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MMM-CADIAG: A MINI MODIFIED CADIAG WITH
MOBIUS TRANSFORM

NGUYEN HOANG PHUONG "

Abatract . This paper describes the MMM-CADIAG system called Mini Modifid CADIAG with
Moebius transform which is based on the algorithm of Mobius transform for CADIAG-2. This algorithm
using Mobius trasform to compute new rule base for CADIAG-2. To apply Mobius transform for
CADIAG-2 means to find new weights of fuzzy rules. This algorithm guarantees that using generalized
MaxMin inference of CADIAG-2 the inference machine will reproduce the expert’s stated conditional
beliefs as total degrees of confirmation. and exclusion. MMM-CADIAG uses positive and negative
knowledge. Knowledge Base of the system consists of set of IF - THEN rules. Each rule assigns its weight
in [0, 1]. With assumption that relative frequencies are used as weights of rules. MMM-CADIAG is able
to calculate new weights of fuzzy rules and then suggest diagnoses by using the Mini Modified inference
engine of CADIAG-2. Finally, a computer test program 'with established simple knowledge base in
Oriental Medicine as an example is developed and tested. Programs is developed in C++ programming
language and can run on PC/IBM computers. '

1. INTRODUCTION:

CADIAG-2 is a Medical Fuzzy Expert System for Diagnosis which have been developed
and applied successfuly in many medical applications as in Rheumatology, Pancrea, Gall-
Baldder etc. This system is as the physician’s assistent in clinical diagnosis and also as an
instructual system devoted to medical education [1], [9], [10], [11], [12]. Knowledge base of
CADIAG-2 consists also of relationships between symptoms, sysmptom - combinations and
diseases. These relationships are represented in the form of rule IF (antecedent) THEN
(consequent) with two parameters: o- frequency of occurrence of symptom (or symptom -
combination) with disease and c - confirmation degree of symptom (or symptom - combination)
for disease. The aim of our project is to analyze, improve and generalize CADIAG-2: a
diagnostic expert system using fuzzy logic and fuzzy set theory for internal medicine by
including negative knowledge , by ¢ombining negative and positive evidence and modifying
support scores of CADIAG-2 [5], [14] .nd to study some relations between CADIAG-2 and
MYCIN-like systems [2], [15], and also to elaborate a Mobius transform for CADIAG-2 [4],
[16]. This algorithm guarantees that using generalized MaxMin inference of CADIAG-2 the
inference machine will reproduce the expert’s stated conditional beliefs as total degrees of
confirmation and exclusion. This paper describes the MMM-CADIAG system called Mini
Modified CADIAG with Mobius traiisform. Knowledge of the system consists of negative and
positive evidences. Knowledge base of the system is represented in the form of IF - THEN rules.
With assumption that relative frequencies are used as weight of rules. First, the Mobius
transform for CADIAG-2 is applied to calculate new weight of the rules, then the inference
engine of MMM-CADIAG bnsed on MaxMin conposition of rules combining negative and
positive knowledge will infer diagnoses. The aim of this work is the design and experimental
implementation of MMM-CADIAG a Mini Modified CADIAG with Mobius transform. This
system is an generarized version of CADIAG-2 by making some mini modification of
CADIAG-2 with assumption that degrees of truth of rules in MMM-CADIAG are used as
relative frequencies or their fuzzifications. Some properties of the system are as follows:

e Extending fuzzy negative knowledge to MMM-CADIAG.
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e Combining negative and positive knowledge to infer diagnoses as well as ‘confirmed’,
‘disconfirmed’, ‘likely’, ‘unlikely’, ‘unknown’ diagnoses.

e At first, MMM-CADIAG applies Mobius transform algorithm for CADIAG-2 for finding
new weights of fuzzy rules such that using generalized MaxMin inference of CADIAG-2
the inference of MMM-CADIAG will reproduce the expert’s stated conditional beliefs as
total degrees of confirmation and exclusion.

The paper is organized as follows: Section 2 presents some notions of Mobius transform
for CADIAG-2. Section 3 describes a structure of MMM-CADIAG. Section 4 shows the
implementation of the prototype of MMM-CADIAG. Finally, the conclusion is given.

2. MOBIUS TRANSFORM FOR CADIAG-2

Let us recall some main difinitions of the Mobius transform algorithm for CADIAG-2
defined in [4] for understanding of the nature of components of MMM- CADIAG will described
bellow.

Definition 1: A fuzzy patient data of patient P, consists of values pR (P, S;) - degree of

q°
confirmation and pR (P, S) - degree of exclusion for i = 1, ..., m. Assume that, at least,
p;Ps (P, S)or pg (P, S)=0.

Definition 2: The patient data p.R (P, S), u;m (P, S;) (for i =1, ..., m) are three-valued

for patient P, if for all S, “Rps (P, S)) and “Rps (P,, S, take value O or 1.

- “;Ps (P;, S)=0and u;m (P, S;) = 0 mean symptom S, - unknown for patient P,

- u;m (P, S;) = 1 means symptom S, - surely present for patient P,.

- Hg,, (P, S) = 1 means symptom S, - surely absent for patient P,.

The p;m Py, S) and pg (P, S) determine an elementary conjunction E, of symptoms S,
such that S; occurs in E, possitively if u;ﬁ (P, S) = | and negatively if p;ﬁ (P, S) = 1.

Definition 3: An elementary conjunction E, of symptoms S, is defined by
= (&)S, &.... &(g,)S,
(recall the notion (0) S;=> S, (1) S S)

Knowing ukm (P, S), Mg, (P, S) we define ”;m (P,, E,) in the obvious way.

Knowing relation Rg, for confirmation of diagnosis (see details in [1]), we extend
CADIAG-2 by a relation Rgjdefined by e, (Ei. D)) (E¢ is a symptom or elementary
conjunction of symptom) in [0, 1], where the value He (E;, D)) indicates degree in which a

symptom (or elementary conjunction of sumptoms) Ek exclued a diagnosis D;. Thus, the
following MaxMin composition of rules proposed and used to deduce the degrees of
confumatnon and exclusion of the disease D; for the patient P, from the observed symptoms E,
are follows:
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R%p =Re0 Ry
defined by:

Mg, By D) = Maxg, o, Min(py | (P B 41, (B, D)
Rpp =Rps0 Rpp
defined by
e (P, Dy) = Maxg, gy, Min( u;m (P, Ep); Hy (E.. D)
where Sys - a set of symptoms E,.

Remark: Note that the patient data are three-value, i. e. given by an elementary
conjucntion E,, then this reduces to P (P, D) = MaxEA (pn,. (B’ E)) and it is similar
PD kSEx Rip i

for K (P,, D).

Let us recall some notions on group operation @ and ® on (-1, 1) in [3], [7] which will be
used later.

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

- Operation @ is a group operation defined x @ y =x @ -y
Definition 4: A rule base © given by 4. (E,, D)) and p,_ (E,, D)) consists of rules:

E,— Dj( ,UR;” (E,, Dj)), Ek ~ Dk( 'UR.\_*/) (Ek, Dj))) (-

Assume that 4 R, (E.. D) =0o0r R; (Ey, D)) = 0 where ﬂR;.,, (E.. D), 4 . (E,, D)) are
weights of fuzzy rules in [0, 1].

Definition 5: Given a patient data, the total degree for confirmation and exclusion of
diagnosis Dj by patient P, from otserved symptom §; is:

HR:"D (Pq’ D}/ = MR;’D (Pq’ DJ) @ “’R;D (Pq’ DJ) (2)
in [-1, 1].
Definition 6: A conditional weight system [ consists of B¢, (D, l E,) and B, (D/E,) in [0,

1] for a set of pairs (D;, E,). Assurie that Bg (Dlek) =0 or Bg (D, |E,) = 0, where E,: an
elementary conjunction of symptoms S;.

tot

Definition 7: A total conditional weight system B¢ (D | E,) for a set of pairs D, € Dise

(Dise: a set of Diseases D)), E, € EC (Sym) (Elementary Conjunction of Symptoms) isdefined as
follows:

o D;|Ey= B (D;|E) e By (D;|EY 3)

Definition 8: A conditional weight system [3 is weakly sound if the following holds for
each B, ¢ E, € EC (Sym) and D; € Dise: if Bi(DIE), By (@IE), B (DiIEY),
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Bso (D | E’) are defined and RZ, (D, | g Bsp (L, 7)) is extremal (i.e = 1) (one of them takes
value 0), then

B DB = by (0 |E). B DB = B (D [Ey )
Theorem:
Let B be a weakly sound conditional weight system. Ther there is a ruie base &

weights . (S, D) and (5. D)) of fuzzy rules such that for each patient P, and euch
PD ND
three-valued patient data |1, (P,.S): it (P, S) (therefore E, exists)
. PS
Hpm (P, D) = Be (D, E) (5)

whenever the right hand side is defined.
The weights of fuzzy rules are calculated based on the algorithm described in [4].

3. STRUCTURE OF MMM-CADIAG

MMM-CADIAG consists of {ive main coniouents: Conditional Weight System Module
(CWSM), Mobius Transform Module (MTY1) Mo Rule Base Module (CRB), VIEW Module
(VIEWM) and Inference Engine Module (IEM) The structure of MMM-CADIAG is described
in Figure 1.

MMM-CADIAG SYSTEM

I
E |
e . N CWSM MTM ]
p T !
e E — 1
:
t :f VIEWM l

A
Jles |c IEM CRB
e E
r

el

Figure 1: Structure of MMM-CADIAG

The main task MMM-CADIAG is to use Me bius transform to correct the weights of
fuzzy rules and then to provide Diagnosis. The Me bius Transform task of MMM-CADIAG
consists of three subtasks: Entering Conditional Weight System (CWS), Viewing entered CWS,
and Viewing New Rule Base. The tasks of MMM-CADIAG are shown in Figure 2.

£2
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, diagnosis

Entering Cond-Veight System
Viewing entered CV N

Viewing New Rule Base

Figure 2: The Task of MMM-CADIAG
3.1. Conditional Weight System Module (CWSM)
Domain expert can use this module to enter conditional weight system [ into the system.
Conditional weight system 3 consits of some pairs D; (Diseases D,), (elementary conjuction of

Symptoms ), (for exampe, B3 (D;| E,), By (D;| E,)) and associating to each pair (D, S) in the
domain of 3 a weight in [0, 1]. Assume that B¢, (D, | E)=0or By, (D, | E)=0.

A simple example of Conditional Weight System [ in Oriental Medicial is given as
follow:

Rule 1:
Bsp (Neurasthenia by Deficiency of Yin Kidneye Headache) = 0.4

Bsp ( Neurasthenia by Deficiency of Yin Kidneye Headache) = 0.0
Rule 2:

Bsp (Neurasthenia by Deficiency of Yin Kidneye Drowsiness) = 0.3
Bsp (Neurasthenia by Deficiency of Yin Kidneye Drowsiness) = 0.0
Rule 3:
B (Neurasthenia by Deficiency of Yin Kidneye Tinghing in the ears) = 0.2
Bs (Neurasthenia by Deficiency of Yin Kidneye Tinghing in the ears) = 0.0
Rule 4:
B (Neurasthenia by Deficiency of Yin Kidneye Lumbar Pain) = 0.3
Bsp (Neurasthenia by Deficiency of Yin Kidneye Lumbar Pain) = 0.0
Rule 5:
Bsp (Neurasthenia by Deficiency of Yin Kidneye Pulse: tense, small) = 0.5

By (Neurasthenia by Deficiency of Yin Kidneye Pulse: tense, small) = 0.0
Rule 6: '
B;D (Neurasthenia by Deficiency of Yin Kidneye Bitter mouth) = 0.0

Bsp ( Neurasthenia by Deficiency of Yin Kidneye Bitter mouth) = 0.7
Rule 7:

13



NGUYEN HOANG PHUONG

Bsp (Neurasthenia by Deficiency of Yin Kidneyl Heache A Drowsiness A Tinghing
in the ears A LumbarPain ~ Bitter mouth) = 0.4

By (Neurasthenia by Deficiency of Yin Kidney/ Headache A Drowsiness A
Tinghing in the ears A Lumbar Pain A Bitter mouth) = 0.0

To simplify, we denote: Heat sands for Headache, Dro stands for Drowsiness, Tin stands
for Tinghing in the ears, Lum stands for Lumbar Pain, Pul stands for Pulse: tense, small, Bit
stands for Bitter mouth and Neur stands for Neurasthenia by Dificiency of Yin Kidney.

Example of Entered Weights by MMM-CADIAG is shown in Figure 3.

MMM — CADIAG: A mini modified (fADIAG with Moebius transiomn

ENTER WEIGHT in (0.1) FOR A PATIENT DATA
Rule (1): Betapos (Neur: Hea.) =04 . -
BetalNeg (Neur: Hea) =0.0  Rule (2): Betapos (Neur: Dro) =
BetalNeg (Neur: Dro) . =0.0 - Rule (3): Betapos (Neur: Tin) =
BetaNeg (Neur: Tin) =0.0 Rule (4); Betapos (Neur: Lun) =

. BetaNeg(Neur: Lun) . =0.0 Rule (5): Betapos (Neur: Pul) =
BetaNeg (Neur: Pul) © =0.0 ' Rule (6): Betapos (Neur: Bit)
BetaNeg (Neur: Bit) - =0.0
Rule (7) Betapos (Neur: Hea, Dro, Tin, Lun, Bit) =0.4
BetaNeg (Neur: Hea, Dro, Tin, Lun, Bit) = 0.0
' Press any key to countinue

Figure 3: Enter Conditional Weight System

In our example, in Rule (1), when BetaPos(Neur - Hea, ) = 0.4, then BetaNeg (Neur - Hea,
) receive automatically the value 0.0, because Bg, (De E,) = 0 or B, (D E)) = 0. Weights
can be acquired from several sources:

e From patient data base.

e From Medical Experts.

¢ From mixed sources (patient data base and Mzdical Experts)

The entered conditional weight system is stored in file: CWS.DAT in the following from:

1

Neur

0.4

0.0

1

Hea

where, | - rule number (integer), Neur - disease (string), 0.4 - value of 3" (Neure Hea),

0.0 - value of B~ (Neurs Hea), 1 - number (integer) of symptoms in the rule, Hea - sumptom
(string).
Every item is stored in separate line.

3.2. MOBIUS TRANSFORM MODULE (MTM)
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This module applies Mobius transform algorithm to fine new weights of fuzzy rules.
Using MTM for the example above, Rule 1 - Rule 6 are satisfied to case 1 of algorithm in [4],
then we get:

Rule 1:
W.. (Headache, Neurasthenia by Deficiency of Yin Kidney) = 0.4
W, (Headache, Neurasthenia by Deficiency of Yin Kidney) = 0.0
Rule 2:
H.. (Drowsiness, Neurasthenia by Deficiency of Yin Kidney) = 0.3

W, (Drowsiness, Neurasthenia by Deficiency of Yin Kidney) = 0.0
SD
Rule 3:
W. (Tinghing in the ears, Neurasthenia by Deficiency of Yin Kidney) = 0.2
sD

M. (Tinghing in the ears, Neurasthenia by Deficiency of Yin Kidney) = 0.0
Rule 4:
o, (Lumbar Pain, Neurasthenia by Deficiency of Yin Kidney) = 0.3
sD

W (Lumbar Pain, Neurasthenia by Deficiency of Yin Kidney) = 0.0
sD
Rule 5:
Wo. (Pulse: tense, small, Newrasthenia by Deficiency of Yin Kidney) = 0.5

My (Plulse: tense, small, Neurasthenia by Deficiency of Yin Kidney) = 0.0
Rule 6: "

Wo. (Bitter mouth, Neurasthenia by Deficiency of Yin Kidney) = 0.0

W,. (Bitter mouth, Neuia:thenia by Deficiency of Yin Kidney) = 0.7
Rule 7 is satisfied to case 3 (see in [4]), we have:

M =max(04,0.3,02,0.5,0.0)=0.5

M = max (0.0,0.0,0.0,0.0.1.7) =0.7

and

M"=M"OM =0.5 @0.7 = -0416667
On the other hand

B;‘g (Neurasthenia by Deficiency of Yin Kidneye Headache A Drowsiness A Tinghing in
the ears A Lumbar Pain » Bitter mouith) =04 -0.0 =04 < M".
Then

M. (Headache A Drowsiness A Tinghing in the ears A Lumbar Pain A Bitter mouth;
sD

Neurasthenia by Deficiency of Yin Kidney) = 0.859275 and

15
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. (Headache A Drowsiness A Tinghing in the ears A Lumbar Pain A Bitter mouth;

‘ S

Neurasthenia by Deficiency of Yin Kidney) = 0.859275 and
t,  (Headache A Drowsiness A Tinghing in the ears A Lumbar Pain A Bitter mouth;

Neurasthenia by Deficiency of Yin Kidney) = 0.00000
The Figure 4 is the result of calculation for new weights of the given example.

NEW RULE BASE APPLYIN(‘ MOEBIUS TRANSFORM BY MMM-CADIAG.}? ¥
MayNeg <Neur., .> = 0000000

i Maypos <Newr.. .> =0. 3000()0 .~ MayNeg <Neur,, .>= 0.000009 A_
<Case 1. SabSymUList has one symp.. Enter ) oy - : ’
Rule <35: Maypos <Neur.. ..> =0.200000 MayNeg <Neur,, .> =

<Case 1. SubSymList has one symp.. Enter)
Rule <4>: Maypos <N¢ur. 270100000
! has one symp Enter)
- Rule <5 Maypos <N
- mPos of rule 7 is 0.400000
“mNeg of ule 7 is 0.700000
<C‘m 3.2: Mtot (-0.416667) (Buatot (-0.400000). Pn.z» auy lwy)

Figure 4: New weights of Rules
3.3 Corrected Rule Base (CRB)

CRB consists of fuzzy rules with corrected weights obtained after applying MTM. This
rule base is stored in file: RULES.DAT with the same form as for CW.DAT (described in the
previous section). An example of obtained new rule base after applying the Mobius Transform
Module (MTM) for the example described above is the following:

Rule 1:
Headache — Newrasthenia by Deficiency of Yin Kidney (0.4)
Headuche — <« Newrasthenia by Deficiency of Yin Kidney (0.0)
Rule 2:
Drowsiness — Newrasthenia by Deficiency of Yin Kidney (0.3)
Drowsiness — «— Newurasthenia by Deficiency of Yin Kidney (0.0)
Rule 3:
Tinghing in the ears — Newrasthenia by Deficiency of Yin Kidney (0.2)
Tinghing in the ears — Neurasthenia by Deficiency of Yin Kidney (0.0)
Rule 4: '
Lumbar Pain — Newurasthenia by Deficiency of Yin Kidney (0.3)
Lumbar Pain — « Neurasthenia by Deficiency of Yin Kidney (0.0)
Rule 5:

~ Pulse: tense, small — Neurasthenia by Deficiency of Yin Kidney (0.5)

Pulse: tense, smdll —> < Neurasthenia by Deficiency of Yin Kidney (0.0)
Rule 6: -

" Bitter mouth — Nemmlhe/uu Dy De iciency of Yin Kidney (0.0)

Bitter mouth — «- Nemugf/zema,.bv Deficiency of Yin Kidney (0.7)
Rule 7

16
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Headache A Drowsiness A Tinghing in the ears A Lumbar Pain A Bitter mouth —
Neurasthenia by Deficiency of Yin Kidney (0.859375)
Headache A Drowsiness A Tinghing in the ears A'Lumbar Pain A Bitter mouth —«
Neurasthenia by Deficiency of Yin Kidney (0.000000).

3.4 VIEW Module (VIEWM)

This module allows the user to see and verify the content of the conditional weight system
BB. An example is shown in Figure 5.

MMM - CADIAG: # Mini Modified CADIAG with Moebius transforn

ENIERED CONDITIONAL WEGHT SYSTEM
IF
5 ()
THEN Neur
WITH PosWeight (0.400000) and NegWeight (0. 0()000)
Enter (any key) to Continue or (Enter ) to Exit

Figure 5: An example of entered CWS

User can consider also the corrected rule base after applying of Mobius transform
algorithm. An example is expressed in Figure 6.

MMM - CADIAG: a Mini Modified CADIAG with Moebius transforn

NEW RULE BASE
Rule 7 -

Dro
Tip
- THEN Neur
- WITH PosWeight (0. 400()00) and NegWelght (0.00000)
Enter (.my key) to Oontmue or(Y/y): Exn EaE

%

Figure 6: An example of the corrected rule
3.5 Inference Engine Module (IEM)

Using Diagnosis menu of MMM CADIAG, the user can receive advices from MMM-
CADIAG based on input symptoms. Let given a new rule obtained after applying MTM for

conditional weight system f3, for example the new rule in the previous section, the total degree
for confirmation and exclusion of diagnosis Dj by patient P, from observed symptoms S, is:

pR.g)(Pv‘ V) = Prs (P, D)Yu (P D)
in (-1, 1]
where

Heo (P, D)= MaxEq [u.. (B D)

W, Po D)= Maxy [p, (E%, D)l
where E’, varies over all elementary conjunctions of symptoms for which o (E D, or

D)) is positive.

('8

Fl RSl) (E’
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Based on the observed symptoms by patient (for example, ‘unknown’, surely present,
surely absent), the Inference of MMM-CADIAG infer the following conclusions (one case for
each diagnosis):

e Confirmed diagnosis:

The total degree for confirmation and exclusion “R',',;', (P, D) = 1.00, i. e. confirmed
diagnoses D, for patient P,, are indentified.

e Excluded diagnosis:

The totall degree for confirmation and exciusion “k';,;', (P,, D) = -1.00, i. e. disconfirmed
diagnoses D; for patient p,, are indentified.

e ‘Unknown’ diagnosis:

IN

& g, 1. €. ‘unknown’

The total degree for confirmation and exclusion €< Ko (P, D)
PD

diagnoses D, for patient P,, are indentified.

e ‘Unlikely’ diagnosis:

IA

< -g, i. e. ‘unlikely’

The total degree for confirmation and exclusion -1 < },lR::,, (P,, D)
diagnoses D; for patient P,, are indentified.

e “‘Likely’ diagnosis:

The total degree for confirmation and exclusion g < HR%‘-R‘) £ D) < 1,1 e ‘Likely’
diagnoses D, for patient P, are indentified. :

(where ¢ takes the low value 0.02)

Assume that the observed symptoms by patient P, are surely present: Headache,
Drowsiness, Tinghing in the ears, Lumbar Pain, Bitter mouth (5 symstoms). Applying this
Inference Engine for the rule base obtained in the previous section, MMM-CADIAG concludes
‘Likely’ diagnosis Neurasthenia by Deficiency of Yin Kedney with degree 0.4 for patient P,.
One can see the in Figure 7.

s transforn

nptoms for-Consulta ainy 7o ¥ =
Figure 7: Example of Diagnosis by MMM-CADIAG

4. IMPLEMENTATION OF PROTOTYPE

The prototype of the MMM-CADIAG system is experimentally implemented in C++
Programming language on PC/IBM computers. In this version, there are some limitations:

e Number of rules is up to 10

e Number of symptoms is up to 10

18
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e Length of symptom and disease is up to 40 characters. Symmtom and Disease must be
written in continuous characters.

e Rules with shorter antecedents earlier.

e Symptom name is not substring of other symptom name.
At present, MMM-CADIAG is under development to be completed.

S. CONCLUSION

In this paper, the main components of the MMM-CADIAG system, a Mini Modified
CADIAG with Mobius transform have been described. An example expressing how the system
works is given. The MMM-CADIAG system guarantees that applying Mobius Transform
Module to find new rule base of fuzzy rules, the total degree of confirmation and exclusion of
diagnosis D; by patient P, from observed symptoms Si is exactly egal to the total conditional
weight system f3.
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