Tap chi Tin hoc va Diéu khién hoc, T. 13, S. 3 (1997) (103-122)

MOBIUS TRANSFORM FOR CADIAG-2

PETR HAJEK(!) and NGUYEN HOANG PHUONG (2)

Abstract. This study presents how the Mdbius transform can be used for Max-Min
compositions of rules of the CADIAG-2. The aigorithm for Mébius transform to find new
weights of rules for CADIAG-2 is proposed. This method is tested for different examples
and some remarks are indicated.
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Preface (by P. Hajek)

This report contains Mr. Nguyen elaboration of my suggestion to extend
Mobius transform (in the sence of MYCIN-like systems, (Hajek, Valdes, 1994) to
CADIAG-like fuzzy expert systems, extended by negative weights. The new and
slightly surprising result is that non-invertibility of the maximum operation does
not make the transform impossible provided we carefully combine positive and
negative weights.

This contributes to our observation that CADIAG-like systems are very close
to MYCIN-like systems, even if we keep maximum as the combining operation
for positive weights. I want to stress that means that CADIAG-like systems have
both similar advantages as MYCIN-like systems (ease of inference) and similar
disadvantages, namely the fact that truth-functionality (use of combining functions
) prevents consequent understanding of weights as degrees of belief. Methods like
Mobius transform or guarded use give only partial correctness, as discussed at
large in (Hajek, Havranek, Jirousek, 1992, Chap. VI-VIII). The main question
remains:

If thing as relative frequencies are used as weights of implications (rules) and
fuzzy inference is applied, what meaning have the results obtained? (see Hajek,
Harmancova, 1995).

It is hoped that the present report bring a partial contribution to a future
answer to this question.

1. INTRODUCTION

CADIAG-2 is a medical diagnostic expert system based on Max-Min inference.
The rule base of CADIAG-2 consists of rules with the form IF (antecedent) THEN
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(succedent). Degrees of truth of rules in CADIAG-2 may be used as relative
frequencies or their fuzzifications (Adlassnig, 1986; Adlassnig et al., 1986). In
(Hajek, Nguyen, 1995), we have studied how CADIAG-2 is embedded into MYCIN-
like systems if we replace Max of MaxMin composition of CADIAG-2 by a suitable
t-cornom and we propose confirmation and exclusion gives the same results at
the corresponding MYCIN-like system. In (Hajek, Havranek, Jirousek, 1992) an
algorithm of Mobius transform for MYCIN-like systems which allows to determine
the weight of a rule from the corresponding expert’s belief was proposed. The new
rule base produces from the coresponding expert’s belief was proposed. The new
rule base produces global weights compatible with the expert’s beliefs. In this
study, the question is that how much the Mobius transform can be used for Max-
Min compositions of rules of CADIAG-2. The answer is that it is possible, but only
if negative weights are introduced. The paper is organized as follows: Section 2
presents an algorithm for construction of Mébius transform for MaxMin inference
of CADIAG-2 allowing to find new weights such that the values of composition of
rules satisfying to expert’s beliefs. Section 3 verifies several examples by the above
described algorithm and finally, some conclusions are reported.

2. CONSTRUCTION OF MéBIUS TRANSFORM FOR CADIAG-2

For construction of Mébius transform algorithm for CADIAG-2, we need add
some definitions extending CADIAG-2 by negative knowledge.

Definition 1. A fuzzy patient data patient P, consists of values M;}’s (Py; 55)
- degree of confirmation and '“I_has(PQ’ S;) - degree of exclusion for ¢ = 1,..., m.
Assume that, at least, M;PS(PP, S;) or pg, (Pg, S;) =0 and let

- MEPS(Pq, Si) = 0 and pg_ _(Py, S;) = 0 mean symptoms S; - unknown for
patient P,.

- uﬁp < (Pg, Si) = 1 means symptoms S; - surely present for patient P,.

- “I_i!ps(Pq’ S;) = 1 means symptoms S; surely absent patient P,.

Definition 2. The patient data u;PS(Pq, S;i) and pp (Pq, Si) (fort =1,..., m)
are three-valued for patient P,, if for all S;, u;m (Py, S;) and pg (P, S;) take
value 0 or 1. Then u}__(P,, Si) and pg _(Pq, Si) determine an elementary con-
junction E4 of symptoms S; such that S; occurs in E; positively if u;” (Pyg, Si) =
1 and negatively pp_ (P, S;) = 1.

For example, give a fuzzy patient data in Table 1.
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Table 1. A patient data

Py S1 | S2 | Ss | Sa

ih, (P B | 1 0 0 |0
Brps(Pgy Si) | O | 0O 1 |o

where, Sy, S3, S3, S4 - symptopms,
P, - patient g,
“Eps (Py, Si)s ”I_Ips(Pq’ S;) are values of the patient data.

From Table 1, the following elementary conjunction of symptoms S; for patient
P, is construted:
E;= 5, & =S3

Definition 3. The values u;PS(Pq,—aSi), BRps(Pg;—S;) of patient data for pa-
tient P, are defined as follows

B, (P8 =p
u}—{PS(Pq’ ...,S‘.) =K

Definition 4. An elementary conjunction E; of symptoms S; is defined by
Eq = (61)31&,..., &(em)Sm

(recall the notion (0)S; = —S;, (1)S; = S)).
If for each ¢, ¢ = 1,..., m, pg__(Pq, (€i)S:) =0 then

l‘;ps (Py, Eq) = S?ggq(u;ps (an‘ (£:)S:))

H'I_éps (P‘I’ Eq) =0
If there is 1, pug (P, (€:)S:) > O then

“};Ps(Pq’ E,)) = Sl?eagq(UEps(Pq, (€:)55))

ugps (PQ’ Eq) =0

The value of elementary conjunction E4 of symptoms S; is defined

ﬂR;,"; (Pq’ Eq) = ”';PS(an Eq) 3 ﬂ‘l—ips(Pq’ EQ) (1)
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Recall that a value pp+ (E;, D;) in [0, 1] used for confirmation of diagnosis, where
SD
the value pp+ (E;, D;) indicates degree in wich a symptom (or elementary con-
SD

junction of symptoms) E; confirms a diagnosis D;. The MaxMin composition of
rules for confirmation of diagnosis is

R;’_D :RPSOR;D (2)
defined by
wpt_(Pg, Dj) = Maxg,esysMin(uf,  (Py, Ei); wgs_(Ei, Dj)) (3)

We extend CADIAG-2 by a relation Ry, defined by p,- (E;, D;) (E; is a symp-
SD
tom or elementary conjunction of symptoms) in [0, 1], where the value p R, (E:, Dy)

indicates degree in wich a symptom (or elementary conjunction of symptoms) E;
excludes a diagnosis D;. Thus, the following MaxMin composition of rules pro-
posed and used to deduce the degree of exclusion of the disease D; for the patient
P, from the obeserved symptoms E; is follows:

Rp = Rrs o R3p ()
defined by
Hp- (qu DJ’) = MaXE;ESysMin(ﬂ;PS(Pq, Ei); II'R;D (Eia D])) (5)

PD

where Sys - a set of symptoms E;.

Definition 5. A rule base © given by up+ (E;, D;) and pp- (E;, Dj) consists
SD SD
of rules:

E; — Dj(pgy (Eis Dy)) (6)
E; — -D; (:“R;D (Ei, D;)) (7)

Assume that FRY, (Ei;, D;) = 0 or FRZ, (Ei, Dj) = 0 where KRt (Ei, D;),
KR, (E:, D;) are weights of fuzzy rules in [0,1].

Now we are going define the total degree of confirmation and exclusion of
diagnisis as a combination of degree of confirmation and degree of exclusion. We
shall see that it is more convenient use their difference in the sence of a operation
on (-1,1) than just their difference as reals.

Definition 6. Given a patient data, the total degree for confirmation and exclu-
sion of diagnosis by patient P, from observed symptom S; is:

ket (Pgy Dj) = gy (Py, Dj) © pp-_(Py, Dj) (8)
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in [-1,1], where
_ T g
/‘R;D(Pq’ DJ') = MaxE;Mln[l‘Rps(an E;), KRt (Efp D,-)],
- : + :
’ “R;D(qu D;) = Ma.xE;Mm[uRPS(Pq, E:])’ L (E{;a Dj)],
where E{z varies over all elementary conjunctions of symptoms for which
Rt (Eq, Dj) or Rrs, (Eg, Dj) is positive.
Remark: note that of the patient data are three-valued, i.e. given by an elementary
conjunction Eg, then this reduces to KRt (Pg, D;) = Maxg: cE, (,uR;D (Eg» Dj))
and it is similar for - (P,, D;).
SD

Let us recall some notions on @ and © on (-1,1) (Hajek et al.; 1992, 1994).
- Operation @ is an odered Abelian group, extended to extremals:
1ez=1, -1®zxz=-1

- The PROSPECTOR group operation & on (-1,1) is defined as follows:

& =
Ty = i (9)

- Operation © is a group operation defined by
zOY=10 -y (10)

Remark: Let recall that we compare the degree of confirmation up+ (P, D;) and
SD
the degree of exclusion p,- (Py, Dj) in [0,1] of diagnosis D; for patient P;. One
SD
can see the representation of these degrees in [-1,1] in Graph 1.
-1 : ]
0
“#R;D_(Pq, Dj) Brt (Pq> Dj)

Graph 1. Representation of up+ (Pg, D;) and KRz, (B Dy)
PD P

To this end we represent the exclusion as negative confirmation, so we take
~HR-, (Pq, Dj) in [-1,1] instead of KRz, (Pg, Dj) in [0,1].

Definition 7. A conditional weight system [ consists of B3, (D;|E,) and
Bsp(D;|E,) in [0,1] for a set of pairs (Dj, E,). Assume that 84, (D;|E,) or
Bsp(D;|Eq) = 0, where Eg : elementary conjunction of symptoms S;.

Definition 8. A tolal conditional weight system B4} (D,|E,) for a set pairs

D; € Dise (Dise: a set of Diseases D;), Eq € EC(Sym) (Elementary Conjunction
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of Symptoms) is defined as follows:
85D (D;|Eq) = Bsp(D;|Eq) — Bsp(D;|Ey) (11)

Definition 9. A conditional weight system f is weakly sound the following holds
for each E) C E, € EC(Sym) and D; € Dise: if S, (D;|E,), Bsp(D;lE,),
Bip(D;|E}), Bsp(D;|E}) are defined and 8, (D;|Eq), Bsp(Dj|Eq) is extremal
(i.e = 1) (one of them takes value 0), then

IB:S}'-D(DJ' IE;) = ﬁ._stD(Dj ’Eq) (12)

B5p(D;|EY) = B3p(D; | Ey) (13)

Theorem. Let § be a weakly sound conditional weight system. Then there is a
rule © with new weight pp+ (Si, D; and pp,- (Si, D;) of fuzzy rules such that
SD SD

for each patient P? and each three-valued patient data u} g (Py, Si), krsp(Pys Si)
(theorefore E, exists)

Brest (Py, D;) = D (D;|E,) (14)

whenever the right hand side 1s defined.

Proof. Fix D;, we define KRt (Eq, Dj) and pp- (Eq, Dj) for pairs (Eq, D;) such
S SD
that B3, (D;|E,), Bsp(D;|E,) are defined.
We proceed by induction on length of Ej.

Case 1: For each E; such that ﬂ;D(D]-IEq), Bsp(Dj|Eg) are defined but
8%, (D;|EL), Bsp (D;|Ey) are underfined for each proper subconjunction E; of
Eq, we put

trt (Eq Dj) = B3ip(D;|E,) (15)
KrZ, (Eq, D;) = Bsp(Dj|Eq) (16)
Case 2: If B, (D;|Ey), Bsp(D;|E,) are defined and extremal (i.e = 1), then put

Krt, (Eq, D;) = B3p(D;|Eq) (17)

KrZ, (Eq, Dj) = Bsp(D;|E,) (18)

Case 3: Assume that B4, (D;|E,), B5p(D;|E,) are defined and nonextremal
(i.e # 1) and pgrsp+ (Eq, D;), krsp-(Eq, D;) are not yet defined, E, has some -
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proper subconjunctions Ej such that Bip (D;|Eg), Bsp(Dj|Ey) are defined and
for all such Eg, p R, {(Ey DJ, PR3, (Eg, Dj) have been defined. Collect positive

and negative know ledge M+ and M for D; under proper subconjunctions E' of
E,. Define the total knowledge Mt = M ¢ © M~, where M+, M~ are deﬁned
as follows:

M+ = Ma,XEacEq [ILR;D (E{]’ ‘D])] (19)
M~ = Maxg: g, [MR;D (Eq» Dy)] (20)

We consider the following cases:
a) If Mt = Biof (D;|E,) then put

KRt (Eq, Dj) = tOt( D, |E,)

if 8% (D;|E,) > 0 or
“R;D(Eqa Dj) = tOt( D;|E,)

it Bich (D;|Es) <
b) If Mt < ﬁtOt( D;|E,) then put

5 (Eq, Dj) =M~ o ,BtOt (D;|Eq) (21)

operation @ is defined as in (9).

c) If M*°t > B4 (D;|E,) then put
Br;, (Eq, Dj) = M* eﬂtOt( D;|Eq) (22)

operation © is defined as in (10)
and we get (14) for each (D;, E;) in the domain S.

Proving case 1. One proves by induction on the length of E; that eventually

BRE, (Si, Dj), KRz, (S:i, D;) are uniquely defined for each E, such that 84, (S;|D;),

Bsp(Si|D;) are defined. We have (by definition of MaxMin composition of CA-
DIAG-2)

Prt (Pq, Dj) = MaxE{,QEinn[/‘;ps(Pq’ E;)§ PRt (Etlz’ D;)]
= Maxp,cr, [tgs_(Eg, Dj)]

(because ppeor (Py, Eq) =1 from (2.0), if Eg exixts, then up  (Pq, Eg) = 0)
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= Max (Maxg;cg,[kpy (Eq Dj)ls kry, (Eq, Dj)) = Max (0, pgy (Eq, Dj)) =
KRt (Eq; D;) = B3p(D;|E,)
because Maxg; cE, [uR;D (Ey, Dj)] = 0 (due to BR}, (Eg, Dj) is unknown, when
E; C E,).
In an analogous, we get
V‘R;D(Pq’ Dj) = KR, (Eq, D;j) = B5p(Dj|Eq)

and thus

Hntet (P, Dj) = KRt (P, Dj) © “R;D(PQ’ D;) = Bsp(Dj, Eq)
and the equation (14) holds.
Proving case 2. Given 82, (Dj, Eq) =1 (or B5p(D;, Eq) = 1) we have

wrt_ (P, Dj) = Maxg cp Minlug, (Py, E); upt_(Eg, Dj)]

= Maxg cp, (gt _(Eg, Dj)]

. (because PR}, (Py, Ey) =1 from (1), if E} exixts, then pp__(Py, Eq) = 0)
= Max [MaancEq [I‘R;D (E[z’ D;)], Hrt. (Eq, Dj)] = KRt (Eq, Dj) = IH;D (Dj|Eq)

(because KR (Eq, Dj) = 1 by condition).

In an analogous way, we get
Kry, (Fgs D) = Kr;, (Eq> Dj) = B5p(Dj|Eq)
and thus
Hptoe (Py, D;) = I‘R;‘,D(Pq, Dj)e Kr; (Py, Dj) = .tsolg(Dja E,)
and the equation (14) holds.

Proving case 3:
a) When M**t = it (D, |E,):
- First, we consider the case M** = %%} (D,|E;) > 0
By definition of MaxMin composition of CADIAG-2, we have:

Brt (Pygs D) = MaxE;gEinn[uéps(Pq, E); et (Eg» Dj)]

= Maxpgcp, (gt _(Eq: Dj)]
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(because FRt, (Pq; Ej) =1 from (1))
= Max (MaXE,chq [/‘R;D (Eclp D)), Krt, (Eq, Dy)).

From definition (17), having

Maxg: cg, (urs, (Eq, Dj)) = M*
(because KRt (Ey, D;) = M for some E; > 0)
| and by condition, put KRt (Eq, Dj) = B (D;|E,), we get
gt (P, D;) = Max(M™*, 855 (D;|Ep)) = Mt

because M~ > 0, Mt = MtoM™~ = ¥} (D;|E,) > 0, then M* > B (D, |E,).

In an analogous way, we get
- (Py, Dj) = Max(M~, 0) = M~
because KR, (Eq, Dj =0, and thus
bRtz (P, Dj) = Krt (P, Dj) © Kr; (P, Dj) = M*eM~ ﬂtOt (D;, Eq)

and the equation (14) holds.

Second, for the case M*°* = %L (D;|E,) < 0, the proof is quite similar.
We have
wpy (Pg, Dj) = Max(M™*, 0) = M+

and
PRz, (P, Dj) = Max(M ™, ﬂtOt( D;|Eg)) = M~

because M+ > 0, M** = MtoM~ = g%} (D;|E,) < 0, then M~ > BEL (D Ey),
we get

trey (Pgs Dj) = KRy (Pg, Dj) OULp (Py, Dj) =Mt oM™ = B5h(D;, Ey)

and the equation (14) holds

b) When M** = M+ 6 M~ < B} (D;|E,):
We have
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priey (Pgs D) = KR} (P, Dj) © o 3 (Pq, Dy)
= Maxp; cp Min[ug,  (Pg, Eq); kgs (Eg, D)l
Maxgr.c g, Min[pg , (Py, Eg); tr-_ (Eq, Dj)
= MaxE{]gEq [#R;S(E;), Dj)] S) Ma-XE;gEq [“R;s (E;)’ Dj)]
= Max(Maxp; cg, (gt (Eg Dj)l; upt (Eqs D)0
Max(Maxg; cE, [#R;D (Eg> Dj)l; Rz, (Eq> Dy))
Put _
Erip (Eq, D;) = M~ @ B55(D;|Eq)

We have now KR, (Eq, D;) > 0, because 0 < M+ < M~ @ 8%} (D;|E,) and
M~ > 0. We get

iszs (Pey Dy) = max|M*, M~ @ 855 (D;, E,)| © max|M~, 0]
and finally, we have
Krigt (Pg, Dj) = (M~ @ BSh(D;, Eq)) © M~ = B (D;|E,)

Thus the equation (14) holds.
c) When Mtet > Btot (D.|E,)
In similar way, we have

prist (Pgs Dj) = pps (Py, Dj) © pp- (Py, Dj)
= Maxg; cp Min[ug,  (Pg, Eg); ups_(Eq, Dj)l©
MaxE{,QEinn[“;Ps(Pq’ E{;)? Er: (E«Ip D;)]
= Maxg; cp,[up+_(Eq), D;)] © Maxpcp, (kg (Eg), Dj)l
= Max(Maxg; cg, (gt (Eg, Dj)l; kpy_ (Eq, Dj))O
Max(Maxg;cg, [kgt_(Eq: Dj)l; gz (Eq, Dj))

Put ;
L (Eq, Dj) = Mt e ﬂ.ts% (D;|E,)
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We have now pp- (Eq, Dj) > 0, because 0 < M~ < M* o ¥} (D;|E,) and
M+ >o.
We get
prigs (Pg, Dj) = max[M™, 0] @ max{M~, M © A5 (D;, Eq)]
= M* o (M e 55 (D;|E,)) = Bs(D; | Ey)

that the equation (14) holds. This complettes the proof of the theorem.
The following example shows that (22) may be undefined for usual subtraction

Let given a conditional weight system g:

Bip(D|S1) =0.3 Bsp(D|S1) =0
B<p(D|Sz) = 0.4 Bsp(D|Sz) =0
BEp(D|S1 A S2) =0 Bsp(D|Sy A Sp) =0.7

Applying Moébius transform according to case 3:
- From (11), we get:

BEL(D|S1 A S2) = BEp(D|S1 A S2) — Bgp(D|S1 A S2) =0—0.7=—0.7
- Now we calculate M** from (19), (20), we get
M** = Max(0.3, 0.4) © Max(0, 0) = 0.460 = 0.4
We have Mt > giot (D|S; A S;) then put
wr= (S1A Sz, D) = M* © B55(D;|51 A S2)

=046 -0.7=04® —(—0.7) = 0.4 ® 0.7
Apply operation & in (9), we get

pp- (81 A Sz, D) = 0.8593
SD
Remark: Now if we use an usual subtraction — for 6, we have
b, (51 Sz, D) = MY — B5L(D;|S1 A Sg) = 04— (-0.7) = 11> 1

But from Definition 5, pp- (S1 A Sz, D) must be in [0,1], that means (22) is
SD
undefined for usual subtraction — in our example.
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More than that the examble shows that if upeoe (Pg, D;) were defined in (8) using
— instead of © then we could not construct a rule base © such that u R (P,, Dj)
= B5H(D;|Eq) for Eq = S1, S2, S1 A Sa.

Now we would have to construct the following new rule base:
SI - D(03), Sl = _|D(0)

S2 — D(0.4), Sz — —~D(0)
S1 A Sy — D(0), S;ASy; — -~D(w)
such that
'“R;D(Pq’ D) - /‘R;D(Pcv D) = —0.7 = pgeet (Pg, D) (23)
But KRE (Pys D) = D4, KR, (P4, D) = w, which gives

04 —w=-0.7

w = 1.1, which > 1.

3. SOME EXAMPLES

We discuss the following conditional weight system 5. We apply the above
algorithm to compute new weights using MinMax composition of rules of CADI-
AG-2:

For every example, we apply Mobius transfrom to the given f of using MaxMin
Composition of CADIAG-2 that we find new weight KRt (Si, D;) and KRS, (S:, Dy)
such that

Kot (Pq, Dj) = golt)(Dj|Eq)

In all examples, we assume ,u;Ps (Pgs S1) = M;PS(Pq, Sef =1,
We use PROSPECTOR group operation @ and © defined in (9), (10)
Example 1:

Bsp(D|S1) = 0.7 Bsp(D|S;) =0
Bip(D|Sz) = 0.7 Bsp(D|Sz) =0
Bip(D|S1 A S;) =07 Bsp(D|S1 A Sy) =0

- Moébious transform for example 1:
a) Calculating M, 8%t (D|S1 A S2) :

+_ + . : B B
M™ = E;ICIISaI')/(\Sz(”RPS(PQ’ E;) A KRt (Eq, D)) = max(0.7, 0.7) = 0.7
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In similar, we get

o . _
M~ = max (uy, (B}, D)) = max(0, 0) =0

Then M*°* =0.760 =0.7.
On the other hand,

ﬂfg‘%(D'Sl A Sz) = ,H;-D(D|Sl A 52) — 'B.;D(DISI A Sg) = 0.7

b) Compare M*** with 8% (D|S; A Ss):
From results above, having M*°* = 8%t (D|S; A S3) = 0.7 > 0, then put

prr (S1A S, D) = @b (D|S1 A S2) =0.7
We receive the following new rule base:
S; — D(0.7), S; — ~D(0)

Sg = D(07), Sg =2 ﬂ.D(O)
Sl A Sz - D(07), Sl A Sg — ﬂ.D(O)

such that
priot (Pgy D) = BSH(D[S1 A S3) = 0.7 (24)

c) Verifying (24):
From (6) we have
KRy (Pg, D) = KRt (P, D) © /“‘R;D'(Pq’ D)
= Maxg,cp Min(ug,  (Py, Eq); gt (Eq D)6
Maxg: cg,Min(pg, (Pq, Eg); KR, (E}, D)]
= max(0.7, 0.7, 0.7) © max(0, 0,0) =0.760 = 0.7

thus equation (24) holds.

Example 2:
IBE'LD(D|SI) =0.7 ﬂED(DISI) =0
BEp(D|Sz) =0.7 Bsp(D|S2) =0
B, (D|S1AS2)=0 Bsp(D|S1 A S3) =0.7
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- Mobious transform for example 2
a) Calculating M, Bk (D|S; A Sa) :

— + B B
M= E;Icr}s?/(\SQ(“Rps(qu Eg) A KRY, (E}, D)) = max(0.7, 0.7) = 0.7

In similar, we get

— » \ L B
M= E;g}gai)/(\sz(uR;D (Eq’ D)) - max(O, 0) =0

Then Mt =M+t M~ —0760—07
On the other hand,

BSD(D|S1 A S2) = Bip(D|S1 A 82) = Bsp(D]S1 A Sy) =0-0.7=-07

b) Compare Mt with B5% (D|S1 A S2) :
From results above, having M*°* > gL (D|S; A S2) then put

prs_ (S1A Sy, D)= M™* o B (D|S; A S2)
=0.76 -0.7=0.7® 0.7 = 0.9395. We receive the following new rule base:
Sl =¥ D(07), Sl —F "lD(O)

Sz —> D(0.7), Sz — —|D(0)
Sl A Sg S 4 D(O), Sl A 52 — ﬁ1)(076907)

where 0.7 ® 0.7 = 0.9395 (using (9)).

such that
preot (Pg, D) = BEH(D]S1 A Sg) = 0.7 (25)

c) Verfying (25):
From (6) we have
HRtor (P, D) = “R;D(an D)e “R;D(Pq’ D)
= max(0.7, 0.7, 0) © max(0, 0, 0.7 0.7) =0.7© (0.7 0.7 = —0.7

Thus A
wriot (Pg, D) = B55(D|S1 A S2) = —0.7
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thus the equation (25) holds.

Example 3:

Bip(D|S1) =03 Bsp(D|51) =0
Bip(D|S;) =0.3 B3p(D|Sz) =0
B4p(D|S1 A S2) =0.7 Bsp(D|S1 A S3) =0

- Mébious transform for example 3:
a) Calculating M*°t, B°f (D|S; A S2) :

+ _ ! I e =
MT = - max (uk, o (Pg, EQ) A FrE, (Eqs D)) = max(0.3, 0.3) = 0.3

In similar, we get

— ' _ _
M~ = E;Icnsﬁsz(uR;D (Eg, D)) = max(0, 0) =0

Then Mt =M+t oM~ =0360=0.3.
On the other hand,

£b(D|S1 A S2) = B, (D|S1 A S2) — Bsp(D|S1 A S2) =0.7—0=0.7

b) Compare M*° with 8% (D|S1 A S3) :
From results above, having M*°* < 4L (D|S; A S2) then put

wre (S1A Sz, D) =M~ & B5H(D|S1 A Sz)
=06 0.7 = 0.7. We receive the following new rule base:
S1 — D(0.3), S; — —=D(0)

S; — D(0.3), S; — —D(0)
S1 A 83 — D(0.7), S; A Sy — —D(0)
such that
Kries (Pgs D) = BEH(D|S1 A S3) = 0.7 (26)
c) Verfying (26):
From (6) we have
trys (Pg, D) = pgy (Pg, D) © pp- (Pq, D)
= max(0.3, 0.3, 0.7) © max(0, 0,0) =0.760 = 0.7
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Thus
uR;’OB (Pq, D) - tOt (D!Sl A Sz) = 0.7

thus the equation (26) holds.

Example 4:
ﬂ;D(DISI) =0 ' 'BED(DISI) =03
ﬂ;D(DIS2) =03 ﬂ.;D(D|SZ) =0
BEp(D|S1 A S2) =0.7 Bsp(D|S1AS2) =0

- Mobious transform for example 4:
a) Calculating M*°, g% (D|S1 A Sa) :

+ _ 4 , ’ B B
Mb = max (i, (P, Ey) Mg, (By, D)) = max(0,03) = 03

In similar, we get

- , - .
M= E;énsa[)fxg(“R;'D (Eq, D)) = max(0.3,0) =0

Then M = M+t oM~ =0.360.3=0,
On the other hand,

S5 (D|S1 A S2) = BE,(D]S1 A Ss) —B5p(D]S1 AS;) =0.7T—0=0.7

b) Compare M*t with B (D|S; A Ss) :
From results above, having M*°* < L (D|S; A S2) then put

wrr_(S1A Sz, D) =M~ @ B5h(D|S1 A Sy)
= 0.3 @ 0.7 = 0.8264 (using (9)). We receive the following new rule base:
Sl b D(O), Sl - _'D(03)

Sz - D(03), Sg — —ID(O)
S1 NSy — D(0.3 ® 0.7), Si1 NSy — “‘D(O)

such that
[J,Repolt)(Pq, ) tOt (D|Sl/\S2) = 0.7

¢) Verfying (27):
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From (6) we have

Hptotr (Pg, D) = KR}, (Pg, D) © Kr;, (Pg, D)
= max(0, 0.3, 0.3 ® 0.7) © max(0.3, 0, 0) = (0.3 0.7) 0.3 = 0.7

Thus
KRt (Pgs D) = BSH(D]S1 A S3) = 0.7

thus the equation (27) holds.

Example 5:

Bip(D|S1) =0 Bsp(D|S1) = 0.3
Bsp(D|S2) = 0.3 Bsp(D|S2) =0
Bsp(D|S1AS2) =0 B5p(D|S1 A S;) = 0.7

- Mébious transform for example 5:
a) Calculating M, Bi°f (D|S; A S) :

=+ + s ; B B
M= E;énsal')f\sz(“RPS (P‘I’ Eq) A /"’R;‘D (Eqa D)) = maX(O, 0.3) =0.3

In similar, we get

_ ) B B
R E;énsaf/‘\sz(“R;D (E,, D)) = max(0.3, 0) = 0.3

Then M** = M* oM~ =0.360.3=0.
On the other hand,

5 (D|S1 A S2) = B, (D]S1 A S2) — B5p(D|S1 A S2) =0—0.7= —0.7

b) Compare M*°* with B (D|S1 A S2) :
From results above, having Mt > &L (D|S; A S;) then put

prz, (S1A Sz, D) = M* o B¥E(D|S1 A S2)

=036 —0.7=0.3@® 0.7 = 0.8264 (using (9)). We receive the following new rule
base:
S, — D(0), S; — ~D(0.3)

S, — D(0.3), Sz — ~D(0)
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S1AS; — D(0), S;AS; —»-D(0.3®0.7)

where 0.3 @ 0.7 = 0.8264

such that
Kreot (Pgs D) = BEH(D]S1 A Sg) = —0.7 (28)

c) Verfying (28):
From (6) we have

kot (Pg, D) = “R;D(Pq, D)e /‘R;D(Pq’ D)
= max(0, 0.3, 0) © max(0.3, 0, 0.3 0.7) = 0.3© (0.3® 0.7) = —0.7

Thus
ﬂR\‘;lt) (Pq, D) = tOt (D'Sl A Sz) 0.7
and the equation (28) holds.
Example 6:
Bsp(D|S1) = 0.7 Bsp(D|S1) =0
IB;_D(DI‘S'?) =03 Bsp(D|S2) =0
B, (D|S1 A S2) =0.7 Bsp(D|S1 AS2) =0

- Mobious transform for example 6:

a) Calculating M*%*, BL°f (D[S A S3) :

+_ , - )
M= B! CS) /\Sg(MRPS(Pq’ Eg) A gy (Eg, D)) = max(0.7, 0.3) = 0.7

In similar, we get

s ' = =
M~ = Eag}%)/(\sz(“}igo (Eg, D)) = max(0, 0) =0

Then M*' =M+t M~ =0.760=0.7.
On the other hand,

$H(D|S1 A S2) = BEp(D|S1 AS2) —B5p(D|S1 A S2) =0.7—0=0.7

b) Compare Mt with S5 (D|S1 A S2)
From results above, having Mot = Biot (D|S; A Sz) = 0.7 > 0 then put

Kp: (S1A Sy, D)= BYE(D|S; A S3) = 0.7



MOBIUS TRANSFORM FOR CADIAG-2 121

We receive the following new rule base:
Sl = D(07), Sl - “ID(O)

Sy — D(0.3), Sy — —D(0)
S1 A Sy — D(07), S1 NSy — —|D(0)

such that
wrios (Pg, D) = B5H(D|S1 A S2) = 0.7 (29)

c) Verfying (29):
From (6) we have

Mptet (Pq’ D) = ”’R;D(Pq’ D) e/‘R;D(Pq, D)
= max(0.7, 0.3, 0.7) © max(0, 0,0) =0.760 = 0.7 ~

Thus
kries (Py, D) = B55(D]S1 A S2) = 0.7

and the equation (29) holds.

4. CONCLUSION

In this study, we have described an algorithm using Mobius transform to
compute new rule base for CADIAG-2. We have extended CADIAG-2 by including
fuzzy negative knowledge. To apply Mobius transform for CADIAG-2 means to
find new weights /‘R;D(Si’ D;) and /‘R;D(Si’ Dj) of fuzzy rules that for each
patient P; whose data KRE, (Py, Si), KRz, (P,, S;) are three-valued (therefore E,
exists) such that

PRt (Pq, Dj) = fs‘oB(DﬂEq)

Thus this algorithm garantees that using generalized MaxMin inference of CA-
DIAG-2 the inference machine will reproduce the expert’s stated beliefs as total
degrees of confirmation and exclusion. To illustrate this algorithm, several exam-
ples are examined.
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