums to represent
lambda variables

use explicit fusions
In other areas
(“fusion systems”)



