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Abstract: In view of such problems as lacking interaction between
figures and text and difficulty in simultaneous positioning of
explanation with figures in chinese geometry exercise solution, a
Win32 C++ voice lecturing tool integrated with HTML5 dynamic
geometry software is designed to realize free control of lecturing
progress, random skipping through double-click, simultaneous
interaction and highlighting of figure and text, and automatic
synchronized reading. On the basis of JavaScript regular expression,
the semantic comprehension of geometry exercise text is realized and
the production rule set of automatic plotting is designed. During voice
synthesising line by line, the mathematic language undergoes
normalization processing and figure highlighting information
extraction. The study can shed some light on the GeoGebra integrated
development and semantic comprehension-based automatic plotting
application, and it can be applied to innovative geometry teaching and

knowledge base structuring fields.
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Declaration

The paper sets to study the geometry exercises in Chinese. Significant difference can be
found between English and Chinese, for they are from different families of language. The
geometry exercises in English haven’t been deeply analyzed due to limitation of time. After
being translated into English, the paper will inevitably contain some Chinese characters in
some chapters or sections (e.g. geometry exercise text in Chinese, EBNF mode matching
description, optimized syntax diagram, and constructed regular expression rules). For those
contents in Chinese, the paper processes them in following ways: (1). provide word-for-word
translated version in italics, see Chapter 4.2 and 4.3; (2). add Fig. 6(b) and 7(b) as well as
Table 3(b) after studying specifically the semantic comprehension of parallel relationship in
geometry exercises in English recently; (3). offer expected English effect for the parts that
haven’t been researched presently, see Table 4 and 5. A lot of work needs to be done in order
to enable the software to fully support the lecturing of geometry exercises in English, which
will be discussed in the outlook part. In the future, 1 will further study the geometry exercises

in English and write new papers.



1 Introduction

The geometry exercises in middle school usually contain question text, solution text and

geometric figures and involve a lot of geometric elements. It is, thus, necessary to display

corresponding geometric figures in lecturing. A =

BET £G. Z#AF. DG
JABCFREU=FF

- BC=CF=BF

"AB=AC

- AABFL AACF

. /CAF=/BAF=10°=/ABE

The “static figure-text explanation” on testbooks
and exercise books is both primitive and simple, but it

lacks interaction between the text explanation and

presented figures and appears to be difficult in :
T /BCG= ;1ACB=40°, ZCBG=70

. ZCGB=70°=ZCBG
~.CG=BC=AE

" /DAC=20°=/DCA
-.CD=AD

" /DCG=20"=/DAE

~ ADCGLADAE

-.DG=DE, /CDG=/ADE

.. /DEG=/DGE

' ZEDG=/CDE+/CDG= 146°
.. /BED=/DEG=20°

achieving simultaneous positioning. In addition, it is
difficult to display the dynamic evolution process of a
figure. As shown in the right figure, when reading the

solution of the geometry exercise, we have to switch

time and again between the solution text and geometric

figures in order to find corresponding figure elements. For example, after reading the text “ /£
ACF=/BAE=20°", we need to locate “ ZACF” , “ Z/BAE” and make a mark of 20° on each
of them; then the similar process is repeated until the text is read through. This process is very
complicated.

The figures drawn by teachers on blackboard in traditional class are usually non-standard
and unsuitable for sharing and producing dynamic change. The dynamic geometry software
such as Geometer’s Sketchpad is ideal for geometry teaching due to their dynamic and
interactive features. Many studies concentrate on how to utilize dynamic geometry software
to prepare courseware and reform the lecturing process, but such courseware-preparing cost
remains high and the explanation and figures can hardly be simultaneously positioned and
freely skipped. In addition, aforesaid ways of geometry exercises lecturing either have no
voice or need dubbing by teachers which could be non-standard. Both effect and cost should
be taken into consideration.

The test of geometry in China occupies an important position in senior high school and
university entrance examinations as well as math Olympiad. How to teach geometry more
efficiently and directly is a problem worthy of further discussion. Therefore, to develop a
geometry lecturing tool equipped with automatic text reading, automatic figure plotting and
simultaneous figure-text highlighting can help to improve the teaching efficiency and enhance
the teaching effect. It can also adjust to the internet teaching mode in this age of Al.
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The dynamic geometry software that can plot figures with the command we input and
combine numbers with figures is able to meet the figure demand of geometry lecturing tools.
Among such software, GeoGebra (or GGB) appears to be an ideal choice with its powerful
functions (in terms of geometry, algebra, symbolic computation and form), open source, and
cross-platform. A comparative analysis is made in Table 1.

Table 1 Comparison of some common dynamic geometry software

Geometer’s Super
Netpad GeoGebra JSXGraph

Sketchpad Sketchpad
Country of . . . .

America China China Austria/IGI German
royalty
Functional ]

Large Relatively large Moderate Large Small
scale
Supporting . i Cross-platform

Windows Windows Browser Browser
platform /browser
Opensource Closed source  Closed source Closed source ~ Open source Open source
Secondary Integrated ware Customized . .

) o Unknown Java/JavaScript  JavaScript
development library within software
Charge Charged Partly charged Free Free Free

The JavaScript (or JS) transplanted version (Math Apps Bundle) of GGB is proper for
secondary development, and a few teaching websites and geometric knowledge bases have
applied it to practice 21, Most of traditional teaching software belongs to Windows desktop
application, whereas integration with WebKit kernel (having open source implementation
versions like WKE and CEF) is helpful to utilize HTMLS5 in existing software and avoid IE
control so that the C++ and JS codes are more easily called by each other I, It is feasible to
use C++ and JS on the basis of GGB to realize development of geometry teaching software.

Automatic plotting and simultaneous highlighting demand the natural language of
geometry exercises to be converted into the formalized language so as to realize deep
semantic comprehension by computer. The approaches for coping with text of semantic
comprehension include Chinese words segmentation, rule matching, ontology matching, and
deep learning . The results can be expressed and stewarded with finite state machine
(FSM), production, predicate logic, semantic net, and ontology ! among which the
production and dictate logic get widely applied due to easier comprehension and
implementation. The middle school geometry exercises and corresponding analysis are

provided with relatively standard mathematical symbolic language, so they can be



comprehended and expressed through rule matching, production and dictate logic 451, The
mapping of semantic comprehension results into GGB plotting command realizes automatic
plotting in geometric language [,

Based on the summary of existing research, the paper sets to convert natural language of
Chinese geometry exercises to GGB automatic plotting through semantic comprehension, and
integrate GGB software of HTML5 with the text-to-speech software developed by
VC++/MFC so as to develop the geometry lecturing tool that has both voice and simultaneous
text-figure highlighting functions.

Through the investigation, it is found that most of the studies are focused on how to
improve the dynamic geometric lecturing courseware and automatic plotting. At present, there

is no research similar to the research in this paper.

2 Application effect

To apply the geometry lecturing tool, the user should edit following two files for each
geometric question:

(1) Save the question and solution text into text file (e.g. Question 1. txt);

(2) Use GGB software to plot the figures involved in the question and solution, and save
the figures under the same category and file name (e.g. Question 1. ggb), and set
corresponding starting line number as the precondition for the display of figure in solution.

Then click “Open File” button in the lecturing tool, and choose the corresponding text
file, the GGB geometric figures and question and solution text will be displayed as shown in
Fig. 1 in such case, the lecturing state is under free control.

[~ [SpeechiVisUalizationGeometnylllecturinghiool

Play | | Prev | Repeat| Next | Speech Style |Nawral =

Speaker Select Xioling -

[P

=5t

A ABCH,

AC=BC,

LLBCHEEMI® 03 ABFD:
JESDfEDELACFSE: L e
DERUitEE 3 BRI T e 1 Default Param

FiF: (1) AD=BDs: ——
(2) DFE® OfNE - Help

(&1

EER: (1) D,
~+ BCA® OFYE1,
£.CDLAB

. Open File
B Qgi %% (EFEEE-RRZ2ERIE)

Fig. 1 Lecturing interface
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The speech is synchronized with figure highlighting. The speech progress highlighting in
the text area and synchronized highlighting effect in the figure area are as shown in Fig. 2 and
Fig. 3. Fig. 2 illustrates serial highlighting of Question 1: triangle highlighting, special
highlighting of vertical relation and parallel relation; while Fig. 3 is about the serial

highlighting of Question 2, including the highlighting of circle and equal angles.
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[ZE] ( 2) DRE@ ORI .
£ - 08,
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ELBCHE R0 ABT 210 » CBCAGONEE,
HEDEDELACFSE, } < CDLAB,
DERYREERTE BORIFE i T P DERYREERTE BORIRE £ T m P “AC= BC ( RESEEE = AR ESEE)
~AD=ED.
HE: (1) AD=BD; FE: (1) AD=BD;
€ 2) DRRE ORI, € 2) DRRE ORI, € 2) 0D,
~AD=BD,

[iRE] [ “r 0B= OC, ({FRIE=HH PitFE)
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~BCAGOMER, ~BCAGOMER, WDELAC, (fEFTHRAIEERE)
~CDLAB, S CDLAB, ~DFLOD
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~AD=BD. ~AD=BD.

Fig. 2 Interface of synchronized highlighting of the text and figure with the speech (Question 1)
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Fig. 3 Interface of synchronized highlighting of the text and figure with the speech (Question 2)



In Table 2, this lecturing mode (1% is compared with the common lecturing modes. The
results are as follows:

(1) The 4™ lecturing mode is the most primitive and simple one as well as the most
frequently adopted one in present exercise book application. It contains no interaction at all;

(2) The 3" lecturing mode which is widely used in present classroom teaching is a kind
of non-repeatable lecturing. It is vivid and widely accepted, but requires artificial lecturing
with poor repeatability and low transmission possibility. In addition, it also has such problems
as non-standard plotting and dialect accent in lecturing. The teacher has to do a lot of
repetitive work in the teaching process. It can hardly adapt to the demand of Al age;

(3) The second is through dynamic courseware. This method is dynamic to some degree.
Nevertheless, it still requires artificial lecturing, and the lecturing progress can’t be controlled

when necessary.

Table 2 Comparison of merits and demerits of four geometry lecturing modes

Innovative Traditional
Way of the 1 mode the 2"@ mode the 3@ mode the 4™ mode
lecturing GGB synchronic Dynamic courseware Blackboard plotting Textbook exercises
automatic lecturing teacher lecturing teacher lecturing and solutions
i7" NG
View ot ol
Stfz_indard Standard Standard Non-standard Standard
igure
Vivid . Very vivid Quite vivid Very vivid Bad vividness
presentation
L Not supported, Not supported,

Text-to-speech Supported teacher lecturing teacher lecturing Not supported
Repeated Able Able Disable Able
lecturing

- . A Not supported,
Skipping to Direct sklpplr_lg t_hrough only next and previous Not supported Supported
any part double-clicking step is supported
Convenient Very convenient Convenient Inconvenient Convenient
revision
Dynamic Realizable Realizable Unrealizable Unrealizable
geometry
Internet

transmission

Transmittable

Transmittable

Inconvenient transmission

Transmittable

Note: there are three dominating ways of dynamic geometric courseware: PPT(often made
into the video), Geometer’s Sketchpad and GGB geometry courseware.

(4) The 1st lecturing mode is what we discuss in the paper, which can remedy the



shortcomings of aforesaid modes. It can supplement the 3" blackboard lecturing mode. This
method featuring simultaneous interaction of figures, text and speech is very vivid and
especially suitable for the students to check the solution of the geometry exercises and learn
how to solve the geometry problems when being at home, during a trip or searching solutions
through the answer-searchng APP on mobile phone.

(5) The commonly used answer-searching APPs include Xuebajun, Zuoyebang and
Xiaoyuansouti. Such APPs have accumulated a lot of exercises and solutions. In the solutions,
besides the conventional solving process, there are also problem-solving ideas and evaluation
about the core of the problem which can be used as the fundamental materials for the 1%
lecturing mode. The answer-searching APPs have already adopted the lecturing through video

in some of the exercises. And this lecturing mode can bring a revolutionary change to them.

3 System architecture

The geometry lecturing tool adopts the Hybrid architecture design as shown in Fig. 4.
Within C++ desktop application, HTML5 dynamic geometry software and geometric

semantic recognition modules are imbedded.

Native C++ App HTMLS5 WebView
ul sﬁi?(ggﬁzlgg;;):;ml Automatic highlighting and plotting
embgine [ Ve || [ Geommie it [ oo g
Speecﬁ:z:lthesis WKE JavaScript framework

Fig. 4 Hybrid architecture of lecturing tool

Developed on the basis of VC++2008 and MFC framework, the main program
integrates text-to-speech (TTS) module and WKE browser kernel module. HTML5
application is developed on the basis of JS/HTML language and GGB applet interface,
containing GGB offline operation file (Math Apps Bundle) . HTML5 application is
imbedded into the major interface of the dialog box as Web View and realizes such functions
as window life cycle, window area, interface display and interaction message delivery through
“Web View wrapper”. HTMLS5 through WKE interface: the local application invokes “run
JS(expression)” function of WKE interface to execute JS statement. The two core modules,
namely geometric text analyzing module and automatic highlighting and plotting module, are

also developed with JS as the basis.
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As for the HTML browser engine model selection, the WKE kernel (based on WebKit
starter edition branch open source program) is small in size (with dynamic depot being about
11MB) and convenient in use, whereas CEF and Blink has large size and are difficult to
encode. After some experiments, the present lecturing tool chooses the WKE kernel that can

meet the integration demand of GGB.

4 Realization of several key technologies

4.1 Lecturing interaction control

Apart from some basic control functions such as line-by-line sequential speech and
speech pausing and recovery, the lecturing tool also enables the teachers to skip some steps in
the lecturing process. As shown in Fig.5, the users can freely control the lecturing process by
clicking “previous line” and “next line” to skip one or more steps and “repeat” to repeat the
speech and highlight present line. In addition, the students can also change the lecturing
process by double-clicking any line in the solution text area. In such case, synchronized
highlighting can be found in the figure area and synchronized speech of the line can be heard.
The underlying principle is that the speech is synthesized with each line as the fundamental
unit, and keywords are dynamically extracted and transmitted during the speech to
synchronize the speech with figure highlighting. The users can also control the lecturing
through keyboard instead of the mouse: “space” for pausing the play, “left” for executing the

previous line, “right” for executing the next line “down” for repeating the present line so that

the lecturing is under free control.
- [SpeeeniVisualization[Geometnyllectutnogroo!

Figure Area
Volume -
Speed

Tone

Prev Repeatr Next Speech Style  Matural

Speaker Select XRoLing

AC=BC,
LI BCAHEZA10 0% ABF LD,
b4 DIEDE L ACT 5Es - TE—
DER L B T oo F - Text Area | Default Param

iE: (1) AD=BDs -
(2) DFE® O - Help

FE

BR: (1) EECD
- BCAH® RIS,

. CDLAB, Open File
v §g= BBE. (HiEEEER - AT e ERE)

Fig. 5 Interaction control interface of geometry lecturing tool
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In Fig.5, there are following four primary interaction areas on the lecturing interface.

(1) Figure area: it displays GGB figures and highlights corresponding figure elements
according to the speech progress;

(2) Text area: it shows the question text and solution text. The line being spoken will be
highlighted accordingly.

(3) Control area: it enables the users to control the speech progress through such
functions as play, pause, previous line, next line and repeat. Double clicking a line in the text
area will result in direct reading of that line. In the meantime, shortcut key control function is
offered: “space” for playing or pausing; “left” for executing previous line and “right” for next
line, and “down” for repeating the present line.

(4) Parameter area: in this area, those speech synthesis parameters including volume,

speech speed, and intonation can be adjusted at any time.

4.2 Dynamic visualization of speech

Hereby the “dynamic visualization of speech” means the simultaneous highlighting of
the text line and geometric figure elements with the automatic speech synthesis in order to
build a speech-visualized environment of cognition and teaching. On the basis of invoking
text-to-speech kernel developed by Beijing Yuyintianxia Technology Co., Ltd (emTTS), the
paper further studies the technologies related to TTS in geometry exercises.

The emTTS kernel is of the universal type that realizes text-to-speech and basic
adjustment of volume, speed, tone and speaker. It is mainly used in the automatic reading of
news, articles and vehicle navigation. When the kernel is not optimized specifically for the
purpose of reading the geometry question and solution text, it will encounter incorrect
synthesis as the common TTS kernel (such as the identification of AOQL/ £.. " <LRt). In
order to realize dynamic visualization of speech, we develop and enhance the emTTS for a
second time and focus on finding solutions to following three problems:

(1) Semantic recognition of geometric and mathematic languages

To semantically understand the text of geometric questions and enable the software to
correctly synthesize the speech of geometric signs and read them out as we do. There are three
mathematic signs involved in the geometric questions, namely graphs, text and symbols. We
need to conduct normalization processing with text properties identification, because to
enable the students to master the correct pronunciation of the signs is an important part in

geometry teaching. This lecturing tool pre-processes the text of geometric question first (such
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as removing the space), and then normalizes the signs on the basis of dictionary and context
matching by converting “Rt”, “<>>, «“>" «“©> «“1” “%"” and “A” to be “EHMA”, “fH{LLT>,
“KFZETF, “i|l7, “wE”, “BFA”, “=MH (English word-for-word translation: “right
angle”, “resembles”, “no less than”, “circle”, “is vertical to”, “because”, and “triangle”).
The semantic comprehension of those geometric symbols is superior to that in emTTS kernel.

(2) Control of synchronic figure highlighting

When synthesizing the speech, the lecturing tool extracts alphabetic sequence as
keywords (e.g. “AB” and “O” from “straight line AB is the tangent line of ®0”), and uses
the current line number and keywords as the basis for figure highlighting positioning (see
Tetrad in Section 4.3), and passes them to the highlighting module of JS which finds out the
predicate as per the received line number and keywords and executes corresponding
highlighting function (see Dynamic highlighting plan in Section 4.4) to realize dynamic
highlighting. This helps to achieve the effect of synchronizing speech synthesis of the
keywords with dynamic highlighting through highlighting function invoking. For example, as
for “H.£E AB & ©O Y%k ( English word-for-word translation: “straight line AB is the
tangent line of (~0O”), the reading of AB is synchronized with highlighting of the straight line
AB in the figure and O with circle O.

(3) Special control of synchronic highlighting of geometric relationship

The tool also identifies some special relationships in the geometric figures, such as “CD
1L AB”, “2:B; CD 5 AB T EL”( English word-for-word translation: “line segment CD is
vertical to AB”), “OD // AC”, “OD 47T AC”( English word-for-word translation : “OD is
parallel to AC”) , “AC=BC”, “/ADP=/AEP”, and “AABCL ADEF”. According to the
relationship between two figure elements such as “_1.”, “//”, “=" and “£” extracted in the
way as described in Section 4.3, the paper adopts different strategies in highlighting:
highlighting in blue for the isolated figure elements; and highlighting of the first figure
element in red and that of second in blue and end of highlighting for both of them at the same
time when they are two figure elements related to each other, so that the geometric relations
can be presented more directly to the user. For those geometry questions containing many
related angles and segments, special synchronic highlighting is helpful for the users in quickly

matching the text with the figure and shortening the time needed for comprehension.
4.3 Smart identification of geometric language

The natural language of middle school geometry is a mathematic symbolic language with
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strong regularity and diversity of ways of describing. It should be converted into formalized
language which the computer can understand and use in realizing automatic plotting. For
example, “AB 1 CD” expresses the same meaning as “ZE: AB 5 CD FEE” (English
word-for-word translation: “line segment AB is vertical to CD”). The study employs
following three steps to extract the geometric elements from geometry exercise text for
automatic plotting.

(1) Use the Extended Backus Naur Form (EBNF) that can be easily expressed to present
the formalized language of the geometry exercise pattern matching. The results are explained
in Fig. 6, including geometric signs (such as “©”, “ /7, “//” and “="), and specific prefixes
(e.g. “HFek”, “#EK:”) (English word-for-word translation : “ray”, “extend”) and suffixes (e.g.
“HLIRE, “F:2k”) (English word-for-word translation: “concyclic”, “collinear”). For the
purpose of figure highlighting, specific prefixes indicating figure type are ignored. For
example, polygon prefixes such as “A”, “*F{7 YL and “#i/E( English word-for-word
translation: “parallelogram”™ and “trapezoid”) are being ignored in the identification. In
such case, the identification of the vertex sequence is enough in building the geometric

information for highlighting, so the grammatical complexity can be reduced.

Rules ::= Point | Line | Extend | Circle | Angle | Polygon | TwoLines | Collinear

Pomt ::="&'? Capital

Line ;= (‘B4 "4 (7' E4)? Capital2 | (G4 "% ' H 4" Lower | % E&'? Capital2 "By (FEZL R EL)
Extend ::="E4K" '#RER'?  Capital2 ('E|' (Point|Line))?

Circle := ('E'"'®") (Capital Capital2? | Lower)

Angle ::= ('A'' /") (Capital Capital2? | Greek | Digit)

Polygon ::= Capital Capital Capital+

TwoLines :=Line (Relationl Line |('f1'|'5") Line Relation2)

Relationl == /' | 'L | = | =R EE)TF? | EF | X
Relation2 == "f47" | HF | 'EK' | 'EE' "3

Collinear ::= Capital (Connector? Capital)+ (‘7E''fL ") 'B— (E'EZ) ' k' | 'H2& 'H&[F"
Connector :="" | ' ' LU s ) R

Capital2 ::= Capital Capital

Capital :==[A-Z] Lower = [a-z] Digit ==[0-9]  Greek ::= [\u0370-\u03FF]

Fig. 6(a) EBNEF description of Chinese geometry exercise highlighting identification

Examples of parallel relationship between lines of English geometry exercise

AB//CD AB and CD is parallel the lines AB and CD are parallel
AB is parallel to CD AB & CD is parallel AB is a line parallel to CD

AB parallel CD line AB is parallel to line CD two parallel lines AB and CD
AB parallel to CD line AB parallel to line CD

Note: All the word “line” can be replaced by “segment” or “radial”.
14



Parallel ::= Capital2 '//' Capital2
| Capital2 ('is' ("' ('line'|'segment'|'radial"))?)?
'parallel' 'to'? ('line'|'segment’|'radial’)? Capital2
| Capital2 (‘'and'|'&") Capital2 ('is'|'are") 'parallel'
| 'parallel’ ('lines'|'segments'|'radials") Capital2 'and' Capital2
Capital2 ::= [A-Z][A-Z]

Fig. 6(b) EBNF description of English geometry exercise highlighting identification (partial)

Note: the figure provides EBNF description of only parallel relationship between lines.

(2) Extend EBNF by removing the non-terminals, and use syntax diagram structuring
tool (http://bottlecaps.de/rr) to carry out sequencing by merging as shown in Fig.7. This
method utilizes the mature grammatical analysis tool and can avoid the complicated regular
analysis of grammar. The syntax diagram reveals that when combined in different ways or
having different contexts, the letters can express different meanings such as point, segment,
line, ray, triangle, quadrangle, polygon and extension line. With the help of the syntax

diagram, the conflicts among different matching rules can be identified and avoided.

Capital >

Capital
L -O—
@ 0 | @
Small ‘—87

Small 1
f
\

0
: g =H=®
—==He @ 6

T = 0@

Fig. 7(@) Syntax diagram of Chinese geometry exercise highlighting identification (partial)
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Capital2

®

Capital2

]a

+d

. J

Capital2

ﬁ -

parallel J

Capital2

Capital2:

w—{ (az) >—" (a2

Fig. 7(b) Syntax diagram of English geometry exercise highlighting identification (partial)

Note: the figure only provides the syntax graph of parallel relationship between lines.

Table 3(a) Production rule of Chinese geometry exercise for automatic plotting (partial)

Condition: RegEXxp Input Text Conclusion: First-Order Predicate
[A-Z){2} AT ()2 7/ )[A-Z1{2} AB//CD segment(AB, //). segment(CD)
[A-ZI{2}(F1| 5] )[A-ZI{2} AT AB Fl CE “F*47 segment(AB, //). segment(CE)
[A-ZI{2}(F1|1 5] )[A-Z{2} = H AC 5 EF HEH segment(AC, _L). segment(EF)
[A-ZI{2}(=|=I%T)[A-Z){2} AB=CD segment(AB, =). segment(CD)
[A-Z]{4} LA VUi ABEP JLE|  circle3p(ABEP)

(| ©)[A-Z1{3} ABC circle3p(ABC)

(H|O)[A-Z] ©0 circle(O)

(F1| ) [A-ZI{3} ZPAB angle3p(PAB)

(F1] 2)([A-Z]|[0-9]|[u0370-\u03ff]) B angle(p)

[A-Z]{3,8} P47 Y4 ABCD  polygon(ABCD)

[A-Z]{2} P RE K 28| ZE K [A-Z]{2} CD MZEK L extension(CD)

SR (IA-Z1{2}[a-2]) U2% AB ray(AB)

(ZRBD2([A-Z1{2}|[a-2]) AB segment(AB)

[A-Z] MP point(P)

(3) Regular expression is built on the basis of the sequenced and optimized syntax
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diagram and used as the precondition in production rule of automatic plotting. The conclusion
acts as the first-order predicate logic description of automatic plotting. The conflict-solving
strategy adopts rule sequencing: after the preprocess of blank characters removal, a line of
text undergoes rule matching in turn, and the rule that matched first and having the foremost
position will be the best matched rule which will be then used to extract the predicate,
keywords and relational symbols (as for algorithm, see Fig. 8. Table 3 provides some
examples of production rule, the predicates in the conclusion part represent the type names of

automatic plotting and highlighting. As for binary geometric relationships such as “AB // CD”,



the figure highlighting information is described and expressed with two first-order predicates
instead of second-order ones such as “perpendicular (segment (CD), segment (EF))”, because
it is unnecessary to reserve the relationship type for present geometry lecturing tool for the
time being.

Table 3(b) Production rule of English geometry exercise for automatic plotting (partial)

Condition: RegExp Input Text Conclusion
parallel(lines|segments|radials)[A-Z]{2} two parallel lines AB and CD segment(AB, // ),
and[A-Z]{2} segment(CD)
[A-Z]{2}WIA-Z]{2}[A-Z]{2} AB//CD segment(AB, // ),
(and|&)[A-Z]1{2}(is|are)parallel AB and CD is parallel segment(CD)
[A-Z]{2}(is(a(line|segment|radial))?)? AB is parallel to CD segment(AB, // ),
parallel(to)?(line|segment|radial)?[A-Z]{2}  AB parallel CD segment(CD)

Note: in the table, only production rule of automatic plotting for parallel relationship
between lines in geometry exercises in English is generated. The profound analysis of automatic
plotting of all geometric elements hasn’t been carried out yet.

Table 4 Analysis example of geometry exercise text

. Analysis results: Tetrad (line number,
Input text line Array

keywords, predicate, relation symbol)

['AB /CD, AC 5 EF ﬁﬁ', [{"line™:1,""name":""segment"," key":""AB",""rel":"" // "'},
0 i ABEP Jt[" {"line™:1," name"":"*'segment™,'key**:""CD"},
'ZI;;\B—ZB'/] ’ {"line":1,"name"":""'segment™,""key":"AC","rel":"" "'},

{"line™:1," name"":""'segment™," key"":"EF""},
{"line™:2," name"*:""circle3p",""key"":"" ABEP"'},
{"line™:3,""name"":""angle3p", "key':""PAB"},
{"line™:3,""name"":""angle™,  "key"™:"p"}]

['Eéﬂé EE 5@0 *Ht}]ﬂ:‘){—i M'] [{"Iine":l,"name":"Iine", "key":"EF"},

 The line EF i 50 int M- {"line":1," name"":""circle”," key":""O"},
[' The line is tangent to at point M '] Cline” 1 name™ " point™, “key" "M}

['AB.~/CD, AC is vertical to EF',
' The four points ABEP are concyclic ',
' <PAB=_3"]

Note: the description of “Input text line Array” column in English is for effect only, and it
hasn’t been fully developed yet.

For the text of geometry exercise, each line undergoes rule matching, and the result is
expressed with tetrad (line number, keywords, predicate, relation symbol). The JSON form
and analytic example are listed in Table 4. For instance, the result of “AC 5 EF T E”

(English word-for-word translation: “AC is vertical to EF”) in 6" line is (6, AC, 'segment’,
'1") and (6, 'EF', 'segment' , null) in which “relation symbol” are used for delaying the
highlighting duration. “Keywords” are the alphabetic sequence in the matched contents

(incompleteness of all matched contents is to reduce the data complexity at synchronic
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highlighting interface and enhance the substitutability of the text-to-speech engine) . For
example, the keywords in “~/PBA” and “JUri ABEP L[> are “PBA” and “ABEP”

respectively.

function pickKey(t) {return t.replace(/[*A-Za-z0-9\u0370-\u03ffl/g, ");} /Exiract letters and figures
function parse2Segments(text) {
var a = text.replace(/[*A-Z].+$/, "); //Extract the first alphabetic sequence
return [['segment’, a], ['segment’, pickKey(text.substring(a.length))]];
}
var rules = [ //The matching rule set
{ re: IA-ZR2}(FA7(F)?1 1 IA-ZK2NIA-ZK2KFI 51 IA-ZK2}F 47/,
type: '/, parse: parse2Segments },
...
{ type: 'circle3p', re: /[[A-ZK4}3t (& | ©)[A-ZK3} },
/...
{ type: 'extension’, re: /[[A-Z]{2} {9 ZE 2% | FEK[A-Z]{2)/ },
{ type: 'segment’, re: /(% Ex)?[A-Z){2}/ },
{ type: 'circle’, re: /(O |[A)[A-Z]/ },
{type: 'point', re: /[A-Z]/ }
I
function applyRule(queue, line, rule, text) {
var r = rule.parse ? rule.parse(text) : [rule.type, pickKey text)];
if (r[0] instanceof Array) { /Add the results of two figures in case of graphic relationship result
queue.push({ line: line, name: r[0][0], key: r[0][1], rel: rule.type
}, { line: line, name: r[1][0], key: r[1][1] });
}else { //Direct add the result in case of a simple one
queue.push({ line: line, name: r[0], key: r[1] });
}
}

function parseLines(lines) { //Analyze the text lines of geometric exercise
var queue = [];
lines.forEach(function(text, line) { /Analyze each line
text = text.replace(\s+/g, ");  /Select the text of one line, eliminate the blank characters
while (text) { //Start text matching until there is no item for matching or the line end
pos = 9999; rule = null; /lnitialize the matching location to be the max value
rules.forEach(function(r) { /7ry each rule in turn
t = text.search(r.re); //Memorize the maftching location of the rule
//Select the item having its matching location in front of others as the best match candidate
if (t >= 0 && pos > 1) {
pos =t; rule =r;

}
Ik
if (rule) { //Find the best match
t = text.match(rule.re)[0]; //Find the matched text

applyRule(queue, line + 1, rule, t); /Extract the keyword and predicate
text = text.substring(pos + t.length); /Continue with subsequent matching in the line
} else { break; } //End the line when there is no matching item left
}
D&
return queue;

}

Fig. 8 Matching algorithm based on rule sequencing
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4.4 Automatic plotting and highlighting display

The study about using dynamic geometry software to realize automatic plotting of
geometric knowledge concentrates on full-automatic smart plotting %, However, affected by
the complexity of natural language and unpredictable figure position, there are problems such
as non-aesthetic figure and over-complex system. The paper adopts the plan that combines
artificial intervention with automatic plotting: plotting initial figure of the geometry exercise,
auxiliary figures in the solution and the figures that can be hardly drawn through command
interface (such as angle sign and equivalence sign), saving those preset figures in a GGB file,
uploading those preset figures on the webpage during lecturing (with C++ converting GGB
file to be BASE64 coding string and passing the string to GGB interface for uploading ™M),
and dynamically creating highlighted figures. This can solve the difficulty in figure
positioning, and make full use of the usability of GGB to reduce the complexity of the
geometry lecturing tool.

The middle school geometry exercise usually includes question and several solutions and
resulting figures, as the auxiliary lines are different in the different solutions. As for the
dynamic switching between questions and figures corresponding to different solutions, the
paper adopts the algorithm in Fig. 9 to dynamically switch the display conditions for preset
figures. As for the figures specially designed for the solutions, their display condition (on the
“Advanced” page in figure attribute dialog box) are set to be “group == 1” (meaning it can’t
be displayed unless in the first solution) or “line>=12" (meaning it can’t be displayed until
from the 12" line of the geometry exercise). By comparison, the figures matching the exercise
contents are not provided with display condition but displayed all the time. The variables
“group” and “line” can be initialized in the command column of GGB software (e.g. inputting
“group =1"). During the lecturing, their values are dynamically set through evalCommand

function invoked at GGB interface so as to achieve dynamic display.
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var Hi= window.Hi = window.Hi || { defaultTimeout: 1500 };
Hi.init = function(text) { /lInitialize the environmental parameters of GGB highlighting
Hilines = text.replace(/An\r|\r\n/g, \n').split(\n'); /Decompose the text line
Hi.queue = parseLines(Hilines).map(function(r) {
var timeout = r.rel ? 'Hi.defaultTimeout * 2' : 'Hi.defaultTimeout',
var s ='Hi.' + r.name + "(" + r.key + ™, {timeout: " + timeout + })";
r.show = new Function(s); /Construct highlighting function as per the predicate
returnr;
»;
I
Hi.seek = function(line, key) { /Highlight specific figure according to the line number and keyword
for (var i = 0; i < Hiqueue.length; i++) {
var item = Hi.queueli];
if (item.line === line && item.key === key) {
ggbApplet.evalCommand (‘line=' + line);
ggbApplet.evalCommand ('step="+ (i + 1));
ggbApplet.evalCommand (‘order=' + (item.line * 10 + item.col + 1));
item.show(); /Invoke highlighting functions, such as Hi.segment (‘AB’, {timeout:1000})

break;

Fig. 9 Plotting command mapping and highlighting positioning algorithm

The dynamic highlighting plan in the paper is to map the predicate logic description
resulting from semantic comprehension in Section 4.3 to GGB plotting command (see
“Hi.init” dynamic creation of display function part in algorithm listed in Fig. 9), compile JS
highlighting function of the same name for each predicate and invoke GGB interface function
therein (such as highlighting function named as “Hi.angle3p” for predicate “angle3p” as
shown in Fig.10), set highlighting color and attributes like overstriking of the temporarily
created figures, and achieve highlighting display effect through delayed figure elimination.
For instance, for the predicate logic description in Table 3, the plotting command in Table 5 is
used for automatic plotting. The predicate logic of binary geometric relation such as “AB //
CD” is mapped to several plotting commands and different time of delayed deletion is set to
present overlapped highlighting effect. For example, segment AB is highlighted until the
highlighting of CD is completed.
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function addHighLight(name, attr) { Set the display properties of highlighted figure

ggbApplet.setLabelVisible(name, false); /Highlight only the figure instead of its label

ggbApplet.setColor(name, 0, 0, 255); Set the default highlighting color to be blue
ggbApplet.setFixed(name, true); /Set the highlighted figure to be immovable
if (attr && attr.timeout) { Delay the deletion of highlighted figure

setTimeout(function(){ggbApplet.deleteObject(name);}, attr.timeout);
}
return name;
}
/Segment highlighting function, such as invoking Hi.segment(AB’, {timeout: 1000})
Hi.segment = function(ab, attr) {
Create segment according to the end points,request construction of end points in GGB file in advance
var hi = ab +'_{his}';
ggbApplet.evalCommand(hi + '=Segment[' + ab[0] + ', + ab[1] + T');
ggbApplet.setLineThickness(hi, 7); Overstrike the highlighted part
return addHighLight(hi, attr);
12
Highlighting the function of angle in form of ZABC, such as invoking Hi.angle3p('PAB'{timeout: 1000})

Hi.angle3p = function(abc, attr) {

Hi.segment(abc[0] + abc[1], attr); Highlight the first side
Hi.segment(abc[1] + abc[2], attr); Highlight the second side
b
Fig. 10 Example of highlighting function
Table 5 Automatic plotting command mapping example
Conclusion: GGB Plotting command
Input Text . . .
first-order predicate  or function
segment(AB, /).
AB//CD
segment(CD)
Segment[A,B]. Segment[C,D]
segment(AB, =).
AB=CD
segment(CD)
VY xi ABEP JL[5 . .
. . circle3p(ABEP) Circle[A,B,E]
The four points ABEP are concyclic
ABC . .
) circle3p(ABC) Circle[A,B,C]
Circle ABC
®0 circle(O) Circle[O, 7 [F)Lr [ 44 FK]
ZPAB angle3p(PAB) Angle[P,A,B]
47U ABCD
” polygon(ABCD) Polygon[A,B,C,D]
Parallelogram ABCD
CD HISE2L :
L extension(CD) Ray[D, Reflect[C,D]]
The extension line of CD
B4k AB (AB) Rey[AB]
ra aylA,
Ray AB Y Y
AB segment(AB) Segment[A,B]

Note: the description of “Input Text” column in English is for effect only, and it hasn’t been
fully developed yet.

21



5 Innovations points

The major innovations of the study are as follows:

(1) simultaneous interaction of “text+ speech+ figure” in the exercise: speech synthetic
reading progress is coordinated with text line highlighting and figure element highlighting in
order to display the dynamic evolution process of geometric auxiliary lines and marks, and
construct visual-audio cognitive environment;

(2) free control of lecturing progress and skipping to any parts of the lecture in order to
change the lecturing procedure: the teacher can control the lecturing progress by clicking
“previous line”, “next line” and “repeat” or double-clicking any line to skip to that part and
change the lecturing process;

(3) adoption of automatic text-to-speech: this mode needs no artificial lecturing, it can
reduce repetitive work in teaching and avoid the problem of poor pronunciation; the teachers
can repeatedly revise the answer (including Problem-solving ideas, solution and remark)
according to teaching feedback so as to create excellent examples, it can promote internet
circulation and teaching inheritance;

(4) semantic comprehension and smart extraction of geometric elements on the basis of
JavaScript regular expression. It can be applied to common geometry questions and answer
text. With synchronically highlighted automatic plotting of geometry exercise based on GGB,

it is unnecessary to find out the corresponding figure artificially.

6 Outlook

The lecturing tool in discussion needs further accumulation and improvement through actual
application. Further study may be performed from following aspects:
(1) Collect and test more samples of plane geometry exercises in Chinese in order to
further raise the accuracy of plane geometry exercises lecturing. Further research on how to
support the analytic geometry and solid geometry may be performed;

(2) The study adopts the plan combining artificial intervention with automatic plotting. It
means the initial figures of the exercises should be prepared by the user with GGB plotting
software in advance, which makes the tool difficult to be promoted. In later stage, it is
necessary to study the full-auto smart plotting technology. Besides the present automatic
plotting and highlighting, it is required to gradually realize full-auto plotting including initial
figures so as to bring down the preparation and promoting difficulty.

(3) Fully support the lecturing of geometry exercises in English and realize multi-lingual

geometry lecturing. English differs greatly from Chinese in linguistic type, writing system,
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phonetic system, morphology and syntax. To enable the tool to fully support geometry
lecturing in English, it is necessary to develop following work:

Collect plenty of geometry exercise samples in English (as my native language is Chinese,
| have encountered and accumulated a lot of geometric exercise samples in Chinese in my
past study, but only a few in English. To better analyze and semantically comprehend the
geometry exercises in English needs analysis of a great amount of geometry exercises in
English);

Find English TTS kernel support, or an open source English TTS kernel for the lecturing
tool. An English TTS should be developed and integrated into the C++ main program;

The C++ main program should perform specific pre-analysis on the geometry exercises in
English. Common English TTS kernel can only support common text, but does not do well
in those with strong specialty. For the latter, special pre-processing is needed in order to
ensure correct speech and extraction of alphabetic sequence as keyword,;

Achieve semantic comprehension of geometry exercises text in English at JS terminal. On
the basis of a profound study of geometry exercises in English, use EBNF to express the
pattern matching of such exercises, then perform merging, sequencing and optimization to
form syntax graph. Next exerts the iteration of the syntax graph to assist thinking, avoid
conflict concerning rules matching and take corresponding strategy, and finally construct
the regular expressions for the geometry exercises in English as the preconditions of the
production rule set in automatic plotting. The conclusion of production rules is the
first-order predicate logic which can be identical with that of geometry exercises in

Chinese.

7 Conclusion

In view of the limitations of several common geometry lecturing modes, the paper

proposes an automatic geometry lecturing mode based on the semantic comprehension of

geometry exercise, GGB automatic plotting and speech synthesis kernel (TTS), and develops

the speech-visualized geometry lecturing tool with HTML5 and Hybrid architecture as the

basis. The new tool features synchronic speech with figure highlighting, easy revision, and

random display.

The promotion of computer in teaching lays a foundation for promotion of this lecturing

mode, the question text and figure GGB file demand little space which is convenient for

transmission. The geometry lecturing mode in discussion is adapted to internet teaching and

innovative teaching in Al age.
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AB//CD

AB and CD is parallel

the lines AB and CD are parallel

AB is parallel to CD

AB & CD is parallel

AB is a line parallel to CD

AB parallel CD

line AB is parallel to line CD

two parallel lines AB and CD

AB parallel to CD

line AB parallel to line CD
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Parallel ::= Capital2 '//' Capital2
| Capital2 ('is' ('a' ('line'|'segment'|'radial'))?)?
'parallel' 'to'? ('line'|'segment'|'radial")? Capital2
| Capital2 (‘and'|'&") Capital2 ('is'|'are') 'parallel'
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Capital2:
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I KT RRIT S, FIE NI 8 #iid . & 3 #5517 A RN 158 53 7~ 91,
Hp g5 35y il R R8s B ERIAI R R4 . XFF “AB/CD” 1=t
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“perpendicular(segment(CD), segment(EF))” [ i 172 44k B 5 & 2
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[A-Z){23CFAT ()2 7/ )[A-Z1{2} AB//CD segment(AB, //). segment(CD)
[A-ZI{2}(F1| 5] )[A-ZI{2}y AT AB F1 CE “F*17 segment(AB, //). segment(CE)
[A-Z]{2} (A1 5] )[A-Z{2} R E AC 5 EF i E. segment(AC, _L). segment(EF)

[A-Z1{2}(=|=|%T)[A-Z]{2} AB=CD segment(AB, =). segment(CD)
[A-ZI{4}L VY ABEP 4[5 circle3p(ABEP)
(| ©)[A-Z]{3} ABC circle3p(ABC)
(F|®)[A-Z] ©®0 circle(O)

(fa| O[A-Z1{3} ~PAB angle3p(PAB)
(#1] 2 )([A-Z]|[0-9]|[u0370\u03ff]) 8 angle(p)
[A-Z]{3,8} P47 Ui ABCD  polygon(ABCD)
[A-Z]{2}IE K LR IE K [A-Z]{2}  CD IIE K2k extension(CD)
SR ([A-Z1{2}[a-2]) $12% AB ray(AB)

(R BY)2([A-Z1{2}I[a-2]) AB segment(AB)
[A-Z] HP point(P)
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parallel(lines|segments|radials)[A-Z]{2}

two parallel lines AB and CD

segment(AB, /),

and[A-Z[{2} segment(CD)
[A-Z{2}WI[A-ZI{2H[A-Z]{2} AB//ICD segment(AB, /),
(and|&)[A-Z]{2}(is|are)parallel AB and CD is parallel segment(CD)
[A-Z]{2}(is(a(line|segment|radial))?)? AB is parallel to CD segment(AB, /),
parallel(to)?(line|segment|radial)?[A-Z]{2}  AB parallel CD segment(CD)

E: ok 3(b) RART ERLILTRMGE-FITX A6 A EE = £ XN, LRA RN
DATFTR AT U F 69 8 S AF B Bt

X AR T RRAT SCARMKOGEAT U IE IS, 45 R AP e (75, ok, F
W, KEFFT) KL, H ISON kXM /R GIUZE 4 Fros. BIANEENATH) “AC
5 EF EH” 4582 (6, AC, 'segment’, 'L, (6, 'EF, 'segment’, null).
Hrp “XE/TS7 HTEKEEERIE. “ KRBT UL N AT 75771
(A FEEE LIS N A A2 N 1 BRI R D 5 e I B8 52 0 1, B o0 1
IR . BIINJR ST “ ZPBA” Al “IY & ABEP FL[H 7 874> 3
& “PBA” il “ABEP”.

R 4 JUATAL S A RRAT T

BT R DU

HASCAATHA (175, WA, REF, RRED

['AB // CD’ AC 5 EF ﬁa' [{"Iine":1,"name":"Segment","key":“AB“,“reI“:" // ll}’

"4 s ABEP L[,
'"/PAB=ZB']
['AB /CD, AC is vertical to EF',
' The four points ABEP are concyclic ',
' ZPAB=2B']

{"line":1,"name":"segment","key":"CD"},
{"line":1,"name":"segment”,"key":"AC","rel":" L "},
{"line":1,"name":"segment","key":"EF"},
{"line":2,"name":"circle3p","key":"ABEP"},
{"line":3,"name":"angle3p", "key":"PAB"},

{"Iine":3,"name":"ang|e", llkeyll:llB II} ]

[{"line":1,"name":"line", “key":"EF"},

['BEZ EF 500 YT A M']

. . . {"line":1,"name":"circle","key":"O"?},
[' The line EF is tangent to O at point M ']

{“Iine":1 ,"name":"point", llkeyll:llMll} ]

Er L) CENTURATRILY AR LA FRAE, HIRK TR B R
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function pickKey(t) {return t.replace(/[~A-Za-z0-9\u@370-\u@3ffl/qg, '');} //IERFHFMEF
function parse2Segments(text) {
var a = text.replace(/[~A-Z].+%$/, "'); [/ ERE—PFEEFES
return [['segment’, al, ['segment', pickKey(text.substring(a.length))l]l;
}
var rules = | // PCECALRISE, FEHAIE RS parse HE
{ re: /IA-ZI{2}(FEF(F) 2 7)) [A-Z1{2} | [A-Z]{2 (A | 5. ) [A-Z]1{2}¥%5/,
type: '/ ', parse: parse2Segments },
7Y
{ type: ‘'circle3p’, re: /[A-Z]{4}#[H|(E |e) [A-Z]{3}/ },
ffen
{ type: ‘extension’', re: /[A-ZI{2}myZE{&; | [A-Z1{2}/ },
{ type: ‘'segment', re: /(ZE)?[A-Z1{2}/ },
{ type: ‘circle’, re: /(eo|@&)[A-Z]1/ },
{ type: ‘'point', re: /[A-Z1/ }
1;
function applyRule(queue, line, rule, text) {
var r = rule.parse ? rule.parse(text) : [rule.type, pickKey(text)];
if (rle] instanceof Array) { // WREEHEXFEFE WHFFENEEELLZER
queue.push({ line: line, name: r[@][@], key: r[@][1], rel: rule.type
}, { line: line, name: r[1]([@0], key: r[1]1[1] });

} else { // BEIEER, WEEFNEE
queue.push({ line: line, name: r[@], key: r[1] });
}
}
function parseLines(lines) { [/ BWILTERI X K T

var queue = [];
lines.forEach(function(text, line) { // @ireg—77

text = text.replace(/\s+/g, ''); /) R—irxXEk, EBEEFF
while (text) { /) FLERER A, HEILRERTSE P TE
pos = 9999; rule = null; [/ ERAIE ARG RAE
rules.forEach(function(r) { /1 NEEE IR AT AR
t = text.search(r.re); /12 TIEALRIE O B fr &
if (t >= 0 & pos > t) { [/ IROTE i B ESER, W G (EC R R T
pos = t; rule = r;
}
)
if (rule) { // PR BOI
t = text.match(rule.re)[0]; /! EEEEGIX A
applyRule(queue, line + 1, rule, t); // R @FRE
text = text.substring(pos + t.length); // 2457 779/54E0C R
} else { break; } // REERIR SR EST
}
i
return queue;

}

B 8 A FHMHAIEEE X

4.4 BIMEENERER

ST B U A S B LT R B sh 4 B ot 7o e v 2E se Bl 4 H 30 B e
AT, (H 52 B ARTE 5 B AR VA AL B AT (R s, A7 7 B TR AN 8 SE AN
ARG TR AR ASCR N L1 E sh1F A & 1005 5 JEar2e il L
FRHIRIAR BIE « AR50 A 25 F il B0 PR T R 1o 415432 11 e i 2 1R R P (43l
MRS FARSERT 5D, KXW E BB RAFAE D GGB X, fEPHLIELT
IS 4 0 A I B L TR I (it C++ 8 s GGB SUF % 0y BASEG4 it o,
fhidsy GGB £ NS NEM) el el e BAURINEE . X T KB
SENLIFNER, 780 A GGB BT & F L FEAR ) LT dh it TR i =

Hh 2 SR LE AT H ANECE AN AR o, RN IR 2 £ 57

15



BB 2 30 o A BN Z o 0 T BhaS V)4 B AN [F) g 2530 0 0k L BT, AR
K 9 Byl sV TUE IR 0 Son 6ok e B 6 AR 30 0 4 1
%, WELEREMN EERERMEXENER “ %" THEF) A “group==1" (¥
TANTE S —AMBZR A A Tom) B “line>=12" (RN U ERIES 12 17 A &
TR, T E N N B A 13 B o4 1F, bR EIR. “group”
“line” A& 1] LA{E GGB B4 2 Iiate (Bl A “group=1"), fEV
iz AT 8 F GGB 4% 1) evalCommand sz & W B, MTEHaE LR,

var Hi = window.Hi = window.Hi || { defaultTimeout: 1500 };

Hi.init = function(text) { /] REJTEX K, 451 GGB = BHIHESH
Hi.lines = text.replace(/\n\r|\r\n/g, '\n").split('\n"); //#Fs L4777
Hi.queue = parseLines(Hi.lines).map(function(r) {

var timeout = r.rel ? 'Hi.defaultTimeout x 2' : 'Hi.defaultTimeout';
var s = 'Hi.' + r.name + "('" + r.key + "', {timeout: " + timeout + '})';
r.show = new Function(s); // #R#EEGHETERHK
return r;
s

I
Hi.seek = function(line, key) { // HREFTEAXR T2 ZHTEFE
for (var i = @; i < Hi.queue.length; i++) {
var item = Hi.queuel[il;
if (item.line === line && item.key === key) {
ggbApplet.evalCommand ('line=' + line);
ggbApplet.evalCommand ('step=' + (i + 1));
ggbApplet.evalCommand ('order=' + (item.line % 10 + item.col + 1));
item.show(); // BE=E&EY ##0 Hi.segment ('AB', {timeout:1000})
break;

};

B9 AFEAES AT B8 A0 H ik

ARSI R R 4.3 1108 SO 45 1015 18] 32 45 1 i )
GGB fEETE4 (LI 9 Fral ki “Hiinit” i B0, Ria
NEAE GRS R4 IS SR RE, EHAUH GGB M4 M R % (5] 4niE 1]
“angle3p” Wi )= i s A4 A “Hiangle3p”, <2l WL 10 FiR), NG 61
FER P PRI 150 BB o S A AT TR 5 S 2, 3 T U o R S B i s S s R R o 8
WX 3 HHIF EE A K K 5 Pk Bl e 4 B shfEEl. K “AB/CD”
S5 U Ok R 1 RGO WL 21 2 A B4R 42, T8 18 A (7] 7 2 A A ik s
A EESEHR, HlinikZ B AB LB FIZEEL CD B e G AW k.
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function addHighLight(name, attr) { !/ REEBEHNETEM
ggbApplet.setlLabelVisible(name, false); // FZEr#s N2 ZEE

ggbApplet.setColor(name, @, @, 255); !/ HINBERE
ggbApplet.setFixed(name, true); - i
if (attr && attr.timeout) { // FERT = A
setTimeout(function(){ggbApplet.deleteObject(name);}, attr.timeout);
}
return name;
}

// HEREEEHN H40EH Hi.segment('AB', {timeout: 1000})
Hi.segment = function(ab, attr) {
var hi = ab + '_{his}'; // TEREGSCIELE, FRIEHF GGB X178 Hix =

ggbApplet.evalCommand(hi + '=Segment[' + ab[@] + ',' + ab[l] + ']");
ggbApplet.setLineThickness(hi, 7); /1 EEE
return addHighLight(hi, attr);

¥

// <ABC JEXfIEEZEHE, GI4EAH Hi.angle3p('PAB', {timeout: 1000})
Hi.angle3p = function(abc, attr) {
Hi.segment(abc[@] + abc[1l], attr);
Hi.segment(abc[1] + abc[2], attr);

h
H 10 &2 HHFH
k5 atEEE SR TS
BN 2. —HHEWZE  GGB ERELSREH
segment(AB, //).
AB//CD
segment(CD)
Segment[A,B]. Segment[C,D]
segment(AB, =).
AB=CD
segment(CD)
VY 5 ABEP LI . .
. ) circle3p(ABEP) Circle[A,B,E]
The four points ABEP are concyclic
ABC . .
) circle3p(ABC) Circle[A,B,C]
Circle ABC
®0 circle(O) Circle[O, £ [1)[F].Lr 544 FK]
ZPAB angle3p(PAB) Angle[P,A,B]
ALY ABCD olygon(ABCD) Polygon[A,B,C,D]
Parallelogram ABCD Pobyg YOONIAE. S
CD L KZL
L extension(CD) Ray[D, Reflect[C,D]]
The extension line of CD
2% AB (AB) Rey[AB]
ra aylA,
Ray AB Y Y
AB segment(AB) Segment[A,B]

Er P AR MERIHBAERAKRE, FERZLEFFTL LK,
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5 BIFHT R

AW FCRI IR S EEAA LU LA

(D Pl “Cy+EHE+EE” P . 16& & BB EEE 5 3O T
oS S B TR S B A AP REAT T8 GO R i R AR o LTl B Ze A LT AR g 19
ENABASE RS, AT XUEE 1A RA L

(2) ATLAE dEh yh st iz, Bk e bt . BErT bl “ b —
77 B 477 “EE” EHUHEHERE, Rl U E R AT B SR AR

(3) KM 7 X EEE AR, R AL, XD T #
PR E L 5 S, Wk TR E A IER . 20 R AR I e S 2 B L
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