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§ 2. The Gap of Complete Proof and Incomplete Proof in Mathematics Education
using Technology

CAToE DI, (2] o5 THD,)
2.1 Complete Proof and Incomplete Proof in Mathematics Education
We illustrate the distinction between a complete proof and an incomplete
proof for the learner in mathematics education using dynamic geometric
software (DGS).
The study of the elements of plane geometry yields the best opportunity
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to grasp the idea of a rigorous proof. Let us take as an example the complete
proof of the following theorem: For any triangle, the sum of the three angles
is equal to two right angles, which is an inalienable mental property for
most of us. Assume a line through a vertex A parallel to the side BC of
a triangle. Then the angles of the triangle at B and at C are equal to certain
angles at A, since alternate angles are equal in general. The three angles
of the triangle are equal to three angles with a common vertex A forming
a straight angle, that is, two right angles, and so the theorem is proved
(G. Polya. (1954)) [3].

Incomplete proofs ought to be carefully distinguished from complete proofs;
to confuse one with the other is bad, but to pass off one as the other is
worse. However, incomplete proofs may be useful when employed in their
proper place and in good taste. Their purpose is not to replace complete
proofs, which they never could, but to lend interest and coherence to the
presentation of a fact.

As the example of a complete proof and an incomplete proof of the above,

we show a typical example using DGS as below.

Example 1. (Example of a complete proof)

We draw a quadrangle ABCD and take the four middle point P, Q, R, S of the
sides AB, BC, CD, DA, respectively. Then the problem is to show what kind
of quadrangle PQRS is.

We consider the segment PS and the diagonal BD, which is a supplementary
element, and apply the midpoint connector theorem. The segment PS and the
diagonal BD are parallel to each other. Similarly, the segment QR and the
diagonal BD are parallel, and so the segments PS and QR must be parallel

by transitive inference. Therefore, the quadrilateral PQRS satisfies the
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definition of a parallelogram.

Example 2. (Example of an incomplete proof)
The angle of circumference is half of the central angle. This famous theorem

is often shown to a learner by performing many measurements.

In this example of using DGS, the theorem is not proved with technology,
rather by the teacher only showing cases. However, then learners’ interest
in the theorem is excited, and learners incise the property of the
properties of the angle of circumference. This is an effective way for
letting learners recognize the objective. In addition, this example is a
typical one for showing how an incomplete proof is different from a complete

proof.

2.2 Automated proof

Automated theorem proving (ATP) is a subfield of automated reasoning and
mathematical logic, focusing on the proving of mathematical theorems using
computer programs. The Theorema system (THEOREMA) [4] allows algorithms
to be expressed using the predicate logic of the Mathematica programming
language. We can use this “Theorema language” to express propositions
from set theory. We use only the basic operations defined earlier. The
syntax, including all symbols, is interpreted unambiguously by the Theorema
parser into Theorema’ s internal representation.

In logic, if the statement is true, then its contrapositive is true. We
can prove it by using THEOREMA. Is this proof complete proof? We must think

about it in a viewpoint of the mathematics education.
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§ 3. Teaching and Learning by using GeoGebra

(LLFo#Es %, 6] »HDBIATHS,)
3.1 Gaining knowledge and solving problems
Human modeling can elucidate how humans make decisions and how learning
ability can be improved. Techniques that have been used widely in this field
can be classified into those that integrate a control theory model [25],
a probability theory model [6], a will determinism model [11], an
information processing model [7], or an artificial intelligence model [16],
and those integrating all of these models [23]. The rapid development in
research on computer technology, cognitive psychology, and artificial
intelligence has led to a shift from behavioristic models [21], which ignore
the psychological processes of behavior, to information processing models
[14] and artificial intelligence models.
However, these models are still limited with respect to human cognition
and while promising new research is being conducted, such research [8] has
not been collated into a theoretical system with specific methods. When
considering a human model, the model must be viewed as a process model,
a knowledge model, and a control model. At present, the models used to
describe human information processing include a 7-step user action model,
a 3—level human action model, a human cognition model, and a knowledge model.
Unfortunately, there is currently no optimal model of understanding in
cognitive science. When constructing a new model of human cognition, the
effects of various factors should be accounted for. Attempting to construct

a model based on the consideration of as many factors as possible would
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complicate the model with too many hypotheses and parameters, making it
difficult to test
Therefore, the human model proposed in the present work is based on the
three-level model of Rasmussen [13] arose from research on human actions
in large-scale systems such as an atomic energy plant or an aircraft. We
can consider that such a model has been applied to understanding in
cognitive science. Thus, this model was used to position problem—solving
strategy and clarify cognitive changes. Almost all human cognitive
activities arise from an interactive process between information from the
outside world and the knowledge possessed by the individual. Information
“from the outside world” is affected by the cultural background and social
customs. “Knowledge possessed by the individual” is influenced by the
experiences of the individual. Despite this complicated and continuous
interactive reaction between external and internal factors, there are
environments and stimuli common to all humans; common human reactions exist
Internal knowledge includes not only linguistic and analytical
intellectual knowledge, but also non-linguistic and comprehensive
intellectual knowledge. Humans seem to use both types of knowledge to
understand, learn, and act. Determining whether such human activities can
be accurately evaluated and included in a theoretical framework is the key
to developing a user interface that can elicit the full intellectual
potential of humans.
If we want to conduct effective cognitive science that identifies the source
of understanding and creativity, rather than simply utilize unconscious
human actions to reach into the depths of human psychological activities,
then we must establish a framework that explains the communication between
the external and internal sources of knowledge. Our proposed human model
of understanding in cognitive science is based on a three—level model of
human action. Human researching begins with physical processes, followed
by visual processes, and finally intuitive (symbolic) processes. In

rule-based actions, classifying behavior occurs in response to problems.
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This makes efficient search possible, by indicating what should be done
next based on the present situation. To examine how the classification is
expressed and constructed, subjects are given several problems to solve
for the present study. If the calculation procedure is incorrect when the
behavior classification is being constructed, the results will not be
predictable. What required identification was how easy it was to
reconstruct the classification and what conditions facilitate the
identification of the actions that were the cause of the error. In order
to assess the degree of freedom achieved, a measurement method was required
for identifying the necessary conditions for moving from a rule-based
activity to a skill-based activity. Knowledge—based behavior results from
cognition and interpretation of external conditions and the construction
of a psychological model that uses skill- and rule—based behavior as a
solution process.

This requires knowledge of how humans solve problems. Information must be
organized and recorded for cognition and understanding. Receiving a message
means that the message is reconstructed. In order to do this, one must have
the resources with which to conduct this reconstruction. An agent should
be able to function appropriately with human common sense and the ability
to learn. The agent should always consider safety and accuracy and also
possess the ability to explain what is dangerous. The issues in designing
such an agent and its actual use must be identified. Mistakes in
knowledge—based behavior due to illusions or uncertain memory can lead to
the inability to choose or the lack of knowledge of an operation procedure.
To integrate these skill-, rule—and knowledge-based behaviors, the
three—level human action model was painstakingly reconstructed in order
to establish a useful human model, which is used for the learner in cognitive
science.

Gaining knowledge and solving problems is two side of the same coin.
Reasoning is a reduction of the complex to the simple. Mathematics is the

science of “explanation” (reducing everything to “plain things”). By using
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theorem prover, we can reduce the proofs of complicated theorems to simple
steps. The development of theorem prover is an exciting study of mathematics
and computer science. Creating the mathematical technology (creating the
algorithm) proceed by thinking and applying the results. There are many
computer algebra systems for proving mathematical theorems in automatic

mode. In this paper, we will show the structure of GeoGebra.

3.2. Human Model
According to the three—-level human behavior model of Rasmussen, automatic
human actions can be classified into the three levels of skill-, rule— and

knowledge—based actions (Fig.3-1, [20]).
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Fig 3-1: Three-Level Model of Human Action

Skill-based action: These actions occur at the stage when some intention
is formed. However, the actions are automated and are executed without the
control of an action pattern.

Rule—based action: Actions that utilize a previously acquired rule in order
torealize a specified purpose. The learner constructs and executes a series
of actions.

Knowledge—based action: The learner recognizes the situation, manipulates
a psychological model and considers possible strategies.

A skill-based action is a response that occurs in less than 1 second [17].
A chain of skill-based actions is a rule—based action. Thinking about how

to solve a problem is a knowledge—based action. Skill-based actions are
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performed smoothly without intentional control. Rule-based actions require
a great deal of repetitive practice in order to be transferred to the
skill-based level. First, the external conditions must be recognized then
the rules for composing the act are combined with the conditions required
to carry out the behavior. Knowledge—based actions require the recognition
of external conditions, the interpretation of these conditions, the
construction of a psychological model for considering solutions, planning
and finally, the use of the other two behavior levels to carry out the action.
This is a process model in which mastery of behavior requiring thought is
internalized to the point where it can be carried out unconsciously.
Mistakes can be explained as omitted steps, or for example, as pushing the
wrong nearby button in smoothly carried out skill-based actions. In the
case of knowledge—based actions, illusion can lead to error. In the present
study, this process was analyzed using Rasmussen’s three—level human
behavior model in order to identify what functions are essential to
facilitating smooth action and learning. Behavior used to learn about
problems and how to solve them is classified in detail according to the
three—level model. Humans act by classifying issues and their relationships
by consciously combining them. Humans control themselves by constantly
observing, thinking about, evaluating and integrating their behavior in
order to achieve accuracy, continuity, consistency and normality [13].
Classified factors can be separated into the same three levels as the

general actions

3.3 Strategy

In cognitive science, humans use strategies to solve problems. Strategies
are used as knowledge to plan solutions and decide procedures. When these
procedures, in general or for the most part, obtain the correct answer,
the procedure is called a heuristic; however, such heuristics do not always
result in a correct solution. The study of factors related to the early

stages of strategy is based on observing the results of an individual’ s
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problem—solving method. Following the initial stage, the individual passes
through a series of stages and then reaches a solution. However, consensus
has not been reached regarding the meaning of these stages. For example
Wallas identified the following four stages involved in problem solving
in the book “The Art of Thought” [24]:

1. Preparations (collecting information)

II. Warming up (Separating from the problem)

III. Flash (Sudden insight)

IV. Verification (Reaching a solution)

Duncker’ s observation that “A person resolves the problem into a goal
for the lower rank, and then he tries to solve the goal for the lower rank”
[9] could not be verified. At this time, not much could be inferred about
human accomplishments and an individual’ s thought processes could not be
described clearly. Subsequently, cognitive psychology came to the
forefront and Polya clarified a method for teaching problem—solving
strategies in [18]. Ernst and Newell and later Newell and Simon, extracted
strategies using the following method [15]. A man involved in solving a
problem was directed to communicate the contents of his decision—making
process and his thoughts through speech. The strategy used by the man was
extracted from the records of his speech. Newell designed the General
Problem Solver (GPS) computer program based on the problem-solving methods
that were clearly and accurately described. This GPS successfully solved
the following 11 problems, which are all different kinds of problems.

I. Missionary and cannibals (Three missionaries and three cannibals
must cross a river using a boat that only two people can ride at
a time)

IT1. The integral calculus (The application of an integral formula)

III. The tower of Hanoi (Different size disks must be moved and placed
on three sticks)

IV. The proof of the theorem (The theorem to solve a function

calculation)

V. Father and sons (A father and 2 sons cross a river on a boat
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with a 200-pound—capacity)

VI. Subject of the monkey (There is a banana at a height that a monkey

can not reach)

VII. Three coins (Two coins can be overturned at a time, and by the

third attempt all coins must be showing the same side)

VIII. Sentence analysis (Distinction of parts of speech)

IX. Water pot problem (Using five gallon and eight gallon water tanks

two gallons of water must be measured)

X. Character line complete problem (The rule must be detected from

a row of characters)
XI. The bridge of Kernihisberg (When returning to the city, one passes
seven cities and seven bridges, but passes each bridge only once)
For a computer to solve a problem, the expression of the problem solution
strategy must be accurately described as follows:

(1) The problem must be expressed as a problem space.

(2) The problem space consists of the possible operations available
to change the premise conditions of the problem, the final
conditions of the problem and the middle conditions

(3) The problem space has a passage that can be used (dead end)

(4) Solutions to the problem are to be sought from the viewpoint of
problem—solving goals. They are not carried out from a trial and
error perspective

Strategies are used even when human beings solve mathematical problems.
Recognition knowledge and experience are used as “doing it like this is
effective in this case” . The ability to rapidly reference knowledge is
required for strategies based on experience. Furthermore, the recognition
of thoughts and feelings controls. The famous book by the mathematician
Polya, “How to solve it [18], showed the processes of mathematical problem
solving; however, one can not learn how to use heuristics in problem solving
just by reading a book. In researching problem solving, there are two

contrasting concepts. The first emphasizes insight, flash and senses, while



12 HERA—7 vV =2V 7+ 7 27 GeoGebra O EWIHEHES S 1 B4 5 TF%E

the second emphasizes experiential knowledge. The former concept employs
a strong tendency to perceive that strategies of thought are learned through
the experience of problem solving. In other words, it is assumed that an
intuitive feelings and specific technical abilities can be acquired. In
the latter concept, it is assumed that problem solving ability arises from
the accumulation of rules inherent to the domain provided by an individual
problem. Such differences depend on the problem’ s nature, domain and level,
and the type of person involved in the learning process. In addition, it
is difficult to establish clear boundary lines between these two concepts.

In problem solving, experiential knowledge plays a large role. Heuristics
are general ideas or algorithms (a procedure providing the correct
solution) and are widely used. Heuristics are equal to “the logic of a
thought” . Examples of extremely general strategies are “try to draw a
figure if you come across a difficult problem” and “search for similar
problems that you have experience with” . There are also concrete
strategies we are familiar with, such as “A problem requiring the
comparison of quantities requires two differences and a transform formula”

and “try to make clauses that differ next to each other for number sum
sequence problems” [10]. Therefore, the kinds of strategies that students
actually use were examined. The present research explores the differences
in the learning of students who adopt the strategy of physical principles
without knowledge of the usual learning methods for mathematics and
students who adopt the natural strategy of mathematics, which proceeds with
logical, progressive thought. These differences are assembled in the
student’ s brain, which determines how these strategies are to be used.
Finally, a learner independently searches for heuristics. It is desirable
to understand this process, in order to recognize the meaning of cultivating
natural mathematical comprehension and thinking power. However, currently,
there are many cases in which the learner does not consciously study
problems from the perspective that “there are various learning methods

and heuristics” .
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3.4 Theorem Prover

The theorem prover is being used frequently in mathematics teaching.
Although good teaching examples and experiences exist, the efficient and
successful use is not self-evident, yet. A subtle relationship exists
between paper—and-pencil techniques, theorem prover and conceptual
understanding. The nature of theorem prover is different from that of
paper—and-pencil techniques. Mathematics are presented as a primarily
mental activity that involves the construction of mathematical objects and
relations. Using the theorem prover requires insight into procedures as
well as into the concepts involved.

In cognitive science, use of a computer with the theorem prover can correct
the weakness in mathematical thinking. We can clearly understand
mathematical concepts and can minimize the burden of operation
opportunities. Computer software using a theorem prover have bring about
changes in mathematical thinking. Therefore, learners can concentrate on
mathematical problems.

GeoGebra: GeoGebra is an interactive geometry, algebra, statistics and
calculus application, intended for learning and teaching mathematics and
science from primary school to university level. GeoGebra 1is an
interactive mathematics software program for learning and teaching
mathematics and science from primary school up to university level.
Constructions can be made with points, vectors, segments, lines, polygons,
conic sections, inequalities, implicit polynomials and functions. All of
them can be changed dynamically afterwards. Elements can be entered and
modified directly via mouse and touch or through the Input Bar. GeoGebra
has the ability to use variables for numbers, vectors and points, find
derivatives and integrals of functions and has a full complement of commands.
Teachers and students can use GeoGebra to make conjectures and to understand
how to prove geometric theorems. GeoGebra [26] is a good platform for

experimentation which supports the development of mathematical concepts
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and the abilities to explain geometric properties. By using GeoGebra, we
can aim at consolidating students’ understandings on the geometrical
concepts through experiencing the process of exploring, conjecturing

verifying, justifying and proving is described

3.5 Knowledge Base in Cognitive Science

When researchers use the theorem prover for the acquisition of knowledge
or skills, we must consider a “tool” to be a “symbol device” . A symbol
device exists between the researchers and the research subject. Operation
activity occurs between a symbol device and the researching subject. In
cognitive science, two difficulties exist, one in the interaction between
the researcher and the symbol device, and one in the interaction between
the symbol device and the research subject. Therefore, we must overcome
these difficulties in order to effectively utilize the theorem prover in
cognitive science. Moreover, we must assess the benefits of considering
the integration of the theorem prover from the perspective of the
relationship between mathematical knowledge and mathematical concepts.
When theorem provers are used in mathematical studies, researchers achieve
a result through their efforts. Then, the researchers must investigate
whether conceptual problems exist or whether they simply do not appreciate
how the theorem prover works. By using a theorem prover effectively
researchers become aware of numerous mathematical ideas. This is made
possible by incorporating the results of research in cognitive science.
In carrying out a seven—phase model of human action, “the formation of a
series of intentions or actions” must be performed smoothly [22]. The
effective use of a theorem prover in cognitive science is influenced by
the contents of mathematical thought, and research and understanding of
mathematics can further influence general idea formation. The theorem
prover influences the “perception — interpretation — evaluation” phases
of evaluation. The foundations of this model were studied by Rasmussen as

the three-level control model of individuals’ actions [22]. We can use
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the theorem prover as a material object that is available for the assessment
of human activity. The use of the theorem prover can establish automatic
and routine procedures. Controlling this automation is essential,
especially in research on though processes. There are three methods for
creating a theorem proof (by hand, by mind and with a computer). A
researcher’ s point of view of cognitive science considers the relationship
between the brain and mind as the relationship between hardware and software
in a computer. According to this point of view, the science of the mind
is a special science, the science of thought.
We must distinguish between a tool and an instrument. Recent studies have
given us theoretical tools for improved understanding of human/machine
interactions. The psychological component is defined through the notion
of a scheme. Operations rely on implicit knowledge, specifically, concepts
that are implicitly considered. This knowledge guides the action. A scheme
is itself the product of an assimilation activity, in which the computer
and the available theorem prover play major roles. An instrument is a mixed
entity, with a material component (a tool, or a part of a tool activated
in order to realize a specific type of task) and a psychological component
(the schemes organizing the activity of the subject). The theorem prover
can act on several levels as an instrument in cognitive science:
~ The first level (the level of the default system);
— The second level of an instrument or a set of instruments;
- The third level (a meta one) of the relationship of a subject with an
instrument or a set of instruments.
These three levels correspond to tools in different levels of cognitive
science:
- Primary tools, the concept of the tool for initial research;
— Second—level tools, representations and action modes utilizing first
level tools;
- Third-level tools, for trained researchers

In the three-level model of human behavior, operations and strategies can
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be identified and considered in relation to human thought processes in order
to facilitate error—free problem solving. In consideration of surface
features and conditions, similar problems can be recognized and suitable
problem—solving methods can be identified. In addition, it was found that
contents of the subconscious can be raised to the knowledge—based action
level in order to support the expression process and the achievement of
efficient functioning

The technology of theorem prover automated reasoning. The ultimate goal
of mathematics is technology. To do mathematics is gaining knowledge and
solving problems by reasoning. Theorem prover is a powerful tool for
researching mathematics. Researchers should appreciate the possibility of

sharing cognitive level with such technology (Fig. 3-2).

Continuum of knowledge and skills required for using theorem prover

Tchnical aspects

M

Hardware Software Proving

Skill-based Rule-based Knowled, d

Fig 3-2: The continuum of knowledge and skills required for using theorem

prover

Researchers can use theorem prover as a partner . However, researchers
must study not to reach for the computer in an unthinking manner.
Researchers need to be aware that algebraic expressions using theorem
prover syntax may be time consuming. If an expression is to be used
repeatedly in the proof of a theorem then this initial time spent on theorem

prover entry may be worthwhile but researchers will require guidance in
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making these choices. In contrast, strategic use requires the researcher
to think about the mathematics and the tool. The value of theorem prover
will be realized once researching with the tool simulates rather than
impedes mathematical thinking. To reach this stage, researchers must
encourage to develop the habits of discerning and strategic use of theorem
prover along with the elements of algebraic insight required. In this way,
theorem prover gives many opportunities for rich mathematical researching.
Technology in mathematics is the fulfilment of the aspiration of
mathematics in the computer age. By recent advances in computational logic,
computational algebra and software technology, the automation of reasoning

promises to become practical feasible and useful for mathematics research.
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File => Import —> Gradle —> Gradle project T, U —2 AX— A/ 5GeoGebra
%% L, Build model® 27 VY v 7 4%, Z I C. input3D& input3D/impl LAk
I L, input3D/stub2>BHF = v 7 #4L9, Run before® with option#?
cleanEclipse eclipse TH D I L ZMER L (AR L7W\Z &), Finishz 27 U v
73 %,

src/main/ java®org. geogebra. desktoplZd % GeoGebra3D. javaZ iR L. 7
U~ 27 LCRun As —> Java ApplicationZ EiR9 5,

PR LY 7 Ny =7 OMEIILL T O#EY Th D,

Eclipse &%, IBMASBHAE L7-fE & BAFEEREE (IDE) TH D, < D7 r s/
T IV TICERERIG, BE LY —AfisE7 EOReZ T 2 mifkRe /s 4 —
T —=ADY T N =T ThHD,

GWT & 1X. Google Web Toolkit?d Z & T&H Y . GoogleDIEftd 29—
AHFHTHOICNERY 7 N =T Th b,

Gradlel 1, 747 7V OIKEMRARELFERL 2R3 3 Lk
THOENLRY—LThB,

SWEIE, BT L0 Y —Aa— ROEBT AT ASubverionZ i 2.
LY 7 U7 ThHY, BEHBESELRRELEMHRT LI ENTE D,



BEMA—7v V=AY 7+ 9 =T GeoGebra OFEWIEREL LI BT 2098 (EifG - #EH) 19

LU Bk L= JRE08E . 270 ORI 028 50350 . SRR TH
DRBRB DD WO FTIEERAT 20 E %277,
NV A FPOFECEBNTOMBERITW D0 & 5 H . GeoGebra &
http://dev. geogebra. org/trunk
1 BHEclipse& FV N CTcheckout ¥ 25 & X IZHE A2 0 vy o CLE 9 W d
FTHND, €D FE Echeckoutd D L HCBIZH M SERBEDT 7 A LINF D
ryeE—RENTLEI, LML, GeoGebra®BAFRE THW SN TE = EHEREL
Ex G irbranchtagh KETH Y | FFICBIL TL, 1ZLAEREL LN
EMZ,
T, A A SOFECKHT DBRTRERBIOEHE LU ONTHRRD,
(Frx & OB L MacBook Air 2016Early A€ VU 4GBT&dH ¥ EclipseldLuna (4.4) .
Java8Th 5H,)
(AR¥ref {f1}1221T) Eclipse®Help -> Install New Software#
B L, https://dl. google. com/eclipse/plugin/4.4& AJJ L T, SDKs% &
B L TGoogle Web Toolkit SDK 2.7.0 A A h—J)L4 5,
(AR Xref {f2} 12DV TC) GradleZz A A h—/LF 521, Eclipse®
Help —> Eclipse Market PlaceZ &R L. [Gradle] & AL THZE AT
L. lGradle IDE Pack 3.8.x+1.0x] BNFRINDHDT, TNEA A b—
YD,
SWEHZ DY 7 b =T % T
http://dev. geogebra. org/svn/trunk/geogebra} % checkoutd 3,
ZOFEFENLRLEY ETHE,
cannot invoke method setNativeLibraryLocation() on null project &3
RENDHDT, checkoutd b, 74 /L4 4 /input3D/impl/build. gradled 7
TANBEER LGRPAERNE DT D LT —EESN D,
File —> Import —> Gradle —> Gradle (STS) projectT. DAL Ccheckout
L7z 7 A NH &R L, Build model®x 27 V v 7§ %,
Z ZC. input3D& input3D/implPAFb AR L. input3D/stub’BHF = v 7
Z4 L., Finisha 7 U v 2735,
GBI JavaFXZf# 9 7212, Eclipse DR TE X ZHE 4 5, Project
Explorer Tdesktop 7 # /b ¥ & @R, A = = — /X — 5 Project —>
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Properties —> Java build pathZz 2 U v~ 27 L, Library®JRE System Library
DOHFNZ& DAccess Rule F v 7 L, edit 27U v 7T 5,

Wi Tadd% 27 U v 7 . Resolution % accessible, rule patterniZ
javafx/#x & AJJLOKZZ VU v 735,

HH)—2DHEE LT EROFIE2E TEFEITLIZZRICLLTOFIEEITS =
THENLNAETH 5,
GEMN) Eclipse®Help —> Eclipse Market Place% 4R L, [Subclipse]

AL THFEEITH &, [Subclipse 1.10.13] NERINDHDT, Thi

A A M—=1T 5,

Project name DX E# . Revision#49522(5.0.280) IR E L T 5
Finish& 2V v 73 %,

(GBI Package Exploder FICERENTZT 7 A ILDIRD 2 thipihEx
x5,

geogebra/build. gradle ™401TH % gradleVersion = 2.13’

geogebra/gradle/wrapper/gradle—wrapper. properties @ 6 17 H #%

distributionUrl=https¥textbackslash ://services. gradle.org/distribu

tions/gradle-2. 13-bin. zip 27 5,

NANR—=VDOHEEFEITT D,

File => Import —> Gradle(STS) -> Gradle project T, U—2 A~X—
A7 BGeoGebraZ 384 L, Build model® 7 U v 2 35, ZZC, input3Dé&
input3D/impl LAk 2384 L. input3D/stub2>®F = v 7 %449, Run before®
with option?icleanEclipse eclipse THDH I & A MER L (EE LW &),
Finishz 27V v 74 2%,

GEAN) Package Exploder b TdesktopZi®IR L, A ==2—s—XY
project —> Properties —> Java Compiler —> Errors/Warnings DD
Deprecated and restricted API % JEBH L. Forbidden reference

(access rules) : DR v 7 A% "Error” 75 Warming” |2 ZEE4 5,
NAAN—=T O HEEFITT D,
FREOFTEIFARY A FOBEFHEHDO T 7 A NP A XL e /SN BLE
HTh D,
( [27] POEDOBIHKET,)
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§5. GeoGebra ® Proving #REZ I\ = 2ED DD ICT BREDOHELE
(Zovrva it (28, 29] WCHSEHFHEKRLZLOTHS,)

5.1 ICTEREEDRELDORE

BATZDOANMFENDITHETEREF N TLE ) —F CRBEROAE %235
ZEMTE D [GEBRIEE) (CBET D NAIL, GoeGebra 1G9 2 HL Y A D
¢, BHRANIC, B D WITHEHRAICE Y fBA N R S22 D, GeoGebra D
A7 4% Web B4 h2vB b Proving BEEEIC DWW TORBMIZT 7 BATH Z
ENTE, MEROZRR ST, BITEREOGER IOV TS, GeoGebra O 7 1Y
=7 FBBLHIICERD A TN Z ERNREBEIND, avEa—XEIEH L
BATZLOFEE, COXIICHEBEIELTHIENTEDnE WS @EMIE, 3E
WILTF v LoD 0 BBENE O ThHL B bND, Thbb, FDX
DM T, ED XD IR SN DIEIERE A A S, YD &S RBURD
H L TERHFORITER L O X2 LT, HUEMBRAMIEE O R~ & FiExw
L. EVWHORETH D, 72720, ZOMBEICIY T ETlE, 22820
LR ERBRIIE®RH Db DI 55D, LWIHIFmPLETHD, L
SO L iR, MLEORFET TR REDOPTEITMICHIESND
REMEDOLDTH D, FDT-HIZIE GeoGebra ™ Proving HEREZFIH L CTHE
T 5 &) (KB A MRS 57200 10T BEEAREE L, EIECH2 T TW
SZEMMETHD, LT, ZOHMADOERDO-DIZIE, £, GeoGebra
NED LD 7RFEHICET EEZIRILTE TV D, SV HZIZT DN T O
ENUETH D, HAEDO LTIHEMICHET 2RI A L, EBRICEI-S LS I
TV LB 5D HRPARETH DN ONTHHELNLETH D,
IHIT, BBRICENLOT Ly VR LT 7Y r—va vEk | RICEEEIC
T AR L MNETH D, £ 2T, ABFEIZBNTIE, BLFO 4 DOHIE
W2 TORKFEHEFTV, GeoGebra @ Proving FEREZ A WD 79 @ ICT B8
BROMEIZONWTERT 5, H ORI, EBEL -7y 7 by =71k
EDEIICHBIENLTHI ENTEEI NV ) | FEFIBEREOF LIS IZ >
WTRHTH D, H_OFIEIL, GeoGebra DFEFEREIZ DWW THGIL, S X
I IS CHLEER T O TV AN EA LT 5, E=0OFIHAIL, GeoGebra D
FEIREREIC N A L I WIS HET L7REiE 2 b o7V 7 h U =TI RD B
LM ORBL DD, ED LX) R TRNAETH DI NERFNT 5, Itk
WZEMOFEEE LT, Bt LIz 2EHEITE O L5 IR 2 2% 552
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L7,

5.2 FEIBRE R o7 Y 7 b U = T OB ~DIER I

AU TIEEE TN L THBEE RS 22) OF T, 2RI E | RERTIE
B OPANBRFEHOMEREZREL TV D[31], ZOHRTHRY 7, RERRIE
L BRRFEHIIRDO LD TH Y | RERZRGENITTERRFEHOMNEFIC R 672
W L ER A EARTERICOW T, MERERE L. —FH T G EHOE
LU CRENRERTE T 2RO DD % BFLRIER L LTS, D5 2T,

JEN T EBAHEFPEAD L NN EDELLEES I 0E0 D E, TG EMR
T BV BILA L TEIE, FEELAgFNE 5 F S FIFTEZ L THB,

BERE R G PRSI & > TIF BRI A TIZ 20, & 9 L THRZERLa
EEELAN E 1L, Lo & VXL TEPRITIIZR SR, FERRaFHTIE
W2 LI T - TFIE D092 [ERIE 0D, D HINLZELLRFFHI D) 375 =
& (FRITTFARETH S) TITRS T 0TS = & ITHEE BIENF b 7=
HE-LThHSB,

LR RERRIEHTH->TH, ARITHEIET 250035 2 O TIERV ),
EWVWHEEITH TN 5,

ZIT, 2—F =7 L N —RMNEHEHEELETL2Y 7 2T ThD
GeoGebra (Z2W T, fEXIOHF T, REETH> CTHLABRIEHEF > THEEE
WHT T —FERETHENTEIUL, BREDbAE (25510 &%
BEOLOFICHHBATLZ ENRTED LD EEZBND, 2D X )72, GoeGebra
D LUVEH O EPEZZESD L Tid, GeoGebra MFEF-SFEIIRERENS & D KL 9 IH)
ELTWBONERLCTHHENRH D, F7-. GeoGebra TH H Z &N TX
DAEICEIT A BIEEZ A O L, #ME L TEED TN Z ERNETR D,
Z I T, REETHHINENRIEAOFIEZ T 5 E T, GeoGebra 23MEX
V7R THDIEVIESEENETHAT LM/ OD—2L L TEXLND,
GoeGebra DEM A ~N—A & LIiEHAEE X o846, BlZIX3 DDA, B, CT
SRR & ZOZMF ABC A 1 AOBITIEN TRV LiE, =
JE ABC ZBICL CWAHEEFIZE s THAL R Z L TlEH D, BFHMIC
HDELA B, CICHEYAREEEZHT M RTNE=AFTH L Z L IHRETE
720N, GeoGebra OVEMICEEDSWZEEH O 22—V —{KBr &2 & % 5 & BRI 2
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TEDHLLTREAINTZA Y Y 7128 - TV SEDERRGEN & [R5 O R
SHEWSH ZLIFINEETH D LTINS, L L, 22T I ZORTIHIELW,
IS EIOERTITIAT), EWVo el Tz T 52 LB TENIE, THExD
FHPMERO X 5 KOG LI RIUCT L - T, RUOERE KIFICH
BT 52 ENTE D, ZRIEDFHREMA~OFW, bbb, REET
HOIWHENRGEH E 720 9 5O TIE W, EEZEx LD,

SERTRREIIE, FN A BT SO AR E T 5, mift e T 2T ORI
N, BRI E RN SEHLERGLR-> TS, ZNHLDZ EEHETD
&L Prover V7 bU =T EHWIEEORBRE S LT, TZOMIZHBWTIZIELYY
LORTEGD Z LT, AL RDEFOMBEBET 5 2 LAFRRIC R NE,
Prover ¥ 7 U =7 ZWIZHER+FEEORFOMM 2k ->T, ER2R
FEHZSERR S D 2 E N ATREIC R B,

5.3 GeoGebra ¢ Prover MDHHE

5.3.1 GeoGebra ZF|fH L 7-BFZeBA % DAF =

2019 4E 10 A 25 HHIfE, GeoGebra (% Web 77V r— a3 v & LT, 22— —IC
NRENTWS, ZDWeb 77V r— 2 & LTO GeoGebra 1, £Ex DS
HENBEDY ., HEFHOEMEICE > Ty ITA4 A ENTAY T T A %%
T T2 HDThD, ST PO G LT LDIX, ZD Web 77U
lr—3 3 DIE E 72 o 7= GeoGebraClassic EFHENAD T 7Y r— 3 o Th b,
tHL b &, GeoGebra T Web 77D 77— a b LTHRENTE LT, HlX
FIT7 7 A VEL Uy ya—RLCaryEa—X A A M=V 179 2 THH
T LR CERATA I ThIL W, ZOEBHOY —Aa—RFonTik, +7 ¢
Ty YA N TARRZR STV,

T THAIE, OV —RAa—REAf ¥ —Fy MEHRTAT L, WF7EHRER
BAMET A2 L L Uiz, BFFRICET L72 2017 4E0D 6 H OBFSIC W T, A
T4 XA N TAB SN TV, DS TO GeoGebra D Y — A3 — K
Z BV R 2 FIEIZOWTIIEA L OWFZE[30] #5351 LT,

AR TlE, ANV —TF 4 > 7V AT A Windows10 (64 B v b HAGEM) .
Eclipse (Version: Luna SR2 (4.4.2)). JRE (JavaSE-1.6) % F7pBH3¢BetE &
LCHIA L, fox D71 s Tk« B3 — iz o0 TR S A 3011 TN
LTCWDbDEHMEIZ, A7 4 v YA FOFFERBIMKLTEL R LT,
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5.3.2 GeoGebra M1 /5 ADEE

Java D7 7 A& LU TCEMENRAIREIZ 72 5 T2 RAE T, GeoGebra M7 1 75 LD
HERAIZ DWW TR %,

GeoGebra 13 < DU T AMBIREND T 07T AT, 7 4 VFEENHRE
< B3DHGPNTNDEEDEEZHND, L 72D common (& base), & L
T, web & desktop TH 5B, AL, BIFDOEMREL LT desktop ICTEEN TS
a7 AEETLORT T T, Wb arta—X Ol ETT 7Y
r—3a L LTEIMET % GeoGebra (2O T,
/desktop/src/main/java/geogebra/GeoGebra3D. java

WAL I TAPIFIES D, ZOHO

Org. geogebra. desktop. GeoGebra3D. main (cmdArgs) ;

Th o,

BIEDHER & 22 BT OV T common 7 A /L AT I LTV S, fil 2,
il 3~ 2 FEBABERERS 012 DV T,

/common/src/main/ java/org/geogebra/common/kernel/prover 7 # /L & EERA
DI DR ETHT- 0D T 7 A NEEZBND java 7 7 A VDS
TWn5,

GeoGebra [ZKBUE 27 0 7T LT, B2, GeoGebra Ver 5.0.366 DY — X =2
—RiZoWTT Y=y 7 ANFITEEND java 7 7 A VT 5673 fHTh
Slz, TIUHITEL RIZHEER | GeoGebra BIHIDANHD Y — A % E ATV RN
DT, ENRIZHNOGND 7 7 A VOFE W) BR TS HICHEIIHRIZR D,
DX oI s T bk GeoGebra IFEFOHIZH - BFERED LA —T
Y —ADHTHRENZENTEY . ZORFOHRIIES Tidv, Mk, 4
[ElFx N HIET O, HEOHIEL LCOMEY FOMFNTHY | GeoGebra D7
07T ARRERET2HEEFLT LR GEHE WD BE O L 72 DRk
BRSREES DWW T ED L I R T P e —F DA TH LN A BT 5 2 &L 25
LEELRD, T TARIFE T, FEHERICEDNLTO S FHE TR I
AEIE NI BT DA 2 MR & T 5 THAEZITV., LB RIEREN TE
LD E D InERRE LT,

5. 3.3 GeoGebra DIEFAMSEERS 70 DEIE
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AR ORI, AEAERRIC DWW T, AR TARERRGEN & E272RFEH
EDRZ . WIT GeoGebra TREDMHT TV A £ D BRI 22 BIIL AT h,
EVo IS ERMVEHICEDIBEEEZA L TWDILERS DL Z ENHBNITAR
o7, —J7 T, GoeGebra DIEMAMAEIZ VT, LD & o5 RENHY . L0
EOCEMEL TV D EH LN LRTIE, HonilkEigim T 2700 +hH
(270 D BB ZAFRL T & 7R\,

GeoGebra MFFIAMEAS X Prover EFEXNL, 47 4 > ¥ /LA FTlid Ver. 5 LD
FAMRFREIC R o Te & WD T U AR ThIL TV [32], & 2 CAREFZE T,
ED LD ITEEHMEIC T e —F 5 XENEEFTT 572012, Prover DFEH
BREORMEFI LT D 2 BIEL Lz, AERMIZE, HRoNN—va v
TEDROIRIENVARETH D0, FRITRO BN D K5 enedtifix & o X
INCLELFERTEDZON, EWVWIRELFITT220HAMETHD,

W7 v =27 b T, 2017 48 11 HIC 2 OER4sy & BLSANICIRET L7272, i
& LCEZ DRSO Prover OEIEIRILUIC DWW TR S, 2017 47 11 H 10 H DBk
M. GeoGebra wiki (Z1%. Theorem Provering M7 > a VINFELTEY .
ZORs v a rORKERIT 2015406 H THo7[32], 207 ¥ a UiTiE,
Prover OEIEIXEZBRBHFTH VKRS D Z L 4 DD XA 7D Prover M3
FIHEINTWVWDZ EREL#H S Tz, Recio, Botana, Puresymbolic,
OpenGeoProver @ 4 -2® Prover TH 5, F7=. TILLID Prover (ZITFEHEHIFI
MWD EHHSINTNDLHOD, TOWRERIKOBPY > 7 &icloTh, &
MAFRENIRVIREETH -T2,

% Z T, Proving #REN ED X S IZHEL TWDDMNEHSMNCT D701,
2017 4 11 H 10 ABUHEDEIRCTH 7= Ver 5.0.396 IO\ CEIMEZ WRFET D
ZL L LT FEE IO L EDORG T Relation B%L & HE#E LTI D Proving
Eliz, TIZTHE. K61 IRTEIEAIE L, Prover XEES 27 1 7T A
ALz,

Rnsre.

X 5-1. FEAME & ZIT % Relation[f, g] &2 34T L 7= #if 5
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[ 5-1 12, FERER 72 A Ol & 233 5 Relation[f, g] & FE(T L7z f %
AT, 22T FUROAVIC 4 DO ERE L, EICERESINT, BERE
EAROBIMR, R EEMROBMGR, B EMOOBEREVD 3 SOBREMET S
Z Ll L, BERRER 5-2127”RF, Relationl[f, gl #3795 &, GeoGebra
FHETE & g BFETTHD, LW BREOFEERELNT5, Z 2T
MARY %2 Y w73 5E, Prover BEMEL, FHORFBENRREIND, AT
W LT DT RIE, IROEK 2D R HITRo7e

2 5-2. Ver 5.0.396 [Z351F 225

L FERNZ 01T 2 i H

Relation[f, g] fLeglixWiIrTThsd (L2 L—fRICTIZIEL L 72\0Y)

Realaion[A, f] AT RITHD (EIZIELWY)

Distance[A, B] & Distance[C, DIIZ&ZEL VW (LvL—#%

Relation[AB, CD]
IZIFIE L 720Y)

5, K 5-1°%5-2 THOLNE T L—RITIFIELL 20 &) RIS,
EDLHICH/BENTWDLDONZER ST 5D Z L TENIE, GeoGebra DFEY
ME~OIEHGE~DO v ERfR N5 b D EE X T, L LIEEDIRIETIL,
I EDIERERGD Z LT TET, N TITON B A EWAN S Z L IET
ERAY/AXSY

Z OFEIFE RIZOWTIE, AT T A A TH VW R—T 3 D GeoGebra & fi
ST BN T, K 5-31T, 2017 FEHBADEFFITIS T S Prover OEIER R &
R,

7% 5-3 OEMETIE, FROEEIZ 0 NEENDNE DT, EARERICELN
BNs%, REERHDMAZT OO0, SEIZEWTEED XL 9 728l
BIIMEER TE 7)o 7=, F£7= OpenGeoProver OEIEICIBWT, #£ 5-3 TIX &
HLARIZIEL WY EWo il dh o723, SENXED X 5 7 1I3HER T
X otz, TDZ LD Prover DIRDEEWDIOWT, MR BIZE AT
TWb EHEE LT,
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# 5-3. 2017 AEWIFEIC I T B Prover DIEAH N ([30]1 L 0)

FERE & Ko &A (A) 7 ATREZRIE | (B) A= 0 HEE AT

A=(-3,3),B=(-3,-3) Relation[f,g]: ®.R Relation[f,g] : O.R
C=(3,-3),D=(3,3) Relation[A,f]: @,B Relation[A,f] :@,B

f=Line[A.B],g=Line[C,D] | Relation[AB,CD]: (,B Relation[AB,CD] :3,0
A=(-3,3),B=(-3,0) Relation[f,g]: ®,R Relation[f,g] : O,R
C=(3,0),D=(3,3) Relation[A,{]: @,B Relation[f,g] :®,0

f=Line[A,B],g=Line[C,D] | Relation[AB,CD]: (0,B Relation[AB,CD] :®,0
A=(-3,3),B=(-3,0) Relation[f,A]: @,B Relation[f,A]: 3,0
f=Line[A,B] Relation[f,B]: @,B Relation[f,B]: ®,0
ER{ERBIZ C=(-3,-3) |  Relation[f,C]: ©.B Relation[f.C]: ®.0

R : Recio B :Botana O : OpenGeoProver_ WU
O 2L BRIFELL A @ FIZELY @: &5 fRICELWY

5.4 GeoGebra MFEAIMERE~DITA

5.3 2B W T, Prover. java [(ZDWTHEON L LM TN TWAHZ &, BX
OB LNTH NN TR ZIT 272, £ 2T, BIRMIZ T v 7T AN %
A L. Prover OWRWE S LI TP THA L, S HIT, 5.2 THRF LT
R IC RO BN DY 7 = A N R ERT D70 DEREITRoTc, ZOHITH
NI D70 7T MZHOWTIE, 2017 4F 6 H O 8 CTEUME S 40TV 7= Ver 5. 0. 366
N—RA L LIz,

5.4.1 U1 & A 7 a7 )b OMEANEORS

FT U XA T 87 OFERNGWNELBETED X 52 Prover PHWVBEIR TN D
DERRTHZLE L, WIT, BHEICKRIND UL OF AT 1 7%, RIS
JEUT, BERZDZENTELDE I PR EITo T,

FR0 ELTHWDODIE, 5.3 THEGELZ, TLAL—RICIFEL vy &
WORBTHD, ZOREABEDOXHIITT a7 2OFITHEMNIN, XA
RV TEINLREELN TV AINERHET L2 LT, AR TND
Prover DI AEITH IOV IBRFLND EZZLNDNLTH D,
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MRt OfER, ForEh s BAEOFRIL, Unicode T2 a3 — RS TR S
NTNDLZERHRTE 2, T7obb, Ul OWAIZRGND HARFEICK LT
Unicode =¥ a—K&HiL, 702 T Aa— RERIZH L TRBEEITS &, %4
THAARGEMEA SN TV B &R T 52 &N TE S, AlENE, [LarL—
BATIXIE L L 220 & W) REEGUCTHEZIT 72, ZDFE% Unicode T4
E S RN

Y¥u3057¥u304b¥u3057¥u4e. . .

EWVWHRILTRBT 2T E D, ZOXLTFINCONWTHREEITY &, 1
75 DNDESIDOESTHNSLNTWS Z &N HRTE 72, Verb. 0.366 123
WT, AAERNEGENTWDL T 7 AN EZDONRAT, IRD2OTH o7,

/desktop/src/nonfree/resources/org/geogebra/desktop/properties/menu_ja
. properties
/web/src/nonfree/resources/org/geogebra/web/pub/ js/properties_keys_ja.

js

ZD 2007 7 ANOFITIE, ROLX I RERDFELTEY, 3HaT 5 AR
BLEOTLL ST a T ATHOWLITWA TS L 25t L ChERT 5
Z MW TE 72, “"ButNotGenerallyTrue”: ” (¥u3057¥u304b¥u3057¥ude - = DFKEH
MH TLDL—RICIFELL RN EW0HRIT, 07T L0HT,
ButNotGenerallyTrue E\WN9 /8T A —Z TEHINTWS Z ENERTE T,

F 7205, ButNotGenerallyTrue (& ALBRAE RAF 2 M&MNT ST, Slal, Fox A3
HEE LTV DFEHARMTONL TV SEFTT L WS 2L Th D, £Dd, =
DT A=ZBAN LN TV EFTZ T, W< Oz Y =W 215
LD a Ay FNEBAL, BWEOMHER 21T/ 57,

* 7= . ”“ButNotGenerallyTrue” Z FH 1D IZ Y — 2 a— R&Z{R5 2 &L T,
Prover BN 7 7 A L EMI L TV D 7+ M F bR T 5 2 &N TE T,

Bz X, K54 1277 LI,

/common/src/main/ java/org/geogebra/common/kernel /prover

2. ZHOD java 7 7 A NOFIEE MR LT,
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v 3 org.gecgebra.common.kemel. prcwer
5 [¥] AbstractProverReciosMethod.java

» [J] AlgoAreCollinear.java

» [J] AlgohreConcurrent.java

5 [X] AlgoAreConcyclic java

» [J] AlgoAreCongruentjava

» [J] AlgohreEqualjava

5 [X] AlgoAreParallel java

» [J] AlgoArePerpendicular.java

» [4] AlgoEnvelopejava

> [X AlgolsOnPath.java

» [¥] AlgolocusEquation.java

> [J] AlgoProvejava

> [X AlgoProveDetails.java

» [¥] Combinations.java

» [J] NDGDetector.java

5 [ MoSymbolicParametersException.java
» [¥] PolynomialNodejava

» [J] ProverBotanasMethod.java

3 [X] ProverPureSymbolicMethod.java

5-4. Prover BED java 7 7 A /LD

5-4 [ZREHE SN T 7 A VADDIE, FIZIETFATCTH A0 ERET 5,
HE LW E I DERFT D, Vo HRICADETY I ARRRS AT
DI EWGMND, 1L, ENHNRED LD ’@@Hﬂéﬂf&&f@i%?@ﬁ?é@
M, EAEROR CEEBEIZEDIL TN D DN D TROVD D E WS TZERITD
wfd%%#tf%&#otomﬁ &%@ija774w#6&57m77
LAZOWT, Ty FHERRTET TR 54y OBIME A HhHE U CRRAR T 2 131K i
Thoilz, TDI2H, K4 fi7m&7A@%% WCEMERI A 3 5728

DAY N HEFZLAS, 34T 2WENEBIINDINE I b E O THRFT A
177872,

5.4.2 a X FOFBA

Eclipse [T GeoGebra % Y —A=a— KL ENL KL TEIWESE S &, Eclipse
Day ) —VREM N ZGL Z N TE D, 2T Prover IZB L THFRIEET,
BRI 2NEERAHZONE LOD, FOLIICEHEL TS0
LCHIET D ZEE#ETHD, £2C, 2 TE, HRIZaAY MESLIE
SLHEEMR LIz, 2 A MI, ROBXEZS LIS 2 Tary —nL~
HAZEITHZENTED

Log. debug ("#&K/R~7 2 (F) ;
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COMIZTEY . BELTVD A Y v RO, %475 Log. debug DOITH5E
EAILIZET, HAHEHRLIENTE D, RIS, TOMIBIZRT,
0:08:36.416 DEBUG:

org. geogebra. common. kernel. prover. ProverBotanasMethod. prove[1691]: —7R
HFRA Dy REENARTES cannot reliably tell if the statement is really
false

T, BIERER L TNy IR =TT, [ LR, ForT B TS
ELTHLMNUDHERL TV DO THD, T 2Tl Log. debug BAHEDIAEN
7=Y5FTCT& 5 ProverBotanasMethod (238N T ., 1T 44172 45 I8 WLER 0D WLERLAR I % |
A= RFNOaA Y NEELTD2ETHALE LD TH D,

5 4.3 U1 XA T7 a7 OEH

BAEAOIC e — P — I 2 3 2 BRICIE, Ul OBmE#Emiid, TLosL—i%ic
FELL 2] XS RBEZ BT X O RRITIE R, [ZOIZBWT
FELW) EWIRBUTE S| 2MLERH 5, BRICBW L, EEARYIC
[ZORIZBWTIFELWY) EWIRBR, TLL—RITIFELL 2V L
HTHDIIMERP TE TORVIRILTIES 2 b OO BRI Z 8 LERBLO T
BT 2 CERZMGET D2 L L Lz, BAEORINEGEND 2 D7
TAMIONT, HEEMZETOTLVARVRAEMERLIZE A,

menu_ja. properties
OEFOEZBELEIT) 2 LT, Ul IZEREIND BRERIANEFH S ND Z &
DR TE e, 22T, TLL—RITITEL 2V LS HiE TZoKIC
BOWTIHIELW W) RBUCE S 2 T, EBREfil) -,

5.4.4 a X hNMEATRX 7 Prover OIR 3 EH W
A PRI LGS & CEMEREEZ MR LT/ R, Prover [ZLL FDX 5-5
DL RENVMEERIT>TWD H O EHERI LT,
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BIEMICETE (Prover Bh4ERT) «

common. cas. giac. CASgiacB«

|

AT EE % SE -
org. geogebra. common. kernel. Relation. checkGeneral |y«
org. geogebra. common. uti|. Prover-

|

{EFT % Prover T2 ¥ MBIR.
org. geogebra. common. uti|. Prover. cal IEngine-

|

BE(ENT= Prover T ¥ THEE

True & L < (&«
False G 5h =«

REIFE SR IR~
5-5. Prover O EIEMENE

Prover Mf% & U CEIET B DX Prover. java TH Y, Z D Java =2 — K& HhC,
DY T ANRE SN TWD, FERRERIL, Z4% ProofResult [T/ ST
B, ZOEBLERFETHZ LT, ERAICHEHD L7 7 AZMHRT HZ LB T
&5, HHTAHZENTEAHT YL, public enum ProverEngine (2413 &
nNTkEY., EBNEFEZ SO EL, Prover. java @ public Prover() X Y v R
Tt TnWb, EHEDIREETIL, Prover O % HENEIRGT 5E— KN
#E+ 5 X 912 7% o T F Y . RECIOS_PROVER, BOTANAS_PROVER,
OPENGEOPROVER_WU > 3 DD T i3, ZONEETHWHIL D X 9 IZELFNTHE
MEALd,

JLD Java 2 — RIZFE#E S 3722 AV F W& A2 S| Log. debug (IR A - T 72
OO Ay =T EHDIALIEZF EE- 7 07T AT, 5. 4. 2 HiCHER LT-
HLOLFUMEILEAN L, BIERAER LIz, BEfHREEE 5-6 I, ZDL
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O EOTHTER 2 X 5-7 12”7,
% 5-6. Ver 5.0.366 |2351F 5 BH/EREE

EE L7 Prover LA | FERTHIE | R
&L
53
Recio—#& T
[CNvinsspal s .
Recio Prover (2T
Relation[f, g] False
- [STATEMENT IS FALSE|
T LglIFITThD
[AREKNZ B W TIKIE
L)
Recio — Botana — #&
- Recio Prover (2T
AT — kA v FNBAFIZK
) il
Realaion[A, f] [CaNTfaspalEs True |
Botana Prover (2T
AMTf REIZHD
‘ [STATEMENT IS TRUE|
[ ICIE LUy
Recio Prover (2T
Recio — Botana — AT — F A FNEUSIZR
OpenGeo (Wu) =#& T il
)
LT sspAL Botana Prover (2T
[statement is UNKNOWN
Relation[AB, CD] ?
Distance[A, B] & l
Distancel[C, D] 1% % OPENGEOPROVER_WU (=T
L [ Failed in reading

AR B TILIE
LV

input geometry theorem]

!
[STATEMENT IS FALSE]
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Relation

f& glIFTTHES i
(CHUTHERICHSLTITELLY)

5-7. HEHZ RO HHHH]

AEIFEH L7230, WIS EEN T = v 7 OBERETIE, TRD S22 EHIE
INTWVWDEIHDOTHD, LL7e2 5, Relationlf, glid Recio Prover 73 False
HEE LT ERICAEEZSE T LCLEY, TRRICBWTIZELY] (MFoR
RTEILA2AL - RICIBFELL RN W5 HNELR-STND,
Relation[AB, CDJIZ-DUNTiL, Recio, Botana, OpenGeoProver Wu WEIEL 7=
DD, Recio & OpernGeoProver |IMHE L ZILT D Z ENTE T, FHAHARLDER
BT T — Lo TUEAHE LT D, £72 Botana [ZEMEL7Zb DD, H5]
KR L 2o THRY . FAR 2R HIERTIE UNKONWIN CHERS L, Hf&iIC Flase &
HElEnsZ Licieoiz,

LA EDEY #1A4% 8 U T, Prover IZOWTIE, RN ESINTETND L
EEWEWRRTIEH 2 bOD, &FE LTHDE, B FREMIDATND
B, EVORBEAVDIONEY THD EEZHND, BEMIZIL, £hE
D Prover (X, EEIOIFOH LRFFIZIIMNL LA Y v RE LTHEESLTH
LHR9ICRZDbOD, EEONMOE X % . CTH 5 &, Recio Prover 7 H
Botana Prover Z WO\ 21— RFET 2%, 1 DOM%ET —Lntaxr TR%E
HAT20OFREMEL TS, EVokiTAMAZ %, Prover ORBIIERF
T7'0a 7T AICIIETRETH S H DD, GeoGebra wiki Tit, T—» K=—
PoIIEFEZEZ D NETIERV] LERENTEY ., SHEEER TE TV
ERAFICBUVNT S, Recio & Botana, [l Prover IZIX 2O NHHZ ENTHEX
Wb, Fio, BREHSICHFT 2 2 Rk hoTcb oD, HHE LR
0. BEDELZ L T Th, FEFOREZIZSH 59— Botana Prover 738)
ELIZ ETRRDHA B2 STV D,
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Z DX )7 Prover DIREEZ$EA D L | GeoGebra TREFHMIEZ K 5 7911, &
512 Prover OEIEIRILZHEFR L, Prover Z@UNZEMES D Z LN TE B HR
MOEFRFBNZDOWTHRAEZERD T LT, ED X5 RiEHME A Z &nT
X5, LWVIHIEHDFITEHIAALTW MERH DI bDEZEZOND, L7,
Prover 280 FEHFEEHT TH D &9 bk, EHIRIZIIANB OFEERE & Ko
Y7 by =7 EEEET S HHWIE. RIIITIE Prover DFEREFF > THY
BEMGT D, Lol ATvarbBEiond,

5.5 FEBIEEAE A FI A3 2 %8 O O AL

5.5.1 2019 4£ 10 ARERUCIIT B Web 77V r—3 a U RROFEAKSEE

2019 4F 10 H OBFSIZEW T, GeoGebra (% Web 77U r—3 3 > & L TCOF|H
MBELR-TWD, BifiE T Tl L7232 EIZ S0 T, GeoGebra AT
BELLTWD web 77U r—3 3 Ko THx OMET 5 FHHBREENEMET
XD, VD b, BURTIINEEE SO I 55570\, 2019 4F 10 HEIE, 47
4 YA P TR ENTWSERMIR web 77U 7 —2 a3 2B W T,
relation B prove B A S Z ENTEDH L H 7> TWD, BlZIX, 2
ODFATTR S DR DMy EAEY [ relation DG L LT, ThZho
My EG 2D BERICF = v 7 LR, HTThD, Loz h
LHTENTEDL, LLant, TR EOBRAERLS 75L&, DR
¥ 7 7Tk, M HERPITOILIRV, GeoGebra Classic (ZHI Wz, [FARIZ
2 ODFATCTRE DR D853 %1ED | relation BEOBIEE LTEXD L,
BT = v 7 LEMES, BEMISHTTHD EVWI RANEL XD,
Classic IZBWTIX, EOIZFHEMARRREZRD D ZENTE, ZOHAIL, LT
DK 5-8 DL T, [ EHICE] LW RRBPEFLNLD,
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-2 -1l -0 9 -8 =7 Relation

T

f& g @FTTHS
(—Ax(28)

f& g @REAELN
(—AEIC18)

5-8. GeoGebra web 7 7'V 77— 3 (GeoGebra 7 7 v 7 6) IZBITD
Relation PE%o i ik 5

ZIDDIRDENL, 2017 FICHHAE L B LIZFFSD DI BB A LN TE D |
HERER 72 BEE AT O TV D Z LMl S D, )7, 2017 FOFAETY —R
a— K& L IZEERI A2 BHR - BRET L7 BEREIC B W T, NES Tk~ 72
Prover WEMEL T2 Z EBMERTE /=, LL, BRDO web 77V r— 3
NIZBWTIE, ED X H 72 Prover NED X 5 RAERFE R AR Lz =9I 4]
EWISHE R ST, LWV ST EREB/LZENTERY, Ko T, #ED
FEE LW IBLEDDIE, BKHO web 7Y r— 2 UREFICEE R AT
STWEZELTYH, TNE2—F =27 4 — KX 7525 L0 ) EENEHR S
NTHRND, EHFECTHWD ZENRHE LN E W HERICESL S5 2157
[

5.5.2 FEBASE Z M L7-FWNME T GeoGebra DEREER S

5.5 181 L0 AXD web T 7Y r—va VITFIHAREHE LV Z LICEDY A7
Z b, FEAFEE AR L FAT GeoGebra M BRI O 7o DIZIX, vV —
Aa— NZEREMA, LT HHREZ JLIE L7- GeoGebra WMLETH D, ZD
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& 9 7R PEIRIR GeoGebra & KFEFNTRIMTH 2 LE2EXDH L, BIEMLHTRLE
LT, 320K MERHLbDEEZ HILD,
H—0 M, JEIER GeoGebra ZlH OV — N ZHAIAI, FNEH O web
TV r—varE LTEREL, PERENT ZUFRATRHHT L, Lol
‘*ET“&BZSO IOT7Ta—FORRKOAY v NI, SEOFEAICH L THIBIZE
BRIEARILTEX 5 H5TH S, Geobebra MY —A 31— RiTiE, web [T DKERE
ﬁ\%ﬂﬁLinTb\é LIIERRTE D, Ko T, HREB ER T m T T A—
K& war 7 7 A VEOBRITE LD, Java Servlet UL TXx 5 L 5 i L7=
web h— NIZTF T A 35 ENTENIE, BIENRBLTXLHEERH D, L
ML, TbHZ b, GeoGebra ZE/V NLTEMESE D, LW EITTHEESEN
L, EIZ, web EIZIX, web 77U r— 3 & LT GeoGebra ZAERLT 5
TODFERE VST DOFIEEAEARENTE LT, THED TEIT I
FERIEES DN E D B DI B ATREMEDS V), BUERATIOICENME 2 A TV 5
HOO, 2019 4F 9 A DEEFETIX, FIEEED HIRIZ - TR0,
B OFEMEIL FENO 3 B a— Z 2T YRR GeoGebra A BIfE S H 5 |
EWVWIFRTH D, 72720, BURTITILIER D GeoGebra & BA{KD Java 77U
r—arE LTEESEL 2 LNREETH Lm0, BAREREE ThH D Eclipse
LY —2Aa—Roky e LTEAML, FHERZNLNO PC ETEEL TH
% Eclipse |2 CTHEIRIN GeoGebra Z BN S S, LWH) D THH, HEEKFED
Ry ayHED a2 —F 203, Eelipse PEAINTEY, V—R2a— K%
FIIAA T, BIEDO U 238 % /= Eclipse DU —J A=A T 3V EZE£5HT
LEAITHZ LT, FROEBATEHAREMERDH D, LovL, EEICY —
AR—=ZADEAIEFEBL THDL L, AN TWDL Y —Ra— 22D F EH|
AT 52 L3 LWVIRIEETH - 72, A ST 5 GeoGebra @ Y — A 21— KX
HEIE/L RV AT ATH S Gradle ZFRIALTEY, TOHFT, =Tz /réffﬁ
AT I Subversion(SVN) ZFIF L CTW5, Z D7z, @5 30112 k- THER
SNFEFETEN REITSTEHE, TNOOFH AT ATHREINTEET
LR TS Z Lichd, LL, ZOHA/E, V—7 A=A THER
774’1»75%«“(%60(%5@?:17‘& Gradle ZMEBL TS F ¥ v =
B ENL FICHWS Y — 22— FRBETLIRETH D, ZOF v v =il
Wik, V—Aa— K& L TEATEN TS Geogebra I KE L HEHET L7/
T ANEHREB SN TW5, ZThbidGradle ZfH L2 SWIZ K> TAHY T A
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VY —Aa— R LEEENTELOTHDL, TOXIRRETH D=0,
Eclipse DU —27 AX—R&ZHURCTEAIT 57200 ClIBMEE2 S5 2 LR TE
T ES L3 B a—HZx L., Eclipse & FBMEIZ Gradle A A h—
WL ETY—R2a— RERBSETEL, L0 FIENBIITRIELE RS,
IRHOFIMFIEFIEMETHY . FBRHOa L Ea— 22T 5 RETH
UL, FBERICEIY YT PCICH LT, FHISORMZ T CHERE2TH 2 &
TEMERBEOMENR TR TH D, —FH. FERFONY a Vv HEICTHEL X
WORBABI DI EEBEZD L, HEOBNY 7 bOA A M= LIS
9 Z . Windows DY AT BISAEDIRT A —=H I B ETEZMZHDMNENRH D Z &
N, RBRIREAD AN— FVTENESDE 5 257200,

=0 mEPE, YEIER GeoGebra Z# BV R L TEES B H7-ODEREZ D H D
o FEFICRMT S, EWOHRTH D, Tb b, WWare X° VirtualBox &
LTHmbnD, ava—2OMEEY 7 by =7 ZIEM L, Linux LT L
7= Eclipse (& & 2 BIFSBRES & HEIEIR GeoGebra %, LT & EMF IS5, &
WO T Fu—FThbD, TOFKIZOWTIE, F O THRE LIZEICH
BLlpol, XY HETOMMICHOWTEIENEIMTE 2 2 LRI N
%, WEAKFED/RY 2 U HEITIAELY 7 b =7 & LT VirtualBox 238 A
SNTWAB=D, B LizA U UFdD Linux 4 A=Y & GHAATeZ LN TE
5 XD MREDOEENEB TE UL, FEEPAYE L7z Linux R TEATA ]
REL 72D,

MR ORER, D ANBOFEZ X D FEEERDOHEEZERAL TN 2 a2
25 L. BooHmME. T b Windows MOBMWEB RS A, Y L7-A M
WKRELENTEDLa L Ea—% (HB) I&ky N7y 7925, L0 HER
KLBENTHDLEZOND, RDAT v FE LTHEOY LS E LT
BERATORITICBW TR e RE FRLEZONLON, ALY 7 K
V=T R LTI A BETOUEREM L 8D, EOR S RFETEDR
FEOa e a—ZICETRBEARMET 2020 TE, R ey =2 F2ak
DOIFMEEER LD 2T, A H%OFEIT AT TREEIIZIY M E 7 < TR
LRWHHETH D,

5.8 £&¥
AWFFE TR, REB A8 C RIS A 2R L RERT AR SdIS 3 2 SRR O M



38 HERA—7 vV =2V 7+ 7 27 GeoGebra O EWIHEHES S 1 B4 5 TF%E

B L OPEIR AT o 72 GeoGebra & F 3 #FIZHEHET 5 FFIEIZ DWW TR L7z,

B2 e BTEERA A8 U CEERMIZES, &0 ) BLED BIE JEBRIE 72D GeoGebra
ZEREDRP S ETHVE T L WO KR Z RS 2 Z LTV~ AEET
b, A Ea—FERH LR 3EOH LWL LT, Bl s AR
FRTEZDHDOEBEZ B2 D, —J, TOEBUIANT =T a7 T AOHFEEH%
IZDWTIE, ARFEOTY ADARBER /e85y & LT, BB THhI T
LIRFOTa T AL TT e —FENTThDLH2LHY, +2I10Fx
OFT v T W TETWRWEFIDRALNLRETH DL, TN TH, V—RAa—
RO EL RS2 > 722 & T, Prover OREFORMEMERT LI EMNT
&, Fo, HEFETRNEZATRO BT DT E ERBRICE T 5 ik
THIENTEE, LL, ZOIEIERD GeoGebra % 58 H I ZHEM3 25 B I v
WKOWTIHWELE S OEEE LT\ D, B FZ0¥RERBROTV A &8
DT MAEMRRE L TR, D AEE X —5 v MZ LTz/bE Y ORI Z2ED
e, BITERIG L, EiEAER TWETLWEEZE X TnD, i, FEBEE O
FEE LD ERTIL, Prover BREDIREBIZHDOETL AR REEXDHZ LI
DNT, ELIHEEOFRMNEINTND, 0 s T A~OHEFEZED, 3
FORBROEDMN LIz iF b0 77 a—FbEETHLEEZLND,
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