uboooboboobogob230b002006000000 1

D00ddoooodLMNtalOOO00oooog

Encoding Distributed Process Calculi into LMNtal

oo oot
Kazunori UEDA

'00000000000000000000000000
Dept. of Computer Science, Waseda University

ueda@ueda.info.waseda.ac. jp

0000000000000 00 LMNtalOOOOO0OOOODODOOOOCOODOODOODODODODODODODODOO
oooooOoOoOOOOOODODOOOOO LMNtal DDODOOOOOO0OO0O0O0O0O000000000000
ooooOO0o0O0o000000000000b00b0 ambient 00000000000 O0O0O0O0O0O0O0O00O0O00O
goooooooooobooooooobobobboooobooobooooboobboboOooobbUuUuDbo

ooobooooboooooooboobooooo

1 00dn

LMNtal [2[3]0000000000000000
000000000000000000000000
00000000000000000000LMNtal
00000000000000000000000
00000000000000000000000
00000000000000000000000!
000000000000000000000000

00000000000 LMNtal0ODODO000
000000000 AD0D000 000000
00000 LMNtal 0000000000 [5]0A0
0000000000000000000 A 000
00 A0006000AD00000D0000000O
000000000000000000000000
000000000000000000x0000
0000000x000000000000000
000000000000000000000” 0
000000000000000000000000
000000000000000000000000

LMNtal 000000000000000000
000000000000000000000000
00 LMNtal 000 00000000000000
00000000000000 ambient 00 [1] O
0000D0000000000

0000000000000000000000
00000000000000000000000
00000000000000 (membrane) 0000
000000000000000000000000

Thttp://www.ueda.info.waseda.ac.jp/lmntal/

00000000 Ambient 00 O0O0O0OCOOOO
gbooooooooooobooobooboooooooo
OO0 LMNtal OOOOOODOOOODOOOOO
obooooooooboobobobobobooobooo
gooooobooooboboobobooboooooo
O00D00O000O0O000OLMNtal O ambient 00O
O00OC0COCOO0O000OOAmbient 00000 ambient
00000000000000000000 (scope)
obobooooboobobobobooboooooo
gbooooooooboooooboooobooban
ooooooo

2 Ambient 0O

Ambient 00 [1]0Jambient 000000000
O000000D0ambient 000000 O0OOO0OO
doodooooooooobobbobooooooo
Ambient 0000000000 ODOOOODOOOO
0000000 pure mobility calculus 0000 O
gooooooooooobbobbboooooono

Ambient 0000000000000 ODOOO n
00o0ooooOoUoooogooooooooo

(vn)P [ 0| P|Q
| 1P | n[P] | M.P

(processes) P =

(capabilities) M ::= in m | out m | open m

(wn)POOOOOOO0OOOOOOOOOOOOOO
o00U0O0O0O0OUOP|QUOUOOOO!PO POOO
O0On[P)O00 nO00 ambientO M.PO M OO



uboooboboobogob230b002006000000 2

(process) P =0 | p(X;,...,X,) | P,P | {PY | T:-T
(process template) T =0 | p(Xy,..., Xy | 7,7 | {TYy | T:-T
| e | $plXi,....XnlAl | pGxXy,...,*xX,)
(residual) A== [1 | *X
O 1: LMNtal O OO
(E1) 0,P=P (E2) P,Q=Q,P (E3) P,(Q,R)=(P,Q),R
(E4) P=P[y/X] 000 X0 POODOOO
(E5) P=P =P,Q=P,Q (E6) P=P = {P+={P'}
(E7) X=X=0 (E8) X=Y=V=X

(EQ) X=Y, PEP[Y/X]
{X=Y, P}y=X=Y, {P}
P— P
P)Q_>P/’Q

(E10)

(R1) (R2)

(R4) {X=Y,P} — X=Y,{P}
(R5) X=Y,{P} — {X=Y,P}

(R6)
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P— P
{P} — {P'}

Q=P P—P
Q—Q

P =qQ
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{ module(amb).

/* nlin m.P | Q] | m[R] --> m[n[PIQ] | R] */
in@e
{amb(NO), {id,+NO,$n}, {id,+MO,-M1,$m0}, in(MO,{$p}), $q,@q},
{amb(M2), {id,+M2,-M3,$m1}, $r,er},
{id,+M1,+M3,$m2} :-

{amb(M4), {id,+M4,+M5,-M,$m1},

{amb(N2), {id,+N2,$n}, {id,-M5,$m0}, $p,$q,0q},
$r,0r},
{id,+M, $m2}.

/* m[nfout m.P | Q] | R] --> n[PIQ] | m[R] */
out@@
{amb(M0), {id,+MO,+M2,$m1}, {id,+N1,$n2},
{amb(NO), {id,+M1,-M2,$m0}, {id,+NO,-N1,$n}, out(M1i,{$p}), $q,0@q},
$r,0r} :-
{amb(N2), {id,-M3,$m0}, {id,+N2,-N3,$n}, $p,$q,0@q},
{amb(M4), {id,+M3,+M4,$m1}, {id,+N3,$n2}, $r,er}.

/* open m.P | m[Q] --> P|Q */

open@Q@

open(M,{$p}), {amb(M1), {id,+M1,-M2,$mm}, $q,0q}, {id,+M,+M2,$m} :-
$p, $q, {id,$m,$mm}.

proxy_enter@Q@
{$p[MO,M1|*P],0p}, {id,+MO,+M1,$m} :-
{$p[MO,M1|*P],@p, {id,+MO,+M1,-M}}, {id,+M,$m}.

proxy_resolve@@
{id,-M,$m0}, {id,+M,$m1} :- {id,$mO,$m1}.

proxy_insert_middle@@
{{{id,-M, $m},$p,Cp},$q,@q} :- {{id,+MO,-M}, {{id,-MO,$m},$p,Cp},$q,Cq}.

proxy_insert_outer@@
{{id,+M0, $m0},$p,@p} :- {{id,-M,$m0},$p,Cp}, {id,+MO,+M}.

proxy_merge_outer@@
{id,+MO,$m0}, {id,+M1,$m1}, {{id,-MO,-M1,$m2},$p,Cp} :-
{id,+M,$m0,$m1}, {{id,-M,$m2},$p,0p}.

local_name_in@@
{$pM|*P],ep}, {id,+M} :- {{id,+M}, $p[M|*P],ep}.

global_name_out@@
{{id,name ($n) ,+M0},{$p[MO|*M],@p},$q,@q} :- unary($n) |
{{i4,+M0,-M},{$p[MO|*M],@p},$q,0q}, {id,name($n),+M}.

root_merge@@
{id,name($n0) ,$m0}, {id,name($nl), $mi1} :- unary($n0), unary($nl), $n0=$nl1 |
{id,name ($n0) , $m0, $m1}.

gc_local_name@@ {id} :- .

gc_global_name®@ {id,name($n)} :- unary($n) | .

gc_proxy@@ {id,+X,$m}, {{id,-X}, $p,ep} :- {id,$m}, {$p,ep}.
gc_amb@Q@ amb.use :- .

}.

0 4: ambient 000 LMNtal OOOOOOO
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nlmem.copy ({$pl[I*X]1},a,R) :-
{+R1, $pll=*Y1}, {+R2, $pl[l*Z]1},
a(xY,*xZ,*X), a(R1,R2,R)

6 OO0
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000000000000 000ODO0O00 Firewall
0 Agent0000000O0OODODOODOGOOOO
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| open kk.open kkk . P]
Agent ¢ kk[open k. kkk[Q]]

0000000000 ambient J w0 OO Firewall
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{pp, qq, amb(L749), {id, +L749}}
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-

/* '(open m.P) | m[Q] --> P | Q |
open_repl@@ /* special case of !open */

$q, {id,+M3,$m,$mm}, open_repl(M3,P).
open_repl_aux@Q@
copies(cp(C1,C2),P), {+C1,$p1} :- $p1, P=C2.

! (open m.P) */

open_repl(M,{$p}), {amb(M1), {id,+M1,-M2,$mm}, $q,@q}, {id,+M,+M2,$m} :-
nlmem.copy ({$p},cp,Copies), copies(Copies,P),

Usgboooobod

// Firewall Access

//  Agent =def kk[open k.kkk[Q]]

{amb.use. amb(W0),

out (W1, {in(LO,{in(W2,{H PP},
open(L1,{open(M0,{pp})})
1},

open(X2,{{amb(M1), {id,+M1,-M2}, qq}})

\}.

//  Firewall =def (new w) wlk[out w.in kk.in w]

{id,name (k) ,+K9,+K3}, {id,name(kk),+L3,+L9}, {id,name(kkk),+M9,+M3}, {id,+W9},

{id,+w0,+w8,-w9}, {id,+K8,-K9}, {id,+L1,+L8,-L9}, {id,+MO,-M9},
{a.use. amb(K0), {id,+K0,-K8}, {id,+W1,+w2,-w8}, {id,+L0,-L8},

{amb.use. amb(L2), {id,+L2,-L3}, {id,+K2,-K3}, {id,+M2,-M3},

| open kk.open kkk.P]

0 6: OO0 O Firewall Access

0o0o0oooo (vwyw/P | QOO0OOOODOOO
Oambient 0 POOOOOO0O0O0O0O0O0O0OCO
O00DambientOO0O0O0O0O0O0O0O0OCOOCDOOO
O (objective move) 00000000000 70O
OO00O0O000000ambient000000000OO
OO000000000000000000ambient
O000000000000000000 ambient
oooooooooooooo

allow n !(open n)

mv in n.P = (vk)k[in n.enter{out k.open k.P]]
mv out n.P L

nit [P] =

(vk)k[out n.ezxitfout k.open k.P]]

n[P | allow enter] | allow exit

mvind mvoutOOOOO inOd out0 oo
O0RY [P0 mvind mvout 0000000000
000 ambient 00 00O

070000000000000000000C
000b000000mvinn.P | Q0000
ooooooo

open_repl(L270,0L535),

{pp, qq, amb(L324), open_repl(L591,L601),
{+L601},
{id, -L557, +L591},
{id, -L338, +L324}},

{id, n(name), +L338},

{id, exit(name), +L270},

{id, enter(name), +L557},

{+L535},

0000000 n[P | Q | allow enter] | allow exitd
D00 RMP|QIODODOODDOO

7T oogogoo

Ambient 00O 0O Oambient 000000000
goboobbooooooboooboooboooog
Ambient OOOOOOCOOOOOOOOOOOOO
O00000000D000D0000D ambient 00O
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000000000000 000 ambient0 OO0
0000000000000 000LMNtalOD OO
ambient 000000000000 O0O0DOODOOOO



uboooboboobogob230b002006000000 8

\
// Objective Moves
// allow n =def l!open n
// mv in n.P =def (new k) k[in n.enter[out k.open k.P]]
// mv out n.P =def (new k) k[out n.exit[out k.open k.P]]
// n_dnup[P] =def n[P | allow enter] | allow exit
{ module(b).
allow(N) :- open_repl(N,{}).
mv_in(N,{$p}) :- {id,+K}, {id,name(enter),+E},
{amb.use. amb(K0), {id,+K0,+K9,-K}, {id,+NO,-N}, {id,+E1,-E},
in(NO, {{amb(E0), {id,+E0,-E1}, {id,+K1,+K2,-K9}, out(X1,{open(X2,{$p}H)PIH)}.
mv_out (N,{$p}) :- {id,+K}, {id,name(exit),+E},
{amb.use. amb(K0), {id,+K0,+K9,-K}, {id,+NO,-N}, {id,+E1,-E},
out (NO,{{amb(E0), {id,+E0,-E1}, {id,+K1,+K2,-K9}, out(K1,{open(K2,{$pH)FI}H)}.
n_dnup(N,{$p}) :- {id,name(enter),+E}, {id,name(exit),+Ex0},
{amb.use. b.use. amb(NO), {id,+NO,-N}, {id,+E0,-E}, $p, allow(E0)}, allow(ExO).
b.use :- .
{module(b), @b} :- .
T.
b.use.
{id,name(n),+NO,+N1}, mv_in(NO,{pp}), n_dnup(N1,{qq}). )

O 7: 0000 Objective Moves
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