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Concentric Circle Diagrams for Visualizing a Reasoning Process
on an Extended Logic Program

Mariko Sasakura :
Department of Information Technology, Okayama University -

Abstract

We propose a new visualization for a reasoning process on an extended logic program. We
use concentric circles to visualize recursive structures in a reasoning process. We add a
process for our visualization to an existing reasoning process. We explain the details of our
procedure and show some example diagrams. '

1 Introduction in section 5.

Studies on visualization are classified broadly into
scientific visualization and information visualiza-
tion. Scientific visualization is for seeing data ob-
tained by experiments, observations or simulations
on such as fluid mechanics, atmospheric phenom-
ena, medical aid and genome analysis. Information
visualization is for seeing abstract information such

2 Intuitive explanation

In extended logic programs, there are two kinds of
negation: a strong negation -l and a negation as
failure ~ I, where ! is a literal. Reasonings are
performed under the following constraints[2],[4].

as databases, webs or programsf1]. ‘ ) e Both [ and ~I do not succeed at a time.
Our study described in this paper is one of in-
formation visualizations. We visualize a reasoning ~ ® Both [ and ~ [ do not succeed at a time.

process on an extended logic program to help users o If =/, then ~ /.
understand how the process is going intuitively. ’

Reasoning procedures on extended logic pro- e If ~ [ succeeds, then —I succeeds.
grams are already proposed and their semantics are
discussed in [2}, [4]. Our approach is to add a visu-
alization function to an existing procedure.

At first, we give an intuitive explanation of our
approach in section 2. Then, we briefly explain
our reasoning and visualization procedure, named

A reasoning process forms a recursive structure.
Therefore, we visualize the reasoning process as
concentric circles that is suitable to represent re-
cursive structures. S

For example, there is an extended logic program:

an abductive procedure for Concentric Circle Dia- pgq
grams, in section 3. In section 4 we show figures ger
generated by our procedure and we give conclusion P



Figure 1: An example of our visualization for a
reasoning process

If we give p as an initial goal, a reasoning pro-
cess finds p succeeds, since g succeeds because of
7 success. This process is visualized by our proce-
dure as figure 1. The detail of the procedure will
be explained in the next section.

3 An abductive procedure for
Concentric Circle Diagrams

An abductive procedure for Concentric Circle Di-
agrams consists of two derivations: a succeeding
derivation and a failing derivation. A succeeding
derivation tries to find a given goal succeeds. A
failing derivation tries to find a given goal fails. A
succeeding derivation and a failing derivation in-
vokes each other if necessary. An abductive proce-
dure for Concentric Circle Diagrams we describe in
this paper is based on the procedure shown in [5].
We add elements for visualization to the procedure
and rearrange it.

Now, we explain our succeeding derivation and
failing derivation. A given extended logic program
is denoted as P.

A succeeding derivation is expressed as the fol-
lowing list:

(Go, 20, DNo), - .., (Ghy Zn, DNp). -
. This is also represented as the following:
(Go, %0, DNo) = suc (Ghy Zn, DNy).

Assume a goal is G = My, ..., My, where M; is
a literal or a negation as failure of a literal. £ is a

set of literals that succeed in this derivation. DN
is information for visualization of which structure
is:

D;=0Cy,...,C;
DL;=DN,,...,DN;,

where, C; = (G;, A;). We call A; as an attribute
of which value is start, rewrite or call. The initial
value of C' is Cyy = (G, start).

If a succeeding derivation halts and G, = O, then
we call Gy succeeds. '

A failing derivation succeeds when a given set of
goals fail. We must find all goals generated by the
given goals fail for success of a failing derivation. A
failing derivation is expressed as

(Ho, %o, DNSyp),...,(Hp,Lp, DNSh).

This is also represented as
{(Ho, X0, DN Sp) =ff (Hp, T, DNS),).

H; is a set of goals and DN S, is a set of DNs.
When a failing derivation halts and Hp = 0 then
Hy succeeds. X is a set of literals that succeed in
this derivation.

The details of the derivations that are how we
get (Gn+1 s En+1, DNn+1) from (Gn, Zn, DNn) and
(Hpt1, Znt1, DN Spy1) from (Hp, £y, DNS,), are
explained in [3]. ‘ ;

We show an example of which goal is A and pro-
gram P that is:

A+«~B
B+« C

At first, a succeeding derivation is invoked for
Gy =« A. By the first clause of Py, G; =~ B.
Then a failing derivation is invoked for Ho = {+
B}. By the second clause of P, H; = {+ C}.
Since there is no clause whose head is C, Hy = 0.
Therefore the failing derivation succeeds. Then the
succeeding derivation succeeds. Table 1 shows G,
H, Y and DN of the derivations.

4 Drawing
In this section, we explain how to draw diagrams

from DN of a succeeding derivation and DNS of a
failing derivation.



Table 1: A reasoning proccess on program P, for
Go =+ A

A succeeding derivation for + A

G Py DN
Gy = A (((« A, start)),0, NULL)
Gi =+~ B (((«. A, start),
(<=~ B,rewrite)),§, NULL)
(((+ A, start),
(<~ B,rewrite),
(0, call)), {B}, DN)

0
{4}
{4}

Gy, =0

A failing derivation for {« B}

H P DNS
Hy = (< B | {A] | {({(— B.star).{BL.NULL)]
Hy = {«< C} | {4} | {{{{+ B, start),
(¢ C,rewrite)), {B}, NULL)}
T =107 [ {AY [ {((< B,stard),
(+ C,rewrite),
(0, rewrite)), { B}, NULL)}

4.1 Overview

When we execute an~ abductive procedure
for Concentric Circle Diagrams, we get
(Go,Eo,DNo),:suc (Gh,Eh,DNh) for a given
goal. The DN}, records all goals of succeeding and
failing derivations invoked by the procedure. We
visualize the DN}, as a process of a reasoning.

The transformation from a DN, to diagrams is a
one to one function from an element of DNy to an
element of a diagram. We describe it in the next
subsection.

4.2 How to draw CCDs

DNy, consists of a list of D that is a list of C; which
is (Gi, Ai), A and a list of DN. We draw a diagram
for a D. The correspondence of an element of D
and an element of a diagram is the following:

D a diagram

C; a circle

G; a label

A; colour of a circle

A diagrams is an area surrounded by a rectangle
as figure 1. We draw a background of a diagram
for a failing derivation as gray so that we can easily
know which diagram shows a succeeding derivation
and which one shows a failing derivation. A circle
corresponds to C; is drawn in the area and put
with a label that corresponds to G;. The colour of
the circle is decided by A4;. But, for the innermost

begin
if G; = O in a succeeding derivation
then a colour of a circle is gray.
else if H; = @ in a failing derivation
then a colour of a circle is black.
else if A; = call
then a colour of a circle is dark gray.
else a colour of a circle is white.
end

Figure 2: A colour of a circle

circle, the colour is decided by G;. Figure 2 shows
how to decide a colour of a circle.

If r; is a radius of a circle for C; and r; is a ra-
dius of a circle for C; and i < j then r; >r;. The
centers of all circles in a diagram have the same
coordinates. Therefore, we show a diagram con-
sists of concentric circles and smaller circles denote
latter goals.

We draw a diagram for a DN. So, generally, a
reasoning process for a goal is represented by sev-
eral diagrams.

4.3 Examples

Figure 3 shows a reasoning process of the following
program P; for + p.

p~q,r
g4 s
gt
7

The leftside diagram represents a succeeding
derivation for < p and two diagrams on the right-
side represent failing derivations for < ¢. There
are two clauses of which head is q in P, we must
show the failure of ¢ in both clauses. Two diagrams
on the rightside correspond to the clauses.

5 Conclusions

We propose an abductive procedure for Concentric
Circle Diagrams which visualizes a reasoning pro-
cess on an extended logic program. We use con-
centric circles to visualize a reasoning process so
that we may see recursive structures in a reasoning
process intuitively.

In this paper, we do not mention the soundness
of our procedure. We will discuss it in the future

paper.



Figure 3: Diagrams of a reasoning process for < p on P»
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