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¥We consider successive generations of elements performing the some

We assume that elements are diffee
rently prefered with regard to their types, are reproduced with res=
pect to these preferences and that sometimes the types of elements are
modified during reproduction. We give the appriopriate stochastic mo=
del describing the variations of the generations state resulting from
such reproduction. We are of opinion that properties of this model fit
well to those observed in some real life processes of development of

function in specific environment.

evolutionary type.
this thesis,

1. INTRODUCTION

We consider a population of elements of
several types acting in some environa=
ment. All elements do essentially the
same job « meet the same environment
requirment, though they can accomplish
it differently and be differently pree
fered by environment. We assume the
specific onvironment in which quality
index assigned to element and reflec=
ting this preference is random variable
with probability distribution the same
for all elements of the same kind, ace
ting in the same period of time, We
will call the environment the more ho-
mogenous the less is a variance of que
ality index, The environment has a lia=
mited capacity. Elements are introdu=
ced to environment, act there some time
and are removed. The difference bet=
ween current capacity and number of
elements acting forms a demand for new
elements,

We assume a discret time and consider

a process illustrated on fig. 1. In
each period there exists a population
which occupy the environment., It cone
sists of that elements which "survived"
from previous population and of new
generation of elements supplied by ree
production process. The reproduction

is a random process with tendency to
meet the environment demand and to in-
crease the number of elements with

high quality on expense of elements
with low quality. The elements of par~
ticular types are reproduced seperates
ly and the variance of reproduction rae-
tio diminishes with growing number of
elements reproduced, There exists a
peak ratio of reproduction for each ty-
pe which can not be exceeded and as a
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Several simulation examples are presented to uphold
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Elements flow in successive
populations.

Fig.1.

result-the upper limit of elements nume
ber in next generation determining the
extent to which the demand of environe
ment can be fulfilled. When the peak
ratios of reproduction are not invole
ved, elements are reproduced in such

a fashion that the expected number of
all new elements equals the demand and
expected value of reproduction ratio
for particular type is proportional to
its quality. There exists slight proba=
bility that element can be modified du~
ring reproduction into another type,
sometimes with better quality, then
those hitherto represented in the popu-
lation., As a result of such a reproduce
tion, generation state, defined as ele-
ments distribution between particular
types, changes in time, what is follo=-
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wed by adequate changes in the populas
tion state,

In next section we propose a matematie
cal model describing the process of vae
riation of the generation state in sucw
cesive time periods., Using Waddington
terms [ 1] it describes the behaviour of
progressive system having the homeorhe=
sis property. We intend to point that
discussed process exhibits a far going
analogy with observed, real life deve=~
lopment processes, In particular, there
occurs the steady growth of the average
generation quality, combined with cyce
lic changes of the generation state, as
a successive types of higher and higher
quality are introduced and gain dominae
tion in it,

There is quite a lot of papers, mainly
biologically orientated, which deals
with mathematical models of similiary
defined populations. It begins proba=
bly with Fisher [2], of more recent the
se of Eigen [ 3], Karlin [4]}, Tuffner-
Denker [5] should be mentioned in this
context., The main innovation introduced
in our model seems to be a vector space
of types with quality function defined
on it, It allowed the modification proe
cess to be adequately included into mo=
del.

One can meet remarks, e.g. [6] that ot~
her then biological development process
ses of evolutionary types can be consie
dered in similar fashion. We tried to
use neutral terms, and perhaps the re=
ader can share our opinion that above
description reflect to some extent,
e.g. a process of competition on spe-
cific market,

2. MODEL

Let the type of element be determined
by n parameters: d4,...,dn assuming ine
teger values. Then each type d' can be
represented as a point: (dy,...,d,) in
ne-dimensional discrete parameters spae
ce D":

D" ={d}JcR": xeD"ex ¢ R"A
xi=Entier(x;) , i=1,...n. (1)
Let the norm:
. . N :
lat- allt = ps ld, ~ a}] (2)

gives a distance between types i and j.
let T = 0,1,2,... denotes discrete
time=generation number. Let G' denote
the T~th generation of elements, The
state of generation is given by a dis=
tribution function:

N: D'XT—=D, (3)
where D, = {0,1,2,...}

N(d',T) = N] determines the number of
i=type elements in G'." As D"is the de=
numerable set of points, all types d‘!
can be numered successively: d*, d?,
d®,... and the generation state can be
denoted by the vector:

T T LT tr
ST = [Ny, Nj, Nj,...] (4)
We assume there are given in advance:

~ Quality function:
q: R'™XT — R,

q(x,T) = q] for x = d' determine
e$pected quality of ji-type elements in
G.

« Maximum reproduction function:
r: DXT — R, (6)

r (dl,T) = r;idetermines the peak re=
pgoduction ratio of ie-type elements in

—
Wt
~—

- Modification function:
m: D'XD"XT —R, (7)
m(di, dj,T)= m} determines the probabi=
lity of modification from i to jetype
during reproduction of G, qu = 1.

]
~ Demand function:
M: T —=D, (8)
M(T) = M7 determines the demand of en~
vironment for new elements in period T.

~ Probability distribution of quality
evaluation:

~ T ~ T T
£(d,a]), qer, , E[§] = q} (9)
where E] is a random variable with dis=-
tribution f determining the quality
index assigned to ie-type elements in
cT,
- Probability distribution of reproduce
tion:

~ LTHY T T
e(¥,e(x"],¥ e, , Elnll= E[n{"'] (10)

where Qris a random variable with dis-
tribution g determining the number of
"progeny" of ietype elements in G'.

To evaluate the state of next generae
tion we determine successively:

1. Average quality of i=-type:

al = %%a{‘k, for all i (11)
where §], 1is a realization of random
variable for keth element of i-type,
eq. (9).

2. Total reproduction ratio of i-type:
rJ = min(a%g; , Tpmi ), for all i (12)

where aTéR, is a factor common for all
types adjusting reproduction to the
demand:

a’ = mg.n('MT”- z NiTrf(a)l) (13)
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3. Reproduction ratio from i to j=type

rT = rfma for all i,j (14)
4. Expected state of T+1 generation:
E[s™]= [ry] sT (15)

where rﬁ is an infinite-~dimensional
matrix of reproductions ratios.

5. State of T+1 generation:
T+ T MTH ST tr
s™ = [RM R AL (16)

where ﬁ?' is a realization of random
"progeny" variable n! eq. (10).

The above model describes to some ex~
tent the process discussed in introdu-
ction. Simulation results, presented
further on, have been obtained under
some simplifying assumptions which are
as follows:

~ We generated random values for the re
production only, using the Poisson Dise
tribution to this purpose ~ then the
described process can be considered as
a multitype branching process[?l As the
matter of fact, there is no need to ge-~
nerate random values for those processe
es seperately, as one complex distribu~
tion can be educed and used for simula-
tion.

- We assumed the constant demand M and
the constant peak reproduction ratio ry
the same for all types. In such situae
tion we could simplify the determining
of reproduction ratio using instead
eqs.(11)and h2) the formulae:

M~ NJT 7

wTos fe (om - 1) Bl fa) (1)
where N;‘is a total number of elements
i? G'" and q] is an average quality of
GT:

T 1 T
a = jrZVial (18)
It can be shown that if r[ = qf/q] the
expected number of all elements G is
the same for all generations - the Crie
tical GaltoneWatson Process, If N does
not excede M considerable and 1 { r,<2,
what just occured, remaining factor
acts ;o reduce a difference between M
and Ny .

- We assumed the modification probabili
ty m;; depends only on distance between
i and j-type and is given as follows:

0 if fjd' - @'ll>2

my =g (mo? if fdb - dil =2 (19)
mo if fidt - &'l =1
1 = Tmy if jid'=- d'll=0

Dij#i
where my; 1.

The last thing to discuss here is a
choice of quality function, which is a
matter of importance for appriopriate
interpretation of simulation results,
We chose a shape roughly analogous to

this of an undercut, narrow ridge grae
duidlly elevating in direction not parae
llel to the axies. It is a form similar
to the Waddington’'s chreods [1], the
only difference being - we deal with
maximization not minimization. There

is similar motivation for this choice
also, We can often describe the deve~
lopment process of some objects indie
cating parameters achieved in successie
ve generations and resulting trajectory
correlated with quality growth. Any tie
me, any serious deviation from this
trajectory gives a rapid drop of qualie
ty. A better solution is not easy to be
found and generaly requires a change of
several parameters simultanously, as
parameters are usualy well tuned up.
The chosen metric of D" reflects this
property as it "rates higher" the chane
ge involving more parameters.

3. SIMULATION

3.1. Typical features of simulated
processes.

The dynamics of the generation state

is a result of two trends composed. The
first trend arising from selective re~
production, tends to increase the nume
ber of elements of types with quality
q; higher then average quality q}, and
to reduce the number of others. This
tendency is the stronger, the greater
(the lesser) is a ratio gq;/ql. As an
average quality increases during such
process, this trend acts to supersede
all elements by temporarily the best
ones =« to attract the generation dis-
tribution to the point representing the
timely best type. The second trend,
arising from modyfications gives ele~
ments of types deviated from this being
reproduced - it acts to disperse the
generation distribution around, This
two trends taken together can give a
state of quasieequilibrium. In the pa=
rameters space, there exists a center
represented by the type temporarily the
best containing a majority of elements
and certain surrounding of this center,
composed of types with worse quality
but because of modifications still cone
taining some elements. When due to moe
difications the elements of new better
type are introduced to generation, the
center of distribution moves to the
point representing this new type.

To illustrate the typical features of
generation dynamics we use data obtaie
ned from simulation carried out under
following assumptions:

M=N°=10%, m,=1.5-107, n=2
N°(15,15)=104 and zero elsewhere

- 2
q(dy,ds) =exP{'102[(d1 s+ (a,-ay) ]} (20)
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Fig.2. Parameter space, quality funce
tion and GY° and G¥*° states.

The state of 110-th and 250«th genera=
tions is shown on fig., 2. The generae
tions are so distant, that they are com
posed of elements of entirely distinct
types. The 110~th generation is in
transition stage, the center of distrie
bution just moves from point (8,8) to
point (7,7). The 250-th generation is
in quasi equilibrium stage. Most of
elements is concentrated in the point,
(h,h) the better type has not yet been
found. On the axies, the distributions
of parameters for each generation have
been indig¢ated. The first moments of
these distributions are the coordinates
of generation center, Note, that logae
ritmic scale for the number of elements
has been applied,

On the same figure the contour lines of
the quality function are indicated. As
can be seen, the function has such a
shape that a change of single parame»
ter of dominating type gives a type
with worse quality. To get the better
type it is necessary to modify two pa=
rameters in proper direction., In quasie
equilibrium state practically all elc=-
ments are of dominating type and this
type quality is the average quality of
generation. As the assumed probability
of double modification is(1.5y-10£,
there are two ways to get it and the
number of elements is 104, the succew
ssful double modification can be expecs=
ted one a 45 generations., In a surro=-
unding of dominating type there are two
others which can give a better type by
a single modification, If their quality
is 0,8 of the average, then in equilie
brium state both should be represented

by 150 elements - each modification
brings 30 element and each reproduction
takes of 30 elements. In such a group
of elements the successful modification
can be expected one a 4 generations.
From comparison of this number with
that obtained for double wmodifications
follows that the main source of succe=
ssful modifications is not the domina=
ting type but the types belonging to
its surrounding.

The "history" of generation is drawn
on fig. 3. Successively types (7,7),
(6,6), (5,5) , (%,4) gains and losoc domi=
nation in the generation, Most of the
time there is only one type dominating.
All the time, exists a "background"
consisting of elements of types from
surrounding of generation center., They
have usualy worse quality then those
which dominate. Their number is a
small fraction of total number of ele-
ments present in generation.

(1) 6.6)  (55) (44)

10000
1000
100
10

120 %0 180 20 24D

Fig.3. Elements of particular types
in successive generations,

The average quality obtained in succe=
ssive generations is drawn on fig. 4.

%
0.4

02

VARIANCE

0.3

no
.
=1

120 150 180 210

Fig.4. Average quality and variance
in successive generations,

g
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It can be seen that periods of rapid
growth of quality are correlated with
transition stages of generation. On the
same figure the variance of generation
is traced., The lowest level of variance
is observed in quasieequilibrium state,
The simulation results presented in
this paper are for deterministic qualie
ty evaluation and for random reproduc=
tion with Poisson Distribution. The
question can arise, to what extent the
random factors impact the model beha=
viour, It appears there exists a strong
deterministic component, especialy when
more numerous types or the best types
are involved, Fig. 5 gives for success=
ive generations the number of elements
of two distinct types obtained in four
different realizations, The results

are for: M = 10°, m = 0. Tnitial state:

10001 N

900

8001
700
6001
500
400
300
2001

100

Fig, 5. Elements number in realiza=
tions assuming different eva=
luationereproduction procedu=
res,

No=ho, NJ=30, N§=20, N0=8, N{=2,
4/=1.0, @7=1.1, qj=1.2, aj=1.3, a= 1.4
For each of those realizations another
evaluationereproduction procedure has
been used:

1 random evaluation with uniform dise
tribution « the marigins of distri=
bution couple together and determie
nistic reproduction:

Tid . [ ar THe
N= Entler( L(hi'»

2 deterministic evaluation and random

reproduction with:

al =al+0.155in{I T+ @)

3 deterministic evaluation and deter=
ministic reproduction,

L deterministic evaluation and random
reproduction with Poisson Distribu-
tion,

Numbers of elements for 3-rd and 5«th

types are drawn,

Irrespective of small size of genera-

tion = 100 elements in initial state =
what increase the impact of random fae=
ctors, realizations seems to he guite

well tuned.

3.2, ITmpact of parameters on develope
ment rate

We consider the development rate as
given by a slope of the curve repre-
senting the average quality of succe-
ssive generation. To illustrate the
influence of particular parameters of
the model discussed on the development
rate, we use data obtained from simulae
tion, carried out with following quali=
ty function: 2\

~ 2
alay,d,) =(1-2.103((d1+d2) +%:(d2-d4) )> (21)
where: a:JE:?E? « asymetry coefficient
giving a ratio of ellipse axies.
As this function is less steep then
that given by eq. (20) the stages of
transition and quasi-equivalence are
less distinct.

Tig, 6., gives the average quality ob=
tained for generation size N; equal:
104, 105, 10%. The results are for:
M=N$, m,=0.01, a=k, $°:N(30,30)= NJ
and zero elsewhere,

.
06l % ®
05 ® N; =10 @
@ N3 =108
041 @ N9 =106 ™
03
02
od
' T
0 060 30 120 150

Fig. 6. Impact of generation size on
average quality,.

The more numerous the generation is,
the more rapid development is obtained.
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Fig. 7. gives the average quality obe
tained for probability of modifications
m equals 104, 102, 103 The results
are for: M=N°=z104%, a=k, S°; N%30,30) =
=10" and zero elsewhere, The greater

is the probability of modifications the
more rapid development is obtained.

T

%o

091
081
()
0.6
05
04
03
02

011 _‘_——___—_-——‘——_,————"C)
— T

Fig. 7. Impact of probability of modie
fication on average quality

For m0=104, after 120 generations domia-
nates the best type possible: d(0,0)=-
steady state, Due to high rate of still
occurring modifications the q; is only
0.94 of maximal quality q(0,0)=1. This
cut in quality can be considered as a
price of rapid development,

Fig. 8. gives the average qualities
obtained for different asymetry coee
fficients a equal: 1, 4, 16. Results
are for: M=N°=104, m,=10?, S%: N°(30,30)
=101 and zero elsewhere. The greater
is the asymetry of axies the more die
fficult the development is.

:
%
051 @ ot ®
04 @ a4 ®
@ a-t6
03 ‘ ®
02
04
_ . - T
0 ) €0 ) 00 50

Fig. 8, Impact of asymetry of quality
function on average quality.

Fig. 9. gives the map of quality funce
tions with trajectories of the genera-
tion center for different starting
points drawn in. We assumed that whole
population is initially of one type res
pectivelly: d(11,11), d(13,7), d4(15,4),
d(15,0). The results are for: Mz=N9=104,
a=h,

Fig. 9. Generation center trajectories
for different starting points.

Fig, 10 gives average qualisies obtaie
ned from different starting points. It
appears that the lowest rate of devee
lopment is obtained when the center of
generation proceeds along the ridge of
quality function the same time tra jece
tories tends to proceed along this rie
dge . As the shape of quality function
relflects environmental preferences,
the situation when (;eneration finds
itsellf outside the ridge can be intere
preted as a result of a rapid change
of environment,

%
8
)
e (150)
4 a (154)
o (137
1 o (11)
.

I 60 0 10 150

Fig., 10. Impact of initial state on
average quality.
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3.3. Some special cases

Figs, 11 and 12.illustrate the generae
tion behaviour when the guality funce
tion has a local maximum. The results
are for different m;, equal: 1077, 1072
103, and M=N°=104, $%: N°(12,12)=10%
and zero elsewhere. Quality function
is given on fig., 11. The trajectory of
generation for my,=10"2 has been drawn,e
marks the center position for every
twenty generations.

d
01 !
8 5
6
0
3
T v dz
J 6 ) 0

Fig. 11. Passage through local maximum,

Fig. 12, illustrate the ratio of devee
lopment with respect to my. The higer
the modification probability is, the
easier the generation pass through the
local maximum, The price of more rapid
development is a lower guality in stae
tionary state -« compare curves 2 and 3.

q @ my=10
IR % m,- 02 ®
my= 107
30 — 5
201

'O 1 @
] T
30 60 90 120 150

Fig. 12. Passage through local maximum,
probability of modification
influence on average quality,
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Fig, 13. illustrate the situation when
there are two possible ways of devee
lopment., As the slope of both ridges
nearby bifurcation point is similar,
the choice of further way of develope
ment is quite random, Once the generae
tion enter one ridge, the probability
it can change its way diminishes rapie
dly. The probability of proper choise
increases with m,. For: M=N°=104,
me=10%, $°: N°(13,9)=107 four realiza-
tions have been computed, 3 on 4 "gone"
towards the lower maximum. When mg=

= 4.10? has been assumed the realizae
tion "gone" towards the higher maxXie

mum,

da

21 \

18 5

15

1
121 0.4
05 g

04
01

dy

Fig. 13. Passage through bifurcation
point.

It is obvious that an assumption that
probability of modification depends
only on distance batween elements is
over simplified with respect to real
life processes of development. Promie
sing modification should be made
"outside" of existing types and espe=
cialy "at the forefront" of developing
generation, It seems also in some sene
se easier to get a product uniting two
existing features then a product with
quite new feature - parameter value.
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Fig. 14. allows to compare results ob-
tained for "normal" process with that
obtained under assumption that every
time when it is possible to get a new
type by recombination of parameters of
existing types, elements of this cone
bined types are introduced to genera=
tion. The results are for: M=N®=10%,
my=10"%, S°: N(30,30)=10%, q(d,,d,) is
given by eq.(21) . The rapid growth of
development rate is clearly visible,.

T .
9o ®D normal

@ with recombination

045

0.30

048

T

30 60 90 120 150

Fig. 14. Impact of recombinations on
average quality

The last case to be shown here is case
of "pursuit", We compare two genera-
tions on different level of develop-
ment, developing separately along the
some ridge. The curves 1 and % on fig.
15 show the average quality obtained
by elements of this two generation. Re=
sults are for: M=N%=104, m°=1.5-10ﬁ,
q(d,,d,}) is given by eq. (20) , S%:N(4, 4) =
= 700, N(5,5)=9 000 , N (6,6)=1 000 and
zero elsewhere for the more advanced
and: s%: N(7,7)=100 , N(8,8)=9000 ,

T
- 30 60 90 120 150

Fig. 15. Pursuit strategies for less
advanced generation,

N(9,9)=7OO and zero elsewhere for less
advanced generation, The curves 2 and

3 show what occurred when 4 elements
belonging to more advanced generatione
respectively of the best and of the
just superseded type « have been intro-
duced to the less advanced.

The operation alone and its results
seems to be similar to those associae
ted with licence introducing [8].

3.4. Forecasting

A forecasting seems to be one of more
promising fields of model applications,
It can be carried out under following
assumptions:

- a specific environment should be
suitably delimited, i,e. expected
preferences are the same for elea=
ments of the same types - it does not
matter that only the best type domi=
nates, and its demand defined.

« a quality function « preferences -
does not vary in time or this varia=
tions are defined.

~ a reproduction process regards the
preferences in a fashion assumed.

« a sufficient interval of generation
history is known to the extent which
make possible to determine the number
of all elements involved in the envie
ronment demand fulfilling in some
previous generations.

It is not necessary to know the parae
meters of types and quallity function
shape.

The idea of forecasting is to estimate
the relative qualities of particular
types knowing the relative ratios of
their reproduction in previous genera~
tions and to use these qualities to
simulate the devolopment assuming none
new type will appecar. Having sufficient
set of such realizations we can deter-
mine the prognosis as an average of
such realizations as well as it variae
nce., Assuming the quality and time in
which the new better type will appear,
we can determine the range of prognoe
sis e.g., as a time in which the number
of this new type elements will be less
then 10% of whole generation number.

To illustrate the problem of fjenerae
tion state forecasting we use a data
obtained from simulation carried out
under following assumptions: M=N =10 ,
m =3 10 ,

2
a(dy,a)= exp (-0.003((d1+d2) +
2
+16(d,-qa,) ))
The initial state is characterised in
table 1.

(22)
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Table 1. Number and quality of elements
of particular types in S°9,

type number quality type number quality

3 0. 383 11 2 0.173
24 o, bl 12 6 0.312
238 0.405 13 727 0.323
151 0.312 14 2764 0.301
1 0.220 15 300 0.258

i 0.383 16 2 0.193

77 0.405 17 16 0.249
2054 0. 379 18 128 0.258
3293 0.323 19 116 0.234

54 0.249 20 1 0.193

OV VNG FWN =

-

Fig. 16, gives the number of elements
for somo of this types, the new types
which appeared as early as in 7-~th ge-~
neration have been also included,

6000
5000
4800
3000
2000

1000

Fig. 16. Elements number for some ty=
pes in exemplary realization,

We "Torecasted" this exemplary realie
zation assuming that only information
we have is a number and quality of ele~
ments in initial state and that none
new type appears., Fig. 17. make posSie
ble to compare the exemplary realiza=
tion, deterministic prognosis and one
of random prognosis realization for
some types.

The prognosis seems to be quite reso-~
nable though more then 1 000 elements
of better types existed in 30e-genera=
tion,

Figs. 18.and 19. yield some information
concerning random prognosis convergens=
ce. For: M=1 000, Ng=100, initial sta=
tes

N7 =40, N§=30, NQ=20, N{=8, N]=2,

q§=1.0, qf=1.1, af=1.2, q}=1.3 qf=1.k,

Fig. 17. Forecasting results for
types: 2, 3, 8, 9.
exemplary realization

deterministic prognosis
----random prognosis realization

1000 { T
%HJ
800 7
700
600+
500
4007
300
200

100

T

10 ) 30 40

Fig. 18. Number of 5eth type elements.
random realization

- average of realizations
=-==deterministic curve

some realizations have been computed.
Four of this realization as well as
average and deterministic prognosis
are drawn for 3Jerd and 5-th type ress=
pectively,
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300
200

100

Fig. 19. Number of 3=rd type elements.

random realization
average of realizations
-— =~ deterministic curve

L4, CONCLUSIONS

The model discussed in this paper is

entirely abstract,

simulation results

have been obtained under quite arbitra-

ry assumptions. The same time,

the pro-

cess the model describes manifests qui=
te a lot of properties which are cha=
racteristic for some of real life deve=
lopment processes.

We belive there are e.g.

development itself is a matter of
preferences expressed in some envie
ronment,

there are two trends composed: to su-
persede all elements by temporarily
the best ones and to find still beta
ter elements,

irrespectively of significant influ-
ence of random factors the growth
curves we meet in development proces=
ses are very similiar - logistic

e.g. (fig. 5.),

one can trace « usualy a posteriori =
a trajectory of development in parae
meter space, there is a constant
growth of quality along this trajec-
tory,

there are typical stages of develop-
ment, the stages o6f transition when
new better elements gain domination
and the stages of quasie~equilibrium
when the new better types of elements
are mostly found (fig. 2.),

there exist always elements of types
"deviated" from this temporarily the
best, successful modifications are
usualy modyfications of this very .: .
viated types,

the more elements of deviated types
exist and the more significant ars
this deviations the more rapid is a
development process (fig. 12.) .

-« the price of development is a cut in
current average quality of populae
tion,

« a sudden change in environmental pre=
ferences can relase a rapid develop=
ment figs. 9 and 10. ,

~« some directions of development can
be missed and it is not easily rever=
sible process fig. 13. ,

« most of succesful innovations are
found as a result of recombination
of existing types fig. 1h4. ,

-~ a contact of isolated populations
results usualy in rapid development
(fig. 15.).

We hope, the model presented will prove
its usability as a forecasting tool
and perhaps it can be of some use when
the development control means are cone
sidered. As for a present, we try to
check the model using real life data.
The main difficulty is that accesible
data are usualy collected rather for
specific type in different environe
ments, then for different types in
specific environment.
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