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Ab stract: In this pa per dis crete mod els of ab sorp tion (DiMaLL), re flec tion (DiMoReLL) and scat ter ing
(DiMoScaLL) of la ser light by bi o log i cal ma te ri als are de scribed. In di vid ual mod els are in te grated into a 
com plex model � DiMoRAS. All the mod els are real ised by fi nite au to mates (ho mo ge neous struc tures).
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1. In tro duc tion

The char ac ter is tic at trib utes of bi o log i cal sys tems are fi nal ity of their pa ram e ters and
dis cre tion (dis con ti nu ity). Dis cre tion is used in the time and spa tial ap proach of their mod -
el ling. On the one hand it is as sumed that the cor re spond ing area of space is rep re sented by 
dis crete three-di men sional el e ments – by fi nite au to mates; on the other hand de vel op ment
of the sys tem pro ceeds in dis crete time pe ri ods. Bi o log i cal sur round ings are char ac ter is tic
by ab sorp tion, re flec tion, scat ter ing, re frac tion and dif fu sion of light beams [1–9].

Use of fi nite au tom ata and their struc tural set-up en ables, in gen eral, to bring two fac -
tors into math e mat i cal model of a real bi o log i cal sys tem at the same time. These two fac -
tors – space and time – are very im por tant (if not cru cial) in case of live sys tems. By
mod el ing through fi nite au tom ata a mi cro- and macro-ap proach is used. From the
macro-ap proach view we are in ter ested in the way how an au to mate be haves in time in
con nec tion with in put and out put in for ma tion and for mu la tion of au to mates (its tran si tion
func tions). In the mi cro-ap proach a struc ture of sys tem from fi nite au to mates is for mu -
lated – a struc tural fi nite au to mate, its func tion ing, in ter con nec tion and mu tual af fec tion
of its parts. Ho mo ge neous struc ture is one of the most im por tant gen er al iza tion of struc -
tural fi nite au tom ata and is char ac ter ized by for mat of sta tus vec tor (for mat of sta tus
space), num ber of pos si ble states of one fi nite au tom a ton a(i,j,k), def i ni tion of se quenced
sur round ings of pri mary el e ment, one fi nite au tom a ton a(i,j,k) and its el e men tary tran si -
tion func tion. Be hav ior of a ho mo ge neous struc ture (se quence of sta tus ho mo ge neous
struc ture in con sec u tive time pe ri ods of dis crete time) is through the sta tus func tion and
the ba sic tran si tion func tion [8–10]. 

The func tional re la tions (spot mod els) are used for def i ni tion of con crete func tions
and nu mer i cal cal cu la tion of val ues [11–12].
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2. Ma te rials and Methods

All the mod els are re al ized by fi nite au tom ata (cel lu lar au tom ata, ho mo ge neous struc -
tures). Fi nite au tom ata com ply with ba sic three-di men sional (cu bic) el e ments of bounded
area of bi o log i cal ma te rial. Each of the three-di men sional el e ments is de fined by trin ity of
in te ger co or di nates (i, j, k). For each of the el e ments (i, j, k) a sta tus vec tor Di,j,k = D(i,j,k) is
de fined in dis crete time t. The sta tus vec tor Di,j,k con tains four ba sic com po nents that are
gen er ally vec to rial el e ments of three-di men sional ma tri ces de fin ing in ten sity of la ser light
(ma trix I), stan dard ized val ues of re flec tion (ma trix R), ab sorp tion (ma trix P and ma trix A)
and scat ter ing (ma trix S) of la ser light in in di vid ual three-di men sional el e ments. Spot func -
tional mod els of re flec tion, ab sorp tion and scat ter ing of la ser light, char ac ter is tics of which
com ply with con crete bi o log i cal ma te ri als, are used for def i ni tion of the cor re spond ing val -
ues. Tran si tion rules of the sta tus vec tor are ex pressed by Boolean func tions.

3. Re sults

The de fined area of bi o logic ma te rial is rep re sented by a set of ranked three-di men sional 
spa tial el e ments (i, j, k). Sur round Oi,j,k = O (xi, yj, zk) of this el e ment (i, j, k) is cre ated, be -
sides it self, also by its neigh bour ing el e ments: {(i-1, j, k), (i+1, j, k), (i, j-1, k), (i, j+1, k),
(i, j, k-1), (i, j, k+1)}, (see Fig. 1).

3.1. Dis crete Model of Ab sorp tion of La ser Light DiMALL

For each el e ment (i, j, k) its per me abil ity of la ser light is de fined, which is de ter mined
qual i ta tively. Thereby a per me abil ity ma trix is de fined (for each wave-length) P = (P(i,j,k)),
while P(i,j,k) Î {00, 01, 10, 11}, while 

code 00 rep re sents the zero per me abil ity;
code 01 rep re sents the low per me abil ity;
code 10 rep re sents the par tial per me abil ity and
code 11 rep re sents the strong per me abil ity.

Therein af ter val ues of ra di a tion in ten sity I1 to I6 (see Fig. 2) are de fined for each el e -
ment (i, j, k). Thereby the fol low ing re la tions are valid: 

I
1
 (i, j, k) = I

3
 (i, j+1, k);

I
2
 (i, j, k) = I

4
 (i+1, j, k);

I
3
 (i, j, k) = I

1
 (i, j-1, k);

I
4
 (i, j, k) = I

2
 (i-1, j, k);

I
5
 (i, j, k) = R (i, j, k+1),

and I
6
 (i, j, k) = I (i, j, k) is the in ten sity of in com ing la ser light.

Values of la ser light ab sorp tion in di rec tion z for all the el e ments (i, j, k) are de fined by
ma trix A = (A z

t (i, j, k)), while

 A z
t (i, j, k) = It (i, j, k) – It (i, j, k+1) + 1/5 I

t
(i, j, k), where I

t
(i, j, k) = In

t

n=

å
1

4

(i, j, k)
and in dex t rep re sents the pe riod of dis crete time.
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Fig. 1. Three-di men sional ba sic space el e ments a), sur round Oi,j,k = O(i,j,k) of el e ment (i,j,k), b) and the
cor re spond ing ba sic scheme of the lat tice of fi nite au tom ata c).



The el e ments of ma trix A = (A(i,j,k)) are con structed by the use of cor re spond ing el e -
ments of ma trix P = (P(i,j,k)).

There is a nat u ral as sump tion that It (i, j, k) >> I
t
(i, j, k), for t = 0 (t £ h).

Whereas the as sumed di rec tion of la ser light is with out a harm on gen er al ity in di rec tion of
axis z, it is pos si ble to omit in dex z (val ues A x

t (i, j, k) or A y
t (i, j, k) could be de fined an a log i -

cally). For la ser light in ten sity two bound ary val ues – h0 and h1 (2h0 < h1), are de fined. La -
ser light in ten sity is coded by bi nary cou ples 00, 01, 10, 11, while 

00 is the code for It (i, j, k) = 0;
01 is the code for 0< It (i, j, k) £ h0;
10 is the code for h0 < It (i, j, k) £ h1;
11 is the code for It (i, j, k) > h1.

In case 01 la ser light could go through the next el e ment only if  I
t
> 5h1. In case 10 la ser

light could go through the next el e ments even tu ally through more fol low ing el e ments
when I

t
> 5h0. In case 11 the la ser light could go through more fol low ing el e ments.

By in di vid ual lev els of per me abil ity la ser light goes through the next el e ment
 for 01 (low per me abil ity): if I

t
> 5h1 or for It (i, j, k) code 11 is valid;

 for 10 (par tial per me abil ity): if I
t
> 5h0 or for It (i, j, k) code 10 or 11 is valid.
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Fig. 2. The ba sic (lo cal) scheme of dis crete model of ab sorp tion of la ser light DiMALL (ma trix P =
(P(i,j,k)) and ma trix I = (I(i,j,k))).



We as sume for sim pli fi ca tion that la ser light passes through one el e ment dur ing one
unit of dis crete time. Then we can de fine t = z (see Fig. 3). 

Tran si tion func tions for It (i, j, k) Þ It (i, j, k+1) have shape 

(|Pt (i,j,k)|, |It (i, j, k)|, |I
t
(i,j,k)|) Þ |It (i, j, k+1)|,

where |Pt (i,j,k)| – code of Pt (i,j,k) = x1x2; |I
t (i, j, k)| – code of It (i, j, k) = x3x4; 

|I
t
(i,j,k)| – code of I

t
(i,j,k) = x5x6; |I

t (i, j, k+1)| – code of It (i, j, k+1) = f1f2.

and by the use of Boolean vari ables
(x1x2 x3x4 x5x6) Þ (f1f2),

where f1 = f1(x1, x2, x3, x4, x5, x6) and f2 = f2(x1, x2, x3, x4, x5, x6).

In the con crete, for ab sorp tion in DiMALL model, the Boolean tran si tion func tions are 
de ter mined by the func tion ta bles (Ta ble 1) and af ter par tial minimization they have shape

f1(x1, x2, x3, x4, x5, x6) =  f11(x1, x2, x3, x4, x5, x6) Ú f12(x1, x2, x3, x4, x5, x6),
where

f11(x1, x2, x3, x4, x5, x6) =
= x1 (x2 (x3 Ú x3x5) Ú x2(x3 (x4 (x5 Ú c5x6) Ú x4x5x6)x5 Ú x3x5(x4 Ú x4x5)));

f12(x1, x2, x3, x4, x5, x6) = x2x4x6(x1x 3 x5 Ú x1 x3x5) Ú (x1 x2 x3 x4 x5 x6), 
if It (i, j, k) + I

t
(i,j,k)/5 >> h

1
;

0, in the op po site case;
and

f2(x1, x2, x3, x4, x5, x6) = f21(x1, x2, x3, x4, x5, x6) Ú f22(x1, x2, x3, x4, x5, x6),
where

f21(x1, x2, x3, x4, x5, x6) = x1 (x2 (x3x4x6 Ú x4(x5 Ú x5x6)) Ú x3(x4 Ú x4x5x6) Ú 
 Ú x2(x4(x3(x5x6) Ú x5x6) Ú x3 x5x6) Ú x3x4x5x6) Ú 

Ú x1x2(x3x4 Ú x5x6(x3x4 Ú x3x4 Ú x3x4));

f22(x1, x2, x3, x4, x5, x6) = x1 (x2x3x4(x5x6 Ú x5x6) Ú x2x5(x3(x4x6 Ú x4x6) Ú x3x4x6)),
if It (i, j, k) + I

t
(i, j, k)/5 >> h1;

0, in the op po site case.

3.2. Dis crete Model of Re flec tion of La ser Light DiMoReLL

Re flec tion ma trix R = (R t (i,j,k)) is, in model DiMoReLL, de fined anallogically like in 
the pre vi ous model DiMALL. Vec tors R t (i,j,k) = (R1

t (i,j,k), R1
t (i,j,k), R3

t (i,j,k), R4
t (i,j,k), 

R6
t (i,j,k)) are its el e ments de fin ing re flec tion val ues for in di vid ual neigh bor ing el e ments

of el e ment (i, j, k). Ba sic (lo cal) scheme is plot ted in Fig. 4.
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Fig. 3. Three-di men sional ba sic space el e ment (i,j,k):  a) and cor re spond ing au tom a ton a(i,j,k) in the
lat tice of fi nite au tom ata b). a) shows the dis tri bu tion of the state vec tor among four ma tri ces P =
(P(i,j,k)), I = (I(i,j,k)), R = (R(i,j,k)) and S = (S(i,j,k)).



3.3. Dis crete Model of Scat ter ing of La ser Light DiMoScaLL

Scat ter ing ma trix S = (St (i,j,k)) is de fined in DiMoScaLL model and its el e ments are
vec tors St (i,j,k) = (S1

t (i,j,k), S1
t (i,j,k), S3

t (i,j,k), S4
t (i,j,k), S6

t (i,j,k)) de fin ing val ues of scat -
ter ing for in di vid ual neigh bor ing el e ments of el e ment (i, j, k). Ba sic (lo cal) scheme is plot -
ted in Fig. 5.

3.4. Com plex Dis crete Model of Re flec tion,
       Ab sorp tion and Scat ter ing of La ser Light DiMoRAS

Com plex model DiMoRAS is a func tional uni fi ca tion of mod els DiMALL, DiMoReLL
and DiMoScaLL. Its ba sic (lo cal) scheme is plot ted in Fig. 6.

4. Dis cus sion

In all the de scribed mod els known func tional re la tions (spot mod els) are used for
def i ni tion of con crete val ues of in di vid ual el e ments of par tic u lar ma tri ces. In these re la -
tions di rectly ex per i men tally mea sured pa ram e ters for the de fined bi o logic ma te ri als are 
used.
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Fig. 4. The ba sic (lo cal) scheme of dis crete model of re flec tion of la ser light DiMoReLL (ma trix R =
(R(i,j,k)).
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Fig. 5. The ba sic (lo cal) scheme of dis crete model of scat ter ing of la ser light DiMoScaLL (ma trix S =
(S(i,j,k)).

Fig. 6. The ba sic (lo cal) scheme of com plex dis crete model of re flec tion, ab sorp tion and scat ter ing of la -
ser light DiMoRAS (ma trix D is the four of ma tri ces P, I, R and S � D = (P, I, R, S), D = (Di,j,k), where P =
(P(i,j,k)), I = (I(i,j,k)), R = (R(i,j,k)), S = (S(i,j,k)) and Di,j,k = D(i,j,k) = (P(i,j,k), I(i,j,k), R(i,j,k), S(i,j,k))).
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