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Abstract. In a series of papers, Generalized Net (GN) models of the
ways of functioning of the different systems and organs in the human
body are described in general. Each GN model of a particular system
or organ can be detailed and made more complex. In this paper a GN
model of the abdominal aorta and its branches of the vascular system is
proposed.
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1 Introduction

The heart together with the blood vessels — arteries, veins and lymph vessels
— form the Cardiovascular System (CVS) [10,13,26]. The life of every human
being begins with the first contraction (systole) of the heart and ends with the
last. The main function of the CVS is to transport the blood which is the base of
the exchange processes of the organism. Despite the fact that blood is a complex
colloid and the blood vessels are much more different in terms of structure and
properties than the ordinary water-pipes, to a vast degree the blood circulation
is subject to the laws of hydrodynamics, but with some specific features. Because
of this, the blood circulation in the blood vessels is defined as hemodynamics.
The heart resembles a pump with an infinite displacement because the system
is closed and inside the system a certain quantity of blood circulates but with
different quality and functions — arterial or venous. As a result of the exchange
processes in the tissues, the arterial blood becomes venous and the venous blood
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becomes arterial by absorbing the blood from the liver (nutrients) and the oxygen
in the lungs (releasing carbon dioxide at the same time).

For practical purposes, the blood circulation in the arterial system is of spe-
cial importance because the problems arising here are the most dangerous and
oftentimes lead to irreparable consequences and death. The venous and lymph
systems have to a greater degree collective and draining functions, and the dis-
eases, connected to them, in most cases have chronic character and only in some
cases emergency interventions are required. Therefore, with the aim of avoid-
ing the unnecessary complication, our efforts are aimed at the construction of
a mathematical model only of the arterial system. The venous system will be
included only schematically with the aim of completing the cycle of the blood
circulation and making sense of the significance of the heart as a main force
behind the processes of the CVS.

The CVS is a complex system working thanks to many fine mechanisms for
regulation and adaptation according to the inner environment of the organism
and the outer environment. Certain laws exist both at the level of separate
organs, and at the organism level, which determine the correct and effective
function of the CVS. Apart from this, the complexity and diversity of the CVS
pathology should be taken into account. The gained empiric experience, the
scientific discoveries in this field, the numerous medicaments and invasive tech-
nologies allow for a relatively effective treatment. However, medical science is
still far away from the complete understanding of this complex system.

Modelling the CVS gives the possibilities to evaluate its parameters and to
analyze its behavior and functioning [12,14,28]. In the present paper, for the
construction of the model the theory of the Generalized Nets (GNs, see[l]) is
used. A lot of GN models of the different systems and organs in the human
body are described in [2,4-9,15-25]. Most of them were collected in the book
[3]. In this paper, a GN model of the abdominal aorta and its branches as a
part of the vascular system is constructed. Using hierarchical operators from
the GN theory, it can be used as a subnet of the GN model of the vascular
system presented in [3]. The anatomical segmentation of the aorta as a main
artery of the human body is important, because these segments are analyzed
separately in the context of diagnosing aortic disease [27]. The abdominal aorta
begins at the level of the diaphragm [26,10,11]. The main arteries arising from
the abdominal aorta are the common and internal iliac arteries, the common
and superficial femoral arteries, the anterior and posterior tibial arteries, and
the peronial artery.

2 A generalized net model of the abdominal aorta and its
branches as a part of the vascular system

The GN-model contains 24 transitions and 50 places. The following types of
tokens are used:

— a-tokens — they represent the blood in the arteries and capillaries, i.e., before
the metabolism;
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— [-tokens — they represent the blood in the veins, i.e., after the metabolism;
— x-token — it represents the heart;
— 41~y f2-, --., 11-tokens — they represent the human body matter in which
metabolism processes flow as follows:
e ,i1-token represents the abdominal aorta;
e 15— and psz-tokens represent the left and the right internal iliac artery;
e 1y4- and ps-tokens represent the left and the right profunda femoris
artery;
e 13- and pg-tokens represent the left and the right peronial artery;
e s7- and ppp-tokens represent the left and the right left anterior artery;
e ug- and pp1-tokens represent the left and the right posterior artery.
Each one of these tokens obtain as a characteristic:

“blood, quantity, time-moment”.

The transitions of the GN represent the following functions:

Zy — the functions of the heart;

— Z5 — the functions of the abdominal aorta;

Zs3 and Z; — the functions of the left /right common iliac artery;

Zys and Zg — the functions of the left /right internal iliac artery;

— Zg and Zy — the functions of the left /right common femoral artery;
Z11 and Zy9 — the functions of the left /right profunda femoris artery;
— Z14 and Zy5 — the functions of the left /right superficial femoral artery;
Z17 and Zso — the functions of the left /right peronial artery;

Z1s and Zs; — the functions of the left /right anterior tibial artery;

— Zy9 and Zay — the functions of the left /right posterior tibial artery;

— Zr7, 20, 213, L6, Lo3, Zos — the functions of the veins after metabolism.

Below is a formal description of the GN-transitions.

Zy = ({l2, 13}, {11, l2},

L
true true).
I3| false true

At each time-step, token from place I3 enters place l5 and unites with token
x and simultaneously, token x splits to two tokens - the same token x and a
token « that enters place [.

Z2 = <{l1’ 167115720}7 {l3a l47l5a 16}5

| ls s s g
l1 |false true true true
lg | true false false true).
li5|false false false true
log|false false false true
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At each time-step, token « from place [; splits to three a-tokens: the first of
them enters place lg and unites with token p; that obtains the above mentioned
characteristic; the other two a-tokens enter places Iy and [5. In the same time-
moment, token p; splits to two tokens - the same token p; and a token [ that
enters place I3, where it unites with the S-tokens from places l15 and Iog.

Z3 = <{l4}7 {l7a 18}3

l7 ls>

l4|true true

At each time-step, token from place l4 splits to two a-tokens that enter places
l7 and lg.

Zy = ({ls}, {lo, l10},

lo Lo )
Is|true true’”

At each time-step, token from place I5 splits to two a-tokens that enter places
Zg and llO-

Z5 = <{l7al11}; {llla 112}7

l11|true true

At each time-step, the a-token from place 7 enters place l1; and unites with
token o and simultaneously, token us splits to two tokens - the same token po
and a token [ that enters place li5.

Zs = ({li0, l1a}, {li3, l1a},

liz s
lio| false true).
l14] true true

At each time-step, the a-token from place [1g enters place [14 and unites with
token po and simultaneously, token uo splits to two tokens - the same token po
and a token [ that enters place [i3.

Z7 = ({l2,l2s }, {15},

At each time-step, the S-tokens from places l12 and lo5 enter place l15 where
they unite in a S-token.
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Fig. 1. Graphical representation of the GN model of the abdominal aorta and its

branches as a part of the vascular system.
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Zs = ({ls}, {lis, L7},

l16 117>
lg|true true’”

At each time-step, the a-token from place [g splits to two a-tokens that enter
places l1¢ and [y7.

Zy = ({lo}, {l1s, Lo},

l1g 119>
lo|true true’”

At each time-step, the a-token from place lg splits to two a-tokens that enter
places l1s and lqg.

Zvo = ({l13, 132}, {l20},

At each time-step, the S-tokens from places 13 and l3o enter place log where
they unite in a S-token.

Zi1 = ({lie, lor }, {121, Loz},

lig|true false).
lo1|true true

At each time-step, the a-token from place l16 enters place l3; and unites with
token 4 and simultaneously, token g4 splits to two tokens - the same token gy
and a token [ that enters place los.

Zia = ({lo, loa}, {123, loa },

lio| false true).
loa| true true

At each time-step, the a-token from place l19 enters place lo4 and unites with
token us and simultaneously, token ps splits to two tokens - the same token pus
and a token [ that enters place la3.

Z13 = ({la2,lao}, {125},
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At each time-step, the S-tokens from places loo and l49 enter place lo5 where
they unite in a B-token.

Zva = ({lir}, {l26, lo7, lag},

| ls6  lo7 128>
lﬂtrue true true’’

At each time-step, token « from place ;7 splits to three a-tokens that enter
places 1267 127 and lgg.

Z15 = <{118}7 {l297 Z307 Z31}7

| 129 3o 131>
llg‘true true true’’

At each time-step, token « from place l;g splits to three a-tokens that enter
places 129, 130 and 131.

Z16 = ({las, 150}, {l32},

At each time-step, the S-tokens from places lo3 and 5y enter place l3o where
they unite in a B-token.

Zv7 = ({l26, 133,35}, {l33, 134},

I3z 34

log|true false
lss|true true
l35|true false

).

At each time-step, the a-token from place log enters place I33 and unites with
token pg and simultaneously, token ug splits to two tokens - the same token pug
and a B-token that enters place l34. When there is an a-token in place I35, it
enters place l33 and unites with token ug.

Z1g = ({l27, 138}, {l35, 36, l37, [3s},

| I35 Iz sz lss
la7|Waz 35 false Waz 37 true),
lsg| false true false true

where
Woar 35 = “there is necessity for blood for the left peronial artery ”,
War 37 = “there is necessity for blood for the left posterior tibial artery”.
At each time-step, the a-token from place lo7 enters place l3g and unites with
token p7 and simultaneously, token pr7 splits to two tokens - the same token g7
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and a (-token that enters place 3. When War 35 = true and/or War 37 = true,
the a-token from place lo7 splits to one of two additional a-tokens that enter

places I35 and/or l37, respectively, depending on the truth-values of predicates
Waz 35 and Waz 7.

Zvg = ({l28, 37,140}, {39, a0},

l39  lao
log| false true
lao| true true>’
l37| false true

At each time-step, the a-token from place log enters place l49 and unites with
token ug and simultaneously, token ug splits to two tokens - the same token ug
and a B-token that enters place l3g. When there is an a-token in place I37, it
enters place l49 and unites with token us.

Zao = ({l29,la1,laa}, {la1, laz},

lan lao

lag|true false
la1|true true
lya|true false

).

At each time-step, the a-token from place lo9 enters place [4; and unites with
token pg and simultaneously, token ug splits to two tokens - the same token pg
and a B-token that enters place l4o. When there is an a-token in place ly4, it
enters place l4; and unites with token ug.

Zo1 = ({130, las}, {la3, lua, lus, las },

| las laa ls e
lso|true Wsg a4 false Wsg 46 ),
lyz|true false true false

where
Ws0,44 = “there is necessity for blood for the right peronial artery. ”,
Wsp,46 = “there is necessity for blood for the right posterior tibial artery”.

At each time-step, the a-token from place l3g enters place [43 and unites with
token 19 and simultaneously, token g1 splits to two tokens - the same token p1¢
and a (-token that enters place l45. When Wi 44 = true and/or Wsg 46 = true,
the a-token from place I3 splits to one of two additional a-tokens that enter
places l4q and/or lu6, respectively, in respect of the truth-values of predicates
W30,44 and W30 46.

Zao = ({l31,lug, las}, {la7, las},
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lyr las
31| false true
l4g| true true>'
lyg| false true

At each time-step, the a-token from place l31 enters place l4g and unites with
token w17, and simultaneously, token pq; splits to two tokens - the same token
11 and a S-token that enters place l47. When there is an a-token in place lyq,
it enters place 43 and unites with token fi11.

Za3 = ({l34, 136,130}, {la0},

).

At each time-step, the S-tokens from places l34, 36 and l39 enter place l49
where they unite in a S-token.

Zos = ({laz, lus, lar }, {ls0},

).

At each time-step, the S-tokens from places 40,145 and l47 enter place I5g
where they unite in a S-token.

3 Conclusion

In the present paper, a GN model of the abdominal aorta and its branches as
a part of the vascular system is presented. The purpose of the construction of
the GN model of the CVS is to complement and enrich the knowledge about
the CVS, or at least about a part of it. Objective criteria and parameters can
be chosen which through the GN model would give us a clearer understanding
about the state of the CVS, presence and weight of the pathology, the risk degree
and a relatively correct prognosis for the development of one disease or another.

In our future research, we intend to construct a GN model of the aortic arch
branches of the CVS as a continuation of our work on the modeling of systems
and organs of the human body with GNs.
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