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ABSTRACT

The paper studies the basic problems of Artificial Intelligence, such as integration of dif-
ference attributes of human intellect. For this purpose we have been created synergetic
systems that are hybrid intelligent systems (HYIS). The paper shows the world of decision
support problems and the world of modelling approaches evolution. The term ’heteroge-
neous problem’ for decision support systems is discussed. Two models of interaction between
the problems world and the methods world also the results of HYIS creating are discussed.
The formalism of HYIS is introduced.

5. INTERACTION OF THE WORLDS OF PROBLEMS AND
MODELLING METHODS

Let as present two models of interaction of the worlds of problems and mod-
elling methods. They form the external world model in our constructions. The
spatial picture of the homogeneous problems world W” and of autonomous
methods W, characteristic of the 80’s is shown in Fig. 3 a). The homo-
geneous problems IT" = {7 7k 7k} on the W" plane are shown by circles.
Three sets, the elements of which are the methods A M® = {Am‘f, - ,Amﬁ\,A},
M ={“mg,..., Omjlvc}, e = {Emg, ... ,Lm‘}vL}, of manipulating with
A—,C— and L — knowledge on S3, S, S1 accordingly, where N4, N¢, Ny, are
the number of known (developed) m® — methods, also the autonomous models
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are:
Aara _ (A - a A - a A - a A - a
M —{lml,...,N14ml,...,lmNA,...,lemNA}, (5.1)
Cara _ ¢C :a A a C,:a C.:a
M ={Tmt, ..., o, TN Ny TN TS ) (5.2)
Lara _ L, -a L. a L. a L. a
M = {77, o Ny T TN, Ny TN T (5.3)
where: Ni4, ..., N1g — the number of models which are built for the solution

of II", and at the time we will assume that Vr!|i € I;N, JIme € M =
{AM“, Opfe L, } and M*® # ; and the most frequent case is ANeUC M =
or AMUL M* = or “M*ULM® = | as well as the algorithms and programs
interpreting of the models, are indicated by circles 42, Z, 7' Z in the plane
We ie.

AZ =< AM,AM,AAAP >,
CZ =<“M,“M,“A,°P >,
LZ =<TPMEM, " AP > .

All these objects are knowledge carriers (in further reasoning we will consider
methods and models only). The loops indicate the relations R44, REC| REL of
getting new knowledge within the restrictions framework of the given knowl-
edge type. Two worlds W" and W* are interconnected by the relations of
correspondence between the problem 7" and the method of its solving m®
(there can be more than one). As a result of developer’s activity, there ap-
pear new objects m® (hereinafter a® and p®) after the correspondence relations
have been determined in W*. Obviously, {®}, {a®}, {p®} are also evolving
with the time.

The RA4, REC, RLT relations are the subjects of research for individual
scientific schools using this or that knowledge type. For instance, in mathe-
matics these are the algebra rules, in logic — the modus-ponens and modus-
tollens rules, in mathematical statistics — modelling algorithms, in evolution
programming — a reproduction and genetic operators.

Then the model W looks as follows:

W =< 7Z,8,0%% R* >, (5.4)
where: Z = {42,¢7,77}; Q%5 C Z x S — surjective correspondence deter-
mined all over (one-to-one in the case of the M2-model);
R = {RaAA RaCC RaLL} RaAA . AZ N AZ RaCC .Cym N Cz RaLL .
L7Z — L Z. The model of the homogeneous problem world is:

wh =T1", (5.5)

where: II" = {z}',..., 7} }, but the external world model is:

Whe =< Wh we Q™™ >, (5.6)
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Figure 3.

where: Q™™ = {Qr™m . Qrm} oQrm C IIF x AMe, Q3 C TP x C M,
Q7™ C II" x “M® — the family surjective correspondences determined all
over.

The other, modern picture is given in Fig. 3 b). In W there appears a
’system response’ in reply to the decomposition of 7% in W*", forming knowl-
edge structures (methods, models, programs) outside the framework of m®. In
this case the integration means the relations R’ between m® (heterogeneous
knowledge) and forming of the structures m?, ¢, a’, p’ interpreting such re-
lations. So, in W there is no knowledge structure known in advance, which
is identical to 7. Such a structure is sought for and must be constructed.
Comparative analysis of Fig. 3 a) and b) shows that variant b) is more gen-
eral, does not deny the importance of the relations R*, and enables to perfect
them (overcome the disadvantages of the m®,m® — components) at the ex-
pense of the relations R = {R*A¢, RI¢A RiCL RiAL RiLAY which already
require interdisciplinary efforts.

Such relations’ classification R? is offered below: knowledge extraction from
one of the components for the improvement or acquisition of knowledge for the
other (for instance, from ANN for functioning of ES or FS) is ! R?; knowledge
evaluation of one component from the standpoint of the other (for instance,
the use of C-knowledge for the evaluation of results and prediction of con-
sequences of alternatives obtained by ES) is 2R?; including one knowledge in
another knowledge (for instance, such relations exist in FS with the Takagi-
Sugeno inference engine, when the right-hand part of the ’condition-action’
rules is the first-order multinomial or in GA, in which a fitness function is
built-in) is 3 R?; additions of some to some other knowledge (when knowledge
is given an order: a sequence, a tree, a network) is ; * R; comparison heteroge-
neous knowledge is ° RY; argumentation (for instance, using ES knowledge for
argumentation of answers ANN) is ® R?; control, when knowledge of one type
actuate knowledge of the other type is “R’; mapping, when one knowledge is
converted (translated) to the other is ®R; role-play relations (for instance,
when FS is functioning as ANN) is *R!. The considered relations generalize



100 A. Kolesnikov, A. Yashin

the known hybrid intelligent system classifications.
Then the W model is of the following form:

Wit =< W2 R >, (5.7)

where: Rl — {RiAC RiCA RiCL RiLC RiAL RiLA} RiAC . ZA N ZC
RICA . 7€y 7A RICL . 7C , 7L RILC . zL L zC RiAL . zA 7L,
RLA 7L — 74,

Then, so far as W"" = E“, the external world model W*"® is determined
by the expression (5.8):

Wuhie —< pv wia > (5.8)

The study of R’ and integration of heterogeneous knowledge is one of the
alternatives of " solving, the theory, methodology and technology of solving
of which just begins its progress for hybrid intelligent systems [2,8-11], hybrid
expert [5] and multi-agent systems [6].

Holland’s successful application of the model of natural evolution to adap-
tive solving of improvement problems in cybernetic, possibly, will open the
way to modelling of the methods world evolution, will allow to present and
to study the situation when two (maybe, more) methods are selected to ex-
change their codes and to create a "hybrid’ which is their derivation, having
a multifunction essence, as well as to step forward in the automation of au-
tonomous method choice for 7" and searching for algorithms of forming the
new decision methods for 7.

6. HYBRID INTELLIGENT SYSTEMS

In the world practice HYIS is understood as a system in which more than
one method of imitating intellectual activity of a person is used for solving a
problem [2,8-11].

The HYIS formalism based on basic differences between the notions of ’an-
alytical dependency’, ’algorithm’ and ’'rule-oriented system’, is offered below.
For this purpose we will create a object controlled model of a system S in
Wuhia " using expression [4]:

Y =m(X,0), (6.1)

where: XY, © — uncontrolled input, state and operated input (i.e. control)
of the object accordingly, m =< St,C > — statement about the relationships
between the model inputs and its output on any suitable language, St — the
model m structure, C' = (cy,...c,) — the parameters vector of m [4].

As far as WUhie is stratified, we have (6.2 — 6.4) for S3, So,S; accordingly:

V3 =4 (X3 U?), (6.2)
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Vi, = 9mt (VP X2, 00, T), (6.3)
Yi}i-l = Lma(y'laXi1+17 9%+1,zAzl+1,qul+1);

(3

where: X® X? | X! | — determined, uncontrolled inputs on Sz, S>,S; ac-
cordingly; ©3,07,,,01, , — operated inputs (quantitative for S3,S>,S; and
qualitative for S;) on S3,S2,S5; accordingly; F?H — stochastic, uncontrolled
inputs on Sy; XA}, |, “Al | - linguistically precise and fuzzy inputs on S;;V?

- state of object on S3;Y;?, V' and Y%—1:Y21-1 — states of models at i and

(2 (3
i + 1 moments of the model time; 4m®, “m®, Fin®, — imitation operators of
changing the models states.

Let us consider the expression m =< St,C' > for 4m®, “m, Lm?, in detail.

The structure 4S5t for 4m® is an analytical expression (A -knowledge) in
the mathematical language (algebraic, differential, integral, finite-difference
and the other equations). Such a presentation is an explicit definition of 4St.
If A4St is obviously impossible to define, it is possible to approximate it by
a multi-level forward propagation ANN (it is an implicit definition of 4St).
The parameters of the model AC' are deterministic variables. States of object,
ambiance and control are defined by the vectors Y = (y1,...,yny ), X =
(z1,...,ZNy),0 = (b1,...,0N,) accordingly. The dynamics of an object can
be simulated, for instance, by differential equations.

The structure ¢ St for “rn® will be defined a priori, i.e. before the beginning
of model experiments, by the modelling algorithm presented, for instance, in
the modelling language, which is interpreted by a standard computer program.
The simulation statistical modelling of an object is an incremental imitation
of artificial random process ['(t) with usage of the C -knowledge. The statistic
on I'(t), collected during the time of modelling, are the desirable results. The
simulation models generalize the finite-difference models [4] just in the same
way as any function is a particular case of an algorithm [4]. The parameters
of the model ¢C are determined and stochastic variables, but the state space
is not the set of the points, but the set of areas with fuzzy boundaries.

The structure “St for “1n® can be presented in different ways. Let us refer
to the rule-oriented language. The structure is singular in this case. The
structure ©St is unfamiliar to the developer a priori and is changed by the
"condition-action’ rules collection (knowledge base- KB). For ES these rules
form the AND/OR graph, which is used by the universal algorithm of KB in-
terpretation for the pattern matching, inference and heuristic searching. The
problem-solving algorithm can be presented and explained to a person only
after the successful completion of interpretation. The KB in FS is drastically
simplified, though it is presented by the AND/OR/COMB graph [3]. The
number of the fuzzy rules in KB is one order less than it is in ES (it happens
due to the fact that to describe the world approximately is much simpler than
to do it exactly). The universal, high-performance algorithms of the fuzzy
reasoning (Mamdani and Takagi-Sugeno) function using this KB. The simu-
lation symbolic modelling imitates a linguistical, fuzzy nature of the experts’
reasoning and it refers to the symbolic models class. This is an incremental



102 A. Kolesnikov, A. Yashin

(or one-steps) modelling in the space of the symbolic descriptions of the con-
trolled object state as well as for “m?, regardless of the time model which
exists for the dynamic ES only. The model “C parameters are determined,
numeric variables, precise and fuzzy linguistical variables. In ES the state is
interpreted very primitively without a broad spectrum of spatial, causal, and
temporary relations.

We will consider three-tuples (7",1m?,1%) which us called ’components’,
where: I* — interpreter of model m?®, for the organization of calculations of
A1m®, as well as simulation statistical “7n® and logical-linguistical modelling
of L1m® while solving homogeneous problems 7" on each stratum S; of Wi,

Then in W""% we have hybrid simulation process:

Yigr = m"(Ys, X1, Oipr, { Y2}, Y2 1 {7V D), (6.5)

where: Y;, Y41 — states of S, X;;1 — input; ©;41 — control; {'Y3}, {*Y2 1,
{i)/'iil}, — the sets of the states of 4m®, “m®, Lin® models on Ss, S5, S ac-
cordingly (they can be ’one-element’); m* =< St*, C* > — multi-language
(hybrid) statement about the relations of model input and output.

Let us consider the three-tuple (7%, m®, I* ) into W*"_ Then we will call
the " a hybrid model for solving a heterogemeous problem w* in the world
Wuhie However, this does not mean that m* have only functional sense in
Wuhia  They can execute auxiliary actions, for instance, they can extract
knowledge from one component for the knowledge improvement of another
(1 Rz)

The formalism (6.5) puts a lot of questions. We will consider St* of the
model ", which depends on 7}' and the standard architecture chosen for
its realization. This architecture, in turn, is defined by the relations R’ and
can be formalized in different ways. One of the ways named the 'messenger
metaphor’, is considered below. Its essence is in the follows: the hybrid process
(6.5) is imitated by the dynamic semantic network which is designed a priori
for this as follows.

Let three sets of functional models-solvers (5.1), (5.2) and (5.3) of the ho-
mogeneous problems of the heterogeneous task 7 be given. Let us enter the
following sets of auxiliary ’generator-models’ A7 = {Triy, ..., Triy+ } imitat-
ing appearance of dynamic objects (for instance, data, knowledge, 7%, 7", re-
sources, time, and etc.), "terminator-models’ M= {41y, ..., Y.} imitat-
ing the dynamic objects leaving, ’assistant-models’ TM = {*ry, ..., Triy+}
imitating auxiliary operations with dynamic objects (for instance, decompo-
sition, delay, transmission, fission, etc.).

The dynamic semantic network St* will be created as follows. Let us en-
ter the set A = {AY, A%, A®} of the ’generator-nodes’ A' = {41,...,05 a1}
'solver-nodes” A? = {07,...,0% 42}, ‘assistant-nodes’A* = {467,...,0% Az},
‘terminator-nodes’ A* = {§1,... ,6;1\,A4}, and the one-to-one correspondences
Q0 C M ox AY, QY C M® x A%, where: M® = AM*JCM|JLM®,
Qg”‘i C +M x A3, Q0 C M x At let us define. The sets of relation-
ships R : Al — A% RJ* : A' — A3 Rt . A2 — A2 R7t . A% — A3
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RSt © A% — A% RSP 0 A% — A2 RJt . A% — AY RFE AP o A4
(the relationship 7 € R5* between d; and §; is defined, i.e. there is §;rd;,
if the models ;7h* and ;m® corresponding to J; and d;, are coordinated on
‘output-input’) and the set of dynamic objects ¥ = {oy,...,o0n=}. Each
oili = 1,...,Nx (messenger) is o; =< 'o0y,%0;,%0;,%0:,%0;,%; >, where:
lg; — number, 20; — a node number where the object is at the current mo-
ment of the model time t,%0; — the node number, where the object must
go, *0; — the moment of the model time ¢; > ¢ when the object must con-
tinue a motion along the network, 5¢; — the level of the object priority,
and %0; — the information which is transferred by the object (for instance,
vC,AC, ¢ oLy, wh {Y;} in (6.5), the hybrid strategy, i.e. the sequence of
the network nodes which have been passed, that can be used for argumenta-
tion). Let us also define two sets £t = {o!,..., 0%} of objects which must
’advance’ at the current moment of the model time ¢, and ¥ = {of ..., 0%}
of objects which must move at the moments of the time t,...,¢,, while
ty >ty > ... >t >t,and T = {to,t1,...,tr} of the moments of the
model time, in relation to which there occurs the final set of events of the
hybrid simulation process (6.5) (for instance, to occupy and free ¢, detain in
5, etc.). On M® A, Q™ RSt ¥ 5t 5F T where: Q™0 = {Qd Qo)
RSt = {R7t, ... Rt} we introduce a control procedure I'* (the interpreter)
as the following:

1. Initialization (i.e. generation of ¥,¢ = 0 and then choosing the similar
amount N> of the dynamic objects depending on N2'; for them the times of
motion t1,...,ty= are defined and they fit into ¥, brought in the order of
growth t1,...,tx2 );

2. Has the model time expired? If yes, it is the end, otherwise go over to
Step 3;

3. Choosing objects with a minimum time t,,;, of motion from . To
place the objects in ¢, to promote the model time to t = tmin.

4. To move the objects from ¥! along the network from 4; to d; in accor-
dance with RS?, processing events and executing programs which are intercon-
nected with the nodes &, and changing %o;, until one of the following situations
occurs: first, the object enters the ’assistant- temporary delay node’, then ¢4
is added to t, i.e. *0; =t + tqe; and the object ¢; is moving from ¥t to ©F;
second, the object will fall into §; € *A¢ and then it disappears from the
network; third, o; can not fall into the necessary node and it stays in Y.

5. If it is still possible to move objects from X!, then go over to Step 4,
otherwise go over to Step 2.

The network defined earlier can act as §. More than one network can func-
tion in parallel. The metaphor considered generalizes individual and dis-
tributed DSS.

Eventually, the network St}', can be defined as follows:

St¥ =< M A, Q" RSt st wF T > (6.6)

The set of networks St{,..., St} s the parallel operation of which is sup-
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ported by the interpreter I* can be created. Then finally we have:
St} =< St}, ..., Sths; I* > . (6.7)

The obtained HYIS formalism is sufficiently general and assigning different
restrictions we can, for instance, imitate the functioning of hybrid systems [7],
aggregate systems [1] and hybrid expert systems [5].

7. HYBRID INTELLIGENT SYSTEM REALIZATIONS

The heterogeneous problems ’Shift-daily planning of cargo operations" in the
sea port — on the basis of 8R!, *Crop capacity planning of agricultural cul-
tures and agricultural actions’ in a bio-production system — on the basis of
'R 4R}, °R? and "R?, as well as "Choice of measuring instruments and trans-
mitters for engine room automation systems of sea-going transport ships’ in
a shipbuilder DSS - on the basis of * R?, are formulated and solved using the
HYIS formalism.

The ’Visual Event’ language and modelling system the kernel of which is
debugged and is going trough laboratory testing now, is being developed for
HYIS large-block, visual and object-oriented programming.
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HIBRIDINIS SPRENDINIU PRIEMIMO SISTEMU
MODELIAVIMAS. II.

A. KOLESNIKOV, A. YASHIN

Straipsnyje nagrinéjamos pagrindinés dirbtinio intelekto problemos, tame tarpe Zmogaus
intelekto savybiy integravimas. Tuo tikslu yra sukurtos hibridinés protingos sistemos.
Straipsnyje analizuojamos sprendiniy priémimo sistemos ir modeliniy artiniy vystymasis.
Aptariamas sprendiniy priémimo sistemy heterogeniskumas. Apibréztas hibridiniy protingy
sistemy formalizmas.



