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Abstract The paper analyzes the characteristics of the informational support of
decision-making by geographic information systems. The problem of the accu-
mulation of experience and the use of decision-making in the previously observed
situations is analyzed. The situations are spatiotemporal and they can be described
by maps. The main objective of the research is development of the data model that
provides the upgrade of reliability of decision-making on the basis of experience.
The peculiarity of the model of the experience proposed by the authors is its
description by a set of transformations. The concept of the image of the situation
which has a center and a neighborhood is introduced. The allowed transformations
of situations and solutions are determining in the description of decisions and the
conditions of their making. The coordinates in the feature space are not deter-
mining. With such an approach traditionally used precedent analysis gets a pecu-
liarity associated with the logic of determining the similarity of situations. The
information model of precedents’ image and the problem of actualization of the
image in the process of searching for solutions are described in the paper. The
example of figurative representation of the experience for the implementation of the
logistics project is given in the paper.
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1 Introduction

Geographic information systems (GIS) are widely used in the systems of
decision-making as facilities of time-space data processing [1–4]. An important
advantage of GIS is the rendering engine, which gives a special opportunity of
real-world situations’ analysis. Using geo-information services, specialists of dif-
ferent application areas get spatial data and cartographic images of data. It stimu-
lates their professional intellectual activity.

The map databases are extensive knowledge of events and phenomena of the real
world. At the same time, this knowledge is not enough, when decisions must be
made in specific situations. The dynamism of the real world and the incompleteness
of knowledge does not allow to construct reliable solutions of problem situations.
Despite the rich arsenal of software tools of spatial and statistical analysis [1], it is
not possible to make compensation for the uncertainty of the environment’s state
characterization. For this reason, the usage of the experience of decision-making is
more important.

An important feature of the presentation and usage of knowledge in the GIS is
the ability of their visualization. Visualization allows you to simulate creative
thinking [5]. Knowledge representation by iconic image-mapping models and the
use of knowledge by their specific comparison can be considered as the imple-
mentation of the conceptual semantics principles [5]. The features of the procedure
for constructing intelligent GIS solutions using figurative representation of
decision-making experience are analyzed in this paper.

2 The Conceptual Model of Decision-Making Experience

The concept of decision-making experience representation can be selected in dif-
ferent ways, based on the mode of the intellectual system’s usage [2, 3]. The
systems operate in mode of precedent analysis in many circumstances [4].
Case-analysis [6] is based on superficial knowledge, limited description of the
characteristic features of objects or phenomena. The process of finding the solution
is finding previously observed similar precedent in the knowledge base and the
adaptation of decision to the concerned precedent. Using the analogy, as known,
gives probable but no reliable conclusions [7]. In an effort to improve the accuracy,
we can intellectualize as follows.

Supposing that DðsÞ there is a dependency that is used for generation solutions
for a given set of environmental parameters s. If you have experience in
decision-making d0 ¼ Dðs0Þ with the parameter values s0, the spreading of this
experience to the problematic situation sp with the parameters means obtaining the
decision dp ¼ DðspÞ. The condition of the positive effect of usage of the solution
dp in a problem situation is the inequality:
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WðdpÞ � Wðd0Þ ð1Þ

where W is the criterion of solutions’ quality. It is obvious that the applicability of
the solution dp—only a hypothesis, the accuracy of which is higher, sp and s0
closer. This follows from the continuity property of the real world. If

jsp � s0 j ! 0;

inequality (1) becomes valid equality. It is observed in the surroundings sp where

D0ðspÞ ¼ D0ðs0Þ ¼ 0 ð2Þ

as it ensures no solutions’ quality loss.
As the dependence DðsÞ is not known, the Eq. (2) can be regarded as a con-

ceptual basis for knowledge representation, which is the accumulation of knowl-
edge about deviations (transformations) of situations’ parameters and solutions. The
knowledge of variations is an opportunity to construct a fair solution DðsÞ in a
neighborhood D s of place s with a probability of

X

sk2D s

PðDðskÞÞ [ 0;

where as the absence of such knowledge is

8sk 2 D s : PðDðskÞÞ ¼ 0:

The condition (2) can be regarded as a formal basis for the concept of knowledge
representation in the form of the transformation of situations. Reflection of the
happened events and analysis of the decisions taken are the experience of mental
activity. This experience has a high value.

Let us call the character of precedent information structure that reflects the
experience of mental activity that occurs during the analysis of the essence of
precedent. Conceptual model of the precedent Ip includes two components [8]

Ip ¼ \Is; Id [ ;

the first of which (Is) is the image of the situation, the second (Id)—the image of
solutions.

The image of the situation Is is a set of admissible transformations of the situ-
ation, the transformation does not change the essence of the situation and the
decision-making. The image describes a class of situations that are identical in
meaning with the observed singular situation. Possible conversions of the specific
situation always contain a generalization. It is arguable that the fragment of “picture
of the world” is laid in the image of the precedent. The “picture of the world” is
very essential for getting a reliable solution.
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The image of the solution is a set of admissible transformations of solution Id , it
preserves its essence. The image of solutions sets a class of solutions, each of which
is applicable to essentially identical situations Is. Any decision of the class is a
certain “reasonable” reliable solution.

Images of situations and solutions can be visualized in the GIS. This feature
plays an important part in the described approach. Cartographic representation of
transformation of point locations, trajectories, zones of placement and zones of
influence are point, line and area objects of the map. Reflecting the transformation
of the specific situation, the expert transfers the knowledge to the map. The rep-
resentation of knowledge gets metric properties, which allow you to estimate the
position, the shape and the size of transformations.

3 The Internal Structure of the Images and the Modeling
of Visual Thinking

Using the ideas of conceptual semantics [5], let us consider the process of gener-
ation of solutions as the comparison of images. This operation simulates visual
thinking. Technical implementation of the operation requires the definition of the
metric [9]. The metric of the distance between the images NðI1; I2Þ should be built
to take into account the subjectivity of experts’ visual thinking. Subjectivism
appears, on the one hand, in the individual interpretation of the present situation, on
the other hand, it appears in the estimation of its modifications in the future. For this
we represent the substructure of the image in the form of

Is ¼ \c; HðcÞ[ ;

where c is the center of the image HðcÞ ¼ fh1ðcÞ; h2ðcÞ; . . .; hMðcÞg is the set of
its transformations. The center is the real situation that served as the basis for the
inception of the image. Let us explain this through the example. Figure 1 shows a
precedent of moving a cargo from the point A to the point B. This precedent creates
the image of the matter of moving goods from the one area of the village to the
other (Fig. 2). The areas reflect the possible locations of points A and B, the points
does not affect the selected path and possibly the method of transportation.

The center of the image is a pair of points A and B with the description of the
goods and the method of its transportation.

Figure 3 illustrates the image of solution. It includes a center—the trajectory AB
—and possible conversions of trajectory. The transformations are shown by dotted
lines.

There are the factors that influence on the form of metric NðI1; I2Þ:
1. The relative position of boundaries and centers of conversions;
2. The degree of generality of conversions’ fields.
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The first factor is considered by using the proposed classification. Figure 4
shows the diagrams of the mutual arrangement of the pair of images. Ovals mean
the areas of transformation, points inside ovals are the images’ centers. The classes
of topological relations arising during the comparison are labeled by Niði ¼ 0; 5Þ.
The analysis of practical cases showed that the location of the centers of the images
towards the intersection of transformations’ areas is greatly influences on the
subjective conclusion about the proximity of the situations. The distance between
the centers is not important. The region of the intersection in which these centers are
located is important. Class N0 corresponds to the comparison of images without

Fig. 1 The example of the precedent of moving goods

Fig. 2 The example of the
precedent of moving goods

Fig. 3 Shows the image of
decision of the precedent
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common variants of conversions. Class N1—the presence of common changes that
are not confirmed by practice so any of the centers is not included in them. The
class N5 includes a situation in which the conversion of one of the images is
included in the conversion of another, and this is confirmed by the experience: the
centers of the images are placed in the area of the intersection. It concluded that
preferences when choosing the next image to the stated one would be described by
the expression

N0 � N1 � N2 � N3 � N4 � N5

Thus, the proposed classification of topological relationships allows realizing a
“reasonable” procedure of the assessment of vicinity.

The presence of the intersection regions in the analysis of changes suggests that
there is some similarity of possible changes in the situation. The characterization of
the degree of similarity of the transformation hi of two images I1 and I2 is expressed
by the formula

a ¼ 2SðhðI1Þi \ hðI1Þi Þ
SðhðI1Þi Þ þ SðhðI2Þi Þ

;

where SðxÞ is the area of the field x. The value a ¼ 1 holds in case of the coin-
cidence of possible transformation, a ¼ 0 otherwise.

Comparative examples of situations for the determined problem is shown in
Fig. 5. The proximity of the image I1 is compared for a pair of points (A, B) with
the images I2 for a pair of points (C, D) and I3 for a pair of points (E, F). The image
I1 is closer to the image I3 although the centers A and C are located closer and the
degree of generality a12 [ a13, because the relative location I1 and I3 is classified
as a more preferable one.

Comparison of images of situations results in getting an image of solution. The
center of image is practically tested solution. The example is shown in Fig. 3. The
specific solution can be generated in several ways. In the simplest case, the solution
is any transformation of the center of image. The result is reliable, as it is inferred
from the generalized knowledge of possible solutions. However, the level of

Fig. 4 The classes of the mutual position of the images
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confidence of solution can be increased because the mapping basis cannot represent
the real world at the time of analysis. The experience of reflection of expert about
the situation cannot give an accurate forecast of the state of the environment. The
reliability of the solution can be enhanced if the rapid mapping of the area of the
problem situation is done. A comparison of the solutions with the state of the real
world and the assessment of the feasibility of the solution is an independent task of
intellectual GIS.

4 Conclusion

The analyzed graphic model of solutions’ generation uses a special form of
knowledge representation in the form of admissible transformations of situations
and solutions. The purpose of the transition to this form of knowledge is the desire
for a higher level of confidence of solutions generated by the intelligent system. The
reliability is provided by the different quality of knowledge. Instead of sets of
parameters of the observed situation the experience of reflecting on the situation is
fixed. At the same time the real fact in not ignored; it becomes a key element of the
image emerged. Using the key element has its own specifics, it reflects the psy-
chology of creative thinking. The relative position of the centers and borders of
transformation underlies the logic of matching images.

Analyzing the process of case analysis in relation to the processing of images, it
can be concluded that the conservation of solutions generated in the process of case
analysis is not appropriate. It is known that the accumulation of precedents is the
implementation of training via examples. This mechanism does not involve such
training. The main thing is the sense of situations and solutions expressed in
admissible transformations.
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Fig. 5 The example of
comparison of the situations
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