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Abstract

Contemporary education is starting to supersede the traditional one (teacher-to-student
lessons) with technology-rich learning using various educational tools and a selection of
materials that are effective, efficient and appealing to students. Dynamic Geometry Soft-
ware (DGS) today is widely used in teaching and learning mathematical topics. Such kind
of educational software can evolve in several ways, by either adding new features on the
surface or by evolving the evaluation engine at its core. The implementation of a DGS
needs to be straightforward and modular.

To achieve the evolution of a DGS core we have developed a programming framework
for the Dynamic Geometry Software, SLGeometry, with a genericized functional language
and the corresponding expression evaluation engine. Engine acts as a framework into
which specific semantics is embedded in the form of code, annotated with metadata.
An ordinary expression tree evaluator is transformed into an object-oriented one by this
framework. Whilst other DGS are based on purely functional expression evaluators, our
solution has the advantages of being more general, maintainable, understandable, easy
to implement, and providing a natural way of specifying object properties in the user
interface, minimizing typing and syntax errors. The modular approach enables indepen-
dent development of subject-specific components, which are easily added to the evalua-
tion engine in the form of plug-ins. The object-oriented nature of the framework enables
development of self-contained units, such as objects and visual elements which encap-
sulate domain-specific semantic and present it to the user as virtual placeholders for
real-life objects and notions.

In this paper we present several possible improvements of Dynamic Geometry Software,
particularly having in mind the platform that we have implemented. Additionally we dis-
cuss benefits of these features and their influence on the users/students. The approach
is tested on SLGeometry — our DGS platform, developed in C# on the .NET Framework.
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Possible Improvements of Modern Dynamic Geometry Software

1. INTRODUCTION

Computers have been used for geometric visualization since the early days of establishing
computer graphics as one of important areas in ICT. A distinct class of educational graphical soft-
ware has appeared, i.e. the Dynamic Geometry Software (DGS). In DGS, a geometric drawing is
represented by a set of expressions which represent geometric objects on a graphic display. The
expressions, assigned to named variables, can be parametrized and referenced by each other.
This way, relationships between objects in a drawing are established. When the user moves
an object, all dependent objects have to be recalculated and moved. There are numerous DGS
frameworks but among the most popular today are GeoGebra [1], Cabri [2], Cinderella [3] and
The Geometer's Sketchpad [4].

The authors have been using GeoGebra and Mathematica [5] in everyday practice for the
teaching of geometry, numerical analysis and geography for more than 15 years. From our ex-
perience, as well as from the students’ feedback, we have identified several aspects of modern
DGS which could be improved, and tested them on SLGeometry [6-9], an experimental platform
for dynamic geometry, which we developed to test various concepts and approaches. This paper
presents our ideas and observations for possible improvements of our platform.

The paper is organized as follows: Section 2 provides an overview of related work. In Sec-
tion 3 we introduce extensibility in DGS. Section 4 introduces the full object model into the DGS
programming language. The use of the map components in SLGeometry is demonstrated in Sec-
tion 5. Section 6 presents the just in time (JIT) partial compilation of expressions in SLGeometry,
whilst next section presents connecting Arduino-based microcomputers to SLGeometry. Section
7 concludes the paper.

2. RELATED WORK

Since the late 1960s some mathematics educators positively assesed the role of mathematical
software tools, models and modeling in the teaching and learning of mathematics [10]. In that
time the availability of computers has changed the nature of process of problem solving in math-
ematics. Also it started to have significant influence on changes in mathematics curriculum at
all levels of education. Furthermore, many conferences held panels giving recommendations to
explore and summarize current thinking about the role of the computer for the curricula in the
four fields of science: mathematics, physics, statistics and chemistry [11].

The application of computers and different kinds of educational software is a topic of con-
stant interest for scientists and different educational stakeholders who significantly influence
creation and dissemination of school curricula, especially in science and mathematics. Many
talks and papers are presented at conferences, providing overview of the current state of the art
in technology enhanced learning, including both practice-oriented experiences and research-
based evidence.

In early 1990s Blum and Niss [12] reviewed applied problem solving, modeling and appli-
cations in mathematics education, extended with use of computers, and its relations to other
subjects. In contemporary mathematical modeling, the process of translating between the real
world situations and mathematics in both directions is one of the essential topics in mathematics
education [13].

Kauffmann [14] observes that using computer-aided design software in high school and uni-
versity education contributes to better and faster comprehension of geometric problems than
using traditional teaching methods. Drijvers et al. [15] emphasize that new demands occur in
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educational systems in order to prepare students for future professions where technology of-
fers enormous opportunities for teaching and learning. Exploiting these opportunities requires
rethinking educational paradigms and strategies.

STEM (science, technology, engineering, and mathematics) education is also concentrated on
developing tools and processes for teaching, which integrate concepts that are usually taught as
separate subjects in different classes and emphasizes the application of knowledge to real-life
situations, enabling teachers to teach mathematics and science much better and more effec-
tively [16, 17]. Providing early exposure to STEM content can ensure that students will continue
their interest in STEM subjects through middle and high school up to university level [18]. Now-
days seems that a new goal of education is to move from STEM to STE-A-M, i.e. to include arts,
design and creation, as one of the successful models of coexistence between art and science
education [19].

Sometimes the teachers are willing to learn new tools for teaching geometry, but they are
not also ready to implement these tools in their everyday teaching practice in schools. This ap-
pears in particularly in developing countries, mostly in the rural areas where different neces-
sary resources (including computers) for integration of technology in school education are very
limited [20-23].

Similar problem appears in Serbia as well, where adequate teaching materials and applica-
tions in Serbian language that teachers can use and display to the students are lacking. Further,
in last decade, teachers are obliged to have adequate skills and knowledge to use computers,
and there are curricula instructions compatibility improvement with modern trends also. How-
ever, the optimistic fact is that the number of teachers who successfully implement information
and communication technologies (ICT) in their classroom environment is steadily increasing
[24-26].

The importance of use of technology in mathematical education and research is accepted
predominantly at a rhetorical level. Since the computers are everywhere, school mathematics
has not changed to reflect this situation, i.e. the school curriculum still needs to be innovated
and improved. The use of well known DGS in faculty courses makes the students to play a much
more active role than in the traditional learning [27]. Later they will probably continue to use
such technological advancement in primary and secondary schools and attract and motivate
pupils for different mathematical subjects.

According to Sarama and Clements geometry is the most relevant mathematical subject
which lies at the heart of physics, chemistry, biology, geology and geography, art, civil engineer-
ing and architecture [28]. Using Logo environment they showed that computer manipulations
can help students build on their physical experiences, tying them tightly to symbolic represen-
tations. Also computer manipulations can encourage students to make their knowledge explicit,
which helps them build integrated-concrete knowledge [29].

Research and practice in education have to enhance each other through the development
of a new set of tools for understanding and supporting powerful mathematics classroom in-
struction as well as instruction across a wide range of disciplines [30].

The use of mathematical software, starting with Computer Algebra Systems (CAS) on HP cal-
culators, (some of first Hewlett-Packard scientific calculators), and continuing with, e.g. Math-
ematica and Maple, has made significant influence in teaching of mathematics. Some of re-
searchers use CAS and DGS for the mathematical modeling of a real-life problems as a problem-
solving activity that suits the purposes of mathematical learning. This contributes to the under-
standing of known mathematical concepts to the learning of new mathematical concepts and
establishing interdisciplinary relationships [31, 32].
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Along with the development of automatic theorem provers occurred a need for develop-
ing accompanying graphic interfaces which allow interactive manipulation by mouse dragging
and manipulation of mathematical expressions in symbolic form. Commercial products such
as Cabri [2, 33], Cinderella [3] and Geometer’s Sketchpad [4, 34], cover high and middle school
mathematics and physics education through algebra, analysis, geometry, trigonometry, mechan-
ics and optics, as well as many other subjects. Books, tutorials and forums contain many teaching
materials with presented and solved problems.

Recently, besides the well-known commercial DGS new free and open sources dynamic ge-
ometry systems, some of them having functionality of computer algebra systems, have also
emerged. For example GeoGebra [1, 35] is a free DGS, created by Markus Hohenwarter in 2001,
maintained by an international team of developers, which contribute to a more comprehensive
set of features integrating geometry, algebra, calculus, statistics, graphing, spreadsheets and 3D
augmented reality. A large self-sustained community of users helps students and teachers with
numerous examples of teaching materials and offers help through online forums. It had become
the leading provider of DGS worldwide as software for teaching and learning: available in many
languages, organizing International GeoGebra institutes (IGI) which focus on training and main-
tain on-line support system for teachers, develop and share workshop resources and classroom
materials, conduct and implement research projects in teaching and learning mathematics and
other STEM subjects.

The aforementioned DGS use the functional approach for specifying dynamic drawings. Our
extensible framework leverages the common Component Object Programming practices. After
identifying the core structures, mechanisms and behaviors in a typical DGS, we devised the
abstract model of an expression evaluator, and a set of code annotations (metadata) to provide
concrete functionality. This OOP approach is very good accepted by students and pupils in our
experiments [8, 9].

Also, we want to introduce development by parts in DGS by allowing component develop-
ment, independent of the development of DGS itself. It is well known principle introduced with
enhancement of software and its development in teams in different development cycles. The
components are included in DGS in run-time and have the same treatment as first-class citizens
in DGS. The natural extension of this approach is to provide visual components that, beside the
program’s aspects (properties and behavior), also have a graphical representation.

In the following sections we present these approaches.

3. EXTENSIBILITY IN DYNAMIC GEOMETRY SOFTWARE

SLGeometry framework for dynamic geometry we have been developing for several years
consists of following components:

— Specification for Types, Functions and Visual elements,
— CAS Engine,

— Extensibility infrastructure,

— JIT compilation subsystem,

— Expression parser,

— Interactive components.

SLGeometry consists of a parser, an expression evaluator (Engine) and a graphical surface
(GeoCanvas) (Fig. 1). A set of expressions, stored in named variables, which represent the ele-
ments of a dynamic drawing are maintained the Engine. GeoCanvas displays geometric shapes
and UI controls, and responds to user interaction.
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Figure 1. SLGeometry system architecture overview
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New types, functions and visual objects can be imported from DLL files into the Engine at
runtime. The DLL files can be implemented by independent developers in C# outside of the
regular implementation cycle of SLGeometry, by inheriting from a set of standard C# classes
and interfaces and following guidelines and recommendations.

Dynamic drawings are created by constructing expressions in a functional domain-specific
language (abbreviated: FLG) and assigning them to variables in the Engine. In that regard, the
set of variables can be considered equivalent to the drawing it represents. The set of types (T),
type conversions (C), operations (O), functions (F) and visuals (V) in the FLG is denoted with
7={T,C,0,F V}.

The Engine evaluates the expressions stored in variables. If the result of an evaluation corre-
sponds to a visual type registered with the GeoCanvas, the visual object, is created and shown on
the GeoCanvas. In this way, a one-to-one mapping is established between a variable and a visual
object. Expressions can reference other variables and in this way, dependencies are established
between variables. A change in one variable triggers recursive recalculation of all dependent
variables. The user can manipulate one visual object, and all dependent variables — and their
corresponding visual object — will be recalculated and their visuals updated on the GeoCanvas.

Usually for any software product is characteristic that it is getting mature during their use
and new features are adding to it to increase quality and functionality. A DGS can also be ex-
tended by adding new features. For example, extension can be achieved by adding new data
types (object types) and appropriate functions dealing with these new types, to its programming
language.

As a particular example, a Triangle object type can be added in SLGeometry, which repre-
sents a triangle defined by three points. A corresponding Triangle function can also be added,
which takes one of several sets of arguments and produces a Triangle object as a result. For
example, the following function can be considered (Fig. 2):
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Triangle (pointl, point2, point3) defines a triangle via three corners,
Triangle (pointl, sidel, side2, side3) defines a triangle via three sides,

Triangle (point1, anglel, sidel, side2) defines a triangle via two sides and the angle between them.

Figure 2. Three ways to define a triangle by the Triangle function

Software development is a complex process which includes teams of developers working
semi-independently to implement different parts (components) of the final product. A software
component should be a self-contained and self-described unit which is integrated into the main
software either at the development stage, or at runtime. In the latter case the components are
usually called plug-ins. We developed a metadata specification which is used to describe the
plug-ins and enable seamless integration of new content in SLGeometry. Thus, new functions
and data types are easily imported into SLGeometry by way of plug-ins. Our solution enables
independent development of new functionalities outside of the main development cycle, and
easy customization of SLGeometry for various subjects.

4. OBJECT DATA TYPES AND NOTATION

Geometric shapes are regarded by humans as objects with specific properties. We infer in-
formation about shapes by simply looking at them, or by performing some calculations. For
example, the triangles from Fig. 2 have three corners each; regardless of the way they were con-
structed. The corners of the first triangle are specified in its definition, while the corners of the
other two triangles are calculated from available data: lengths of sides and the angle between
sides.

Existing DGS have designated functions for obtaining data about properties of geometric
shapes. For example, in GeoGebra, one can use the Midpoint function (called "command"
in GeoGebra) to obtain the midpoint of a segment, and of several other object types. The
function-centric approach requires the user to apply the function on the object in order to
extract the property value, for example, Midpoint(Segment((1,1),(1,5))) or Midpoint(s) if
s=Segment((1,1),(1,5)).

This approach, although simple at first glance, has a serious disadvantage in a plugin-
enabled DGS. When a new object type is imported into DGS, it should be accompanied by a set
of functions related to property evaluation and extraction, which quickly leads to a cluttered
function set, with many similarly named functions, which have a very specific and narrow
application. Let us consider the Triangle object. It has dozens of properties, a subset of which
is shown in Table 1. By the function-centric principle, each of these properties should be
supported by a separate function.

The answer, to the issue of the function set overcrowding, is to introduce the full object
model into the DGS programming language. In SLGeometry, geometric shapes are objects with
their properties. Properties are accessed by using the dot notation, in the same manner as in
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Table 1. A subset of properties of the Triangle object type

Property Type

A B, C Point
Area, Perimeter Number
SideA, SideB, SideC Segment
AngleA, AngleB, AngleC Angle
MedianA, MedianB, MedianC Segment
Centroid, Orthocenter Point
AltitudeA, AltitudeB, AltitudeC Segment
Incircle, Circumcircle Circle

object oriented languages, e.g. Java and C#. Thus, the example with the midpoint can be rewrit-
ten in a simpler and more natural way, as Segment((1,1),(1,5)).Midpoint or s.Midpoint if
s=Segment((1,1),(1,5)).

Dot notation brings the "object-dot-property" naming scheme into DGS. Considering that
properties of geometric shapes may be shapes themselves, this scheme becomes recursive. For
example, the length of a side of a triangle is accessed as Triangle(a,b,c).SideA.Length or
t.SideA.Lengthif t = Triangle(a,b,c) and a=(1,1),b=(1,5),c = (2,4).

As the properties of an object are kept within the object itself, it is possible to implement a
graphical user interface which enables the user to discover the objects’ properties interactively,
e.g. by right-clicking or touching it. By the same recursion as above, the user can ’drill down’ the
object hierarchy and discover objects within objects.

Midpoint( <Segment> )

Returns the midpoint of the segment.
|Example: Let s = Segment((1, 1), (1, 5)). Midpoint(s) vyields (7, 3).

Midpoint( <Conic> )

Returns the center of the conic.

| Example: Midpoin(x*2 + y*2 = 4) yields (0, 0).
Midpoint( <Interval> )

Returns the midpoint of the interval (as number).
Example: Midpoint(2 < x < 4) yields 3.
Midpoint( <Point>, <Point> )

Returns the midpoint of two points.

Example: Midpoint((1, 1), (5, 1)) yields (3, 1).

Midpoint( <Quadric> )

Returns the midpoint of the given quadric (e.g. sphere, cone, etc))

Example: Midpoint(x*2 + y*2 + z*2 = 1) vyields (0, 0, 0).

Figure 3. The Midpoint function in GeoGebra
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Table 2. Circumcircle in GeoGebra and SLGeometry

GUI Expression input Dynamic drawing
GeoGebra A=(0,3) )
B=(0,0) i
C=(4,0) 2 B
t1 = Polygon(A,B,C) 5 @/
a=Segment(B,C, 1) 0 B4 4

b=Segment(C, A, t1)
c=Segment(A,B,tl)

f =PerpendicularBisector(a)
g = PerpendicularBisector(c)
D = Intersect(f,8)

d=_Circle(D,QC)

SLGeometry | A=1(0,3)
B=(0,0)
C=(4,0)
T=Triangle(A, B,C)

K=T.Circumcircle

Let us observe a triangle defined by 3 points, A, B and C and compare the way its circumcircle
is drawn in GeoGebra and SLGeometry (Table 2). In GeoGebra, triangle is defined by way of the
Polygon function, and each individual segment is automatically assigned a variable. A center of
the circumcircle is defined as the intersection of the sides’ bisectors, which are obtained with
the PerpendicularBisector function. The intersection is calculated with the Intersect function.
Finally, the Circle function is used to draw the circumcircle.

In contrast, the Triangle shape in SLGeometry already has the Circumcircle property. The
triangle T is defined by 3 points A, B and C using the Triangle function. Now it suffices to ad-
dress the T.Circumcircle property and the circle appears in the drawing. This is obviously an
improvement, as Circumcircle needs not be implemented as a separate, stand-alone function in
SLGeometry. It is implemented under the Triangle object. The resulting syntax in SLGeometry is
thus simplified compared to the classical functional approach in other DGS.
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5. INTERACTIVE COMPONENTS

DGS are designed to operate primarily with numbers, geometric objects and mathematical
functions. Today, however, many teachers employ DGS to construct interactive examples for
subjects other than mathematics, such as physics, chemistry, biology, geography, engineering
and art. Creating dynamic drawings for such subjects can be a tedious undertaking. For exam-
ple, an interactive clock with moving hands can consist of as many as 30 separate geometric ob-
jects. The many objects that make up the clock are difficult to distinguish from the other objects,
drawing the pupils’ attention away from the main focus of the material. Making a simple copy
of the clock generates another 30 separate objects and adding to the clutter. Furthermore, it is
difficult to reuse the clock in another drawing. The same limitation also appears when creating
teaching materials for other subjects. For example, teachers often use DGS to show geographic
maps, consisting of tens and hundreds of points.

Our proposed solution is to introduce interactive components in SLGeometry. Each compo-
nent, no matter how complex, can be included into dynamic drawings as single object. Each
component must be developed in C# by a developer. All data needed for drawing countries are
added to Country function in advance.

For example, the geographic map component (Country function) displaying Italy is shown
in Table 3. The component takes the country name as a parameter and generates a list of points
comprising its outline.

Table 3. Italy shown by the Country component

italy = Country("Italy", 0)
italy.Visible = false

pItaly = Polygon(Italy)

Components in SLGeometry are either functions or visual objects, which are added to the
existing functions and visual objects. When considering the use of components, one should have
in mind several important issues.

Without components
— One complex object is constructed from many geometric shapes,
— Many variables required to hold these shapes,
— No logical connection between the shapes,
— Construction can be completed in DGS alone,
— Duplicating the complex object requires duplication of all its constituent parts.

With components

— One complex object is represented by one component,
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— One variable is required to hold the component,

— One-to-one correspondence between the component and its real life counterpart,
— Component is developed by an experienced developer, outside the DGS,

— Duplicating the complex object creates only one additional. variable

As one can see, the existence of components in DGSs have many positive aspects. However,
there is also a drawback — each component must be developed in C# by a developer, outside of
SLGeometry. This means that the majority of ordinary users do not possess the necessary skills
for component development. On the other hand, given the proper instructions and adequate
guidelines, a reasonably skilled developer could make a number of components and make them
available for download, for example via a dedicated Web site or from within the DGS .

6. JUST IN TIME COMPILATION

From our teaching experience and our colleagues, we learned that the dynamic drawings,
created by teachers and students, are becoming more complex. This phenomenon stems from
DGS being applied to an ever growing range of teaching subjects, such as geography, physics,
electrical engineering, architecture and arts. Compared to geometric drawings, the drawings
for other subjects contain a substantially greater number of expressions and corresponding vi-
sual components and real-time recalculations of dynamic drawings is becoming CPU intensive.
Therefore it is logical to try to speed up calculation of expressions in DGS.

We are currently working in order to solve these problems. Our main intention is to work
on just in time (JIT) partial compilation of expressions in SLGeometry. We have developed the
necessary infrastructure, which enables compilation to be implemented on any individual func-
tion. The main idea behind partial compilation is to use the metadata and dynamic typing to
identify parts of expressions trees which are compilable, and to transform those parts to com-
piled code. Authors of different functions can decide whether they want to support compilation,
by implementing a Boolean flag. Therefore it is possible that some parts of expression trees are
not compilable . Other factors can also affect compilability. Therefore an expression tree may
be only partially compilable (Fig. 4).

Figure 4. A completely compilable tree vs. a partially compilable tree

There are several possible compilation approaches that have been considered — MSIL code,
Expression trees and delegates. It is up to the authors of functions to decide which approach they
want to use, based on possible performance gains and the overall difficulty of implementation.
In our preliminary testing, we have found that delegates may provide a good balance in that
regard. Each function passes the “initialization” phase during which it can decide, based on the
types of supplied arguments, which delegate to use for evaluation, assuming that the types of the
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arguments will not change between evaluations. This way, under repeated evaluation, the func-
tion can omit parameter type checking and branching, and proceed to evaluate the optimized
delegate, thus saving a considerable amount of time.

We have performed several tests on compiled code and found out that significant reduction
in calculation time is possible.

7. ARDUINO INTERFACE

We are considering a possibility for connecting Arduino to SLGeometry. Arduino [36] is a
family of microcontroller-based development boards and accompanying open source software
which are affordable, simple to program and easy to connect to a wide variety of electronic
components and peripherals such as sensors, radios, motors etc. Although intended for educa-
tion and hobby projects, Arduino is also used in commercial products. Arduino software consists
of a base platform with integrated development environment and an open-access library which
contains hardware drivers and software components. Arduino is programmed in C++.

An Arduino board has several input and output pins. Some pins are digital, while other are
analog. Digital pins only support logical values of true and false, represented by discrete voltage
levels of 5V and 0V. Analog pins can measure voltages in the continuous range from 0V to 5V.
Peripherals communicate with Arduino via interconnected pins, which can be read from and
written to in a C++ program.

There exist many educational examples, from digital clocks and thermometers to robots
and Internet of Things (IoT) applications. Currently we are working on an object model of the
hardware which would represent Arduino as a visual component in SLGeometry, with inputs
and outputs that can be bound to arbitrary mathematical expressions. Our aim of connecting
Arduino and SLGeometry is twofold:

1. to obtain real-world data from Arduino and have it processed in real-time in SLGeometry,
and
2. to enable SLGeometry to control various devices on the Arduino.

The virtual Arduino component for SLGeometry will contain an array of input and output
pins, each mapped to a corresponding pin on Arduino. Changes on input pins will propagate
from Arduino hardware to SLGeometry, while changes in the virtual Arduino component will
propagate from SLGeometry to the hardware. Additional electronic components, connected to
Arduino, will also be mapped to corresponding sets of pins in the software component. A two-
way, real-time transfer of pin states will be established between the hardware and the software,
thus enabling the software to act upon multiple inputs generated from the hardware, and send
its outputs in the opposite directions.

A simple example demonstrates the benefits of this approach in education. Let us consider
a monitored capacitor charging circuit (Fig. 5). As the capacitor charges, the voltage across its
terminals rises, quickly in the beginning and more slowly as it approaches full capacity. One
method to determine the stopping criterion for charging is to observe the slope of the volt-
age curve. Charging stops when the slope becomes almost horizontal, i.e. falls below a certain
threshold.

To determine the slope of the experimental curve, one can employ numerical differentia-
tion. On the other hand, school pupils may use geometric methods: for example, construct a line
through the last two measured points and compare its slope to the threshold. In this example,
measured data is obtained from the Arduino, and automatically transferred to the virtual Ar-
duino component in SLGeometry. From there, a simple expression extracts the last two points
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Figure 5. Capacitor charging experiment with Arduino

and constructs a straight line through them. A Line object is created as a result, which has the
Slope property. Thus, an interactive example is created, which does not require any advanced
knowledge of numerical mathematics or geometry, yet illustrates the solution in an obvious way.

We hope that results of such our efforts will find its positive place and be motivational for
pupils and teachers in primary and secondary education, especially applied to subjects such as
physics and electronics.

8. CONCLUSIONS

As teachers and student become more proficient in the use of DGS, they are trying to apply
them in various subjects, not just mathematics and geometry. Although their interactive nature
makes them attractive to use in teaching and teaching materials creation, some drawbacks stem
from their essentially geometric nature. We have tried to develop new features and have them
built into SLGeometry in order to test new approaches to using DGS in teaching.

Extensibility is a key feature of any DGS that aims to cover the ever growing spectrum of ap-
plications in education. Our solution to extensibility provides the users with new functionality,
suitable for their needs, and developers with a simple framework and guidelines for develop-
ment of new data types and functions. Full object model, named properties and dot notation
are a commonplace in modern programming languages. Bringing those features into DGS helps
reduce the clutter in the function pool, which occurs as a consequence of constantly increas-
ing number of functions and shapes that modern DGS support. It also helps bring the objects
and their properties together, and also enables interactive discovery of properties of geometric
shapes. Just in time compilation and Arduino interface are two features that are currently un-
der development. Our aim is to explore the ways to make a DGS more CPU efficient. Also, we are
looking for the best way to collect, process and explore real-time data from microcontrollers in
a DGS.
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Porde Herceg, Davorka Radakovi¢, Mirjana Ivanovi¢, Dejana Herceg

30BaTeNIbHbIX MHCTPYMEHTOB 1 NOAGOPOM MaTepuanos, KOTOpble ABAAITCA 3ddeKTnB-
HbIMW, AeACTBEHHBLIMW 1 NpUBAEKaTeNbHbIMU ANSA yyalymxcsi. lMporpammHoe obecneye-
HUe AgnHamMunyeckoi reomeTpun (DGS) cerofHs LWMPOKO NCNOAbL3YeTCs B NpenojaBaHnm
N U3ydeHUN maTematuku. Takoe obpasoBaTeNbHOe NMporpaMMHoe obecneyeHne MoxeT
pa3BMBaTbLCA HECKOAbKUMU cnocobamu, Mbo HaacTpauBas HoBble GyHKUMW, AnMbo Ao-
6aBnas HOBble PYHKLMMN HA MOBEPXHOCTY, 160 pa3BMNBas MeXaHN3M OLEHKU B ero sjpe.
Peanusaunsa DGS gomxHa 6bITb NPOCTOA U MOAYNBHOIA.

UT06bl f06UTbCS pa3BuTUsA aapa DGS Mbl paspaboTann cpesy nNporpaMMypoBaHus Ans
NPOrpaMMHOro obecrneyeHns AUHamMU4Yeckoin reometpun SLGeometry ¢ 0606LeHHBIM
GYHKUMOHANbHBIM A3bIKOM W COOTBETCTBYIOLLMM MEXaHU3MOM OLeHKU BbIPaXeHWiA.
MexaHu3M felicTByeT kak ¢ppeiiMBOpK, B KOTOPbI/i BCTPOEHa KOHKpeTHasa cemaHThKa B
BUAe KOAa, aHHOTUPOBAHHOIO MeTafaHHbIMK. ITOT GppeiiMBOPK NpeobpasyeT 06bIYHbIN
BbIYNCANTENb fiepeBa BblpaXeHWii B 06beKTHO-0p1eHTMPOBaHHbIN. B To Bpems Kak Apy-
rve DG 0CHOBaHbI Ha YNCTO GYHKLMOHANBbHBIX OL|eHLLMKaX BblpaXeHWI, Hallle peLleHne
obnagaet npeumyLlectsamu 6onee obLlero, NoAAepXMBaeMOro, NOHATHOro, NPOCTOro
B peanu3auuv 1 0becrneynBatoLLiero ecTeCTBeHHbIN CNocob 3ajaHns CBOMCTB 06bekTa
B N0/Mb30BaTeNbCKOM WHTepdelice, MUHUMU3MPYS TUMM3ALMIO W CUHTaKCUYeckne
oLIMbKN. MogynbHbI/ NOAXOJ NO3BO/SET CaMOCTOATE/IbHO pa3pabaTbiBaTk NPeAMeTHO-
OpUEHTPOBaHHble KOMMOHEHTbI, KOTOpble Nerko A06aBAfOTCS B MeXaHW3M OLEeHKM
B BUAe nnarnHoB. O6bEKTHO-OpPMEeHTMPOBaHHbLIV XapakTep ¢peliMBopka Mo3sonseT
pa3pabaTbiBaTb aBTOHOMHbIE eAVHULbI, Takne Kak 06BbeKTbl U BU3yaibHble 3N1eMeHTh,
KOTOpPble NHKaMNCyAMPYHOT NPeAMETHYI0 CeMaHTUKY U NPeACTaBAAIOT ee N0Nb30BaTeNt0 B
BUAE BUPTYa/IbHbIX 3aN0AHUTENER AN peanbHbIX 06BEKTOB U MOHATHIA.

B 3Toli cTaTbe Mbl NpeACTaBAsieM HECKObKO BO3MOXHbIX Y/y4llUeHWA NporpaMMHOro
obecrneyeHns gMHaMUYECKO reoMeTpun, B NepByto oyepedb Ha naatdopme, KOTOPYHO
Mbl BHeApuaun. Kpome Toro, Mbl 06cyxaem npenmyLectsa 3tux GyHKUMA 1 NX BAUSHNE
Ha nonb3osaTeneii/ctyaeHToB. Mojxoa TecTupyeTcs Ha SLGeometry — Halueld naatpop-
me DGS, paspabotaHHoii B C# Ha nnatdopme .NET Framework.

KntoueBble c/I0Ba: 1porpamMmHoe obecredeHue 415 AUHAMUYeECKol reoMeTpuy, o6yde-
Hue, pa3paboTka KOMMIOHEHTOB.

Uutnposanue: Xepuer /[. Pagakosuu [., VBaHosuuy M., Xepuer /[. Bo3moXHble
yCOBEpLLEHCTBOBaHUS COBPEMEHHOro MNpPOrpaMMHOro obecrneyeHns AMHAMUYECKON
reomeTpun // KomnbroTepHble MHCTPYMeHTbl B 06pasosaHum, 2019. Ne 2. C. 72-86. doi:
10.32603/2071-2340-2019-2-72-86

Moctynuna B pegakymto 15.05.2019, okoH4yatenbHbIli BapuaHT — 20.06.2019.
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