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(A Hierarchical Structure of Type and Mode Analyses of
Logic Programs)
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Abstract Type and mode analyses of (constraint) logic programs approximates a set of terms,
with which argumenis can be instantiated during execution. They have been designed and developed
usually based on abstract interpretation. This paper considers various abstract domains designed for
type and mode analysis, and to show a hierarchy of them in terms of Galois insertion. We are going
to take the following abstract domains into consideration @ type graph, depth-k type, depth-k mode,
recursive mode, and mode. Depth-k mode is proposed as a new abstract domain for an integraiion of
type and mode analysis, by extending depth-k type of Sato and Tamaki’'s.

1. Introduction Cousot and Cousot.

Type and mode analysis of (constraint) logic Type analysis of logic programs find, for every

programs is of primary importance for high- program point (usually predicate argument) of

performance compilers, since type information may interest, the typela set of terms) which it can be

jead to better indexing and to sophisticated instantiated with during execution. Similarly, the

specializations of unification and built-in predicates. ~ mode of an argument is information on whether a

For this reason, many type and mode analyses particular argument of a predicate is instantiated on
have been designed and developed [1,2,3,4], usually

by considering optimization effects. They are

input or on output or both. As well known, it is a
characteristic of logic programs that an argument
of a predicate can be used as input, ouiput, or
both. An abstract domain designed for type and
mode analysis is wusually a lattice or poset

usually based on abstract interpretation [58], a
semantics-based global analysis framework by

representing all possible type information. A mode
o] =EE STEP] ¥ 23453A020-12 224 AFE Wddd 2

EANE T2IY At B39 Aol &89 Ad and type analysis based on abstract interpretation

t 38 SgdAGtm Aga m2¢ computes the least fixpoint of the program’s
chang@cs sookmyung ac kr . . . .
eEms: e 88 179 execution over an abstract domain, which is a
AR 19099 19 209 conservative  approximation to the  concreie
a
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execution. The information gathered through type
analysis can be applied to compile-time optimi-
zation, debugging, and so on.

Getzinger showed lattices of mode domains and
type domains respectively, which shows how one
abstract domain approximates another [7]. The
motivation of this paper is to consider various
abstract domains for type and mode analysis
together. and to show a hierarchy of them in terms
of Galois insertion. We are going to take the
following popular and new abstract domains into
type graph [1], depth-k type [3],
depth-k mode, recursive mode [4], and mode [2].

consideration :

We also propose a new abstract domain called
depth-k mode for an integration of type and mode
analysis, by extending depth-k type of Satc and
Tamaki’s [3]. There are also many analyses of
like alias analysis, and data-
[7680], which are based on
ahstract Interpretation and can he applied to AND

logic programs
dependency analysis

parallel execution. This paper, however, focuses on
type and mode analysis, because type and mode
hardly compared with other
analyses in the
sense that they are interested in quite different

analyses can bhe

like data-dependency analysis,

properties.

This paper is organized as follows: Section 2
describes some basic definitions on logic programs
and abstract interpretation. Section 3 reviews the
ghstract domains we are going to consider. In
Section 4, we show a hierarchy of the abstract
domains. Sectlon 5 concludes this paper

2. Basic definitions

We let #(S) denote the power set of a set S.
When S is a set and ~ is an equivalence relation
on &, §/. is the set of equivalence classes on S
with respect to ~. For an element a=S8, [al.
denotes the equivalence class of a with respect to
~. We will assume familiarity with the basic
notions af lattice theory. A set ~ partially ordered
by = is denoted (S,E). We sometimes abbreviate

a poset by its set of objects. f S is a poset, we

usually denote =g the corresponding partial order.

A complete lattice A with partial ordering &, least
upper bound Iub U greatest lower bound gib 1,
least element L1 =U® =A, and greaiest element
T=MNoé=UA, is denoted by <A, &, U,MN,7T,L>
When A is a lattice, 5, U, M4 Ta and L, denote
the corresponding basic operators and elements. If
A is a poset, the least fixpoint is denoted by
Ifp(H, if it exists. It is well known that, when J is
a continuous function, then (A= L s/ L4). Let
(11, %, Var) denote a first order language, namely a
{(finite) set Il of predicate symbols, a set 2 of
function symbols, and a denumerable set of
variables Var. With each function symbol fe2 and
predicate symbol pefl is associated a unique
natural number called s arity: a (predicate or
function) symbol 7 with arity = is written Fn.
The set of all terms constructed from 2 and Var
is denoted by Term(Z, Var) {or Term for shorl).
An atom I8 a syntactic object of the form
2t b
(Z, Var). We denote Afoms the set of ail atoms
constructed from I and Term(Z, Var). We also

.t  with each

where pfnell and 4, .., tos Term

associate a tuple<#, .. atom

b, ..., t). A logic program F is a finite set of
program clauses € of the form A«<B,, ..., B(n=0)
where A is called a head atom and B,,..,B, are

body atoms. A 1t guery rm is a sequence of atoms,
sometimes denoted < B),...,B,. We also define a

function g which maps any set of syntactic
objects into the corresponding set of their ground
instances. A substitution is a mapping from Var to

Term which acts as the identity almost
everywhere. It extends to apply to any syntactic
objects in the usual way. The identity substitution
is denoted & The set of idempotent substitutions is
denoted by Sub.

An abstract interpretation of a program is an
approximation of its collecting concrete semantics
on an abstract domain [B]. In the following we
consider the standard framework of Cousot and

Cousot [5]. This framework presupposes a least
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fixpoint characterization of the collecting semantics.
The overall abstract interpretation methodology can
be summarized as follows: (1) a concrete
{colleciing) semantics is selected which correctly
characterizes the observable property of interest; {(2)
an absiract semantics

approximated descriptions of semantic objects and

is defined by providing

operators. We assume that a concrete interpretation
for a {logic) program F can be defined in terms of
a monotone operator ExE—~E on a oncrete domain
E. An abstract interpretation ((E, E),Ep (D, <),
Dp,@,y) consists of a concrete domain (a complete
lattice) {(E,E=), a monotone operator EgE—E, an
abstract lattice} (1, <), a
monotone operator DgD—D, an abstraction function
¥ D—E, such

domain{a complete

& E~D and a concretization function
that

(1) @ and 7 are monctone,

(2 d=a(r(@) for all d=5,

(3) ecHale)) for all e=E, and

@) Ef{AdErDe(d)) for all d=D (or

a Ex(ey <Dp(afe))} for all e=E).

If the conditions (1} --- {3) are satisfied, then
({E,=),e{D, <),y is sad to be a it Gualois
insertion. Condition (4) is the it correciness rm
criterion that ensures that Dy faithfully mimics £,
ie. whenever ((E, &), Ep(D <),Dpe,7) 15 an
abstract interpretation, then F{EpRSAH(Dp).

3. Abstract domains

We first assume that type and mode analyses are
based on an abstract interpretation framework as in
[1], even though the result of this paper need not
be restricted to the framework. Following [3], we
take a view of a type as an abstraction of a set of
terms. Given a term ! and type 7, we write £7,
read “¢ has type T if f=7. If (o Term), S),a,
(T.5).7 (7T.2)
domain of types. We define an ordering relation

is a Galois insertion, is a
among types such that given any two types T

and Ty Th<Ty iff ATPSH Ty Let (o(Term), <),

a,( T,E}),7) he a Galois insertion. Then, starting
from the f(Galois 1nsertion,
extending the abstractioh function te substitution, a
(ASuby S) such

we can induce, by

domain of abstract substitutions

that (ASub,;E) is a set of abstract substitutions
from Var to T and {(#(Sub),S), e, (ASubr 5),7) is

a Galois insertion. The abstraction function & maps
a set of substitutions & over a set of variables Sy

into an abstract substitution over Sy, such that

K )= A es, - Ua(K))@=8}.  The
function 3 maps an abstract substitution into a set
of substitutions such that #A=U{fAa(D=L. A
(concrete) substitution 6 is said to  safish an
abstract substitution 4, denoted by 604, iff for all
x=Sy =A%) where ¢ is a substitution over

concretization

a set of variables Sy The concrete collecting
semantics 1s a collecting fixpoint semantics which
captures the top—down execution of logic programs
using a left-to-right
semantics manipulates 'a set of substitutions

computation rule. The

{x—#, ..., 2 t:). The semantics associates to
each of the predicate symbol # in the program a
set of tuples of the form (8.,,5,8,) Wwhich can
be interpreted as follows:

L8 with g,

8, ... of substitu-

"the execution of pla,...
produces a sequence 6y,..
tions, all of which belongs to @,,".

Abstract semantics consists in abstracting a set
of substitutions by a single abstract substitution,
ie. an abstract substitution represents a set of
abstract
semantics associates with each predicate symbol p
a set of tuples of the formn (8,5, Ba) Which can

substitutions. As a consequence, the

be interpreted as follows:

#x1, .o, 206  with  theta
satisfying the property described by #.. produces
of substitutions, all of

"the execution of

a sequence &y, ..., 8 ...
which satisfying the property described by 8"
We are going 1{o review absiract domains
introduced for type and mode analysis

of logic programs,
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Mode : Debray classified the set of all runtime
terms info the set of modes [2]:

A== {any, var, no,gnd, ®} where any denotes the set
of all run runtime terms, wver denotes the set of
free variables, =y denotes the set of non-variable
terms, and gna denctes the set of ground terms.
The set 4 forms a complete lattice under inclusion
as in Figure 1. The ordering on 4 induced by
inclusion is denoted by = and the corresponding
join operation is denoted by U. Let ap(Term—4
and yd—p(Term) De the abstraction function and
the concretization function defined in [2]. Then,

{{p(Term), S).2,(4,C),9) is a Galois insertion.

any
/ A— ==
var .: v
: | |
: ]
E gnd

@
Fig. 1 The lattice of modes

Recursive mode Tan and Lin extended Debray’s
mode by classifying ground terms and nonvariable
terms further, following the observation that gna
and #z is too simple and the analyses based on
infer the
structures accurately [4]. Their modes are defined
by the following grammar,

no—A any, any* ) gna

the mode cannot incomplete data

lg—Alg, any*)lgna

rg—flany*, rg)lgna

lrg—fIrg, anyx, brg) lgna

gnd—f gnd, gnd*)\const

In the grammar, j can be any function symbol,
const can be any constants, and amy can be any
denote the
RM= {any,var,nv, g, rg, g Mrg, re, gnd, free, @ }.

Let ap(Term}—RM and »RM—=p(Term) be ihe
abstraction function and the concretization function

terms. We recursive  mode by

defined in [4]. Then, (K Term),S),a.(EM, =).7)
is a Galeils insertion. The ordering on RM induced
by inclusion is denoted by E and the corres—
ponding join operation is dencted by U.

.
e

BN

Irg

o

Fig. 2 The lattice of recursive modes

—
N

Depth-k type : Sato and Tamaki proposed the
depth- # abstraction, in which the depth- £ abstract
term of a term is obtained by substituting every
level % subterm of ¢ with a special symbol am 1,
which means any terms. In this paper, we assume
the canonical depth- # abstraction in [10], in which
no varishle can occur more than once. Let o) be
a function which maps a term t to its canonical
depth % abstract term. The set of all depth-k
abstract terms constructed from X2 and Var is
denoted by Then, {(({Term),S).a,

(p{ Termp ), ), 7 is a Galois insertion, where the

Term p,z.

abstraction function is o(T)= (o{Hlte T}, and the

corresponding concretization function is
ATH=U{T{THST4}. The ordering = on
Termpy is defined as : V=T if {THSH Ty, and
the corresponding join operation is denoted by U.
Depth-k mode

domain for an

: We propose a depth-k mode
integration of type and mode
analysis by adding mode information into the
canonical depth-k type. We extend o($ of the
canonical depth-k type so that it map a term ¢ to
its depth % abstract mode, which is obtained by
{ with its
if a, is the abstraction

substituting every level £ subterm of

mode (that is, a4

1) a fresh variable in the origimal definition
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function for the mode 4)

The set of all depth-k abstract
constructed from 2, Var, and 4 is denoted by
Termpy It is easy to find that if %=1, then
Term 5, = M. Then,
(({Term), €),0,({ Termpy), E),7) is a

insertion,

modes

Galols

where the abstraction function is
d T={p(AlteT} and the correspending concreti-
zation function is H 7%= U{Tia( TV = T}. We can
prove the showing that
(A TH=T" It is proved as follows :

W LTl T) = TN =a(Ti1... UTY
=a(TPU... Ua( T} =T .. .U T*= 7%
The ordering on Term py is defined as :
it AT)EATy, and the

operation is denoted by U.
Type graph ! The type graph was proposed for

Galois  insertion by

T]E Tg

corvesponding  join

an integrated analysis of type and mode [12]. A
type graph is a directed graph with the following
kinds of nodes: functor nodes, or nodes, simple
nedes. A simple node has a label representing a
predefined type such as any, var, gne. For simplicity
of presentation, we assume that the primitive types
such as Int, Real, .. are represented as gra. In this
paper, we will consider normalized type graphs,
which are constructed by applying the principat
functor restriction to type graphs as i [1,2]2). Let
TG be the set of all normalized type graphs
constructed from 2 and 4. The abstraction
o Term)—»TG can be defined as in [1,2]. The
meaning(concretization) #(G) of a type graph
G={V,E) with its root » i3 determined as follows:
LG, ) =1(D)») where

D (V= p{ Term))~{ V—p{ Term)) is

X 0)={{v, T}ve V, T= Denot{v, §)} where

Denot(v, @)=

2) Restricted type graphs are constructed by applying the
principal functor restriction and the depth restnction to type
graphs, so that type graphs are fite and only a fimte
number of resiricted type graphs can be constructed from a
firite set of functors

Term it fype( o) = any
Var if fupe(v) = free
&r( Term) if fype(w) = gnd
U lszSn@( Ul) if fyﬁe( 7)) = oF
HWa,. .. 1)lf= funcior(n), £= 0(0)}  if typelv)=F

In the definition, we assume that a node & has
its child nodes uy,...,v, The ordering on 7G is
GIEG, if AG)EH Gy}, and the
corresponding join operation is denoted by U.
Gi=G ff GEG; and =G, Then, TG/ . is a
partial order, and ((p(Term),=),a, (TG =, 5),7 is

a Galols insertion.

defined as

4. A hierarchy of the abstract domains

We now investigate Galois insertions between
abstract domains and show a hierarchy of the
abstract domains for type and mode analysis.

p(Term)

T‘G/Depﬁc mode
M\D th-k type

Fig. 3 A hierarchy of abstract domains

b

N

A

Abstraction from the recursive mode to the
mode : We consider a Galois insertion (BM,a,4,7)
between the recursive mode and the mode. The
abstraction function ¢  maps modes such as
lg,rg lgNrg, and
identity for other modes.

Abstraction from the depth-k type to the
mode | We consider a Galois Insertion between the

(H Term p,), 2,4, 7).

frg into #r, and maps as an

depth-k type and the mode

The abstraction function, @ Termp)—=d, is
defined as

o Ty= Li{a(D)t= T} where

)=
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gnd  if #is ground

vay  if £ a free variable

wy  if tis a nonground tevm of the form Kity,....b)

any if L is a sbecial symbol any

Abstraction from the depth-k mode to the
recursive maode We now consider a Galois
insertion from the depth-k mode to the recursive
mode © (#( Term pas), @, BM, v}, The abstraction of a
depth-k  abstract a(d: Term py—RM, is
defined as the least mode m such that ¢ is an

mode,

instance of the mode w. The absiraction function
extended to a set of terms is «(7T)= U{a(Hlt= T}.

the depth-k mode to
depth—k type : We now consider a Galois insertion
from the depth-k mode to the depth-k type. The
abstraction function & p(Term pud—( Term py) maps

Abstraction from

every occurrence of gnd, free,nt, and any in depth—
k mode terms to ams.

Abstraction from depth-k mode to depth-k*
mode : We can also consider a (alois insertion
from the depth-k mode to the depth-k’ mode, if
kxk. The abstraction & p(Term pu)—pl Term p_u)
maps the depth- % mode into the mere abstract
depth- # mode.

Abstraction from the type graph to the
recursive mode: We now consider a Galois
insertion from the tvpe graph to the recursive
mode. The abstraction from normalized type graphs
to the recursive mode is defined by the mode of
the root node after labeling type graphs with
recursive modes. We describe the mode labeling
algorithm by means of a labeling transformer D,
Let G=(V,E) be a normalized type graph. A mode
labeling 1s defined as a function M V—RM. A mode
labeling ransformer, D ( V—RM)—( V—RM) updates
mode labels of nodes using the mode labels of their
child nodes.

Definition 1 A mode labeling transformer,
D¥ (V—RM—(V—RM) is defined as:
D¥(My= M where

1. if ¢ is a or node, M()= g,eclﬁl:d(u)M(v’)

2. 1f v is a functor node, M ()=

gnd  EM(v))= gnd M(v)) = gnd, ..., M(v,) = gna
g ifM(v)=lhgcandM(v,)=lrgc
leNrg fMv) = lg candM(v,) = rg
& dMu)=lge
vg HM(p)=rgc
no otherwise

where xc represents anyone of the modes less
than or equal to x in the lattice of recursive modes
in Figure 2.

Let My be an initial mode labeling such that

o] if v is or node
o} if v is funclor node
My= free if v is free node
gnd if v is gnd node
any if v is any node
The mode labeling algorithm computes the least
fixpoint (DY) in finite time, which is computed

by (D™, for some finite =.

Theorem 1 (DY) =(D""(M,) for some finite n
Proof. The least fixpoint computation is finite, since
the transformer is monotone and there are a finite
number of mode labelings in a type graph.

In formal setting, we have defined an abstract
interpretation  (( V—p(Term)), D,{ V—=RM}, D*, a.7).
It is easy to show that (V—p(Term), e, (V—RM), r)
is a Galois insertion, where the abstraction function
& (V=p(Term))—( V—RM) is defined by pointwise
lifting the abstraction function of the recursive
mode, and the corresponding concretization function

can also be defined in the same way. The

correctness of the algorithm is shown in the
theorem.
Theorem 2 If D" is the model labeling

transformer in Definition 1, then (D" =2im(D).
Proof The
AW D2 DY v). Assume that a node ¢ has
its child nodes w,..., v, We show the theorem by

AW (0))2 DA M),

theorem means that for all o,

showing that for all +,
Let M be DM(M),
1. type(w) = any, nv, free, gna, it is obvious.
2. typelv) = o7,
M (0) =AU a2 )2V 1000, P, Where
@=¢(M). This is proved by the definition of U
F A el B2 a)Ur D).
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3. twelv) =1,
HM(eN2{A L, ..., s 0(2),1<i<n}, where
o=+M). This is proved by showing that
Ha B2 {4, b)hed(a), be®(B)). This can be
shown for all the cases of s=RM and b=RM.
Abstraction from the type graph to the mode
. Abstraction from the type graph to the mode can
be defined in two ways. The first is done through
the abstraction from the type graph to the
recursive mode, and the abstraction from the
recursive mode to the mode. The second is to
consider a Galois insertion from the type graph to
directly by slightly modifying the
abstraction from the type graph to the recursive

the mode

mode.

Let G=(V,E} be a normalized type graph. A
mode labeling is defined as a function M V—A.The
mede labeling algorithm is described by means of a
D (V=M= (V—4),

mode labeling transformer,

which 18 defined as :

D= M where
1. if ¢ is a or node, M (s} = ”‘Elmlm)M(f;,}

2 if ¢is a functor node, M (2)=

{ and if M(v))=gnd, M(vy)=gnd, ...
ny otherwise

The labeling algorithm
fixpoint, (DM, which is computed by (D" M)
for some finite n, The computation is finite, since
the the labeling transformer is monotone and there

» M{v,)=gna

computes the least

are g finite number of mode labelings on a type
graph.

Theorem 3 I D% is the model labeling
transformer defined for the
A (D)2 (D),

Proof Assume that a node ¢ has its child nodes

mode 4, then

Ly vaayFope
We show the theorem by showing that for all o,
A DU M2 DM ). Let M be D¥(M).

1. type(v) = any, no, free, gna, it is obvious.

2. #type(w)=or,

HM ()= (1] |2, Mv))21) 1<aP(2,), where

&= »{M). This is proved by the definition of U.

3. twpe(v) =1,
KM (@y=2{Kh, ..., t)te ®lv),1=i<n}, where
o=+M). This is proved by showing that

AaUp)2 {4, bllhe Ha), b= 0(H)}. This

shown for all the cases of a=4 and é<4.

can be

Hierarchy of domains for abstract substitu-—
Let ((Tl,El)yC?,(Tz,Eg),y) be a Gaiois

insertion from a type domain 7Ty to another type

tions :

domain T, Then we can show that, in general,
there is a Galois insertion from a domain ASud of
abstract substitutions induced from Ty to another
domain ASub, of abstract substitutions induced
from T;. We domains of abstract
substitutions  (ASub;,E;) and (ASub;, =5 by
extending (7,5 and (TGS, to substitutions
ASuby= Var— T, and Asub;= Var— T,

It is also possible to define ASwh=p(Var—T).

define

as follows:

Given a Galois insertion (T}, =)),e.{ T3, =2),7), We
can easily show that ((Asub;, =1}, e, (Asuby, 5,),7)
is a Galois insertion by extending the abstraction
function to substitutions. The abstraction function
alpha maps an (abstract) substitution 5 over a set
of variables Sy into an abstract substitution over

Sy, such that a{f) =24 s, - &Hx)). The correspon—

ding  concretization function is  HgM=U,

(A B 5"

5. Conclusion

We have shown a hierarchy of abstract domains
for type and mode analysis in terms of Galois
insertion. In particuiar, as far as we know, the
mode labeling algorithm is very new and formal.
We have also proposed an abstract domain depth-k
mode for an integration of type and mode analysis.
It is not an approXimation of type graph as shown
in the hierarchy, even though it is simpler to
malntdin than type graphs, and it cann’t represent
recursive data structures as type graphs. There are
also many abstract domains introduced for alias
and data-dependency analysis of logic programs

Copyright (C) 2005 NuriMedia Co., Ltd.



342 A B85 =

[7,89].
among the abstract domains, and it is also an

There would be a hierarchical structure

interesting research topic to exploit the structure.

References

[1] M. Bruynooghe and G. Janssens. An Instance of
Abstract Interpretation Integrating Type and Mode
Inferencing. Proc. of 5th Int'l Conference on Logic
Programming} 1988.

[2] M. Bruynooghe and G. Janssens. Deriving
descriplions of possible values of program variables
by means of abstract interpretation. Proc. of 5th
Int’'l Conference on Logic Programming} 1988.

[2] 8. K. Dcbray. Static Inference of Modes and Data
Dependencies in Logic Programs, ACM Trans. on
Programming Languages and Systems, Vol. 11, No.
3, July, 1989, pp. 418-450.

[3] C. Cardelli and P. Wegner. On understanding types,
data  abstraction and polymorphism. ACM
Computing Surveys, Vol 17(4), 1985, pp. 471-522.

[3] T. Sato and H. Tamaki, Enumeration of success
patterns in logic programs, Theoretical Computer
Science 34, pp. 227-240, 1984,

[4] J Tan and I-P. Lin. Recursive Modes for Precise
Analysis of Logic Programs, Proc of 1997 Int'l
Conference on Logic Programming, 1997,

[5] P. Cousot and R. Cousot. Abstract interpretation: a
unified lattice model for static analysis of programs
by construction or approximation of fixpoints,
Proc. of the 4th ACM Symp. on Principles of
Programming Languages}, Jan. 1977, pp. 238-252.

[6] P. Cousot and R. Cousot. Abstract Interpretation
and Application to Logic Programs, Journal of
Logic Programming)}, Special Issue on Abstract
Interpretation, 1992.

[7] T. W. Getzinger. The Costs and Benefits of
Abstract Interpretation-Driven Prolog Optimization.
Proc. of 1994 Int’l Static Analysis Svmposium}
1994,

[8] D. Jacobs and A. Langen, Accurate and Efficient
Approximation of Variable Aliasing in Logic
Programs. Proc. of North American Conference on
Logic Programming, 1989.

[9] H. Xia and W. Gilloi, A New Application of Abstract
Interpretation in Prolog Programs: Data-dependency
analysis'  Proc. of IFIP WG 100 Workshop on
Concepts and Characteristics of Declarative
Systems, 1988,

(10] K. Marriott
abstractl interpretation of logic programs,
1988  Jjoint Intl Conf and Symp.
Programming, pp. 733-748.

and H. Sondergaard, Bottom—up
Proc. of
on Logic

FAB) A 6 H A 3 Z(1993)

R
1988 Alguisia ZHAFEFE =9
(8FAD). 1990 sheafel7)ed ke
AlA FEpHAl e HE. 1949 @
R e e e ) P B P i
5. 19949 ~ 1995 FEAAEAA
T HRARE ¢4 el 1995d ~ ¥
A ﬁtscw}uﬁdm Agshat zng BARHE Hody
TAEEE B, 5= HHF), w8 Zzadgq, A9 o
o]E}u] o] &

Copyright (C) 2005 NuriMedia Co., Ltd.



	논리 프로그램의 타입 및 모드 분석의 계층 구조
	요약
	Abstract
	1. Introduction
	2. Basic definitions
	3. Abstract domains
	4. A hierarchy of the abstract domains
	5. Conclusion
	References
	저자소개


