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Example 1: append
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append in LMNTtal , text version

append(X0,Y,Z0), c(A,X,X0) :-
c(A,Z,Z0), append(X,Y,Z)
append(X0,Y,Z0), n(X0) :- Y=Z0

* cf. GHC version

append(X0,Y,Z0) :- X0=[A|X] |

Z0=[A|Z], append(X,Y,2).
append(X0,Y,Z0) :- X0=[ ] | Y=Z0.
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R (Constraint Handling Rules)
oo bobobdbdobdbddbd




(2) —

Petri Nets

Production Systems and RETE match
CCS, CSP, concurrent logic programming
Linda

Linear Logic languages
Gamma model
Constraint Handling Rules

HRERERERERERERE
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Graph transformation formalisms

Chemical Abstract Machine (CHAM), reflexive CHAM,
and the Join Calculus

Mobile ambients
P system & membrane computing
Amorphous computing
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LMNtal (1)

Simple
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Example 2: N-to-1 stream communication

{I(XO)7 O(YO)1 $p(*)}1 C(A1X1XO) .~
C(A,Y,Y0), {i(X), o(Y), $p(*)}

\

& (membrane)

* The number of free variables in { } remain
unchanged
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Example 2: N-to-1 stream communication

{I(XO)7 O(YO)1 $p(*)}1 C(A1X1XO) .~

C(A,Y,Y0), {1(X), o(Y), $p(*)}.

\

& (membrane)

* The number of free variables in { } remain

unchanged
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L MNtal (2)

( )

* ] 0 00O (first-class citizen) DO OO0 0000
OO0 dbgdn

¢ cf. Janus / Gamma, Linda, CHR
* (1000000 cf. CHAM, OzL[]

e (JOOO)0OOO0O

o cf. dklic, ambients, join calculus,
OS vs. user programs

s (OD0O0OO)O0O0OO0O
o cf. regions
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LMNtal process
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Flat LMNTtal
P =0 _ (null) ooooon
p(X) (simple process)
P, P (composition)
{P} (compound process)(*)
(T:-T) (reaction rule)
P reaction rule
2
*PUOOOOOO =100000000000
P UOOUOHOODO =00000000 0O O
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LMNtal process template

=0 (null)
p(X) (simple process)

T, T (composition)

Flat LMNtal

HRERERERERE

$p(FVspec) (process variable)(*)
@p (rule variable)(*)

{T} (compound process)(*)

* FVspec U U DO OO OHODOO OO O




[+] FVspec ::=

* 4[]
* —[]

HRERERE

+X]
OC

HRERERE

L] [

% T

[]

-+
] [

[]

= XJ*.
000

L] [

HRERE

Jooboon

HRERERERN

* +xJ 0000000000000 00O0000O

] [

L1 0O
D(X+Y)

oo gt

X

23



process
= [ [

1 compound
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LMNtal process template

Reaction rule (L :- R)

> oo 20000
* LORUOO 2000000
(O0oOo0oooooobooooooooog)

* L oot
* ROUDUOUOOOOODOOOL
> 1o oddbbddidi
* 2000000000 bbbbbb
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(structural congruence)

(1) O,P =P

(2) P,Q =Q,P

3) P,(Q,R) = (P,Q),R

4) P = P’ If P’ and P are a-convertible
B)P=P = P,Q=P,Q

* Link conditions should hold on both sides of =
6) P=P = {P} ={P'}
If P Is irreducible



(structural congruence)

The rest of the rules are about “=":
(8) X=X =0

(9) X=Y = Y=X

(10) X=Y, $p(X+=*) = $p(X+*)[Y/X]
(11) {X=Y,P} = {P}, X=Y

E:}X/‘\Y
9 Z

(10)
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(structural congruence)

The rest of the rules are about “=":
(8) X=X =0

(9) X=Y = Y=X

(10) X=Y, $p(X+=*) = $p(X+*)[Y/X]
(11) {X=Y,P} = {P}, X=Y

29



30

(reduction rules)

P-P PP
, (1) — (i)
P,Q - P, Q (P} - {P")
P P GandP =0 i
Ir==Q an = i
Q- Q’
..................................................................................................................................................................................... P —
T (|V) ’!ﬂt}b_)l/%%ﬂ
T9,(T:-U) - UG, (T:-U) DEKILA.
)29 D3I &

1 Flat LMNtal O O o T THER
P,(P:-Q) - Q,(P:-Q)0000O |[2tohsd.




Example 3: process migration

{$p(S+%), {@q, $q(*), m(S,D)}}, {$r(D+*)} -
{3p(S+%)}, {{@q, $q(*), m(S,D)}, $r(D+*)}

* Placed outside the membranes

* Innermost { } Is to specify what should
migrate

31



Example 3: process migration

{$p(S+%), {@q, $q(*), m(S,D)}}, {$r(D+*)} -
{3p(S+%)}, {{@q, $q(*), m(S,D)}, $r(D+*)}

* Placed outside the membranes

* Innermost { } Is to specify what should
migrate

(S)
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Example 4: integer operations
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a(X), 5(X)
alternative notations:
a(5) or 5(a)

b(X1), s(X,X1), 5(X)
or b(s(X)), 5(X)
or b(s(5)) or s(b,5)
or ...

b(X1), 6(X1)
or b(6)
or 6(b)




Example 5: circular data structures

Bidirectional circular buffer:

b(S,L..Lo), N(Ay,Lo,Ly), oo N(A L ,L)

* S acts as an interface link

left(S1,S), n(A,LO0,L1), b(S,L1,L2) :-
b(S1,L0,L1), n(A,L1,L2)

right(S1,S), b(S,L0,L1), n(A,L1,L2) :-
n(A,LO,L1), b(S1,L1,L2)

put(A,S1,S), b(S,L0,L2) :-
n(A,LO,L1), b(S1,L1,L2)

* cf. Shape Types

34
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Example 6: self-organizing 2-D grid

-O—C—C—C—Ce

-O—C—C—C—Ce

HRERERE



Example 6: self-organizing 2-D grid
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Example 6: self-organizing 2-D grid
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(1)

* [0 [0
m [l 00 (security) U 0O L
e 0000000000000
e 00000000
*xJO0O0O0
s (0000 ooooog/o/oa/...0d
e 0000000000000 0000
m 0000000 active vs. passive, U 0 [
e 000000000
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(3)

0 it OO Ambient U O 0 CHR
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> oo dbod
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(4)
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* 1000000004000
* amorphous computing
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L MNtal

* links,

* (nested) multisets
* nodes,

* transformation.

o1




N0000000000000000000 (C)Q2)
116803700 0 O (C)(2) 13324050, 0 O (B)(2)
14085205 0000000000

92



93

Andries, M. et al., Graph Transformation for Specification
and Programming. Sci. Comput. Program., Vol.34, No.1
(1999), pp.1-54.

Banatre, J.-P. and Le Métayer, D., Programming by Multiset
Transformation. Commun. ACM, Vol.35, No.1 (1993),
pPp.98-111.

Drewes, F., Hoffmann, B. and Plump, D., Hierarchical
Graph Transformation. J. Comput. Syst. Sci., Vol.64, No.2
(2002), pp.249-283.

Engels, G. and Schirr, A., Encapsulated Hierarchical
Graphs, Graph Types, and Meta Types. Electronic Notes In
Theor. Comput. Sci., Vol.1 (1995), pp.75-84.



94

~radet, P. and Le Métayer, D., Shape Types. In Proc.
POPL'97, ACM Press, 1997, pp.27-39.

~ruhwirth, T., Theory and Practice of Constraint Handling
Rules. J. Logic Programming, Vol.37, No.1-3 (1998), pp.95-
138.

Paun, Gh., Computing with Membranes. J. Comput. Syst.
Sci., Vol.61, No.1 (2000), pp.108-143.

Saraswat, V.A., Kahn, K. and Levy, J., Janus: A Step
Towards Distributed Constraint Programming. In Proc.
1990 North American Conf. on Logic Programming, MIT
Press, 1990, pp.431-446.

Ueda, K., Resource-Passing Concurrent Programming. In
Proc. TACS 2001, LNCS 2215, Springer, 2001, pp.95-126.




