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A new Adaptive Balance of Causes (ABC) method
Jor system modeling and new mulli agent information
technology for system management were applied (o the
problem of sustainability of socio-economic systems.
Resulting simulation ABC AGENT technology was con-
structed on these tools and could be used for rational
natural resources consumplion.

1. Multi agent simulation technology based
on ABC modelling. This work is aimed on fos-
tering the implementation of a new Adaptive Bal-
ance of Causes (ABC) method for complex sys-
tems modeling, suggested in [1] and a new multi
agent information tcchnology for system man-
agement, developed in [2,3] Natural resources
management problem plays extremely important
role in the suslainable development of socio-
economic systems. There are no simple solutions
to the associated problems due to the complex
interaction of huge amount of various factors:
economic, social, ecological, political and others,
influencing making decision on natural resourccs
use, These common pool resources are not to be
exploited by separate countrics or some pcople
groups only, but they should be profitable to all
people. At various local scales exists conflict be-
tween social (state) interest in the environmental
protection and private interest of firms and corpo-
rations in gaining their own benefits from the
common pool resources use. There is the strong
need in objective and efficient tools for making
decision about a rational balance of such interests.
One of them could be simulation of possible de-
vclopment scenarios by a new ABC method for
complex systems modclling [1]. Another oncs
could be intelligent agents--systems that can de-
cide what to do and do il. Simulation ABC
AGENT technology, suggested in this paper, was
construcied on thesc tools and could be used for
solving the problem of rational natural resourccs
consumption. It enables the cvaluation of an in-
dustry economic benefits taking into account the
costs of common pool resources for their private
use.

Onc of thc main system analysis conceptions
about decomposition of a complex system on rela-
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tively independent modules could be accomplished
with the use of intelligent agents |3]. We shall call
them simply “agents” keeping in mind their abili-
tics to reccive and process information and to exe-
cute prescribed them actions. General diagram of
simulation ABC AGENT technology is presented
in fig.1.
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Fig. 1. General diagram of ABC agent
simulation technology.

Objectives of common pool resources man-
agement gencratc a state variable vector of con-
trollabie systcm. This vector and cause-cflect link-
ages betwcen its components form the system
model structure. Simulated development scenarios
scrve to make dccisions about thc ways of rc-
sources usc and rcanalysis procedurc helps the
modcl cocfficients current identifications,

Simulation technology for natural resources
management, that has to be constructed, forms
scveral rclatively scparatcd multi agent models.
The conncction between them is shown in fig.2.

Two ABC agent models are used to be con-
trolling the changing situations on production and
resources markets. These market conditions deline
the profitability of an industrial production object,
which input-outpul manufacturing agenl modcl



should be mcluded i o gener ' technology . Re-
sources supply chains play an  nportant role n
industrial production and for all of them an agent

modcl is (o be presented also. Observations of

common pool resources and covironmental dy-
namics are necessary (o ensure the environmental
monitoring. If the information required is insulfi-
cient, appropriate dynamic models could be used
to represent the possible cnvironmental changes.
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Fig. 2. Simulation models of ABC agent
technology.

2. AGENT modecl of industrial production.
Dcmand and salces rates drive the input of indus-
trial production providing outpul positive profit-
ability. Circulating capital is currently compli-
mented (when it is nccessary) with the current
credit to support ils valuc on certain level for
baying all thc various rcsources required. If the
income grow is sufficient to avoid a total accu-
mulated credit limitation, then the manufacture
makes environmental and other rcsources con-
sumption in an accordancc with the current re-
sources prices. If the accumulating credit rcaches
a definitc threshold level, current credit is ccased
and production output should be cancelled. Agents
controlling industrial production .modcl have
functions of goods management. outputl volume
planning. circulating capital distribution. accu-
mulate credit evaluation and others. Formal algo-
rithms for thesc agents could be introduced as
follows.

‘d

et us assume that one unit of industrial pro-
duction (good) contams v. amount of ccological
resources (raw malcrials. cnergy. work force and
others). v. - of natural resources (mincral or bio-
logical resources) and yo of ceological resources
(cnvironmental ability 1o resist to the pollution
contamination. to destroy them and others). Cur-
rent circulating capital of an mdustrial objeet 18
uscd to be allocated to purchasing of cach kind of
the resources in the same proportion.

Let us designate as H, — current volume of
rcady for sale production, H,', - current amount
of v, resource sparcd in object’s warchouse, Hay -
currcnt circulating capital and Hy, - current valuc
of accumulated credit received by the object. All
these values have a general dynamic equation of
the same form as for goods spare al the sale floor

Hk=Hj+VI:'Sk. (1)

where V- coming in and Sy - coming oul
amounts of goods at the time interval from mo-
ment j to moment k.
The agent making functions of a salecs man-
ager could be presented by equations
Sk =IF (N <0; 0, R),
R\ = IF (Dy < H;; Dy Hy),
Ni=xa1-Xa.

(2)

where Dy - current demand on the good. xy -
market price and x. — production cost of it. The
agent which is controlling the production output
will take the following actions

Vi =1F (Dy < H;, 0; Myy),
M = IF (D - H; < M;; Dy - H;, M)),

M; = min (my"; my”; my;*), €))
17'I|i‘ = H|'j f‘yi. i= l. 2. 3.

Ik =IF ((Px - Ex) < 0; 0; Py - Ey),

Pr= X. % Sk,

Eg = X 4k V;_, (4)

where m;;' - minimal resource sparc limiting the
production output.

3. AGENT model of resources supply chain.
Resources sparc, which has cvery industrial ob-
Jecl, could bec presented as balances between
coming and spending amounts, Expenditurcs for
cach kind of them arc proportional to the object’s
oulput. If the currcent resourccs amounts arc sufTi-
cicnl to supply the planning output there is no
nced to bay them. In the opposilc casc somc
amounts of msufliciecnt natural and cconomic re-
sources should be purchascd. The controlling
[unctions on current circulating capital arc used to
be made by an agent



Ha = Hyj + Iox - Sas,
Sn =IF (H;j 0 < HzJ, Hjj 9, sz),
where O is the accumulated credit pay off interest.
Let it beV,'.. Vi3 u Vi, — volumes of re-

sources which are to be purchased for credits.
Then total amount of current credit will be

Vy = P‘u; Vil + P'n Vi + P'ak Vi
and for accumulated credit we shall have
Hy = Hy + Vi - Sy
Analogous balance cquation takes place for
the object’s resources spare
Hix = H,§ + Vik - Sk
Each kind of resources spending is propor-
tional to the industrial output volume
Slik = Vi yi.
~ Supply chain agents determine which amount
F1' of insufficient resource should be purchased
Vi = IF((Dx - Hj )y; <Hyj; 0 ; Fi'y),
Fix=1IF (P'J (yi Dk # Hyj ) <pi Hy;
vi De-Hij; Rik), (5)
P = PayilP wyrtp ay2 +p u sl
1=1,23,
where p’ are prices on resources markets.
Another one agent R,y is watching for total
amount of accumulated credit Hy, and rejecting
the letting of a new credits afier some limited
level pH; . The equations for R, could be find in
[2].

4, ABC-AGENT models of resources and
goods iltarkets. Let us consider a simplified ABC
agent resource market model, which has cause-
effect interactions, describing by the following
ABC model equations

Pi=2p (1 - 1@ +a'ut) -2 q)),

th =2t (1 - o @, +a'\ g -2, P} ), (6)
qx =2 q; (1 - ca (g -a'ut - a1 P)).

Here are p', - prices on resources markets, t', -
volumes of resources supply, q' - resources quali-
ties.

ABC equations for goods market could be
written as follows

Dy =IF (X3t > X3 ; Xi; 0),

X =2x5(1=Cr(xyj+anxg-an[1-expas x3])),
Xax =2 Xgj (1 = €2 (Xg5 - 324 X4j = 223 X37)),

X3 =2 X3j (1-¢ (x3j -ay By ), (7
Xax =2 X5 (1 - €4 (45 = 24y ),
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Mo = P1qQy + P2y + Pags;,
Ni=PiYr Y Py Y2t P3jYs,

where x;, — demand on production goods market,
Xok — price, X — quality and x4 — production cost
of appropriate sale stuff. o and n; present integral
estimates of resources quality and cost. Note that
dimension variables A could be presented in non
dimension form A by

A=5A (M[A]D)" @®

Both ABC market models are to be coupled
with the AGENT models of industrial production
and resources supply chain to form general ABC
AGENT technology.

5. Example of muilti agent ABC model of
socio-cconomic devclopment. The simple and
uniform structure of ABC-model equations (7)
allows for significant enlargement of the systems
vector-state paramcters. In reference work [1]
multi agent simulation model was suggested,
which had the following 25 state variables: 1 -
investments in social sphere, 2 - investments in
industry, 3 - living standard index, 4 - social con-
sciousness level, 5 - parliament pressure, 6 - pro-
ductivity level, 7 - production general volume, 8 -
corporations pressure. 9 - social stress index, 10 -
crime level, 11 - state of science and education, 12
- population purchase ability, 13 - average prices
level, 14 - unemployment level, 15 - total demand
on goods and services, 16 - total supply, 17 - pro-
duction technologies efficiency, 18 - inflation
level, 19 - state budget income, 20 - public health
and ecological safety, 21 - average taxes rate, 22 -
central bank stock rate, 23 - public security (army
and police), 24 - state budget saldo, 25 - state
budget expenditures.

The extended model’s causal diagram is pre-
scnled in fig.3.

6. Simulation experiments with the multi
agent ABC model. Simulation experiments with
the model showed that it is stable and casy con-
trollable. The model reaction of socio-econemic
system on money emission variation demonstrate
scenarios in fig.4 and 5.

One can see from fig4 that the inflation
maximum is backward from the money emission
maximum on 20 time steps. As it follows from
fig.5 public living standards and social conscious-
ness fall down sharp due to the inflation grow.

Another one simulation runs were carried out
to determine the rational average taxes rate.
Simulated minimum rate was located at 75 time
step. Some of model development scenarios are
presented at fig.6 and 7.



As il follows thc best valucs of socio-
cconomic sysicm  state variable paramclers werc
at 100 time step. when the social stress level had
its minimum. It should be emphasized. that aver-
age taxcs ratc was not minimum at 100 time step:
it was at 6 % high.

Simulation experiments confirmed that multi
agent ABC models have obvious advantages of
simplicity, controllability and ability 1o changes of
the model structure. These propertics of the ABC-
method makes it very useful in a designing of
information technologies for sustainable develop-
ment management,

CONCLUSION

ABC AGENT technology suggesied in refer-
cncc works [1-3] may be used as a practical tool
for common pool resources management. It makes
it possiblc the simulation of devclopment scenar-
ios in complex socio-economic-ccological systems
under various paths of their resourccs usc. Simu-
lation is cnablc Lo cnsurc the important informa-
tion about rational ways of natural resourccs con-
sumption and conservation. Thercforc ABC
AGENT informational tcchnology could be util-
ized in the construction of practical decision
making support systems for sustainablc develop-
ment management.
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Fig. 3. Casual loops diagram of the multi agent ABC model
of socio-cconomic system.
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Fig. 4. Simulated money emission variation (X,s") and associated inflation (X,3).
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Fig. 5. Life standard (X;) and social awareness (X4) under money emission variation.
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Fig. 6. Average prices level (X,;) and general demand (X;s) under taxes
rate variation.

—— X9
- X1
—— X210
%=X |

o L] L) ¥ L} T T
25 50 75

: TEE s i A |

T ¢ L lLtTon Er LY

™rrrrro0rra

100 125 150

Fig. 7. Social stress level (Xs) under variation of taxes rate.

REFERENCES

1. Timchenko ILE., E.MlIgumnova and
I.1Timchenko. System management and ABC
technologics of sustainable development. “Ecosy-
Hydrophysics™ Publisher. Sevastopol, 2000, - 225
p. (in Russian),

2. Timchenke LE, EM.Igumnova and
I.1.Timchenko. Dynamics of ecological-economic
systems. In: Ecological safety of shore and

shelf zones and effective use of shelf resources.
MHI Publisher. Sevastopol, 2001, p. 62-77 (in
Russian).

3. Timchenko ILE. E.MlIgumnova and
S.M.Solodova. Natural resources management.
Simulation technology ABC AGENT. MHI Pub-
lisher, Sevastopol, 2001, 96 p. (in Russian).

338



