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1 Introduction

In this paper we brie°y discuss our previous research related to Generalized Net (GN, see
[1]) models in medicine. A GN-model of diagnostic and therapeutic processes is described
as an illustrated example and a program for further work is introduced.

The research in this ¯eld started in 1983 with [2] by Joseph Sorsich (1939-2002). This
research were related with the process of diagnostic of di®erent diseases. Between 1997 and
2002 a big part of the constructed GN-models were collected in the books [3, 4, 5, 6, 7, 8, 9].

In 2000 the ¯rst GN-models of human body, organs and systems were constructed. Some
of the ¯rst results were included in [8].

2 A GN-model

Here we describe a GN-model and give some ideas of the stages that most patients pass
through in a medical unit. The model is a modi¯cation and extension of [10].

In the GN presented here, it is possible to see clearly the ways of introducing waiting and
performing times of medical examinations and carrying out the appropriate investigations,
as well as the time duration of the whole cycle of treatment. These time-parameters may
be obtained by a characteristic function of the GN that are described below.
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The GN models of the diagnostic process of a concrete disease and the appropriate
treatment of other diseases may also be described by this modelling approach.

Each patient is interpreted in the GN-model by a token that enters place l1 with the
initial characteristic

\name, speci¯c person's information, current health status,

need to consult a physician (with some complaints or for prophylactic needs)."

Further, the token, representing a patient will split to two or three tokens. One of them
represents the need for support by decision making tools and the second one represents the
cost of the activities, related to patient procedures.

Transition ZM represents the process of determining the solution generated by the deci-
sion making tools (interpreted by a token that stays permanently in place m0.

Transition ZF represents the process of calculation of ¯nancial values of the activities,
related to patient procedures.

The GN-transitions are the following.
Transition Z1 has the form

Z1 =< fl1; l13;m10g; fl2; l3;m1; f1g; r1 >;

where

r1 =

l2 l3 m1 f1

l1 W1;2 W1;3 W ¤ W1;f;1

l14 W14;2 W14;3 W ¤ W14;f;1

m10 Wm;10;2 Wm;10;3 false false

;

where
W ¤ = \there is need for support by decision making tools",
W1;2 = W14;2 = :W ¤& \the result of the medical examination is that the patient is healthy",
W1;3 = W14;3 = :W ¤&:W1;2,
W1;f;1 = W1;2 _W1;3;
W14;f;1 = W14;2 _W14;2;
where :P is the negation of predicate P .

Token, entering place l2 obtains a characteristic

\healthy person";

and characteristic
\duration of medical examination"

in place l3.
When predicate W1;m;1 or W14;m;1 has truth-value \true", then initial token enters place

m1 with a characteristic

\request for support by decision making tools":

These tools can be some type (e.g., relational) of databases, expert systems, data mining
systems, etc. After this step, the token enters place m0, that the request to the decision
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making tools obtains its solution, including no solution. Then, the token enters place m10

with a next characteristic

\answer of the decision making tools":

after this step, token enters place l2 or l3 with above mentioned characteristics. At the same
moment the tokens splits to two tokens in respect of the truth-values of predicates W1;f;1 or
W14;f;1. The original token enters place l2 or l3 while the second token enters place f1 with
characteristic

\value of the current medical procedures"

and after this it enters place f0 where all ¯nancial information is collected.
Transition Z2 has the form

Z2 =< fl3; l6; l10; l12; l20;m9g; fl4; l5; l6;m2; f2g; r2 >;

where

r2 =

l4 l5 l6 m2 f2

l3 W3;4 W3;5 W3;6 W ¤ W3;f;2

l6 W6;4 W6;5 W6;6 W ¤ W6;f;2

l10 W10;4 W10;5 W10;6 W ¤ W10;f;2

l12 W12;4 W12;5 W12;6 W ¤ W12;f;2

l20 W20;4 W20;5 W20;6 W ¤ W20;f;2

m9 Wm;9;4 Wm;9;5 Wm;9;6 false false

>;

where
W3;4 = W6;4 = W10;4 = W12;4 = W20;4Wm;9;4 = :W ¤&:W3;5&:W3;6;
W3;5 = W6;5 = W10;5 = W12;5 = W20;5 = Wm;9;5 = :W ¤& \there is need for appropriate
investigations";
W3;6 = W6;6 = W10;6 = W12;6 = W20;6 = Wm;9;6 = :W ¤& \there is need to consult a
specialist",
W3;f;2 = W3;4 _W3;5 _W3;6,
W6;f;2 = W6;4 _W6;5 _W6;6,
W10;f;2 = W10;4 _W10;5 _W10;6,
W12;f;2 = W12;4 _W12;5 _W12;6,
W20;f;2 = W20;4 _W20;5 _W20;6.

Tokens do not obtain any characteristic in place l4 and they obtain characteristics

\kinds of appropriate laboratory examinations, the duration to carry out these

examinations"

in place l5 and

\kind(s) of appropriate consultation(s), duration of these consultation(s)":

in place l6.
Transition Z3 has the form

Z3 =< fl5;m8g; fl7; l8;m3; f3g; r3 >;
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where

r3 =
l7 l8 m3 f3

l5 W5;7 W5;8 W ¤ W5;f;3

m8 Wm;8;7 Wm;8;8 W ¤ false
>;

where
W5;7 = Wm;8;7 = :W ¤& \laboratory investigations are necessary",
W5;8 = Wm;8;8 = :W ¤& \instrumental investigations (e.g. X-ray, sonography, ECG etc.)
are necessary",
W5;f;3 = W5;7 _W5;8:

The tokens obtain the characteristics

\result(s) of the laboratory investigation(s)"

in place l7 and
\result(s) of the instrumental investigation(s)"

in place l8.
Transition Z4 has the form

Z4 =< fl7; l8;m14g; fl9; l10;m4; f4g; r4 >;

where

r4 =

l9 l10 m4 f4

l7 W7;9 W7;10 W ¤ W5;f;4

l8 W8;9 W8;10 W ¤ W8;f;4

m14 Wm;14;9 Wm;14;10 false false

>;

where
W7;9 = W8;9 = Wm;14;9 = :W ¤& \abnormal ¯ndings are present";
W7;10 = W8;10 = Wm;14;10 = :W ¤&:W7;9;
W5;f;4 = W7;9 _W7;10;
W8;f;4 = W8;9 _W8;10:

The tokens obtain the characteristic

\presence of abnormal ¯ndings"

in place l9 and they do not obtain any characteristic in place l10.
Transition Z5 has the form

Z5 =< fl4; l9;m13g; fl11; l12; l13; l14;m5; f5g; r5 >;

where

r5 =

l11 l12 l13 l14 m5 f5

l4 W4;11 W4;12 W4;13 W4;14 W ¤ W4;f;5

l9 W9;11 W9;12 W9;13 W9;14 W ¤ W9;f;5

m13 Wm;13;11 Wm;13;12 Wm;13;13 Wm;13;14 false false

>;

where
W4;11 = W9;11 = :W ¤& \patient is estimated to be healthy",
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W4;12 = W9;12 = :W ¤& \patient needs appropriate treatment",
W4;13 = W9;13 = :W ¤&:W4;12&:W4;14&:W4;11; W4;14 = W9;14 = :W ¤& \patient needs
some complementary investigations",
W4;f;5 = W4;11 _W4;12 _W4;13 _W4;14,
W9;f;5 = W9;11 _W9;12 _W9;13 _W9;14.

The tokens obtain the characteristic

\patient needs appropriate treatment"

in place l12,

\patient needs complementary investigation(s) or consultatition(s)"; "

in place l14,
\patient is estimated healthy after the consultation(s)"

in place l11,
\further surveillance or control is needed"

in place l13.
Transition Z6 has the form

Z6 =< fl11;m12g; fl15; l16; l17;m6; f6g; r6 >;

where

r6 =
l15 l16 l17 m6 f6

l11 W11;15 W11;16 W11;17 W ¤ W4;f;5

m12 Wm;12;15 Wm;12;16 Wm;12;17 false false
>;

where
W4;15 = :W ¤& \ambulatory treatment is suitable",
W4;16 = :W ¤& \treatment at home is recommeanded",
W4;17 = :W ¤& \hospitalization is necessary",
W4;f;5 = W11;15 _W11;16 _W11;17:

The tokens obtain the characteristic

\ambulatory treatment"

in place l15,
\treatment at home"

in place l16,
\treatment in hospital"

in place l17.
Transition Z7 has the form

Z7 =< fl15; l16; l17;m11g; fl18; l19; l20;m7; f7g; r7 >;
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where

r7 =

l18 l19 l20 m7 f7

l15 W15;18 W15;19 W15;20 W ¤ W15;f;7

l16 W16;18 W16;19 W16;20 W ¤ W16;f;7

l17 W17;18 W17;19 W17;20 W ¤ W17;f;7

m11 Wm;11;18 Wm;11;19 Wm;11;20 false false

>;

where
W15;18 = W16;18 = W17;18 = :W ¤& \patient is recovered",
W15;19 = W16;19 = W17;19 = :W ¤& \patient is dead",
W15;20 = W16;20 = W17;20 = :W ¤&:W15;18&:W15;19;
W15;f;7 = W15;18 _W15;19 _W15;20,
W16;f;7 = W16;18 _W16;19 _W16;20,
W17;f;7 = W17;18 _W17;19 _W17;20.

The tokens obtain the characteristic

\the patient is cured with end of treatment, duration of the treatment"

in place l18,
\exitus letalis"

in place l19, do not obtain any characteristic in place l20.
The two special transitions ZM and ZF have the following forms.

ZM =< fm0;m1;m2;m3;m4;m5;m6;m7g; fm0;m8;m9;m10;m11;m12;m13;m14g; rM >;

where

rM =

m0 m8 m9 m10 m11 m12 m13 m14

m0 true W0;8 W0;9 W0;10 W0;11 W0;12 W0;13 W0;14

m1 true false false false false false false false
m2 true false false false false false false false
m3 true false false false false false false false
m4 true false false false false false false false
m5 true false false false false false false false
m6 true false false false false false false false
m7 true false false false false false false false

>;

where
W0;8 = \the request is from tranzition Z3,
W0;9 = \the request is from tranzition Z2,
W0;10 = \the request is from tranzition Z1,
W0;11 = \the request is from tranzition Z4,
W0;12 = \the request is from tranzition Z5,
W0;13 = \the request is from tranzition Z6,
W0;14 = \the request is from tranzition Z7.

Above we discussed the tokens characteristics in the output places of transition ZM .

ZF =< ff0; f1; f2; f3; f4; f5; f6; f7g; ff0g; rF >;
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where

rF =

f0

f0 true
f1 true
f2 true
f3 true
f4 true
f5 true
f6 true
f7 true

> :

The token staying in place f0 unite with the other tokens and obtains as a next charac-
teristic the values of the receipts for the respective medical activities.

The present principal GN-model of diagnostic and therapeutic processes in medicine can
be applied to concrete diseases in order to model the speci¯c path of a patient with such
illness in a medical unit. This model can be helpful in the processes of education of medical
students as well as evaluation the e±ciency of medical treatment in a given medical unit.

3 Conclusion

In future, we shall discuss di®erent administrative, ¯nancial, organizational situations in a
health unit. The patient °ow in a unit and among di®erent units will be the subject of our
investigation. The patient °ow between the special cabinets (e.g., for X-ray, sonography,
ECG etc.) will be researched. Other research will be directed to modelling and simulation of
the patient stay in hospital units, preparing of good plans for physicians duties and others.

On the basis of the results of the GN-characteristic functions can be used for obtaining
di®erent statistical data that will be collected in and stored respective data bases. In future
we will discuss the possibility to construct data mining systems containing information for
the modelled processes and using in decision making tools.
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