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LMNtal (pronounced “elemental”) is a simple language model based on graph
rewriting that uses logical variables to represent links and membranes to represent hi-
erarchies. The two major goals of LMNtal are (i) to unify various computational models
based on multiset rewriting and (ii) to serve as the basis of a truly general-purpose lan-
guage covering various platforms ranging from wide-area to embedded computation.
Another important contribution of the model is it greatly facilitates programming with
dynamic data structures. This chapter describes an overview of LMNtal, its syntax

and semantics, program examples, and related work.

1.1 Introduction

This work is motivated by two “grand challenges” in computational formalisms
and programming languages. One is to have a computational model that unifies various
paradigms of computation, especially those of concurrent computation and computa-
tion based on multiset rewriting. The other is to design and implement a programming
language that covers a variety of computational platforms which are now developing
" towards both wide-area computation and nanoscale computation. As the first step
towards these ends, this chapter proposes a language model LMNtal (pronounced “el-
emental”) whose design goals are as follows:

1. simple — to serve as a computational model as well as the basis of a practical
programming language (hence a language model).

2. unifying and scalable — to unify and reconcile various programming concepts.
For instance, LMNtal treats
(a) processes, messages and data uniformly,
(b) dynamic process structures and dynamic data structures uniformly, and
(c) synchronous and asynchronous communication uniformly.

Also, through such uniformity and resource-consciousness implied by (a) and (b)



above, LMNtal is intended to be scalable, that is, be applicable to computational
platforms of various physical scales.

3. easy to understand — since we often use figures to explain and understand con-
current computation and programming with dynamic data structures, the lan-
guage is designed so that computation can be viewed as diagram transformation.

4. fast — optimizing compilation techniques are an important subject of the project,
though this chapter will focus on basic concepts.

We briefly describe the design background of LMNtal. The first author designed
Guarded Horn Clauses (GHC) [16] in mid 1980s, a concurrent language that made
use of the power of logical variables to feature channel mobility. Various type systems
such as mode and linearity systems were later designed for GHC [17]. A lot of imple-
mentation efforts and techniques have been accumulated over the past two decades.
Concurrent logic programming was generalized to concurrent constraint programming
that allowed data domains other than finite trees, and a concurrent constraint language
Janus [14] chose multisets (a.k.a. bags) as an important data domain. Another impor-
tant generalization was Constraint Handling Rules (CHR) [9] that allowed multisets of
atomic formulae in clause heads. CHR was designed as a language for defining con-
straint solvers, but at the same time it is one of the most powerful multiset rewriting
languages.

Given these two extensions, a natural question arises as to whether (the multiset
aspect of ) the two extensions can be unified or embedded into each other. LMNtal was
designed partly as a solution to this question. The language design was first published in
[18]. It was then reviewed and revised through intensive discussions, receiving feedback
from the implementation effort that ran in parallel. This chapter reflects the latest
design published in [20], which in turn refines the semantics published in [19].

1.2 Overview of LMNtal and Related Work

The “four elements” of LMNtal are logical links, multisets, nested nodes, and trans-
formation — hence the name LMNtal. This section elaborates these four elements,
touching on related work.

1. Logical links — Structures of communicating processes can be represented. as
graphs in which nodes represent processes and links represent communication
channels. Likewise, dynamic data structures can be represented using nodes
and links. LMNtal treats them uniformly, that is, links represent both one-to-
one communication channels between logically neighboring processes and logical
neighborhood relations between data cells.

Two major mechanisms in concurrency formalisms are name-based communi-



cation (as in the m-calculus) and constraint-based communication using logical,
single-assignment variables (as in concurrent constraint programming [17]). Of
these, links of LMNtal are closer to communication using logical variables in that
(i) a message sent through a link changes the identity of the link and (ii) links are
always private (i.e., third processes cannot access them). The first point is the
key difference between LMNtal and the 7-calculus. However, LMNtal links are
different also from links of concurrent logic/constraint programming and CHR
in that LMNtal has no notion of instantiating a link variable to a value.
LMNtal links are non-directional like chemical bonds. However, if links are
always followed in a fixed direction to reach partners, the direction could be
represented and “reconstructed” using appropriate type systems.

. Multisets of nested nodes — There have been many diverse proposals of
computational models equipped with the notion of multisets, early examples of
which include Petri Nets and Production Systems. Concurrent processes natu-
rally form multisets; Gamma [2] and Chemical Abstract Machines [3] are two
typical computational models based on multiset rewriting; languages based on
Linear Logic [11] take advantage of the fact that the both sides of a sequent are
multisets; Linda’s tuple spaces are multisets of tuples.

However, not all of them feature multisets as first-class citizens; many of the
programming languages featuring multisets (e.g., Gamma, Linda, CHR) incor-
porate them in a way different from other data structures. The advantage of
having multisets as first-class citizens is that it gives us greater expressive power
such as the nesting and the mobility of multisets.

LMNital features multiset hierarchies and encapsulation by allowing a multiset
of nodes enclosed by a membrane to be viewed as a single node. Hierarchical
multisets can be found in the Ambient Calculus [4], the P-system [13], the bi-
graphical model [12], the Seal Calculus [5], the Kell Calculus [15], as well as in
the fields of knowledge representation [7].

Hierarchization of multisets plays many important réles, for instance in (i) logical
management of computation (e.g., user processes running under administrative
processes), (ii) physical management of computation (e.g., region-based memory
management), and (iii) localization of computation (i.e., reaction rules placed
at a certain “place” of the hierarchy of membranes can act only on processes at
that place).

. Transformation — LMNtal has a rewrite-rule-based syntax. There has been
a lot of work on graph grammars and transformation [1], including hierarchical
graph transformation [6], but LMNtal’s emphasis is on its design from the pro-
gramming language point of view. The key design issue has been the proper

treatment of free links in the presence of membrane structures.



Rewrite rules specify reaction between elements of a multiset, but reaction be-
tween interlinked elements can be much more efficient (in finding partners) than

reaction between unlinked elements.

LMNtal features both channel mobility and process mobility. In other words, it
allows dynamic reconfiguration of process structures as well as the migration of nested

computation.

1.3 Syntax of LMNtal

1.3.1 Link Names and Atom Names

First of all, we presuppose two syntactic categories:

o Link Names (or link variables), denoted by X. In the concrete syntax, link
names are denoted by identifiers starting with capital letters.

e Atom Names, denoted by p. In the concrete syntax, atom names (including num-
bers and special symbols) are denoted by identifiers different from link names.
The name “=” is the only reserved atom name in LMNtal.

1.3.2 Syntax

The two major syntactic categories of LMNtal are processes and process templates.
The former is the subject of the language that evolves with program execution. The
latter is used in reaction rules and can express local contexts of processes, namely
contexts within particular cells.

The syntax of LMNtal is given in Figure 1.1. As usual, parentheses ( ) are used
to resolve syntactic ambiguities. Commas for molecules connect tighter than the “:-”
for rules. P and T have several syntactic conditions, as will be detailed in this section.
The part of a process not included in any rule is called the non-rule part of the process.
Cells can be arbitrarily nested. The part of a cell {P} or {T'} not contained in nested
cells is called the toplevel of {P} or {T'}, respectively.

We can think of a subset of LMNtal, Flat LMNtal, that does not allow cell hierar-
chies. The syntax of Flat LMNtal does not feature the lines with daggers (1)-

The rest of this section explains processes, rules and process templates in more
detail.

Processes.

A process P must observe the following Link Condition:



P:=0 (null)
(X1, Xm) (m > 0) (atom)

|

| PP (molecule)

| {P} (cell) 1

| T:-T (rule)
T:=0 (null)

| p(X1,- s Xm) (m > 0) (atom)

| T,T (molecule)

| (T} (cell) 1

| T:-T (rule)

| ep (rule context) T

| $plX1,..., XnlA] (process context) f

| p(*Xi,...,*Xm)  (m > 0) (aggregate) {
Ax=1[] (empty) 1

| *X (bundle) {

Fig.1.1 Syntax of LMNtal (Lines with daggers () are not in Flat LMNtal)

Link Condition: Each link name in the non-rule part of P can occur at most twice.

A link name occurring only once in the non-rule part of P represents a free link of
P. Each of the other link names occurring in P represents a local link of P. A closed
process is a process containing no free links.

Intuitively, O is an empty process; p(X1, ..., Xm) is an atom with m ordered links;
P, P is parallel composition (or multiset union); {P} is a process enclosed with the
membrane { }; and T :- T is a rewrite rule for processes.

An atom X =Y, called a connector, connects one side of the link X and one side
of the link Y.

Note that the Link Condition never prevents us from composing two processes Py
and P,. When each of P, and P, satisfies the Link Condition but the composition
P, P, does not, there must be a link name occurring twice in one and at least once
in the other. Since the former represents a local link, we can always a-convert it to a
fresh link name (Section 1.4.1) to restore the Link Condition. The link names used in
rules are not considered in the Link Condition because they are understood to be local

to the rules.



Rules and Process Templates.

Rules have the form T :- T, where the T’s are called process templates. The first
and the second T are called the left-hand side (LHS) and the right-hand side (RHS),
respectively.

Process templates have three additional constructs, namely rule contexts, process
contexts, and aggregates. Conterts in LMNtal refer to the rest of the entities in the
innermost surrounding membrane. Rule contexts are to represent multisets of rules,
while process contexts are to represent multisets of cells and atoms.

A process context consists of a name $p and an argument [Xj,... , XmlAl. The
argument of a LHS process context specifies the set of free links that the context must
have. X; denotes a specific link if it occurs elsewhere in the LHS and an arbitrary
free link if it does not occur in the LHS. The final component A is called a residual.
A residual of the form *V receives the bundle of zero or more free links other than
X1,...,Xm, and a residual [J means that there should be no free links other than
X1,00 0y X

An aggregate represents a multiset of atoms with the same name, whose multiplic-
ity coincides with the number of links represented by the argument bundles.

The precise semantics of all these additional contexts will be given in Section 1.4.

Rules have several syntactic side conditions. Firstly, rules must observe the fol-

lowing:

LHS Conditions:

(L1) Rules cannot occur in the LHS of a rule.
(L2) Aggregates cannot occur in the LHS of a rule.
(L3) Rule contexts and process contexts occurring in the LHS of a rule must occur

within a cell.

Note that Condition (L1) disallows the decomposition of rules. Condition (L3)
means that rule contexts and process contexts deal only with local contexts delimited
by membranes.

Secondly, rules must satisfy the following Occurrence Conditions on link names
and other syntactic constructs:

Occurrence Conditions:

(O1) A link name and a bundle occurring in a rule must occur exactly twice in the
rule.
(02) Link names occurring in the argument of a process context must be distinct.

(03) Bundles occurring in the LHS of a rule must be distinct.
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(0O4) A rule context and a process context occurring in a rule must occur exactly
once in the LHS and must not occur in another rule occurring inside the rule.
(O5) The toplevel of each cell occurring in the LHS of a rule may have at most one

process context and at most one rule context.

Condition (O1) implies that a rule cannot have free links. Condition (02) is
imposed because the link names specify the set of free links to be owned by a process
matching the process context. Condition (03) is because a bundle in the LHS of a
rule is to receive, rather than compare, a set of free links of the matching process. The
“must occur once” condition in Condition (O4) means that a rule context or a process
context must receive a multiset of rules or a process upon application of the rule, and
the “exactly once” condition means that they cannot be used to compare two contexts.
Note that rule contexts and process contexts may occur more than once in the RHS
of a rule. Condition (O5) is to ensure that the values received by rule contexts and
process contexts are uniquely determined.

Of the links occurring in a rule L :- R, those occurring only in'L are consumed
links; those occurring only in R are links generated by the rule, and those occurring
once in L and once in R are inherited links.

Finally, we introduce several Consistency Conditions:

Consistency Conditions:

(C1) The residuals of the process contexts with the same name in a rule must be
either all empty ([1) or all bundles.

(C2) The arity m of the process contexts with the same name in a rule must coincide.

(C3) The process contexts having the same bundle must have the same name.

(C4) For each aggregate p(*X1,...,*Xp,) (m > 0) in a rule, there must be a process
context name $q and each *X; must occur as the residual of a process context

with the name $¢ in the rule.

Example. The rule
{exch,$a[X,YI[11} :- {$alY,X|[11}

satisfies Conditions (C1) and (C2) (Conditions (C3) and (C4) hold vacuously) and says
that when a cell contains an atom exch and exactly two free links at its toplevel, the
two free links are crossed and the atom exch is erased. L]

Example. The rule
{xil1l,%$all*X]1} :- killed(*X)

satisfies Conditions (C3) and (C4) (the other conditions hold vacuously) and says that
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(E1) 0P = P

(E2) PQ = QP

(E3) P,(Q,R) = (RQ)R

(E4) P = PlY/X] if X is a local link of P

(E5) P=P = PQ=P,Q

(E6) P=P = {P}={P'}

(ET) X=X =0

(ES) X=Y = Y=X

(E9) X=Y, P = P[Y/X] if P is an atom and X occurs free in P

(E10) {X=Y,P} = X=Y,{P} ifexactly one of X and Y occures free in P

Fig.1.2 Structural congruence on L.MNtal processes

when a cell contains an atom kill at its toplevel, the cell is erased and each link

crossing the membrane is terminated by a unary atom killed. O

The above conditions do not allow dynamic composition of rules, but do allow (i)
statically determined rules to be spawned dynamically and (ii) the set of rules inside
a cell to be copied and migrated to another cell. Thus LMNtal enables the cell-wise

compilation of the set of rules while providing certain higher-order features.

1.4 Operational Semantics

We first define structural congruence (=) and then the reduction relation (—) on

processes.

1.4.1 Structural Congruence

We define the relation = on processes as the minimal equivalence relation satisfying
the rules shown in Figure 1.2. Two processes related by = are essentially the same and
are convertible to each other in zero steps. Here, [Y/X] is a link substitution that
replaces X with Y.

(E1)-(E3) are the characterization of molecules as multisets. (E4) allows the re-
naming (a-conversion) of local names. Note that the link Y cannot occur free in P for
the Link Condition on P[Y/X] to hold. (E5)-(E6) are structural rules that make = a
congruence. (E7)-(E10) are concerned with connectors. (ET7) says that a self-absorbed
loop is equivalent to 0, while (E8) expresses the symmetry of = (E9) is an absorption
law of =, which says that a connector can be absorbed by another atom (which can
again be a connector). Because of the symmetry of =, (E9) says that an atom can emit
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_P—=PF PP Q=P P—P P=¢Q
ro—rq o= © =0

(R4) {X=Y,P} — X=Y,{P} (X andY occur free in {X =Y, P})
(R5) X=Y,{P}— {X=Y,P} (X andY occur free in P)
(R6) T8, (T:-U)— Ub,(T:-U)

(R1)

Fig.1.3 Reduction relation on LMNtal processes

a connector as well. (E10) says that a connector can be moved across a membrane

boundary as long as it does not change the number of free links of the membrane.

1.4.2 Reduction Relation

Computation proceeds by rewriting processes using rules collocated in the same
“place” of the nested membrane structure.

We define the reduction relation — on processes as the minimal relation satisfying
the rules in Figure 1.3. Note that the right-hand side of — must observe the Link
Condition of processes.

Of the six rules, (R1)-(R3) are structural rules. (R1) says that reductions can
proceed concurrently based on local reducibility conditions. Fine-grained concurrency
of LMNtal originates from this rule. (R2) says that computation within a cell can
proceed independently of the exterior of the cell. For a cell to evolve autonomously,
it must contain its own set of rules. Computation of a cell containing no rules will be
controlled by rules outside the cell. (R3) incorporates structural congruence into the
reduction relation.

(R4) and (R5) deal with the interaction between connectors and membranes. (R4)
says that, when a connector in a cell connects two links both coming from outside, the
cell can expel the connector. (R5) says that, when a connector connects two links both
entering the same cell, the connector itself can enter that cell.

(R6) is the key rule of LMNtal. The substitution 6 is to represent what process
(or multiset of rules) has been received by each process context (or rule context),
respectively, and what multiset of atoms each aggregate represents. In Flat LMNtal, 6
becomes unnecessary and (R6) is simplified to

(R6') T,(T:-U)—U,(T:-U).

(R6') describes the reaction between a process and a rule not separated by membranes.
Matching between a process and the LHS of a rule under (R6) should generally



be done by a-converting the rule using (E4) and (R3). The whole resulting process,
namely U, (T :- U) and its surrounding context, should observe the Link Condition,
but this can always be achieved by a-converting T' :- U before use so that the local
links in U won’t cause name crashes with the context.

The substitution 8 in (R6) is represented as a finite set of substitution elements of
the form f3;/c; (meaning that o is replaced by £;), and should satisfy the following
three conditions.

1. The domain of 6 is the set of all rule contexts, process contexts and aggregates
occurring in the LHS T or in the non-rule part of the RHS U.

2. For each rule context @ in T, § must contain P/@p, where P is a sequence of
rules.

3. We assume that the occurrences of the process context name $p in the RHS U
are indexed as $p1, $p2, ..., and that the function v is a one-to-one mapping
from link names and natural numbers to link names.

For each process context $p[X1,..., X,n1A] in T, the following (i)-(iii) hold,
where P is a process whose free links are {X1,..., Xm4n} (if A= [] thenn =70;
otherwise n > 0), whose local links are {Z1,...,Z¢}, and which has no rules
outside cells.
(i) If A= [] then

(a) P/$p[X;,....Xn]l €0

(b) For $plYi,...,Y,,] with the number h in the RHS U,

Plo(Z1,h)/Z1, ..., v(Ze, 0] Ze, i/ X1y -, Yin ) Xom)
/$plYs,.... Y1 €0
(ii) If A = %V then
(a) P/$plXy,...,XmI*V]1 €l
®) v(V,i) =Xpyifor1<i<n
(c) For $pl[Ya,...,Y:m |xW] with the number h in the RHS U,

P[’U(Zl,h)/Zl,.. .,’U(Zg,h)/Zg,Yl/Xl,. . .,Ym/Xm,
’U(VV, 1)/Xm+1a .- .,’U(W, n)/Xm—i—n]
/$plY1,.... Y |¥xW1 €0

(d) For each q(*Vi,...,*V}) in the non-rule part of U such that some V; is
v,

(Q(’U(V.l’l)a"'vv(vk?l))’ ...,q(v(%,n),...,v(Vk,n)))
/q(*Vl,...,*Vk) =X

(iii) a free link of T occurring in an atom (i.e., not in process contexts) doesn’t

occur in P.
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Suppose the LHS of a rule contains a process context p[X1,..., Xm [¥V]. When
the RHS contains a process context of the same name, say $p[Y3,..., Y |*W1, a pro-
cess isomorphic to the process matched by the corresponding process context in the LHS
is created. Its free links corresponding to X1, ..., X, are connected to Y1,..., Yy, re-
spectively, and the free links corresponding to *V are connected to the links represented
by *W.

An aggregate p(¥V1,...,*V,,) represents as many copies of the m-ary atom p as
the number of links denoted by the bundle *V;. Each *V; must have the same origin
with respect to the process context name (Condition (C4)); in other words, the other
occurrences of the *V;’s must all appear in process contexts with the same name.

Condition (O4) implies that exactly one of *xV3,...,*V,, occurs in the LHS of a rule.

Example. The rule

kill(8), {i(8),$plI*P1} :- killed(*P)

can reduce the process

kill(s), {i(8),aX),b(¥,Z2),c(Z,W},

by letting $p[|*P] receive a(X),b(Y,Z),c(Z) , and the process is reduced to

killed(X), killed(Y).

In this example, the membrane is used to delimit the process structure to be controlled,
and the tag i( ) is attached to the message channel from outside the cell. The above
rule says that, when a kill message is sent through the channel S, the target cell is
deleted and each free link owned by the cell is terminated by an atom killed. L]

Example. Consider the process
cp(S,S1,82), {i(8),a(X),b(Y,2),c(2)}
and the rule

cp(S,S1,82), {i(S),$plI*P1} :-
{i(S1),$p[I*P1]1}, {i(S2),$plI1*P2]}, cp(*P,*P1,*P2)

Then the process is reduced to

{i(81),a(X1),b(Y1,Z1),c(Z1)}, {i(S2),a(X2),b(¥2,22),c(Z2)},
cp(X,X1,X2), cp(Y,¥1,Y2)

The cp message makes two copies of the target cell and connects the free links of the
copied cells (X1, Y1, X2, X2) and the original free links (X, Y) using ternary cp atoms
(Figure 1.4). O

11



Fig.1.4 Cell copying using process contexts and aggregates

1.5 Program Examples

1.5.1 Concatenating Lists

The skeleton of a linear list can be represented, using element processes c(ons) and
a terminal process n(il), as c(A1, X1, Xo), - - -» ¢(An, Xn, Xn—1), n(Xn). Here, A; is the
link to the ith element and X is the link to the whole list (from somebody else). This
corresponds to a list formed by the constraints Xo=c(A41;X1), ---, Xn-1= c(An, Xn)s
X, =n in (constraint) logic programming languages, except that the LMNtal list is a
resource rather than a value. Two lists can be concatenated using the following two

rules:

append (X0,Y,20), c(A,X,X0) :- c(A,Z,Z0), append (X,Y,Z)
append (X0,Y,20), n(X0) :- Y=Z0

Figure 1.5 shows a graphical representation of the append program and its execution.
The above program has clear correspondence with append in GHC:

append (X0,Y,Z0) :- X0=c(A,X) | Z0=c(A,Z), append (X,Y,2).
append(XO,Y,ZO) :— X0=n | Y=Z0.

but LMNtal has eliminated syntactic distinction between processes and data.

The above program resembles append in Interaction Nets [10]. Indeed, Lafont
writes “our rules are clearly reminiscent of clauses in logic programming, especially in
the use of variables (see the example of difference-lists), and our proposal could be
related to PARLOG or GHC” [10]. LMNtal generalizes Interaction Nets by removing

the restriction to binary interaction and allowing hierarchical processes.
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(c) Final state 2

A A
Z0 ? XO‘ X = 20 ‘ Z ’ X120 , XO. => 20
Y Y Y —CTDY

(d) Rewrite rules

Fig.1.5 List concatenation

1.5.2 Stream Merging

As in logic programming, streams can be represented as lists of messages, and

n-to-1 communication by stream merging can be programmed as follows:

{i(X0),0(Y0),$p[1*21}, c(A,X,X0) :-
c(a,Y,Y0), {i(X),o(V),$plI*Z]1}

Here, the membrane { } of the left-hand side records n (> 1) input streams with the
name i and one output stream with the name o. The process context $pll*Z] is to
match the rest of the input streams and pass them to the RHS. Figure 1.6 shows a
redex to which the above rewrite rule is applicable and the result of reduction.

13



(b) after migration

Fig.1.7 Process migration

1.5.3 Process Migration

Consider two cells that share a communication link. Suppose they run indepen-
dently using individual sets of reaction rules most of the time but sometimes migrate
processes to each other through the link. The rule for migration is given in an upper
layer.

It is the rdle of the upper layer to determine the protocol of process migration,
while the cells “hook” processes to be migrated on the communication link according
to the protocol. Here we assume that the innermost cell containing g(S, D) is to be
migrated by the upper layer, where S and D are the source and the destination sides
of the communication link, respectively (Figure 1.7).
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Fig.1.8 Cyclic data structures

{$s[S0|*8], @s, {g(S0,D0),$m[|*M],Cm}}, {$4[DOI*D]}, @d} :-
{$s[sSI*8], @s}, {{s(S,D),$m[|*M],Em}, $4[D|*D], ed}

When @m is non-empty, the rule acts as active process migration; otherwise it acts
as data migration. Note that the communication link between the source and the
destination processes changes after migration. This is an important characteristic of
logical links. The membrane delimiting migrated resources can be removed at the
destination site.

1.5.4 Cyclic Data Structures

Most declarative languages handle lists and trees elegantly but cyclic data struc-
tures awkwardly. This is not the case with LMNtal. In LMNtal, a bidirectional circular
buffer with n elements can be represented as

b(S7 X’ru XO)an(AhXO; Xl)a v 7n(An7Xn—-17Xn)7

where b is a header process, the A;’s are links to the elements, and S is the link from
the client process. Operations on the buffer are sent through S as messages such as
left, right and put (Figure 1.8). The reaction rules between messages and the buffer
can be defined as follows:

left(8,80), n(4,L,C0), b(S0,CO,R) :- b(S,L,C), n(A,C,R)
right(S,s0), b(s0,L,C0), n(4,CO0,R) :- n(A,L,C), b(S,C,R)
put (4,8,80), b(s0,L,R) :- n(4,L,C), b(S,C,R)

Shape Types [8] are another attempt to facilitate manipulation of dynamic data
structures. Interestingly, Shape Types took a dual approach, namely they used variables
to represent graph nodes and names to represent links.
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1.6 Concluding Remarks
|

We have presented a concise language model LMNtal, which has logical links,
multisets, nested nodes and transformation as its “big four” elements. LMNtal was
inspired by communication using logical variables, and its principal goal as a concur-
rent programming language has been to unify processes, messages, and data. There are
many languages and computation models that support multisets and/or graph rewrit-
ing, but LMNtal is unique in the design of link handling in the presence of membrane
hierarchies.

CHR is another multiset rewriting language that features logical variables. While
Flat LMNtal can be thought of as a linear fragment of CHR, LMNtal and CHR have
many differences in the use of logical variables, control of reactions, intended applica-
tions, and so on. It is a challenging research topic to embed CHR into LMNtal.

Both P-systems and LMNtal feature membrane hierarchies and rewrite rules local
to membranes. One apparent difference between P-systems and LMNtal is that LMNtal
features logical links as another key construct. We can think of a fragment of LMNtal
that allows only nullary atoms (atoms without links). This fragment is somewhat close
to P-systems, but one important design criteria of LMNtal has been that computation
inside a cell cannot affect its environment, that is, a cell cannot export any process by
itself. Instead, a cell communicates with its environment by spawning (within the cell)
particular processes that can be recognized and handled by the rules in the environment.

We have released a prototype implementation in Java*l. It features

e a construct for detecting inactive cells,

o built-in number types,

e the notion of type constraints for typechecking and comparison of numbers and
symbols, and

o foreign language interface,

in addition to most of the constructs described in this chapter.

Many things remain to be done. The most important issue in the language design
is to equip it with useful type systems. We believe that many useful properties, for
instance shapes formed by processes and links, the directionality of links (i.e., whether
links can be implemented as unidirectional pointers), and properties about free links
of cells, can be guaranteed statically using type systems. Challenging topics in our im-
plementation project include compact representation of processes and links, optimizing
compilation of reaction rules, and parallel and distributed implementation. Since LMN-

*1 http://www.ueda.info.waseda.ac.jp/lmntal/
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tal is intended to unify various existing computational models, relating LMNtal to them
by embedding them into LMNtal is another important research subject. When the em-
beddings are simple enough, LMNtal will be able to act as a common implementation
language of various models of computation.

Last but not least, we should accumulate applications. Some interesting applica-
tions other than ordinary concurrent computation are graph algorithms, multi-agent

systems, Web services, and programming by self-organization.
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LMNtal] DFERERE AL, ZORICOVTRLDHTLTHS. BB TERAET
VESOSS IV FEEE UTEALT 2R3 EFH . LMNtal TR7OER (FH
) LF—RZEH—HNCHS D, TOXD KEZOEABECNETHLMNCENTIR
hote. ZCTBRAIR, B, V—VEREE, Va1, fERAVET2—ABED
EERERFITLEELL.

—op0BH L ERIE, LMNtallc k328427055 LEIRRT L THS. LMNtal
DAL SIEIc b 30, AETIE, BEANHORENEHETTNVTES AGHE, «
S8 ambient 5HE, CHR ® LMNtal lIc &K BTV aA—T 1 ¥ 7% BIcE D BHITD. Bhk
HEEE LR LMNtal K TV O— RT3 &3, (1) fFEETVHOBGRARECES,
(mLMmm@%ﬁ%ﬁwﬁﬁu&ﬁc,mnmm«a@%é%?wabf@ﬁmﬁﬁ%%
T%é,wdéiﬁiﬁﬁﬁﬂﬁ%?w®%§%%@?%,&E%(@%%ﬁﬁ%.
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KBRS SO SLHIZTRT, BaADOTaY =7 FTHEELZ LMNtal 2R TE)
VERERBE THD. T 0O LMNtal LHERIZ Web ETABENTED, Java TSy b T+ —
LD LETHET 5.

AEOHERZUTOED THB. 5 2 HiTlE LMNtal DEARICOWTEGZ AW
DOEIT 5. 53 HTRBLHHFE L LMNtal UEROEEEMEICDOWTENS. 5
4 Hi Tl LMNtal ZEAEE L UTHIL T A 72DIKERAMT o e BBHERIC DV TELL
BB, 55 HTIRRENZMOFTEETTIVO LMNtal N\OLa—F LEEFIZRL,
27N EE U T LMNtal DFEEREENZRETT 5. H6 X LD LSBROFETHS.

LMNtal OFERFBRENERRR E, BFETTI/VE L TO LMNtal i B89 % BT
DEEMZICOWTIZ, X [11][12] % 1 BRSRLTELY. AB TR EEXRTH
CNA—LTOVAVWEBRNAEEZRS. £/, ARRUEROERAEZRESCEEBENLE
B9, ZTOFMIEIBICEICLLTS.

2.2 LMNtal OEAB9#34E

AEHCIIEELFHERET LDD, LMNtal OEREZHEIC DWW TRR S,

2.2.1 LMNtal DEXERESR

LMNtal OEAFELFEICEERTS. (m D) 7 FLXT F L% e m (= 0) BADIERF
DIFeNEE NSRS, TNThO5 IR (BREFXEMD) 7 FLOFIEICDEN
BZVVIDMETHD. VoV I78Z2RNTERREL, ACYYI7EZEDT LD
BB E S ULASMHEERENTVWA T & AEKT. LMNtal Tld 2.2.4 BB B REXEMA (V
VU E&ME) BRGTHEERZ —W—ICHIBL, 7 FLE) VI OEENEKT HHEENE
M7 IEERERTELIICLTVS. VYIRERFNOHBESSE, 7 FLEY Y
CXAITEZAMTERLTS. —EH AT ZE-ES I HFTHAIZARLT FLBEL
THATES. FHR7 LA =REaXIELHEIN, 7L X=Y BV X D—mk
Y O—tm& T S8R S D.
7rLOZEEFIIE {...} THEZLHTE, okt o2tIVERER. BEEIANT
HERETCENTE, Thh, V7, BRX->THREISIDERENS. CTOBES
T 7#iE% LMNtal TR 7O A &R, K 2.11C, LMNtal UEROFRILEREZFIH
LTERLERBEB TS 706 RZIT3.

P o 7#@BEDEWMZHAZIV—IL LT, ROWXTEILT 5.

Head :- Body

Head (JV—IVED) BV—NVOFBT BN RIBERIZNEMES S THEDT

*1 http:/ /www.ueda.info.waseda.ac.jp/Imntal/
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.. JGoanead. ..

K21 FEETST

FL—+THY, Body (L—VE0) EERRBOBEY S TBEDT Y TL—FTHS.
%ﬁ@@m@»—»ﬁ@ﬁﬁﬁaf%;<,%@%ﬁ%@%w—wtvhaﬁg.

222 fl: BENZEESDOEHRZ

2H0OEME LT, Gamma EFV (1] icREFEENZSEEGOERZZ LMNtal T
B, EETHOEBATS. LMNtal VAT LEMEE— R TRITI B LRDLSIEES.
—
$ lmntal \W
LMNtal version 0.80.20060319
Type :h to see help.

Type :q to quit.
#1,1,1, {1,1,1,1,1, {1,1}, (4,1:-2)}

1,1,1, {2,2,1,{1,1}, 0601}
# {out,a,b,c},d,{e,f}, ({out,$p}:-$p).

d,a,c,b, {f,e}, @603

_/

%mmwﬁ,2@@1%%1@@2«@%@%@%@%?%%.ﬁm%gﬁziﬁé%
WL, = 1,1:-2 1, ZNAFET D Ly FTLAVOT b L (TORITE 5 ED
1) KR L TOHBEAENS.

w—wu,%@W—Wﬁ%?%ﬁ@ﬂ%m%@%&&?ckuﬁ%&wﬁ,w—Wﬁ
E?%%@W%@h»%%&i@ﬁ%aﬁéz&uT%%.2§E®%Eﬁhéw—w
{out,$p}:-%p &, 7 L out ZLDEZHEEL, out A OAREMEBEOMCRBHT
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dome(LO,L1,L2,L3,L4,L5,L6,L7,1L8,L9) :- ‘ ‘\
p(T0,T1,T2,T3,T4), p(LO,L1,H0,TO,H4),
p(L2,L3,H1,T1,H0), p(L4,L5,H2,T2,H1),
p(L6,L7,H3,T3,H2), p(L8,L9,H4,T4,H3).

p(LO,L1,L2,L3,1L4) :-
¢(L0,X1,X0), c(L1,X2,X1), c(L2,X3,X2),
c(L3,%4,%X3), c(L4,X0,X4).

/* top half */

dome (EO,E1,E2,E3,E4,E5,E6,E7,E8,E9) .
/* bottom half */
k\dome(EO,EQ,ES,E?,EG,ES,E4,E3,E2,E1).

X 2.2 Ceo AsTA IN

CLREELTVS. $p @TOLAXREEY, FNPBTBHEADHRENTVENT
nbERCT Y FT5. BEHEOTHOHETES LI, HERRZER T 2BENZER
BOHRBERIIINBRICKE LIRFTHIEINS.

7y he—27 THE B Y VRV (0601, 0603) ZaA AV ENTV—LEY FERLT
V3.

223 @l 95 7BEER

LMNtal DXBEAZERT - DHOFEL LT, BREAHMEZLD T I 7TMEDENE
roBiFE, SERSEIV R MROABEORVEBEL LTWAH, EREEPHEICH
& Ui F— 2 BEOR N ERECY R— F T3 EBEE AV, DA D Prolog LH
EOVEEARSE (AIRD Y5 7REZE > TeABE) L ZOHE—LZYR—FLTNZDON
B NFINTH S,

K 2.21F, 75—L Vi (Ceo) ZERTATRISLTHY, 2HDL—IVE 2 HDH]
7 N LEFD ST, L—IRFET FLRCOFIDOX S ICEY A FIEDIZ LTINS
TLELTES.

Ceo MBI, Fo+EhEEST%, 0 12 HOEM (REER) M HEATBZHID H
T L TERTESD, TufSLeZTOXIBBRICE>TVS.

E-HEAE, SHBEICH 3 - DODEAMEEEmc RS K I LTHDA L, Jtewm
K FNZER 5 EOESAR,OAS R—LE2RELT, ThEEFRELOD 10 HOE=AF
(E7213 10 KDYV Y) THELIEETSH S LR TE 5. BFIOV—VF F—L2{F5
FBOL—ILTHD, HEADR—LEDEIFEHD 10ED) I EFIBICL 5. &R
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2.3 Cego &

D=ODT LB R—LEFRLV—VORHLTSHD, U7 E0~E KK TIZDDF—Lh
EEHRELTHS.

— oD — VR E-HERDOEESZE > T 5 BT DOH A =ZEERZEKT 5T
YickoT, 79— LUBERERT BIN—IVTHD.

ATOFS LEEFLTALNSFFA MIAZEMTH S A, LMNtal ¥ A7 LOH]
mmﬁfvay(1)%@9T657%ﬁ%vyﬁvyﬁﬁék,E23®;5&%ﬁ%@
T LHTES.

2.2.4 LMNtal DEXENX

LMNtal OEARETIE, X, BUVI%R, p2T PLAALLTH24 DX S CERENS.
PRTOERATHS. TiR7TOLADBHZFAOEZRICH N TALATYTIL—T
Ho, BFCUR BEORIVOREETONIR) 2 5 HiEZ 6D,

0 BHhEOENTOEZR, p(Xi,...,Xm) & mli7 b, PP RO ADMFIE,
(P} BHE {}IckoTHNV—FLEhz TR, V=V T - T @TOL AOEFRZH
HITHS.

FavziE, BLYYI8H 2 BEBATHRLTRESELLLS YUY IREERTT
xHFAUEEDL V. EHIELDIL—ILORY I 4IE, ZON—IVRICEL D g2
HELEZFNEZLARY., FavX Pic 1 BETHERTSY VI8 P ogaJ>ro7(P
@ﬂ%ﬁo&ﬁéuyﬁ)%ib,PE&@?%%%M%@UV?%MP@%%U>7%
=7

Y2207 R LE—H—TERETS. BTV Y7 RIRFNERBRZRT D
LOT, ZOLHEKIEE TR, 207, BFY V740 2 DOHBZFRHIHIOHT
LWEHIICBERMA BT ENTES (o £H).
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P = (22)
| p(X1,..., Xm) (m>0) (T hL)

| PP (3F)

| {P} (L)

| T:-T (V—IV)

T = (%)

| p(X1,..., Xm) (m>0) (T hL)

| T,T (73¥F)

| {T} ()

| T:-T OV—v)

| ep (JV—IV3ZHR)

| $p[Xi,...,Xm|A] (m>0) (Fat AXR)

| pG+X1,...,*Xp) (m>0) (7 kL)
A== 1] (%)

| *X (V> IR)

X 2.4 LMNtal DEAEL

2928 THIRLELSIC, W—IVEBICANSTIEMNTE, BIETEDRFbDHIC
FIETES. L—LiE, ZONL—IVHAFET ZERZOTREONEZERAONRET
BT ENTERD, BEEONBZEERAZ LRI TER.

N— VSR DR DT RTONL—VOSELEE LTy F L, T AXRIEDOHO
L—UADTaEADS B, ERAEEEEhTOERVEDREEYYFT 5. HLXD
N— LD ZIRO MBI DD ORISR SR NEE 550 (12, 7 A, b—
VR, TOv AR, BU%AHETp 2R TOTEEWEREKRTSHS.

Fat ZTIROS BE, Bl Yy OHBRICET HINEGEZEETSLOTHS. IL—
WEAD T av A $plXa, ..., Xm 1Al OB X1, ..., Xm B, TOXRIF > TWix
FhEASRVERBY VIREELTED, Chr7aAXROBRAGEERY Y7L
=5, FLIIHAD X OBOEE, *X BZOXWRMED X1,..., Xm USO 0 ALLE
DHEMY VY EBRETEVERY VI LES) OREERL, [ OHER X1,..., Xm M5
WCBAY Y7 BRRNWT ER2RT.

225 HERBX

BB Y S5 T RERIL—VIMERBICERTES XS, WDPDOEBBXZARLT
W5,
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1. 047 FLOIENL O REWTES. ftezxidaO 3 a LMELTES.

9. Tf7 R 2+ (X)) 1 +X, = (X) & -X LIEELTES.

3. T hhaDBEEEBELT, (VY7EONDYIC) BRGIBZERLIET FLD %

2L, o DELBIERE b OBRKEG B ENY VHBBEEINTVWALDEHRET. ok
213 x(3(2) & x(X),y(2,%),2(2) £FLW.
KM #7d 55 7% LMNtal TERT 5 & ¥}, nAAD/—FZ, ZOBIRE
HAEDY VT DLFERBIEMLEZ n+ 15 8OT FLE LTERT 3 DLRHE
THBH, ABRER, TOX S EHAOAREES T 7 ZEHEOR (term) DOFAT
ERTBIHDEDTHS.

L PETOVA, ARVYZZLTHLE, p(..., {P},...) Bp(. 4.,
{+A, P} DR EHART. plEt)l {+4, P} BRI 27 FLEHRETTENT
% BBEETVUVY AT HOIC LMY P L% ¥ MEERNICEDNS.

5. FOEAZRDY VI RHSZED L EF ] ZEBLUTI. FrhZF0LSICEREL
- Fat AR 3. ORGEEEREALT, p(...,A4,...), $q[A] ZpC...,8q...)
CERR LT RV,

6. JL—IVIT $pLI*X] DOFOE—0 71t AXARA 2 EHET 34 5IE, WAz R
i< $p EEEERL TRV

FEROBIEEOREL LT, £(3) & 3(H) BEBHE LD £ BLU 10 3 6%
ZE—D7at A (£(X),3(X)) #ET. &5 LMNtal i, HEEBREENET L3

X7 ZCELT
p(...,X,...),X=Y = p(...,Y,...)

LS &R (0 A7y TOMEZEEHA) 25> TV5. chZEAVSE, (£(X),3(X)
i (EX),3(Y),X=Y) HBWVIF (£(X),3(Y),¥=X) LEMTE, ZFhFNICIBRREZEH
2L £=3 BXU 3=f HEOND. ThHRINTHLTOLAZRT. zZDkoic, =
BEECIRALTT FLABOHERREETES L LTEZHIND.

%7, R FOEBICIE Prolog DLEEFATHIENTES. & ¢ ZiE res=[a,b,cl
13U Xk [a,b,c] & LME7 + L res &R ENIEERZRL, X=[a,b,clX] & a, b,
c o BBRY A M EERT.

2.3 WBROBE

/B LTV LMNtal IR 49,500 170D Java I— FABED, ZOFREIETR
[FREAMEEZE A 17,300 17, T>784 54 16,700 ITCH%. Eclipse & CVS ZEHAVWTF—L
ERENTER. ERCHHDoIAKIZ 188 THS. HRRTT + LEFAE (R
Sk [12] Z2BR) Z2FR< S L REIC AR BIEREEREE L THY, 7 h LREREE
KBRS (75 ) TREL TV (2.4.5 ).
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> : Imntal a7 > FEMAR
LMNal , .
J—2 ) : Imnc 37 FERR
" —> : Imnr 3Ty FERE
lﬂ {BIREFT)

U2 lu vy

(Javazn s

Lk LTER

Jar Java £55
274N BLER

2.5 V84V« ETOFEE

Yy
AA LMNtaI % SAT5Y
k2R
L—4

BB Y S 7 EBZ EFIVOEER, BAEECRETNEIRBEARE ESD, F40
IR OB S BULEAOHE 2 Z B L BE Y S 7 OFRAEERA TNV I L2
BWELEELEATHS [14]. BEEV Y IORELED, EEED/IUNTDEE
7k 2 A FRER [15] H 5RO TS, LMNtal 7075 LFEFRRE L LT Eclipse
H7TS 714 DOREBTONTVS

2.3.1 EBROEMF

lmntal I Y REAA LTV AT LEEST S L, LMNtal V—AI— FZ2PlmaE
TaAVAIVL, AV EZ—T U ZHHMRRZRERETY 5.

F# lmne ARV RREAHALTIV A S %EH TS L, LMNtal V—A32— FAH5HH
AEFBHLT Java I— FAERENS. ERENE jar 77 AV ZIEELT lonr I
VRBPEFTZCLICED LMNtal 7075 LAETENS. FREEEN S VAL—2%
EELUIEC LK T, AV E—T) ZPESSEERET UGS LENTRITER
B2ENDS 20 B (BFIRSEEAERZ EEEO TS5 LOREME) mEL.

LMNtal 70%5 LE#EEETIC lmtal a7V REEE LU /ZEEENEE—F (read-
eval-print-loop) &40, 17T LICHBRAND IV I8A )V LT DRIREITHTDONS.
LMNtal {285 1 7 51) (2.4.5 §) BETHCHNC) V7 EN3. Ihb—HOHENER
2.5 IZ/RY.

RENZIAIVRSA VAT ayE LTUTHARINTEY, AFIAIORT IX
> R THIFTRETH 5.

-e string : string 7075 L2 LTETY S [luntal).

g (FTT74vZE—R): FSTBEETRLTS. VLA 1 EEAENS U
EETHHRENT S THEENERRENS [Iontal, lonr].

-0n (0<n<3) : BELLNVOFEE [lmntal, lmnc].
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-s (7%77W%~F)Jﬁm®w—w%ﬁ%,w-WE?v??%TFA%ﬁ@%ﬁ%
SR LICHTS (2.4.7 Hi) [lmntal, lmnc, lmnr).

-t (FD—Z%~F):w~wﬁﬁ®kﬁw7mﬁ5A®ﬁ%%§ﬁ¢%ummL
lmnr).

-vn (0<n<9) : HAODHME LVDRFE [lmntal, lmnr].

——debug (ARVESAVTNAvA): gdb DXS KV—c 7 L= KAV P REREL
TATy TET%ITS [lmntal].

--library : EYa—EIVAMLTTH 5515475 ZERT S [1onc].

-p . TR —VEAERE 0T T 7 A VIEREHFY S [luntal, 1mnr].

m—remain : WHEE— REBVTBERCANLETZERETS. X9 5% I : remain,
.noremain XY RIC &> THE— FEYIVEZ ST LEFHETSHS [lontal].

24 RASHEEE

5 o BITEAT U7 LMNtal 3 BSiHh DR AL BEAFEET NV EREL TVWEN, ERT
OFSIVIEEL T EOICEEETERERPLEL RS, AFHEL Lisp, 53500
Horn HiZ4%E & Prolog O¥fEE X NE, AiELHLREZR/ZDIC BHETRRVEREET
BREr RS LIRALNITHAD. AHTE, EHSHLLTRELY D IR U T e
BEICDWT, FOWR - REERATHHRT .

2.4.1 EXDHRER

S 55 KOS OB, TREAOKYDEEE L TAYIOMCEYAF
wEI L. ESOBEEMIBNAIDHAYT, -, EVLFFOETHY, ezl
a. b, c :-d. lEa, ((b,c) :- d) LRENS. LROISIT, YUA RREBRDT
Ok ZADOBAIMAMTEEETES.

¥ 512 LMNtal DX ERD X S Ik L.

1. =V TOBIDOX S ICH—FZLDT LNTES.
Head :- Guard| Body

H—RiclE, L—IVOERREIC B BIHEEEIEET S (2.4.3 H).

9. V= IVIESIDRIVIE ¢/ %DFT {TY LWHHELHIENTES. TN, H
A (BFEERE DV —VE Y FETTRE) Fh FERIEEDDZ LD
TERVEVSRERIEET 20T, FRECEIHEIERTORHICHET S
(2.4.7 HA).

3. 7 FLABOZEEIIKRATH D, EY 21—V TES LI modulename. atom D
BO7 R LEEFRATES. BHEEIEN 1BREZTTHS. modulename D
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SEEY2—-IVOBSREMBIRENS (2.4.5 Hi).

4. V—)VDHEHEIC rulenameee DEZMIML TILV—IVICBAFZDIF BT ENTES.
F L—ART Ny FIRIILD.

5. 70w aAX e UT /x %/, —{TAAFELT// &% BFIATES.

242 IAFLIV—=Ibty P EBHTEE

EEETFNE LTO LMNtal BBEHEEEZRE L TWAEVD, EBRICTa7S LE2EL
LT, EARNTERBEEOBERVETHS. TIT, BE (BREEFHNNIR) KNI
BREOBRERZ Y AT LIV=IbEy P UTEA L. Y AT LIV—LEY FRETART
DOEICERI b > Tov—bty FTH Y, MAEERUEREAAD Y AT Lv—Ey
FEeUTYR—FLTWVS.

BREERLIEE 2 DH-o THEEREETEOTHSDT, LMNtal TR IHER T
2 3EDT R L, BEZLIMO7 FPLEULTERTS. DEOFIHERRVL 8 ¥ 3.14
& LMNtal OE{ETIZ A<, 8(X) % 3.14(X) A LMNtal K BUII28ETHS. InbH%=
FRNFNEHET b L, FEHNMNIERT LRSS, BfEERIPBERETELENTE
3. fzeziE

n(1), n(2), n(3), n(4), n(k).
n(4), n(B) :~ n(A*B).

rwsTuysiairszxse, MAEREOL—VEY MZE>Ta(120) &0 5 BRER
MELNS.

A—FEBDOIL—IVEY AT Lb—)bty MBI 38EL Kb TVS. I—YE
BYATFLIV—IvEy F X, TRTOENBEDS BIHRBNE)L—)by 27 b
L, system_ruleset & —HEICETHARZLDTHY, ChERAVET LT, KEDT TV
r—a o TORBNGREAEEZERICERT S LENTES.

243 BUFETOLRMR

BREEHN

TR AXREFEEO TR (BES T 7HiE) Ly F L, 1 ADNL—)IVTHREE
DOEHZ AT BEEATHS. 224 HITHENX ST, TREANRCIYFIT S
HEIIBEIC X > TREETNSDT, LMNtal KB 3 - DOREELFRD S L ORERE
ERIBETHDILERB.

—%, EENZTOTS LBV TER, 757 (RIRBEL LTH—DT FLZFT)
DL, E8, BELZEOBELEETHD, ThThOBRERITICHI>TE, HED
55 77N ZWMOBOEBIC X > THRETIDTR AL, ThEFOEREMEICX > TR
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ETHEELDETDHS.

FERoOBN S, RaIZEMEIOEIRZEA L. B E 0 AUARIETERD T
DY AIROUIEMZTH M, Tt AOREEERHET 3 7O ABZHNTY Y
FIBTOLAREET S, BEHEEBEERRS AT, #ROTOAXROBEMBEZRLEA
AT LETES. BT ABOFML 2.4.3 HITHRNS.

Bt E IO ACREFBT 3EOBEE N0 AROBEZ D70 ALY
F4%. B2 THENTOEAXREEY, BOMHIET 5 C LR UREICEREL
FHeBcLbHENDG. Iy FTARERIEET ML, MITLEICEI 2T —X0F
LEbRICBFHTES.

B % 7ot A RGBT & Than AR L ABOBX TR 5. ARNZE
Y vy B—DRF ORI X SOt AXMRICIZ T b L ARREEERESAREEINTSED,
a(X), $b[X] X a($b) F7zld a=$b LIBEITE 5.

7ot RE
WA HEA Ul Tt AL unary, int, float, string, class, ground 5% %. L
FTTIE T unary B & ZOHEHBITONTHBR, BEIC ground BT DOV TANS.
muyﬁ@jﬂtxﬂ,$~®lﬁ7FAﬁ6&%7DﬂX£ﬁ%5h%.k&i@
longlongname(L), 15(N) & unary 7Ot ADHTHS.
1muy@®7thm®a7v??%@H%fﬂhxi%%@okw—wm,hkz@
KD X ST B.

[a(A), $n[A]l :- unary($n) | b(B), $nlB]. ’

cnESic, B ub ARICHT 3 7 ak AROEEG A— FEICEDET 5. &
BAHBEEIR NV TRYS. COL—IVE, a LWIEHD LlDOT FLhE, TOE1
BIBIC DA S EED 17 b L B3 SO AICHEATRETSH 5.

T O unary BIOEHT L LT, int B, float B, string ZEA L. int A, float
BIZZNFN 242 HICRNZERT F L, BZE/NUIET FLO2KTHS. i,
sHﬁgﬂ@i?ﬂ?FA@é%T%%.Y?WTFA&@:E%WHT@AT%%LE%
MEED LM FLTHS.

ki, MIEEA VAR T 2—ADEBAL LBIC, unary BOEHEIL UT class BZEA
Liz. 2hUcDWV Tk 2.4.6 HiTE L bR %.

X5, HEOT L LA BB TS TGRS I2DIC ground B LS T ARER
U7, ground DTt i,

) ﬁ%?#ﬁ’_f
o VU TEENERELTED
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2.6 ground DTt ADH

e 515 E—ADEAY VI ZFEFD

TukADT L TH5. BEFIER 2.6 1RT. RHADKMEET +LOKE 1 51HOME
ERL, REIOMEICHE 2518, F358, ... LUFTERZERLTVS. TNHEDTF
AFRRBRDEKS12xB.

Gi=n(n(n,n),n(n,n)),
G2=a(a(a(a))),
G3=p(q(r(s(t(u(v(w(x(Q,8,0),W)),U)),8)),,Ww)

et LOBELBEIRE, ground M7/ Ob RAREEEL Y VI BRFIENCLICLERT
H3. DFD ground BTk AU, BEEZOWEONIICRDOC L LEZ N > THE
FTHTEER.

BRIESEESERS HOBRTHS. DEVEEZFUHEOLKE, —RICEBENS
BEAOHEEES 12, HABEL L TEATACEKRETES. TITHERZEND
—DL 9% ground BXEE S E RV EERE LTz,

%3, unary B 7OE AFTART ground M7/ A THB. DEOREREINT
WBTRTO T A ground BOEHETH b, HOE T Ot ARSI T B EHIK
& L TIE ground ARLFH NN L2 5.

H— Pl

Bff& SOt AXRICEL TR, ZOBEREET S0 RABEEMSHCE, »DD
DEIFE H— REICISETE 5. ThbDH— FEICEET 3HIKEEZA— FRIKE W
5. 7L ABCERZEEN TV S H— FEKIEE 2.1 DED TH 5.

Tat REHEELUSNDH— FEROREF = THB. = i ground BT ZITH
LTEZEINZEKTHD, ZOEWHEITH S unary B, int B, float B, string B
LERATES.

= BAVAT LT, TOORMAE O ARNE LVRBERR OB EICOHBEHIN
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#2.1 o ABOHK

HIHOFEEE | H— RICRDRRTREAHI AEFINEET HEHH
ground ($c)
unary ($c) ground ($c)

B int($c) unary ($c)
float ($c) unary ($c)
string($c) unary($c)
class($c, 75 R4A) unary ($c)
$c1=%c2 ground($c1), ground($c2)
$ci\=$c2 ground($cl), ground($c2)
$ci=:=$c2, $ci=\= $c2

R $c1 < $c2, $cl=< $c2 int ($c1), int ($c2)
$c1 > $c2, $ci>= $c2
$ci=:=.$c2, $ci=\=.%c2
$c1 <. $c2, $ci=<. $c2 float($cl), float($c2)
$c1 >. $c2, $ci>=. $c2

F DAt uniq($ci, ... ,%cn) ground($c1),...,ground($cn)

BN—VERDRT R LN TES. AR

4 )

person(tommy,male),

person(jenny,female),
person(danny,male),
getout (male).

getout($g), person($n,$s) :-
unary($g), unary($n), unary($s), $g=%s |

getout ($g).
)
LS Tl S LEETTS L
(igetout(male), person(jenny,female). :j
EVSHERMELNS.

int B2 float BICIIA/NEEHEE AREL, WICRBEREREEATESLSICL
7z, Iz, BAOBET FLEBIRICEOIOERADOBZEZRLENLS T TS
T L&
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(:num($n), pum($m) :- $n>$m | num($n). j)

LELCENTES. TOXII S HREIDRLZER, int BOREEZERTE 3.
chid, > HIKD int BREJCEBENHBEETHA72DTHS.

BB, H—REAVEV—VZE, H—FERRRWVLV—LVO (ER) £RE52KRALIL—
WAF—LEEZBTENTES. X

(:a($m,$n) :— $m>0, $m<$n | b($m,$n) j)

LW IL—UE, ROBRBEON—IVOESELEEMTHS.

a(1,2) :- b(1,2). a(1,3) :- b(1,3). ...
a(2,3) :- b(2,3). a(2,4) :- b(2,4). ...
a(3,4) :- b(3,4). a(3,5) :- b(3,5). .

DX 3, H—EERAVELV—IUZ, &7t AXIRICH— RFEGEETZTRAENT T
ot ZAERALRE (H— R2EkEY) V—IVOEBESLEMTHS. K 2.4 DEXTE
T ZARDNL— L OEEEEREICE> TWaD, b—ibtwy b OBEz )V —IVOER
ELICHIELTLEASEEFNVOBRENEKRIEEAETHD, TOEKRT, A—F%
AW —VREASBET VN LDBRGWETHSEEX 5.

COEZHIIDE, H—RTHEAEMNETTO L AXRZERTHILETES. £
LziE

(:plus($x,$y,Ret) :- $z=$x+$y | $z[Ret]. :)

X, 5=2+3TH3Bhb

(jplus(2,3,Ret) :— 5(Ret). :)

B, COFNE $z DENH— FEFTHRET 37, ERENHE LEVENETaEAX
RS ZHBEFIVNNANVRLT—L LTS,

i, FROHBEERZNAFN, ZOOntRBOERDIIHEEZSTLET
¥, ZTOBRTLEERORBELREILLARETHS.

7oL ANARDESR - B
B THBELICEDLY, T ARGV —/VADTOHRNEREZ 5 IZHEE
BERL, RS 1 EZLEBEEEER, BRARONIREZERT 5.
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ep(X),{$p[X1} :- done(Y,2),{$p[Y1},{$p[Z]}. // BR
ov(X,Y),{$p[X1},{$q[¥]1} :- done(Z,W),{$plz],$qlwWl}. // %8
en(X),{$p[X1} :- done(Y),{$plYI}. // EE
m(X),{$pX1} :- O. /] BE

B EREDSERE, B L0/ ARG E T O AXRE Y TR
Ot ZDKREXICHEITS. £, BE 7O AXROLEBEREICDOVTEYYFTS
FOLADKEZ I LIS ERTERTE TV, Chid, HBHRDT S 7HEN
BETHO, ULHLHERGS (B) PMRE->TWERDTHS.

REIOJSLEDBR

B TOb ARG, BEY S 7EMAEETHS LMNtal ERETRTSIVT
ELOBEBROTICBEBREZRIZLTVS.

LMNtal Ti2V > 7 OHBEERICROVETERS S0, BERVAFOXS LT —X
@&%%%OTFA@,7Dtx(it@%ﬁ%}@&%&%O?bht~ﬂ~%ﬁbﬁw
NEESEY. Thid, F—RZR IO APNERL L THETRLDTHREVIRG%
KLz DTHS.

ZORFOBEICIE, BECDRENLHRETO VS LOGHNSS. wETRT I L
D% — L OZHROHBEERICIZECERRA VA, Prolog DU A MIE TS Lz
BET3E, LLOBEMN—IRcbr S E2BHETS LAbND. 7 190 )V—
Wi 575 % ATRE (KL1) 7155 LOSHRER [9] K ktud, 90% OEEASE LS E2
EHBEL, 5% OZHM 1 E, 0 5% OZHA 3 EY EHREL Wz, 3 B EHRT
BERE, BEERHEETIROOERTH ST LHIBNE— FRTNCE>TH2r280
THotz. DFb, EBOHRE YT LOERDE L F—H—DBEBRRIRICHEDLNTS
n, Zhe—W—LUADBREZ L ZOHETRI SEBEEZSDEIERDHZT LT
$%. Janus[7] B 20> HER TR ENLUTRENEFETHY, EHROUTERZ
LMNtal & @ U< i 2 EICRREL, ——A0BHmZIic3RERLzMH L
THERVWBTEE L.

LMNtal Ti&, —W—LAOBHRESICRMNE T O AREZAVS T ENTES. &
LRIEE 2.7 13 LMNtal Ic X B84 TS5 4 MERICE DS EBERTO TS LTHBV,
REMAIZEORNER SO Y S LOFOIERBER (H— FLSHC 1 BEIF i 3 B
FENBER) 2R E SO ARICEENICEEBA T, T XOEEPHEREARL
FEDTH D, EBE B2 O ARERBEERICRL, BET I 2AY bV KK
FL, 2ITEOMEDESORAEEF% is ICEE T NUE Prolog LR TENIFY 5.

EEORP L ORE ST S S L0 LMNtal TOEROOFIE 2.4.7 BiCHHBICHENT 5.

i
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gen($n,$max,Ns) :- $n > $max | Ns=[].
gen($n, $max,Ns) :- $n =<$max | Ns=[$n|Ns1], Ni=$n+1, gen(N1,$max,Nsl).

sift($max,[1,Zs) :- int($max) | Zs=[].
sift($max, [$plXs],Zs) :- $p*$p<$max |
Zs=[$plZs1], filter($p,Xs,¥s), sift($max,¥s,Zsl).
sift($max, [$plXsl,Zs) :- $p*$p>=$max | Zs=[$plZs1], sift($max,Xs,Zsl).

filter ($p, [1,Ys) :- int($p) | ¥Ys=[1.
filter($p,[$xle],Ys) :- $x mod $p=:=0 | filter($p,Xs,¥s).
filter($p, [$x1Xs],Ys) :- $x mod $p=\=0 | Ys=[$x|¥s1], filter($p,Xs,¥sl).

primes($max,Ps) :~ int($max) | gen(2,$max,Ns), sift($max,Ns,Ps).

®2.7 ERERTOTTL

244 uniq

LMNtal D)V—)VIZEAAEER B O AETEEHAEI NG, EEOT TS LTE, $5
—IVRRER TS B L T—ERIEASRVEeLHS. TI TRV FLE
BEOBEZERLT, ASEEECHLTE—ELIERLARWV—IVEZEERT 57
O uniq BEEERE Lz, uwniq BEUCET BHEN TRV, H— FEO—D LAED
RN R R Y e

B L CEHYT 5 8E, BEEMSHRNAS K ground BUICIRET ST & Uk,

uniq HIFE uniq($cr, ..., $cn) (n>0) LWVIEEES,

1. R D $¢; ¥ ground ML AT, HD
2. ZOFEE DIV, BTt A0MICH L TGREICERE N LT

BAICET 3. CORIIBEGEEL LT, 5I8%ZS AV uniq REBIV—IVADDTHER
ENTT EHRVHEDHEINT 5.
reziX, Tuars L

n(1), n(2), n(3), n4).

n($a), n($p) :-
$a<$b, uniq($a,$b), $c=$ax$b |
n($a), n($b), m($c).

ZEITTRE, ROXSEREREVELNS.
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n(l): n(2)3 n(a)’ n(4)’
m(3), m(4), n(2), m(6), m(8), m(12).

uﬁqwm%)mxb,ﬁb%ﬁ?FA@@%%@@E%LT@—E%H&ELTw%C
Ehbhb.

2.5.4 BiTIE, uniq BEEDBEERISARFIL LT CHR O LMNtal N\OLYa—7 4 V7
ZwmU5%.

245 EVa—-IVYATL

EEEPETIETICREETOY S L2ESDICE—EICROHS a— FRIGER
whE L BRFNUER SR, 2T, LMNtal 7075 LE#KT 5 V—IVEAZ XD/
ARESICHEL, EEEOBOILV—NLVEEY -V LTELY, e DT T 5L
BHREANTESE3ICTREDIC, EVa—NVYATLEZEAL.

BE

EYa—b2iE, V—IVDES L—bty k) ZETH> TI/IV—TLIZEDTHS.
FET VRS LiX, FREMOEROTORAREY 2a—NVON—)VEBRT ST
LTH%. LHL, LMNtal DERFEEFVicBO TR, BTHAKLV—IVEY MHE
OHOTOL AL EERIGTECLIITEY, RISTESELD ICT BICREY 2a—IVAD
=V y FEFBROBIC Y —d 358N H 5.

DL SN —Ey hOI¥—{EElE, LMNtal Ob—)VAREREZE-> TRd T %
CELTELN, BV VEROEEEREZD L, TulFIVIERELTEEO L
BENEETYR— T 3EENDH 5.

EVa— VY AT LOBENH > TITo L ERIRIEUTOED THS.

e EVaA—INEABEREA L. EY1—IVRAEEIIENT nodule (modulename)
DEIIERT S, EV2a—NEBEELIL—Lby rEEALEEEY 1 —-IVERE

L
o EVa—LEDET FLE (241 ) ZEAL, 7 MLAZEY 2 —VHTEMT
ELAT SR 1 0y e

e EVa—JLEADET FLDERENZZAIVIT, TOEY 2—NVAKIIET S
EYVa—)VEOHDO)L—VERH UAIOEICaAY—35 K5 L.

753, LMNtal D&M E—DDORBNTH S, Va2 —IVEDET MLBEE
P a— VA TESH LR TABNAMZEMICBL, KT ZORTHERTS. EVa—b
BEOROL—VOEDCE, FOEY 2—NVEARDWET PLENBRTEENRTVLERTN
FEaoEnbiITiREL, BEDT FLARFDLE> TOTH K.
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{ module(list).
H=list.new :- H=[].
H=list.append([]l, B) :~ H=B.

H=1list.append([Value|Next], B) :-
H=[Value|list.append(Next, B)].

N /
K 2.8 EYa—jb list (k)
#22 BHESATSY
R EVa—)V&
AHA, V7w FiBfE | io, socket
TR, T—2EE string, integer, float, boolean, list, array, map, queue
HE, A7 L% thread, nd, timer, sys, java, if, nlmem
GUI graphic, wt
BES14735Y

SETERT SV —2a v BEERTEDICRBELERZET a—IVHMERES TS5y
ELUTHREINTVWS. 22 EYa—)b list BK 28 DEDICEZRENTWVAS. X
BZDFERMTHS.

[a = list.append([1,2], [31). )

ET9BHL, 2DDVAMERENT a=[1,2,3] LWVSERVELNS.

B 1ist OMICE 22 ITRTEV 2 — NV EBEES A TSV ELTRELTWVWS. £
¥ 2—)U nd (nondetermistic) &, TNTOEMZ FE2LBHRRL, BR2ENT 57
(reduction graph) O TERTS. Y 2 —)V sys (system) XTI RS A V58D
AT <Y RORITHRERITS., TV a—)b java RUUEEA X T2 —X (2.4.6
) KBTS Java BFBDOA VARV AEE P XYy FRUHLZ1TS. wt & Window
Toolkit TH5.

TV a2—)V integer 3B EESEMRICHEF/X integer.set BEERMA TV 3. &
EARES () |1 <i <100} &, BRERZ2AVELTE n(integer.set(1,100))
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f
{ module(if). \w

H=if(true, T, F), {$t[T1}, {$£[F1} :- $t[H].
H=if (false, T, F), {$t[T1}, {$£[F1} :- $£[H].

2.9 EYVa—ibif ()

E%(CZTE&T%%.mw$1mtﬁ,%lmﬁ8%2aﬁfﬁﬁbtﬁ@
DEBEHT FLIC, BERIMICOEMNS ground TOLADIAL—ZEFT 5.
cONROREL LT, ERES G,) |1 < i < 1001 < j < 50} &
n(integer.set(1,100), integer.set(1,50)) THERTES. DD integer.set
DEEEFERERENTHBH, POICBBEOBBEMETLT, KL X %4
n(integer.set(1,100), 3) $4&bbH integer.set(1,100,X), n(X,3) PERENS
a,gmmdethuj)@newﬁum@ﬁahf,%:E~®§$U77ﬁ1m7
FLoi (1 <4 <100) icgfiEns.

EYa—)V integer LETV a—)b float WHRZ true /2 false 7 FLTEYE
BEETEBA TS, ChEHALTERENERITS BEZTY a—)b if MRHELTEH
D(EZ%,k&iﬁ%ﬁﬁ%ﬁ%%ﬁ?%ﬂ?@fﬂﬁ?b

H=gcd($m,$n) :- $m>$n | H=gcd($m-$n,$n).
H=gcd($m,$n) :- $m<$n | H=gcd($m,$n-$m).
H=gcd($m,$n) :- $m=$n | H=$m.

X, ROKSICEIENTES.
4 ™
if.use. integer.use.
H=gcd($m, $n) :- int($m), int($n) |
H=if ($m>$n, T, B),
{T=gcd($m-$n, $n)},
{F=if ($m<$n, T2, F2),
{T2=gcd ($m, $n-$m) },
{F2=$m}

N > ),

S 7 RIS 1 B EHRME, 528150 then Hi, 553518 else HiTHS. then i,
else HAMEIC X > TREINTHD, LEHOEBIRES X TERITINEL. TYVa—il
if BESC LT, AUEON—VEDREREE LENELES.
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£ 2—)V nlmen (nonlinear membrane) IZi&, RDIL—UZHET 2V —ILAMEEE
AV RT 2—AZAVTERBRENTVS.

R=nlmem.copy(X), {$p[XI*Z1} :- )
R=copied(X1,X2),
{$p[x11*Z11}, {$p[X21=Z2]},
copied(*21,%Z2,%Z).

nlmem.kill(X), {$p[X[*Z1} :- killed(x*Z). y

CNERNTEVERY Y7 26D 7O AXIROEH - BERITIN-IVTHS. H
THTRVERBY V72D 7 AROER - EZITHIE, ThoOaHY VIO
BEAERIEETAEOICT F LER (LOBITIX copied(*21,%22,*Z) & killed(*Z))
ERVSLENSD. REEOEERERNIN—TBDIMEE AN X272 —AZERL
1=BITH 5.

246 HEBBIVZ27

eS0TIV FEEOEARERAEEEED SO, BEOTRITIIVY
EHLOMBERA VAT —ARBRTZCLPBEETHS. MIEFEANEZT2—ADE
TEHNIEROBD THS.

o NALDERE
AHA, PS5 T 4 hNaA—FAL R T 2—X, 2y bI—FTRE, "—AFFE
Z0 API BT 2 EEIC LMNtal 707 S L5 BEHBICT VEATES XS
95,

o N OERL
FRU—F 4 VTV AT LEEEADT 72 A% DR VETE I LMNtal S35 T&RI
TEZH, "—ZASHECEETS LETPRVKBCHETE7NVTY XLRT—
ZREELEETS. TOXSEEE, MEBTEVEHERORVWI—FEFHT S
T EHE[REIC IR B.

aa
FIROBIERENEER T B ODOREERT S, ROZNEHHIRD 3 DTHL.

1. EOEEZREIBLSCT BN
2. EFEI— FORBER
3. EFEI—FORITEAIVY
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1 DWW TiE, MEEOEREETHS Java BRI L. Java DEERT AT YR
BEA LMNtal Hh 5z 3 L5 kB L REGERTHS.

2. KOWTW, UTIKHHATEA YA V7 FLAREREALR. A 54 O—F%
LMNtal D70t A LTEBICRS C LA TE, %7z LMNtal & Java MOEROZYT
BELNAL—XICTERNLTHS.

MFTRAYIAYT FLE 3. ICHETRELVIAZEZ 5.

A4 7 A

HMEZBLDA VR T 2 —AREBEFNMCREFELEY. A VI VBEEZRHT BT
DI ICRHHEEERZNZ 3 ORBERIC LW EER T

22T, BHEOSEERTHAT FLERATAAEERA L. BERIICE, T7 A
LR TETHED LE, ZOT FLEZDEDEAYTAA—RELTRS] &V
3HKETHD. TOEIET FLEBAVIAVT FLERRT LICTS.

4S54T MR, BSUICET F LO—RBICT ¥RV, WERMORB A VT A
Va— RMREENBZ7 FLELTRAENS. T5F5H2 LT, SBETNVCHTBEE
B LIS EA V2T 2 —AREHTES.

LT AVT FAREBIAYSAVETT VLA VSAVEET M LD 2EBRICH
BEHEINn5.

o AVUSAVEFTT M A
/¥inlinex/ THREBGWEH DT N L%, A VA VERITT LS.
LS A VEFT P LICEINT Java I— Rid, LMNtal V—ZD 32731 JVEHIT
Java MBZREBLTAVSANVER, L—)bky FTRIEAVTAVETT b LH
DS AMEREND. EITHICIE, 1 VT VETT b LAEERT BNV—INIHIET
ZrhfE&HS (F S Y AL—ZOBERIIIET S Java I— F) ORITHARO>THS
WETBAYSAVERFT FPLEYSAPO—REh, ®Eds1 503 —F
BETEND. V=N LB TF— ZBERENTRTRL > TSV 2 d—
REEFLEVE, AV5AYIA—FRT7 7R ALENT—2BENELER I N
TVWIEWATREELNH 205 TH 5.
BEDT R LOERD, UHT N LEELCENV—IVCE > TEEXZDICHL, 1
VS AVEGFT FLOBRIEIFOAYIAVA—RIEE > TEERLEAD LN
TZ5.

e AIVSAVEET M
/*inline_define*/ THAZ B&NIBREDT L%, A VSAVEET FLALRES.
LYSAVEET FLICIE Java DY S AEBRELENTES. A VFAVEE
7 RLBY—RAd— RADETHCEET R L, WMETEA VT4 3= K Java
A= R ANDTO— VBRI EOEEEMENS. LiehoT, BEDY
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a N

io.use :-
io.stdin=[:/*inlinex*/
Atom stdin = mem.newAtom(new ObjectFunctor(
new java.io.BufferedReader(new java.io.InputStreamReader(System.in))));
mem.relink(stdin, 0, me, 0); '
me.remove();
1,
io.stdout=[:/*inlinex/
Atom stdout = mem.newAtom(new ObjectFunctor(
new java.io.PrintWriter(System.out, true)));
mem.relink(stdout, 0, me, 0);
me.remove();

:].

2 2.10 io.use DEL

SAEBERAVIAVEET FLBELTEE, ZOVSARAVIAVETT b
LOEBRICBRT B ENTES.

AVSAVEET FLAERDIFT Java V—RICERT 2MEIE, 32 VEHCE
TN %.

CDAVSAVERERATAICHID, MEBI—FRZOXFEFI ST +—
[ 1 ZBALKE. [ ] AIRBAR—ARZTRYUTZEBRTE, ZOXET bL%
k5.

T, M2.10 BLXUK 2.11 ZFIC LT LMNtal IZ$51) % Java I— FOERAFIZ A
T 5.

AVSAVEFT FLDI—FHTR, YA VI VETT PLICHEY S Java 3T
V¥ b ne BEUFNDBTBERET Java ATV V b men BMEATES. ThUC
XoT, AVSAVEFT FLEY Y I TORA>TVST b LOAFIZEHINICE E#]
Zi=0, EEBELZDTALATUETHS. A BHOFBRBAVSAa—F
Tme.nth(i) DEHIRTILATBHIELENTES.

HEMIZELD, A VFAaA—RORTAL Y FERTHCLETES. BIALY R
DA S LMNtal DEFETF— XEBICLZRK T 7 RT3 bdony VEBERHALT
(AT

MEE AR T 2—ADFBICEL, Java A VARXVAZER L TENZERLTEBE
VRS, AVIAVETT NLAT Java A VARV ARERL, Java A VAR VAT
FLAELTHEETACLATES. LT, TOobABL UTHEZICEA LU class BT
B LR E o AR (2.4.3 8) ZAVWA LT, T5 LTERE N Java 1A
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4 N
H=io.print(String), io.stdout(STDOUT) :-

class(STDOUT, "java.io.PrintWriter") |
H=io.print(STDOUT, String), io.stdout (STDOUT).

H=io.print(Object, String) :-
class(Object, "java.io.PrintWriter"), string(String) |
H=[:/*inlinex*/
try {
java.io.PrintWriter pw =
(java.io.PrintWriter)
((ObjectFunctor)me.nthAtom(0) .getFunctor()).getObject )
Atom done = mem.newAtom(new Functor("done", 1));
if (pw!=null) {
pw.print (me.nth(1));
pw.flush();
}
mem.relink(done, 0, me, 2);
me.nthAtom(1) .remove();
me.remove();
} catch(Exception e) {e.printStackTrace();}
:J(0Object, String).

2.11 io.print D

BYAT N LCREIRIST AL —NVEERTES. K211 OFIART XS, A—FHD
class i&, B 1B TIREIN BN E 0L AXRY, E25IMTHEESNLITAK
B3 L2RETHLDTHS.

EVa—)V io ZRIATAEIZET T b L io.use ZAVTHHLZITI HENHS.
jo.use DHEREF 210 DL Sick>THD, TON—VC K-> TRERS, FHEHNZ%Z
#97 b L io.stdin, io.stdout AEKENS. TN HW io.print, io.readline 7%
EHMUHENS L EICEY 2 —VAETHEDNS.

2.4.7 JU—IVEROFIEHSEE

LMNtal (&, ®#ZAeA 708 AR ARV —VAEREES 555 OEMIEF
PRELTELY, UERVEHEIEFTEHATSI LN TES.
v v 7IVE—F

e w7VE—F (23.18) BRET S L, BEADL—IVOBERD, -y FT3
7 b LRBEOBREZEHEZANTIT> TENTES.
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Fle LTUTOX S RERBODE T 0TS L2¥T 5.

add(X, Y,Z) :~ X=0, Y=Z.
add (X0,Y,s(Z)) :- X0=s(X), add(X,Y,Z).

add(x,y,s(s(s(0)))).

EEOEFE— RILBV TRECACETHANEL MDD, Yy v TVE-FTRITL
I ey

e (1HH) y(s(s(s(0)))), x(0
e (2[HH) y(s(0)), x(s(s(0)))
e BHEH) y(s(s(0))), x(s(0))

DESICEITERIIT VA LICHRES. 18, nd €Y a—) (245 ) ZH>TINTOD
EMIBRRERERTHILLTES.

W= IVERDZERIE

2 DEENEHERINEDOIDT 2—Ah 50, HLDT x—XTEESNV—IVEY
FEERTSC 255, LMNtal DEASEETIVTE, V—IVIROBEEZES LK
DHEOL—VEy FEBICANBZ BT LHATESRD, V—IVEANBAEEXAIVY,
ThbbH57 r— ADFEORTZRHETZ LR —RICRETH 5.

ZCT, HALFHEOHENMRTLTVB T LERHT 27D OKREZEML 2.

N—VEESIDRIVIE /7 BT {TH LS (2.4.18) TIEETS L, {T} OET
BoTHhD (HHEEHEDL—by FEFTR) TR EBRAREDBT LA TER
WEIVICDHRT Y FT 5.

X 2.12 kO FIH L-ERBOMR T a7 5 L TH 5. {n($prime) ,$p,0p}/ IC
EoT, ERFPERTIEOETHIRTIBETHATET>TVS. TO7us/ L%
£7T5 L,

p(3,1), p(2,2)

LVWSEREREENS. CUE 12=31x22 THEHTEEZELTWVS.

25 REHETETIVEDBEEMT

LMNtal 3 2 EE£ R UTFUNELE EOBS2HOHEETNVOREE—DOEEL LT
W3, SEESRTSTONREESTHZOT, Gamma TETFNVDOXS GEELREGER
Z EFUH LMNtal It HRICT Y a— RTEZDRIBIEHLNTHSH, WA Zhich
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a N

/* generate primes in a membrane */
{ n(integer.set(2,12)).

n($m), n($n) :- $m mod $n =:= 0 | n($n).
T

/* extract prime numbers out of the membrane */
{n($prime),$p,0p}/ :- int($prime) | {$p,0p}, t($prime,12,0).
{ep} :- .

/* factorize */

t($p,$a,$k) :- $a mod $p =:= 0, int($k)-| t($p, $a/$p, $k+1).
t($p,$a,$k) :~ $a mod $p =\= 0, int($k) | p($p, $k) .
kp($p,0) :- int($p) | .

K212 REHOHE

AT, (i) NBHE, (i) 7 BFHL, (i) ambient 315, (iv) CHR & EOBEAHEET IV (¥
7ol 2 DHULMIMSEE) & LMNtal e 2> I— KU, % E CBIfFRERETT o 7.

251 AEtE

ASHERZDE STy a— R ERRT R LR, HRETIVORBENZERT
% FTATHERTHOEKERE,. LMNtal 375 7EMZAEFETHY, —HFARICBIT B
THOTBERIZ S 7L LTHRICRHTES DT, LMNtal TS 7 ES< A
HENEFTEZACLEAMRTICLREETHS.

LMNtal ic B SZE & LT Interaction Nets[4] #'% 5. Interaction Nets 38\
TR L ORBORNS S 7ERZ EBETH S, LMNtal iX Interaction Nets O
ETHERAR B U CHEE L= EB L RaE 5. A ETEOD Interaction Nets NDO L/ I—
RIRXEXEREEANHBH, FTL Sinot DFHE 8] WEATHS. T THRLAIINZ
RSB O TR AEF> T LMNtal NO LY a— F2{T-> 7z (K 2.13).

SR (8] DFEELR, () EMUEREITUE, A RERT VS TEEOTEHEES 1 E
DEE b — 2 VERENTERLZEL, (i) AROaC—% 2@EOaY—h—7 2 LD
Y57 )—REDRIBIC X > TERLIARERETS. LALZDARKIKE->TRELN
% & DI BIEEEYER (weak head normal form, zMp... M, (n > 0) ELLIE Az M D
BOR, M BEO M, 3EER TR THEY) THY, »DOZORERHIEF—7 /i
o TERELTVS. RN LTR 2,13 D7/ a5 5 LI, X FHEOEREEHIER
%0 LMNtal \OL>a—RTHD, H503 §BZIFRENIENIT 5.

AROIYO— RIZid7 L lambda, apply, rm, cp, v ZRAWVTWVS. X NORMEE
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/

beta®@ H=apply(lambda(A, B), C) :- H=B, A=C.

1_ce@ lambda(A,B)=cp(C,D,L), {+L,$q} :-
C=lambda(E,F), D=lambda(G,H), A=cp(E,G,L1), B=cp(F,H,L2),
{{+L1},+L2,sub(S)}, {super(S),s$q}.

a_c@e apply(4,B)=cp(C,D,L), {+L,8q} :-
C= apply(E,F), D= apply(G,H), A=cp(E,G,L1), B=cp(F,H,L2),
{+L1,+L2,%q}.

c_cilee cp(A,B,L1)=cp(C,D,L2), {{+L1,$p},+L2,$q} :- A=C, B=D, {{$p},$q}.
c_c20@ cp(4,B,L1)=cp(C,D,L2), {{+L1,%$p},$q}, {+L2,top,$r}
:~ C=cp(E,F,L3), D=cp(G,H,L4), {{+L3,+L4,$p},$qa},
A=cp(E,G,L5), B=cp(F,H,L6), {+L5,+L8,top,$r}.

u_ce@ fv($u)=cp(A,B,L), {+L,$q} :- unary($u) | A=fv($w), B=fv($w, {$q}.

1_r@@ lambda(A,B)=rm :- A=rm, B=rm.

a_r0@ apply(A,B)=rm :~ A=rm, B=rm.

c_riee cp(A,B,L)=rm, {+L,$q} :- A=rm, B=rm, {$q}.

c_r20@ cp(A,B,L)=rm, {{+L,$p},$q} :- A=rm, B=rm, {{$pl},$ql}.
c.r300 A=cp(B,rm,L), {+L,$p} :- A=B, {$p}.

c_r4ee A=cp(rm,B,L), {+L,$p} :- A=B, {$p}.

r_r0@ rm=rm :- .

u_ree fv($w=rm :- unary($u) | .

promote@@ {{},$p,sub(S)}, {$q,super(s)} :- {$p,3%q}.
c2c@@ A=cp(B,C) :- A=cp(B,C,L), {+L,top}.
gce@  {top} :- .

i3 LMNtal DV U Zlc 2y a— RENBH, i EHEESICHBENZODT, brs5 E
2 HHET 2EHRLNOL Y a— RIZiBY 7 ORIGRFIENBEL XS, TTTIE 11
b I\ rm (remove) ZEAL—E & HEDRWERERIRT B 7dic, 37 b L cp (copy)
BEBEES TEROHIC) Y7 EDIFERZDICAVTNS. BHROBRICENT 31

7

B 2.13 FERER A FTE

D cp & 4D cp KEMT BN NICDVTIREADT 5.

e Z AR n O Church i X BTV a—F ¢ % (Church ) & Afz.f"z TH5

A, LMNtal TOFRERIX

0: lambda(rm,lambda(X,X),Result)
1: lambda(F,lambda(X,apply(F,X)),Result)
2: lambda(cp(F0,F1),lambda(X,apply(F0,apply(F1,X))),Result)
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X 2.14 Church (2 DFS5T7&R

L% (M2.14. ald apply Z28RY).

ARPOEHERIE, BHEROFEERRT 2E7 FLfv ZALT, TOH Bz
BOLEELD 17 FLAEBERETSHCETERTS. LA AN oy DOERB}X
apply (fv(x),fv(y) ,Result) L3,

2.13 DEFIDL— beta i3, N SHEOFEELET §BREERT. HLD A=CIF5IE
DIES%, B=B 3 \ RAKDHERREEZSEKOFERRLE LTRET L ZRT. Fhicke
2 13 ADL—UE, 7 Fhrm & cp SOT N LEHE S RBEOLEN—LVTHY, 7
STHERA VI AV RVICEREEEELTVS. RO 3XE, UTICENSY
kL cp DBEHEHDIZHDLDTHS.

AROHD 3T b cp ZETIV—IV c2c i E>T 4Mfi7 hLcp CEBRENS. B
DEBUE, ANFICE o7z A ROEEEERLTLTTS B, HIBORES cp E5L7%
BT B HHOEDTHS. COBIIERE cp 7 FPLOBLIERT ZICT 5. BIFERRIC
FELERNTERLTNT, A—EVCART20Y V7 RBA—DaZERRETHLOL
BT 5. XDIcEIIBEABEEFRL, BFEHRICHZELIVIE, super 7 AL sub
7 R LEEREIC DY V7 THEBR LTV, BEMOBEVE, sub7 FLOMDYIC
0ffiD top 7 P LEHFET . HLD 4D cp &, mEREcRERIOBELD. RE
BB B FeshIc, L—I c2c & cp 7 P LT LICR EMIEORVEERICERL T
B, BEMEOEIVES LERATEHENE, ALYI—T 4 VT OEEICIIREL
AR _

55T OEEMELMEE B0, B ERCE > TRS IR EFIBEPREERINT, &
BRI cp 7 b LAAES BHID lambda % apply B HZEH CERLIELETHS. cp
B apply IKHES LHEFEEELTETLAHL, apply D= DODF | EOEEIITIA,
ZORICIRBIREELRY V—/Va_c). THAUCHLT, cp?'lambdalc #H L, HTF
REELTEHSLOHUTZAREALTH RS, TOMETHEETUOBZERLT, T
L7z cp 3FDEIZET S b—V1c). &z, A KRORS BB, KREED (A \Z
K 2.14 DX 3 i BVEE) KB cp EAKRD SEREDICH < cp i, BIERE—EA
FEAHARLZDT, WERAELLVORBICHOBERI TZTORETEY > D T ke
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clockwise

2.15 cp 7 b LOBEEE

TEHRCETHRELRATS. KEEHEID D cp ZEBHED cp L¥tDm (k) 20L&
ZBLHLHhORTV. K215, BENMED cp 7 FABIUZOTED cp 7 ML 2@
(BB X UaEE) 075 7R HZRT.

Church B#OHIHh S EDLHB LI, NHBDRFEDY > 71E, m THRIEENED, E
i 0 BLLED cp THADMNLT, AEZEERT TSI T7DECHEDEND. LIENH>TR
BFEFE O D cp BWITNE CATHEEED D cp LIEXL, I—ibc_cliC &> THEEMNE
795, REFEOD cp MR EMNED cp LIEXLIZE &I, V—Ibc_c2 ZRHWVWTHTF
EEBELLET, B2 2BICOHLUTHIET 5.

—FH, NHSORNREESHEDICE cpld, ACBTKEEDOD cp LWTHHED
LRIESXRV. FONHERNIERFERELDORA, TOEREETV VI RE>TLEA
LAV S 205 TH 5. Bl Uiz cp RITO ENOBICRTHRELNSHS. T OIFER
15 DMV —)U promote T, FUETEMED cp DEED 01k &, BETSIE
WD cp DBZ FUBLHEEL TS,

2.16 1Z, cp 7 P LICET A RIGHAIZRIRT 5. RROFE L, BER5BEBYXIT
TLTHFTRRILTVS. BFORRLMNEZRT.

BODNV—NVDS5H, uc 3 RKBREBBEROEENLN—IVTHS. 1_r, a_r, c_rl, c_r2,
rr,urid, m7 MLEHBESTMFREEET SOOIV —IVTHS. c_r3 & crd i3,
cp KK X BDERDF D m THRIFENIZZEOERIIL—IVTHS. gcld, ETHHBLE
BEhixl o HUBDOYRIVEEET ZIV—IVTHS.

Sinot DHETIX, VI I7RBEDEEZITIOI 2BEOEE N7 V2 T T
Tz. 2B THEAEOR \HRONTEEZTMMELEVEDTHS. WADOAETE N HIRRON
R IERIMHINCEM I A7 ic, WIVERWTEZGBEERETSC L LT

NFtEOTL Yy a— RO EERD D DEEXFIEIX Church BONEZETH 5.
Church HONERE m" 13 dmnnm ELIA—RFENEH, TORBEMTHSIcEH
PHOLITROREIICHET S (TADBIEENG) BOVSTVREFERZLLES. &
BICK 217 07075 LEEITT S L, res=fv(9) NLFEENE. TOFIDXSIT,
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B 2.16 cp 7 b LORGHRA

/,N=n(2) :~ N=lambda(cp(FO0,F1), lambda(X, apply (F0,apply(F1,X)))). h
N=n(3) :-
N=lambda(cp(FO,cp(F1,F2)), lambda(X, apply (FO,apply (F1,apply (F2,%))))).
res=apply(apply (apply(n(2), n(3)), fv(s)), £v(0)).
H=apply (£v(s), £v($i)) :- int($i) | H=fv($i+1). )

K 2.17 Church & T DEFEHE

LMNtal N\DTY O—F 4 ¥ FTIE, Hils A EHEORERIC s ¥ 0 DX S GEBAICH
T BEMAIV—)L (K 2.17 DBHOIV—V), ThbB § @KIL—LZEBINT ST EMT
% ZHCX-oTAEEDLD LMNtal NDA >~ X7 1= ABAL—RIC BT ENTES.
mE, @217 DEFERI—-ENTSHS 000, ZTEFICES OIFREESTDHD, &
BHREDLOICHELEOERE —BICRELSRNT LR, s (¥YY YTV BXU -t (k
L—R) AT avEAOCTRETES.

213 FEROEBEHT Y O— RICi T, X (8] DAEICERELITT AFHED
T a—RL, Church *® Turing OARESHETE RV TER L BREROEEHER
7otz
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252 rwEtE

WITEtEORENSEFIVTH S 7 3HE L LMNtal L OBBRIOFEEETHS. 7518
DERIMICBEBDONAN) T~ g hH BN, TTTRTRRDLEDEELZDLLTS.

pu=z(y) | Z(y)
R:=X7_1p;-P; (n2>0)
P:=(newa)P | PIP | R

BE TROBEWRANC LA > TITbNs.

(z(y)-P+M | T(2).Q + N) — Plz/y] | Q (2.1)

FROERTRBIE [B] K, TLT 4R (p) DEDTOLAICHLTEY
fl (sum) %2 £ BT L BRD BT & TEIR (choice) ZBE L Z—HILL, BENEER
(internal choice) ZHBRL TV 3, ChIZTELERMBEOL Y a— FOBRN D EHE
NEHREEX 5.

m EFETRANOMODIERICEELBREERTH, BRLAOIYI—T4 VI TR, %
¥i% LMNtal D7 F L& TERT 20O TR AL IV (BRTEIVEELRT LICTS) KXo T
FHT D, ZUTEHOSHEE, ZO&AFEIVCAHTEZY VT (V7 FLIRK> TR
WEB)IC K> TERT 5. R LZERR 2(y).P Oy RIRSIBOREZE DI, WG
TEAEKPICBIS y OHBEEERY V7 TERTIE0LTS. PRy PHRLEVSE
EREHEHERET 2581, \tEOZYa—F 1 VLA, m®cp 7 FAZMAVTY
VU DRIER IR ZITOIEDET B,

1 EFEOLFOERICT FLTEL TRVERVEDI, ROFEEENNSTHS.

1. LMNtal © 75 7&¥2 O 172 HEET 5.

2. T EEDOLILBEEF ¥ XN THEDTED PRV ZHRLET 5.

3. newiCX > THEBAINSAFAELZHRS.

4. LMNtal D&#iE 7 stEOBRENEREZDOLY O—T 1« Y TRHICRET 5.

ZHEVIZT P L nane ) (KEL) £721E name (BFTR) Z5DL0LTEA, cnbid
ANED S ERERIERT 5720 THY, SFEOBBTEMATAEL.

EBERRIE 3MOT L snd, get AVTERT S, =O03KEEREF v 3b, @
EARE, BXTEBRIIBICETIZ T ATHS.

x HEOEY AT I RGEZERR p. P OSEELEBTE>EDL LTERY
%. PII ROSELETHBN, EZEWROAED P; 3ZOFEHERIIRYT 5 dIC B
TEEBC L LT3, LMNtal A\DLYI—F 1 ¥ Tk, n SEOLHMOSREGRE LY
NEZCADRE) V7 TERT 75, RRZEADEDOD (new a) iFIEHDARTEIV
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comm@@ {$x,+C1,+C2}, {get(C1,Y,{$p[Y|*V1I}), $m}, {snd(C2,Z,{$q}), $n} =—\W
{$x}, $plzi*Vi], $q,
nlmem.kill({$m},rm), nlmem.kill({$n},rm).
rm0@ {+C,$c}, rm(C) :- {$c}.
cpee {+C,$c}, cp(C1,C2,C) :- {+C1,+C2,%c}.
gc10@ {name($n)} :- unary($n) | .
gc20@ {name} :- .

X218 7EtE

lcrya—REna, —fleLT, TatX
(new 2)(T(y) + 2(w)-W(y) | z(u)a(v) | Z(2))
X

{snd(X0,Y0,{}),get (20, W,{{sndW,Y1,{DID},
{get (X1,U,{{snd(U,V,{H}IH},
{snd(x2,21,{M},

{name (x) ,+X0,+X1,+X2}, {name(y),+Y0,+Y1},
{name,+20,+Z1},

{name(v),+V}

LRETES.

218 # 7 SHEDNIY aA—F 4 VI TH%B. BHIDN—)V comn ZALCHFZHET
ZESERABOREBELZER LTS, oA $n, $n REEOBICEDLNZ
#ot%ﬂﬁ@%ﬁ%%fﬁb,%%ﬁ%ﬁﬂ)ﬁ%%b#é&5ﬁ%ﬁb&ﬁﬂ@&
Bﬁm.Lﬁb$m$n@%ﬁﬂ®§%077%§Uﬁ%L¢ﬁi$m$n®%§%tﬁ
ZREOY VI DO—EEFALHIOT FLCERELZTINERDEY. SATTV WL
nlmem.kill({$n},rm) & nlmem.kill({$n},rm) i&, ZHHDEHEY Y 7Z—@lDT k
Lrm TR 2720DEDTHS.

EHERE] (2.1) © P & Q B/ ARz AWV T{$pYI*Vi]} BXU {$qr &a—
RFLTW3. 7ObAXREZESEE, PBLUTQIKETD Tutb AEHERTHETT
&(,ﬁ@ﬁ@%%w—W@E@%bfﬁ%ﬁﬁi&w¥5E?%ﬁ%%%kbfv%.
comn JV— /L DERABIEZN S DELSREI N TETHEES.

W—Wrmkcpﬁ%ﬁﬁﬁ@ﬁf&@%@k@@%@?%@,gdﬁy2@§%§h&
{Iro AHIDEREN—IVTHS.

FEoTutX

(new 2)(Z(y) + 2(w)Wly) | 2(u)T(v) | T(2))
DEFHBRIFRENTH BN, -s F 7V avESLATRITIZ L, BR
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{y(name), +L7},
{v(name), +L6},
{snd(L6,L7,L8), {+L8}},

BXU

{name (x), +L91},

{y(name), +L55},
{snd(L55,1L56,L57), {+L57}},
{name, +L92},
{snd(L91,L92,193), {+L93}},
{v(name), +L56}

DOFNLIB T VELCELNS. FiER Tly) Z, BER (new 2)(7(v) | T(2)) LT .
LMNtal DBEERE T name (x) & x(name) EREA—YWTHO, £H55% x & name H'D
Mok Tab ADERRTHS T LICERELTELN,.

Tl Ty a— REN20o0 0k 2 %2%H LAFIART 2HER’, ThTho7n
B AL ORA—DOKBEER—HTAHENS B, TOEHIE, A—RELEZRT D
DYV E—DIHET BDDTRO K S HN—IVERAET IR

{name($a), $m}, {name($b), $n} :-
unary($a), unary($b), $a=$b |
{name($a), $m, $n}

AETIE, 7B v (replication) HEER KD AN o7z, 1P I3 P OERBEOEEZ
HFHEETH DD, HEORRERITEHICREREL YTV RTITIRENDS.
Replication #EEDE BMIIMDOSBOFHREICHLYTHLD2RATHLTHEDT,
ERNBLED DI, ST z;(y;)-P; OEORICAHINT ST LR TENRZIFTITHS. C
OEEXNE OV EEElE nlnen TV 2 — IV EFALUTEEETHS.

2.5.3 ambient 5t8&

Ambient HE [2] i3, ambient &FHEN B RBILFTERFIHEEMKD ambient OFEEHIE
DEEBETEC LML TAHEETNTHS. Ambient SHRIIBE LBEOHHE
RO, ambient SFEORKLIIIBIBEIICHZOTI T TREREDOLY I~ FEIDW
T 3.

Ambient SHEORIE, n ZRFZETEXAT IV L UTUTORXTERINS.

(processes) P := (vn)P | 0 | P|Q
['P | n[P] | M.P
(capabilities) M ::=inn | out n | openn
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n[P] H'4#1 n % %D ambient Z%9 . in, out, open 1 B89 B IR

nfin m.P | Q]| m[R] — m[n[P | Q]| R]
m[nlout m.P | Q] | R] = n[P | Q] | [E]
open n.P | n[Q] — P | Q

TH5.

Ambient [& 70 2% (431D % D) BTH 576D TH 30T LMNtal D)L TEHR
T 20N E 5L LEAKRTHS. Eiz, in, out, open DL I— FiKX 7 HEDOEZEFEOL
v a— R EAROFEMELS. ZHOTYI— RtV ERAVEOL r AHEOHEE LR
CToHb.

Ambient SFEOIT Y I— KA 1 SFEOTYI— REEEBDE, ambient ZHEKT 5
DEETHD. 7, ambient DREFTHERRFNCED ST, EHIHRIR ambient
EOHTHEEMTRINIZSEV. —7, in, out, open OAKEERTEOFO O
ZOHEE, BEHNRYNT S ETEFIETERLEY. TOEFERMILTICE, BL2D
ambient BEO I ambient EFEOL—Lt v P EERELETNEELEW.

iz, ambient SHEIC BT 3L A1IE ambient DE FXELBEH LBRENDY, zh
5OAHORA—EE, KERNCERT S LA, SHEZRFNCED S DITIZRATHIC
BRIET 2L TERTINEARLELY. TOEFEZHTICHE, C Al =W oA )
LECADIEY VT P WS T EE T 5D T4 <, ambient BOZEET, O
HETEDNTVARLINCNIET 5 7aF eV eRET 2LEDND 5. 4O WASES

R IE
{id,~Lo,+L1,.-.,+Ln}

(Lo F—oS DT aF T ERRLRTENANDBRY VT, Li,...,La FEIVAE»ED
BIEY V7) LV EERL, TNTNOLHE, TuF IV OREEDH TRIHT ST
Licld. XBIC, ambient WBEIT B L EOBBRENELT B, BHHMOSRER
HLETOF ol OAEEL Z > TEH LRI NEE 5.

CNBDT b R#ERE LT ambient STEOEHRRAIOLY I—T ¢ YT IER 219 DX ST
7% (r AHEOBALEAR CICETBELV-VIEEL). BRI 2] DEHDHIED T

y:~F&ﬁokﬁ,%@¢?7747W1~»77ﬁ1@%%%1y:~Fbk%o&,

X 2.20 IZ7RY .

z OfliE, FELEID ambient & w % & D Firewall ambient OHIC, # k, kk, kkk R
43 Agent BADBABHOT O FDVERELTVS. v DD ambient k AA—H
MICHTI— VY FEBEAND VS OBERTAT7 THS. pp, 94 W AZEBRET
FRETFOLA P BXUQEETNFAET. cOT/ur I LOETHRE

{pp, qq, amb(L629),
{id, -L653, +L629}, ©601},
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/
{ module(a).

/* nlin m.P | Q] | m[R] --> m[n[PIQ] | R] */
in@@
{amb(NO), {id,+NO,-N1,$n}, {id,+MO,-M1,$m0}, in(MO,{$p}), $q,0Cq},
{amb(M2), {id,+M2,-M3,$mi}, $r,Cr},
{id,+M1,+M3,$m2} :-

{amb(M4), {id,+M4,+M5,-M9,$m1}, {id,+N3,-N1},

{amb(N2), {id,+N2,-N3,$n}, {id,$m0,-M5},$p,$q,Cq},
$r,er},
{id,+M9,$m2}.

/* m[nlout m.P | Q1 | R] -—> n[PiQ] | m{R] */
out@e -
{amb(MO), {id,+MO,+M2,-M3,$m1} {id,+N1,-N2,$n2},
{amb(NO), {id,+M1,-M2,$m0}, {id,+NO,-N1,$n}, out(M1i,{$p}), $q,eq},
$r,0r} :-
{amb(N), {id,-M2,$m0}, {id,+N,-N1,$n}, $p,$q,Cq},
{amb(M4), {id,+M4,-M5,$m1}, {id,-N3,$n2}, $r,e0r},
{id,+M2,+M5,-M3}, {id, +N1,+N3,-N2}.

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

open@@

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

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

proxy_merge@@
{id,~M, $m0} {id,+M,$m1} :- {id,$mO,$mi}.

proxy_insert_middle@®@
{{{id,-M, $m},$p,€p},$q,0q} :- {{id,+MO,-M}, {{id,-MO,$n},$p,Cp},8q,0q}.

proxy_insert_outer@@
{{id,+M0,-M,$m0}, $p,@p} :- {{id,-M1,$m0},$p,0p}, {id,+M1,+MO,-M}.

local_name_out@@
{{id,+M0},{$p[MO|*M],ep},$q,0q} :-
{{id,+M0,-M},{$p[MO|*M],@p},$q,0q}, {id,+M}.

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

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

gclee {id} :- .

gc20@ {id,name($n)} :- unary($n) | .

gc30e {id,+X,$m}, {{id,-X}, $p,ep} :- {id,$m}, {$p,Cp}.
gc4el a.use :- .

}.

2.19 ambient FHE&
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// Firewall Access //////1/11/11111171171171717111711117111111111717111171/ \W
// Firewall =def (new w) wlk[out w.in kk.in w] | open kk.open kkk.P]

//  Agent =def kk[open k.kkk[Q]]
JI1171711771707177117771710171717011011771071777171771177717711717111171177

{id,name (k) ,+K9,+K3}, {id,name(kk),+L3,+L9}, {id,name(kkk),+M9,+M3}, {id,+W9};
{a.use. amb(W0),

{id,+W0,+Ws8,-w9}, {id,+K8,-K9}, {id,+L1,+L8,-L9}, {id,+MO,-M9},

{a.use. amb(X0), {id,+KO0,-K8}, {id,+Wi,+W2,-w8}, {id,+LO,-L8},

out (W1,{in(L0,{in(W2,{H N1,

open(L1,{open(M0,{pp})})
},

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

open(K2,{{amb(M1), {id,+M1,-M2}, qg}})

}.
- /

& 2.20 ambient ETEDELHE]

{id, +L653}, @601

i, ENEZ%EED ambient DFIC pp BAB T EMTERLTILZRL TV S.

£ ambient 13, BREZDO 7O ADIEMNIC, ambient HEERT 7 TIER amb(n) HBX
CHERERET— RT32H0D7 ML a.use 25D, & HIC ambient D~y 7 LN)VIC
X, BBRD X 51cZ D ambient MERA LTV A IR TOZFID T F T HENNS.

Ambient SFE D in, out, open IZXI5d % LMNtal DIV—NVIEENEN 1 K TEITS.
proxy_ LA 34 ¥ % & D/L—/LiE, ambient ORSBREEDZILICH > TH ambient
DBBT ZLMOEANELLEERIC O OABEREETS2HDEDTHS.
7z & %13 proxy_enter I, [E— ambient P 5DR—&DEBM%E, %D ambient NEID
FOF L TEBTZESCTE7HOEDTHD, proxy_merge l&, FA—&ICHT ST
%3/ ambient RICEEERE NS BICHERZHETHHDEDTHS. TNEHOE
TFEZIE ambient STEARDEE L AT L TITONZ A, BIENKRT T OHHIE in, out,
open V—IVDEAL Ty FTERNC LAHD. BT TOFIPELIHAINTOEL
ZEiZE NSO 3L —/VHES TRB L TEHREZED S T Lz,

local_name_out, global_name_out i¥, &Hi7OF I OAREEZERILT 57DHDOE
DT, ambient DEBREEDBRNEHIC AN > TAEEDREMIEEXE5. ambient FHRIC
B TIE ambient DBENC > TRATRDEVRFAHSFINCELT Z2DT, RATRKICHIS
¥ BAMEES, ambient BEBOBRNGIEE 22 XS5 ICERT S LICXDIL—IVOMR
tZ2® - 7.

gc MOIRE B — Vbl RokAROBIEE, Y2 —/VFHABDRDDT
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LOWEEDEDDEDTHS. TV a—I)Va DREZBEDHICHEHALDICIX, TOED
HiC a.use EEBNVTEV 2~V allERT2DMMEENLZEETHS. TDa.use ZFHE
KFIALEWVIEER, a DEBEORTENEEETS. DED auseld, ZIICEYVa—
WadD)b—)bty FHRENTHBIEDERETIENTES.

254 CHR

CHR [3] K570 55 IV /DR DEEMEEL LTHEMNEZ > TV, CHR &
LMNtal & Zt#gd 5 L, CHR &

1. ZEENPERETIZ L0 EZFFOA,
2. ZROERRBEFICHIEN RV,

3. BEBEZLRVA,

4. propagation V—IVERF DA

REDHEIRHZEDD, TELSEFERIANCEIVTVSRAZIECHE LT LMNtal &%
OELURBFED.
CHR OB LEKIEIRDED TH .

(Simplification) rulename@QH < G | B
(Propagation) rulename@QH = G | B

CZTH,G, BRZFhThETFHREXDOZEESTHS. Simplification L—WZ, FEF
WEAOES H P H I YF (Thbb H = H) L7553 A 0 BV FE) L, dDOAH—
R GO DII>7z5 H ZEELT B ZEBNT 3. T, BHAORA 0 2% 5 5%
B iE LMNtal OJL—)UISEL. —75, propagation rule (& H' ZHT IR LIZE X BY
ZBhnd 5.

V=)V H=G|BWW—)V H< G| H B ORZAEETIEZV. BEIFUETF ’
HRERXOZELE/ICH LT 1 BITHEATRER S ITHBEEREATRETH D, 7iER, V—
WWERE=wF Ulets H i< UT 1 EUMERENZN.

CHR @ propagation /b—/b7% LMNtal I > O— F§ 5354,

o FMHEZBOTN
e propagation V—/IVOEHBREDER

DEELLS. BLlZ, §iEICDOVTIE, var(name) EREEUREEZEREZAS TV
TERRTZFEEFRA L. BECDOWVTIE, uniq H— FH (2.4.4 §7) ZFA U THER
L7z,

uniq A— FHZ AV TRERHNOEREOFIEZ LMNtal TRk L7z 02K 2.21
TR, ZOFEIX CHR ©
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Reflexivity @@ \\
leq(v(X0),v(X1)), {+X0,+X1,%e} :- {$el}.
Antisymmetry €@
leq(v(X0),v(Y0)), leq(v(¥Y1),v(X1)),
{+X0,+X1,$e0}, {+Y0,+Y1,$el} :-
{$e0, $ell.
Transitivity €@
1eq(v({name($x),$e0}),v(Y0)), leq(v(Y1),v({name($z),$e1})),
{name ($y) ,+Y0,+Y¥1,$e2} :- uniq($x,$y,$z) |
1eq(v({name($x),+NX,$eO}),v(YO)), 1eq(v(Y1),v({name($z),+NZ,$e1})),
{name ($y) ,+Y0,+Y1,$e2}, leq(v(¥X),v(NZ)).

VarDeclare 0@
H=var ($name) :- unary($name) | H=v ({name ($name)}) .
VarUnify @@
{name ($name0) ,$e0}, {name($namel),$el} :- $nameO=$namel |
{name ($name0) ,$e0,$e1}.

221 FNEXFHFOLE

Reflexivity @ X leq X <=> true.
Antisymmetry @ X leq Y , Y leq X <=> X=Y.
Transitivity @ X leq Y , Y leq Z

==> X leq Z.

S b—ib, 3hbbIaERA

X<X
X<YAY<X&X=Y
X<YAY<Z=X<Z

BLYaA—RLIEEDTHS.
$§ﬁ%%aSbAbScAcSa#E@a=b=c%§%mﬁ%ﬁ,ﬁb@fﬂﬁ?b
Tl

leq(var(a),var(b)),
leq(var(b),var(c)),
leq(var(c),var(a))

%Kﬁ?%k,ﬂﬁ%@h—w@ﬁﬁ%wi%ﬁ,k&i@ﬁ%ﬁ3@,ﬁﬁﬁﬁ2@,ﬁ
5 2 BOBADDS
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{name(c), name(b), name(adl}

PEKERr LTELNS. A—t/VRA—ZHZERHALTEY, nane(a), name (b),
name(c) ARAILEICHZ L WVI T B a=b=cPMERTERLILEZRLTVS.

26 FLHESERDFA

ABTIE, BBYS TERZTFNVE LTEREL LMNtal DEBMBZEL UTHLZH
B TE OS5IV EEL LTO LMNtal iIKDWT, SiEiits X Uit homi
mh LN LEmETT o It

Lisp ® Prolog DflZRTebhB LS, KALE- FEERMERDEZIRER—-RL
T o PP EEFIUD BE L OIIERFTO, N—AEFNVTCRFRTERVERELSHEAL
TW3%. LMNtal DIEE S & S ERILERZIT> N, HAZEE T IV E LTD LMNtal
DFE R HFEODEASHEBEERETE R EEXS.

LMNtal R ERAESHEEETIREBORAZEEL LTVAEH, AFE, 775,
ambient V&, CHR V3, ZRZFNHURORZZEELXETNVHERICTYO—FTE,
AOZOEEER S OFIETHRTERC LT, HETMI T3 VU EREL L TD LMNtal
DOEENZRT T ENTERLEEXS.

%EV??%%Z%%@%@@,%E;%%E%ﬁkuVﬁKi%%ﬁ%ﬁ@ﬁﬁ%@%
KA BT ETHS. BREIC SO AD TNV —TEREELEADORFLTTEL, -
LREEDBFE, THYADN—irbDRER EL L DREERTTH, AEOFTEH]
T, Bhk ORI EEEERZ TR 5 XUREEED, ChSOBEMICERCHATE
BT ehbhhol.

55 I8z OERMETIIERT EHRFEENTERLD, LMNtal i3, R5BEET ST
REDEWMAZDY T ARBET BT LICL> T, HERBENTHRIHBE LICHFHND
REANCIEE T 5 2 L ZAfREIC LTz,

A2 TR E AN SREEH DI D T DFR PR LW, ThSHc s, sy
I HERIS T4 PR, BRXOCY2T7NTOYS5 IV TREORRR EDETHT
Ho, BHREERZH CEBNSTE COLBERRAN—TEZTIUISIVIERVAT
LOWIZEELTNS.

LBOEETH S, HAETEREARORE - ZESICUEREORENVEERET
%%, ZOBBIBREIEENTHSS. i, ThETICERE LD SBEP
VY IDOREARSHTECLICED, TRYS5IV T LEEOWAICRIIDEGERMED
N360LHEELTVS. LMNtal DEIZE L OF®RELDN, SHEARZE-OEH
EEICEHETEELRATLEFHE TRV EV S FHMEL 55, BRI T ORERIC
W BEREEZDEDEHHFENS.

T 4 HEIR LI MER OIS 3 EcE D, TOMRBICBN TR, EEREHEOT
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EREHN DABICRETE ZHEOBARS A THRELICLT, LMNtal EOREL
DEEOFE & BRI T 272, LMNtal DEFHAZERTIE, FHEFLA TSI
B E MRS E RN TR EAORICELTVWA L EX M, $RIET0T S LETL
AV SRERICENEANTHSTFETHS.

=AREIDERE T L, Bigraphical Reactive System (BRS) [6] ¥R/ iR 575D LMNtal
ADEDAR I EE O EETH B, BiEIE LMNtal & FHICREEMEE & #E0
T A REEE L LTV AT LMNtal LECHELTED, TVa—T4 Y IHTEN
£ BRS D/U Y5 IV EEADEHICLEETES. — MBIl ERIEIRFEOR
L THEAEEREAZE DA, LMNtal &7 — X2 2EFEL LTRIIBOEHETHY, W
HxEEMNF BEREIREL.
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E3E

LMNtal JAEEZRDEEET & RE

il

LMNtal IZEE 7S 7ERZICEDSLEEBETIVTHD, VU I/BEICK ML
B X BBEBREDES - BIFESERIC X > T, BINT—2BERSEEAEMA 2S5 70
55 LEEBRICERT A LN TES. LMNtal 3ZHX HRIOMBA % BAL L § 5 k=
DAfFHERE > THED, EULSHRNEERESRIEPETEY. T TERLERE Java
EROVCHEREL, ORE2TEXARITBHICETIKELLEETZREARZHRIILE. U
HRIHEGEFIANDIINT S, FORIREITRRT Java V—AND b TV AL—2
5ixD, MEBA VR Tz — AR LHLTHIEIEREATBERBA TS, B
DEFEL YV IEERTELL DR ENZ B IHOIMES, BROBIC S 2EHAHR%
FLLIERBEFETRIEDDOIERET>TVS. AETE, WERBHRCEVWTEER
HERNEE L o BB Y S TEBORREAE, PHIGDER, RELFRAPRTHTEFE
L& LT, A0 LMNtal QUERDRE L EEICDVT@ LS.

3.1 FCsIC
3.1.1 LMNtal ESEEETIV

LMNtal [12] ZREE Y S 7EMACHE T ERETNTHY, FHEETIVE LTOMR
P uysIVyEREL LTOEAROEIIZBIEL TS, LMNtal DRERHER, %
BAERETTI, BT EL SEEABRACESHELEMAT2RIEET
VERNT R L b, MTEEEOSREaYCa—T 4 VY IREOHDTOT S
VA EBOERS L FTOEERRRT A LEEZEL LT 2002 FENSHELTER.

BAD LHROEREHELTEREFERE UTER LT LMNtal DEAT—ZBEICRAL
EREYS 7, 7 NLEREAEREEREL LT, ThEBELY VIO DOOFERTHEENRL
RLEOTHD. BT FLOLEES (EXOAROBIEEOES) ZEBHL, TEES
BANTFIRTES. ¥V Y237 FLALTRE—R—TEFT 3. EL00BELENE
BRI TH S, BESELEHEER, SEVAT L, 2Rk EREEETETER
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SRS BB LOMERATSD, LALEEEILELENET 5. RAPREATER
P UTHIEY S 7B EE LEOL IO LA Ao TVa. BEY S 7 OREE,
75 IEmE RNBERNHTL 0 HIFoNT Lidb B 12, BEY S 7TERAICE
S BRI O TS I Y T EERT DAMNEERFE LAD o .

LMNtal DE#MO—D & LT, BAREDEIABEFONS. BWHEROKE 1 FEIC1
BRI DTEE LTI T, S ORED, MTEET S 7 OERSCEERSRT VIV X
LB Y, MOSETRARICIIEIEVEEEC AT C LA TE. Thid, LMNtal OFt
BRI IR TH B C L L LB LTV, BAlk, WTHESHNT— 2 itk
PO L DE@LED T L 2 ICREEAT 3, LMNtal RNRORNRE
(CEEHST 27075 LER) 2Z0% $RENGICTESERTES.

3.1.2 LMNtal MEBR L ZDOREBN

LMNtal 70 7 M 2002 FEEICHEE -7z, EEFHOE 1 BORFERTEARGZ
Ebr0b, EEEREDSIIEREORE &ITL TUBROMAELIToTER. AFE
HKETICE 1 KIERORE [15] 21T fctg, ZORER%E D LIT 2003 FEFFICII Ruby
8 o KRR EER Lz, ABTHRSMUEREIFEEO O 27 FOFRKEETH
IR TH D, 2003 EEFES SEERRET, HMRet, ERZEDTE. FUER
EFXEIE FTEET 2T TABENTVAD, FROAFTIGELENDEFDN—A
Lin <, JEFEREITHAE [0] DREHLERRTo TVWA T L ZERTHEL LTV,

LMNtal ZB#iESETH B, MEEOWITERE > TVBHTAT, SEEEME
Lk o> THREL TR 25, BARFNEGSERINL—VERTEE, BXULV—Lty FHE
EAEETH B AL END, ELL hOMRNEREARIEHATRY. $BEEI/ST7E
Wz IcESL Y S I VI EBOERICREAHEN RV, EEARTDOVTEA
SRR ERTE. BRUEICEE LEERBET RO, SHORFENERRE
e EER O TREEICERTE—SEIET 2UERMELNEH, TATIEIALS] -
SEERANDHIEN RS TH B, LA > TEREZ A7 OIFRBIERITZFFEEAN (5B
3.5 i) 7, B 3 JUEAOMFEFMFIC BT 2EETHZEFEL LY, Z{ DNR—V3a %
BRTEL.

AETHENT 5 UERIE Java ZHOTHEL TS, Java ZHA LIEER, FAFEA
VADBEREBAL - LLEELREBETHH L, ERBESEVIL, BRUTINTE
FAMREE (Eclipse) MMEET AT THS. —7, Java DRAIHL, /1A ~BEALD
RV EEBOEIERIA T« TEEICS UeBEtA LRYEOBFEL R LA L L
ol

AZ T, LMNtal QEABEZIC OV T BBRRHZIT > e, WEROPILIERETDH D
TR L F R ARRIC DOV T TN TNESIZT 5. EERBINNRE L &> It
7S 7 REOREE, TRMATOBEE ReLFERPETARICOVTE, KEE
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LD THELIMEIITS. BASEETNVEEENEVIEESELRRY T ur/537
REICOVWTIE, TOREEZEHEIHENTT 5.

AREIRT IO S LB TRT, LD oYz b THEFE L LMNtal UWERTH
VEREERE TH B. 0 LMNtal YLHEHRIZ Web ETABEINTEO*, Java 7Ty F 74—
LOLTHETS.

3.1.3 XEDIERK

LUF, 552 &7l LMNtal OEAEZICOWVWTHET 5. 8 3 §iTi3F% L7z LMNtal
MR OMSEEMIEE L SEHESNC DV TRNS. 3 4 BiCTRETRUERO T — 2 HiE &
MBI DOWTHIAT 5. 58 5 i CIEMMHETRIEDFHMIC DOV TIENS. 56 BT
HRIRAFIOETEEY T ZHMBEROERBZZHB LIS L, FHGRFIOEFEZE
HENCENL CHRRRT %, B 7 HiTRHREGRINZERZ 2TV DM DEELEEID
WTRARB. 8 EHiTRILESHEAROEEE, HIH TR0/ S LK EREDR
ERFFTS. F 10 HTRBEEAEICOVTER, B 11 HTEX LHLSEROFTEICD
WTIRNR%.

LMNtal OFRHIBRENERRT ¥, SEET NV E L TO LMNtal IZ B89 % BKiRIEH
REBERFZEC DOV TIE, SR [12)[13] BXKUE 1 EESRB L TIE LY. F/z, LMNtal JLH
RICBVWTEREINEEZASEL L TOBBEEOMIII S b BIUB 2EZZRLTZ
L.

3.2 LMNtal EEEEFTIV
3.2.1 LMNtal DEXERESE

LMNtal DEARAEZFEICERTS. (m D) 7 FLRT FLBE ml (m >0) D
B3 BN BN BEE. ThZhOIEE (BPESERIEMO) 7+ LOFIEIcD
BERZU VI OBATHES. UYIRV Y IAERAVTERL, ALY YY%2EDT k
LOBERE S ULDHEEHEEN TS T L 2EYT. LMNtal TREBROBEMS (V2 I5%
) ZRIT, 7 hLEY YT OEENEKT BHED (NA/3—FF T TidR) il s
STEERETEIICLTVS. VY RICBEATEN BT B4, 7 FLBICIEY
VHLRBITEZEFBPHEAVS. BED—HORFHILE (+, -, =%), —Hf[AFELEZ
AR TRARLILY FLAZELTHETES. FH7 FLK =3RRI 2 LHIN,
PrLAX=YRIUV7 X DO—LY O—iR&ZERTSEBEZLD.

FrLAOSEESRE {..} THSC LA TE, HokbDEHIVETR. BEANT
BRI CLNTE, TRA, VY, BickoTHBYS IAERENS. COREY

*1 http://www.ueda.info.waseda.ac.jp/lmntal/
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P:=0 (%)
| p(X1,..r, Xm) (m 20) (7 F L)

| PP (737F)

| {P} ()

| T:-T Ov—iv)

T:=0 (Z=)

| p(X1,...,Xm) (m>0) (7 b L)

| T,T (7F)

| {T} (V)

| T:-T (V=)

| ep (V—IV3ZhR)

| $plX1,...,XmlAl (m>0) (7t ASCAR)

| p(Xy,...,*Xm) (m>0) (7 LL&EH)
Ax=1] (%2)

| *X (VVIR)

3.1 LMNtal DX

5 7#E% LMNtal T 7R X LS.

RS S S T HEDOERZRAIRIV—IVERER. )V—)V Head :~ Body DD (Head) &
smamz ZREEESS TEEDT Y TL—FTHD, Gl (Body) BERZBORET S
JEEDT VT L—FTHB. KL 0 ELLERRT ST LHTE, TOEZER
ERIV—IbEy b ERES

3.2.2 LMNtal DX

LMNtal O¥ZIZ, X; ZUVI4%, p2T bLAL LTK31DXSICERENS. P
HTOERTHES. TRTOLAOBRABAOERCAVS TOLRTYTL—FTH
v, BFTOR (REEDEVONETOXR) ZH& S BEER ED.

0 XHEOENTAER, p(Xy,..., Xm) @ m BT FL, P,PR37READHFIGK,
(P} BH {} e ko THV—FLENETEER, T - T B/ O AOERIRAT
55.

LMNtal icBiF 2 7ot Rid, RBCYYI7%H 2 EEBITHBELTRESHRVEVS
Yyo&ErErErIndaszy. %Y Y HZDZHINTZFDY VI DIRZERL,
FNHOEENY VI ERET. TukAPIT] EFFHEBET Y 7% P OBRY Y
7 (P ORI DENBY Vo) =EL, PIC HBET3Z2hMUNDY 7% P DREFRY
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K32 TobANROEHY VT

VI RET.

ELICELDL—ILOE) V74, ZOV—IVRICE XS E 2 ABRLETNERS
. V—VEDEREEDC 2 BHRT R UV 7RBFNATHY VI OFERE LEK
BEL, ELULELC 1 BTOHETZY Y IAIY VD5 HERERT.

—IVEBICANSC EHTE, BREEORFELOEDICHATES. L—Ili&, ZD
N—VAFBT 2ERZDFREOARZEIRZIHTLNTESD, HEOABEEEZ
B2 BT EIETER.

W—IVIREEOF DT RTON—IVDBEEA LY F L, TOLAXIRIBOHD
L—=VEHNOTaEADS B, BAREIIIEEINTOWARNVLDLEEY Y FI5. HLD
=)V DIRDOHBRIZ O K D OBXEM e AT NEREEN 12 7 L, b—
WXBR, Tt AARE, RU%E p ZR> TOWTEAEWCHEMGTSHS.

Tat X XROE B, BHY V7 OHBICET 3HIKEGZIEETH2LDTHS. V—
IVEDBO Tt AR $p[ X1, ..., Xm Al D5 X1,..., X &, ZTOXRDFF > T
FhidhorVEBY Y ZREELTED, IhEr 7 atAXROBRAGERBRY 7L
5. BLEIH AN *X OFOBRE, *X BZOXRMED X1,..., Xmn UND 0 ALDLE
DEEY V7 (BRATEVERY YZ7LES) oRERL, [ DHAR X1,..., X 25t
WCEBRY Y IRRNT L EET.

# 3.2.1 TukRFrFL—hreFabADyFUIOUEEFITRT. K 3.2 TR
TatR (a)~(d) ($p RRTRT XS5 XEEY VIV 2EDBET S THE) 5L E,

o {a(X), $pIXI*Y1} X (a) & (b) I VFL,

o {a(X), $pXIIF & (b)ICTYFL,

o {a(X), $plI*x¥1} & (c) & (d)Ic¥YFL,

o {a(X), $plIII}IE (d) KXV FT 5. O

7 FLERREEENEEOT N LE—EICEBEER T 37 HOBXT, V-VE
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T ORBEL T EHATES, 7 FLERRZ, BERNTEVERY vy EED T AR
s, BETIHIEEICLELES.

EoORBEEICET @R T 5L &I, gL n s S uk A2 hEETRIENEHE
BEZ, TOEEHRNV— MREFES.

3.2.3 EAE EHEEX

%mfnﬁisyﬁgﬁﬁm,ﬁﬁﬂ%@Db&?%%ﬁ%&@k%@%ﬁﬁ%&%@
TBHTLRAARTHS.
LMmmf@,@&@&ﬁ%,&ﬁ’@&m@)@&ﬁm,%@ﬁﬁ&?bb%&?
%1%7%Af§ﬁ?é.ﬁ@?bA@ﬁﬁ@%@&ﬁ&%ﬁ?%fﬂ&zmo&ﬁé.
LMMMT@&E%7D&X?%D,&ﬁ@%@@bk?%%ﬁ@%ﬁyWEbﬁfﬂh
28 (FakAlHd 38) 5] O—ETH 2.

7LD EARBICEBTAENED h\@#ﬁﬁ’@%ﬂiﬁﬁbcﬁ’g“%ﬁ%%%%?%fc&bb:,
LMM@?@,ﬂﬁijntxi%kmémﬁﬁi%éxbfwé.Eﬁ@futZiM@
Vv%ﬁ%ﬁiﬁ%U%E%EHc;oT&%éh%®Mﬂb,@H%Tutxi%@vv
%?%ﬁ%mﬁ%7%ﬁ@%ﬁ%ﬁ)aﬁ57¢®7FA%w;oTRﬁéh%.vv%ﬁ
%ﬁ?%ﬁi?ékbm,m%%iabfﬁ—Fo%w-w%%%LT,wwwwﬁﬁwk
DONEEZERIEETED LD LTS,

Head :- Guard | Body

# 3.2.2 H—FEFDOIL—-IV
a(X), $nlX] :- int($n), $n>0 | a(¥), $nlY], a(Z), $nlZ]

12, 117 F b a DEEET S LCOES > TOB5EE, ZOREOEIEES T LZRL
TW5. CTTH— RE&M int($n) 1, $nlX] WEET b LEERRT ARG EOEAX
RCHDC LRROTVD. £l $0>0 BT OBBENETHST LEROHTVS. $n>0
FEERC $n(X] BEET P LTHBTLBERDHBIDT, FOBIZRD X S CBENTE KW

a(X), $n{X] :- $o>0 | a(¥), $nlY], a(2), $n(Z] a

BEONBEARTH— R L LTIEETE 51 AR, unary, int, float, string,
class, ground TH%. chbHiRZThTN1 7 L, B, REVNEURER, XFET, i
@AY T 2—ARAOTIER L Javad T Y2 7 CREET AT L, BXUBERY
Vo ER—REFROEEE ST 7 RRT.

@H%futxi%u:®i5m,%iéhkfmtxﬁwﬁﬁ%%afmtzwvv
??%ﬁ,@ﬁﬁfﬁwfnhZi%&ﬁw,ﬁ@ﬂﬁﬁﬁ?%lﬁ%@U%EE@ﬁ@&
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RIBILLIHFINS.
ZOMOTLEERSTE LT, BICHNT 375 < [HhidRENH 50, THIdEE 3.5 HiTHM
9 5.

3.2.4 HE&IEX

BB 75 7REERL—VABRICERTES L5, WD DEREIZAELT
5.

1. a(s1,...,5m),b(t1, . stn) &, 8 (1 < 4 < m) & t, PALVYIRD

E, alsy, .. 8i-1,0(ts, - s tne1)s Sit1s-- -, 5m) EHBETES. HIZEF x(),
y(Z,X),z(Z) & x(y(2)) EFELL.
KiEE% LMNtal TEBT B L ERX, n KD/ —FE, ZOBEENLDY VS
EEBIEMLIEn+ 1887 FLAELTEET2OMMERETH BN, ALK
X, ZOXS3EHEROAEE S 75 EEDHE (term) DR TR T 572HDED
TH5.

2. PETUuLA, ABVYIETBE p(.. A .. .0, {+A, PY & p(..., {P},..
BB LT RV, p 3l {+4, P} #BBTET7 bLLBHETIENTE, BRE
TV T ARKET R0 LT b L% + DMRENICEDNS.

3. TORAXRDOY V7 ESEOLEX |[] ZEAKRLTERWV. XZTOX5ICKEIL
EaRAXRIC 1. OEZEREBRALT, p(...,A4,...),$q[4] Zp(...,8q,...)
EREEL TR,

4. Jb—)VIC $pl1*X] OFROE—D 7ot AXARA 2 BHERT 54551, mAZRR
IZ $p LREEEL T XL,

ZOIED, 0 ZMEEIENT LICK>TET L (RELGF (MFIEK) DHICERN
ZCLI3TERY), 07 FLOFER O BRI TESC L, 2D =, > FEPHBEET
LLTEZBCE, 1D+, -HEiBEETELUERSCE, BER TS LEAND
BHLMNTHAS.

FEOBEEORBELT, £(3) £3(F) REBLE 1D £ BIT 1D 3INLAES
B—O7atX (£(X),3(X)) 2&FT. & 5HIZ LMNtal i¥, HEEREINZT FLEOXR

JRCELT
p(...,X,...),X=Y = p(...,Y,...)

LWV EESRESRA (0 A7y TOMEEEMA], 3.258) Z2E->TWVa. TNZAVS
Y, EQ),300) i E@,3(),X=Y) HBWVE (£(X),3(),Y=X) LEHTE, ThT
NICBETEERBEATZ L =3 BI U 3=f BBoN3. CNLERINTRALTOLAZE
. 203, aFxI X =RBEETRELTT FLHEOHEEREREZEXR TS L LTEH
TN,
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¥, YR MDELITIE Prolog DIENFIHTES.

#l 3.2.3 2ADY X FEERKT S LMNtal 7077 LI, FEREETIRY A VKT
BEFTT LG . &, ZURNRETT FLA [ ZAVTRO 2 DON—IVTRE
ns.

append (X0,Y,Z0), ' [17(X0) :- Y=ZO.
append (X0,Y,20), > 1 (A,X,X0) :- °.°(A,Z,Z0), append (X,Y,2).

BEERAVS L, Fo7uys LEREHESHEEC

append([1,Y,2) :- Y=Z.
append ([AIX],Y,20) :- 720=[A|Z], append(X,Y,Z)

pE LY, BEMAROESIC

Z=append ([1,Y) :- Z=Y.
Z=append ([A1X],Y) :- Z= [Alappend(X,Y)].

LELTLLARETHS. 0O

w—w%m%TDtX@,L@%@&%EEU%F&@ELT%&%Ca%%éhfm
%.ih?ﬁwﬁ%fm774vyﬁ®hbm,W~W®%Ewmmmm@@®%?w~
NEEELTLETES.

3.2.5 BIENESR

LMNtal OEERERR (X 3.3) 13 BEAEMBG = ZE&RT 25 (E1)-(E10) &,
WG — REETHHA (R1)-(RE) »5%%. (E1)-(E3) BRAFHEEEETHSHT
LOBMSITHS. (B4) & a EHERL, (E5)-(E6) X = % &% (congruence) I
B OMERAITSS. (BT)~(EL0) dI%7 X = CETBHAITHS. (BT) BET
sgban 7 p 0 LOSMMNEE, (E8) & = ONFEEET. (E9)-(E10) @7 PLewl
Ic& B = ORINARIHREZ ZNETNEKT .

EBZEORD (R1)-(R3) JEHERHEERAI, (R4)-(R5) & = OBEFHRATHS.
&3@¢®%ﬁ%@ﬂ%)f,%Eﬁ?7%ﬁ@*@ﬁ@r%ﬁjiﬁﬁ?%757%ﬁt
D= e DRISEERLTNS. RA 0 37O AR NV—IVIRPT b LEHZ Bk
wixrat R, V—ib, 7 rLCHIEDT56DTHD.

IR ERROREHC BT 3 BEEAMARER, Vv U PSR BERE LENAES
%E%ﬁ@ﬁﬁ@%,Oi@ﬁ%ﬁ(UV?%E%EWD&5C&TE9%.Eﬁ%ﬁ&
@%%ﬁ@ﬁﬁﬁ%@mwﬁ,%%%ﬁﬁ?&<ﬁﬁ@%§E$WT%§Eﬁm%§%®
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(E1) 0,P=P (E2) P,Q=Q.P (E3) P,(Q.,R)=(P,Q),R
(E4) P =PlY/X] EELX W PORMIYYI4
(B5) P=P =P,Q=P,Q (E6) P=P ={P}={P}
(E7) X=X=0 (E8) X=Y=Y=X
(B9) X=Y, P=P[Y/X] EEULPRB7FLTX G POBRY YIS
(E10) {X=Y, Py=X=Y,{P} 7RELX Y Obx3E¥—AH POBHIYVIH
et =
Q=P P—P P=Q
Q—Q
(R4) {X=Y,P} — X=Y,{P} ERLX Y R{X=Y,PYOEEV V74
(R5) X=Y,{P} — {X=Y,P} EELX YR POEHY VI
(R6) T,(T:-U)—Ub,(T:-U)

(R1)

(R3)

3.3 LMNtal OBRIEHERR

—D kol

3.3 WMBROBEEFHEAEH

ANEAL TS LMNtal QU I3 49,500 70 Java I— FA LS. ZOHEIRTR
SRR 17,300 17, T84 T 16,700 5 TH%. Edlipse & CVS ZAVTF—L
BRZToTE . ERICIDD AR 18K THS.

3.1.2 iR L BAEROBREN LU TOX S CE DB N TES.

e LMNtal 7145 LETREZ BHICIRHT 5.

o EHERENSEERINDT 4 — RV I 21T,
o BY S 7EMZ OHEARITARNZHILY 5.

o BB S5 7EMZ DIEEMAFITARNEIEILT 5.

o EBEHEOLERREMRTS.

o WEEMEEDOMAEMFEOLEZIRMT 5.

chEDT D, BIERIZSET TV OMIDED S T 1 XOMECRIEER
seonah B EEBERIC BRICHRET B C L L LT, MSTRBRIFIREI & OE KNI
Fe e U yaEkidiTbhnc e L.

— 5, (AR OEEDEEIC BTz > TR, EEULVEER (computational complexity) D
FHEAPERL, FEEFRELAVERCRIXABECSUTHEHEED T L.
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> imntal 3T FEFRES
LMNtal

J—2 mmp : Imnc AT K68 R
" —3> : imnr 23X 2 FERE
lﬂ {RIREIT)

yy
avii45 ‘.:.E ICE Tl Ry ;";%NE;‘; m
U2 l’) P2
(Javaz i3
Lk LTET
I~7 <= Jar Java E1T
e PSRy FEBAER

K34 av8A) - ETOFR

¥ 7 A S BT FIVIC R WEEENRER [5) RO S IV THIEREES L S ARE, REL
Tx7-. BEBEIYVIOEEREDEE LD/ INVDER, T k2 A TR [15]
MEZIFMNTVS

3.3.1 WEBROSERK

MERIFARELDTT, AVAT L ETBMERNDIES.
a8 TIE RIS, RESTEEE, V—vayRA T, EEBRE,MLE>TED,
LMNtal V—RZ 7055 LamEic®et L plGasine £ 5. FITRFLIERIIR
= QT EITHET— 2 EEOBRIFHREE, £ X ORI TEER Lo — VO ETHIE
HEERIRIET 5.
93084 SHVER LI PRI ATIOETO LATRRD 2580 OARZREL THS.

1 lmntal O RZAHLUTCYATFLEEETS L, LMNtal V—Ad— R 7% Ffd A
AFlic 381 L Uiz, LMNtal giss a3 2 RET T 5.

9. lmnec XY REAALTIVA SEEFHTH L, PHEGFFIET SUAL—RIT
I Java Od— RICEHBEND. ERINTC jar Ty ANVREELT lonr ARV F
% ASE % L LMNtal 70575 LBEITENS.

chb—EOFNER 3.4 IIRY.

9B RIE, Pb5ERAUETETF—ZBE L ETARNCEDINTNS. AHTREY
= 3 4 HICEITRET— X RHEDOBREEEE L ETHIEBRRIC DV TN, hGHRY & T DR
REFcOVTIRE 3.6 HCEERYT 5. FHGHFIOREILL FT A L—ZDNTI
55 3.7 i THERR S 5.

73, LMNtal 7045 LEEERTIC lontal AN R LI BaREeE—F
(read-eval-print-loop) &% D, 117T¢IC BRI GATIAND T2 81 )V & T DFRRETHT
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bhd. COBEE, LMNtal BHES 475V (3.8.1 8) XEITRICEINCY V7 &N 5.
RUHERIIEAEEETNDOS BT P LEMZRSKEEZEEL, 7 b LEEKEEC
DNWTIIRBEEER S 4TS5 ) THREL TS (3.8.3 ). HIKHIRSFERELLT, €
Va— VAT L, MEEA VR T 1—AERRT - ZELTHED (B 3.8H), 7ulsLh
FIRZIEOI-DDOEBEELHA TV 5 (55 3.9 f)).

3.3.2 BH—ZXLv FItK32FTAFROBE

LMNtal 71045 LOEFZ, V—-VERVEEBES S 7EBAOEELTHS. BE
FSI7OHEEEIL -V bicTa YIS LI E>TEZ SN, IL—IVOBRANRAEE
WKixo - bEFEKRTT 5. LMNtal DETICIE, BAT 2/L—IVOZEREZOIL—IVA
HWAT 2O ADBROWFICIEREESH O, IV—IVEROKRKRIINERICERLN
TWa.

AE T LEOEERB—A Ly RTITS AEOEAZFGHTS. UTTR, 51—
WABIEDRE Y 5 7 DWIFNAH DB L TEAFEEN & 5 hOkEZ T A b WU,
BBN—IVHEDENEEBICEATERHEIWOFEREZTYF VT LML

FRAMDHEL LT, BLB7 FLTEF R FBIXUEXTEFX MO 2 BEZRE, £
L.

7ELAFEFZ M, BERIONAAREOSHZT FLET PARRZY JICE>TE
ML, O LE? FABHRELLTTFAMETS. —4, BEETFAME, BHATES
HEelA D 2N — IV B DOERRFTEAZ v 7IC k> TEEL, MOHLEEDOEZLV—IV
EDOWTT A RRITS. FRGRFIEZNThOTFA M EABEL TV, ETARZ 21
BFREZELEOR, HESHBNLBERICSZEHDTHS. 7 hLEETFAMNIEERT Y
FUHRERTBD, BATREeN (TEASBRANEET ABOETMELET S LR
BOEWSHE) 2R, TRUCHUTEFET X MRZEMRGEENED, L—IVDR
TR D B.

WFNOEITHARTE, BREDOENSZHEITIE TRICEDBDIV—IVOER%Z T A
FEBH) & TEDBEOLV—ILVAERTEZRAEENS 2] ZHELENDS. EITHE
ARy ZZCONER O(1) TS C L EFREICT S, ETRAZv 7R, 53R M
BPHEENTVSE5IE M OBEBRAT M X0 LEARCEENTVS LW REEME
(invariant) Z#7z 9 XS BB EINS. RITEAZ Y JEEDOE (FBREMFR) ITHLT
V—IVERERBROEL, BATEAL Ao oZTFRAZ vy VHLED R, ETBEAX Y
ZICEENTORVEOHRDO /O A BB LRI 2RIE, ZOBERTERAZ v VITHET.
T DR FEDTEE(L L 5 (3.5.4 Hi).
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M @

©) 1B LJ

—~
w
~

EZ

(a,b - ) ma BA  BA | IRA
({ab}:--.-) BB @B [EB

Y—ROA— K7 LZXBAYY

3.5 7hLDT FLARZ Y JHEOEE

7 ELEEFAR

7R LEEFZ NN, THcERENET FLD, V—IVC K BERXONREESD
P3| B#FARTREDTHY, TAMNIREEST FLOEEDDIET FLAZ YT
BERTS. TAMEREEST b LE, TETET FLEES.

FRLAZ Yy VRESLIcEx 5 1055, BRADL—VE, ANTFICETZBEOAN
%@7%&%%%@2%&&%?%%@?,%%%@W%EWBhkTFA%TFAZ&v
VIcHEND. MEREIAZY 7HEEOELET FLAICKHL, BEORONV—IVOBER%Z
ﬁ%%.w—Wﬁﬁ%T%k&%@,W~WEE®§7FA%%®7FAﬁﬁ%¢%ﬁ®
T RLAZ Y VLR, EBREKEBEIEROHLET FLELV-VOBBROT FLAZY T
IR (EEATVE ZRAE LEY). TRTOBEDT FLARZ Yy IR E21ED, 7
FLEETF A OERITRIERTTH 5.

B 3.31 [E35IC7 FNLOT FLAZ Y ZHEOBEERYT. TORIZ, (1) all—b
(ab - ...) ZBALES L LTHREL, (2) a ZEEOT FLAXY ZICHEA, (3)a
b=V ({a,b} - ...) ZEALES L LTRELIEKAZRL TV S. O

LTGRO T — 2 BEERIE - PRT—28E VS IV—VOBERLBET
@Azﬁ)kb,iﬁ@%wﬂi&TQYFLﬁXQVﬁwﬁih%.ik,xﬁvﬁf§
ZOTHEMONL—VERTERENLT FLBAAZY 7HREIKCL . chickh, KER
BT O TS LENREI BT EIENTES.

&l 3.3.2 WA=T/A NN
{a}, {b}, ({a} :- {cH

%7FLE%?ZF?%ﬁbk&%@?bbxﬁv7%®ﬁ%k,%ﬁﬁz&v7®ﬁ%
%KX 3.6 IZ/RT.

(1) BEC (A8) D7 FLAZ Y 7 BEOHURT b L b ik 5 — VBARERL
(B C i)V — VMR ), b EB A (Bl) O7 F LA Ry 7ITHEs. BCOT
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(1) SERE )

BA
) & Ll
@ @ a b
7 @B mcC
BB [EC (%)
\ ({a}:-{c}) )
BA

K36 ETEAZYZET FLARYTOE}E

FLAZ Yy T INEIROTHE C ZEITHA Xy 7 HHD Y.

(2) (1) LAKRIC 2 ZBB) LIE B ZED HY.

(3) alclE A DV—JV ({a}:-{c}) ZHEAH. V—NVELD c ZEB DT bLAZY JIC
EBNL, BB ZEERLTS.

(4) (1) LAKRIC c 2BB LT, B ZHRDHT.

(5) (1) LFAKKIC b, c ZEDHL, A BEROHTH, ADBBIZVDTD, cld&
CICBHERW.

(6) TR R Y I NELEDTHETT 5. O

BEEFX b

YA MERFOXS %7 b LRERLEARRERL—IVEZWeD, 7 FLEET Az
175 LRRABE. T, append DX 31, BRT B/ —IVEEETRICERENSHE
BEBEENE7 FLDAEZET FLARZY JICEBT LICTS. COX5% FEDV—
WICEEMITONT WS ] ERETTENTELET VLET VT4 TT7 AL 75
F4 77 FLBMEBIIBIZEBEPTFRERIIZIHIST 5E0T, BFUERTIE, &
BERBHILELN OB T LERANELTT V7477 LERBLTT FLAZY Y
ERBOHHRELTWS., ThUcHUT, BE, FEVMNEE, XEHBITY A MBRTZ
BTT7RLRT7 FARZY ZICBBERNT L ELTVS.

Zhicky, EREMNTNVY— TTT I LA

L=[$x,$y|L2] :- $x>%y | L=[$y,$x[L2]
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while (not ZAEHEE) {
if (not HEDT FLARZYIHE) {

EEDT FLARZ Y IHS5T b L% pop
W—VERER»S /x T FLEETAF %/
if Ub—IVEBRTER) {

W—IVEDDT 774 7T b LEFRBERD

7 FLRZ Y JIC push, HBOBEEFEELTS
} else {

pop LIc7 b LEREDT b LAZ Y 7IC push

} else {
KEOBRFETA M TS
if QU—IVERATER) {
W—IVEBOT 7714 77 b LZEFRRED
7 ML AA Y JIC push, HODEEFEEILT S
} else {
EEERTEXZ Y 7 D5 pop

X 3.7 N—IVEBLEOTN

DE3ic, 7 FLAEHEFZA OB TRLV—IVIERENE BB HEVRET 5. &,
{3 :-{1}

Dk3ic, 7 FLEET A FDAEMCERTERVV—VEHS. ZTT, 7 HLAZY
bR o T b B IBORBOTRTON—IVOERZRSS. CThE2EEETAML
MR, EEET R NSEB LD, BETEZL—IHRNE UTERBERITEAZ Y 7
MHELDERS.

A TR —VOERIEFE7NVIY XLELTETE, K3TOXIKEES.
78, 7 P LEETFA R LEEET R M, £ EREBEOLEIEF ORISR 5 REMN
MEDONY ZT Y TERTHED, Rzt ORELHRLEL THEZRRLFRL
BRI rbTES. COBRET VT4 77 FLET FLARZ Y JRRAVICRE(LZER
TRHIDICEALTREBL BT LENTES.
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3.33 #EHAL v FILKPRT

LMNtal TliE, L—/VdEIc X > TRFALENTVS. BE—X Ly REFTOHEEIHIHE
THRARIEE S ICEFERAR Y 2 2o THEBEMAORT Y 2—VU Y TRITIH, HHALY
RCERBEFETOIREE, LEOEm, LEEETEEORMETEILELR.
LMNtal WERIC BV TETEREONE EBRTIHELZRAT LR, BLDXATE, &
ZR(ZORAIDI— FMEERER) L ZOTHRBEZEEL, B—XLvy FTERETEN
%. 122U, BRCERT BBICTS V< (EBROHOMINER, 3.5.2 8) 24095
PRIZZAZDEEFL TR LRTE, ISR MMURLE Ob— ME) BXTZTNKD
TORBICHDEINDORAL Y RHHODR A7 L LTETTS. XA 7REEMOOY
HEBBTZC LT, SHRANSEO TR AICHHINICT 72 AT 5.

CHhEDRAZEIISVAA LTRSS LMNtal 7075 LOBBFEKICK > TEH
INns.

3.4 SHIFENER

AETWE, 5 3.3 HTHP L EAEY T 3 RITRUEROFMZBNS. RITHIULE
RRIRELDFT, RCBF B 3EHEOBEZRHEL TS,

o TR — 2 EIEOBRIFERE (3.4.1 Fi)
o H—2 L v FETOHEEAE (3.4.2 &)
o BEAL Y Fic X 3 IERBIEITORIGEREE

z 05 BIERAEITIE, RITEETOER (BRADTESHREDCSS T0ER) OEHE
YRRy YOBBICERAD, BLOHEMRERED. TITRMTEZAT7 LY
Y DEBICDONT 3.4.3 BICHBEICENL, FRERTBECSFIIE 35 MTHL M
C3%.

3.41 ROEFT—FEE

LMNtal D70t RE7 b L, B, V27, V—VEEKERERL T 2P, RLER
Tl ZHZFN Atom, Membrane, Link, Rule D7 FADF TV s FELTRELTY
%. ®3.8NDESIC Membrane A 7Yz 7 Mid, Aton BE U Rule A7V 7 M 2HESR
SETRAD AtomSet, Ruleset ZAAVWTEMET S L LI, HEVRETIHE (FE) 2&
¢ Membrane A 7Yz % b % Java API D Set ZHWVWTEET 3. B, XAI7ZERET
% Task A7V FOVERT S, REXATEEHT ST XA LI LMNtalRuntine 27
T P LUTETRICIE 1 DERENS.
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i LMNtalRuntime 1

1
*

T atomset o—] aom |—{ Link |
% Ruleseﬂo—*{ Rule }O—f-mstruction

X 3.8 HTKT—ZEEDTTAK

7O ADOTF—2 KR

PO ARERTET ML, B, VY Y, V—V0ERR, SHRLEORMFERZ/D
TR L, BEOL—IVEBENARERT &, Y v v TIVE—F V—IVBRADS VX L
) ICHET BT LR DT ETELRBERITSLBNRE Lie. TNHOEREZRRT S
IR A T 27 MDD T 4 —V RIS T LEDEL VA, ATV ERRET T
L ADKEZICHHITBEICHZTVS.

W7 ML AtomATVry ME, 7 FLORBIBICHIET S Link A7V 2 7 FLSHC,
7+ LATIBT 3 EICHST % Menbrane A 7Y 27 hAOBBEERD. FET 2EOME
H|EEODIE, FLAEV Y IEDT FLEBRT BT, TOT FLNEDRICHELT
WADEHBRENHLHTHS. 7 FLEHETFAMNCBOTE, 7T RLAZY NS
WMOHMUETETET FLBZFOED My FLNVCHB LTV S ONFRIRICFHELT
VWAEDNDOERVBEERS.

BYUYY BUVrE, FAROSREED Link A7Vl b 2EIck>TRRALTY
%. 1fHD Link 7Yz 7 FARARDSREHDOXSICTEC LEME LIS, 257
2L, EBE50BBI;HFADOT FLIKDENSE LD EZERICHET 2DICRALD
ORIMEEAREICE 2 EDORRIELE. V7R T Vs e TIC LEDHERE
Atom ATV 7 McHBAGAELEZ bNEH, FEMPTIORE P BILEIC B
57O ADESERERICT DI, 7TV 7 e LTRERETS L.

BE EiOEPET Menbrane 7Yz 7 M, BROTOtLADOERERZFTHEL, 7
O+ ZOPHEHIEREFERE O ADEEE DN T ES.
Membrane A7V # M, UTD 4BHEOTOLASRBER>TWA.

o HODEED Membrane A 7Y 27 b
o RETHHE (FB) RS Set ATV b
o FRETAT FLEHID AtonSet ATV 2V b
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o FETAIN—IL%HID Ruleset 7V DU R

7z, B SIcay 7%, EFTRTHREDHIC stable 75 7 B XU perpetual
75 5%500, CNLIFIERHEIT LR BEET 5D THE 3.5 HiTEN5.

HEAOSRBIE, (1) COBEML—METH-EE, V—IVERAORTRICHEDORET
PEEEESD (354 8), (i) BRWTEVERY Y 72ED70ReAXRICTYF L
SO REBET IOV VI DDRENZIDESD (3.4.1 ), BXU (i) 7 M LFEET
A b (3.3.2 ) TAVWSNED 577 M LEZFBICHLESDICE> TV S.

FHE Set I AZAVTEELTWVWS. SEETINV LR TEOSELEETHSH, RE
FRELZDOFEIFA TV b ehdicd, EGLUTHR>TIY. TOBRITIE, Set
% 4k&$ % HashSet & L < |3 RandomSet 7 5 ADA VARV X% R AT 5. HashSet Z
5 LEOMA - §ikRE O(1) BETHITTE, EERChEAVS. ETEREZS VEY
A4 RF BT % w T IVE—F (3.9.1 i) Tld RandomSet ZFA LT, FEZ S VX LITER
g 5.

LMNtal T V— VBRI TRETEETH D, CRRUTOXIIKERLTVS. &
Jo—vby MEIBE), i, HEShZTLRBHZB00, TORARERRICEES
n, BCHmENGC L3y, A—BADLV—VEy bEMOBICES) - 5T 58
iid, BE - HEETIL—IVEY bR 1DICHART, A—BERAOEROLV—LVEY b
List TEHELTWVS. ¥Yv v 7IVE—RECEBNTIE, List DERZZ VX LICHET S
RandomIterator 7 I AZHAWNTIL—Ly FZERLTWS.

B)IV—)V BHEDOL—IVEERTSD Rule AT V27 MiE, PHGRZRET S
Instruction A 7V FDY A FRFEHT S, mEGRFIEAY F@HH, A—F
BT, RF4BEIHT TENTNRDOU A N TRET S,

EI—iE, EEPERSNEOBENELLED T3 LidEwy. JV—IVOhREIC
V—IVAET B0 TETARERV—IVABICEMENE I LIZB BN, TOKS&IV—
IVEBHNC AV TES.

JU—Vid Rule 7Yz % FOD ArrayList £ LT Ruleset 7Yz 7 FWVEHEL, EE
BBWIEEC Lz > THEAREE NS, KEL, Yy ILVE—REAVTI VH LK
BMETHLETES.

7 FLEBEESDERE

N—IVEBCHIST %55 7GR FRT 3 v F Y TNEORIEETH S, AL
HRTIE, BEDOT F LOFERNEIC, 7 L& LM (arity) OBERZHAOTWS. 7 b
LELWEBORET 7 VI REMR. T 7YY Zid Functor A7V FTEEL, AU
Ty REEDT LM Functor A7V 27 b ERET B L TATYEOHIBEZR -
Tn5.
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59 HYTNTF—2 (LB BEU Aton 7Yz 7 F O AtonSet WTOBEESE (TH)

B4 DRED AtonSet WTIE, BHROT t L%, LALTFOD 2 DDHEDVT N TRE
LTW5g. 9, BET FLABXUTXFENT FLUHNDT b L (Y RIVT RL) &, &
¥ Functor ¥ — & LTZ D4R ZEL DT b LD ArrayList %3R3 HashMap Z W
TEELTVS (K 3.9). Atom DA - HIFRRFIZ T D Arraylist ZEIVET 5. Atom I
ArrayList O index fEZFFE, YIRRERIC I3 HIRR L 723 ARIC ArrayList DRBROER
BEATBC LT, $5E L Functor 26 D%7 L& O(1) R TRREBTEBRET
cided, MRS O BETEITTEALIIC LTWa.

*ﬁ.ﬁﬁ%ﬁ?ﬂ%§?7fb(?—97bA)ﬁ,ﬁ&h2®w—wwﬁwfﬁ97
FUT FLABY YT EEESTT 7 EATENETAT, BROF—27T b LZERIC
kg d B RERIZPRV. DE D HashMap ICHRT ST Pk BEHEERELEOEELD Y,
£HE7r 57— 27 b 1% HashMap lCBRT BT &IC K 2 22+ DAFIZRDF BE DM
*xV., FORDT—XT FLETNTEH—OD Arraylist WKEEHTWVS.

BHRHYVIVEET ML
EREICETENS TR ABCY VIBFEET S LE, BaDTat ADOEEETE
BRETRAFET 2BENDS.

Bl 3.41 XOTUTILZEZS.
{(aX):-c(X)), ad)}, {b), d, (d:-e)}

7 LI a b b AEFEF—RBECBOTY Y REERSRLTLES &, ISR EAS
Bz CHLEAMY Y IODEEN AP LBBOFTICHELTLES Tz, WMITRITT
i {k>TLES. O
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inside outside\ [outside inside
proxy proxy proxy proxy

X 3.10 BHHYYIVEHET A

CORERBRT BT, BEEELY Y ZIcHLTR, NEBNICBRY >V I7EET A
@mmoamiﬁ%KTbA%ﬁ®WMk%Mm19foﬁkbfma(H3un B,
RFHDEANET F LOE—F BOME LB IBDOASRAR (FED £IZEED ) Z27RY. E
ORAENCE AT % & 0% inside proxy, FMIZIEA T % & D% outside proxy &MU,
ZNZENERE Functor TERL TV, EROBEEBERBEI LIC—HMTDEAT
%. HEYYYERT FLARPEGRFAOIVSAVEBTHRAEN, 7075 LET
ey, UV rHERPEERCLICHBY Y ZERY FLAANB XS T OBA LK
BERED. FOEENZAHEKMICDONTIE 3.6.4 HITHNS.

342 B—ZLv FicksIV—IVRITOHIE

L—VEFOHEIC BN TEERC &IE, (1) V—VOEFORLEZERILL DD, (2)
BATEAAEEAEVL—VIREBRCETLEVESICT ST LTHS. AEITE,
3.3.2 I TN ETHROEE FOBE S L ANERICHE T 2REICDVTRENS.

W—IVRITHAREOEBLRE

332 BTNz & Sic, B—ALw REFEBOTIE, 7 FLARY ¥ LEFEAZ Y
5 DPHE TS L L — VEFORSEDEIZE > TV 5.

EITROR (AM) 37 FAEEFA S L BBEET A (3.3.2 ) O0FANTH
FENBA, 7 RLAEEFZ MIEEET 2 XD E—MRICET A N ORIHERSE D
TEHETHD, KEHOL—LVET FLAEEF A M X > CHAMETS%. ZTOkHAE
MEZRTIE, 7 FLEEF A MNCEVEEEREX, 7 NLAARY IBETHD L EDHE
FEFZFETI XS LTVS.

7 R LAEM P EREOTADT A M TS C LI Eo B, £L0L—McELTIE
WU THEARERTS C Lichd. RELCOBEER, 7 FLARY ZHETENRE
D BT B & 2T UDTE LRV, AERd—3—Ay RIZZE5R0.

BEROERTREE

SKRAYDEITEAZY VI, ZTOXAYHVERTBEDS L, BHAEZL—ID
BT AHEENNS 5L 0 (RITAE SO R) DEENDH, TOELNIEHRICE
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ANERTREBICHZLV—IVED LFEICHBN—NVEBRELTETTRCLL LTz,
LMNtal Tl —NVHFREZEEBRISC LEHFLTVEED, HEBEORNENELT
%&,%@%@%E%%w-wwﬁﬁﬁﬂ%m&%ﬂ%ﬁﬁ%%.%@hb,?%ﬂ@»—
w%%%@%%mﬁﬁﬁéztf,%ﬁ%@ﬁ%ﬁﬁ@%b@b%%mmmwzéz&ﬁ
TE%.

DL 3 L DB TFERBE LAV —VEITEBH Da L TEH, ROV —
w%ﬁ%%m%ﬁbkﬁﬁ%$%Et%7—z%%6.%@%ﬁ@,ﬁ%%t%ﬁ@»—
Wﬁ%%¢%éﬁ,ﬁ%w~W®ﬁm%m¥ﬁw—w%ﬁ%éﬁ%$5miuﬁ?b%ﬁ
ﬁ?h@%m?%%.i%@%%#%,?%@%ﬁ%@%é@,ﬁﬁ%ﬁabf,ﬁ%ﬁ?
ﬁ&b%%ﬁ%XQv7@&%Eﬁihfw&ﬁhﬁ&6&m:&ubk.%ﬁ%%ﬁ?
TOREEEDHERIC DOV TIX 3.5.4 HITHNS.

OV IVEhIV—IVDETT

7Dﬁ§b®%ﬁ%%b%ﬁ@,V~X7U75AE%ﬁéhk7bA,UVﬁ,ﬁ,
w~ww%&%m%7mﬂx%$ﬁ?éﬁﬁﬁ%5.:yﬂ45m,w%7nhx%wm
4 2z hOHERSYEL D Rule A TV 27 P RERT S.

B 3.42 V—ATarlILic

{aX)}, (bX7}.
{aX)} :- {(b(X}.

a%ﬁ?%&,wmw{ﬂm}w{Mm}®¢%ﬁ%W%%9Rueﬁ7V17%mm
AT,

O - {a@®}, HBEIY, {a}:-{bED.

(Eﬂ@%futX)amaw—w@¢@ﬁ%ﬂ%%oauei7917b%%ﬁ?%.%
FELERE, —ERICREOFEARNIEZEGLT, BV 2®}, b} BT
=V {a(®)}:-{b(N)} DHHMGHRFIZERT 5. o

D& ST — JEEERETIV—IVE 1 E LAEFLAEVE DI IKE>TWVA.
235 ThVEEID TR ANMERBEERENTLES Mo THS.

e by R LT B, — VOV — VI B B
37 DESHEROL—VEy NEERTS. AR, tROV—ATO TS LY
BRANE B eaE 2 EON—VEy FAREREINS.

MG SFIRIC 3 VANV ENTV—VEBIREITYT B3, Ruleset DYTITA
C%% InterpretedRuleset 7 5 ADA TV x ¥ KL, 1 EDN—IVERZITD A
VVF%WG&T.XVVF@%@E@%@Z%%@%%%%?%.TFbiﬁ?Xb@
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BARKBZTNCIMATEET ST FLBEET 3.

HRIGRATIENy R@asl, A—Raadl, RF@Rflcahn Ty, TNy R
BEFIMSIEES. Ny FRRFITRNLV—IVELL Tat ROy F VT ZTSH. C
nCIREBIT, 7 FLAEETFZA NAOGRFILEEET X NHOGRTI0 2BENH D, £
TRICOThOBIEEENS. v F U IIKKINT 3 L A— Faadid— Ficidh s
IR T E S D EERT 5. HIREHLERVBERENY Faafino/iy 7k
Sy rhERES. H— RRAFICHRINT 3 L RTF « GRFINEL T O ADBREL ALY
O ADERZITS.

&S OFIRAFIC DOV T, 5 3.6 Bl THRRZITS.

343 RAvEOVIDER

BEAL v RIC KB IERAPERTORECE, 2AVERLOy VEEPLRLETS.

2R ER

333 @i TR & S, AMEROETERIZAITHD, EXATERAL Y FT
EFEND. RAZESVEA L (L#ER LT LMNtalRuntine 75 A) I ko TEHE
N, SVEALRZZAT DB, 2ROETRT2&Z A7IEANT 50EZITS.
FillcERENLBEL, JZA7 TOERFEREENGVRY, ZORHBELRALZAIT
EZFENG. BREBOR I TELNELE, MR- FEZLV—-FERETEIV—FZ
RYTEITENS. HRAV— FERETRT—2BE0REREL LD, T —2H8ED
COEPEEICERTS. FORDIAVIAIHER LA O AEFLV—IVE, F
VEA L SR — NEOSBEZITE > TETENS.

Oy &R

HBN—  NELZFOFHON— FEREHT S 2D0XAVE, A—07atAk7 s
ERATEHCLARBHEOT, NERIFMEHEEZITS RELNSS. AUERTRIEZ 0t
ZOHMEIEOBA L U, BROTaL AT 7R AT EBRZOEOOy 7 ZEIET %
k3ic Uiz, 7 b LEAOHMEEL, BEBIUERA—N—y FHREEDTE
i ThHAD. BENGEO Y VEREAESIUTO Y 7 OBRICDOWVWTIE 3.5.3 BITHNS.
fx 2y OFEOT Y 7RG LR, Oy E2RRTIBRICEEREVLENSELY
3. (3.5.4 #i).

3.5 JEMHARITHEEE

LMNtal QIBERE, UTOBEDOEREBNE LT, HREZ R DI FRMEITHRIERRE
LTW3.
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o WFIEIT — g ATV ROWFIFHEI 1T 2 BEAIOWFILE DR,

e MEBA YV A—T1—A — AVFAYA—RTRBLE Java ALY FH
LMNtal lc 3513 3 70t AR IERMRIC B 2 Z 2R, B GUISAT5 V%2
VERRT BRI HETH 5.

. §?§&Q&ﬂ§%§f\0)ﬁiﬂé-—}b*—}bigﬁﬁ3:3Fﬁﬂ§ﬁbl§%f??T25ﬁﬁﬁ%ﬁﬁ??%&§§§§?Tilbf§?ﬁﬁﬁﬂ
HAROEBMIELNS.

EREEAEY E— T Akbic, AUERTIRE Y 7 ZRAVHHEFEIEZIT> TV 5.
IEBRAE UL BT 2 -icid, BEERAY TOEMCREET ATy FRy 7 ZETE
$ pomei—VEREES RENSS. AT, ThbOREEZHRRIEERTS
T DI LB DWW TEHIAYT 5.

3.5.1 JEFEARITOEEAE

343 EMTHRLIEESIC, AMERTE, BrERARTORMELTVS. T4ED5,
B A BICHET 2V —VOERANEEERICRTTE SN, A—0ORICHEY 21—V
DR ER FRICSITT 5T LIXTERWN.

EREEFEDHHND—DE, LMNtal TXAZ HFILEEZRRATEILTHS.
LMNtal Tl EICSHEDOBFHLEEEA B 20T, BEX A7 OR/NEML LTHATSC
LT, RAZUHIOTEBDICRETREOWTINE, REROA—/S—\y RTREATZS.

i, PHBGIEOBM L LTEEERBTAC LIC Lz (343 ). DD, HBOA
L ORI A—DEERIET 2 C L TERY. TTTEIEOBIELE, TORIC
FETET FLAOEREBE, VY r00EENE, BRXUTHOERRBRETHS. T&
DEIEIEER,. BORERZMOBCBET 256, TOTREOD Y JZRET 54
.

B 3.51 XOTOTILEEZSD.

{ M1
{ a, (a :- calc_something) 1}, %M2
doing_something here_too

}’ ({$qs go_up} Hi $q)

NElOER M, &L, M, DFEZ M, L35, M @ﬂﬁﬂb:éﬁ%)b-—)bm&o‘('fmtx
OBEEITIEES, M, oy 2EBRENR B, My idray 7 UASTXW. Lizhio
T,C@fmtl%ﬁw—waAbW%ME%W—W&@@%E%ET%%. O
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3.11 2AVEE

3.5.2 JFRIHEARITICRT BB LECE

—IVDBRANERITS RRZATIZBRB ALy RTETENED, TNEDALY R
BIV—IVALY RS, chicil, TatAZBETEAL Yy FOSB)I—)VAL Y
RUADEDRIEI—IVA LY FERR, £ V54> a— REAVTERLEAL Y A
CNICRET 5.

FUHS5IE, EREAIOFEHEE XA HNERT BEOBHEDREDYIL, 71T
S5 LTV — ME (3.3.3 Hi) DIFERITS TN TES. BEDRIC @"localhost" L5
TSI EDBRT B L ZOENN— FEICED, V— MELZEDOTREDS B#lOL— b
BrZOFRBEUNOEDIEZ, V- FBEOBEBEEHETZIZAT ERBRRAZATICE
TEHINS XSRS, CORERIELENOIGEZBELLLDTHS. THUE
AT, @ DBICTYVERIP 7 RLARERT BT LT, ZTOEERXD YV ETE
179 %.

#l 3.5.2 XOTRTSLREZS.
{{ P},
{ @ }@"localhost"
}@"localhost",

{R1} S
ZOTOFS K ADDERSD, 3DDEAYERNTETENS. TOTHRT T LD
FEBHER Z A 7HICBO DI TRIRT S LR 311 DX IICES. O

3.5.3 0Ow7ick 2HHtuFIE

AQERE, Oy 7ERCTEEMOHHEZTIMN, 2y s OEANERT ST Y F
oy 7Sz, vy 7L TROBAIZRIT .

1. Bony 7 ERETZALY RiE, EoBEOTy Z7EEELTWEWD, XEZTD
BHEOOY 7 ZRELTHWERITHUTES AN,
2 L—IVA LY RPEFIcOy 7 RERET5EIT, BRAIHEETIETRITINE
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ASSYA4AN
3. JFV—IVAL Y RABIC Ty 7 ZBET 58E, L— MNETEFNIZRSEN.

1. lckb, BEOAL Y RAEWCHADFERRET 20y 7ZBBLESELTTY F
Oy 735 el nb. |

ZD3ODEANLEBINBZEEL LT, HZEN, ZTOBREEETEXAIZEITT S
=LA Lw RESD ALY Rick by 7 EN35813, TOENSZOEZEET D
ZAIDON—FEETOBILTH—DALY Fic&k>Tayr7Ensd.

¥, IFL—IVALY RACORBZET LT R L, Tul/ST0EETH
3. EEIZE, V— FNESSIBEENBEE TOMERBENSIHECOY V32XV Y FZ
HELT, Tuls<xogiErBERL TV,

Oy 273z 22607 7 A0HKEERT @ENEOY I L, XATH
Oy ZZERELTOENEEDAT Y 7§ 53EEFENEOY IO 2 BREZARLTNS.
LMNtal Z/V— N0t ADEFIEFEZREL TOAEVED, 5Tt Aony 74
FTTICERBENTVTS, ZORRMOTO ADERIEEEEDBIENTES. T
Di=HEEDON—IVEROBIZIEERNZT Y 7BFHEEINS.

BRI Ty 713, MEETERULEALY FALBICT 7 AT 5REEICAVS. M
Gy Y RERTAMIC, AAIhE00ay 7Y 7T A FOZFNEZHARLT
W3, BTy 2V T A MRERL, VIIAIRBEoREERRXATDAL Y F
BELFTZCETYVIANVEDNERHFL VD, RELALY F2ELETEZXAIY
Zix, —EONV—VERMET LEBETSH D, 7o A0ERIRPICLHEZZIIET T
YidEW. O Y EBERTABICEMOAL Y REREBEETLE>TVADT, TDA
Ly ROEGTEZHEBEIES.

3.5.4 RRAYVADRTHIEAN

KETIE, ZAZ DV —VEROREERFEIT 5 DOV —)VEBLEOFEDN
THAT 5.

RORTERAZ Y7

BT D, BIORARY T, WERTZH M ORBEEBELIES, M %2 T, DFT
2Ry PR IENSS. LHL, M OFRENT TIRETEAZ Yy ZICEENTY
BAEEMN B B 720, BMICETHERA X v 7 OAFICHEE T LI TERV. T T, XX
P E o TEBEEINFEAREFEA Xy VOEICEATRC LICLE. By 7B %
AL D, T, DL—MEND M ETOBERIRT T ARy 7 LTNWEDT, TNHET
NRTEFEAR Y VOEICEBATAC LT, 342 HOREREEEELDD M Z2EITE
ARy ZICBIT BT ENTES.
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BRIT,D  BRIT,O
ETIE EDOERTE
A2y AE9y

B 3.12 ROEITEAZ v 7 DBRIEH

CONBEEREATI DI, FXRATBIRORBTEAZ v I 2FH>T05. ROE
1TREA 2y 7 OB 2R 3.12 1R Y. XA BEHOBRONEZERE LIHBAICIX, T
DEZEFFTROETER 2y 7IciEE. 20T, v— MEOOw IV ZERT 5 L &l, RO
RITEA Xy JOREEEFEAZ Y VORICHATS LT, HERFESDEMR
ENB LV REFNZTS.

RITERA 2 v 7 ICET 2 FAERMA LRITRREEE
BB HBN—IV KO FRICHZN—IVEBEL TUET B, UTONERMFE
&I Te. \

1. 3 M HVEFEAZ Y ZITHENTED, M HL— FETEVES, M OB
EROVTNHDREICH .
(a) EFFERAZY 7D, M XD EEDHICHEENTOS.
(b) ROEFERAZ Y ZICHERTNS.
@ MERZIBETY ZENTVS.

2. HIME M MEOEFERAZ Y ZICEENTED, M AL— METEWES, MO
PRI EOETEAZ Y 70 M &0 LEOHICEERTVS.

BEAD Y JENTWED, KROETEAZ Y ZJILBEENTWSELIE, WINETEA
Zy 7D MIOBEMCBENSCLITRD. Eie, BM OBEN M ERCAZy 7
DEMCEEATONE, M OLV—IVBRICRTENS T LILES. TDT LD, HiE
M BERZROVTNAhDRECHNIE, BEICHZNV—IVEDEFRICHZNV—IVDBEL
TUHEEINB I LICES.
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EOEEL

ﬁ@ﬂﬁ%%%bk%éﬁg,%%ﬁm%éw~Wﬁﬁ%f%éﬂ%ﬁﬁibk%é,
3.5.4 BiDEMERERT X5 ICEDEERITERAR Y VITRE. T OEEREOFRIE LY
w,ax7@»-»@%@%@%&&%#%@%@%?%%.ﬁbl@%ﬁk&@,ﬁ%%
WU TOBRETHS.

.AJﬁﬁ@wfﬂﬁ@ﬁ%m%%t%@?fﬁ%ﬁﬁ%i%%h@ﬁ%b&m.
- By 7ENTVS.
— EFEAZ Y JICEENTVS.
— [ROEITEAZ Y ZILEENTVS.
o ZTHhIADEE, FEEEOREZMHCHENUATOREETS.
M — FEOBS, M E2ROEFEAZ Y ZICHT.
—Alﬁh~b%?&w%é,if%ﬁ%ﬁﬁ%w%ﬁkb,mmAl%ﬁﬁ&ﬁ
CA&R Y ZICHED.

WiﬁpMﬁm~+%Tﬁ<,ﬂoﬂl@%ﬁﬁﬁ?i%ﬁ%X&vﬁwﬁihfw%
BaE, MEXETEAZY JICEET 2IcES.
ﬁﬁk@,uT®wfh#E§%?%%éE,ﬁﬂlﬁﬂbf”5

1.w—wﬁ%m£afﬁﬁuﬂ®ﬁAl@Wﬁﬁ%kbta%,
o J— VBRI X > THRICE M ZERLILEE,
3. JEL—VALw A M Ony 7 Z2fERT 5 L E.

%%ﬁﬁk?%%m@,@ﬁ@%ﬁﬁﬁm%ﬁkéhf%ﬁﬁxﬁv7@%@%%&%
C LRSS, ZOEOTY 7RG L TOETFNEEEEL.
w~bﬁ@%ﬁ%7%m,%@w—$ﬁ®ﬁﬁ?%h—»ﬁﬁﬁ?%%ﬂ%ﬁﬁﬁf(
%.Oib,ﬁ%@ﬁxﬁ@ﬁﬁﬁwokhﬁ%ﬁéﬁ%bokw—w%ﬁﬁET%%E
ﬁ%%.Ch@%%&ﬁﬁkﬂﬁf@%&f%&mkb,ﬁﬁ%&uvﬁ%ﬁ%bfﬁﬁ
PE—D LDV — FEE TRETHAR v ZJICBBELB LTS,

355 RITRTOHE

LMNtal MR, 7055 LOZFHRT, $HabbEATES V- VAal kel t
BRI 2REND B, DD, B stable 7T T EHFD.

stable 735 FHA Y OEE, TOMEZOTRECIGERTHEDV—IVEFELENT
L Ed. HEEL— FEO stable 75 B VICE 0125, WEREEITEETT 5.
g B ERE NG L 213, ZOMEO stable 75734 T THS. ABICERTES
=iz o iz & &, FREOD stable IS5 TE U EBIE, KD stable TS5 5%
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F T B, Eir, BIEONE (FREDOHBZED) ZEELER, TOED stable
TS50 kL 7T B.

KEICEETE 2 — VAol & ¥, FHEIC stable 7T 7MA T DEDNH o1
2, COAEZ stable 7T VDA TDEERITERA 2y I LEREENS. LL, TO
EARTFREODICHZ AT DETEAR Y ZILHEENTVRENFEETSDT, TOXK
BIILFhiEE e h, BEV-VOERRENMTONS. cOoTehb, BHTESV—
AT ZREDE ERITHRT LAV LRI ENS.

hE, CORERFTRIEV-IVALY PR O AZEETLAREZRHTSC L
WTEIZV, ZCT, BIC perpetual 757 ZARL. JEV—IVAL Y RBVEET 7]
BEMEAN 3 BB perpetual 757 RA VLT B E, TOMED stable 77 WA VICED
cridindnn, FL—IVALY RO AREET BRNICMERME T L2
ST ENTES. TOBEE, GUIREATOYS LPANBBIREC K> T Tay
SLDETMERT LBV ST BDICANE T LN TES.

3.6 LMNtal #Higi&m

A& LMNtal UER IZHSEHEA— 2DV SUERTHD, V—ATRIT I LE
LMNtal IS OGa7] (FRGRT]) Kav AV EnD 8. hREaaslE, a>/3A
S LETRNERLEDA VY ET 2— AL W BELEREIZRIELTVAS.

FEIGREIC IRV B FERESMEEHECBO LA EBELTEYD, AUERD
RS, Prolog M7z% M Warren Abstract Machine (WAM) [14] DS R & AL
LA RB g ®E LR, LAL LMNtal i&, <vFr 7 0BEOIEREN, BOF
R EE L DET Prolog £ Bix b, FIIEREAMTUEOERZENO—DLLTWVST
b, SR RIIMEICER Uiz, F4 D LMNtal fISMIE WAM ER2AD, XXy 7%
v—T LOF—2ERPBARNIICED ST LIZEREET, GRERRLFIEBEZEDS
TLREENELTNS.

3.6.1 IHREHOBE

LMNtal HiS R OSIEEE IR, B4V —IVOBERAOLVE, B4 DNV—)IViBR X
DG DLV EIRHFTELZBCEATES. aV )V ENTFEGRTIZBERE
AT ZDRMELDV—IVOBADOLNVTHD, AHOEHMIZI D L)V RSB L
T3%%. LMNtal iSO LA L-VOFIEEE L, B—ALy FRITIEBVTIER 3.7
ICRLUEEAT7 VIV XLOBEY THY, HEALY REFCBOTIRK 3.7 ZRTT 51
D2 ZAHH 3.3.3 8, 3.4.38, 3.5 ENCRRAETHHAENET 5.
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HREROFRIFER
LMNtal S5, 4 OREaRFIOETORDICHERFT 2 ERERELITOED
TH5.

o F—REG: —HOBETBRINIEEDSRBEHMNT R
o HIHEFR:

- TarysLhv R

— ARORY « REBICEE Y 515

— ETHOEER LA OIRE

RETHBINSENE, FHGEVSRTST ML, YT, B TV 2ix Bk
M5, HESEHMOREL YA X EEZTEIV. AHMREM TR, (RABL Y A2 DER
DE DEHAY ZOKE X RBIGCHERT 5. ETHOLV—VIET BE (FR) DERE
2R 0 ICEEENTVSRED, V—IVATRET ST P LEOEHESE 1 B IEECE
HE N5 PREGATIE SSA (FHUE—RA) B THERE, EHOERIFEHT LI
1 EDOHTHS. SSA e Li=BiE, (1) Ao fEBRyimkc s REte L
TV, (i) BFOHENEMT LT, (1) Sy 7Ty PR TSR A DBREZR
FTBREHEY, REZLOAEDHBHTHS.

R FIDORITHE

SR, REAATIN D TTYS LAY Y RIMET M ETRiAR, TORRLTIR
IS U MEEFS, R Uk T 0SS LAY Y ROFEENMETHRORTICHES.
SO R IV ERT BEEEEEDLDOEHD, KMLIZBBARNY I FSY IR
BETTOYSLAT Y EANEBERINTYL.

S IE A < SRS LESERS D 2 DIKAT 5n5s. HiEGaNEREaaRo
SFOMR, HEOBE, RTAEALEEONE EZLOTHD, ThEKRITRLARE
ww 52T, SEGSLAORSEIFREAS LY, REIRT b LPEORUS - £ -
B UVrOOREEL, HRE, MEEERESRKICDES. TORKCESNY TRy
SR EGFORDE LERA, B EFERRERLTRIT 2WHEDD M AAF
FEL, ZhoAEBELHY LS. PHEGRTIORTCBNT, HHEE LR ERINCE
FUEBICIE, SR LORTIREERTRT 572D DEE LT (iterator) ZEMT 5.

ZAESOBEEZAY FR4T1, H— RadTl, RF@RFI0LTIHTT 30 THHT
&5.

Ay FRAFIOSS 1 7 LRV Y /PBEERELLD, TOMEERELLDT 2@
4 FOEAOBHERTOT, TYFUIOHEERELTVS. HIROKEL
Sty RESFIORATHS. FRHELTTF—2DREPHIEDOREI R
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LIS REMOBRE LSRNy 7 Ty 795,

H— FHAFIOHES 1 v REyFLIZTaLAD, H— RERICRD E Wizl
BRERTHEIDERET S, WldhbholBalRERLAD, EOBEL
i RAVASEZ N AR/ A -3

RF4BEFOHBE . v F@dhle H— FadFlic X > TV—IVERATEE L FEEh
7 ObABEBICEZRZIS00HY. EATOLADORELAFATOLAD
ERDERHEBETHO, 7 FLEEORERER, VY IDDRENARERITS.
VF T ORNDPHEELTVBEDT, BT 4 @BFITEERBITET 540,

HRIRSORR

ZLhMaE, HROBEEAEITMDNES (KM TR—E v 7 TEHR) &, @80
BBV R R EES. MADFIBRE LTINS D, THES, ZEESOVY RN, 3
BAiB, 77 o8, GRS ThS. ATl ZORATIOMBARIETSNVTE
BHI5CLe8:5H5. 77U I RET LA LERETRTORVER, X247 b
L a DBEEE a2 VS HTRRT 5.

KELRETIE, BRI — V2R THEGSFIOBIERSTE L DD, RENEHEHS
DENEITS. TR LIP3 UNORENTFEGFEINERZSRLTIELY.

3.6.2 HREGHT T FLE) VO DHDE
YAV EFOEEL TS TDEBRZ V-V

a(X,Y), bX,Y) :- a(X,Y), c(¥,X)

OFEGEFIZK 3.13 28 LICHATS. CON—VCRA— FHARVDT, H—Faw
TR EENRERZITDRE.
ETRAVSHEOBNICOVWTESHT 5. 0117H, 2117H, 2917H, 3217HIRZEHhTE
ny RRAFI07 F LEET X ML EEET X MR, A— FaRdl, 87« @fyomn
F0EREYT. TvFUTETVLFETF AN EFETAINDELLTETTSME, 7
FLAZR Y 7 OREREELICET 3ETRA 7Y 3 ViR EIKE DO TUERNEIRT 5.
BMHFIDOEETIINT spec MAMNTEINS.

spec [formals, locals]
[HIEaS] RGO (ARBTNCEEND T b LOEOR) 2 formals, Ay
FITHRETRET N LPBEOREE locals hHRITE->T, BEZRFTEEK
ZEDERANT ZBHRT 5.

BEIET 2 N TRABPER O ICEINS D, 2T7HOX S IKRFIBOERI 1 &4
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01 --atommatch:

02 spec [2, 8]

03 branch [f

04 spec [2, 4],

05 func {1, a.21,

06 testmem [o, 11,

07 deref {2, 1, 0, 01,

08 func {2, b_2],

09 deref {3, 1, 1, 11,

10 eqatom [3, 21,

11 jump [Li20, [o01, [1, 21, 011 1]
12 branch [

13 spec 2, 4],

14 func (1, p_2],

15 testmen fo, 11,

16 deref {2, 1, o0, 0],

17 func [2, a_2],

18 deref {3, 1, 1, 1],

19 egatom [3, 21,

20 jump [Li20, [o01, [2, 11, 001 1]
21 --memmatch:

22 spec [1, 4]

23 findatom [1, 0, a_2]

24 deref [2, 1, 0, 0]

25 func [2, b_2]

26 deref (3, 1, 1, 1]

27 eqatom (3, 21

28 jump [L120, [ol, [1, 21, (1]
29 --guard:L120:

30 spec [3, 3]

31 jump [L103, [01, [1, 21, (1]
32 --body:L103:

33 spec [3, 5]

34 commit [null, 0]

35 dequeneatom  [1]
36 dequeueatom  [2]

37 removeatom [1, 0, a_2]

38 removeatom [2, 0, b_2]

39 newatom (3, 0, a_2]

40 newatom {4, 0, c_2]

41 newlink [3, 0, 4, 1, O}
42 newlink [3, 1, 4, 0, 0]
43 enqueueatom  [4]

44 enqueueatom  [3]

45 freeatom [1]

46 freeatom [2]

47 proceed {1

3.13 a(X,Y),b(X,Y) :- a(X,¥),c(Y,X) OGR!
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. 7HFLFEFAFTRABOENMCTET ST FLANER 1 IKEENSD, 0217H
D& S IR IBOMEEZ 2 £ 5%, H—REaadl, R7 4 @RI TICENS jump oy
K XD 7O ADERERIF | EEENZD, ZOEBDREIBDOELTS.

RTF 4 GHFIUNDREATIORETE, ROMRFIOEITICHE S 2HIC jump HHHE
Enas.

jump [instructions, mems, atoms, vars)
(HIEHS] ChETIKEREBLEERT ML, BXUTZNLANDT—ZDU A
N EZNFN mems, atoms, vars £ L, TNHEDTF—2Z5| W TanTl
instructions ZETT 5. T—XO5MEDE, EHFESOBELUTZITS.

THESOHISTIE, 7NAFEFA N LEFEFAINTCRACYYFVIT2ITO>H
ATLELT FACELEZEREENFD LY TONE I ENHBDT, jump EfTRHCTIK
TEIEELEVWE S ILERBERIEVETONENTSHS.

7k LEEAY FRSF)

AETNE, 7 FAEETFAMCED ARy FHEIDHLET B LS 27 b L ad 2
7 L b DNEADBEICOREITENSD. ARAFIZZOELLICEFEINTLS
AEEH L H 5 728, branch MRICKDBFEEDITIZITS.

branch [instructions]
(HIEGS] BIBOHEY] instructions BEITL, BMILIcbxyF U IR R
%. instructions DEITICEKBLHEE, ROMANBNEZTORFTICES.
hEx v F 7RI ERS.

HEOD branch ZRIT TR T BT & T, MRFIOKTINZREATES.

LDliglE a_2 ASBIRE N L ZICDWVTHREZTTS. £7° 04 fTHD spec TRFTELRE
DJERITV, BENT05ITEHD func RFICXDFETSRT FLb a 2 THBH I L 2HER
4%. ZL7T, testmem MIRICKD T FLADBTAENABETH AN E I D ERET S.
T RLAARZ Y ZICRFEOT P LLEENSTREEN S S0, FEHTET FLVRFED
BICFB L TWVWA T L RMEET 57HIC testmen ZHV 5.

RIC deref MAICE DT b a2 DRFIOFIBICHERENET P LZERET 5.

deref [dstatom, srcatom, srcpos, dstpos]
7 b L srcatom D srepos BIEDY V2%, 5T b LODE dstpos 5IBUCHE
ELTWELRINTHD, BEEDT b LANDSBE dstatom ICH—F9 5. 55
dstpos BB D IBICERE L T bRBTH 5.
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AfadlE, $TCICEUBLET FLICERLTWST b LEEET 5TDICHVS.

I func THEEDT FLDT 7Y I 2N b2 THBHT LERMERELIEDL, 2DHD
deref L& D7 k1 a_2 DHIADFIEDOY ¥ 7T L LEEFL, TOT b L L RAICEL
BLET FLEBFE—DE S % eqaton MREM > TRET 5.

CCETHRIE B L= VEID TRy F YT TERT LIEB TS, jup T
H— REASHINBITT 5. A— FRSFIRZERDOTEBICRT A MEFICHBITISH. TOD
2 EOBIFIEETH DD, SMFFIOKED jump BEEEBICE>THRETSHIENT
x5.

BEIEAY Faasl
ErEs 2 MNIFETST F LEERERNED, 7 A a2 b 2 BREEEATRE
5w, COFITIE findatom AT KD a_2 ZERANCEHRT.

findatom [dstatom, srcmem, funcref]
(R L] B sremem OREBDOT FALDS> B, 77 Y7 2N funcref DED
PEELT, ZOT7 FLADBEE dstatom lc0—F3 2.
BSPIC funcref &7 7 V7 RICHEDT + LAVEEIED 25813, BEOMBTIN
BEd B L AREETAY 2 by INEE, AT 7 Vo BREFEDRDT L
EEBLT, BEOMNFIZEEEITTS.

z@%?m,%&0%%?%($%Mﬂ?7777&&2&%97%A®5E@~9%W
BL, 7 FLAAOBREEEH 1Ica— RT3, TDRK deref L func lckb, 7hha2
BT R L b2 PEELTVANE S MRET 3. RECKRLIEHREAGHIROT
Aazmwﬁﬁ%ﬁﬁlmm—Pbﬁbf,u%wvv%yﬁ%ﬁﬁﬁaé.Eﬁowﬁ
WE?%Aa)ﬁ&<&%ifﬁﬂb%ﬁbf%?v?yﬁwﬁ%L&ﬁoh%@,:@
findatom XKL S.

Uyﬁfo&ﬁokon%vav%ym&fm@mm%zoﬁbf,19@
findatom CTHELZET LB Y Y7 EESTHFAT b LZEBLRETSC LT
HRIEER > TS, '

7R LEET R AR, @EIROY Y IRT FLDE—THBT LHEAELEZLERT 4
BT 5.

RT 1 @am5l ‘

spec WIHIC K O H— F@RFINLT b LREZE | 28N D & comnit MADFIND
B, EEON—VEFICIEREG LR ST T TRIAAZE S (FRSH). RT A1 0
23k LN —VEAD TR ADKRE L HLDO T AL ADERD 55D, BN
ot AREEEOGAIEING. LT M a2 & b 2 ZHIERT BHTIC, ZhEn
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D7 b LIC dequeueatom i BZEHTS.

dequeueatom [srcatom]
7+ L srcatom DFBEOT FLAX vy JIEBENTWED, A&y 7 HHIER
5.

DIBRHICAZ Yy ZICEENZRVRD, BEENET FLRT b LEET X hOREXN
SHEBRNENS. CORITT bha 2hoFEENRES, 7 ha 2B T TIRAZY
JIRFELEVA, 7 hLb 2R AZY JILR> TWELREEINS.

T removeatom MHIC KD 2 DDT b LEARBENSHIFRL, newatom AFICED T
Flha 2 c 2 BABOPICERT S, COFITIE, WV—IVEDLT bLha 2WH31Cd
b LTEERLTOSD, 3.7.1 HioE#ELisz AV 5 L EMANTEICZS.

2007 FLAREZBEMTHEELTWSIEIADT, newlink ﬁfl‘%'(“fﬁﬁ%’ﬁ@'%.

newlink [al, p1, a2, p2, mem]
B mem ICHBDT7 NI al DFE pl 5IEET N1 a2 OF p2 5IEOBICH LY
VI RES.

EbENTZT D LMD —IVHEE X ZAREMNH 57D, enqueueatom TT M LA
2 7 ICHELS.

COBRBETIL—IVEDDT b LZAEBED SIREIRENLD, ATUNLERENIDY
TRV, ZFODEKIC frecaton P TATY M SMNT 5. BIER Java DAH—AY
ALYy g VIZHES> TWAA, LMNtal MERAFHRICATUEEZTICELEXD
ns.

BT, BEaD proceed IK K> TMRFIDEITEZHIFET EE 5.

3.6.3 HHEHRT BEA—FEFTH
AEITIE, 7 RLEY YT DENCEE H— REETL—LOIA A VBT 3.
(a®, $alXl, $p} :- int($n) | a(®, $alxl, {sp}
CNEEORICT kL a DEDENBER $n BB oL E, TNHEZENBHT EVS

V—IVTHB. ThEFEMH/FNCLIZEDHNK 3.14 TH 5.

7 FLEEAY FHST

COBITIET 75477 b Lld a1l DHEDT, branch K XA 0IRAE 1 @D &755.
7 hLha il THBT L% func THENDTE, getmem WIVICKD T FLAFET 2 EZE
B9 3.
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01 -—atommatch:

02 spec [2, 5]

03 branch [f

04 spec [2, 41,

05 func [1, a_1],

06 getmem [2, 1, 0, nulll,
o7 lock (21,

08 getparent [3, 2],

09 egmem [o, 3],

10 jump [L102, [o, 21, [11, 011 1]
11 --memmatch:

12 spec [1, 3]

13 anymem {1, 0, 0, null]
14 findatom [2, 1, a_1]

15 jump [Li02, fo, 11, [21, [1]
16 -—guard:L102:

17 spec [3, 4]

18 derefatom [3, 2, 0]

19 isint [31

20 norules f1]

21 jump [L103, [o, 11, [2, 3], 011
22 --body:L103:

23 spec [4, 7]

24 commit [null, 0]

25 dequeueatom  [2]

26 removeatom [2, 1, a_1]

27 dequeueatom  [3]

28 removeatom [3, 1]

29 removemem [1, 0]

30 removeproxies [1]

31 newmem [4, 0, O]

32 movecells [4, 1

33 copyatom {5, 0, 3]

34 newatom 6, 0, a_1l

35  newlink [6, 0, 5, 0, 0]
36 enqueueatom  [6]

37 freemem [1]

38 freeatom [2]

39 freeatom [3]

40 proceed 1

®3.14 {a(X), $nlX], $p} :- int($n) | a(X), $nl[xl, {$p} OHMHmGmHFI
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getmem [dstmem, srcatom, type, name]
7 b Ls srcatom OFTBBANDOSIRZ dstmem ICRAT 5. CORRSTIEEOD Y
ZEBT. FIBED type TER BT THRVD, FIBEOAFTD name TEW
BEISKT 52, ;

F DRI lock MFICKXDIBELREDO Yy V Z2E# 5.

lock [srcmem]
FE sremem DTy JEBRHD. BHROMBFIDER LU TERGREI TNV I Ty
shEERREEER, gy LEEET7T Oy LTy I b ow BT S.

7 b LOFRBEAHIEE UZ1%1E, ZOBENML—IVTIRE LRE, DEOAREDOFETHS
TeaENDRILENDS. PHESDFITE, 7 MNLOFMBEROBENKETLS0ED
BMETACETINZHERTS. £9, getparent D TEFDEOFBEZEET 3. Hi
Teguem IZ XD, RAETNIEDN (B O0DET) AETHB T LZHERT 5.

D EOREMET T2 & H— FaaRilicBird %.

BEEEAY Fiayl
BEEGVTNCE BTy F Y IRETE, REDSIRCHNSARNLEL T TR R
ZEBLTWL. 7, anymem iWICE D EROEZERFT 5.

anymem [dstmem, srcmem, type, namel
R LaR] B sremem OTFHEDS B, B type 25, HBEID name TH S
BlexLTka by 7 2EHA2. ZLT, 0y IR LIEFRANOSEE
dstmem I — R§ 5. BEOHATIDEKRET S LEMRAETNY I FS v IH
fE, RICEELEERZY vay 7 LRBICHDOEZEE LT, BEtomailz
BEZEITTS.

anymem WH, ¥V FUTICEKINTBH, B sremem OHICEE T HFENELESE
TR LETENS. %< findatom AT, BELIZEDOFDT L a_1 OHFZR
BB

DI EDRMENMET T3 L H— F@RylicBiTd 20, H— FafflihkB L THE 13,
4 THORBE ULSBICHIENRSAESEL DS, FIZIET Mo alt OV 7ENBE TR
Mo lzfE, 1417HD findatom I KD BIDT ML a_t ZEBTS. EREADT kL
a1l ETICDWTHRENKR LS, 1317HD anymem THIDBEZFICHIEFS 5.

2 ARV OLORACENSEOH L L5, HEEABICRRVEEEETSHS. TORHIO
BT, type BT 7 AN FOBETHS 0 LU, name % null LTS,
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H— Faa 5l

FF7 R a1l DY YZET b LF derefaton A THET 3. BEHOT b LOHE,
YU IHRDOT N LDEEDT 7 V7 BRE DT L EHERT BDIT deref & func ZAVS
B, COFITEY VI ENEET FLATH B ERIPHERTENIXY. TOdall
DYV ZET F AADBEH derefatom THEL, T isint THELRET FLAE
HTHBT LRERTS. Z0%, TOFIDONL—IVEADBIN—IVRE S EVTED,
norules fr&lc & » THERICV—IVHEE LEWNWT L 2HEERT 5.

LLEDE S IcH— RAaddlog kM amaEtz e, RRLEES, 7 FLEEm
518 U R ETEAATIOBRRBICKRY LIBE LafichEsREs. L ofloT
F LAEEASTICIZBE LSRR NED, H— FafIcER LB & IV —VERNR
BT B, TRTOMHREICKINT % L RT 1+ mRFIHEITT 5.

RT 1 R5|

EFEADO T AREIGRT 278, 25~2THDOXSKT FLET FLAZY IH D
BREx, FEENST FLZEIBRTS. BICDWTE renovenen MfC & b BEDOBED SH
B3 5. %< removeproxies HAD T AZHIRT MV THBH, ThCDONTE
3.6.4 HiTFHAT 5.

ENTHEAD T AZER TS, £F, newnem MR THIZICHEZERT 5.

newmem [dstmem, srcmem, typel

& sremem OFICE! type BRFDOEERERL, dstmem ICTDBRED—FT 5.

£ENT movecells ISIC K D ELDOBEAD /Ot AR AEADRICHEE LS.

movecells [dstmem, srcmem]

B sremem lCHBETOT F LEFBEZE dstmem ICBEIT 5.

movecells T + L L FEOEMRICLHT ZREANNS. LA LI OFIDIL—IV
TREBEOT F LEMCHTEITERL, 7 LA ETEOEBICIE T2 REZNT S
DEZTV. TORER, 3.7.1 §iTHENT 2ROBRAZAVTHERYT 5.

Z D% 33~36 THOX S ICHEATHICT PLERERL, 7 MLAZY ZICHARE
F. R UBRT N LCHELUTIE copyaton B2 AVS. COFITIE, HATEKT S
LEODPEEMT FLEWVS T LG bW, 7727 2RIEE L THRICEXNT 2
TERTERY. ZORHDEAGAZANTELOT M LZEHL TN,

EADO Tt ZERIRT TS L, 37~39THTT O RAZ AT YNSRI 5. BED
BRI IE freemem AT BH, freeatom My & [EkE, BRI Java DH—Y
aLrva VKo TW5. '
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E1%IC proceed MIRHEEN, GRFIORTZHIET IES.

3.6.4 HEUVIERET FLOFEL

3.4.1 HiTRNZEBY Y7 ERT P LOPEGHINCBT RO ZHAT S.

9, ERECVUYIDSB, V—ATaFS LPCHRENTVS O BIRNAERA
YY) EDVTIE, BSURTOBRBETHERY Y/ EHET FLARBATACLILEST, &
D ONITBHEDY I DDORENZ LRI TEHTES.

@ 3.6.1 JL—)b
{a(X7F - {3}

&, I8 IVERIC
$out (X1,X), {$in(X1,X2),a@Z2)} :-
$out (X3,X), {$in(X3,X4),$out(X5,X4), {$in(X5,X6),b(X6) 1
- EEHENS. O

—F, UV IRICT Y FE 5 VY BHIETRIC UDRETERVD, T2V
MDY Y DOEENZ LEREICHERS T LR TERY. FiC, TEOHDXS iy &
YRRV —VEDCEREHET 2588, KV V7RI vFLEY VI ES ULAHER
EENBEENSH D, HATRINCDOVWTERY YV EET FLZRORBRM R TR
Bz

# 3.6.2 OOV ERMETBIL—IV
{$p[I1*X1>,{$qlI*Y]} :- {$p[I*X],$qlI*Y]}

BEZL. RE4HRAVITIER, ELTat ADREREAED O ADBERIC, Gl
DTt AZRAHET 2L ZOAEMEBLTCH LTEHY Y7 EET F LRERS
(removeproxies & insertproxies, {J#ZBM) Z2RfT9%. THICL>7T, $pli*X] &
$qll*Y] ERAEEET SV VI LTERY Y7 EET b LEHIRT 5. O

UL, BFEBR USRI TRIELRERY ¥V ERT N LB C LA B5.

%l 3.6.3
a(d), b®B), {{c,B), (cEX,V):-X=Y)}}

BETITBRE
a(hd), bQa), {{cX,Y):-X=Y}}

riaA, BEVYVIEET FLERELEVE, VYT ADPEEZAF AEEBLIZET
%5, O
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FCT, ROBEN—NVEY AT LIV—E b (3.84 ) IEMLTNS.
$out (X1,X), $out(¥1,Y), {$in(X1,2),$in(¥1,2),8p} :-
X=Y, {$p}.
$out (X1,2), $out(¥1,Z), {$in(X1,X),$in(¥1,Y),$p[X,YI*VI} :-
{$p[U,U|*VI}.
5D —ViE LMNtal DEBIEHEHHD (R4) & (R5) ZZTNTNREETZLDT
BH5.

3.7 mEik

LMNtal 22281 Sz REaai R ER Uitk Theestiiciliy c & TRITHE
DHRERRBS. AUERGBENERRICHR > LERICEZRZBEVL TS0, REIL
s8¢, S OBmWBEE BH T X 2EEN TRTIROUEZRS. A TRREEL
BEeD> 5, 7 FLEBEOBENE, AATOMTEL, fROINV—TERNTT 5.

3.7.1 7 rLEEOBFIE

N—VEBRATREDCT Yy FLE O ARELAD T AICEERZBH, a, b:-a,
c DE S KEDLAEICIBERS (COBET ML a) ZHDONV—ILT, BRI ZREL
THURU IO ARERT 2 0RERKTHS. 72 CREMBEINY FHBFIERT 4
SaFEHEE LT, BT FARZNICEET A ) V7 EBENAT S XS cmadlz
ZEWZ S, K> CHEIREZEMMBRLUETES.

EOBMAICELTLRRC, Ny RETREEHOEERT « S TEMATENE S
2T 5.

3.7.2 @MSFIOLETEA

HAEONEZR TR, RaflORTHRICERMET > 2K, EICETLIBELAT
(findatom, anymem) IZ/NY 7 5 v 7§ B. TDfed, JV—IVHIC 2 DDR LT RhH
D, BEBELASICT Y FTIAMEEDNS S TOLAN n BH5HE, REOHE n’? B
DR LAEEZ 5.

B 3.7.1 JL—aX), b :- X>5 | ok DHEARTINS B, BMEHT X DNy FE
LA — RERHE LEbDIER 3.15 DX 515 (RF A4 HAD junp MRRIYFVT
IRV DTERT S).

COGSTITE, 7 FA a1, b_0 ZEE L, allocatom TEET kL 5 Z2EMKL,
igt Ta 1 OF 1515H 5 KOKEVERT PLTHH T LEHET D (BT OFHIX
HBRBH). 5 UTOBKT F LEIRET 3 L igt ARMLT, EAORELMT, ERAS
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spec [1, 5]
findatom [1, 0, a_1]
findatom [2, 0, b_0]
allocatom [3, 5_1]
derefatom [4, 1, 0]

isint [4]
X 3.15 a(X), b :- X>5 | ok OFHEGHY
spec [1, 5]

findatom [1, 0, a_1]
derefatom [4, 1, 0]

isint [4]
allocatom [3, 5_1]
igt 4, 3l

findatom [2, 0, b_0]

K 3.16 a(X), b :- X>5 | ok DWTEABRDWNT

HbH b 0 ZEETS findatom I3y 7 +S5w T 5. LAL, BID b 0 DEIRICHKT)
LTh igt BBURKTS. CThIZENIC b_0 PEETEROHFE, b0 Bk ok
5oL a1l FEET S findaton I3V 7 b Fw 7 TES. b_0 DEBREITHEL,
allocatom I K BEHT L 5_1 DERLBEERKICITDNS.

TNbDOEELE, ~v REOREDRETHRICH— FEHOREZITS IS, T
DOFITIE, a1l ZEB LS T CIC derefaton TZFDEFEATEEL, BHTHH L
(isint) & 5 KO KE VT & (igt) ZHERE LD L, b 0 ZHEINETHS. O

BELaE T OIERIRIRT D12, HEEREHERT RN H5 L&, ARELTRD T
DRVER/DFIOBRANEDTHTBZEITS. GRFIL SSA BRTH 5D, EREE
HLTWVBRNE, FALTVIRFCHLT—RBICEEXS. £oT, LTV @R
&, WS B EBRY L OEFEREHIZVED, GaFI0%ABE L TLEITROE)
FRlc R T iREY. CRIKEDSHTRELBICEREL N UTBEAKREZE->T
B 3.15 ORI 2 UEXS LK 3.16 DX SICXD.

3.7.3 @RFIDTIV—T1E

3.16 D@MAFIZ, isint & igt TORMBFICIIMEEANY I 2S5y I 2TDEL{Eo
7=. LA LZOGEFITIE, b 0 ZEET 5 findatom THEWLIZEE, a_1l ZEIETS
findatom IZ/SW 7 RS 7§ 5. b_0 AERICANEER, a_1 ZEBLELTHESNRK
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| ss—r=vzruy |

|7»—j1l lﬁw—jzl lﬁ»—jsj

« ETOHIN—THTIYFUIIZHY
> L—ILERRY

o ERA—DOTETN—THTI Y FUTIZRN
D> JL—ILE LR

M3.17 RwFVIDTN—To3F

THBICEMDDEE, CORPFITREARADIANTD a_1 ZEIET 2 £ TRUZHET
ERL.

COREE, VY rRH— RICKBEREBBERIZZV 2D07 L, £LDT—HED
RE—UVF T TEEBLES ELTVWEZ EICEDELTVS. T T, AVIKE
LEWEEDTOEZA LDy F U I ETFIN—NMCBNT, v FrI7EERHIILE
TavAZLicRYIBT L& Uiz (K3.17).

XY F U TDT I— TR FRGETD T NV— T K> TS, SHTOEBIIE K
ATH B0, EEBRIARICOMS. DF0, AUERESIBICRO>®R, BXUZTO
EREEZLTORHRRALYINV—T L%, aaflekicd UREFERFZRANSC L
TRABFD T N—FEITS. FIV—TIBZET S group MAEFIICERL.

group [instructions]
AR]85 instructions ZEITL, B BROMHNTE, KRME LN —
VBRERE TS, <vFrFOT—Tehv ke L &, @aFlid grouwp @
SRV OMMAERIC RS, TRTDT V=TT F VTR LB —
VERIRRThE D, Ehh 1 DTEERT S eNV—VERRIRRLES.

U=V a(X), b :- X>5 | ok D@MATIC, LUEX LE&LETI/N—TLomEls
HBLI-aasidE 3.18 DX 51k 5. group MHDS HAHFIDRKICIE proceed M
DEAZNTED, COMBRENUFICHBBELABNDNNY I Iy 72K TEE
ZEEELED. CHUCKD, b0 & a1l DIREBHZNTHHENL LI E U THDN, a
OEBICEBR LI E, b0 HEoTOTHT SNV —VERADKRMZRAITE 5.

374 +FSVAL—%Z

RS SEICE D SERETY, THEEI— RS THSHEI— RAOI V3V
ZHE, EVERTOREILLEZSTLNTES.
AMBRD 5V AL—&IE, FHEGRFIDORDE S % Java V—A O3 — FALRT
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spec  [1, 5]

group [[
spec 1, 51,
findatom [2, O, b_0],
proceed [ 11,

group [[
spec [1, 5],
findatom [1, 0, a_.1],
derefatom [4, 1, O],

isint 41,
allocatom [3, 5_1],

proceed [1 1]

X 3.18 a(X), b :- X>5 | ok DI L—S{LiEDHET]

5. 57, b—=bbEy F1DE1DDISAEL, FF 1 DZ 1DDAY Y FELTEER
T 5. jump @39 branch MHD &K SIT5 B HRFI% & DREGHIC X B HIERER,
CATHRICEHTE%. BHERNT EE LN, MREMcB 2RE LR, #
R LUF (iterator) ZAWIIV—TZAVWTRIT S ki L.

WATNCHIST B AV Y RIZ, BEIOEERN%ZET boolean HZIEY. WMATIAMIIL
EAZ, true BRL THRVORITEEERT TS, BPTRBULIEER false &
REH, SRFIORHE LT TRTODRVEEFEL TNV Y My IR GG OUHE
2115, HlzE, ERERTTARRDBERROEEZRE L TEEGRTIZETLEL,
oy 7 ERBT 5MRDBEEREE Lizay I 2T 5.

3.8 LIRS R

AT, LMNtal DEASEEAVCRETAVIERIET TS IV 7135
T DM DR S MBI DV, T ORI L RETEE BT 5. BREED
B LR ISR [5) 2L TIE L.

38.1 EYVa—-ILYATFL

ERHT SV r— g vERERTAHICE, BV a—IVDEE - SiAHAABBEENTRAIR
TH5.

EVa—bm BESETRIE, () EVa—V m KEDIWIV—IVEHEIU (i) €
Va—&%%ET nodule(m) WS TULANLESIVEERL, TNZ m.1lm T 7
AWVILBEBELTSATIUNRR (F74/V TR . /lontal 1ib BEHETRICAR Y FS
A VB% -1 TEINTTHEE) M- 7zT 4 LI PUKRBFIELW.
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EVa—mi3, m. CHEZLEERDT FLIKERT S LTOROFICFHEHMAEN
%, BVa—EHO— T BEOHIC m.use LEL DN LMNtal 7055 IV T OFE
ARANVEIZRS>TNS.

Y 2= EDL—VEDHERABE, V—IVEDICBOWTEY 2 —VEtdHids 7 b
L (bool.use %) MR & N BITH U loadmodule IHEFRITT ST ETERRLTWVS.
ZORBIEY 2 —IVAD)V—VEEE T DRBRICFHHAD.

V2 —UEEEIE Java DA Fa— RELTHBRAEND D, HENLEHFTVA
L—RIcE>Tav ANV LTBLRENDS. EYa—/bDIAV A& --1ibrary
FFyavERNS. 121 URIRETRICIE --use-source-library 4 7/ = VRIEE
TEHCEICEDaAVANVETICAVGCT LETESKIICLE.

A, YAy MEE, GUIZOBEERRITEEY -, FESAT5VELT
WERICHEHPUDHBEINTNS.

382 fERFA/EZ—T7x1—A

LMNtal Of=EA V2T 21— A&, 7 b LZOHIC Java DA VT A a— F2E R
BEREMTZC L TERLTVS. A YIA4YIA—FREEET FLEAYSAYT MLE
[ 5

S4YS ALY a—RIE, YBAYIA VT FLEERT BV—IVOHHEGRTIORITOR
I TEITEND. COHBRICED, AHA, Vv MEE, avyESAYVEIEN
DT HRAEE 0SS LORDLOEES SATSUNEHENTWVS. e, 1VF71Y
O— RIETLEL T LN TESEDTLMNtal Z7V—FBLLTHES T LETES.

AVSA4A—FOER - VNIV

LMNtal 21— FH 5 HEGAFIAD I IVHRIEA Y SA YT FLBBENOE—T
nEIRL, V=R T 7ANTIicELd DB, TRETIC Java V—AT 7 A IVEEKL,
LMNtal V—Z 7 7 AIVEDE IS AT 7 ANVOENDED > BEaAVA VT A%
EEIT 5.

EREND Java I— RIZE 310 OBERELTVS. A VSAVEET FLRITAE
ZNHHOT FLEOT, FHRZTOEFEEREMCENIN, 1 YSAVETT LR
run AV ROBICEBEENS. EFHICA VIS4 VETT FLARERENS L, TDOT
FREHETBA YA a— REEEBIKRE LT run AV Y RPHEIN, ZOBSTH
AMENBAYTA 2 O— FRE[TENS.

Etr, AV SEAVTA Y A— REETT B HOFMMS inline ZHIT 5.

il 3.8.1 @9

inline [5, ’lmntal_lib/io.lmn’, 7]
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import runtime.*;
/* TTWRAVSAVEEI— FHPERRTNS */
public class SomeInlineCode implements InlineCode {
public void run(Atom me, int codeID) {
AbstractMembrane mem = me.getMem(); // A Y54 V7 FLAFAEYT 2EEIE
switch(codeID) {
case <N>: {
/¥ J—F ID <N> IERTBA 54— F */
break; }
}
}
}

319 A V51 VBEERRICERENS Java I— FOER

X, TS HETAUSAY T FAICIIST % lontal 1ib/io. lmn D 7T HBHDA VT
AV a— RERITTS. O

1454 aA— FOERT

MIBRIZ VA NVECERGL TV EA Y IA Y7 P LOWHBERZTTIC LTI FA
T 7 AINEEHNCTEHAR, T4V T M LICEEDT S,

LYSAVERT P LEERT BNV—IVEADETORET, R0 run XV v RAE
BNTAYSAYa— FAEITENS. B3I LTHPBEEZRT Aton ne BMEIND.
ne B L THBEADSBLEEBETELZDT, HAHARTNCDENBT FLEAYT
A VaA— RO SHBICEET A LNTES.

3.8.3 7 hFLEMAEEE

7 b LEFBERBAERICIIEZEENTOEY. ZORDMEE A VX7 o — ARKHE
ZFV, AEH4EE% nlnen (nonlinear membrane) T4 75V L LTREL TS, F7F
A4 TSYRAVBC LT, 7 FLEFMRET S, BEY VI EFOT R AROEE,
BEAAREIC /5. ChDDOMEER, BHY Y IEET FLD Javad TV 2V heA VT
AV a— RNTEERET S L TRRLTVS.

3.84 YAFLIV—IbEY b

Y AF W=y MME, MERICX > TIRTOBRNICREEBES NS ARV —VET
5.
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BRERERSLUARY Y/ ERT b LOEREIDS 5Hh UHlIAENTED, 21—
BTV — VR Y AT hb—bty MOBINT 2L AR TN TVS. LERE, T
NEDNL—VEERSHLMLHAVSAIVLTHRBELTEE, FERICFETZLV—ILEY b
OEEMERC, BTEFAMO—RE L TERABREZITS.

BEEERE, A— FALDOEBEEREERWOV—VE LTREINTHWS.

# 3.8.2 EBEOIMENL—IVIZ
H='4+0($a,$b) :- $c=$a+$b | H=Sc.

LEZEINTVA. O

TNICE->T, BROEERDY S 7THERERNICENEN T . RELRLE
RV AT LV—Lby N REEET R N TETT 320, DRPBEEHEEHN—FO
MARERE R EHTANETHS. BEfEEL—VERORBLIISROFETHD.

3.9 7AYJ3LETERE

AETIE, 7055 LOXEEEAND ZDICARERMREL TVE TV E A XHEE,
FL— e, SO 7 A Y TBERICDVTBERRANS. CThUSOEEGREL L
TEITRERNRLBEENR B 55, M OB VWEHERE TH 5 DR XICES.

301 SVETA X¥ee

LMNtal DSIEAAEIZ, Bz AER 7 0L ARV —VMEREET 25550
BRIEEZEELTELYT, LWEBRIFEEZIEFCEATSC LA TES. KILERTIE,
fEdE D EITE— R T, LMNtal OV —Zd— FHOIEFCEDVTERT 3 Tk A%
N—IVEBRDIEENRE 5720, FRENZTOYS L5 LERE—DOBRMELNS.

LU, RO S LhbERRLSHERRERBVWCLEHSS. K, JHR
FTTY S LSO EERE O E S M~ & > TERSZREND S
B, FRICEF > CHESREPEEED BB ESHhEY I al—Ya VILX > THND
WEEIBECH S, 70 TAUERTIE, BADIL—VERS, VWY FI57 MA
REOBERZ T VELICT BV Yy 7IVE—FZHARLTVS.

Yo w T NVE— RBEETZEFREA TV a Y s IRV DHhDLUNHD, TN
Fh

-s1 EFEFAPOARRITD

-s2 7 FLREORERES VHALILTS

-3 EHICEADILV—IVOERET VALICT S
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EWVIHEEEZE D D.

-52, -s3 K BIF B FIRD S & LEE, RandomIterator ZAWVWTHEL TS, &H,
-s3 ICBIFBN—IVERMDT VX LERRET B0, V—V 1D 1 DZHEDV—
by Mcav ALV T B RENRS B, RTHAT Va—V VT ORNEUNIV—ILEY
N CHBEDTHD. CORD, -s3F TV arOEEIEIAVIRAVKICLLETHS.

392 FL—RHeE

FFEA T gy -t BIEETBET, FL—XE— RTORTHAREEES. FL—
ZE—RTIR 1 EOL—VEBRT LI, BTREL, EOL—IVABHENIZHTT
%. T OREEEHIERS connit ((FHSHR) ICX DEFHENTVS.

3.93 7A774Y) Tk

LMNtal I3E#12 SETH L7720, EFORM Ry 7o TV aHD%E, Tuds -
LCEMEERO— REBALTHELHETCLBE LY., ZCcTluryrAY v 7Bz
MEdaz lic Uiz, EAAFyarve LTTu7 7 AIVOFMEEZIEET ST ENTE,
sanpr s FIFBC ik, V—)UE, TANERTARE, ALy FEcTa T 7 A IVER
BTLENTES.

Tu7 7 AV VA, NERNEOZMETEA LAY TRIERL, V—VFT Vs
FICEITREREGFERZGFET AL TEHRLTVS. #FHMEOREEMEVE SR
SEETOT 7 ANVERSAEVESICIRL TS, b YAL—X (3.7.4 ) ERKE,
A Sy a v LICEHIMED Java 7075 LEBITEEICIOMISL TV S.

3.10 EaEHE

LMNtal i, BEEY S 7ERZEFNVDOTOT S IV T EEROEHOFIDTDRHAT
$5. Llzh o TRERMOBRE, LEOREPHMI— FADQIVRAIVEEDES
MBS E—RICH T E AMSOREMEMICTNE, TaYa s b U S HBICHERH
HeHDTEI.

LMNtal i< % 2 BESFVEE & LT Constraint Handling Rules (CHR) [3] % %. %
B2, LMNtal ¥ CHR B3/hERHABHsEEZL DL, TNREZ S XV LMNtal (Flat
LMNtal) 3 & UBISGES & propagation rule %% 7275\ CHR ITIZIFHET 5.

7L, CHRIZEK TIPS IV /EEL LTHEL, LMNtal 375 7EMX E/RL
LTRELTE D, Tads LHicdhao ORzO M55, 51 CHR ORI
Prolog DRBEEK L AR MEKEMKET ) LWV I3 #EEZ2EDDIIN L, LMNtal DE
137 N LEOHEERESBEN TS > T, EICEFKLETZEVWSBEZbEV. TOTL
5, CHR OEEEMA LMNtal DEEFMICZDOE XENES DI TREAEWV. LMNtal
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DEEHHOEBE TR L 2> DOEBBLORY, HREIHEBICET 5V —IIVOIER
ST, BB ERAS TS TEEDRIFTH o . THITH LT CHR ORETERL
D=Ly T T ORI 4] THB. T OO LMNtal \OBAT LI, 1K
DOHFRRETHD.

LMNtal DT H 2 MTREBHEE S L OCUTHIGSEE (1] LEESREBET NS,
LA L LMNtal i (1) Bl X 3BBE#EEZbDC L, (2) N—VEBICSEEENEET
%éi&,@)%@ﬁﬁ@ﬁ%k@ﬂﬁ%%kﬁml&,&E@@ﬁﬁE,E%%ﬁiﬁﬁ
HiREv O bR LB SRS Ao T, B, BHIEERS U IMEXHEIRRZ
8 U TRBEEHOAEER L7 Moded Flat GHC[11] ® Janus(10] D70 55 LDE
213, LMNtal 70455 L LCIBETOEEEITAETHS.

MmO EE B LTI Interaction Nets [7] 7% 5. #B%, Interaction Nets TH
I T =R AN RS 750 LMNtal 7055 L UTRITARETH D, TOEKRT
A LMNtal {LF%I3 Interaction Nets D A—78—+& v MCEABREZ MU TRELD
DELERSD.

311 FLHESERDRE

KBTI, BEYS TEHRIICED QATEHEE TV LMNtal DG & AiAT L CHF®
BR DT %z LMNtal UBERIC DOV CEHMARENT 21T 2.

DEmmEELEROR BT BRI ETRLER LPEGFTIOERTS B,
LMNtal (33471 & BB E 5 ODTEORE L BRI AW TR, RB TR LIEE
SR EZETICAELDREE LS REL Aok, LALERELT, BEY S 7TERAR
o i AR OEEARDHTL, APIDREEANDEHON—AZERT S5 LAT
xZrrblc, ERSMERRELTHMEES VX T - ADEANES T L&k o7

5 iSO NEROHFEBERE, EHNARSICMAT, CVSIKLsa— RZBED
#4, Eclipse BEOFIAH, XU Wiki ZEA LIBHNII 2= — 3 VICEADBN
TEF. cNBOY—ILOBMNFT, Bl &IcET U CTHEROBRICHEZE
Ui 8REhi s - 72 LIskE, @e UTHBICHRFEZED S T LA TER.

IERERICBLTE, BENEEEOHERERNN AR CRETE SEEOEH
FHzTEELICLT, LMNtal eE 0% FOREDORIE L BRICBHTEE. RES
BNTV AR BEAEERRLUN TREADHIEL TV, BNEEREZEAL
TR L EES S C LREEAMESRETHS. EREALEZNT L THE
BL U RS, AR L RPN REEEFTH Y, FNEBRONNY LY Rzoov
CLTLIERATATETHS.
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8% A
AR PEHS

AR TIE, B3BEORIHFTHH LD > e BTOHTEERLDZHENTS. BHE
DEAFIDERE N HRER L A EDOFMAICBIT 23T, 26 2 BRELIRIIHEHHATH 5.

Al HIESS

commit [rulename, lineno]
AR RT 1 MBFIT spec DRICHEN, FL—ABXUTT NNy FE—FT
DEITH, RITHDON—IVHIFIET S —)LEy D ID LV—)V4 rulename
QL= VEBEE SN TUVAEVEER null 218E) ZHIT 5. lineno X, T
Ny FE—RIZBOTYZN IR T L= RA VY FCREENTHBENES »
DOREICHNS.

ABOENRZ =DH 3. —DiF, V—IVOBRHBEI L —X—ICKIST 25
BOTFL—9RF Ny HORHLEITH> LT, $5—21, v FEXT
H— RRAF e RF 4 @HFIDBEICBENT I/ A SHAFRGATIRE OB
DEFELTFHTSZLTHS.

A2 Nv FEadomas

func [srcatom, funcref]
7k LIs srcatom MT 7 V7 & funcref BEFODNEIHERETS. Ko Tl
NIERGHIEERTH 5.

testmem [srcmem, srcatom]

7 L srcatomn DYV sremem WWBLTWAHLEIDERETS. BLTWaIN
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BERRTHS.

eqatom [atoml, atom2]
atoml & atom2 HEIUT P LEBRBLTVAMNE S H2RET 5.

neqatom [atoml, atom2]
atoml & atom2 HNEEZBT M LESBLTVWANE I M Z2RET 5.
ezida, a - bDESIC, Ny RKALT 77 2ZFFDT LA 2 ENU
EBZL—NLTIE, 1EED a t 2@ED a BRIOT LTy F LETNIR
L. COk®, BACALOT N LAEEES S L&, 1 ERELET b L
ZMOMBANBEERELENXSICT 5.

lockmem [dstmem, freelinkatom, name ]
Inside proxy T%% freelinkatom BB 2% name DKL THAY 7D
WEEHAS. O KB LIZEE dstmem ic0—F9 5.
BRECY VIENMID S E > TRELIZENOSRZERF T 5 LDITH
MR THD. ezE, —

a(X@, P&} :- cX), {dX}

T3, £9 findatom MHT a1l ZEEL, BEFED b1 ZEIET HHIIC,
lockmem BAIC &> CEFDOFBEZIET 5. anymen N THRZRICHET S
DTREL, 7 RLAERBLTHBY VI 2T 8o THZRET 50, —RiC
COHFHENENHTH S, |

A3 H— Faandlons

allocatom [dstatom, funcref]
T7 YR funcref BEFOFBERIEZRVT FLEERL, TOBHR%E dstatom
Ka—F95.
H— FHBTNCBVT, FIRNEEOREDIZH—RMNICDEICZZERT b L,
L ZEN—b a($x) :- $x>0 | a($x-1) OA—RICHETSEHT L O
ZERT B7DICHNS.

isunary [atom]
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T atom B1E7 FLTHZHESHERET S. EHEOMAIC isint,
isfloat, isstring BH O, ZTNTN atom HERT b L, FE/NIGET b L,
XEFIT N LTHBHT L ZHERT S.

ilt [intatoml, intatom2]
2T kL intatom]l & BET b L intatom2 HBR intatoml < intatom?2 %
BRI ESHERETS. BIEAPBET FLATRINEESAVEY), isint
MBOBRTHITENS.
EREOGBAIC ile, igt, ige B ENHB. FEVNMIERICE £1t, fle, fgt,
fge RENDHB.

jadd [dstintatom, intatoml, intatom2]
7 LEOINERS. intatom]l + intatom2 DOFFEREROEBERT b L2ER
L, dstintatom lcHA—RT 3.
FREDAIC isub, imul, idiv, imod X E¥MHB. idiv, imod i 0 THRE
BIT5 LRBAET 5. FEVNIUSEIOAEE MY fadd, fsub, fmul, fdiv
BRELABINhTOS.

natoms [srcmem, count]
B sremem W D7+ LOEED count BTHEMNE S DERET 5.

Tt AXREEEEHEVBEEOT YT VI ERARLIBICHERTS. eXd
=V {a,b} :- ok IKIZTOELAXRIEENEZNDT, BADT b LORIE 2
BETHEFNIEEEWV. #-5T, findatom MR T a, b ZEUG L/, natoms
MARETT ST L TTOECMDT b LAGENWT L ZHEERT 5.

nmems [srcmem, count]
B sremem Vo3 B FEDERD count BTHBHE S M ERET 5. natoms At
Ar@EWERALT, CB5LRTEOBICHRENTS.

A4 KRTF4@RF0BS

removeatom [srcatom, srcmem, funcref]

B srerem R T 7 V7 & funcref Z¥DT b I\ srcatom ZBEAD GRET 5.
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newatom [dstatom, srcmem, f'u,ncref]
B sremem W77 VY R funcref ZEOT FLEERL, ERLET P LNOE
8% dstatom lIc1—R§ 3.

enqueueatom [srcatom]

7+ L srcatom ZFRBEOT b LAX v 7ICHED.

getparent [dstmem, srcmem]
B sremem DHEEADSREE dstmem IO — KT 5. HENRWHEEEERK
5.

derefatom [dstatom, srcatom, pos]
7 kL srcatom DF pos 51D 7 HDT b LNDBRE dstatom IZA—F
95,

copyatom [dstatom, mem, srcatom]
7 L srcatom ERUEFDT b LEE mem ICERKL, dstatom IKRALT
R

relink [al, pl, a2, p2, mem]
B mem 137 M1 al O pl 58k, 7 hL a2 OF p2 58OV V75D
SR VI TERTS.
V—NVEBTIYF LET b LOBFEZEUTRHOT P LK DEENZIZD
KAWS., ex@—balX,Y) :-b(Y,X) T, a DE 158DV 72610
T b DE 2B OEENZZD, TODREMNZIC relink MHZHAVS.

removeproxies [srcmem]
A3 removemen DEHKICF LT L THEN, sremem BEDEBRY V7
EE7 FLEAZ—T7 b L (MU F$star) ICEEHA S, IZL, BIRFIO sremem
DOEEZERLT, ZTOFEONEE sremem DML ZEFE L TWATIEITDHE
YUY 7EET FLIIEBHIFRT 5.
ARBI T A REBESE B THORBEEXEETIEMTHS. BE,
BREOBEHY > 7i3$in L$out ICK DEEERZRAL TVEN, $star iCEE
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WMz 23z LT, FTFEBLOERBICADSHDBHREVOTZAHBEEL TV S.

insertproxies [parentmem, childmem]
KErHE nevmen DR TR D> B THEN, EVWICHTFERICHEIETHS
parentmem & childmem IZH U, $star ZEYNCELERS. childmem iZH B
Zestar IKEHL, $star OF 1 51 BOBRBGREUTOX I ICET.
o $star DY V%L childmem iCH B$star THNUX, Fi$star DT DF]
BES LR2EREES.
o $star DV T5%H parentmem \CHBHEBE) VIV EET FLTHNE, ThH
FN$in, $out ICEHET 5.
e $star DV VI ENZNLNDEANDY > J (parentmem Z@EL T3 Y
VYD rE, BEY VI parentmem ZBEB LTV L ZHRT 5728
IZ, parentmem CHMBY VIV EET FLE2EAT 5.
LLEDMERIC XD, parentmem & childmem BIDBEBRY > 7icxtL, BEEREMG
REOBEYERY VIERT FLAVEEINS.
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