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Abstract

This paper presents the design of self-developmental nad@mospheric pollu-

tant dispersion. As many of existing physical models of aph@ric phenomena
are statically defined for certain conditions, for simwatit is emergent to up-
date these models to reflect the natural dynamic behaviogelbfadaption. In

recent research we have already proposed new evolutionettyooh denoted as
Content/Form computing. Here we apply this evolutionaryhod as main itera-
tive process to develop adaptive model of atmospheric faoltudispersion. Main

inspiration of our design comes from existing equation afi@pheric pollutant

dispersion, its inner parts like wind or diffusion modelsldrom and Sheldrake’s
extended evolutionary theory oNature as Alive[1].
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1 Introduction

There exist many models for simulation of wind flow, dc +VVe=V(DVe)+

diffusion models, dispersion models. In the past these ot

models were especially designed for the best certain chemistry 4+ emissions +
conditions. On the other hand in real nature these drydeposition + wetdeposition (1)
"models” are not conditionally (static) defined but are

evolved (developed) across time and space. where thec is concentration)’ is wind velocity, D

is a diffusion coefficient and is time. The chemistry
Therefore here we design and implement the evolutiorand emissions terms are often marked as the reaction
ary developmental model of atmospheric pollutant disterm, e.i. how the pollutant behaves in chemical envi-
persion. Different models are commonly evaluated byonment. The last two terms are the major sink terms in
sets of experiments. Main disadvantage of these expetire model and besides they determine the pollutant be-
ments is small amount of of observed data. For exampleaviour above the surface. The coefficient we are deal-
only 3 measurements for several kilometric space. ing is the velocity field which is often described as a

wind model.

Assuming the classical evolutionary methods (genet he general equation 1 is not used in whole form. In the

algorithms, genetic programming), where Operatormodels the equation is split into several smaller parts

(crossover, mutation) are excluded from evolution it-_ =~ . . >
self, due to the small amount of data it is hard to predicq'nd Is solved separately. Itis commonly used in numer

the model behaviour in every space location. Henc'gal solution of the equation; the technique is known

we assume and apply the Content/Form computing S operator _splltt_lng. In our case we use the advection

the model development [2], which is the new metho W'nc?) andd :j|ffu3|on ;lqartg of tﬂe equation. nge of the

in evolutionary systems inspired by Sheldrake’s theorﬁ)Se models are outlined in the next two subsections.

of "The Nature as Alive[1]. In this approach evolu- 2.1 Examples of Wind Models

tionary operators (methods) - together with data (Form . . ) .

are part of the evolution process and past developmentdi€re exist several wind models th_at describes the wind

states are stored in the evolution memory (Content). flow in atmosphere. One of the simpler model is one
presented by Lin [4]:

The structure of our paper is organized as follows. In

the next section the description of the general atmo- 2\ ¢ i

spheric pollution model is described and the specific ~ U(z) = U(zr) (Z—> —az%a= )

models of the wind and the turbulent diffusion is out- " '

lined. In section 3 the evolution of the content/formwherel(z,) is measured wind speed at a referenced

computing is presented including its kind of adaptatiomeight anda, o are constants that depend on atmo-

to the atmospheric model. The implementation detailspheric stability and surface roughness [4].

are included in the section 4. The final conclusion and

the future work is then stated in the last section 5.~ Next wind model we used as the input is the one pre-
sented by Wortmann [5]. The special coefficients are

needed in order to calculate the wind speed at given po-

2 The Equation of Atmospheric Pollutant sition. These are Monin-Obukhov length roughness
lengthzp, von Karman constarit and friction velocity

Dispersion us. Then, the wind velocity is given by:
The modeling of atmospheric pollution has a great im- - - .
portance in the case of prediction of pollutant behavior U(z) = u, {ln —— Vv, -+ \I/m—o ,z2<z, (3)
throw the atmosphere. It has gone big journey in the last <0 L L

century as is stated in [3]. One of the first models was so U(z)=U(z),2 > 2z, (4)
called Gaussian plume model which was first proposed

by Pasquille and others in sixties of 20th century. Iwhere the coefficient, = min(|L|,0.1h), whereh is
was firstly used for modeling pollution dispersion froma height of the unstable boundary layer.

a point source, however, it was soon applied to lin he function®... is of the form:

and area sources as well. It matched with the observa- m :
tions and became a standard in every industrial country.

2
The concern shifted to studying of dispersion phenom- ¥, = 21n (ﬂ) +1n (1 +4 )
ena, namely dry dispersion. It means that the pollutant 2 2
behavior above the ground and a study of its causali- 9tan—1(A)+ T 5
ties had been in the area of interest. Consequently, a an~(4) + 2 ©)
new full form of atmospheric equation was formulated, 1621%%°
which contains diffusivity, advection, deposition, emis- A= [1 - T] (6)

sion and chemistry terms. Since that time no new gen-
eral model was proposed and it is focused until now to
solve the full atmospheric equation: The last wind model is represented by equation of the



form [6]: Firstly we briefly recall the Content/Form computing
and then apply this system on atmospheric pollutant
h} n ) dispersion development by describing the Form and

U z
Ulz) = ?{ln P [1 N 6'9f L Content components.

0

6.9h [zz z%]} @ 3.1 The Content/Form Computing
2L [h? h? In recent work [2] we have proposed the method of
where h/L >0 Content/Form computing. In comparison with present
Uy 2 (14 12)(1 + po)? methods in evolutionary computing (GA, GP) [8], [9]
U(z) = -~ {ln— +1n [ T 2] its is similar but different computing process. This is
0 (14 p5)(1 + po) mostly caused by considering the radical Sheldrake’s
+2[tan™" u — tan"" pg extended evolutionary theory [1] instead of classical
2L . 4 3 Darwinian assumption. As new type of evolutionary
_%—h[/‘ —uplt,  (8) computing, it can be applied on various Al problems
where h/L <0 (e.g. finding the optimal solution) or as the develop-
mental system on various models (model adaptation) —
with this case.
0.25 Content/Form Computing operates with abstract terms
o= (1 _ 22@) of the Content and the Form. The Content encapsulates
Lh ’ the Form which is being evolved according to Content
o\ 0-25 Memory and Goals. Meanwhile the Content consists
Z0 .
o = (1 — 22_) of the memory of past states, goals and fitness func-
Lh tion (evaluation), the Form includes input/output data

as population and set of methods as operators. Since
fhethods itself are also instances of the Form — are also
2.2 Examples of Diffusion Models evolved, beside the methods for the data development

o _ _ _ we also operate with methods for methods develop-
Similarly to wind models the different kinds of ment.

diffusion models are used to simulate the diffu-

sion/turbulence process in the atmosphere. The firft following subsections we consequently describe
model is represented by [6]: each components of the Content and Form in the con-

text of application on equation of atmospheric pollutant
dispersion development.

The variables have the same meaning as in equation

K(2) = kusoh’ (1 -

5 A 3.2 FORM: Methods and Data
- (veazz) @

=) (1+92—-- o _
h Lh First instances of the Form are methods, which can
where h/L >0 be further categorised to methods for methods devel-
B\ 172 opment and methods for data development, see Figure
_ o < o 1. In our case set of methods for data development in-
K(z) = kuswoh— (1— =) |1 —13—= 10
(2) = ku h ( h) ( L h) (10) cludes:

where h/L <0

_ ) ] ) e The "growth methoti— advection diffusion equa-
The variables has the same meaning as in equation 4. tion (Form1.1in Figure 1).

The vertical eddy diffusivity derived by [7] is another

e Methods for data-in development (Form1.3).
and last presented example:

K(z) z1/3 (1 z)1/3 Further the set of methods for methods (Form1.2 in Fig-
h

Wez 022% ure 1) development contains:

4z 8z
[1 - exp <_7) — 0.0003 exp (7)] (11) e Method for model's operators evolution (for
smooth changes in certain variant of wind or dif-

The variables has the same meaning as in equation 4.  fusion model).

) e Method for switching among variants of models
3 State of the Art: the Model Design (for rough changes in wind or diffusion models).

In previous section we have schematically described

the main parts of the equation for atmospheric polluThe data are represented by data-in (Form0.0 in Fig-
tant dispersion, especially wind models. Here we daire 1) which stands for experiment setting, conditions
scribe how these physical models are involved in Corand other constants for atmospheric pollutant disper-
tent/Form computing evolutionary process to create orgon equation and by data-out (Form0.1) which stands
self-developmental compact model. for the expected solution — concentration.



CONTENT
FORM

[Form1.1]: growth methods

Form0.0]: data-in
Form0.1]: data-out
] ) d----| « Space dimensions
e Pollutants = DlsperS|.on of po!lutants . o Exp. constants
S S —— concentrationat |[§ ™ | Advection difusion equation e Observed data
each area e Diffusion model o Setting
e Used model ID * | Wind model e  Granularity distr.
at this area
)
|
Model switch |
) [ 3l
[Form1.2]: methods for methods Eorm1.d) wethaes fur data
e Change model operators ‘ .Chggijgpr)i.t;c&?ssttrs.
*  Switch diff. model e Change model consts.

I Switch wind model I o Diffusion model

e Advection model

[Content1.1] : evaluation and memory

e Goals (experimentally observed data) Lo — e

e Fitness function (data-out x Goals)

e memory of past forms (data-out), for
each model ID:

Fig. 1 Schematic diagram of self-developmental atmosplpailutant dispersion model. Data-in, space dimen-
sions, experiment constants and initial setting are psmzkby - advection diffusion equation onto data-out (pol-
lutants concentration at processed area). Data-out iglsared (at each iteration) into the Content memory
and evaluated by fitness function according to its curreleygast states in memory and expected value (goals)
collected from experimental measurements. Based on this@ion specific methods from Form1.2 are applied
on advection diffusion equation (Form1.1) and specific meétltom Form1.3 are applied on data-in (Form0.0).
Thus methods (operators) and data are evolved in paralleh &f these applications are probabilistic, denoted
by "%”. As more stable is the data-out Form, as less is theatviity of method or data-in modification by other

methods. In our first revision, onjwind model| evolution is being implemented by switching between sdvera
wind’s model variants, see section 2.2 for variants example

3.3 CONTENT: Memory, Goals and Evaluation 4 Implementation

Important part of the Content is the Memory which hold

past states of the Form (data-out and method applica-

tion). The Memory is updated at each iteration step.

Based on the Memory, current data-out value and exn current state of development the model is imple-
pected value (Goals — collected from experimental meanented separately in Java and C++ languages. The self-
surements) each iteration is evaluated by fitness fundevelopment model as described in Figure 1 is imple-
tion. According to this evaluation specific methodsmented in Java and the part that numerically computes
from Form1.2 are probabilistically applied on advecthe model itself is implemented in C++. The reason
tion diffusion equation (Form1.1) and specific method$or this separation of codes is firstly the clarity and bet-
from Form1.3 are applied on data-in (Form0.0). Wheréer maintenance of the source code and secondly the
the probability of the method correction — evolution despeed of the numerical calculations are still much faster
pends on frequency of its past applications at specifia C++ then in Java. The possibility to implement the
setting. Generally, as more often the method at specifirtumerical calculations on HW platforms such as GPU,
setting is applied, as more probable is the next applic&ell processors etc. corresponds to the second reason
tion without method correction. for code patrtition.



4.1 Self-developmental Model model is ideal for parallelisation (at level of each itera-
. . tion). Thus from HW point we also assume to acceler-
The implementation of the model corresponds to thgg the developmental process by using dozens of small
scheme of Figure 1. Firstthe wind models are randomiy, o, o, ational units (e.g. inexpensive graphic process-
chosen for initiation of the model. Diffusion model is;

. ing units as accelerators). The computation of the nu-
keep the same throughout the whole evolution procesg,a ical model can be parallelised as well. We have
Each area contains just one wind model in particul

&one some experiments with accelerating of MoL so far

time moment but it can differ in any two time moments, o 4 achieved the speed-ups in orders of dozens to hun-

- itdepends on the developmental process that is storgtly 5 times the faster then the conventional implemen-

into the local area memories. The depth of the mMemom s~ The experiments were done on GPU graphics
is limited and the forgetting is simulated by the Welght%ardS using CUDA and OpenCL frameworks
in each history moment. The older moment is the lower '

weight is set to it. There is also the possibility to implement more sophis-
ticated numerical solutions of the ADE. We are now

After the initiation the current form of the model is experimenting with the ELLAM [10] framework that is

c?]mpu;ed. The yvgy is(;)ultlirr:ed in thbe next SUbsethiorhsed to solve the ADE equations for water environment
Then the new wind models have to be set to each ar§gere the advection part dominates. However, it is seen

Now the probabilistic selection turn comes. Based Ofo the first set of experiments that the ELLAM is suit-
the history of the wind models (their frequency and time,p o tor atmospheric ADE as well.

distribution) and the goals that have to be achieved the
best candidate is selected. It is done for all areas of

the space. The evolution process continues until tHe Acknowledgements
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