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Abstract

Mathematical Knowledge Management is a new emerging interdisciplinary field
of research. Its objective is making full use of computer science and technology to
propose new methodologies and develop sophisticated software tools for efficiently
creating, disseminating, sharing, accessing, and processing mathematical knowledge.
As one of the oldest mathematics subjects, geometry embraces a large amount of
knowledge represented in different forms. Specialized methods taking into account
the features of geometric knowledge are needed for efficient management of the
knowledge. Referring to general research ideas and methodologies of Mathematical
Knowledge Management and based on the current state of mechanical geometry
theorem proving techniques and dynamic geometry software development, this thesis
presents a new research direction — Geometric Knowledge Management, explains its
main topics and research challenges, and introduces a series of management methods
and techniques for geometric knowledge acquiring, representation, encapsulation,

classification, organization, maintaining, rendering, transformation, and processing.

Applying these methods and techniques and aiming to improve disadvantages
of traditional textbooks in the form of static documents, we propose, design, and
implement a system for representing and managing (plane Euclidean) geometric
knowledge in the form of dynamic software. This system, called an Electronic Geometry
Textbook, can assist users to construct, maintain, share, and browse customized
geometry textbooks or documents at a detailed granularity, is capable of automatically
checking whether the presentation structure of the constructed textbook is appropriate
for users to read and learn, and whether the contents are complete or redundant.
It also interfaces with external geometry software systems for automatically proving
theorems therein and drawing their dynamic diagrams. To implement these functions,

we study some main problems on Geometric Knowledge Management.

By investigating and analyzing the characteristics of geometric knowledge, we

iii



design and implement a knowledge base that stores and manages multiversion
geometric knowledge data for different applications, together with metaknowledge
data characterizing their relationships and taxonomic hierarchies. We construct
knowledge data for nearly one thousand definitions, theorems, and proofs. This
knowledge base serves for applications in automated geometry deduction and
computation, automated diagram construction, automated translation, equivalent
transformation, and document generation in different versions.

By applying the metaknowledge data stored in the knowledge base, we
implement algorithms for checking the consistency of the presentation structure and
the completeness and redundancy of the contents of each constructed textbook in real
time, so that the system is able to assist users to create and maintain appropriate
textbooks efficiently.

We design a user-friendly formal Geometry Description Language. Adopting it
as an intermediate format, we address some problems on automated processing of
geometric statements in traditional geometry documents, including precise matching
of concepts, automatic discovery of certain relations amongst geometric knowledge
statements, and equivalent transformation of these statements (by applying the stored
definitions), and we also implement interfaces with an external geometry theorem
prover (GEOTHER) and dynamic geometry software (GeoGebra). This language and
related methods efficiently support automatically verifying textbook contents and

creating metaknowledge of geometric knowledge.

Key words: Geometric formulation language, Equivalent transformation,

Dynamic textbook, Geometric knowledge base, Geometric knowledge management
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B AR T SRR . T B 00 AR E S 20 4 A B R A 23 A X Coq N iK%
(C-CoRN) &4 4% [36]. DLMF (Digital Library of Mathematical Functions) [102] [f]
H ¥ M Lok — J LR A bRt 2% 1 Handbook of Mathematical
Functions [2] FI7EZ A ARG HE 9 B BTS20, JFil0d @)@ LaTeX 4 fith i SRS, 487 H]
RE IR IR 2 A BT T AT B RRCAS DA K )y 25 B AT A4 I 5T [39, 88]. HELM (Hypertextual
Electronic Library of Mathematics) [8,9] 1) H ¥ e W58 — & A s v A4E BRI A
R SCAH AR AL B 2 S U T T 2L R il B LaTeX 804 Coq 15
R (1) SRS, I8 AL R Content MathML 267875 802 AR mT DL it 9 44 3 W e 48
. T MathDox % 20 7R (130 43 A MARK AU 1 22 T S0kl S8 T o i
4 N FH BAE 28 (10 W9 28 202 5 3R [4, 135]. MBase [77] /2 56T Web (193 A1 X802 40
W, 1T OMDoc Z ., SR A B S AR KIS S K AT 4544 1. MML (Mizar
Mathematical Library) [97] /& 24y 5 KRR A2 sCAL Ko AR, BUE T8 LA
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Bow % @

¢ Mizar %1k 4 H )50 UE ) Mizar article (£33 1] Mizar 1HVARIEHIE X H.
TEBA A5, T SEBIL T £ A0 ) 3 A4 3 [132]. MOWGLI & % [92] i@ 6 1 T4
BN % A B2 ORI oA bR RS X (MathML. OpenMath. OMDoc) 3K 3 7 Ml 41 415k
[T Coq 1R JE LK FET LaTeX [ Living Reviews in Relativity T 3¢ % A (502 40
W, A XML £0R (XSLT. RDF) KCHRFH N AR w . 2. K5l 1E
Lty LKA D) (EHUA) HEHE [10,57]. B G0 LR B (Nation Knowledge
Infrastructure, &FK NKI) [20,142] & — M KHI . I 050 EEA, EAMUER T %
AR A LRI, T ARG T 8 A0, X SR RS 2 . A, B .
5 RAFSE R, B, RS R AN R IR 45 3 0 80 B, A5 R IR e o v .
NKT B8 2 (1 DA & 5% ZR A0 Sy TR 18 5t et <7 3 SR 10 45 2 R 100 HL A R DA R 7 e
filh b 322 B b R AR RN SR AT A 2R S5 4k, Theorema R4 [120] A %2t
FUAEAN R (B8 HOB A RS AR, S W B, SR IOV, J s P OB I B e 45 ) 42 it
T ANEEG RS, AT DUF T g 8 4502 SR T HL AT DA R B EAT TS SR B (fE BT
Mathematica), J¥- % Hbr%8 5 iy 42 23 W AH 45 6 1 7 Kok g5 AL £ 2= 40 [113].

AT MR AR BCE AN, A TRR TAERI A1 T RIS T A RER R 2
(] (1) A4, 10 Theorema FEEAE FH BARAE 4 B T H, [107] 4145 F F o] LU R 52
B AEL WL B I HIEE AR EE R (€ L. 5B 4); ActiveMath i ] 1)
jEditOQMath [69] B ¥ -G 2 4> T H KM 8T BUEE T OMDoc HH IR SR sTeX
W3 3 5 SRR R SCE LS B T 48 ) LaTeX ik 1) OMDoc SCRYIBIRE [71].

Ky 52 S R P T R 5 K 1 A, AR T E T 2502 SR D R T 4K, 0% 40
VU B0 JRE W] BEAFAE A TUR I G, RIVAH [ PR 805 S m] B A 2 5 oK. 6 T
ST ROZARFE AR PR M (RIEEBRITAR) 1l 8, [55] i w — e TR g 48t T
PRI E R LEIR 26512 N2 & B 06 75 19, 3Kt B0 AR P R 5 e PR i
TR .

1.1.3 HiRmzEERZE
HF IR SRR

PR — B A R R 2 E) g, T BRI W] )2 2 T ) 2 A A AN Bk AT
i, WOLURAERIA /R A% A /K A, BEA U W A B A 2 5 T 28 B 28 (1 HE
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B BN BE R GEH , 4% 5 138 AR R U HEAT A B AU A T 45 80 52 B L . 4
2FAIE I ) 2 B A AL Y 7 T I AR R R AT B AR IE I M UBR AL — B ATIE SR (B
AL TE SR B RIS O 1K — H bs 10 92 B8 e T . T8 3R B2 Hi5 FORS ff D0 B S e i
BB MU, B RS A BER A BN e 3, g AMIE BLD BE A IR, JF
L AAFAE UM R SRR 56 T2 75 75 AR B, S i R — 20 (R I A ok s
ANIE IR E AP, BHE R AN 56 4 8 B AT — B 2 R GEHSAE AT A AT UE B 10 i
DRG0 1 T 3 A 7 v AN S S5 5 FH 19 77 ¥, AN BEAIE W T A 1) B . RV AN 8 3,
T 2CIE AR AR R #4 T L R A P, 7 0 UE B2 T DA LR AL 36 TE 52 4 13 8 A iy, 9
HIE A 2 T AR CRAE R (FE T SR B IR E A 1k DL R B A T3 — 8 1 (R B 1 45 38 v
EAERESCR). I =R, AN TN R IR B TR 2 54 e B dn i AR o S A
SEH (1996) ARECFIEAIE . (2000). PUEA5E B (2004). 2 %0E #E (2008) 55 [59].

JE2AIE B BUAR R TE T HERE ™ 25 B i, (R TH B S TEB, e TR LT
HOF R SO NHE TR, AT 2 BRI G B AR TE 5 AN A S OR AR I TT LA AR 1)
UERH, S8 I RS . WIS SRR . AH LT 2QUEBH, — S0 40 1D R A5
HUR PR RN B R e TR ) b, 0 U AR 2% A U, DU IR A T AR 5N B
R Y =2 v, 3 PAT2% A 45 AR T e W A T A L BRI U SR I, T an H R OR &
HOF R ST 25 F A B o R L K AT . BRI b, AT SR B v] DU AL A T 2 CE
WY, TS Br b, X LA RESCEL. H 1T, 018 2R W] 75 3 R e RIS AR 2 FAUR
FOTE T SR I 7 VE KA SR 2 e B, — 7 T ORALE B 00 T S e, 55— 7 T DR Fr
UE B (1 m] ER AR

MR TR ZHEAAER RS, T HEF T FH 00 D7 VR A0 B8 G AN R R B2 1 A8 X,
JIT LA B 7™ b 0 T 8 R G REAT 43 2. e B L o ) 000 AN ) X 8 R 5 K T A
s 1D NIE S

o WA H BRI RYE: MU A B A, i HEAE B0 B 2 AR R — e BRI,
Otter [106];

o FURIRR RS 4 HBNIE R G HHCFHAIRPES Gild sk, I A B FA A ik
(¥ S, JE ok AP A IR A G L BIEE. e HEIRSR) K H B
BB HZE AR, I8 SLA U e a2 RAE W AR B T8 4 E BlE
RS 4R, T4, 11 HR [33]. MATHSAID [95]. Theorema [16];
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o CHIIEWI R Ge: Wil ANLEME Ry FORMIIEIE BT, 70 A ORAIE B A e Rt v 52
FIERAT, 40 Coq [34]. HOL light [60]. Isabelle [66]. Matita [5]. mega [103];

o EN]/BIRIIE R B0 UELS € UE W BUECE BRI (E A R B R — Sk, AN A
(K138, 40 Mizar [114]. Scunak [12].

MEHHF 5ITE

AR AT 2L 5 vk [ SR o 22 (ER ) R G ) ANBE G — A, B B
R 2 1) 5 v SR O BB 20 SOME LA N T 50 an 41 5 . T TE S A e 1k 4
R VH RN IR R T BRI R R, MTPRVEZ T ENRECR G B i oo ot
S il GAP. Magma. Maple. Mathematica. Singular %, 5 %02 v+ 5 S 1 51
VAR A0 SR B0 T R e R A TR o S A . AT , 0 T B P
FURELFER 2 P H AE B S TR BCR G 56, M 5 0 A TR R G S RERCE TR
/BLHE BT SHT O0 N A AEOR AEL, A P T SR AR A O s RS RT RE M HEAT A BIE I, A
TR B SEVE (B0 20 500 1), A B Is AT S o R A5 R, 320
ISR E S —d R, 11 Coq [34]. Theorema [16].

MR R S5

H A0 R 2R W) B R A R ) — AN EE B TR L B Al A
Bz R &R A AR T O B A B 4% H R &R, 1] 4 MathSciNet, Zentralblatt
MATH. MathSearch. X 7t £ 2 J7 30 A AE FY A0 2 SCRAH < B3R 1 oo 15 &L, 1 A 2% 8
BOEFIURTE X T2 AN R R . AT TR AR, — AR TR AN
[y 28546 F1 N B A 2= 7 SR TR, O R e B SeAR R 2R, UL T, 1 50 R 4
P HAIE B IR R U7 T ORIV AR T AN G R, BT H O R A,
B STV IR 5 A DA R B0 R P 1 ey S 0 P A A o R B E F [14]. B0 R
P B FNECE AR 40 8 T, LA ATl i AR e A 2ok S . B AR IR R
P T B TF R AR R B AT 45 2 iR i) R o 5. H R R 4 C A B Jnil
K2R 0252 S8 U BRI 56 W, B 807 SRR R A5 B R I —NRe ], JE T8
FHVE SUARE 1 5 327 (25057 R PR, 385 T JRAH BV [ DG Pie T R ke S 0 Sl i %,
I I W v AN R PR 3R R BoR B2 W2, 4T ActiveMath [86]. DLMEF [141]. Math
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Web Search [76,78]. MOWGLI [92]. it 4h, — %6 3 G5 5 H AN R 2 7m i 4R 4 1)
[P R AE 5 A T, a0 MML i F A 28 7 75 MMLQuery [11] PLR A% T H Most
of Mizar Matches (MoMM), Coq A1 HELM F7{# F () % - metadata #5748 % 5] 4%
Whelp [6,7].

114 BXFEZEM

A _E AL 50 4EAR LUK, B Fib ) 2 i S E U K Bt RN (5 By T
Y BT FRR, 02 TRRR AR B AR D 5 o 1) RSP 5 03 SRR B 0 A 2%
P AIREI R R gt R R TEA S AT RS, B BE A BB 2K, T2
AR K, 75 BT I T2, BRI 15 DU & 2 Rl B, A ifi RGEH A
P TEIE A S5, S IR 0 T A 55 3. 0 TS LRI 7 2R 40 M3 P Al 9 B
2 SR T BT 1 T BRI TR DU A R AR (R A8, TSR LAKS B AA 3 B A 4
P2 T LS B AAT R A U ) S SR A, R, B TR B 1 g K s AL R 25 4
A F B 50U, LA S SRR R D R, SR B 5 SR 45 A BREOCR AR R A T
He eI & AATTH 2 B R0 R0 I 225K B0 AR AU e 7R (5 B R s
SN ESTARAC I, I LA A8 AT i 5 B0 R A 4 S ARG, [
O T RF 10 i UK 77 2 RS (R R R EOGAR2 WT 230 [74] 828 T B g
FRATUS ) % SR IR

1.2 JUAZEHMAL S 7S LA

LA N7 38— B AT AR P 2 E I3 Dl ar
NG AT 57 8) PRI, FRAE AR D S8 AN A AG S BRI, X A6
6 73 55 SR TRV B RAAEREAT . B, A5 B ARRL A2 (R R, S 2URE (K1 0 55 33, Bk
IEZ I N S S ER I AT B i

e i s) AR AIE A Hor ok SAE AR PrigBeayUie, Sepom 2 L
EE BRI 07 SN F BT, AR v SORHE R REAS 12 I 2 (1 FRD SR P LAk
ek M2 EREATURR T RETACATT BRI T, sk
FebrIT Iy ia b, SAEARETREALN Gauss 1 29555, R1MUE I HUBAL K] — B2 Ak
A, MRAS B DR E TIE B K B0 2 BOR AN (B0 U, i nae it . Sniif . HaeR
JREE.
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Euclid (&M% JUMIEAY $2H 0 JUA2E @S A MRS, Wil iV H X L 5E
o N FRMEAT I S 2SR 0 UE A AR A B B, AT il — 8 40 ™ 3 1 J LT BES. X R
PR TT A IARECER T TS DRI T E R BEE T BEfill. 7EIXFP 22 BAL AR
Fa 51N, BUFUEWIHUMAL AR £ /b AT BUB IS 17 12810 Leibniz G. W.. A4 H il g 4
R R R R, A R T RS A T B T I AL S A, X AR R
ST, AR T A RARE . BB AR S AE R B, SR BRI AR I 2F. S — i,
Descartes R. @1J3& P JUAT 27 b (¥ <787 5 ARK0 v IR “H07 33X P9 A8 25 I D R a2 X o
(RIXS g — ke, QAL T AT JUI 272, H BOTE T4 LA Tn] e 45 D A & i) R, FH AR s
VEREAT VSR T At e JULA] ] R A X — A OB AR AR E B A R O I R B
SR LA 22 ALK, (R AR T 55— 4 .

FRICR AR [138] FHHR Y, BEA UL 1 EIE 4 3G+ 2 Hibert. Hilbert fJ48 3%
YE CUTEEREY D RRJLEAE LS T — 58 & 0. Moy Wi i B EEA ™ 1% 1
NHRG, PRl TN B, JLADS SA LA T S, MEE AL IR 2 45
RN U A BRI, AT RE S 1 1L LA 2 B AR v 4 P R 1) < EDUL” 1“2 57 A AN
PR R R RV MR EE 2 B B I SEHE R T 00 A R BEEA T HUMRAG UE B B A AR S
K Godel A 76 46 & BT &, 15 Hilbert 55 A2 T — I TH A4 B —— Hg 4.
g3 Ji i, Hilbert £ (JUTAERE) o T A0 af il 5] ASER AR (A 2 B 10 12 B
2 5 BAIE WAL 0 B T A AR R S I AREH S0 BRI, JF 4R T — 40 B, mr DU — 3K
WEPRAE SRR A8 1 B (Hilbert 2K) #E4T48— MoK €, TR T LA 52 BHHE BN UIRAL
(YU TE i 20— AN I8 A TR Y LA B, € B UE AN B X AN e B
I BRI —JE B

A 40 EACTHSNUN H B K HES) T LA 2 PR BT HUARAL 1K) % €. 1950 4F
Tarski A. $&H} T EF XS HI55EJLAT (LA SEAK) X — i Bl 1 i s A T HUBRAL 4 5 B — ol
W T, 1430 T 2 44 1) Tarski HUMCHE @ B 38 %5 5 SO 048 JURTZ o] AR UBAL Y. 28
117, Tarski A7 VAT H — Bk, AMT-SECERE A, SRR, DA T 2 E B R B S HHE
THEHL AR BT R S LA B

1 30 Aok, KT LA E BEHUARAL IR B 7 VR R WT S U0 AE 4R 2, A OGS B th i) K
BT VEATAT J LA € BE B B B Ay E 24 B B BRI 23 5. AR E R IR LT
|HREAE 5 P 2% St — 2% SR e I 2 BRAL TV b AT U AR g BRAE B, I AR “AT (N
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BHE) INE"; o 45 2R JUART 58 PR UE B e U A D SR AQHIOR U I8 Y e 8, 9%
Jr 8 T AV SR LATR FURE B E BE G H R, AR O ARBOTR” L ROk, BT IR I
Z S 73 ) ) PR A 2 3L rP OB R D W D7 V. 4TI T T 408 S0 [27,28,125], &
# [26,29,138] LA, SO THiE A ARG A A 21, 10 BT IR AR A S B
A AR R S [ SCHP I HAR SR

1.2.1 ¥#ALIERRBYIBiE RN A%
HRR R BEE

JUART 5 BEATLARAR I B 05 8 B SR 1 32F Jre A B T SR SO R S AL I TR BUE
1 [136]. finre B AK o v B At v SR AN SR R R P T L AR E B LI
WAL 5 VE —— Rk A2 IR s, DISEnIAT, SR HES)) T LA 2 UL e

SRITELEE Gy P 520 3 U e B AR AL, RINE T 51N KA AL o % 1 35
IAADR AR ST, R BTt ik B 0 LA 5 B o R LA AR LA 2 3 FAR B GE SRR G R X
R LA o6 300 B I ARBGRIE R K 212 T R 3. KRR 5 LR R
IR o0 JUAR S #E— el DARs OB 0 { Hy, O} BB, Hevh Hy RARBEHRIY, o —
P2 TR, Cr 28R, Fom—A> (B2 AY) 25005 R s BRI A4 i) e 2
R B SRR A ) E 1), IR ] AN LA B A AT, AEAREUE S AL
HIE Cp JEATE Hy HZHEA R ), W3 HRAEB 0 2 Wi A % R h i A —
gy, AT A5 ER o) 22 W REAE X — B o0 B poT.

RITVERIR 20 AR5 — 01 LA 8 BEARE A b 2 18— U 6 P AR
oy B 22 TR 41 i 22 TR (A2 o N 25 (DVER). RS2 45 R (Th4x) 4 0,
VU B BT A DU A 2D AR B SR 2 I A e R 5 R e A e BRI, T LA
THEHL BB AL

SR TR AT AT SR AT 55 JLAAT HR KRR 0 B (O BB B A 2l g i B R
FUHS AT A 56+ 5 ) 22 T 2 U R R ), JF HAEIRIE RE P e B 3 7E pl— L0k
FEAIE MBI A 1. R BEAAE AL XL MDA PRI RS2 B SO . T8 H LT A4 L
AT AR AE 3 BNUE B AP (R R A0 B R B EAT R AL T 1E W 1 — U TE, A2 Ry
IRIBACTSTE, G100 S 30 5 HEPAT I, RS B ENASES  — 4 H; Ju 1
=B, RS S A =AU A 3L 2 i Y 52 05 VRS 21 RIS N 4 A — &8
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TE R T 5 LA & B ARR A4, BV UART s B AR A SO N oL 53— HibR T
JUART T2 BRAE R P 1] PR R IR A A 8 AN BOL AR BE I T 151 [26,127] 41 T K6 AT —3
S AREUE RIS N4 1 B 3 e U AT i S0 AR AR AR 732

B 7 T DLUE B LA e 3, SO RIe v DU T B3l R B &1L G &R, B 3 R I
LT E R, Ba)HES UL, REZ 25 TR T R TAES, 99 7% ) JHiT 5T ik
ST, BRI L T VR 22 B Tz T W ek 75 v [73,124,130,131]. SR J7VRIX R T 2 T3
2RI TEAAE B LA s 3 JEAE 5 12 T 18 8l B 00 27 2 PR AR R R, AR 2 2
A BARETT N H B U BEHURAEE B o, I TP R 28 A LR 732, 9
Grobner 37775 [79]. 45307775 [140] LLKO A5 ANSE 3R L AR i BREAT UE W FA) R 2 7
7% [139] 4%,

PA_E TV P s 10 6 LART 38 2 7 5 35 SO BT 45 JLART (RT3 5 1 N Bl A AR bR R AR
B e LA, i HIF8CA 5T I8 5, Ik BLAR R 22 Tt i1 22 T3 o S8 FIHE
B AR 38 BEFR H 0, BRI RR Ry AR AR EIE . AR U, 36 8 7 VR IE I T L AT ) 3805 P £ 1R
HE A R AR ES ) FBLE B B2 2%, A RO JLART S FEIE AT LA A 96 1v) B D, AR B o iR
A BRI T AR, IR I R L e th b 5 T AR A8 E AR EO T 5, AE A 2 2k
TS, X AAIR B — A A, AT RS B ard s 5 e 45 51, e
JUART (¥ £ BEBRARE . 75 58 Pk 2 G, —Be22 3 A B2l 80 AR AR e e v Jik Tk =
VS IUBRAIE B 5722, DA AT DAAR s i, a7 Sp 55 2 2 T st i e B, JRIR T ).
XZETT UL B I R 2 BT A A S, (AN 2 DG T AR bR A JT iy 2 OG- — 2847 JLAT
B, S, A AR R, S, IR AR e AT AR AR

R ECE

IS T AR A5 RAIE B LA S B 5 v (RO TIRNE) ik, 8. st it
[ [29,143]. 77 0 3 2 AR AT PAT B EL 3. K AT Pythagorean 21X
ZANFEA LA A AR, ST BB A iy ORI LA B L R R IS U E 2
() AR LR AR, A X S8 iy A o HE B B AR 5. TE B L A] 3 BE AR il R A T I S e AR
i R S PR AR B 2 IS5 18 6 23 20 ) 3 s O T A LA B A5 OR &R, RS HLBR L

T S B i B JL TR |2 LB B ., 1 BUAR T A DR R R I, T EL— AT
RS AA ENATK S
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b B v 8 P R A5 R 5 12 0 S5 b ) A R 2 (B DA A T LA 2 1
VENFEARFLICAE R, T RSS2 S B B e i AR, i R Jm REfR 21— 4>
TEAEI, 4 g BEUE W] ).

TR (R de KA R IR AR 2D A AR R L AT i 3G, 25— s K HL it
) A2 AT B UE B A L AR] 8 AU IR B 7 3. B A AR AT & il 2h b A SER] T
500 2 AP LI JLAATE BE B8 A A7 LeE B HL U AR 27 5K 45 Hh IR W] GRS 1 4 [44], (R 777
(Y38 Y T A A AR AR AR Ak, THIRRVE e HE T 21 H e L AT 40 1 5 Bk 1
H sz Ak JL . Minkowskian /U7, Bolyai-Lobachevsky JL{if. Riemannian JL{f.

TR, P JLAT R —— Mg | NS E BB ok [30]. 424
TR EARBAT IR SRR, (B L S 2R 1) LT 5 BEAE W 21 ple LY i BRSSO U ).

Richter-Gebert J. 7£ [112] "4 H} TNk WIS 52 JL A 5 R K 5 T35 5 A0
SR %R 2 AR T BB B i o AN G FR 3 Hs g R TS IAREOR R,
MTTHE 2 BEAUE WY H A0 -5 AT 53 56 52 LA AR AR 22 DRHE 1Y 5 BHLE L it 7R #8
FFRAUER, Ty HLUE Y R B AR f]

Al i

G T I TAEG 7, YU s B UBRALIE ) )7 —— AL )y
VROV E BB B T A B I v, 5 LA 2 B 5 AIE W 0 LT 5 B A
SRS, SR J5 AT ST, 00 e 4 2 A TR 5 7 5 A SK M R W A
PR B4 A A A B 4 2. ORIy vk e BE B (3 R 7k, SRR
BT L 5 B .

CESCBFREFR et ARG EOULR, AT I 72k 77 T T LT 1960
4 Gelernter HL. %1325 LU AOATTRERF (0 JLITHLES, FF 61 100 7 v W Je 4R v 06
P 1 LT BT 25 184 b, S5t 2 e S JL 0 A RS 1 5 A 5 5t e
B A8 8 4555 £ 050 0 A W0 0 T o S T e P, S £ T D A
PR 5 B0 L. 5 AT SR R S, BT AR L R AR T R P 45
Nevins A. J. 44 5 HERERUS HERES: £ (TR ATHERE), BLORGTIERI 7 AR T V42 s, {1
{74 U BETE B — S ] ¥ (1) 5 0. JE4F 5K, Balbiani L. 4625 44T T A RBFSY, 4500 5 48
RS 2 A 0L 00 5 EMUBATE WD 5K, JFE 0 T — SR 4] ML L] 2 3,
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Fevre JE28 S 1) — B A AREOH SO IR 45 5 10 TR G HEELR AT [42] IF ) DU ey
Sy BRI UE W,

JHI A5 3 T 2 e P SR Y 21 U AT 2 PHAIE W] PR 5 IS T AR KB, AMGIEW] T
R Miquel &P (1% € BT AU R IE ) 2% LA € PR, 1 Hak se B 8 & 3L
B L [31]. 05 i n] UABL LT B (AN o, B SRR 45 2 1) — LM B I e
RUUHE- HH R BT JLAT PR 5, M3 ey T Sk 20k i 0. [) In 3 e v 2 Bt e &5
PR KRG/ T H B, M {8 2 AT K.

122 #HAXRH5E

1 35 42k, 2 3l (2 HR) JUT A+ (Dynamic Geometry Software) 132 T 72
(ORI 55 TR AR P TS A A A TR 4 A 18 R P ml DA P BB 1 o e b s RS i 1
W LRFE AR R (AT T ESE) BUREE, B i 2D BAaC sk R RIF ] B
B I BOFT R BT AR SR EEAZFF L1 A, T2 8haS i, B4 A s sl R A i
BEXF GRS, HEAS LRGSR s it F 0 22 T AR R KR L R 1 LT A R &R TR
TR E T (1 B A PERORE 1k, BATTRT DA B U 55 1 e AR AR, L R B
TR AL HERN 2R, AT SO AT SR A5 20 5 R AL KR 20 8288 JLAT 8 A P dR A 1
YRR 7 U e Kt U, RIEJLAT & T8 1 A Bl S IR e — 20— 20 M AT AH N R 7 Bl
L, B DI AR B DRGSR A S8 a2 LT R I vy UG R X JL AR ) 2
FIT 26 5 W2V ROC Z K AR 1 3 A A N 82 JLAAT 81T, 40 GEOTHER [127]. Geometry
Expressions [50]. JGEX [67]. B T B JL HLAE- 11 LT BB AL, A L85) 25 J LA B A3 wT LA
Fa) 3 S AR JLAT T2 (4 Cabri 3D [18]), AERKJLAT B (W1 Cinderella [32]), Jf- 32 L BIA
S5 Y IR, i e LA ETE (U Cinderella. GeoGebra [46]. GCLC [45]). %
A, BEAE P25 18 J, V2 AR L T Web A, 3T Web JIAS 1 55 30 53 281 & 1 3))
AU NIZ M AR, 40 JSXGraph [70].

b T RS BoR S as B LT B IR Z 4, Shd U A — o HA LA oS B HERE
D, 19141 Geometry Expressions AJ ARG ZY AR C R LT S BATRF5 15 GeoGebra
A ABEAT LA Y B Cinderella W] RAFEAT ARWK LT TSR F S T 46 5 AR Uy
7; GCLC ¢8I T L, Geometry Explorer [49] S¢3L T 4= 1 1A ik B el A2 0l 2oL
R 77 UK 2 7R ; GeoProof [51] SE3L T i ANE IRl kA ] Coq FR e A8 T AUt A4y it JLAAT

LA AP PR 2 AR BhAS LT BRI A P 1 B P 2t i 4, A PR 2 IR TR Ay ) 3
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5E PR T 20AE B; GEX (Geometry Expert) [48] K& 3: Java fAS JGEX [67] S8 T R SCHT
IR TR 48 R 4 JUART 38 BEALME AL TE B 77 725, G036 5 7. Grobner JE 0775, AL, &
FAVE S TSRO PE VR I AE 1 ) 25 b B R W R 5K S rp A T R 1R 2 i
(1441 LB T LRI RS T 5. 5008 VA L RIS S B0l PR 5 2 B v, T DA
AR IR B AR 2 LA s 4L

BT R Ml BoR AR S o he, IR 2 ARSI AL e EE DB, Wik iE
JUART AR e, A e 328, 7 (o oR 45 15 LR PRI (0 sl i 2 R, 0 BASEAR, AE Rl vy o9
(K31 55, BRI LT R A A5 S AR AR SE AR S, JF BN R T LT 2 1 S B, R A
VF2 ERHOZE Rt #3453 20 7732 (0N R G At H T S R e 4 T AL 5K 1 3))
AU AT, & R Be A B 7 AR T — IRl & LT A b s s X PR 18107 =X, A4S
JUAA P B B Ay fei vy, i AR T 3 K i B s 5T Th B, A8 HCUEER T Rk, R RISC
PG S A S5 A VR ER AR T A7 8 T B G s JUT . B0 3. MERsE
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IV FE 0 R ) e Ak BN A e SR Rk 1 5 2, T BT R & T I 7 v J LA S K
FE I JURT R IR 540 4 v AR CVF I U3 T H CRITH S HUREU R 4E) ST 118
).
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Bt LB JUART S UV B AR ST A 2, el s &5 0 A R AT B SRR L, Bedi ]
N IR B LA R R 5 IO,

2.2 R FIREE

2.2.1 ZREUJLTEAIR

W 3 2 U AT A PR RS T2 SRR U AR 2 SCIR 0 B A5 TR R L i R S (T
Wolfram MathWorld [134]). 7 £ JUArT %0 TR B 5 75 JLART Tl 8 1) i R 7 v 2 R T 50
Wi e a0 5% JUART Tl U A6 5 T A AR, LA € B ARIR A 4 1F 4, IR EE T ZEN A
R U L 501 HLARAT. BEE TH ENLEOR I R, S BL T Y28 U sniidf o e
A I B UAT A BT TR A T 3 At ke J AT JERIT - B8 1) 0T 82 LS ) 5 R BT LBR AL,
LB JTE, Bhas U A B Al I BB el 5k 45 . S1h T BB R R, &7
RIS SCHIAH 58 Mot A8 AN b b 5, DRk L] S0 iU Rt kg o Pl adih oK, B
W2 AWt A AR Ak, JUAT AN UL AR BRI DL A B fe 24 2 0 NATT IR, DR LG 2% A 5K
3, AR H ORI, 3 i B IR AOTR B Sy — 5T, LA LRI HLRAR 7
VAT RA T R BUET LA e 3, VS RE 0 IR, (BT Y. BB TR AR ] DU SR LA

FHARIK) — gz,

222 MIEJLAEIR

H 3 AATIAE S 23 0 DA R SO A 1) 22 5, R BBLE) JUART SR e A i LA R R 2 5 14
] EAETEE AN (B0 ARG ). — J71i, AR RS 0T RER GBS AH 7] 0 2 3L, 2B
AB MK FERTLLR RN |AB|, A UL Ny AB. Rk, 87 TP Q455 5 4 [84]
S B TSR RN 5 DL R A R A U S — g T, AR R A S BORE RS R I A
T N FARANE (5 SC. A, G A A AR AR S ARG A 04, R AR B v] DL GA
— AR B BUE T ARIE X A B BUW A L £ TR 1 2 S @ B0, DR B BE PT LAERIA
— M (LABC (1), XA PLZRIEX AR (1 ZABC = 60°). 5346, AR LA
ST DLl AN R B3R AR, B an, iR e B ARGE N % A. B. C. Dy E\ F
MR AN S, W P =ABNDE. Q=BCNEF. S=CDNAF {Ef]—4H% L
AT BARUGA A 25— AN P T [, UDeHIAAZ sT k4. Dk, o T3 BT s R I JL AT 40
YRS DU v S O, B 3 ) DA R AT S A, B 4 T 4 — 1 — SR SR £ 3R
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AR LA E0R.

223 FiRJLATHEIIR

263 T A F LA 0 U A A S P 5 R R LU RS, BT il =, B R R
SR JUAT 50 A BRACRE 5 8, e ep A 5 8 B8 TG R AT P54, 25 I HER
TR (TR, U0, 19 R 5 ISR 7 BT ARG 3 0, JLATHI TR ) 2
SR LA AR R B2 U R P R B R A O . SR 35 P33l Bie 00 LUK T BEAT ) ik
BRI #7300 AT 0 L P T AT 260 S R A ) [ SRV 5 2k 1, T A
RSB AN PRI A WRASER, (EEN R AR T ST HLEIAR . KO ER R . PR b
Ve HA RSB T U A T 2 5 ok LA S SRR 3T 35 O VM T 15 FA
TSR B G — I 77 1, FEARJEUUL S (4 3 A0 11 4, 5 (B AT B S A . JRAT TR 7226 4.3
FIAA AN LT 50 R IR TE 5 B SRR R TLA R E 5 (JLITHEE
BH) .

53— DT, [ — P 5 7E T SRL AT A S A 2ok R (1T DS 75 A
R SCA T 8 AT LU PR T 5 205 K0 SOk ). AN 7 B X B A S Ak 8
R, R 7 B 48— O3 R Ok 7R . A7 DL R A TR LT SR s B 4
5 5.4.1 FORVEAIIE LT R E ISR TR

2.3 MEITTHIRIE
18, BT WA (AR R i

231 HEFMIRMR

AT SRR UG A, (EAE B2 I 3 N TE IIIE R, T B S G R 0 5
R TIAE TA B, A28 L) 0 I A A AR I 5 R SR 5368 PR PR 25 7] S JBE ) 40
Sl S N st 2B S A B S L B ) 5. T SRR P R AN, IR 4 B A A 1
1R A3 2 T AN T 421, AR, o Sl P K, T A BRI R ol TP AL AR A3 2 3. —
SRS (U1 OMDoc) 1 2 it 22 UORE BEAS B SORS ) S0 AR 43 265055 AR FIIRA o
7. BT IR IT DUBE RGN . DKo B LA J A B PR AT S S 57 ik S A ionf 52, 481,
AT SN B, SRR T L X AN I S Bk B R s 2 (AL

L3 LB 4 JLAT A,
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Bf s AL) & —ANEIRX B, B RIR 1O T AN LR A AL R i AR B2 — AN iR
X5, LB T A% Bk A AT
ENARN Gn] BLRI 23 g AN [R) S8 A, il 45 45 F D R B A SR R A (BB . A

AT H) AT DA G M AT, JRATI AR X e 28 O A K K B, = S B 0 1 E e
TE XA FN RS Bk AR g R T BEIE A iR 2R 2K LT OMDoc {8
Schema K j& S 5T 70 35 I N BB 2088 &5 4, B — A SRR R 5 2 AN e 1 s P
F T 48 W10 R A T RO R AE 20 R LA R IBOAS. A 8 PR R fR e AR
) R, 3X S8 AN [R] 4 J8 PR A 58 W] T A RN %R B 2R AT 1 AN IR N, T e R 0 ) 3%
718 1O G A AR S 1R R oh T A R TR 40 N TR B A, e SCIXAS R R
W T )& P knowledgeName (T &7 € XA R )4 F), formalDefinition (J&
A RE, H T U &0k 1 6 55 4 45 5 34k B H]), naturalRepresentation
(AR R, F T AT 5 A G e OB 10 30). 0 1 58 SCX AN F IR X 4
FA R AT & PR < 07, “Definition(incenter(triangle(A::Point, B::Point, C::Point)),

[concurrentpoint(innerbisectors(triangle(A, B, C')))], null) L e MR =4
R RS A AU

AR N H AT AN IR, i U AT R0 PR R da 2 (R S8 O SRR TR (1) PA 8 0o 45 4
(AU uk s 1) 2 T RRIN R — 20, R BLT IR B 2R 5.

232 HIEIRE

Jo T 25 50U B K VBRI SO Ry, T BN AR S U b S M k. S BEAT
T SCATEI R D3 EORHR TR, WE UM HAR [37], AAHAR [56] 45 #EH AT
T, B SCERAE P A 5 SR K 2B R G A2 IR LS R A0 G A 2 SR
Y] SR () SR S B o J S AR SR T S A B PR U, AU SR 5 R Ak T L
S SR BB 5 M AR Z . FRA TSR LA R PR 7. iR 12 £ RDF $i i [111]
I8 A, T LA AF A2 0 0 SR 5 5 W A 22 TR RN e B2, o2 L T

ENX 231, N BRI AFHHER N (8, L), Hh

(1) AT R REAR KD BRI G, JICER M £ (vertices 3K nodes);
(2) L A& FAAR YT i Z R R R 2 7 BB &, FLOUERPR N 4538 (labels);
BT LRI R, AT 4.3.2 34108,
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3) £ = {A—, B|Ae N NBe N NvyeL}, HILEW N (links).

AP A o E 2 P ity S i B 0 0% AR SR AT BRI IR ST RnH. 4, 0RO
ZHEG ER— N MIREU SR A —, B, Hoh AR &ile X, B Roax =Mt
PLIE X, v TR K FRELA contextOf, A —, BFRIR T A0 LiE R T =AW
O E SOPT 5 TR 5. AN IR e T R L BHR e B R, — NI AR B A T L
(e T DL 2 T A b S R RN RO B Z TR AE I A Bl OCAR, IRIGER AN 23 HT 5 4 T R IBOR
FRRALEHE S A E R RRE R OCHE. ik b RS RRA R IETT et &%
B BRI RS PERAAL, e Z IR A7 ARG JZ IR G AT TG R, IR B R R KA G
o SON R BA B S T SCEHRF, RO e iR — 3. JF H B R . dEd 25
MR, WA R SV BLOC R SRAY a5 S TN 0t A2 0 U8 BRI 75 K.
DR, A S R, AN EE BRI 0 O S 2 ] (A, it L R I 204 2% 2 B A 1
KRR i1 (GBS 9 RDES FIAE). IXHERAF I AR 28 G EanRIE, 46
R A b 220 ) LA TR 2k oy, 530 AN TN SRR R 1 o N iR

IV & e i BAI NP ES) 177w S A1 1 Rt 11T R 6 B £ AV IRV E S )
A A S, S50 3 o] LA AR ) A e B 2 TR B R R AR, AE L Bl 2
PSS P 3 355 B B A . 1, RS R T AR A R T ). — ek UE, S
(S5 SR T W A A, 7790 U AN &, B R ) T 00 R, e i

ﬁ-':_x 2.3.2. %’ﬂ”ﬁ%éﬁﬁﬁﬁé {Sy K17 o aKn}a :/H\:EF‘

D n=1L

(2) B K (1 <0 < n) SRR G 00, R IZA 0 1) B R, 8RR g T 1X 26
l;

() S M THELE Ky, -, K, Pra & WA RIS s 45 M5 R &, R A IXAN )1
IDENURTESS

AR RO AN, et mTRR 2.

AL RN B, 200 G A 11 ol 45 Mg e et SRR . A5 AR 1 R
BRMAE. A5 BN AR, RS B0 S A Y s AR B, —
AU G NIANAT S R = A=A RN RN . CAERHN A

-33 -



W LR

SATEA KRR E S5 O T RS — I HESR N St A S IR K Te N R, ]
UAE Y S PR B KR s 200 R 5 5 Lol DA 2 R 0 T 057 SR AR R UK S A 2
XGRIATE B A DL KA R SR A AL, WS H X 52,

LA R 04T, 2RI A T AR (0, ) KEow, Jerb 0 RosBirfy H ks
GRS, S LRI bR A8 (include) IIBERENIEE A

2.3.3 FRELFTEAIR

FIRVNESPUiBuRG S BN IRVL I Sl I PNV WSS IRV SN P G4 (A AT B0 51
W, T R e ARG B T2 os 5 k. DR, AR A VRS B AN [R] H Y, 75 22 1 5E AN ] i %0
PUE] CEBOC R RAY, 5 EREE).

JCHN VR 2 S0 T A e A ) KRR B, JF HLBE A SRR B R T 7. — ek,
HERE L v S A Il S PR A 7 5L AR IR e S ) W T AU
FEAH LI R LA FE ). HATA R 2 35 T840 (SN LRRE) AR e Rl T A,
BLAEE BRI . UFPHE) T UFRHEGESS . WU ALES . EIIR R4S, v LA BE)
1 By b 35 Wy AA T e ie) @, JF F 3)3RAF 00 [113]. R TG HIIE ] B T Coq Fr b it
TER AT AR SR AL T R E G T LT AR B e 0 K. B 1 i SR 2R T AR AR A8 XL
SUTME B, BARJUART 204545 SCHR o 521 45 4 2 Ju AR IR UE. 55T Web 3L =241
A AR T R T 3R BO U 5 e 4 R R 3R (o) HR. 53— J7 T, 42— 2 M
WU 3 JUART SR B, TF R AH RN R ) LB 3) 3845 — 8B40 Jo AR, Wne SO 52 T8) 1
AR AT R (P2 WA 4.4.3 71).

24 JUAHIRHEIEILIE

SEF T IR 0 AT AT B LB AR SR, 5 BRHCR Pt MR e B BRI R F AR
SRR, 1 PSR P 55 2R 5 T LA S B JL T 10 B LT e 11 A2 B i
Fe R

241 FHRKEEHIIRIES 4P

B LA 2 0 5 (R S 0 5 R, L AT 60 T 2 3 B SR 7, DRIkl 0 LA i
PESAT RTINS, T B D A S 1 S SR B e o
SRR Z A0 T RER 5 B AT B BRI . — Ay =R R T AR T e AR
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a0 1 U AN RS B A oG AR, DA T ) o AN R BB AR, RV PR 5 DL K
SRR P R 5 A 388 3 AT LA A A AT TR 45 5 R VR0 B AR S S RS ot B g R . s B
RXIFARME H R SRR, RO AN KHE e, BOBIUL e 404, A DO e, by —Ff
T3 AR EE T LA AR B A 5 AT RS 2R — 71, AR LT AR B A ARIE 5 R, 7T LA
AR BB A Iy i, Tl I 7 R 51 RS BV B A HE P 53—, A T
P 2T 5 KRR LA R0 R, DR G B (10 T v I, DR sk m IR S o 3 R ok
BEAT M RS A UCC. BASE O al, WF50 LT L DL RS 7k (F AR T, Hilfe
Renp K BIBE R B e ) ) LT BE S — RV BRATE) SR 2 A LT RIR IR R 3R 1
1 TR S S R 1 S B S AR T P Ry ) R VR B A B 2 (A At A A

S5 Rl TN < I P IR 0 PSR PAVE L OB SIAL 6 g e DN BEE oy S PR S M N B WS B AR
ORIFCAE JUAT SRR |1 SO 2 TR Y (RIS AR 12 48 e —301), A4 fEfRAIE &
TR T A2 PTRERY. IR RIERA T (B Coq) AT LA D AT TSR AZ T AU by s JLART B T 2K
R, RV ORALE 7 LA e B R HAIE AR AR I EEAE (library) B R SCHH 2 TR Y, {EAH
RECRAT IR, — L8793 R LR € BRAUAGUE B U5 1% (AR RO R) BARANRE L
AR, AN BRI LA At A5 m] DL R0 iR PR R BN SCZ BT, (H a] DA W
FUAE I H VB h R PE, DAk mT DU B AAT RS I A0 e i g JLART R TE A .
T RIVUECHE 1 EREORTAA S K 0 #62  ACRSE i), DAL G TR A P o B =4 = 22 el B4
SRR ORUE. A2 R 1 1) SERT R R b, mTAE BN DR (R0 4%, RIVARL ) 0 200 P el 4 B
SRy, BARXIF AW A G 1 AL, (U2 -0 ion GO A BRERAR (1 R A LA,
IR = PRAE SRR S 1o — M, VRS L AR AU AZE. 5i b, b ml e B AE A e
500, RIS A PR GAE R AR B BT MO S0 I FANAEAE T LA S0 R, 48] G )
BRI 1 2 SCAE AT A 2 10 B AR A5 W KA, B B A A B A B AR S
AR BN R PEAE AR EAR AN — 2 Tl A BB T AR 4 A S AT
SRR AN ATAT . BT R R R e 5 SO AL, B2 25T S U Ecdls B
I, JE AL e R HORIRIPOIS L8 AT g 3 SO PR B B — 8 TUAR DA RANSE 2 AR
Hdfu, SRl NS FCEAT G0 AT P BT AR A N ) e 4

242 HREGEREMRERE
JUAT 0 (45 ) 2 A5 AR ML 1 6 AR ] (4 2, AR 0 208 5 3ok RS [l
VE SOl R, B LAR 0 R T A P AR S [ AR E ok 2 3 L AT A I R ER AR, T
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{6 FF 2 HO 7 0 - SHLRG 7 1 b 0 5 . DRIt o T 68 UL s/ 1 S0 e 2 ik
JUART AT 75 BERF SR IR 25 2 10 O 745 I T A R 1 4 T L. — ek, ¥
SRV 2 B T 2V 5 1O A ROBCT T 20 35 M0 SRR T TR A 2 1 ik
ELAY g (1 SRVE 2 19638 T RE X 2 5 e (145 3901 45 ST R AT 25 A 4 (94K, S
S (0, T A 1 SR 5 AT PR 36 )7 R AR, 5 T, e A I 6 S
(U AR TE AT 88 3 9F A M (I Coq 7 « Mizar i 5. OMDoc), [ i
o T SR R 7D 9 1V R e R, A L T B 50 HT T S ) 1
2 W OO B e 7.y T 8 R S A A OB, % B R R R G 2 1A T AT AT
P, BRI 15 b 10 KT 7 X BT S UL BFSONAL. R  Skb fE 52
1% [62,110,117).

STIELE P B AT B 75 T L SR [, RO 7 W U R 2 D
T A A4 2 B o AT KR L SR B AR TF LA A2, 3 JL A 5P T LB L 3
Fy 77 2K LA R 80, 75 AT T DA 7 5 L L P o 9 2 4 O P, )
5 [133] A48 T 46 AL 30175 LT8R P Geometry Explorer L P JE 7 7 24 5 3L LAT i W (g ik
T BDAULATHLE B LTS R A T R TR 53— 7T, SO AR AR
3 (1 EARVE S LT F0A . ARBOTRRE) R T b LR 4, T BRI GE—5
fey . BRI A X e R I L S 0 AT O I T LA AR A,
LA AT TSR 5 5 B, LU T AN TR ULRG £ A T LA A
0. AL KT T 10 A 5 e L kol 55 1 B T 7 AR A
ST 2 LI PRSI 46 3K B LA 2 kS M A8 AT 1T 4 1T AR P LA A8 1
SRR P I T F SRR,

2.5 JUAHIRMRENHE. #EESAK

A, A5 E LA A AR T, V7 S P — 24N e LB, 2
45 JLART 5 FEE W9 SEALACRORGE (T4 LA oS TE . IR
JURTSE B B A7 LT ) RIB0 A UITHE (T 3 L L D).

T RENS IR T S0 L T T G I T U A A b LR

FEL 330 JUAT 3 S T BEEAT A BRI K, A BEE AT S BRI LA 5 B 3k, sl 5 DRI
Iy FR) L AT AL 2L )R
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) () 5. T seBlm &, 5 208 U 08 B R i U A F s T H BTl
T PR 7 s 3 AR T I e A O A T B (R R A WS, DR A JL ) 3 vh 2 B K R 2%
(KL, Bl ISl =M iE . ek S, XL KR 2 #ANE H b L H B 6 A 1
M. AL, AR X8 T H 2 |y, 56 BEX LA 2R BEAT B R s FLRe A 0 o — A
XL 08 (M — L b =M. HE. A0 M%), RN GRIEEA]
Z B A E. e b, MR B et R A B e R T 3, S AR I SO — A
M L 55— i (R 2R AR, AT 1K A M3 AN SR B 258 v <y 257 JLART 4R P
BT IUTEEE XA RIE, T A U7 LT Jn 2 A B SO R St
Fedl, i 20T AL T I LRI A 1) 5 SO L AT 08 BEAT e Al 1K 5 R 04 SLBLA L, X —
RLREMH S LA 4348 LR UAT & 5 BT R 5

2ol EIRTTIEFAL IR B U R A S AT R 2R LT, DAl il At o H AR
H AR BRI, 3K 25 e A JF AN SR A IR 10 € X, o2 (8 P& Bk, e | 3
ol MR 2 TR SRS (0 RO U JUART e R e PP B RE RE AL IR, B oRs = R SR e A A AR AR AR
FE R AR, R < Bh = 5 2 T (0 = A e A D AR T 95 2 I R AL 2%, DAt
EE DA X 2 AL RN AR LA R R BEA T AL I iR IR LB, X —
FEHH LA 23 LA KA 2 IR AR (R LU B 4 ] PR FE ST 5

—ANJUfT Rz LB P e dl 2 S AT DA H b DU I HEAT A Y. (4 AL 2L
I AR 73, T 2CAR IR AR 2 348t mT LA et A P AR SV P e e A e 1 R U e 1k A
SRR B AR, DA IR 1 3002 I AN T BT J LA R R AT 5 HE
DYSEIEREAI PSR
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F=F JUAMREMZITSEM

3.1 3§

JUART SR 2 JUART SR/ B AR IE 90 o 0, 0 02 JLART SRS B R G I % O A R 4
BN BRI R B A B SRR, U SCHRk CL S AH o W 1~ B0 8m R B B B 1 LA o8 S0 AL
ERL, UEHL a) S R 2 SR AR RN TR R ) A S Ay, A A A N A
XL AR Y 2 FE S (W0STE . 3OE . TERTE S 5) kR L S AR E & )
Wk M —AEHEIE, Hat AR 2 T AR & R ERB LT R4 T
B AN A A HON A O LA A (E EE 2 R A TR 19 EL ARSI, AR T, I L4
FICASE FH 10 J AR 60 R RS 40 2 AR AR 2 0 AH [R) 17, 9 G, IR LRk T 5 p ) — AN 1]
DU L = AN 5, AN R (AN B, 75— N AR R R, 80 — AN s — AN K
(E M43 =P X e oA s ke, T F RSB I LA R TR, Rk TR iR A SEailix
SRR IR 9K I ] 58S ). DRI ST — AN AT A J LA 8 T 1 I e LA R AR
FHAE P AR RN B 0 WA 50 R 2, Rt e MR I B8R 55 ), 32 LA AR AR I SRR

JUAT R R S @ AR — 20— D MBI aE R S i, 9 an A 2 SO L AT AR
I LTS, N A B U E0IRHE T LT AR S 0 1 5, 1k B i L] e B
S LA ENRIEA A AN 17 b, A AR 2 R A LA S0P 2R 7 X 25T
SRS JUART FIR B R AT 25 M A AT R A5 B A S0 SR, 4 i v A b 21 1) 78 1 TR %)
T30 JUAR 0 PR 2 1 i S 3 AN ol B 1) B A L B ST SR B LT AR B T A iR,
T ML =ANJ7 5 RS

o {EHE M, JUMFIPLEH LSO (#R-T . BEX R3CEF) BRI AR X
FUTHR KA KRR AN, BF TAFE AR Z A B 530U SO RUR 45
T T BTl B SR Ie] I R OC AR . IR T B AR QU Z5 4 5 PR L it
ANATTZE ST JUART SCAS, i B0 AFr A AR TR L AT 601 DR 5 A SR HCH] 3 221 i JL A 3C
A5 R LA S0 RIS 2R B TG AT

o FEWTIUH, T EIREARN UK A B KA M I WP L8 S R A T ), R L6 SR
WA EAEUE AN E PR A% DRI, O T 3R Btas AN — N W i) J LA iR 12 48
RERKE, 5 BRI EI R 0] 12 85 9% ZR IR T AN IR
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o EN I, JUERTRAT DU LA AN IR EE H T AR SR RS, D i A
Xk P PR LA SRR SRR L FR) 78 .

JUA] 18R 2 T T A A R B U AR e DR B A P Jess e AR SRR T 58 3 55 o il
Bn (FRr 2R 1 B8l e, 5 EEER AL AT SR IR 2 FhRRAS ANAS [F) 1 30 3 LAt A2 Bt vl
U SCRE AN R TLART fia US55 P 0 R a0 £ 755K

3.2 JLATENRERYE T
N, AT S8 R PR LA e A B VR AN B R 8 T U AR e A ) HL A

321 ZREUJUTFHIREUETE

B 76 3 AE SR A7 i B () R A B TE TR 3 A ST L T
PRI A8 I sk, FoATT 20 A LA 25 3 ARBEE L P S B = 5 T AT LA 461
IR, TP LT 41 6 %,

RO 2 A0 AU 50 U e 3 2 VAR W, AR 1 B P i A 2 2 I U & (i 1
LA LT R) 109 LR S8, B0, = ST P e — AN LT R, 76— BRI LA
T B AN ARG A, A ST PO AR K EL A SR 7V R SR
INF, 5 20 5 2 R 1) — A ) B 40 O LA G0 S 5k L MR 2 1 4 T 22 7 T A,
i, FATARE U — 4 B R — B PAT, P4 ELLR MITILR. b, LT b s 4
Pl ST 5 R TE2 L RVIN, A7 LA MG 0 P 000 £ 500 T 3 I % 7 A o
BEARAE, LU S 9585 LA S A AT TF 0 M R LA B MR DE .

o —MRYE, JUATHES 1) R ARSI & i A4 AE 1) 7 AR . 51 A, DA = kA TH S =
I, MR LR, A EEAPATSE. — AU T 2E vocabulary
attributelList PWANEHE TCFE KM€, 2, vocabulary JuEHRAAEIX A
AR, attributeList & FHERAAGE MRS A8 (8R4 3E) H. 1] 4,
=B IS AT LU “triangle” ¥ 3 #1“(Point, Point, Point)” %75, Fl T35 W] =A%

L NFEAR L YF, B I 32 F RS R S0 A8 G, T8 A R BT AE 66 G, Ol T RGR 7 8, 3.
AT RR AR s A e A TR .

2 30N U T A PEAN ISR AL S 4.3.2 W S,
3 515 o (30 43 2 B TG 3 TR 1 B

—40-



BRI IR K2 22150

2L =ANRA Point I U SE AR R . 75 LR AR Fk o, w DU R =4
TEI—ANS2 ] “riangle(A, B, C)”, 2t AL B, C WbFUERA N Point () JLATSL4k.
B A2 7% (1) 52451 G “triangle(midpoint(A, B), midpoint(A, C), midpoint(B, C))” %7~
=B ABC 1h s M8, XA A 2 A B, R4 “midpoint(4, B)”
“midpoint(4, )" “midpoint(B, C)” # &S84 Point [ 5L4K.

o JUMTHE I 7 #R A48 7E —MORA T 5, DT B o 25 Rl R A4 1. i, —A
S B A AR AN TSR IR, XA = BRI — & H L. A
T AR 1 SORS AL, 75 28048 7 2 nondegeneracyCondit ion KA LT
(S SSINVAIHE SiER A I 0

o JUMTHEE A mT ARG B AR, 75 B HLAE JLAT s ) B S T SELI A B, T B2 X
VT ok R IR L S, DA Ay U AT 3 3R 1D ) St A S5 I FH B A S R, DR bk e U 5
HARICHE formalDefinition RAFMEME ML E G MM, HED
FARTE 5 R BT R, DM EHR U 1 7 SR IS A 52 DA S B, DR bk
WPEF 24 # L2 naturalRepresentation KAGELATHES 1 B RE S & L.

o JXoF JUART AR A% Fr) A RS FH O 458 LR J7 . AARECE SCRAE, JUAT R #8% BY. T
AP RCE, B, s B ARER (ki &), thEext WARKOTRE, 147 5 A LT ¢
FA A TT R, R AR R TR H A T3 algebraicScript SRAFMERE LT HE
Al Ry A AR EOE 2R (B IN), AT kg JUAR B3R AR B4 1t S
MBI S IR0 A PR, JUART R ood T 1 B R i 2, 80, A — Ay [l A
B AR, S E AN AR 4 LR R S, IR N YR G B A e
diagramScript SRAFMKE LT bk AH N AR 4R 2 1 R0 (BB AL ), A
1713 A9 JUART 3238 1 P T e kA S s AT SO, JUAAT 308 BE 7 B2 T 20 5 4
THEERES, AR ETREH translationScript 8 0 & KA R
IR R 3 A B 1 AR 5 AR (MR T R I, BT S T i 75 B 2%
J8 AR TE 5 R A S

N SRR AR IR AT AL A R, MOA LT AR (B85 LT E #E ik
W] 1)) A8 A R ATR TR R N 2G5 R KRR, 73 TH AL ] DL LAY
AL R AL TR, DR UG R R R ZE R JU % formalRepresentation SKRAFEEIR I TE
GAVRCNE S Y RTINS EE SENINE L PNEODIRES vy bR DN LS E SR INA TR AV g F=d il
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ARATT %, B, R JUAT 5 B HE e e o (oF) AR G0 00 B AU B0 el i, (A b
HIEFHEHAR T algebraicRepresentat ion RAFMEEIH (W, o) 4% 148
HER L JUAT R — RO BT SN TR B, Sy T R LR B JLA 4k S 3L
AR, SR PE TR BRGS0 2 diagramInst ruct ion SRAFfig RIS AH N J LA R Y ) 7 v
SR BRI T2 AT LA, JLAT S B L i A P AR DR 8 T R s R Ak 4
PR R, PRI 0 YR 28 75 B0 J6 % nondegeneracyCondit ion AL AIIRXT R I
FEIR A A A, DN IR A B2 e, AT SR ot 75 gt B TSR] L, R b e TR P 5 440 e 3%
naturalRepresentation RAFAHAHRI] H IR TE 5 KB,

AN JUAAT R 1 SO 2 F8es LA, 8RR ZERE T — A4 A b, i,
N R cs SR P N DI ek R o SR vabrek  UNI SR 0 e KR P b 5n
WU B 0 % knowledgeName KA A4 2, JLAT 51U ASTE LA B, il
T BORE1 85 SOk ) LA B 2 A 1), AN AR A 1, LS A L AR R B — AN 5
105 53— B JUART B a2 s 10, B 32 JUAT PR 2 i, AR A2 JLAT 44 AL 24 S
AN T LR, TSRt LARTAS 2R B A7 545, 1T S B T A SR A7 ) 53487 4
ST BRI, SRR AR T E staticFigure Ml dynamicFigure KA BRI A&
TEFNB) A B JUAR 01 VAT 6 3 AT — 8 QB R Rp Ik LA DX A0 0, 0 R T 2 il e %
keyWords RAFAEM IR IX LERFAL 1 D87 AT {8 A RIS 22

g BRTIR, B oo F b B A A I RO T LUIR 4% T B AR S B (O AR
WHMAREEER) . BAER BT BB AR RR) B a#iae G TR
W) R SCRAL GE T MRS 1T A E ) ANFIRCA I SCRI AR B (T LA R R AN [ml
TRE, HAHIEEIE) UL FR GET 25, BT, O T & MR pr 4 ik
RS P2, TATIGAEER 4.3 1RGN 8.

322 tHEJLAEIRAT R

HOHE T T AE A I AN REEE AN AR FLARAL I, T2 A e R ARG R . 914, 7]
AN A E SCRTEAE T AN R B AR TE SOREKIE, ) — A BEAEAN R AR bR R e b vl DAAT
AR AR S, HZVSU Rl (REEBECRN) BSE—NE UGS R AR LR B 2K

LIRS AR BRI S PRI 5 | AL b R AARERE XLt Feidond B i ik
2 2R3 VR PR AR P R [l i 23 T LT A 22 1 1 20 BR o
3 T IR A8 BRI N 25352 LI SR A, AR SO TSR 2 A8 F B A5 A Ay 91
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P TR AL € G MR AT AR L X PRAE S ERAE B JL A SRR B B, =
P AL IR E S, P4 TR RE BEA5 Birin B I 50l 7o 28 HORE A B 2 2 AR L 1) R0 RN 2 v
PRIHIRE SCRNPR B P R il 45 44, RIVEIRR G B 25 i o 38 2 I R R, 2
P e VAl B AR RIS IR VE. (Rl NFIRSEET E SCR SO ST A1 IR R P9 R 4.
HA1Z% OMDoc [75] 78 MR I8 J2 IR b FRIbR I A4 38 BA S L AR TR SR N A 1K 73 28 4% 4,
XS JUATERRRS B HEAT IR 7028, JRBE S FURr PR A 23 B e AR SRR RS 2 TR S )
H A EEH.

o & X (Definition): H T T 20l ik 2 B TE DL/ SCI S0
o NP (Axiom): SIS P 2 TA B EL i, ARG s, IF b AT DB AR S AT Y
B R

il (Proposition): J LA IE 8 _F 1 7 AR ) 0L e TR

— W5 (Assertion): 7 BH Ay EL R A i

— 53 (Lemma): 75 1F B 5 PR 72 b F A A 18] 2538 1) B iy L

— I (Theorem): i %52 [ H firell, 42y BRE s | FE A -3 Y A FL i AL
— #Eie (Corollary): F2E/>5E FUA b B0 H 2 455 A0 T i el

- %548 (Conjecture): ¥ A iiE B 24 L B8A AR 1 d il

WERH (Proof): 15 B i /L Ay B 2 4 T ok e
1] {1 (Problem): 2 H/ N7 0 G ol 28 MY IR B8 n) | 75 TR MR 25 A R

— ¥ (Example): H T3] H B3 iR S0k 2 R B FH 21 114 1)
— 45>] (Exercise): 5 EE 4 fE AR 1) 1) @, DAAGE N i %o B o Qe S0 1AL ) R

fif25 (Solution): fi# ¥k il A B AU I

Jitk (Method): JH 1 v ) AU A I 2D SRS

o B1L (Algorithm): 4 A 245 R IR #Ed E

o UiW] (Note): T AEHAUHATRIIH ). HER. B 5. T RSERANR;

- N4 (Introduction): J-T-5 ] AT R AR 2 561
— VEFE (Remark): X450 S TR H ) 28 2895 R i BH .

BB A O AR EEER R (g, BRI S CRIES W% B. T
TR R TSR T SRR G i A BB ). BT R SR IR R (B-R) BADR R R HA
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= JURARREE R BT S

PG5 HE). B TC B AL A S, AT i S I A0 T AR R VRS (R AR e 4 s
JETE, SR J5 73 M SEAR 2 Ta] AR LR &R

—RAE LR, TR AN RO SR 1 IF) - HdE oo # AT e A Ak 2 RT ReE. 9]
— AR E UK A ARTE F RIR T Re T 2, A BT e AT 2 R AR R AR A A
M, #IE L E algebraicScript. algebraicRepresentation. diagramScrip
t . diagramInstruction. nondegeneracyCondition iliitJEMk version KX
A AN E A (1 40 IR 5 HE: B4l 6% translationScript. naturalRepresentati
on T JEME Lanquage AKX 7 AN F A HEER;

0T SR A 42 5, AN [l 15 5 A 208 A2 AN [R] . 91 006 FH 78 11 A B, i )
H “Simson’s theorem”. X3 ATTX 54 7T 35 knowledgeName 5| ANJE T name KA
A4 I8, a0 “pg 12 52 PR A1 “Simson’s theorem”, J& 1k 1anguage F T 174k %
FHEHIVE S 4, Wed 30 flenglish”, J& 1k role T2 H LA FHANIRZE 4,
1 “Theorem”.

JUART R 2 1 6 XA s S — M el P 0 4 2 e AR o S & 5 o SO ). 3RAT]
H X 245 SR formalDefinition 5| ANJ&ME instance fll formalDefinition
K73 ) A7 At 3K 5 8 s 10 R T R GE B L AT PR T 24 308 38 R DU o) 20 R
AU A (oo BRI B . B RO AR . A BT D B T B A RS H AR S
(€ PR 4510 . [ @A) H bR R WD B i 4510 AF). A o0 R (i B
B IR B Ry B O R ) P H AR AT UE ] R (R
SR BUE  UE D B P R AR e AR A5) . RS (i B 3 AR R
A2 R E B 2D R, DR O R A I B D R AR A R B O AR b R DL
Kk B Ry 2. DL b, A N i 3R ATT 6 4l JC & formalRepresentation G & 1
hypothesis. objective. relation. rank.

X ETE, ZATGINENE name I TA7HA 7, dynamicFigure RAHH SN KL
SCAF, staticFigure F TAEMEFHASEIE UM, localPath A T 7 I SCAHAE A M
fHit v g EERAE.

T JURRE S, A7 AH IR & (18 0 2 SC AR IR R 844 7)o Y. 22 Al ) it )
5. B0 — >[5 B W& v AT =R AR IA: ) BL— O LD, 55— s dd) DA
— A R, — AN KB AR (TR did) BT = a5 A (R 3K R AR AR 4y i ) B 5 R R 0
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# attributelList T4 “(Point, Point)”, “(Point, Length)”, “(Point, Point, Point)”.
B T 08 # PR E T 5 RS AH DG 1 3L e B T F T AE i ) UECEE 1 AN TR, A
MR E T A E SO 4. T ik, AT ST NH7 1 SE 4K concept HI T 47 fiff 1X 26 53¢
SUXF B BT 13 RS B L K s AA definitionObject A T Hf 35 X X% W
B HCHE T &R W] MRS T RE s X Y s O 3R vocabulary HAF il 9 2 AN A,
[ Fe M & T DAAE IR, “circle” B4 4 S B AL 1 b IR B W) — o 6
%Al Be X N AU HE 0 R attributeList HAFE I 2 AN E, w0l = a5 IR AT DL
F “(Point, Point, Point)” 8% “(, i, mi)”/E Ky Fo ke & $0 ). 53 4b, [ — N & 0 n 58 X M
A JC K knowledgeName Y AFfifi 1) 22 ANE, 3] IR G 2 44 7 T AP SO <[, 9830
Je “circle”, fEIC I “Kreis”. & LRI SARIL RBA AT 25 DL 3.1

X8 R LAMY ILEENIRIE, FIAEAA AR AR A B &0 iR (35 SC_EAH R g 7 AH 7] 1)
FNIRSE) X . 2 Pl FRAS IS TE. B0, [R)— A B AGUE B Al B AN ] 19 05 3, Rl — 4% 8 B
FAAEE AR TE A R 5. B — P AR YE T H BT 5 (0 R0 iR i (AN 1], AT v
SE T AR AN B FRATRIFE S AHT 944K knowledge SRAF X LA L FTAT
(35 A5 B L SEAR knowledgeObject F T B2 AR 3 G A& i oo 2. (71—
PN T BERT Y B3 76 knowledgeName HHAERKINZAME, PG THA E BRI L4
FHECPHTIFA EFL ) JE S “Simson’s theorem”. iy T 38 G A [F] I F* G142 1) 0 R0 52 22 1]
[R5, 21k 864K concept Ml knowledge 5IANJEE userName Fedia B H A1 g 1) H
PR JEYE timeVersion SKAFM AN 1 I ). FEARAITASE ) SR TR R AR 1) 25 I
K 3.2.

323 tELE

SRR GORE AR 2 I 1 T R RS 1 SR AR S o SO R A B S A,
U (e X, g B A S ORES b R AR R . A S VRN EAR (AP BT AnR) 1
B AR IATIEAEFN VTG R IR B RO R RIS AH BLIC R,

AR LRI RIRR

F b, FAVE L 5IN I RNRIETT BLE AR X LA R RS S — Bl B 4R 752K
AR LA AR AR AL, JAT5 I B SRR LTS (RIVE SO 5R) #EAT 902K
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Cversion

E% C &Wm/\oam&wﬁ, D \,H,\,\_m:m:mw‘moﬁ )

I < -

vocabulary 7 CuserName »

. knowledgeName ‘

attributeList — < [D

~role>

~ definitionObject |

77 NN —

/ formalDefinition nondegeneracyCondition

> (instance ) Cversion

~ formalDefinition

K3.1 XK E-R K
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= JURARREE R BT S

o JUMTscth (BEan N 28I s )

= JUxt S RoR A m) o J U AR LTS, Wisd s A HE. . =
By E=ME. /. WUIEL . B

— JUfT R U B i B S v A LA, e Be g . = MBI im
AL B NS,

o JUMZRAR (BE N 7m0 H s )

— JUTR G R Fe R A ) LA SEAR A B BN G SR I LR, 0 iy 2% HL4&
FATL AL, I = MTEAR LS,

— LT R AR R JURE /N SR I LTS, s 2 SR B BEAR S, —A>
[ P9 T AR b — AN DL B I AR, —N A b s — Ml haE.

T IE SR R B, EEHEAT A B RN RIS — 5 I B R A
WAL S PR, o5 — 5 THE 5 2275 18 ) SR (N N T & MR A LI 45 18y Al AP R,
AT ST 3 B R AT U T 432 T

o L&k Wi T BE;

o N W EL L E B

o LY Anm iR E B E B
o EE WIAEEATEIA E B HE;

o ARRL: AAHAN = F FE 00 ) o s B

o FHAE: fnn KRR B

o ANHZE: Tk Bl e

o VRN 41 = A TE A 5T

o Vo AAENE = A TSI TP R IR R
o SPAT VYT TRAR A E B

o HEF: WIPAT HER NPT

o JUH: fn=AA B LB PE T,

o iR WISERE = I IR,

o 23 ANl I AR 5

L SR LA T 2 I A
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o AR WK LG E B
o H{: U1 Nehring 5 .

Tk, B AATHRR B &S, JLA SR b A KRR LT AR 2 2R 45 R, fil i,
P B U AR B 9 P 8RS 1) 28 77 S AR X JL AT R 0 232, #m] LU g i JL AT 4
WX BRI REA.

SRR FEY] T R B 7> A R AR, T RR Sl LRI E S
BEVE LR LA SOR AR e S5 1R o T B AT L 1 R 4, ml AN 22 AN A 18 932
AR HREATA L. O T S8 — AR R A BN RR B @RI FAR R, JATE CE
RIS A (0 K 45 4, 0 Bl G 3 userName H FAFMAIEE FEXT R H 4, role
T A E BN G R BA (nF, “357), name HT#6if 8N G4 5 (N3 14
T T, title M AR 0N B LA A HIBR AL, note I TAEAE BN
SR AN AIIAE, timeVersion M A0 EBUXT R QIR (8], b3 FRX R B
B REE v LA A B R TE SRR, L, 5INEYE 1anguage M T A7 #5030
EHHIE S, AR S 0E T AR I LN 5.

FIR X R A LS

P RARFOR SR DR, B i, AT IR A R B 2 8] AT REAFAE R R R 2RI,
T EE R N A0 S50 20 186 1 TEO0S S RV 2L A ), Ay S i P ) A TR R B R 55 A1

AR JLAT AN Z TR AR IR . S I o ORI 9 S B A o UL 55, 3T
FIANBLR LA JiR0 5 2 18] 1 5% R 2RI 70 s SCENTIZ IR S H NG 255K,

LML (2 XX5) Z a4k (inherit) 5¢&R. —ANHrlS 2l i ] C2e e SOV
SRGIAML — e RS A — i HDRIE WIS (A, 7
3 AR X AN D T AR (e Jnll 2 Ak, BID— 28 J LA A R 25 F. ol
2 BUW RO — MRFIR I 5, 8 IR S ma RIS, e IR (RT3 20 S XA AR IR 4%
2 B b T H RN 2 BOPuA i o (1 PR 2 AR S5 s 2 8] ARk Ak i B R G R R
A AR AR IEER, AT AR (R 5. 30 MR 1 5 S mT LAAS B 4K KOG 2R
A7 48 T W LR 1 L AT Hp PR R PR, AR AT TR R 4 7K 5% Z A 2 1 R
WA (& 3.3). Horp iy fiRos JLATRE S X R 2 5. 4 AL B #Oh € X5
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i
il

E
s

tangent line | (Point,Circle)

, , _ ]
__.w_:..: _ (Point,Point) _ _ arc _%o:__‘_.g___‘_,o;: _ E % EI

E (Point,Line)

_ perpendicular line _ (Point,Line) _
ve

_ tangentpoint _ (Circle,Circle) _ _ tangentpoint _ (Line,Circle) _ (Point.Point)
midperpendicular line _ (segment) _ _ altitude line _ (Point,segment) _ \
Ei [endpoint | (segment degree | (angle) [ratio | AlsebraicQuanity AlgebraicQuantiy)
[ aistance | (point Linc) \
_ length _?om:ﬁ:: _ _ ratio _AGno_:niaO:n_:_Q.Onc_:n:‘mnO:E__:3 _

f diameter | (circle)

EE . Ii_ava.: (segment)
 segment [ (Point.Point) - (o] [Poygon | |
[ [omss]

i i Point,Point,Poij
_ side _:vo:__%c_:c _ Euler point | (Point,triangle) EA oint,Point,Point)
¥

E (Point,scgmen) N _ acute triangle _ (Point,Point,Point) _
oppositeside | (Point.triangle) E (triangle) -

E (Point,Point,Point) 7 E (triangle)
angle
El EE

_ obtuse angle _ (Point,Point,Point) _ Napoleon triangle | (triangle)

\d

E (Line,Line) A |

am _ (Point,Point, Point,Point)

_ quadrilateral _ (Point,Point,Point,Point) _
x

[[obtuse triangle | (pointPoint Poiny 4

_ altitude _ (Point,segment) _

_ isosceles triangle _ (Point,Point,Point) _

equilateral triangle | (PointPoint Poini) _
v

,
_ trapezoid _ (Point,Point,Point, Point)
ao

_ right triangle _ (Point,Point,Point) _
>

, _ osceles right Ciangle _ (Point,Point, Point) _ _
_ angle _ (Point,Point,Point) * _ obtuse angle _ (Line,Line) _

_ acute angle _ (Point,Point,Point) _ _ right angle _:.a___?a.?_é _
x

_ acute angle _:.:_m._u:_s _ _ right angle | (Line,Line) 7

[parate] cine.ine | o
(line,line)
E. E (Point,Point, Point) E Pomtling)

E (Line.Line) E (Line,Circle)

E (Point,Length)
E (triangle) (Line,Lin¢,Line)
perpendicular | (line,line)

H (Quantity,Quantity)

é'. (Point,Point,Point)

[sameside [ (Pointpointine) | [ differentside

:.o;_,_.s:a,c;:___E_%..._:.o;_.n:n_s7
~ v v

incircle | (triangle) E (Point,Point, Point) / ~ (Circle,Circle)

tangenteircle | (Point,Circle)

3.3 dkA&RRAINE
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HA kAR R, A8 A — B (br%5h inherit HAEEITANE) K8 A& B
B —NMRFIRIE TE. 10 A SR MRS (BT SOME RS IR &) Bk A 1Y A, S5 4b
11 MRS AE 73 3 R, IR B Rl B ARV 5 Ak
sE ST A TE AL RS A o SRS B b, HL 2k (Line) JAN 2 A JEU ¥ 17 A LA
R GE SCAB MU S S HER R A R, B8R AR i, [ AE1E (Circle)
£ 1% (Polygon) th34EL. JLfl & (GeometricQuantity), Il 4i . AL A%,
MARH & (AlgebraicQuantity) , ] s M 5 £, #l4k K & (Quantity). A5G R
(ObjectRelation) Fll#E % & (QuantityRelation) #4k & i /K & (Boolean). 4k 7k < &
SRR B SV 2 AR AR BN S5 0, 0 4, S5 B B AR — AR T [P I 46 K B M — f TR AN 45
HE= AR 1 .

CFRN B R BRI R ESE AT N AR R AR R 4R
WER A 20 B, Gl IR AR A PR A B — 2B AR ) e, SO e B N T AR BN
{7 O T S i iz, T DU SOBT I, 345 18 H) O AN AR A0 g B4R SR
RLZ AR, AR B OC T I S A A R B, P XA IR RN d AR L
) L (ESOPR A i AL, 0 A RS RARE VR ) KA 5 | R IR A T o). WO A g A g iad
FERT LA, SRR — DK E R B T BT — 5 I JE IR . PR 3X A 45 1)
I R AN FOE S A . B, AR — 22 2 ORI A ] LU OB R,
I B SCHAS R B8 JUART 0 AR S AR AN BEAR TP i A Pl e ST s A0 T R 2,
A e . R X SN oK SRR L R 7R UE B UAAT e BRI R b, S5 A0 B 22 E ]
i P B AR AR B — N AR B R, ST Bty R (RN 5 1) S AT A
KOk SR T B, TR S A 2 T 7R — AR IE R )G, A
20 1 HAERF PRGN BORRCAS (B HEIR), 104H 18 75 SE B b Al BERAY A5 5 )32, SRR
G AN I T 5 J WU 5 R O FREAT o 2R AR OR 2R AR 70 2 HEAH L8R5 N 2
JIT % B ) 2 PR SR RO R AL n R R AR R AL

o HEIRK AR (Context): % A —contextor B K A $2fit B Frifs it s, o A
T XNB, B iR 4

o FHIKCAK (Derivation): 554 A — geriverrom B %/~ A HH B RS H, Hp A 2
NG, B I LUEARE ., iy e n) /BT &

o ZiH KA (Implication): #4% A —inpy B &7 ATE B HRAE, Ier A W LA
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AR, B, B S, B Al DU B AR 4

o JBTEICHR (Property): i A —hasproperty B R A RAAPERT B, Hodr A 25
S5, B AT Ll 2y Bl B don) 42

o REKR (Decision): L A —qeciae B T AN B 2L E M, T A 2
FLATN S, B e XA

o IAKZR (Introduction): HiHE A —introduce B F8 A GINEE NG B, b A
NG, Bt EENRECE B T X R LR ATHA 4

o JEFEKAR (Remark): HEHE A —remarkon B K A 4 BARIERE, Hoh A JEVER
X%, B & F RS BEBR T WIS 5 LA A 4

o HIRMEK AR (Complication): HEHE A —compiicate B K78 A HL B & 2%, Hrp A
H B HS 2 I O 4

o fEYLICF (Solution): HEd: A —ywe B Kom A & B (RE, H A RRE R
%, B & A4

o 2] KA (Exercise): i1 A —exerciscor B R"/x A e— M5 B AHRMZ ], H
A RGRIIN S, B ATDORE X il ik, BB R A

e

3. G B Z IR RIS R, 8 B AEN] 2 (8], 4175 HARZ (8], S0 JR 2 Rl H
FEAB LI I (. SRR G 2 T (R IR AR AR IR AR R I R B BRI R i A DRI R
BRI RN GAE BRSSOk el o — S BT e — AN e R A T AT
P AL IR IC AR R AR B — B R AR 2k,

o LW AR (Justification): HE4% A —jusury B K7 A & B HUEH], Horb A 2k
X4, B B Am o 4

o M HISER (Application): #E4% A —.ppyon B R A W AN Ttk B, 3L
A R ITVEREN G, B &I A

o Bl 7K AR (Example): HEHE A —cxampeor B K78 A N B #2441 7, Horpr A2
BlFx %, B arLog e . drdl, mldl, JivEE i

o KA KA (Association): BEHL A — associate B K8 A 5 B MTLRHL Hbh A 5

LR ORI SR R K P ARG G ) H AN S AEAE S8 R U 48 40 ) LA S48 £ REAN 0 (AR 7 1S IR LR 1,
AT EASEAFAETEANIE B, P AP R DA 2 B4 T LM 55| R A 1 At ] LU S 2 B Y LU
PS5 HOASOR R L SRR AR LI I ZE ) R AL T e ) L e 2 IR R 22531
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B 1] DU AR AR 5
o EHKR (Equality): B A equa B Rn A5 BAMFAME I Kb A5
B #B RN B.

FATTLL Geometry Revisited [35] H i) — 5 Ay Bk g7 £ T B E OGRS A AR &
(LI 3.4). B F AR 7R L, 57 A SCA R R R iR, O Fon 1 4, Aok T
Steiner-Lehmus € F: T} # 7~ Steiner-Lehmus EFXI % P, % 1) UFIAXT%; D, %
AN B E NG Ty s BN R =TI = 5 WA 3L 507 Dy 3o iE X
RN T B A 3 AR = M BN L5 Dy R 8 SON B =1 1B N #2 [3
FA OO A = A TR N 075 Ly B Ly RosAE Py HAE IR A5 BEXS G Py M Py 73
MFTR Ly M Ly UEWDN G I & T U T IS S04 Ry 2 H T3] T4 1)
I ST REN B Ry & Py WHEREXN A By 2 5 Ty SRR AN R, By 2 H By BRI
GRIRGe Sy Sy 73l By M Ey HIRE X 4.

©

include /@
introduce
@ contextOf-
remarkO

n
contextOf iuStlfy exerciseOf

remarkOn

deriveFrom 1mply imply cpmplicate
O O 7O

equal justify justify solve

3.4 Geometry Revisited —35 92 1.5 35 4111 E

DA B 9GRS ) U R T i 38 S OGS ¢ B T RO G L (B AH AR A7 IRRFAIE. DR
BT LA JE I, Ry DAAE R v SCRT A I R R 8. e |, SRR SR IAT L I
VERFAE LA S A TLOG AR HAT BT 4 R 2850 R A ] i) 20 AR R, RIVE AT 22Kk
gk, e 2 18 B LG R AT A 2D HF SRR £

—-53 -



o = F JLATEIRZER BT S

3.3 JLIATEIIRERYSLIR

331 WEXREE

AR st LA AR EE R 3 B S vk, JRATTSEB T AN LTS R, YT A A
PNV B B s B A J LA A IRl AU B B % 45 B DA IR LR H AR 5 L iR A
WAL H AR 2 B A BBOR AT DUR] T SR A . 1 B e A 2, 9t XMIL B0R
RABHA A, BATIE A R R AR S, A 2R 3.2.2 T BITd (R 0 SR S AR I AR JET L
Je SR BT RS AR S S I, T I e A RUAR I 1R B0 5¢ AR R I F R 1 2 ] AR &
(WLKE 3.5), fi IO 45 B 5 48 MS SQL Server 15 A E4l 5 BT 6.

FEJUART SR rR AR PRS0 e e e RO &, iR B R i 1 H s st B2 &,
L EEONREA H AR BT ME— (R b IR SR B AT DX Mg . i, BATHE 7 —
AN, AN H AR G T 1) object ID. A4 M R 7E1

o ENXAN conceptID := userName.Definition.knowledgeName;

° %)‘Uﬁ%ﬁ‘] objectID :=conceptlID.pattern;

o & XX Z LA IR X % 1) knowledgeID := userName . f1iR K % . knowledge
Name; HHFIHE L AT LU Axiom, Lemma. Theorem. Corollary. Problem,
Conjecture. Example. Exercise. Proof 5{# Solution;

o & XX ZLIAMNRAT 4] object ID := knowledgeID.version;

o FHNA I categoryID = userName.Category.role.name;

o T/IXI%H objectID = categoryID.language.

HeF BLE w42 B0, &0l B e Y mn] BUETE 5T RIS BRI object ID {HAAAL
WA AERHEIIE R, — MR A — B AR DU = o k%) .

o T (precursor): HEH FIHIAF T A&, B A;
o Jiif} (subsequence): fEHEH 1 JE4F 1 i, B B;
o KFHRHKM (relationType): i AR, B .

5£1}£¢MuserName\ knowledgeName. pattern. version. role. name. language 73 HZE/R

b3t S A 35 A AH N LA
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vocabulary concept attributeList translationScript
PK [ID PK | conceptID PK |ID PK |ID
—» -
FK1 | conceptID userName pattern FK1 | objectID
vocabulary knowledgeName attributeList translationScript
type language
timeVersi
diagramScript e ersion algebraicScript
PK |ID T PK |ID
FK1 | objectID definitionObject FK1 | objectID
diagramScript —————P» . [ algebraicScript
version PK,FK2 | gbiectlD version
FK1 conceptlD ¢
staticFigure pattern
PK |ID formalDefinition nondegeneracyCondition
FK1 | objectID PK,FK1 | objectID PK |ID
name
staticFigure instance FK1 | objectID
localPath formalDefinition ndgCondition
- version
objectType
naturalRepresentation <
PK | objectID
PK |ID —— keyWord
role eyWords
FK1 | objectID version PK |ID -
naturalRepresentation — categoryObject
language J T FK1 | objectID PK,FK1 | objectID
keyWords
dynamicFigure knowledgeObject categorylD
. userName
PK |ID PK,FK2 | objectID role
name
FK1 | objectID FK1 knowledgelD title
name language
dynamicFigure note
localPath knowledge timeVersion
formalRepresentaion PK | knowledgeID
knowledgell)
diagramInstruction PK,FK1 | objectID
userName
PK |ID hypothesis knowledgeName
> objective timeVersion
FK1 | objectID relation
diagramlInstruction rank knowledgeName
version
PK |ID
— algebraicRepresentation knowledgeName
nondegeneracyCondition name
PK |ID
PK |ID language
) FK1 | objectID role
FK1 | objectID algebraicRepresentation
ndgCondition version
version
roleOntology relationOntology
KOstructure categoryStructure
PK |ID PK |ID
PK |ID PK |ID
precursor precursor
precursor precursor precursorNum precursorNum
subsequence subsequence subsequence subsequence
relationType rank subsequenceNum subsequenceNum
relationType relationType

3.5 BEfrtEair
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FE I precursor M subsequence 73l A7t AH M. H #5%F %) objectID fH, J& Yk
relationType AFfif Hobr4. Pk, Zn il ) DU #oi b — /> X &R K Kostructure
M Ac sk B A R ROk 1 T AR 2 5“8 (include) B HE £ 42 HI oK Z1 i 501 Y5 G i
Gr RARFR M, AT H AN E A KR K categoryStructure. H T K
JIT A B R DA 22 18] T B A AR AR 56 B, 8 RS T R, DR R AT Ol
categoryStructure I AJE M rank RAFA A5 7E B JE K00 Th AL E. 55—
1, 76 H A B2 R 2 b Fnal 282 a) LA 0 i B A 0 % 2R 28 28 2 Tl 4 4y )
FAAEE T RAER ST OCR. oL, AT & P Al Kk R K roleontology Ml
relationOntology K7 HAFME EATHI G (] LA BO SRR 5 R 287 R AN
WK, WK 3.5).

332 EIBHEEE
B, &2, MR

AR 2 0PRSS DA B T2 R S A F i als 4 4, FATT e vt JF Y T Java 15 5 JF R T A
PRI AE B FE S R e % . P w] DU A i G . B, MIRRSR AL 0 e X
AR GIE, L HER. REARL EREAREAN TR GO U % P L 0 E s (LK 3.6
A1 3.7), LA R st G5 Ak e v e AR B ) B DG &R (RIS 18 v i) ), AT 52
LT B A% B B 2 2 R s DL o A R s AN AT . O T O A A —
Works Rk U B, A0 RR PR AL 1 — A0 14 112 1 1 ) Mathdox
formula editor [91], 1] LAZE i OpenMath 1 75 2 i 11 222 3208 50 18k 8 A 24 JL T 4k
¥ GeoGebra [46], I LAAZ F. A 22 1 5)) 25 U1 B I S A A7 it 2 08l 12 v

) H R B, 32 FUR A iy 42 A0, AR 05 AE o i A B8 B 3 A2 B B
() object ID A, 51 Bl ORAF BV R A ¢ R & TR TS BT H ARRT G, # 10 a nd
M PR ob ject 1D (BRI W H Bkt 5 5T 40 75 B Hedi R H Sl s 200 1 e o
IRV P/ ER G =€ /ay G TUNPAVERS £F 1] S DER W d SO R e S T S S T SR 4 7
R 7 eI VA S R | S S D i e B g T S (o

o X T X X% (object ID H N id), o MFE knowledgeName FHIFEH knowled
geName i, FF ¥ ¥ & 3 id 1 1d 3% MK KOstructure H M Bk, FiF id W&
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B} Formula Editor

=/ === i

Back

Forwart urt: pankc] wp G0

2
2eu_la 2—u_1=0

>

default

-

+ — - AV cos() va fdz [dux Hypothesis
< <= > > sin() \/_ HE()-”E(]
e 1 > tau() {} () ( ) Conlusion
— || Ye In() loglo) O ()7
get OpenMath COPY v
.:tarus text changed. = Key Words
ZEND
Natural

Representation

Algebraic
Representation

Formal Representation

A:=point();B:=point();C:=point();D:=point();

paraline(Azpoint=iine)
perLine(A=Point:Line)

perpendicular({l:Line,m:Line)

pointOn(l:line)
point()

incident(D circumcircle(triangle(A,

RepointOn{circle{A:point,B::point,Cx)

lorthocentertriangle(a::Point,B=Poin

perpendiculariine(A:Point,l::Line)

poi

(D line(A,C)))

incident;circumcircle;foot;collinear;

english | ir

The feet of the perpendiculars from a point to the sides of a triar|
if the point lies on the circumcircle.<link name="Simson's theor

default

<coordinatize>

<OMOBJ cdbase="http://www_openmath.org/cd"
«min="http://www.openmath.org/OpenMath">
<OMBIND=>

1l [ [v]

[{]

3.6 fE Simson’s theorem (8 [ J#A 2 B) X%

objectType HHER, ft)a 1L

o X I Ath % 3

conceptID fHMNFE concept F M,
HXF % (objectID fH N id), 5t M F knowledgeName ] i H

knowledgeName fH, PP X 2] id 11903 MR KOst ructure F IR, F¥f id

MFE objectType FMHIER,

o X1 FHX% (objectID {H A id), HEEHF id M object Type B

le & 131:4%

JUART N EE AR A 28 LART S TR0 52 B A 2 1 e R B
PLR XS 2 TR A LR R, &

AR knowledgeID fHM K knowledge H IR,

ESIP0E LR ORE N EPS EFSY
it 2 LA 38 Ao O HEA T B A U S I RAR] 383
R AR I P 0 T 1 R A . BATT=5 BRI A A R A o 2 B U .

AL RS H bt B A BB Y R, O BRI R B AR S B I

,an) WA
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I, A5 2 T S R S I 42 RO 7 2K, AT RS0 B — A H R 4, MR X 00
%] objectID fl, BRI HE knowledgeName FH# categoryObject #IKTG
FON V) name J& PEAEKAE 71 s A4 7

I — R AR I W S H BR A 5 BT LS B EE. 45 8 X R object IDMH (B X S
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@ Refre... | @ stop || URL: _Tneorem_Slm50n’5%2mneorem_eng| » GO

Cat Def | Axi (Lem Thm | Cor =

o

Hypothesis
2 4 2 . . 2 2
el 2F Uy F T+ 2% uyFxy—uym—uy" =0
browseBy[Textbook,Geometry Revisited, ] 2 * i ® Xy— 3512 =0
2) . . . . 2
ol 1, s 2 DR P iy )
E Uz Fxs+ (-t u))*xy—u; *uz; =0
] (uy—uy) ¥ xs+ug*xy+(—uy+ug) *x5—us*u, =0
Geometry Revisited % UsFxo—u;¥xs=0
& [7 Section : Points of interest iy ® X4y ¥ Xg—Us # X3— iy # iy = 0

¢ ] Section : The incircle and excircles
+ ] Section : The Steiner-Lehmus theoren]
o ] Section : The orthic triangle
¢ ] Section : The medial triangle and Eule M
<[] Section : The nine point circle
o ] Section : Pedal triangles
¢ 1 Chapter : Some Properties of Circles

o ] Section : The power of a point with res
¢ ] Section : The radical axis of two circle
¢ ] Section : Coaxal circles
¢ ] Section : More on the altitudes and orf)
7 [ Section : Simson lines

[ Proof : Simson's theorem

0

[ Definition : Simson line

[y Remark : Simson
o ] Section : Ptolemy's theorem and its e
o ] Section : More on Simson lines < S
& ] Section : The Butterfly [Status text changed.

Conclusion
iy Ve R Y e

@

SimsonLine

3.8 WYL VG I IHA R B S BT A & M AR B

PR R AN VR PR 0 A 5% e AR L™ S N PR 3R e SR AR I,
PEE BRI H ot B s 15 R A VR . DRI 5 EER R R H A Az A, AT R R 0
U OULRN 5 AP A5 2. 1 4R B4k 4 HARXT ST 5 Iy e Bl oo %, 3 2110 45
FoEFn R B, A EEES R A ARIE, — MR R EE, — e X
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A IS BIAR N 45 2. AR ar & JF AR 3L T AR AR TE 5 B I aUE 5 RiE, HAR
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e relation([x,S,T1 (L S & —NEHKIAIN, T Al U FCFT Bl iRk
) &M KOst ructure £ subsequence BYEEHL S H relationType J&
VB T B H AR R RS
relation[S,, T] (i S & —PN@HERIAIN, T W LUEEECRT o B4R IA
) &M KOst ructure A precursor EMAEHL S H relationType B
B AL T 1 H B RIS

RGP IR A7 SCRE T SRS R E HARXT GAT AR RE ORI FARK BV 4R
B, XTI UA SO R G AR A B, i, dn SR AR SRR UG 1AL 5 B 2 BT I i 1
SCRY AR At SR S ok A AR PO AT A AE I BT OC AR B, R
AFAE, AR A mT DL S 2%, IR ettt LA a2 B A 23Rk, 534, O T fR 3C
PR S A, T OB DU T IR 52 BRI AR R A8 L2 0 AR G B B AE BTG 1) SO v, i
e Lk SMRIE I GO T 04 T IR 8 BRI TE 5. i AR M as R HE Hbx
XGRS, J TR 38 B 25 R B U ok S IR 2R, BAT IR iy & SR R i &
RS G 7 2ok R 45 5B 5. @ % Q and B (i Q 2R m S, B & K ar4)
RIAERAT B AR MR As R b, s Bon IS B M I A2 3T Q Pt IMEh REE &
3 AR G ot 2 (75 o (LI 3.9).

—-60-



AERTZE R K2 2207 185

Electronic Geometry Textbook: GBasel\Administrator.Category. Textbook.Geometry Revisited

File Query Construct Tools Intelligence Context Preference

BllE

Cat | Def | Axi

LI

e

cor oo el

relation[*,Definition. Simson line,*] and browseBy[Textbook,Geometry Revisited,*] ]

Geuletry Revizited / Proof : Simson = theorem |Z|E zl

Geometry Revisited %

5 @antinn - Tha i

[ Introduction : points of int
O

[ Definition : circumcenter
[ Definition : circumradius
[} Definition : median

[} Definition : centroid

[ Proof : theorem 1.31

[ Theorem : theorem 1.31
[y Proof : theorem 1.32

[} Theorem : theorem 1.32
[ Definition : altitude

[ Definition : orthocenter
[y Remark : orthocenter

B

[ Definition : orthic triangle
[ Proof : theorem 1.33

[ Theorem : theorem 1.33
[ Proof : theorem 1.34

[y Theorem : theorem 1.34
[} Definition : incircle

[ Definition : incenter

[ Definition : inradius

Py |

Back rorward | @ Refre.. || @ Stop || URL: |istrator_Proof_Simson‘s%20theorem_english xml|| » GD|
~
Proof 1 ( Simson's theorem ) =
To be definite, we have taken D to lie on the arc €4 that does not contain B, and at least as
far from C as from 4. All other cases can be derived by re-naming 4. B. C. Because of the
right angles at #, G and J, D lies also on the circumecircles of the triangles HBJ, HGC and 4G
J. Therefore
XADC=180-5=<JDH
and, subtracting £ ADH, we deduce
£HDC = £JDA.
But since points H, C, D. G lie on a circle,
£HDC = £ HGC,
and since points 4, G, D, J lie on a circle,
£JDA = £JGA.
Thus
LHGC = £JGA.
so that the points A, G, J are collinear; the pedal triangle is "degenerate”.
Conversely. if a point D is so situated that the pedal triangle of triangle .4BC is degenerate, D
must evidently lie in the region of the plane that is inside one angle of triangle 4BC and
beyond the opposite side. By re-naming the vertices if necessary, we can assume that this
"one angle” is B, and that J lies on the extension of the side B4 beyond 4. as in figure:
Simson theorem. We can then reverse the steps in the above discussion of angles and
conclude that D lies on the circumeirele.
o B =

3.9 KRGV TR RE SCA R R B RT4F X S 9 BG4 R2 B2 A9 UE B
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JUATamd, n) A & A AR A TTER . ATHE J U AR R B T AU I T % 2,
1 H A TARZ T 28 S0 i U . U AR 2 3 2 ARG 3 i 05 SO Y. — 28
A o UL B AR R S, X AE B B Oy A (7 ) MR, 9] i A R L
=RPURIAA U= RO TR = IE5E. S (B 2%) Wi Y A A A
CE R B W& K S, Bl =M NG EE =M% XS NS AN
AT LT3 S g vt A R B UA]  UmT AR AN [R] M 2 R R

L Mechanical Geometry Theorem Proving [26] — 1 f#] Example 198 {5, 18

J

{ESCER T 38 4 “The radius of the nine-point circle is equal to half the circumradius of
the triangle”, 1124 T AJ LAEE 25 &) M AR A0 I8 FH AR AR AR EOT V04T B Bk W, & ] LA
R A “Points A, B, C are arbitrarily chosen; OA = OC; OA = OB; D is on line BC;
DAL1CB; Eisonline AC; EB1CA; Fisonline AB; FC1BA; NF =NFE; NF = ND.
Then 2« NF = OA” XA IR R LW R — A E A AN T A RS, 5
A T M A B Y & 50 ] £ 5 5 TR AK. “the nine-point circle of a triangle” #1 “the
circumradius of a triangle” #B & & LS “is on line” F1“=" %R & ] A2, 185 AT
P, JEH AR AE LA RS 45 SR A 1R LA 28 AR F T K A3 R MR 2 Aot L B T
g5, Ji fHATi.

L G T A LT 0 5 B JUAT B 41 B, TR JL T4 T3 b T 1 — M BB R )
S, (LR AR LA TR S, B LA 28 A 2 T X T AR - AR i
L% 5 X L R 2 i,
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A O U ER A RE B s 3, 2RI ah A 0 U D I, B P 55 248 R 11
T H R N T J AR (el i 2 7 i 4, sl il b iR e SR B ). B T LA R A
A A F LA A B e 4 DA K B )y B BH 2% rh A5 FE 00 L AT 24 SR ] 48 v AR K 2 L
i &, #1f1 GeoGebra [46] ] Line[point A, point B] G s A 5 B (I EH L) L
GEOTHER [127] H# perpendicular(4, B, C, D) (A% AB 5 H% CD T H). K¥H5HJL
AR A SURT AR (B 0 S ) ] B 1 ) LA ARE 2 (O o 0 R AR R ), B0 ) B
iR AT AR XA B v AOME 3. MR JUART Im) IR 73 KA, X AN B o (R 2 vl LA
A 3 e LI AR M A A B, el T S T 3 R ) AL
A JUAT A W AR AR B 323k, B X AN R AAT BLACA b 58 . 1Kt 4 JUART R
SR LA FIE B S5 AR B B sk T BERAS. JAE — JLAT R SR TR R AL
AT FH P vy DA s SO 78 B AT T A8 R AR LART R 2, (DR SR R ML UGS T
BRATA G, [0 —A 0l R I A BEAE A W3R PF 2 () S5 5 5 )L s LI Fh ik b i 7]
SCEEAR,, foz B3 (R ARR (S 2 AT W b g e, LT I 5 MR 2 1 SR Ji Tl R 3
O Y 47 RS AR 2 H8 A 7 PR . e sI [, I 2 AT T AR ) A P £ SRS

Rty & — N EREF AT G4 ., AS M. fE i ke
TR, FTLLNY A MES ) 52 SOUATRES LR AT S J LR Rk, ki )L s B, 1)
RIAE. H H35 EERETUAE PR 55 10 LA IR Ao B Bl 8] SUEG A Ay 55 —Fi 5 T AR BRI
R, JFIE IS SRR T 1 AR 05 1R 1T DA LA 3R A B FRATT BT T
XEE—F G S, MO LT 8 15 5 (GDL), o] DUy (8 s ks JLT g & . 2 f) .
R RSN R e S AR, ) A LR R XA, UARDBOR v i) L AR 25 J 3 At P 2
B E B, SRE I — RV A B A0 T LUSEIL 5 A5 LA R A8 . R T 2k,

ATEARIF IR 5 BT AR,

432 JUARAFNIES

TS LT TR (T 338 5, T B S 9T J LA 2234 [ S5 4, AR B, R4t
R [ AR S s SRV PR T V0. BT T LR 0 i PR ) 20 B 14 2 Yk 5 A 1) 43 Sy
TS
HEA

Wk 12 JUART 22 BT I FH 0 B R SRS AR 0 e, E LT 2R (R S AU
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2 601 0 LT 564, 7 ELSES L LA S PR SUAT R 5, B0 DR, L i

B U AOBERS, B AR RS 2 SR8 RORERS. 1185 3,23 5 HOSM BT T, T2

ARHFTLG IS, WIS, Q6 LIRS LR JLISER. LTS
REBEIIE S

o fUHCR: FTMBIECR, R SR
o WA FOT LTRSS R ISR, A, Tk, V). IR
o FCHAKF: RFMBELI0RAFLR, WET. KT M.

ARYE A B TR E T, Bl PR A mid:

o SUIAMEE: FRORANE SR SRS, BT LITR S LR AR, BRI
o AMURBEE: Fonal DA B 8, RS LALLM GO0 R . JUTEIGR . UK

FAT I 2 G210 JL AT 2R AN H DA E 2R T M, 3 B, AT PR AR 5 LT = X )
TR 2% 8 208 U AR e it EORARHICR B AL SR (A X, Bl < ¢, Length >
R KB ¢, BB AREE ¢ BEARKS X i, AR L& R 5 AHE KR
DEAIFR, Bl ¢ SAER ¢ AHSERE BT B U, R BRI T H—A ¢ & 7
FEith, TR S R g I ANEELLBOR .

A TAER G — 17 ORI A IR S &, ATE RS L. REMSHAEZ
A B, BIMEEHT ) — AN IRl RIAN R 1) 2 BOR R AN R A 3E 5 3 B, By m] LSS Py
R AN, AT DASR R B B e —AMEATRL R = A Ok IE, ] BLE — AN s LD,
N BEAR O AR R d . DR A I P I R A M DX AN ] R RS T, T AN BEAE
P — ARV, S, e R W T R i O 3K, B AR RN A — S S H AL g, XS
R H IR T B IBE R AT (i) U, HA g 7 SR TR B B . i & <=
ML, F5 W] T 0 =R I R, RER 45— D =, A e
AR PALE . TEREEE KN, AMRERTEZ ABC IEZ DEF, #n] DL 1 H 3R L.
AT I A RIE S, FATFIN B LB A TR — WA I R UL S AR, i x40 FR e
, BRI BEZ =M o FFEL, o o (2 — BAL R EILSCAR, o DUEAE R =8, il
G B NS AL 2 A LU s 2 B UELVE [, 0t g v ol 2 AR R, a
N, HRARON =B XA (AR ).

69—



o DU R T LATERHS R B U

EX 431, 2V Fon— MR, M iEEor T

(1) BV = THEY RIRFRA (1 5) L H), bR &V ORR b Hh % S5 01 % 51 H
(reference) B H54] (pointer), WA TR T, T ¥ A (ML) KA,

(2) B flar, - a,) (0 < n) T2 [RIRE—ANEE, Horp f R0 UM SR AR
M2 T, RO 0, A a; (1 <0 < n) HRZ MG Ll s e i, 7oh
MR 24

B O &7 O IXERRH C REEL, il L(O). M R & A A RIZERG RS

MRS 3.2.3 0 MRS 48R SC R85 704, %R KA A L Point. Line. Seg-
ment. Halfline. Angle. Circle. Arc. Triangle. Quadrilateral. Polygon. Length.
Area. Degree. GeometricQuantity. AlgebraicQuantity. Quantity. equal. negequ-
al. ObjectRelation. QuantityRelation 8¢ Boolean. iX HL iy it 12 8 A2 475 [ F5
W B A R AR R Sk, BB . MBS I HAE g
(TN INECE S NE SR PR el
B,

A:z:Point J&— MG 52, R a0 — & A;
collinear(A::Point, B::Point, C::Point) & —/~JLA[K R, F#/x A, B, C = Hitek;

circumcenter(triangle(A::Point, B::Point, C::Point)) /&> JL{ X %, £Ix =M ¥
ABC 4L

distance(A::Point, [::Line) J&—/ JUL[ &, R/~ A BIHEZL | 1HE
distance(A::Point, B::Point) s&— LAl &, X/nW il A. B Z A HERE.

a4

M T AL 45 58 B D) 10 B HAR I SOk S B, TR 2 (1R R R A B 1) 5

1, LA LABEZ S AT T ek B, i CEME SRR A D B, AR DIRIE
S X I ELE DE, Ce it AU A R B W EZ7 IS EA RIS AL A R
VL — A I, BUAKRTE (9755 205 T UAR (i &, B AT BAR SL e #5508, 4, A:Point Fil

I:Line #EIBAN V o T (3R, T ARRMA RIS A BB 5 4.
L2290 — 0 1, B R £().
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s B 2GS, e a DA ] R A A R, 10 DR E 28 (] B2 A7

X 432 BESHIS IR F 500 T

(1) —ANAsE, filln A, 125, 2 —ANI;

(2) —ANHE, 0. T 4% I8

(3) JEU f(ay,--- ,a,) (0 < n) BIFIRIE— AR L4, Horh f 2SS 13l
A a; (1 <0 S n) HOURIL, I sed], B0 2 F0e S s (B ok 249 1) 7 55 4),
PRk sl (v 244

SR T EATC) WX B R TR ZEEL, W L) BRS R S HR SA H BRZEO AT FRAS

ZHL.

AR R L ART 2 H U B 2 S R R AT et e R A T S R M I )L
LTS TE:

(1) i B U A W4 € — A R SAR. B, <45 58 28 (B P AN 0 AL B7, ‘LA m
FEMAEL, X AM B T AUER A, R m 20l 3R R &

(2) iR 2R 5 | R WY B A 3 f) s AR e (s g, <& 1 e sl A MR B
MEZ, XH IR A B IS HEZ, AR B e 1 5

(3) AN S 31K 5 L H R A ] Ay 32 PR SR MR 1R s 8. 9, <45 € =18 ABC”, 31X
HEAMEH 2RI AL B C ATIREN =M, A, B. C fEC
FA3E Y

(4) & AT R BRI S, i, “ELEk T FIE e m ~PAT”, I HL T AT m R A&
HEk.

EX 4.3.3. S AIER LR

(1) declare(ay,--- ,a5) (0 < n) &—A (A 6], A o; (1 <0 < n) FRIME
S B AR, BRI R 24

Q) V=1 GIH) 706, b V2 — A& T2 — NSRS i S, vV RRR
1 15| H (reference) L4641 (pointer);
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(3) and(ay, -, ) Flor(ay, -+, an) & (51H) 7010 (WR A B A5 501)), R
a; (1 <0 <) #GEGI A H n IR, FRO8 AJ I 244

(4) give(aq, -+, o) A (AI$R) 704U, WA a; (1 <4 < n) HIE SARMER 1) 541
Hn AR, /\ﬁﬁj‘@ﬁ‘]é@ﬁ;

(5) A 7KW S5t mT AR Ay (A7) 20

6) # a,ay,- - ay #EA KT H n AR, B4 and(aq, -+, an)s or(ag, -+, an)-
not(a) 2 (MR 00 (WA B Gk 700)), b ap o (1 0 S ) BROAHIHY
24,

o1, (2) (3) (4) X AT AGERR Ny (#413E) 7711,

i,
e declare(A::Point, [::Line) j& — M A), BEESE— i A FI—4HE [;
o [ :=line(4, B) &—/ M5B, BIEE | W& AR B I HEZ;
e give(triangle(4, B, 0)) & — M), EEE4 € — A% ABC;

e perpendicular(l, m) J&— M /R0 0], BB LR m A H.
perp

HMREE A

FAT PR 2 8] B LA S AR AL — AR AL AT 5C 2R B G AR I LA R IR FR A A A
5.

E X 4.3.4. configuration(ay, -+, a,) (0 < n) & — M, KPR o; (1 S0 < n) #2
Ay AJEGE Y RO R 224 o n A R IF ELPT A AR B B A R R 4 B S )
1A, B 2T ) A S 5, W — AN E AR HAEA RIS RS HAE
£).

(1) —AHIRLER O R, B a0 (1S 0 < n) AR A4, B0 it ), St
MR

(@) — AR Ay LA, BT o (1S 0 S m) AR FEWISM40, R AR 1, st
AR

(3) HEIHA N I
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P AN B B oy ) 1] BLA IE. 4 SE o — AN JE W configuration(ag, - -+, ) B S,
HJ — AN JE Ul configuration(By, - -+, ) BB W S 5 S v LA I —AH 8
configuration(ay, -+, ay, B1, -+, Bm), WK S1+Sa, FFH— MY configuration (B, - - -,

6m> Qy, 7@71)7 iaj‘j 82 + Sl-
B,

o VU [THAE H (UL BT >k Al) B JLAT K4 AL W] BL3R 7R 4 configuration(A := point(),
B :=point(), C':= point(), D := pointon(circle(4, B, C)), J:=foot(D, line(A, B)), H
:=foot(D, line(B, C')), G :=foot(D, line(A4, C)));

o JL#4% configuration(A := point(), B := point(), C':= point(), give(ninepointcircle
(triangle(A, B, () &/x A\ B, C BEE =, 45E =¥ ABC B LA

EX

JUPRTRE &5 5 U — MRG58 T 2 “HE S A SN R IR C7, Horh A B
SIMERS, R 3R A (A, C 2R RN AL I T BRG] A PRYE I i 29 R iy it 2 F
BN, P4 B INAL o2 —A> i JF B XA ri ) I AEIX P 4k B B o — i, JE 5 B
FE SCH UL & # R AL — M R, ARRA A IF BT WIBR B, B, =B
o =M =T AER & HE .

EX 4.35. & XA EKRWT:

(1) J24n [I where C] )RR S J&—MNLYRI &, Horb T 2 — MGl sl ik i
S, BE AR AR, B RS, RO S T RSP, i C1(S); C & — MR
A, BB A ), B8 O null P2 B S LK, Il Constraint(S);

(2) e [V] KEAE S &g, Kb V& — A&, oA S 08, ek
CI(S);

(3) JEtn Definition(C, R, N) FIEk D 22— & X, Hrh C &M, o0 D 1 H
B, R TC(D); R o2& MNARGRE, s g0 e, BiE g e, 7oy Dk o]

T TRRATE T LT AT 2B 75, BRI TR s JL AT A8 A 2 S5 M, T PR BB 1 2 S A

FEARSCIIHETEF Z .
2 RSP null o2, X null AR TR AR = 4R, BB 2.
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&, 188 RB(D); N A2 — M /R4 ) null, #Oh C BIFEE L4, 1l Ne(C); I
i 2 LU 25K
C BN AR AE C B T B,
WRE L2 C RN R SR 5,
N EL AR AE C B
[l — AR EAREEANR S ;
CHAZSH, WA R Bl

5 7 SUITR R R 3l 5 S, 0525 S H bR BR Ay JE AR (Bl o) AE Y, AR AR Ay
FH(BRE ZY) ME. e SUWIR AR R ARS8 5E, 41 Constraint(R) AAi/R 45
A null I, 5 R AT E X 24 constraint(R) A5 4 AJELE null I, 3k
58 MR Ky # it 25E X.

i,

e Definition(intersection(/::Line, m::Line), [ A::Point where and(incident(A, [), incid-
ent(A, m))], not(parallel(l, m))) x4 H L | Al m WIAS SR E O — ri A T 2
ABRLE T EXAE m b, HARR SR RX A HE | 1 m AT

e Definition(completequadrilateral(A::Point, B::Point, C::Point, D::Point, E::Point,
F::Point), [configuration(£ := intersection(line(A, B), line(C, D)), F':= intersection
(line(A, C), line(B, D)))], null) FK/x 2 VATEH & A — M E hHE% AB 5
HEZ OD AT, F N HZ AC HHEZ BD A2 s, WA ARBL AT

E X 4.3.6. AR LHES, AWK IRA Script(Dy, -+ ,D,) (0 < n), LA
D; (1 << n) #Ww I H n HIR.

sl K — et —oudl (M, G), b W R el TR 2y, G Al £ 1R T

E X 4.3.7. ay @R IR A Proposition(N, T, H, G), Hrh N Zar @l ()4 7, T 2
BHIEAL 4, Bl Assertion (B775)+ Lemma (5/3). Theoerem (’E2!). Corollary (i)

BT L e o T LB PR e B A
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#¥ Conjecture (J548), H &MU R, B AR A #€, G &M /R 70 R B TE
o <=> ag (FN on o BIHAIRIN0)), FRA findl 1 4506, 4510 i) AR AR RS b
L.

i,

o T (UL I & A.) v JE =X AL 24 Proposition(Simson’s theorem, Theorem,
configuration(A := point(), B := point(), C := point(), D :=point()), incident(D, circ-
umcircle(triangle(A, B, C))) <=> collinear(foot(D, line(A, B)), foot(D, line(A, C)),
foot(D, line(B, ())));

o 1F M s B (WL BT % AL) AT JE A A Proposition(Pappus, Theorem, configura-
tion(declare(C'::Point, F::Point, P::Point, Q::Point, R::Point), A :=point(), B :=poi-
nt(), D := point(), £ := point(), give(Pappus(A, B,C, D, E, F, P,Q, R))), collinear(
P,Q, R)).

o] g1

i) LR IR G5 ) 5 i ) SR, B2 T On i (R, O), Hoh HOZ R AT IR AR, 1M
O SR H br e

EX 4.3.8. 1] @KLK RA Problem(N, T, H, 0), Hp N & dl 1425, T J2 )
FKM 4, B Compute (i1 #). Prove (IF#). Locus (k#1iF) 8¢ Construct ({E ), H &
AN LT R, B4 ) LY B 42, O FRO4 R LTS H Ar. ARYE AR 1 R EER M O 4500 R A
[Fl i 2

(1) # T 3 Compute 5¢# Locus E¢# Construct, W] O & —A™SLARRE S 1 551 8 5 |
H;

(2) # T A Prove, W O J&— MR AAIEE LU o) <=> ay (FH oy ap BI AR
JrHD);

H b e A B AR A i 5 R L

i,
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o THEIAIR R 45 E — =M, —RILKN a, H BRSO b, SKEAS = AR
] JE U A Problem(Area, Compute, configuration(declare(A::Point, B::Point,
('::Point), give(triangle(A, B, C)), a:=length(side(A, B)), h:=height(C, side(A, B)
)), area(triangle (A, B, C)));

o UF A ) “SPAT VUL TR [P M 26 HAHF- 47 vl JE 204k R Problem(Parallelogram, Pro-
ve, configuration(declare(D::Point), A := point(), B := point(), C := point(), give(pa-
rallelogram(A, B, C, D)), O :=intersection(line(A, C), line(B, D))), and(equal(leng-
th(segment(O, A)), length(segment(O, ('))), equal(length(segment (O, B)), length(
segment(O, D))))).

N>

> BEERIRIE

fE LRI, T8 R R 2 MR G RIB TG IE

(1) FEAE TR 5] AR WY SRR 2 (R el IF, AT DL — 30, i, X Y Z 4351
e =M¥ ABC =il AB. BC. AC B &, m+ n 5352 =M% ABC il1 BC.
AB FHE:

(2) B2 A SHER N HIAH R L I, AT L ge—3kak. #ilan, id A. B, C =rizil 5 H
% a. by c BHMHEL;

(3) T ELME R 22 AN B, FF HAK BT G A2 AH ) (¥ 240 R4 AR by T X, A 8 X

BT . B, DUIA TR 2 400t fa gk, HEESM 2 MRS, —AER 3
AR, = ATEI 3 2%,

(4) LM BAREL S ZAK G, (FX LS GATAE L RS FEA ], B AE AN ]
(I T T S5 AN R] R 5, A 5 S 75 BE X 3 X i FE IR Il e . ol — A1
) [ B A5 A U [ A1 4R 5.

LRE UL ESIE, BATR LA RATE S M0 by e, DG smIt AR IMRIERET).

D) {Vi;--- Vit = A{ogs s} (LS n) A (R MU, BN V=0 120 £
n) #ZTIHA) Hon IR,

@) (Vi Vol =T (1 = n) 24 () 20, KPRV (1 =i S n) #2ZREH
n AR, T SR 2 1 S 481
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G) fHans-san}, - APy 58}) (1 = n) B— DB W (K H) LM, HEA
flaiy -+, Bi) (1 £ 4 < n) #RBEHI LG

@) {Ry;--- Ry} (2 = n) i —AE XN (BH) BIHE HEADR (1 <4 = n) #EE X
(3R MR Hon AR AR R (1 <4 < n) #GRLYHRGEE, For OS] #8234~
SIS HLRAR R nuldl, TSR 3R MARFR A 71 e e il [Hl A, 15 AR D H A7
AR IR,

e {og;- - san} (1 < n) MEBRHRNES, o (1 L0 <n) oA SE, HHAo R
HBon AR
i,

e {A; B;C} :={point(); point(); point()} &—> () 0 H), £/~ A, By C L&
=

e {D; E; F'} := vertex(Napoleontriangle(triangle(A, B, ())) & —1~ (&) 7h), Fox
D. E. F =M ABC WZEWE =ML =T

e collinear(midpoint(diagonal(completequadrilateral(4, B, C, D, E, F)))) /&2—"> (&
5 3, RoRAVIAE ABCDEF [ =40 2610 s L2k,

e Definition(diagonal(completequadrilateral(A::Point, B::Point, C::Point, D::Point,
E::Point, F::Point)), {[segment(4, D)]; [segment(B, C)]; [segment(E, )]}, null) &
WA ABCDEF A7 = X%, il AD. &B BO. 4Bl EF.

AN, U FR I AR G TR B ERE . B, =8 = AT A —
TR, = ATEHAE P 5% s 258, FRAT7E I LIATRiid o8 5 P g LN R, DA LKA e ).

choosediff({A;- -+ ; A,},m) (1 < m < n) & —NEEGW (FEIE) SLH, KRN
A; (1 <4 < n) HTHEE m AN 2 s T4 s 824 41, line(choosediff({ 4; B; C},2))
FKoNHZ AB. HEZ AC. HEZ BC PR —4.

ST e AR R LA R, 90 B A R L AR A A, T LA LA e
FEANRENT LREATROAE S5 A0 EE, PR H AT BATT T34 1) JU AT IR V8 35 A B ook e A T %
K&
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433 HEeERABENIES
T2 1k &30 Fik

TEX 4.3.9. #FEMIE KB XA U ML SEBI AL B 2R 5 3RIE R, B X
%5 Jy Translation(C, S, L), Hoh € — M4, S B— M-S C PAS RN HRIE 58
f, L Fom AR F IR, I english., T304,

i,

e Translation(collinear(A::Point, B::Point, C::Point), ‘A, B,and C are collinear’
english) & /~# collinear(D, E, F) 4t “D, E, and F are collinear”;

e Translation(perpendicularline(A::Point, [:Line), ‘it A WH T [ (EHLZ ,+ )
Fon¥ perpendicularline(B, m) #:Ak o ik B T H T m K HEZ”.

TE X 4.3.10. FCAAC ARG AR L AT S0 e (e D AE RO AR AR R B O T 4
b DU S U i ARBCR A S UL, FOE sk

(1) Pln] Z&os P IR N ARBRERES n A0, b PO e 128 28 Point H 51,
n e HIREL

(2) AlgebraicScript(C, u, T) & —"MCEALH N, Horp C 52 — N /RBE&, w2 — K
T C IR T2 Point 15| HI AR5 73 AR U & I ARECERIE S, T o
AEALRIZREY, fir Coordinate (AEARfUHIL), Area (IHIFREACKIL) 45

(3) AlgebraicScript(C, 8, p, T) & —MCL AT, Lo C & — NSk lES, 6 £—14
AR, o FE— AT C IR T2 Point (1151 FH G ARBR 2, 0 B9 AR AR 73 DL &
FE U EARECRIAI, T R RE 2R

i,

e AlgebraicScript(collinear(A::Point, B::Point, C::Point), — B[2]*C[1]+B[2]*A[1]+
A2]*C[1]+B[1]*C[2]-B[1]*A[2]— A[1]*C[2] = 0, Coordinate) 7 7 ¥ 3 & 1) #E &
AR REIAL;

o AlgebraicScript(line(A::Point, B::Point), (z, y), 2*B[2] - A[1]* B[2] —z*B[1]+ A[1]*
B[1]-A[2]*y—A[1]* B[1]+A[2]* B[1]+A[1]*y = 0, Coordinate) & /~¥ B4k I &2 A4
PRAREAE.
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TE X 4311, EEMI 745 1 AR B2 5 ) 4 40 D 1 B g & iU, 8 sU3oR
4 DiagramScript(C,n, N), Herfr C & — AR, n WA ER RS, N &m0 W
DY A S ESYIRGIE /S CRIEZ

i,

e DiagramScript(perpendicularline(A::Point, I::Line), Perpendicular(/; A), Cindere-
lla);

e DiagramScript(perpendicularline(A::Point, [::Line), PerpendicularLine[ A, [], Geo-
Gebra).

REgkix

FCE A S A AT oy R BN i R 5 N ) A A 8 o X 2 AR B 2K (R4
ik, H Y, OpenMath 7EVF 2 5 H th i HIAEECA 0 R R A M bs ETE 5, JF l Ul
OpenMath Phrasebooks [105] 5 i+ B WA E RG4S H., KL FATEH OpenMath K%
IR KT AARR DUB LB U R AR IR

{EEIzRIE

RN 4.3.12. fFEFIASEILITHIE O ER L 3, SR Diagram(N, {m: -1},
W), b N R IR AR PR A 45, 1 (1 < 1 < n) ARAR IR &, N domicse
EFS 354 T LIRS0 LT B 2 51

% W1, Diagram(Simson’s theorem, {A = (—11.1,1.62); B = (—22.84, —15.37); C' = (7.14,
—15.75); t =Polygon[A, B, C]; o =Circle[A, B, C]; D = Point[o]; [ =PerpendicularLine[D,
Line[A, B]]; a = Angle[Line[A, B],[];m = PerpendicularLine[D, Line[B, C]];n = Per-
pendicularLine[ D, Line[ A, C]]; J = Intersect[l, Line[ A, B]]; H = Intersect[m, Line[ B, C];
G = Intersect[n, Line[ A, C]; SimsonLine = Line[H, G]; }, GeoGebra).

434 JUAEIREIERIEE Rk
JUAT S0 A B0 1 SR1E 25 AT 23R LA T (8 AT 02 >3 RIFRAR. by T 46 A LA &F

E1 5 & JULAT % 4 GeoGebra 1 15 K 48 4 %1 % 1% 2 W, http://www.geogebra.org/en/wiki/

index.php/Command_Descriptions.
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B A4S, FATIR A XML X B 9815 5 Rid B SCA AT R L. flan, X)L ik oy
K BB 548 ] OpenMath 5 5 8% LaTeX i 5 K Ron; BERAETIARSS “link” b
T B Ik AAE A FR 25 “equation” KARIE; 1 2 K Fr A AR 28 “figure” K bRit; B2 1
BT STAF (R AR AH R () JUART AR AF 3 N 32 47) Al A5 %5 “dynamicFigure” SKFRVT; Byl
FFR%5 “para” Kbpid 55, O T IRXEEFRAE ) HARAE B, 152 W% C..

44 TIHgERIT

TS T U HR RGN B 5 5B . T U O 4 T
Sl 1 B 8 1 5 S IS B T e, DRI FE R 4] B DA R P 7 I 9 A T
SERFST R JUATHI . i) % 1 BT GDL 6k 1 30 H ) SUEEAb 3 2 038 JL ATk
1 RO 05 38 53— 7 T2 A S Mk L R B 8RB 0 B4 — UM 5%
etk ST A T,

441 HISERRYTE

WU RR TR 5, v LA OB A LR ENR. 28T, GDL Rk By 1 Wi 2 155
B SR 2 A, T B A T AL, RIS ) S BT BT A AR N R X S 5k
FIIER. i, 25 O X— L& triangle(A::Point, B::Point, C::Point), F84 7E 52
] triangle(a,b,c) ', av by ¢ T E2 KAy Point HIHED S A A 15 1 S 145 5 .
S AR ) 5T SCAT DU IS8 DA SO, FRATTRRIE AN S0 Ay 3k AW A8 1) 7 A g S 41,
ABBRIXA S B T IXANE R, B XA S 5 XA VLA, 57— 5 T, kA 1 s 49 75
S N R 1) 8 SOR RS S IR Re, B e 30 B IA SR LUE T A
ATARE 8 S FRATTRRAE LA ik v 55 o el S AR B (1 2R 3149 L3 1. FH A MR 2 1 )
A B DL ] . 510, 72 GDL Rk, — ALK R4 line(D, E), A T A H i ATE
SCF AR ARER, 5t TR B B AN 5481 i S (AR e X

h T RS RGA AR MRS VLI n) R, FATT 70 S 0 AR 2 DL A AR 72 £ i 451 B n 28 284 A
(Type(]) Fas I HIZEAY), JFidad LEAss | WX Lo 2R 71 2 [a] i 00 FR KM i — fn) .

EX 4.4.1. MAZRIEEE T
(1) —/ MBIV T,
Type(V = T)="T;
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(2) — M f(ar, -, an) (0 = n),
Type(f(ay, -+ ,an)) = f(Type(ar), -+, Type(an)),
Hot Type(a;) (1 £ 0 < n) BNILSAL

FAEA () IR B R AL 24 T R IRZ B BRAS S 4, R ER A
WA RS20 RS HL

A JUATIATE 5, 9B b AR B R AN G Bl K 5T, B 2 51T 2 R
RSG5, Bl

TEX 4.4.2. S SE45E X b
(1) &V 2R, FHAAET IRV =T b 12 —A4s5e4), )
Type(V) = Type(I);
Q) #V E—AEE, I AL Ve T, )
Type(V) =T

(3) # V —AVEEL (AL (1) B (2) M7, W Type (V) = null;
(4) Type(n) = AlgebraicQuantity, 2+ n Jy—A4, AlgebraicQuantity f&—Mli%

AL
(5) Type(m) = Degree, HH1 Degree & —Mli% KM,
(6) H—ASEBIFEU f(ay, ..., a,) (0 = n), T
Type(f(ai, -+, an)) = f(Type(ar), -+, Type(an)),
ot Type(a;) (1 £ < n) BRAH S

RIS () TSR AL th T2 FA 4 ISR A2, DS
L U RSO RA 55

EX 443, HEMWARE T FTy 535 f(ar, - a,) T g(by, - by), WHRGHE f
HgME,m=n,a;,=0b; (1 <i <n), WAEAFR T 5 Ty MARBAFEE iCh Ty = Ts.
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4, M % distance(A::Point, B::Point) {128 7 distance(Point, Point), ff % distance
(A:Point, I::Line) [ 25 # 3 distance(Point, Line). 7 — A~ #J & & configuration( A :=
point(), B := point(), := line(4, B), collinear(A, B, C)), | A I B [¥j2E T #E 4 point(),
[ 1 line(A, B) 12514 2% line(point(), point()), 1 collinear(4, B, C) 128 collinear

(point(), point(), null). distance(Point, Point) = distance(Point, Point).
EX 4.4.4. 75 C MW I, i Type(C) = Type(l), IBA I 52 C W] filke sS4,

SR, W T SEB) R VR ik B, 8 X 444 JF AN B8 oS24 5 E S AH T G B B
1% 2. 4 o1, T 2 5249 intersection(line(A, B), line(C, D)), . Type(A4) = Type(B) =
Type(C) = Type(D) = Point, K J& Hf % intersection(l::Line, m::Line), 3 7~ /T & ¥ 4
HZ A8 5. Type(I) = intersection(line(Point, Point), line(Point, Point)), Type(K) =
intersection(Line, Line). R Type(]) # Type(K), (HEE P S ELHELEHL, K [15E
SCRTDLRIRAERE 1, T thiZot K Rl ke se il DA AR A i 8 3L 75 AR 2 AN AL
LA i 48] 55 AR A2 1 DL IE. FRA T 1o 5 | A2 2 ] )PP R R XA ) R

EX 445, 4558 — A S, FIUH) 7 (<) 2 Xk

(1) #5 Ty R Ty 35 R4 G A A Bt B (AR SR sdth S A& 23500 4 Cy il Gy, BLAE
5 3.2.3 Wk ASCRE (K 3.3) H Oy B Oy A5 ARk R &R, Bl C) — Oy 471E,
W7 < Ty;

2) A DS HE—NEN, CHDKHARS, R A D RREA, T4 R L4
(HEH R AR g8 e s 45 ),

o # R MG (WL T AFFAE), W Type(C) < Type(R);

o B I R Uan, -, ) M A AT K 4 A, W Type(C) < Type(a;) ™!
(1 <i<n)

o A1 h— AR, BB S, B B s, B AR S A AR oA,
W Type(C) < Type(I);

o A ROE—MEGRIMIE LI T AFELE), WX R FEEAS 75, e BB e X
15 RJ 75 3 A0 B2 R 17
XL HFR N th D 5 R BT

X o RSB AT RS0, MR o AT ILAD B,
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(3) %iE —MERETEW f(ar, - ,a,) (L En), HGAERMT kS8 a; (1 S0 S n) L
Type(a’i) = T7 %B/A\ f(a’h -"7an) < f(ab e 7T> e ,CLn), :/H\:EF‘ T 7\%% [ /l\%%%ﬁa

(4) ﬁﬂ% T~ Ty T3 %BZEL%%EEE, T < Ty H 15 < Tg, )I_\“J T, < T3;
Ty < Ty Btk A Ty $#8FF Ty, To FKA Ty WICEH il A Ty = Father(Th). —ANRAT]
DEES (" Jith
50, line(Point, Point) < Line PA X intersection(line(Point, Point), line(Point, Point)) <

intersection(Line, line(Point, Point)) < intersection(Line, Line).
B S 4.4.1. FhERBANEAH IR, I BT — MR EEL Ty, #84 Father(Tha) # Ta.

IR 4.4.1. 458 —NHA S, AFAE—A81 132 Father(Type(])) = Type(l) %4 HAX
MEAE S G E X D AL Father(Type(TC(D))) = Type(TC(D)).
WERR: se ok

HE X 442 W10 Type(l) — & f(ar, -+ an) (0 = n). T Father(Type(]))
= Type(l), HAFAEE X D W& Type(I) = Type(TC(D)), W45 A& M7 B, 1 < n
B R T A SR 0 (1 S0 S ) MM T, W e < T H

f(al’... 70/1'7"' 7an)_<f(a17... ,T,’... 7an)_<f(a17... ,ai7... ’a/n).

(1) HAAEEX DL flar, -, T+, a,) = Type(TC(D)), W51 BT

(2) BN, T < a; I+ H Father(a;) = a;. ¥ a; EE UL LR, M EE IR, L(a;) #LE
L(1) 7> 1. BRUA S R B8O A R, R A Bl R v] DLl s 53 3 R 40k 1, JiAF
LE—ANTEA g(by, - -+, bn) (1 < m) BIZEOHE XL E XD #AT (b, -+, bm) #
Type(TC(D)), H A L(by) = 0 (B by & — MR KR, 1 < k < m). —J7 M, AT
11 118 AT 4, — B A E A SR b, L Father (b)) = by 59— 710, BT &
441 a0, X BT k #A Father(by) # by XFEAG P74 T 5. N, 76 )2 B0
B0 ZHf, —EAAEREANSH o A E LD L o = Type(TC(D)) I B

Father(Type(TC(D))) = Type(TC(D')).

H1 5 X 4.4.5 AT FIA7AE FA K T/ 35 & Type(TC(D)) < T' < Type(TC(D)). —
EATAE A I, Type(I) W g(by, - -+, Type(TC(D)), - - , by) I HIHE Type(l) <
g(bl, T 7T/7 e abm) =< g(b1> Tty Type(TC(D)>7 e 7bm) = Type(I) —[H:%i/k\lﬁij [
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HE® 4.4.1. X —PIA S P ERE XD, tn i Father(Type(TC(D))) # Type(TC(D)),
HEARAL —5LH] I, 47 Father(Type(I)) 776, Wl Father(Type(I)) # Type(l) I H.
Father(Type(I)) FIAEA MR FATFRIXFE P HIA 2 L1 (well-formed).

HEAR: HHEIE 4.4.1 A] 50, ST 5L I, # Father(Type(I)) /74E, Wl Father(Type([]))
# Type(I). Father(Type(I)) KA BEAEAEAN T PIAHIG B

o HAFAEE X D Father(Type(I)) = Type(TC(D)), A4 Father(Type(I)) ¥
MEUEF R, X2EK N Father(Type(TC(D))) # Type(TC(D)) I H A H & X
A R

o TN, Type(I) KIFENSZHAFAE R HEANZSHH R H L Type () HZH D
L T Type(l) KIZEANEH RIF L2 BRAR, HUkhiibis 4.4.1 7750, ZXRHE
JET Father(Type(I)) BN ZHBRIT.

ZE b, SHE—35H I, # Father(Type(1)) /245, WHANEEE TR, 0

F b AR AT R IO T MR e 1 AR A S RIS I — AN FIAS S 15 0 R
X UV BT R R AR T AU S A BRAN e 3G, DR T B 7 4 5 SC
) H BB SR A, A 2 15 A7 £ A SR T B AR %, S20Rh P W % LAy o, ]
LA HEAT.

EX 4.4.6. LEIA S, Wis C L9eil 1, Wik Type(l) = Type(C), I H I 5 C I
WNCARIR, IR T R C W AR RSB, 8RR T M C, T 5 C A DL,

E 441 TBIRSRB R ACSRAAT 2AS, PR SB Bir R PR T AANE —

T, FRATTRE R UL ) ORS 1 M AR
[B]RE 4.4.1 (BER LB B)RR). 4558 — ) T A —A REFIIA Script(Dy, - -+, Dy,), $63
AR D (1 <i <n) 15 1 5 D; B9 H AR AHULAC.

AR 2 S 4.4.6, HUEE—A> 58 SCIH bR ISR — AN s (SR R SR, T84
XA SKNE T AS H AR b, G, X145 5 iR s, s 20 P R ARG AR A, AR
AL A A SR AL AT 5 33 S H At 10 SR 2R S8 Tk 1ty £ 3452 91 B 2 FH ) A8k
& (A HAER 4.4.1 RN, WORBIAS S R, 84 SEBI IR SR AL SR A IRAS
DR BAT T e H SR TRY s 1 il L LA R SRy [ B0k
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JE AR KA 24 18 S

B 4.4.2 (R FE

SEVRF AR, 45N TR R ORI S, W TR A

.
0k 1 KA [ 517 (FTT)
BN ST, BRI A S
HWith: Father(Type(l)) FIEEA

1 result := null;

2 FIs:=null;

3 T:=Type(I);

4 if T 174 then

5 if I JEW f(ay,--- ,a,) then

6 if n > 1 then

7 fori«+— ltondo

8 F; :=FT7(a;,S);

9 | T; = Type(a;);
10 L:=(T1UF)x- x (T, UF); /] x FREE IR
11 for!/in L do
12 T :=f+1; /] + KK f S R
13 if T = T’ then
14 | BT ANEZHIRINE] result ;
15 forDin S do
16 if T" = Type(TC(D)) then
17 S :=null;
18 if RB(D) & - MEA R[N then
19 | ¥ rRB(D) H’Jﬁfrﬁ sy AT INE] RS h;
20 else
21 | K RB(D) ANEIZHRINE] RS o
22 for Rin RS do
23 if R &M% 541 then
24 | ¥ RANESZHA NS FIs
25 else
26 RI = CI(R);
27 if RI j& M A /K451 then
28 | BRI BT S S BN S RN NS FIs v
29 else
0 | RIRTAIBRIE FLs o,
31 for Ein F'Is do
32 ¥ Type(F) AELZHININE] result H;
33 | HFTT(E,S) AT # ARSI IS result H;
34 | break;
35 else )
36 forDin S do
37 if T = Type(TC(D)) then
38 ¥ Type(RB(D)) AFAHISINE] result H; // RB (D) &35 sy
39 ¥ FTT(RB(D), S) Mt Hm A E LIS NS result H;
40 break;
1 else B
Iy | P Father(T) NESHAINE] result H; [/ X T g
43 IR|A] result;
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442 FEFIE W RYEE L 445 U5 (3) LRI AN, B 1447 T & T HISRAY; MR Ps
55 (2) 440, 58 32 47 Type(E) M 38 47H Type(RB(D)) thiE T HIAQISHY, ARG 2R
(4) 2% P50, 58 33 AT A1 39 AT IR T BT A7 45 SR e T HISQR Y, o5 42 A7 h fhi % 2k
BT (T SCR BRI N E result . B, result THIFTA TCEAZ Type(]) IR
R 3 —J7 I, M2 X 4.4.5 WA, Type(D) FIPTA SCRBHME el 7. Kk, H9% 1
[ffir 2 Type (1) MATH REMIMES.

BT RAFIIBIA S BT el e SN S (1l 2505, DL S i 28 L (g AL 28 Y
ANBCHZ A FRIG (FHAEIE 4.4.1 w7 5), DR AR AL ) 51k 1 il T BRD 2 S ds 241k

IO FH ARSI 3 [y B, WA UL G )l vl LAAS gt o, Sk 2.

Bk 2 A ULECH Y (CMB)
SN S I, REFR A S
Hith: S AT 5 T ARVCEC AL 1) 2 SCHRIAE &

1 result := null;

2 T :=Type(l);

3 if T {#4T then

4 forDin S do

5 if T' = Type(TC(D)) then

6 | ¥ D AESZHIS IR result H;

7 if I 2 f(ay,--- ,a,) then

8 if n > 1 then

9 fori < 1tondo

10 F;, :=FTT(a;,S);

11 | Ti = Type(a);

12 L=(TyUF) % x (T,UF,); /) x TR AR
13 forlin L do

14 T = f+1; /] + R f SRR
15 if T # T’ then

16 forDin S do

17 if 7" = Type(TC(D)) then

18 D AEL ISR result H;

19 break;

20 IR [A result;

F 443 55 2 NERTE R AR, 5N P HESRL, T RAF A BIA B35 € 3
KA, Sl 24, DL ISR R SR T 2 A BRI, DR A DL e vk
AR D Z a2t NI ILAC S, AT LRSI GDL Zid v syl i 6 A 2 15 .
U SR AN T B R R A R, S A B R IS TR 11 75 0, o B b sk
191 B 1) BAAS o 18 - b SIEAGA UG e PR R A 1) o SR IEATIZ IE.

- 86—



BRI IR K2 22150

442 JUAFRIRBIE XA

T A R T M, T BT e M S () M. RISk — AR
I PR T SN sl 5 A FH R 85 110 s SCORE Tt RE S 4 DAy TR OE ) X A 2 AT A
ATV S F B A G AR o A I T B LT R T I A TR AR A A e S 49
5 30 R e AR W) —HEZE R 23R, MM A 73 i 238 1y % % ) LR 45 18 X B
AR DAL G, T JUART 3R T8 5, 5 SERIE 5 G (T AR M 5 F e SO R 2 ) S
(7] SC2e Ak Ay T3 SN 2 1) i 481, A A 8 A O 15 3R W] LU A7 R0 A6 Y. 4810, AR 3 5
D+ Do Dy Dy AT LUK 6 foot(D, line(E, F)) #4740 F #4k: foot(D, line(E, F)) =5
Ds, Dy

foot(D, line(F, F')) Dz, [intersection(perpendicularline(D, line(E, F)), line(&, F))] ——

[v1::Point where and(incident(D, vy), perpendicular(vy, line( £, F')), incident(vy, vy), inci-

dent(vy, line(E, F)))]. HA vy I v, I ARKZE, JFH

D;: Definition(line(A::Point, B::Point), [::Line, null);

Dy: Definition(foot(A::Point, I::Line), [intersection(perpendicularline(A, [), {)], null);

D3: Definition(perpendicularline(A::Point, /::Line), [m::Line where and(incident(A,
m), perpendicular(m, [))], null);

D,: Definition(intersection(/::Line, m::Line), [ A::Point where and(incident(A, [), inci-

dent(A, m))], null).

DA F 2 A BT A5 3 38 v 1) ST 491 20 i 4 B R 1y s 81, O B A SROC R (R 3 7
7X) HRE BB, T LU 75 5 e A A BRI P, 1 A LA R BEAT A L

T RS R A T SE I GDL 2R3k X AR AL, JATHE LA R IR 15 5 118V BL Al b
FING SRS ARG A X — LR, B3 0[] SCR AR B S0 ] T MR ) S48 JLART 4
WRTE S I 2L, P ERATT S8 R & 59 i A% Ak, 32 D R 518 GDL &k e 45
AL

REX 4.4.7. HHGEH—> GDL &Ik A2 AL g I el Se A 75 21— M kid
Kl B F 2> GDL R, a 2 AR, b2 IEE Sp], WA o A5 o 1Y
P A Ron

Fla —b) = F(b).
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B, s A B E 2 1532 ] 5L 4] intersection(perpendicularline(A4, 1), 1) k&b (5
BESASIEAEMNALS | WZ M) BRRERE ATTER S —MsE D UE, BE L
FH S line(E, F) AATE, M B8 AE n o8 0

intersection(perpendicularline(A, (), [)(A — D,l — line(E, F)) =
intersection(perpendicularline(D, line(Z, F)), line(E, F)).

BB I AR REBE R HLEAT, T 75 BRI 2 1 B, LR e 1 45 5 %
SR ) S S 7 PR 2 5. AT 5N T M, 0 S8 £ A, 5 e T 2 A
SCauE )

EX 4.4.8. JA) 1) 55 AL 2 FEH HE IR S50 4 A A B Rr 8 B SR B 4. — > 52481
I HRONTERIA S T LA C — R & ATREFEALI, 45 S TP AFLE A0 it I 1) A8
& CIJFHWR R B Ay, Ay (1 < n) & C PR RS, Vi, -V, S0l
Ay, Ay BB, FEAETR B 526 By, - -+, By W2 C(Vy — By, -, V, — B,) = L.
A1 AT RN Ny

[HR<‘/1_>B17 7Vn_>Bn>7
Hd R FRAFALII B, RV, — By, -+ ,V, — B,) N Transform(I,C, R).

TE X 4.4.9. SAP] AAE fa 2 R A S0 Bt I PR 5 S, Rg s ) A Ay HAT o SGR R[4
T — TRy IR S B AR AE. — AN SEBI T FRANAEIA S T M Definition(C, R, N)
FEFTHEAETTHY, 25 S ST A, JF BN S0

o [7ES &M C — R Z A LA,
o O ANRIEAM S
e Definition(C,R,N) /#7EF S .

S T AR AT R IR
IHR<‘/I_>BD 7Vn_>Bn><p0_>U07"' 7pm_>vm>7

Horbpo, -+ po 2 R AP MBLAH BB G, vo, - -+, v ARSI AR, BI T 1
AR B HRANHA LA
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lhn, i) foot(D, line(E, F)) HRAHHIIA I 5E X Dy A 401 F AL fH:

foot(D, line(E, F)) — [intersection(perpendicularline(D, line(E, F)), line(E, F))].

[l AR A i 1 5 S Dy Al AL T

intersection(perpendicularline(D, line(E, F)), line(E, F')) — [A::Point where
and(incident(A, perpendicularline(D, line(E, F))), incident(A, line(E, F)))](A — newy)
= [newy::Point where and(incident(newy, perpendicularline(D, line(Z, F))),

incident(newy, line(F, F)))].

S A BT 45 VR S B N T R B T I PR 2 3 SOROK S0 8B 47 1 SURRE I
AR, PRIUE T SEBIPT B AR SR (M3 75 30) A3, PRIHAR 1) 15 21 1) 358 15 gt 2 1)
JITARAE 1R 302 — BN B B [F) S, JF HOE s EANFR R e B X, 1 S5 AR i
AR — S 2 i A B 2 e 45 20 IR I 2 005 0T Y Sk 9], e B AREA g, DA Bkt sk
a5 T LAHEAT — R AT i, JATTRE et RS 234 LT iR i 5

EX 4410, — Al R). WAL, ari, e LKL H A GDL #k S FROATEMIA S
Nk AR, A7 AR AL A S T B S (B S £ S TR AR AN E SRS
TR S AN S P A TR RR R S L. Xt S AT — R AL (FRoA ) H 2
S AFRALTE, I AX—IREN ARG S MLTh S', S Bk S TES N HIMZ 45 K.

AT AR AN RE PR TN R SRR BEA T AT A BE, FATF I — D e
A, BIRE— DAL TR (K 45 R A LA X R E S, DUEREAT T — DAk fa].

EX 4411 JEU [A,C,P,N| R S BRA IFHZA, Hd A R— A&, S, 4], 5%
BRI, BR O AR DK getI(S); C MR ), 5 A), B null, KRR A
A B ATR (B ), RN LR, KN getc(S); P & — MM null, Fon A st
A B R G T7 3, RO BB, 10 getP(S); N g — MR FEEE null, £5 A A E
137 ST R 45, BRI AR LA, Idh getN(S). Av Cv Py N A IERLALT) 5y

i

i1 LA TE 5 SR A 20K, DRI EAT PR AR R 9 e
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(1) 47 ag, -, o B ITFREL ABATEW {on; -+ 5o} 0 S 2—A (EA) IF A, X
getI(S) =S8, getC(S) = getP(S) = getN(S) =null. & oy, - ,a, PHEANN
null ({2 HCAT B I ST, KA B A TE A PR by A7 IE M2, A5 WIRR Ry 7% IF
b kit

(2) #7 [A,C, P, N1 HIEMAL A4 A Co Py N H [ LEAR Bl 4 548 B35 ol 4R
G IERIY P9 358 0 i A2,

(3) # S AIFME, W get1(S) =S, getC(S) = getP(S) = getN(S) = null.

G MNIERALS, get 1(S) Ha A { } B ERR ARG ZAL, L4 s1(S). B2
FEAT BRI,

EX 4412, RIE S WIEMARIER S B W EM AL — R VA, JATE L 20 7
B LD h el e AL AN RDE AR, ST P IE L, Horp [A, C, P, N /1
[A',C', P", N'] # 1 IE R

(1) & ST [V], V & —A &, WIEM T HRRHh
[V]+ [V, null, null, null];

(2) # S Bl [M where Q1, FLHHSEH] T ALfaufF, #5Hrh M & — A28 Sepil o
A R3], WIERAETT R 77 4 [M where Q] — [M, Q, null, null]; # 3 M 2 —A
P2, WTE R A 2o [M where Q] +— [1, Q, M, null];

(3) # S Bt [[A,C, P, N'|,C, P, N, WIE ML T 7R

A, C", P N'|,C,P,N|] —[A,and(C’,C), P + P',and (N, N")];
(4) # ST [A, A, C', P, N'|, P, N, WIF AL T R 7R

[A,[A,C", P N'),P,N] — [A,and(A’,C"), P + P',and(N, N")];
(5) # S W [A,C, [A,C, P N, N, WIE B4 TR A

[A,C,[A,C, P N'|,N]— [A,and(C,C"), P’ + A',and(N,N")];
(6) #5 S N [A,C, P, [A,C, P N, MIEAAL AT F R K

[A,C,P,[A,C, P N'|] — [A,and(C,C"), P + P’ and (A", N)];
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(7) #5 ST f(ay, - o), e a; (1 <4 < n) #ZIFRIALIE EAS REE A,
MTE AL AT R s

flag, -, an) —[f(getI(ay), - ,getI(a,)),and(getC(ay), -+ ,getC(a,)),
getP (o) + - - - + getP(ay,),and(getN(ey ), - - - , getN(ay))];
(8) &= SV =K, Hrp K Z2IEMA V 2248 NIEMAL T3R8 N

V=K [V :=getI(K),getC(K),getP(K),getN(K)];

9) # S [A,C, P, N, Herh A S5k o34y, sl b 2L e S A0l A S A
P IE R A 7R 235, WE A AT 7R

A, C,P,N]+— [and(A,C),null, P, N;

(10) # S et [A,C, P, N, b A MR, i 2 R S Ml A S Hos o0 Ak
ALY, TR Al 2

[A,C,PN]— [P+ A C null, N;

(11) &= S f({ar; - o)), i ap (1 <0 < n) #ZIERAL f A& and. or. not.
configuration. give 5 # declare, W 1F b ]R8 A

faws---san)) = flon, - an);

(12) = S B f({aw;---san}, - ABy 5 6u)), HHF o (1 £iSn),--- 5 (1S5 =
n) WA EMA, f A% and. or. not. configuration. give 5% declare, Il 1E 4K
A ETY)
fHaw - sant, - {B 3 Bu}) = {flan, - B1); 5 flam, -+ Ba) b

(13) A S {Vi;-- - Vot i={a s}, HPV, (1S i Sn) HREEE, o (1S5 S
n) R IS AL i R A

{‘/b 7Vn} = {al;"' 7an}'_){‘/1 =gy aVn ::an}'

SR 0 R T AR B L DU (E BB, 54 FRO& A 64 7
BEIEHAE. 5 S ATHEIE AL, WL E L 45 A0 Normalize(S). #5 S ANATHIEALE
KIEAL N Normalize(S) = S.
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513 4.4.1. 37 S Al gOE AL, IR R B E A IR 2D — e &k, JF HE Mk 45 2R

Normalize(S) & IEMZAL.

GERR: FeATT T 23 A7 2 L 4.4.12 7P 1 1 B4R R ISR i 38 1 AR B 1 1 T b
[A,C, P, NI [A,C, P, NTH R IFERAL, 42 B (9) Bi (10) HEAT IE R L ERAE, 1)
A4 R IE . BOR &5 R AL N (9) 2 (10) D3R mI B EALAL, (B2 %) null f#
PERE LT AT L AR VR o 220k, 4% O (1) B (2) HEAT IE MALIE A, BT
P45 R RS TE RO HonT e i ORI (9) m e iR BRAK. bl AT 1 mT AR, S5 I8 BT
HAZ AN (B)y (4). (5) B (6) BEAT IFFUAGARAE, W BT 7345 S & 1F MUY Jf B AT e di i
FN (9) B (10) vl Bk iE AL, B FT T I8 nl %0, S50 7. A5 O (7) 347 1IE M4k
BEAE, WA EE A TEMIL. BT o (1 0 <n) #2E AL, BRI AT RS B DL R = Ff

15 E:

AT EERA T ROERAL, IS5 T

o PTG A RAL IR (9) B (10) mT s tERUAL, SO R iy T (R4 T A, 4518 L

o T3 E RAZ I (11) 5 (12) w] H0F A A, W) P 45 45 2R W] fe 1% R
(11). (12) B (7) ViR AT HOE AL, Tk i AL B A 5 208 — 2D 04T, 4% IR
(11) B (12) AT IEM ARG, G RECR 208 1. T REZECHE IR, 120
W (11) B (12) BEATAT BRZDTERACERAE 2 R RO AR e AN al DL OB (11) 5%
# (12) BOEAAL. DL, 32BN (7) BEAT IE AL A 0K 28 11 FLPT A5 45 2 1E

A,

AL (8) EAT IE AL AR, MBI 545 2 IR RLARLE HLAS al e AL, I, TE A
BRARE 28 0k, AL MU (13) BEAT IR AAL B AT, U0 P 15 45 SR n] e ORI (8) Wi M
. 5 ERTIE, e BT IR U AL, 5] BEASIE. O

Fy: b IEW 430 WHA, A T NSNS LT AR A KA B LA R AL i )
GDL ik, 1 562G 2 LAE A T MLy 4R, JATR AT AT fAk fa] BLOE AL, R
A EARSE GRBEL G 7) 1F SR W R A PR 24 i) L.

1 {541, and (A, null) Al and(null, A) #3818 A HL 1S HTEAE; P + null R null + P EEE P H4&L
AR A

—92_



JE AR KA 24 18 S

B2 4.4.3 (M RIFLEER). 455 —Dora) T (RS A]) A REFBAS, 3K 1 1E
S THIMZIEER.
H 3. A MAHIL (CRA)

SN 5700 1, A S
Hath: 1 10 S FIOMLILE

1 r:=null;

2 if I JEW f(ay,- -+ ,a,) then

3 if I JEW choosediff({a;- -+ ; ap}, m) then

4 | ri=CRA({{au; s, }) (L <iiq, -+ i <n Hij #ig);

5 else

6 r:=Normalize(f(CRA(ay), - ,CRA(ay)));

7 if rJEn{B;- - ; Bx} then

8 | r:=CRA(r);

9 if SL(r) = 0 then

10 A:=getI(r);

1 if AJEAAE and(---) 80 or(---) 8iF not(- - - ) 8# configuration(- - -)
W give(- -+ ) BF declare(- - - ) then

12 defs:= CMA(A,S);

13 fordef in defs do

14 if A7ES FHHL def SETTHALTIK then

15 C :=getC(r); P := getP(r); N := getN(r);

16 R := RB(def);

17 N :=NcC(def);

18 A7 :=Transform(A,C,R); Ny := Transform(4, C,N);

19 r:=Normalize([Ar,C, P,and(N, Nr)]);

20 A" :=getI(r); C':=getC(r);

21 P’ :=getP(r); N := getN(r);

22 if A AAE A T then

23 | r:=DNormalize([CRA(A'),C",P',N']);

24 r:=Normalize([getI(r),CRA(getC(r)),getP(r),getN(r)]);

25 r:=Normalize([getI(r),getC(r),CRA(getP(r)),getN(r)]);

26 r:=Normalize([getI(r),getC(r),getP(r),CRA(getN(r))]);

27 | break; // R Z AR, A w2 T A ]

28 if I JEUN [A,C, P,N]| then

29 r:=Normalize([CRA(getI(])),getC(]),getP(l),getN(I)]);

30 r:=Normalize([getI(r),CRA(getC(r)),getP(r),getN(r)]);

31 r:=Normalize([getI(r),getC(r),CRA(getP(r)),getN(r)]);

32 | r:=Normalize([getI(r),getC(r),getP(r), CRA(getN(r))]);

33 if I JE41 V := K then
3¢ | r:=Normalize(V:=CRA(K));

35 if I JE41 {B1;--- ; O} then

36 | r:={CRA(B1); - ;CRA(Gr)};
37 else

38 | 7:=[I, null, null, null;

39 JR[H] r;

EIR 4.4.2. D AIMAE (FE 3) WAL, Wyl oy E A, Jf BI85 i pr o sepil A4E
S N HUEAEAT E AR A AT AL
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WERR: FESHE 3 h, BT 5 6. 264 32, 34 47 AGE TFRML A R, d5]FE 4.4.1 W40,
EAT SR IR, A7 DA R SRR (R, WS 36 1T H RS IE Y. B 38 AT
(R348 H AR A TE RS DRI, FRAT) 75 2 43 BT O WY 5002 o R B BT E A A LA 2 T
A7 368 VAR A T HRAT

H15E 3 4.3.3 AN, SR AR 2 4T BER 33 AT 014 AT

ASENE 24TTHIG, WER T A G IHR A S, W26 4 47 (1 dy A kAT I 0BT
VAL SRAT 50 36 1T A<, SRJE X BEAN oy EE RS ik WL AL 75, 28
6 A7 IV R AT, I A Z AR i Sk, SRR T 5 By 2 Bk it —
MRERIZEIEEON 0. th T T IS A B LZEFA IR, R AR i
B

Her e EOR S . AR TR IR BN 0, 28 38 AT i A AT IR IR 1]
IER, 5 TR R G ZEA N 0, 58 36 17 A A R B AT. 00, 26 2 A7 i
L REARAT. AR 6 47, IR RS 0 (1 =4 < n) MIRAEIR B OREET.

- AEATHGE RS IEAL, W IEAEER R U (11) 86 (12) BE4T
— 15, IERACERA R O (7) #EAT

UIARES 6 AT M IF AL SY SR A5 TE MR, 4 S0 e o FH T B AT 56 36 47114
2, SRS KRR 3 AT 2R 29-32 47 IR ir 2. 7E 2R 29 AT, SV 4 500 ik Ot @
AT H 2 AT BUE 2 36 AT I A 2 KAL) 44, IR MR AR 4 B (B) BEAT T
HABAE SR 5 AR 0 5 ML R B, BRI S
Jf. ARABAIL, 7255 30 31, 32 AT, S pl H I T O FL ISR AE 20 o 2 SR
4). (5)- (6) AT,

WIS 6 T HITF LS RIS ZH0h 0 FF A F 4R A = —Asehl, IALESS 12
A7 N MR VE SR L e AR S TR HARBER 5 A HHVERC 1 & LI EEA defs.
i ALES N defs THE X def PIHATT, WS> BIARYE B 16 ATRIZE 17 4T
BB A FEATRAC A R A YE AT AR ARRAG 4. 28 19 ATHITERIL
ERAERE A (1) (2) 80 (3) MEAT. BT F4k A7 S8 AL sy, 7 S 3T 1 H ok
SRR A T 55 23 AT MR 4 RO (3) JEAT. £ Tk, BAN A
A’ L
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- HT R OB REAIR A, B A ] REZ A IF AL IXRE 350 FH kL
AT H 36 171 fir 2
- N, A — AR S ECEAR o R) . KRR O SR T AR
38 ATELA B 2 AT RIS
PR PATES 24-26 1710 4, I RESSL T HATEE 30-32 171 4.
WIS 6 AT IR ES RANH L 5 7 AT FNEE 9 AT 4518, TS24 B 3t b i E AL,
o
o FIBILINES 33 AT TFUA, JUPKS T BT A P S ARAT AR 2 M A0 E S DL L R IE M
PERATHZ RN (8) B (13) HEAT.

gi FRR, Sk IR BT TE A R AR DLR G IH U A AT LT 2 TR, ATk
IS b H R IR B B, SR BT 3t V8 T P4 A 1 3 S A AR T 6 4
B2k,

e 6 47, T EEAR, a; (1 20 < n) —E#WART I 7E2 4. 8. 36 17, i T4
BEBEW, a, 0St<m)s 65 (1S5 S k) —E4ARFT I; 7658 24-26 17 1% 29-
32 1T, getC(r)s getP(r). getN(r) " B L AN Rl F Ak b R LA S 7815 7228
3417, K —@AMET 1. P, SRR AT AN AR AR A B0 5 AT AN 23 B A SEAR A

TR 2347, T X A BEAT LR 3BT A T I SR 2y A7) i A7 B &5 R
FARFN A MR, A FAEAG BAATEIRER T A2 28 1k FRATE S RUE WX S B A4k
4.

KA A& r IEARIE SL(r) =0, AZES T def ARTHALTEIN, A —ENHT
def I H AL

o R LR E, M A vl HE2—NF L H I H Type(A) = Type(CI(R)). HHE X
4.4.5 A[40, Type(A) < Type(A);

o ¥ AR EAIRA ), R A L) (165 6 1T) ek XA S S HUR L. i
T X 4.4.5 WAL XS E Type(A) IR,

o ¥ RIEIEGIRFIA, A A ZEA T XF A L) (fE55 36 17) Fetb Xt A/
TS RALL, SRJG (AR5 29 1T) el ik e oy & ALY, i X 4.4.5 7]
SN, IXLE ARSEALH S Type(A) HISKAY,

L —fge b, 5 U T B SR A A SO A R A TR 4
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P4 S A& RLAF I BIA, S 4.4.1 T4N, Type(A) FI'E MBI ARASHH . [H Ik, 7556 23
Xt AT AT A IR, X A WAL A2 gl BEOB R A, AT SRR S 28 47— @ &
1E.
Zf LPTd, HAAA SNSRI LR A IR & L.
H 34 R A R BRSOy B AGR A SE R, DLk, b LI T AE S ML AN
SCRTBA BT B S 8 — T8 AR 5 18 ATHAL. 5, B 2 OR B RAE Ay bt BRATIE.
]

F A4 HUER 442 RN, O RPRA SR WA f) T AERIA S FRRIALER, A
SRR T 2 PRA W)L TAEM LY RE T, T g T AW R S g 7 U
BORBY, NI ZI 45 R T o2 ) S (B 554 1.

X IE GDL &b (W B, Al a) 55, AT LR 2L 45 R0 B 2 5 1) 73 e
RN o> AL S, BTS2 L 4551, SR e SRR 2, 3l 5 T80k — 4> GDL
I 7] AR DA T ] 8 L AT S0 I T 5 SRV 8 . A I AR 1 R v 2% A 70 2
FARS SO A 45 RABEAT A, 20 R Z 45 A b R

[A,C, PNl {ag; - ;an).

EX 4.4.13. HERGEARMKOAZ IR N UK AR & LT & Aoy B S L F etk
AILEFB N — RIVERAE, P 45 KON IE AL ) 2 47 2R

okF

(1) & FIEW f(By,-- -, Bm), FePFHBIMEIFAZ A SHO RS IEMAF H f XA
M RN, B4 Ty SRS R SR 5 SO B BT KB { } AIERAT
(2) #H F 2w [AC,P,N] FIEMAL, A JE—orh), MR AL RN

[A,C,P,N] — [P + configuration(A),C, null, N];
(3) # F AU {ay; - ;) WIEMA,
o W F R FIEMA, B4R IR N
{ans - sanp—or(an, - an);
o W F R3AFIEMAY B A B A IR N
{a1;- - ;a, }— configuration(ay, - - - , ).
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EX 4414, 4558 B amdlalE WA S5 RN RS R R, £ IEMAEIRIK

AL N UG R A A G IEMB R RIB ) — R AR

(1) #F R JEA configuration(avy, - -+ ,0r(B1, -+, Bm), -+, o), WL TERERARRE R Hf
93 A configuration(ay, -+, 31, -+, ay,), configuration(ay, -+, Ba, -+ , @), -+, BE
configuration(oy, -« - , B, -+, y);

(2) # R JEUn configuration(a, - -+, o), WL IFRIALEEAE R R8N

configuration(aj, - - , o)

') — configuration(getI(«a}), - ,getI(a;,),getC
(@1), - getC(ay,), getN(ay), - -, getN(ay,));

(3) # R W f(N, T, H,0y <=> a), H:H' f J& Proposition 5 # Problem, M| 2 1F i
REAER R Y5904 f(N, T, H + ay, a0) 1 f(N, T, H + ag, ov1);

(4) 5 REW f(N,T,H,[A,C,null, N]), Hrp f & Proposition 8{# Problem, %

IR v R
o A A STV A “is” [FIME R i sl D)
SN, T, H [A,C,null, V) — f(N,T,H +N,C);

o TN, f(N,T,H,[A,C,null, N]) — f(N,T,H' +C +N,A).
445 JUTHBL, i i RN AR 2 R 2 RN 2 TE I B B S 4T
ARG JUATAGEL L v ) 5, A 38 (K 2R R A AR A BRIAR R 1 e S £k 45 21 3L
o ) S B N T T BRI S, B AR XA AT R AR, — AN RR I [F] SCAE
g5 R 5 AR IE 2 [F] ).

GDL 3 1 2 I AU AATTHE J LA 23 104 T [ SO AR 1 4 o A 3@ o 2 2% J LA

AR 10 s SO 8 7 A5 e ol 7 B U Ao AR, BT I8 281 ) 48 1 Ah 38 IR, S5 ) —
A~ GDL 3, i A [R] i BVAS, 15 21 iR 249 45 AR ANAH (), DRI AR S B B T 24 o i 22
AR L FH () AR T SR KA R IR, AR5 TR R B30 ) st J LA R IR A T L)
B FAE AR AR, B 5 19 B0 AL N 5 SR 0 LA 38, 1R LAk BT R 55 4038 LA
AR PN S B E Sk 5 Y B 3h 2 D ge.

443 XERZHE
WIS 4.0 TR, BORH B 2 (AN U A 2 IR TR & R AN Rl (K06 2R, i3k 46 ¢
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XL RS I A0 45 7 LU S A 2 ORI PN A1 o B 2 A, X RS Y
AT BRI, I A% AT D 70 R R B A i 2 EORH AR R IO AR AR K
AL i P Ay SR AT, A SO N s, BIAE G H AR S R i 51
object ID {H R BIEAHN I BERE. o5 —Fh 7 SRR JLATFI IR GDL ik ok A 3k 8L
TN 2 TR KOG AR, L AT 3 i B P (LA A 2 1) v SO a3 e L e 1Y, DAL X
UL (1 52 SR B 53X J LRI 3R BIoxt L IR AR R 2 1Bl Rl T VB R R a4k, B
ZIBFAEAR AR OC R, IR R AR S AEME S 158 SCZ AR, BIVE S H b 55 08 SOR ]
PRA B 2 e rp S 51 B S T R (AR SR R ) TR B R AR G 2R, DAL Y
AN 0 ) 6 I PR 2 SO B2 Tl R R AR AR S R (S5 I 3.2.3 XX AN R AR SRR
fERE). XA OQ AR R AR 5 5 SO AT %, al AR IS VL R SA K E Bl 3R A5 AH N ) 4
.

ERXRNE A

R 444 45— AR T (BAERG0)) R— A REFFIIIAS S, SkoOy T RAEES N
MRS

Bk 4 BRI R KIH L (CRD)
W) I, RAFIAIA S
B O T HRANES N IWAES

1 result := null;

2 [ :=getI(Normalize(l));

3 if I JEW f(ay, - ,an) then

4 if £ and 83 or B(# not B{# give B declare then
5

6 | # CRD(a;, S) NESIHA NS resultH;

7

8

fori < 1tom do

else
| # cMA(L,S) NESIHIRINE] result H;
9 else
10 if I JTEU V := K then
11 | ¥ CrRD(K,S) AESIHIS NS result H;
12 else

forj — 1to k do
| % CrRD(B;,S) NESIHIINE] result H;

13 L if I JEW {3, -, 0B} then

16 IR [A] result;

446 X JURTANIRE) GDL &, m] DUAR P 2L 4540038 g B e & 1) o 0, F I S 4
ARAF A HERAEST ) SRS G, AT 8 Bl 2L SR B A S0 OR8] TR B OC AR IR
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kKRR B s A T

[B8F 4.4.5. 430 —EX D A—ARAFIIIA S, sk D MS kR R BRI 5.

HIL 5 RARARKIHIL (TRD)

O 0 3 N Ul B W N =

11
12

13
14
15
16

17
18
19
20
21
22

23
24
25
26
27

28
29
30
31
32
33
34
35

36
37
38

39

WAEXD, DHERMAA R, REFHIAS
M 5 D MRk AR RINEER RS
result := null;
if R )B4 {ay, -+, oy} then
if R b H 4G IRA then
fori < ltondo
= CI(y);
defs:= CMA(I);
fordef in defs do
L KR def —inherit D ANTESIHUS N result H; /] D RBIEEEX
break;

if R A AFE G IR A then
for j — 1ton do

| # IrRD(D, aj, S) AR INE] result ;

if RJEW f(B1,- -+, Bm) then
if f & and 83 not B(# configuration then
fori < 1tomdo

| # IrRD(D, 6;, S) AEEHAINE result H;

if f 24 or then
fori — 1tomdo
defs := CMA(S);
fordef indefs do
L W8 def —inheric D NI INE] result h; /7 DREEEX
break;

else
defs := CMA(R);
fordef in defs do
L )I%%i‘j:g D —inherit def Kﬁﬁﬂﬁ%s}lui” result l—I—l/
break;

if R IV o T then
| OB D —innent T AT HWAR IR result H;

else
if R JE1 [I where C] then
if I TNV .. T then
| OBEEEE D —inners T AT EHUANINE] result H;
else
| ¥ IrRD(D,I,S) AESHIASINE] result H1;
else
if R JEl1 [V] then
L 4%‘%*% D ~inherit Type(V) Z:E:ﬁf@”@"{‘jmﬁu result L{J;
iélﬁl result;
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E 447 NSRS L E S RILE AL S (0 NG L IR 2RO TG 2
() PR B R s S DR R 8 2, TR T AAE 00RF5 1) B S e R A i B3RP e R .

444 HH—BUEE

AR £ BE R, A G0 ¥ ZB0RE A5 422 HEON TG 215 (95545 400tk 0 IR P 25 SR I 45 1303
P, A7 A7 LT 2R R e, AT TR 2R 6 1 8 35288 T AH R P9 A1 H Asond S 45
PEFES. & T RN BEMB IO W ESS RIS, ATUE T ESIANT IR R < kK
AR REBOR B HEBIUT. X T S RPAICE o b, a < b FORELRHI S
a P HEB B H R b 200 FEXAE ST, X T AT ICE av b Al e, 13 W0
Q) ~(a<a); (i) & a<ab Hb<e Wa<e (i) a b B b<a. KL, < ZES T ER™
WATF, BORBW AT AR B (T, <).

BN THUF ORI 0 S B A AE AN R R RS, AR BORES o 18 Q0dsl i K R 22 A — il
EHIE T W 2ORAD 5 2, BB AT ER P, A R k.
R BRI LB SRR P2 (0 H Ao B ) B HOOC R oy FEE, RO IF 2
LB ORI 75 T X L850 5 i U128 L1 B R AH R A7 B, AT P8 T 2R I RUA £ 1.
A N RN IR IES, TTUE N LGNS — DIk R — RRRHITE Z MK
R T MBI ITE A B, A — B RRIEEFR A NZE# BIE b 2e
B B 2. #ltn, foot definition — Simson’s theorem mMHE I L e L E
TEEE P TR 8 B B 41 AR XA E SO, 6 AR AL B A1 C, A 1 s
(i) ~(A — A); (i) & A — B, Wl ~(B — A); (iii)) #F A - BH B — C, | A — C. KK,
— SRS N BB AEER) M), AR [ G ] (D, —) BERRCh .

ENX 4.4.15. & (N, —) 22— MEHE, —DNEERHD (T, <) R NE (N, —) TREMA
— 2, R

(1) TN FFH
(2) Ja,be T, W a— b b<a HITX (b,a) PRRABRH KA —FELH.

M, BRHERNAE (N, —) T 2451 —Zh.

Kamareddine F. 5 A [72] &1 T — i R G0 AL . (R A AR Sl B AATT A Hieor
SCRSE IR, BOTERE SCAS (R IR 5 R P (RIDVBATT BBk A AT ) mT AR E B3R AR a04
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OMDoc JERLAITHET ) (RFBATTHTAR B0 &) RR0A 45k PR 7 AR BRI A 454,
JEEE BB T IX PR ES A Z B BAR LA AT (UL [75] 5 8 ). 3 ob, 3l 4y at ml A 221 i =
XSG H AR [122], AIBFTEEE TR R 52 20 H I AR A2 2R RE K 1
LA IREE B G M AR BRI T [123]. VB ik, BATIp R AU ARG
], 1 ELE A AR R e SR W DR 1 S I 5 M 1 5 R B IS R, R ORH R R
FEIX AU R 4 K — 2.

Fesi b, i U AR B R] LA 2 AR Y R TRl AR AR Tk 4.1 s (B
T4 RORKIBAAEAE). & (N, L) Rom N _EW—AF0RE, 7TLL (M, .2) S —M
JPoE (M, —), Hob — gl SO

{(a,0) | A—, Be L NA—, BHKIK 4T PRNGHEAL N a — b}

SR, IXAELE R P EE (M, —) FEARBRARIE S — MR, e R i 1 R, B fE
i P T RS O RO R A RO L R, AESEBR N MR, (N, —) T B (3E LA
B B shih) BECE BTSSR, IR AR B AR E SR (LA 4.2).

4.2 HARE 3.4 FFHHKGE

Fe b, BRSPS I H bR S SRS R R TR, BB B A i B
R IR AR 1 7 L ER s ORI R, B i BB LB S
FE LB L1 AT i A LA 18] A BRI T T [72] TP A3 e
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KA1 BEERBMBAEERN AL A, B RATRE SR R)
HERZ L

A —include B A—B

A — contextOf B A—B

A —inherit B B— A

A —deriveFrom B B— A

A —; B A— B

mply

A —hasProperty B|A—B

A —decide B B— A

A —justify B -

A —introduce B A— B

A —remarkOn B B— A

A —complicate B B— A

A —golve B B— A

A —applyOn B -

A —exerciseof B B— A

A —7exampleOf B -

A —associate B -

A “equal B -

XF BRI ERAT AR 2 3 BCERHS W AR E 1 (0 8 AR . AR IR AT 5, RGN
2 B SRIAE HHBRHS ERRH BT T OB BB A R A5 — 8, JF BoR A
—EEEH R gy T LRI — 2D s ok by st 45— B OB, 500 6 P
R REAT XA S5 — BUER AR 7, Forh O 2 i IEAE R M H AR 4, (T, ) 22
BAE O SEE T AR, (T,.2) ZEE O 5el)E T RiaiiE.

% 6 L Py ROSAEFRHS T ROZ S B 2 HE 2 O Fm ) HARR B A
Sa RINAEHR AL B R 2R O Ja N HARXT GRS P RonAE R
BUE O B i) H AR R IR G Sy R EHORHS H BLAE O JR IR HAR R EE S P
RAEHR R ZHER] O Ja AT E] T RS AT X B SR S S, RonfE £k
Forb N AZ L HER) O Bt R ] T HARH R RN R E S P Ko E AR N %%
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Rk 6 HRP (T, <) MG —BER WIS YL (sce)
N BT (T, <), MU (T,.2)
Wi A BeRp S

1 IR 41 (T, ) BT (T, —);

2 (%,-):=(%,—);

3 while (T, —') A& MKIHE do

e | (%) =B (T,-);

5 (T,—) = (%, =) Wik,

6 Py={z]|(z,0) €~}

7 Sq={y|(0,y) € ="}

8 P:={z](20)€<};

9 S¢:={t](0,t) e <};

10 Py :={(m,0)|me P, HmeS;};

11 S, :={(0,n)|nesS Hne Py}

12 Po:={m|meP. Hme P;};

13 S.:={n|nesS HneSy}

14 3R\l P, U Sy,

FE2 O FimIF B S lE 7 O Wil X R A S, RoantE SR Mz 2 k2 O
Ja I HAsSOE a7 O Ja it R &S,

445 TURMESTEMERN

X AR ERD, B TG B B AL DL B SR AN, R A
AETCARME RN SE % PR B3R bl T RE— NS0 RO SR A1 o 268 1A I (8 Jan Rl AUt 5 o
BT HRIE R, RS W & 58 4 X8 H AR R UE. T — MR RS
HENAT T ME— R AER A object 1D {1 (ULEH 3.3.1 711), Ak, AR R KX Gt A A+ H)
[¥) object ID {H. W AT LA A 5, JAI4T AR AR TE S 58 &P X

EX 4436, % TRRLRBIU G HERNRMES, T TENDICHE a R b, F a
Ao A AN object ID {H, WFRBRHSZ JETTAR I, 15 WFRERHS I TUR 1.

EX 4.4.17. 42 BB (T, <) MUKIE] (M, —), (N, —) RS (N, =). BE
{b|(ba) €= A a €T}y RRALEIE N, —) FHRMAE, Eh T H T CI, MFRHE
FHBTE (M, —) AR SEE 0, B0, TR A A& 0, IF BT\ T T SR A R
HAE (N, —) FIATAXA.

K5 S0 4.4.16, FURHS A0 AR PEAS I AT DUH DA W7 S0RHS BIr R 5 1) H Ao B
object ID {EEAT HE MM, [FIFE, X TR &L, T A D S I ET R Jo
B, MR ANToER, AT ORI R R B AR B SR AT B A B O 1
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H AR5t G, ARG HIBTIZ ST B 1 object ID 2T T PHEAJCEM object ID
AELAH ), A5 AN ) J0) 358 B I AN B & P 0 42, X IR B BORFF AN T84 1Y, e BRIy
T# R R s g LT DR S AT I 2104 By R4S b AE X R HLE] T, BB ILR PR
SERPE R INRE Y ] LIS 27 Sy th B 50T
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FHhE BTILAHEEDREAIERLE

51 JUA#EB IR EREE

L J LA BORES ZR 58 UL SR 2R D 1 6 KA 55 48 BRI i B 5 1) S A Al
ROV I, dedr. N U ERB RIS S oh e, — DRI R . BdE Fa
45 K B B SR XS T LT LT 2R R G Bl by LRI S BT 98 RN H i o5 B A7
ORISR BR R SC UM AR PER T 5 1 5 SE R AR 2R 3 BodkAT T o 5 ihie. 1t 1
JUR A AL BVE VAR S, H R AT RANK L B 1 JUAR SRR D 25 SR 5, L AR 2L
RS SR B4 A L R ) A PR 10 I e s T UAR SR P ) HL AR A 2.

VR 2 L JU 0B, JL E A (Geometry Revisited) [35] f A K& HE
Z LA B SRR ARG T B . AT DU (R4 i 2 55 LT 0 S i ik
o DA, FATIEFEIX AR AT, N A5 U BB R G AT A,
B AL IR T AILE SR BT SRAT LT AR, ek T A LA
W, W44 4 GeoData. SRR 1SRRI R T A & i 35 FHfE 22 7] 27 L ) 56 e i), B
2% ()5 $51647 Mechanical Geometry Theorem Proving [26] Fil Lessons in Geometry:
L. Plane Geometry [58]. H Hil GeoData R i http://geo.ccd4cm.org/geodata/
HEATVT IR BB R A, e 125 ANE XL 849 ANE L A E B UE W] LR S S
A AIREE, T HX RN S 3% AN R 20 SRR REAT T 2028, IE R 1 #20 AniH
Z EREIRE G2 L5 3.2.3 7). AT 56 4.3 49 BT v B9 LI SRR R TE 5
(BFEEAW I UTHRES 43.2. HERBRIEAET 433 LA HRIES S XML &
R IE 5 4.3.4) KRB & H AR GRS N2, 81X S H A7 il 2 20RH JR
PEr. i 11 H bt G i G B8O de fn R e A ) XHTML SR A B 120 S AT B,
DAL AT AP XHTML B4 FH AR 28500 [ AR 18 5 R IR I SCARBE T #E UK.

Hi b —FE%) GDL 23 1) SCEEAL T8 w0, JUART 3238 B . I )3 S Ak 28 1 S5 48] ]
DATE AN AS T R4 Ay S R A G 2 B AN vl e AL O MR 2 OS2 481, BRI, 78 L ART 2R o
JIT A SR o] AR AL I T T, 5 S ] — A [ R A 3 A ] LIS 2 A B
H . B A S A B T LT R N I, anTF R LT R S B JUT 8 0, TRk
JUAT 5 FRAE W] &« SO URTARAE S JUAR] i) e e Bk A 25 A 25 T (8 3G, DA Tl i
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B E T LR RS R A

RAEZE T L) 2 JE AN XA A & 2 P (RS, IR T 2 e LI e A &
A R] LS T A Tt ) L B T o3 A 2 BRI L LA 1 J LT oB BTl R B 2 1Y
FE S, A BN R A A TR e R LA AT RS 2 2R 0 H IR T R
JUTTE RIRGR I A B, tn— MR CEEH) 5 DR K MU R AR )
IRt AN RBG LR U, A AR e 5 — AR AR (L) & LU AR N AN AT Ay
(3, i 4 A SIS R A Ry LA 1 SR R SR AR DAy IR J LA, XA 0B EEAR A
A FEAT T SO KA (AL BEAR = T XHAREO SR T LT SCR A5 B — T v S
AT PEBEE PRAL A AR ORAUE T LR SR ZE g A BRI 55— D i, 78S BRvh 8, mT R LA
BRI T S M Ie RIS R RCR, BRIA BY T LR iR e 5455
T TS

%51 BRI EE JLMERNEABRSSE

point() R
line(A::Point, B::Point) A, BRUHZ
segment(A::Point, B::Point) LL AL B i i B4 B

halfline(A::Point, B::Point) PLA Nl B 152k
triangle(A::Point, B::Point, C::Point) LLA. B. C HTSH=ATE

quadrilateral(A::Point, B::Point, C::Point, D::Point) || LA A\ B, C. D NI AIE

circle(A::Point, r::Length) PL A SRR, r AR 1

conic(A::Point, B::Point, C::Point, D::Point, E::Point) || &t A. B. C. D. E ) —ikiihzk

arc(A::Point, B::Point, C::Point) A, B. C IEIK
angle(A::Point, B::Point, C::Point) H2 AB NNl 21 1 ik
HE BC AP M
distance(A::Point, B::Point) MAY BZAPEE
size(f::Angle) 16 TR

LA LA AT MV B K, S A S AR AR A N 7.
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£ 52 RNERBMERBSE

o

X

ratio(a::Length, b::Length)

K a5 0 MHME

ratio(a::Area, b::Area)

A a 5 b A

ratio(a::Degree, b::Degree)

P a5 b ILEAE

ratio(a::AlgebraicQuantity, b:: AlgebraicQuantity)

AR o 50 I1EHAE

divide(a::GeometricQuantity, b:: AlgebraicQuantity)

JUATH: a 1) b 5553

divide(a::Area, b::Length) T AR 5 K LA B
times(a::Area, b::Area) T AR 5 TEIRR ) 2R
times(a::Length, b::Length) K 5K et
times(a::length, b::Area) KJE 5 AR R e fR
times(a::Area, b::Length) TR 5K 1 e i

times(a::AlgebraicQuantity, b::AlgebraicQuantity)

RECE o 55 b M

times(a::AlgebraicQuantity, b::GeometricQuantity)

REER S LT R AR

times(a::GeometricQuantity, b:: AlgebraicQuantity)

JUAT R 5 AR 11 SR A

minus(a::Length, b::Length)

KEa5b02%

minus(a::Area, b::Area)

Ml a502%

minus(a::Degree, b::Degree)

a5 b2

minus(a::AlgebraicQuantity, b:: AlgebraicQuantity)

R a 5027

plus(a::Length, b::Length)

KJZa B bZH

plus(a::Area, b::Area)

[ a5 b2 R

plus(a::Degree, b::Degree)

R a 5 b Z A

plus(a::AlgebraicQuantity, b:: AlgebraicQuantity)

A o 5 b 2R

sin(f::Angle) 10 HIIE5%
cos(6::Angle) 10 ARX
tg(0::Angle) 1 6 K IEY)

ctg(0::Angle)

10 [HRY)
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% 5.3 RonJUIRRKZEABRE

is(A::Point, B::Point) ALY BRER A
incident(A::Point, I::Line) MAMLHEZE &
isin(A::Point, t::Triangle) ROATE N

perpendicular(/::Line, m::Line) He& 15 mEH
parallel(/::Line, m::Line) HZ& 15 m PAT

sameside(A::Point, B::Point, C::Point) mAL

B fExi C IR

differentside(A::Point, B::Point, C::Point) || i A

B AL xi C 1 mIl

sameside(A::Point, B::Point, [::Line) AAS

B AEHL 1R

sameside(A::Point, B::Point, [::Line) nAS

B AEHL 1P

R 54 RORERRNEASE

It(a::Length, b::Length) K a MK D

It(a::Area, b::Area) AR a /NT A b

It(a::Degree, b::Degree) MR a /NTHIED
lt(a:: AlgebraicQuantity, b:: AlgebraicQuantity) REE o NTFRECE D

gt(a:Length, b:Length) KEE o KTKED

gt(a::Area, b::Area) A a KT A b

gt(a::Degree, b:Degree) A a KTHEZb
gt(a::AlgebraicQuantity, b:: AlgebraicQuantity) || A% o KFREE b

equal(a::Length, b::Length)

K a5 b M5

equal(a::Area, b::Area)

[ a 5 b %

equal(a::Degree, b::Degree)

M a5 b %

equal(a::AlgebraicQuantity, b::AlgebraicQuantity)

REE o 55 b M5
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%55 JUMTEEREARSE

FAM S

3

o

X

perpendicularline(A::Point, /::Line)

MAlAEEENHZ

parallelline(A::Point, [::Line)

MAUA S PTIHZ

pointon(o::Circle)

[ o bAE - x

pointon(l::Line)

HEZ 1 FAE R

KB s IR
LA A N E0RE B IR
A B. C A
HL 15 m RS
B 15 o AE R
W h HIA o A R
PR m 5 n AR
HEk 1 5IE o KIY)
WA m 5 n BP]
RN A S8 o (4
A o I E 0
T4k AB 5 BC P T4
¥ A LE B NS ER: AL d Fifead
A KT B HRFR A

midpoint(s::Segment)

circle(A::Point, B::PPoint)

circle(A::Point, B::Point, C:Point)

intersection(/::Line, m::Line)

intersection(/::Line, o::Circle)

intersection(h::Halfline, o::Circle)

intersection(m::Circle, n::Circle)

tangentpoint(/::Line, o::Circle)

tangentpoint(m::Circle, n::Circle)

2tangentline(A::Point, o::Circle)

center(o::Circle)

bisectorline(A::Point, B::Point, C::Point)

rotate(A::Point, B::Point, d::Degree)

symmetry(A::Point, B::Point)

52 HETFJLAHEPRGERIANSTE

7 T PO 0 A0S 465 g A8 s SO 5 1100 S35 P O 35 B 33 AN 7 22 I 3 40 Y5 e m) LA
RFARHIR N W, ARPEE 2 E, RN LS 2, & A0ad 24
BOK 2 BURR N . BRI M FE-15-B 102 I S M AR 5 S R AR S LT A iR g H
2R H BRI GS R GG I SO Ze M g AR ASSX, SRD 0 SO AT bk
BN SRR, BORHF I LASCRS (R T A7k SR M0, X ORI AN a5 AT 18
SO R EEAN T b SCAR AT FBT e AL, JF X BRSO R e — AR dedr . ekt
BB AN AR EDWANE 2 1. 9 T A8 X BRI 45 b AT 2461, A 126128 3 Fhoxt L

-109 -



BT T JLATERS RS R A

A7 560 PR3 2 R 93 2R 1) JE AR, g BORES 1 S e T B e — 2R BT R AR I 5 A4
PR R H R, Horp A 03 3N R R R RN %, JF SR AHR R role Fl name fH, B4
55 AR AR ARR B, JF B R I FIIRZEAS 1 name {8, MY U R #ORHS XA
LA G, R BRI name {H. ARG, KW A5 TR Z MBS KR,
AN RS T T A7 ) ob Ject ID A FERE 3 S0 VR A th AH I P 2 RO S B A
. & 5.1 Jon T AR 7 LT BB R G FT R 2 (1) Geometry Revisited (1) H 5B, XX
ERESCRRREST ARG (RHIP s NS BN ApE - (R E S wii s (B bU P c g AP

FURHS SV P RO G B RO G R R

Electrunic Geometry Textbook: GBaselAdministrator.Category.Textbook.Geometry Revisited

File Query Construct Tools Intelligence Context Preference

|l 2| | |lcat Def Ad Lem Thm Cor Con [Prt

Intr| | Rem | | Formula Editor | GeoGebra

l;;;e(;me;ry Revisited |

7 1 Textbook : Geometry Revisited
[ Introduction : Preface
¢ 1 Chapter : Points and Lines Connected with a Triangle
¢ [ Section : Basic pts
¢ 7 Section : The extended Law of Sines
¢ [J Section : Ceva's theorem
[ Definition : cevian
[ Introduction : Ceva's theorem
[ Definition : concurrent
[} Theorem : Ceva's theorem
[ Proof : Ceva's theorem
[} Theorem : converse to Ceva's theorem
[ Proof : converse to Ceva's theorem
¢ 7 Section : Points of interest
¢« 7 Section : The incircle and excircles
+ 7 Section : The Steiner-Lehmus theorem
o ] Section : The orthic triangle
¢ 7 Section : The medial triangle and Euler line
¢ 7] Section : The nine point circle
o7 Section : Pedal triangles
¢ 1 Chapter : Some Properties of Circles
o] Section : The power of a point with respect to a circle
¢ 7 Section : The radical axis of two circles
¢« 7 Section : Coaxal circles
o7 Section : More on the altitudes and orthocenter of a triangle
o] Section : Simson lines
¢ ] Section : Ptolemy's theorem and its extension

P TS e

-

51 HFJLAEFPREKSMI

AR B
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(RIS B 55 S AR I AN TR R ) A7 it BIRORB AN TR b, LSRR i = 5 E A

HLF LT RS R Gl T SR X e LR [ Dy i 2 Ab, 36 B 8 Re i W iR k. 7E4
AR R ERAE LR, T ORUE ORI & B, R G0 T L S I A I A B
Ve e & LA STU AR E. DR, 5 — T (R 05 SEREAIE — S U R R S B0 SIS I ) 2y
At (WK 5.2, 5.3. 5.4).

FEXS UG AE A B AE B AR
R ORIBIEH AT b IR 6] B3 EHE

MERE A B E H
BRI B OFFA N B A
NB AT H R

R PN AEHE IR B3R 7R

o S 2 E .

EEARE | W, ARELE ALt i Logd
NISE; SRt R

KSR KRR WA AR ;ﬁﬁgégzi

5.2 B~ A BOH XA R EEER AR S8 O) AR K

Kl 5.5 JE7~ T 600 e # R 5 Geometry Revisited (1 i 2 H, 24K 37 61 2 1 7 1)
A (simson’s theorem) fili A 5 2 (1) € X (foot definition) Z§J (A2
Je P TR 8 PR E B B B ME &%), &R g B SR R D OB i 5 & SRR P
collinear. incident. point X =A™ LAf #t 2 ) 5E XIFBRAT GLE7E A 20RHEH, [ 2L
AR e L 8 U R0 LAAR 7 P A2 TG | I BT AT 2 3 ) S T

53 HETFJLTHFEBRIZI

—J7 T, RS EE H W 5 AT S RS T, TS L N NG . S —
7, R ) A T DU I A% 28 AT SC R B, SN B B B s 4T B AR H e, R4
HOGRIBLAT P A7 1) object D {H, 4RI T SKIEBCREAS H ARRS G plr 2he iy H
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PATMIBRBAE R

7
V

5.3 MR B T S BER R HARXT 508 O) AR HEE

P AT E -
o EAEIE o |fEH R B
R SO F A
REEIS AR
L B PER
AT TR W 5234 P .
SR E = &&ﬁzmﬂéﬁgﬁ < A BiSnR T H 5 B
TN

L — Bk
MELEHHIPRI P
ML B Z R AL
ZIRHPNA SRUE ¥ S

= FINTPe R A

5.4 a3 H R rl (BERK H AR 508 O) B4R R K
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mag

File Query Construct Tools Intelligence Context Preference

ol | 1-% Cat Def | Axi Lem | Thm | Cor | Con | Prf Intr | Rem

Geometry Revisited x

-

ID

7 1 Textbook : Geometry Revisited
[ Introduction : Preface
7 1 Chapter : Points and Lines Connected with a Triangle
& ] Section : Basic pts
¢ ] Section : The extended Law of Sines
o] Section : Ceva's theorem
7 [ Section : Points of interest
[ Introduction : points of interest
[ Definition : circumcircle
[} Definition : circumcenter
[ Definition : circumradius
[ Definition : median

[ Definition : centroid
[} Proof : theorem 1.31 The following concepts are not included in the current textbook.
Click to insert them into the textbook ...

[y Theorem : theorem 1.31
[ Proof : theorem 1.32

[ Theorem : theorem 1.32
[ Definition : altitude

[ Definition : orthocenter
[) Remark : orthocenter
W Theorem - Smson's theorem|
[ Definition : foot

[ Definition : orthic triangle
[y Proof : theorem 1.33

[ Theorem : theorem 1.33
[ Proof : theorem 1.34

[ Theorem : theorem 1.34 _|

[ Ty

1. Definition : collinear
2. Definition : incident

3. Definition : point

5.5 XFIGHESR 7 P 2 AT ERH A e &, T 28 R B B R LR BB 45 A — 2

A A TE WA AR, W LART S R IR S o e, A A0 0 ORI 4 Y. (1 XML SCAY. %
TR AL O SCRS A T A FH GDL 23R (M S48, R 6 3 FH MR DS I 4 v (7% 2)
SR BT I FH (R 1 X, 9 1 ) o LB b | Bk, {45 P v DOE i it e A
B B SO AR B AR SCRS P A B AT Sk R 5 (1 S8 5 Ak 52 L2 T [
RXEIH. R T XML SCRS AL XHTML SCRY, JAT148T X6 He B i F (5 XML FR25 51 K
T AR XSLT #£:0%, J7H EH f) OpenMath #4624 MathML £ A3 [119] LA K
LaTeX # 1ty MathML HRETUFR [81] SEHL 7 X Hoe i B iR Uk, —F SOrh &= H
W ANREDHF H ARt %, AN, 2 A€ B %48, 3R L2 I 40 A
) LS, tn“Section 1.17 . “Theorem 1.27 2.

BRG] LA R — OB AR RRCA SCRS, 84t T 18 & 13k B D e 7 (3 sk
Hi A 8 AR g8 I DA S ORI WS 1B S, AR I A RO aN . YD LR BN AR S
WA 2B sk T g (W&l 5.6 A1 5.7).

HORHE B ERE R B T BRI & H AR B (B AR TG R, BRI, 6 iR
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file Query Construct Tools Inteligence Context H

& Refre... O Stop URL: |ﬁ\e:fD:fGTe)dDookaeometry%EURewsned!outp| * GO

Cat Def | Axi | Lem | Thm

%= 4|l = i =
[ Geometry Revsiten | Section: Simson lines

[ Proof : theorem 1.33 Introduction

[ Theorem : theorem 1.33

[ Proof : theorem 1.34 This section introduces a famous theorem "Simson's theorem” and a new concept

[ Theorem : theorem 1.34 "Simson line"......

[ Definition : incircle
[ Definition : incenter
[ Definition : inradius Theorem 1 ( Simson's theorem )
« ] Section : The incircle and excirc|
o] Section : The Steiner-Lehmus thg The feet of the perpendiculars from a point to the sides of a triangle are collinear if and
=7 Section : The orthic triangle only if the point lies on the circumeircle.
¢ 7 Section : The medial triangle and
¢ 7 Section : The nine point circle
=[] Section : Pedaltriang_les ) Hypothesis
¢ JChapter : Some Properties of Circle} ;—point(); B:=point(); C:=point(); D:=point(); incident(D,Eariea s triangle(4,5.C)));
o7 Section : The power of a point wij

o[ Section : The radical axis oftwo ¢ Conclusion
9 Section : Coaxal circles collinear(foot(D.line(4.B)).foot(D. line(B.C)).foot(D. line(4,C))):

Formal representation:

o7 Section : More on the altitudes ar
[@==| Section : Simson lines
[ Theorem : Simson's theorem Hypothesis
[ Proof : Simson's theorem A=point(); B:==point(); C:=point(); D:=point(); collinear(foot(D line(4.5)).foot(D line(B.
[ Definition : Simson line C)).foot(D.line(4.C)));
[} Remark : Simson
¢ 1 Section : Ptolemy's theorem and
o] Section : More on Simson lines
=[] Section : The Butterfly < »
o I Chapter : Collinearity and Concurre|status text changed.

Formal representation:

Conclusion
incident(D, circumeircle(triangle(4.5.0)));
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SR AN B

MUA AR 2K

=2 Sy

T AT
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Knnvledge Graph ‘Z”Elgl
L)
Definition: circumcircle i
Definition: incident Remarlk: Simson
contextOf
contextOf
textOf contextOf  rematkOn
PS— contex
Definition: triangle contextOf
contextOf
SOt Rt Befinition: Simsoniinaiherit contaxtDefinition: line
deriveFrom
Theorem: Simson's theorem
contextOf
contextOf contextOf
context . .
Definition: collinear Oéeﬁ”'t'on: POIMt_ ot tOF
o contaxtOf Theorem: centroid
Justi

Definition: foot

Proof: Simson's theorem irherit

Definition: intersection

5.8 HIH B K AT PLAL S T

Definition(intersection(l::line, m::line), [A::point where and(incident(A, 1), incident(A,
m))], intersect(l, m)), K HoA#EHT Ky XML £o_ 1 R

<formalDefinition type="intersection(Line,Line)” author="Administrator” version="1">
<conceptObject type="intersection (Line, Line)”>
<vocabulary>intersection</vocabulary>
<argument>
<pointer type="Line”>Il</pointer>
<pointer type="Line”>m</pointer>
</argument>
</conceptObject>
<return count="1">
<binding>
<pointer type="Point” reference="new::Point”>A</pointer>
<constraint>
<and cd="logicl” type="Boolean”>
<conceptObject type="incident(Point, Line)”>
<vocabulary>incident</vocabulary>
<argument>

<pointer reference="new/#1” type="Point”>A</pointer>
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<pointer reference="argument/#1” type="Line”>l</pointer>
</argument>
</conceptObject>
<conceptObject type="incident(Point,Line)”>
<vocabulary>incident</vocabulary>
<argument>
<pointer reference="new/#1” type="Point”>A</pointer>
<pointer reference="argument/#2” type="Line”>n/pointer>
</argument>
</conceptObject>
</and>
</constraint>
</binding>
</return>
<nondegeneracyCondition>
<conceptObject type="intersect(Line, Line)”>
<vocabulary>intersect</vocabulary>
<argument>
<pointer reference="argument/#1” type="Line”>l</pointer>
<pointer reference="argument/#2” type="Line”>nm/pointer>
</argument>
</conceptObject>
</nondegeneracyCondition>

</formalDefinition>

PHITTRA B (— AN 30) 8 F 745 £ %2 7 i Theorem(Simson’s theorem, Theorem, assume
(A :=point(), B:=point(), C := point(), D := point(), incident(D, circumcircle(triangle(A, B,
C)))), show(collinear(foot(D, line(A, B)), foot(D, line(A, C)), foot(D, line(B, C))))), H5 H:fi#
7 XML 7R R

<formalRepresentation name="Simson’s.theorem” type="Theorem” author="Administrator”>
<assumption>
<reference>
<pointer type="point()”">A</pointer>
<conceptObject type="point()” reference="Administrator_Definition_point_english.xml”>
<vocabulary>point</vocabulary>
<argument>
</argument>
</conceptObject>
</reference>
<reference>
<pointer type="point()”>B</pointer>
<conceptObject type="point()” reference="Administrator_Definition_point_english.xml”>

<vocabulary>point</vocabulary>
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<argument>
</argument>
</conceptObject>
</reference>
<reference>
<pointer type="point()”>C</pointer>
<conceptObject type="point()” reference="Administrator_Definition_point_english .xml”>
<vocabulary>point</vocabulary>
<argument>
</argument>
</conceptObject>
</reference>
<reference>
<pointer type="point()”>D</pointer>
<conceptObject type="point()” reference="Administrator_Definition_point_english.xml”>
<vocabulary>point</vocabulary>
<argument>
</argument>
</conceptObject>
</reference>
<conceptObject type="incident(point(), circumcircle (triangle (point (), point(),point())))”
reference="Administrator_Definition_incident_english .xml”>
<vocabulary>incident</vocabulary>
<argument>
<pointer type="point()”>D</pointer>
<conceptObject type="circumcircle (triangle (point(),point(),point()))”
reference="Administrator_Definition_circumcircle_english .xml”>
<vocabulary>circumcircle</vocabulary>
<argument>
<conceptObject type="triangle (point(),point(),point())”
reference="Administrator_Definition_triangle_english .xml”>
<vocabulary>triangle</vocabulary>
<argument>
<pointer type="point()”>A</pointer>
<pointer type="point()”>B</pointer>
<pointer type="point()”">C</pointer>
</argument>
</conceptObject>
</argument>
</conceptObject>
</argument>
</conceptObject>
</assumption>

<objective>
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<conceptObject type="collinear (foot(point(),line(point(),point())), foot(point(),
uuuuuuuuuuuuuuuuuuuu line (point (), point())), foot(point(),line(point(),point())))”
reference="Administrator_Definition_collinear_english .xml”>
<vocabulary>collinear</vocabulary>
<argument>
<conceptObject type="foot(point(),line(point(),point()))”
reference="Administrator_Definition_foot_english .xml”>
<vocabulary>foot</vocabulary>
<argument>
<pointer type="point()”>D</pointer>
<conceptObject type="line (point(),point())”
reference="Administrator_Definition_line_english .xml”>
<vocabulary>line</vocabulary>
<argument>
<pointer type="point()”">A</pointer>
<pointer type="point()”>B</pointer>
</argument>
</conceptObject>
</argument>
</conceptObject>
<conceptObject type="foot(point(),line(point(),point()))”
reference="Administrator_Definition_foot_english .xml”>
<vocabulary>foot</vocabulary>
<argument>
<pointer type="point()”>D</pointer>
<conceptObject type="line (point(),point())”
reference="Administrator_Definition_line_english .xml”>
<vocabulary>line</vocabulary>
<argument>
<pointer type="point()”>B</pointer>
<pointer type="point()”">C/pointer>
</argument>
</conceptObject>
</argument>
</conceptObject>
<conceptObject type="foot(point(),line(point(),point()))”
reference="Administrator_Definition_foot_english .xml”>
<vocabulary>foot</vocabulary>
<argument>
<pointer type="point()”>D</pointer>
<conceptObject type="line (point(),point())”
reference="Administrator_Definition_line_english .xml”>
<vocabulary>line</vocabulary>

<argument>
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<pointer type="point()”">A</pointer>
<pointer type="point()”">C</pointer>
</argument>
</conceptObject>
</argument>
</conceptObject>
</argument>
</conceptObject>
</objective>

</formalRepresentation>

542 XZMBBNAIN

LRI LA A0 (KL RE TR, E AR B 2 [ I BE B T AT LAZE SO AE P it A
VER T A GUEE 2 A, BB T BRI AN 5 2 T 9 T8 06 2R LA E SO 2 T8 )
SRR R KT, RIS R AL 1 S5 3RS A O G B 1 GDL 3k, 48 J5 1R 4 L
CERI P E 5 E BN R I (5 V5 4. 5) kA3 55 Ho M BRI 56 2R 10 0 52 1 4
FrBREERE AR A, BN LI B B L B RT T E LA IR ) P e, T B R A A7 A B
ORI EIRPE L G0, 7E R VG [ TRALR IR 52 SO BN, BG83 RIS HM R B R
Fgkik e A E % (LI 5.9).

543 Hzhigk

AT W RS ) LA 2R A% i URHIE B ) AU R A I, R gede it 7 3L GDL ki
L5 B LA 2 BRI B s At 2 JLART 40P B 4 11— gt ) BAE Sl AR 3E TR 0 e AT . 1Y
2 U BEE, A4 ) ml Bt ] i B B i 5 19 J LA PR o 55— i i 5 3k
WY FA) 7 R IR s b A BT L E R . b 8RS b LA ORI ] o) i R B A T
KB AR BT SCRY LA, 17X S 08 5 2 S JLAT R A A S g AN m] D31
FOERAE . Bk, JRAT TR DK S 9y WD SR BEAT. 5820, AT BRI A TE R T2
LA . AN, WU 2E A B U AS DI 5° 8 2 A I; SRS L IRER 4.4.2 "R
JIIERE JUAT fir Bl Uk W ()Y GDL SRR AE T A A R BEAT L, I R 45 2R rp &
AT AN T LA R RE 2 0 S48, DU VA PR 8 I 0 2 SCRA fag e S0, O F0R BEAT 3K — 20,
LBV &5 R A (0SSP HS FE HE A 1 S 10 L 45 SR AT e RN 5 IE A AR 15
LR AL P T 1 SO AR B T L) GDL 223, R X 86338 7T LA e — A AR,
FATRRIL Ty RS B LA
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E;._Electronic Geometry Texthbook: GBHas B Construct a definition

file Query Construct Tools Intelligence Con

Simson line of point <var>D</var> with respect fo triangle

Translation | |, or- p<jvar> <var>B</var> <var>G</var>

Script

\ﬂ_iCatDefoiLem

Geometry Revisited %
7 1 Textbook : Geometry Revisited
[ Introduction : Preface [[<FTSPeaae: Raprapey ([=1E3
7 1 Chapter : Points and Li

o] Section : Basic concg
& Section : The extendé [Administrator] Definition : triangle.default =contextOf= [Administrator] Definition - Simson line.default

[Administrator] Definition : Simson line.default =inherit= [Administrator] Definition : line.default

=[] Section : Ceva's thed| [ [Administrator] Definition : line.default =contextOf= [Administrator] Definition : Simson line default
o ] Section : Points of in

o ] Section : The incircle| o - o . : :
+ 9 Section : The Steiner [Administrator] Definition - incident pc =contextOf=+ [Administrator] Definition - Simson line default

<

[Administrator] Definition - foot default =contextOf= [Administrator] Definition : Simson line_default

=9 Section : The orthic [Administrator] Definition - circumcircle default =contextOf= [Administrator] Definition : Simson line.default
o Section : The medial |
o ] Section : The nine p

o [ Section : Pedal triang

OK H Cancel || View

¢ 1 Chapter : Some Properties of
> [1 Section : The power of a pt contextOf | deriveFrom | inherit | remarkon B
=[] Section : The radical axis of
o ] Section : Coaxal circles
+ ] Section : More on the altitu Precursor
7 [ Section : Simson lines - : Show Stru
[ Theorem : Simson's the sussaquence Administrator Theorem_Simson's theorem.default; 1
D Proof - Simson's theore! iAdministrator.Theorem.Euler's formula for Ol.default =] T
D - hclmmstratolr Ihh::: Il::::lwﬂ:; ?tnhif:::;fam ;
[ Remark : Simson TR E inistrator. Theorem.Napoleon triangle.default m
o] Section : Ptolemy'g theore! iAdministrator. Theorem.Pappus.default
-9 Section : More on Simson li Administrator. Theorem. Plolemy’s theorem.default
¢ J Section : The Bu“erﬁy rl Mmmstralor .Theorem.Steiner-Lehmus theorem.default || | |
= Sﬂhapier Collinearity and Col 1. s TT ] ‘ ‘ ”l

5.9 BIABESIRRMBARR UKL THRE HIrX SR 2 FHKHR

) LA iy S50 I P i) 1 [ SCBR A 8 SR SR D) T AR S S M S 11,
UKt b A9 3 (R 2R BSR4 S0 T LRI B0 P 1 5 R, E IR A LA 4 A6 Y
BT ABNEI S H SR, 5o K ah B30 s SORS IR [ 21 f 7 LA B0RHB R 4. Bk
AR LA 5.10.

HORH A

WLy, A, B ﬁ%ﬁ“ﬁ;*’g AR L

XS GDLAA

b H SR

510 B JUATEARHE R SES SN LT3R A 32 B R

AGUE AR A IFHORHS R BiAT g SOW BB GDL Rk B 8l AL skt
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BHAA. FT XML %7, A EH] Java () DOM 4% F 5L 17 GDL 3£ [7) SCH A6 £ A

WIASCEE (62 2R 4.4.2 7). AERIASR RAFIIZE T, vl LU JLAA] il sk ] ) i

GDL %3k B 3l L Ay FON R AR K FEABE S S b S (1R GE. hit, 7] SCR AL 2R T
0 o ] L 1 A R P S B A B L AT A A B s

54.4 HBzhikkp

FA G £ T A b5 ARE: 18 Bk LA 5 B 406, GEOTHER [127] AE 4 -7
JUATT OB 22 5 ) ADFUE B 2.t - G UE B 385 ) DAY 5 A B 19 18 ) S S B T8 ) B
AT IR Y, PRI PRATT R LR M A 1 SRR Ny 2 R s S A R SR AR T 23 AL I S
E. [ XA S5 RN T2 5.1. 5.2 5.3, 5.4 it & . FATN A Java i85 TR
TR TR Y A 1Y) GDL Rk %% 4 5 GEOTHER (¥ & 7R, JF R Java
OpenMaple 323 T i ] GEOTHER (14 11, ARG FR W T 1 566 M BE A2 10 4
Ty GEOTHER H i ] 1A 3 (.3 5.6), SR J5 TR 28 AN 08 45 M 4 an 1 R0
BE4T % 4k Proposition(N, T, H,C) "1+ N := Theorem([ay, - -+ , o], [B1, -+, Bm)),
a; (1<d<n) M B (15 < m) 535k HORLC o A2 st 5 73 210 1 18l ik =X

% 5.6 ¥ GDL 423f)Wst 5 GEOTHER H (i8R £ iR

H) LENESLS:N

A:=point() arbitrary(A)

declare(A::Point) arbitrary(A)

is(A, B) equal(A4, B)
equal(distance(A, B), distance(C, D)) equidistance(A, B, C, D)

equal(length(side(A, B)),length(side(C, D))) equidistance(A, B, C, D)

equal(size(angle(A, B, C)), size(angle(D, E, F))) || equiangle(A, B,C, D, E, F)

incident(A4, line(B, C)) collinear(A4, B, C)
incident(A, segment(B, C)) collinear(A, B, C)
incident(A, circle(B, distance(C, D))) equidistance(A, B, C, D)
perpendicular(line(A, B),line(C, D)) perpendicular(A, B, C, D)
parallel(line(A, B),line(C, D)) parallel(A, B, C, D)

Tt b9 7T LS Problem(N, Prove, H, C).
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% 5.6 % GDL 43t 5 GEOTHER H fig K& R (£h)

4] [ENTES%S:N
equal(times(distance(A, B), m),n) sdistance(A, B) * m? — n?
area(triangle(A, B, C)) area(A, B,C)
tg(angle(A, B, C)) tg(A, B,C)

H Ay, A4 H GEOTHER Xt GeoData FTA74if i) — ¥4 g BEHEAT T BahiE i, H4y
FIIR TAESAEEAT 24 vh. 8] 5.11 JBon T A GEOTHER H sk BHEERNS A i 78 1144
SEH R UE R 45 S SORS S B R U ECRHE RS A .

I
1=

File Query Construct Tools Intelligence Context
- (& Refre... Oslop URL: |‘iledﬁ’aulo.fproue.fProof_S\msun’s%QUlheorem.mm‘ *GO

Cat Def | Axi | Lem | Thm

|l | L2 Theorem: If the points A, B, C, and D are arbitrary, the distance .
o e O between E and D is equal to the distance between E and F, the distance
¢ CJ Textbook : Geometry Revisited between E and F i‘s equal to the di‘stance between E and A, the dilstance
[ Introduction : Preface between E and A is equal to the distance between E and B, the distance

between E and A is equal to the distance between E and C, the three
points H, A and B are collinear, the line HD is perpendicular ta the line
AB, the three points ], B and C are collinear, the line 1D is perpendicular
to the line BC, the three paints L, A and C are callinear, and the line LD
is perpendicular to the line AC, then the three points H, J and L are
collinear.

¢ 1 Chapter : Points and Lines Conneq

o] Section : Basic pts

o] Section : The extended Law of §

= ] Section : Ceva's theorem

+ ] Section : Points of interest

+ ] Section : The incircle and excirc}

o7 Section : The Steiner-Lehmus thj Proof:

= ] Section : The orthic triangle

+ [ Section : The medial triangle and char set produced: [7v2 2] [3x1 1] [4y1 1] [6y22] [2x3 1] [5x4 1]

o[ Section : The nine pointcircle | [3 ¥3 11[5 x5 1] [3 y4 1]

o [ Section : Pedal triangles pseudo-remainder: [4 y4 1] = -x3*y4 + ... (3 terms)
¢ 7 Chapter : Some Properties of Circl{ pseudo-remainder: [6 x5 1] = ul*y3*x5 + ... (5 terms)

1 Section : The power of a point W pseudo-remainder: [11 y3 1] = -u1~3*u3*y3 4+ ... (10 terms)
pseudo-remainder: [14 x4 1] = -u2*ul”2*x4*v1 + ... (13 terms)
pseudo-remainder: [20 x3 1] = -u2”2*u3*ul”2*x3 + ... (19 terms)
pseudo-remainder: [7 v2 2] = viA2%¥v2/2 + ... (6 terms)

o ] Section : The radical axis of two
¢ ] Section : Coaxal circles

¢ ] Section : More on the altitudes a
7 [J Section : Simson lines

"The theorem is true under the following subsidiary conditions:”
[&] Theorem : Simson's theorem

. the line AB is non-isotropic

[ Proof : Simson's theorem . the line BC Is non-Isotropic
[ Definition : Simson line . the line AC is non-isotropic
[) Remark : Simson . the three points B, A and C are not collinear

o [J Section : Ptolemy's theorem ang| . the line BA is not perpendicular to the line AC
= ] Section : More on Simson lines | . the line BC is not perpendicular to the line BA
& ] Section : The Butterfly
o] Section : Morley's theorem QED. |
o Chanter - Callinaarif and Caneurr StatUs text changed.

5.11 ¥/ GEOTHER H3hiF B v 1 @ B

545 HzEE

FATLEFE D) & LT HAT GeoGebra [46] 5 4 LT LTRSS R 48 B 2218 & )L
T R 038 2 SR R AR I Ak 2R T8 ) O 5 W R Bl g | A,
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L AT 75 A M o 1 s SR IR A R 3 AR s S, AH RV B A BT 2 LB i E (R SCEE AL 4
RWMH T 5.1, 52, 55, 54 MG KIS, RATNVH Java 155 IFR T #5275
I FH 3 A2 ) GDL R ik 4 &y GeoGebra I A 83 7, I H 3 2L 25 JavaScript
H1 GeoGebraApplet fXH5 (¥ 34, i i JavaScript 5 GeoGebraApplet #1451 528 T JL
M TER s 23, R R, T U6 #3815 5 1M & L i Vr ik (B2 4K
KT 1), PR i 5 75 B0 ik T X0 S 0 4 A S — AN L, B A T s o — AN K
BB f(ay, - an), T H ai, - a;, (1< m < n) AHES IS, WA B —AN B4
Y configuration(vy := a;y, - U = ai,,), FH v; (1 £ 5 < m) #84 GDL Eik 1K H
I A AR . IR A SE Bl B AR IR 2K, OF BT o A8 51 o A B
P A) TR BV = K S A0SV = KEE V = K (4 K 4
rotate(4, B, C) i), ¥ K Wi & GeoGebra F1[1/E K54 (W3 5.7), T W1 P::Point
A G LB AR P = (a,b), 5o (a,b) &FEHLA B S HIALER. HH T GeoGebra (1
U R 4 PRI 4 TP B Y BRAT 1, 4 T4 v i HH I A o 5 AR AT I & 2
ek, R R A3 2 B R Fe i ™ U REAT A0 15 204E 3R 8 Proposition(N, T, 'H, C)—
Diagram(N, {n; - - ;m}, GeoGebra) H-rp ny, -+ m A H I C A4l Fid b
RIIHE T JE AR 3R 27 5.

K57 HEABSHEBIBE N GeoGebra I KRS

Sl EEE S
point() (a, b) (BEBLAZ IR RO AR BR)
pointon(A) Point[A]
circle(4, B, C) Circle[A, B, (]
circle(4, B) Circle[A, B|
center(A) Center[A]
intersection(A, B) Intersection[A, B]
tangentpoint(A, B) Intersection[A4, B|
perpendicularline(A, B) PerpendicularLine[A, B]
parallelline(A, B) Line[A, B|
line(A, B) Line[A, B|
halfline(A, B) Ray[A, B]
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K 5.7 B HEAM S HILBIBE A GeoGebra HHIEEITE 2 (48)

Sl ((ESEERSS
midpoint(a) Midpoint[a]
segment(A, B) Segment[A, B]

bisectorline(A, B, C)

AngleBisector[A, B, C|

rotate(A4, B, C)

Angle[A, B, C]

triangle(A, B, C)

Polygon[A, B, C|

quadrilateral(A, B, C, D)

Polygon[A, B, C, D]

conic(A, B,C,D, FE)

Conic[A, B,C, D.E]

symmetry(A, B) Reflect[A, B|
2tangentline(A, B) Tangent[A, B]
distance(A, B) Segment[A, B]
angle(A, B, C) Angle[A, B, C]

arc(A, B,C)

CircumcircularArc[A, B, C]

H i, JAT4 GeoData B fifi (1) — 70 5 B H Bl #yit T AH M 32 LTI E,

I CARDEREAT = b [ 5.12 Jos T H8hiiE IF N GeoGebra £ il 0Bk H 4 7]
SR ESY IR EI S P

55 B4

WL LRI ERS RGBT — AN G PR 7 (8 H R A = R R a5 i
SR, AL A B AR L AT SORES, SNt A 22 BRAS IR AR QA SRS, AE R s 2
FHEE R IR, HAh i — Stk 588 DR U AR YE T LASE IR b R Gk, AT R i e
Fa R I G J R N PN G 20 T AN [ A 1) 6 PR S T DA S BN () o ) R H
it A 9 AR TE 5 WA N BAE 75 BORHS W] LAAE [ BRI A 858 T ], GDL 23 1) it
AILARE B Bk, )3 8 LT T w] LAk B A T 226, Sk 5 2 ) R 38 X &R i)
DL A Z) RN, 3T http://geo.ccdem.org/text /geotext .html MH &

G s ML
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lectrunic Geometry Textbook: GBaselA auto—draw with GeoGebra: Simson’s theorem

Ele Query Construct Tools Intelligence Context] Back Forward |®mefre_ " .Slop ”| URL: ‘itediauton’drawa\gurefSirnson's%ZUtheorem.htm\|‘ * GD|
[\ (et o [ Eem 5
- Construction steps Instruction list |
[ GeometyRewsited x | | [5ho equal(b,c);incident(H,j); Step 19: segment b,
¢ 1 Textbook : Geometry Revisited definition: SegmentAB

[ Introduction : Preface command: Segment[E
¢ 1 Chapter : Points and Lines Conng
+ ] Section : Basic pts
o7 Section : The extended Law of
¢ 7 Section : Ceva's theorem
¢« 7 Section : Points of interest
¢ 7 Section : The incircle and excir|
=7 Section : The Steiner-Lehmus
o ] Section : The orthic triangle
o ] Section : The medial triangle a1
¢ 7 Section : The nine point circle
=7 Section : Pedal triangles
? 3 Chapter : Some Properties of Cirg
o] Section : The power of a point
o ] Section : The radical axis of tw
o ] Section : Coaxal circles
> ] Section : More on the altitudes definition: iTI. JRIEZ
¢ [J Section : Simson lines ) command: Line[I, J];
D Auto-draw | Pause | Continue | Restart | Objective | -—
[y Proof : Simson's theorem
[ Definition : Simson line
[} Remark : Simson
o7 Section : Ptolemy's theorem a T . 1) sHEEsL
o] Section : More on Simson Iine] QO: kib=c? \')
o ] Section : The Butterfly AO: k = true; LmE | ]

o7 Section : Morley's theorem Ll |

o Chantar - Collinearity and | I

Step 20: segment c,
definition: SegmentAB
command: Segment[F

Step 21: point I,
definition:
IntersectionPointOfAB,
command: Intersect[g
Step 22: point J,
definition:
IntersectionPointOfAB,
command: Intersect[i,

Step 23: line j,

Question: |relation[H,] NSRS TSPREITY 3] submit =

5.12 ¥4 GeoGebraApplet B3 EILVE [ 1#4 %€ B ) 3h 2 LA BB
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EFNE REERZE

AEERT Y SCAERC 2 A R BEF SRR T 50N, R o0 S b LT 22 A, Ji
ST JUART ARV 9 B AT O3 B B R 22 RE R RS a5, S i T —ASB TS )
— JUT S VE B, R LT AU ST DR A E T ey M T s A
ZERHNG PPk, AR T — B IR IR U SR A B AT VEFI B, ML AT ik
L e (A i AR R AL B LT RN TR G2V E SR TSR el M4, 7041
WD EEES . W .

ML 73 A A S BRI S SR AN AL, BATT D I BTt R TR RSO, Bt
it T LAZNAS I B T ARSI . T SEAURT AR PR R I AR A B LA SRR R
AP LM ER R 4. JliTveit s SR 7 — DM ST T 48 2 5 SOF
HARARAED . WA R D RE LR AR, DL -F &, BRI AT DUE i &
T8 FRIRL L BEAT A7k 55 1 2L, AN TR RRCAS ) e PR e vl DAAS 214 R A 22, AT 32w 1 0kt
S HBIEEAIAE ] 2. BT IR T e i oAl AR B 25 R — 2k . et
PR IUA I ) L, A4S 28 48 T LR B ) P M AT S AL S BOA A U, A 2 4 il L3
A EE AR

FORHTS T2 B AR N 7 B L 22 B SRR IR LA AN R A N P 7 3K AT 148
I XML SRR LA RIS H AR 5 08T IF AR T AR R SR, (875 0k H5 030 DAA%
48 AR U DL e B W b S AT BN, O 7 35 SR T B 1)) LART PR Ak B i
5 R BTG N BRI AS T, FRATTIE I 3 A JLAT AR B ARIE S AR IR G, WT5T
TR T o T IABAAE U fd i =, HROE AL a0 AL 5 3.
fimel s ) RS SR I O3 AT AR AT AE A o i) AN BT REAT R R, AT T L
IR TE S, e T A8 MRS 1 SORH LA B L il ) 88 J L AT RSB R AT 7] S AL
(K1 B BT, A A Jm 1R T DA fa] P 0 AR 2 A S (58wl A A1 B A A LR A
KeBE, TS BL T 2R G5 AN LT B AT 2 18] R4 1, A 45 380k 45 oh (0 LA o 7 B B 1)
AT LA B SR W1 HAH )2 U BB FT LUl B sk i JF 2l Sy ab, JE L
B F R, FAWFIUOIF B T BRI G 2 R TE 5 9C R BLRE SO 5 2 8] 487K

oy

-127 -



CUVAE A SY T RS)

KAWL, Wi B AR BOT RS .
Zi LPTE, ASCHTIE AR SR S BET RUE S5 W h:

o JFRE T JLATHIE BIXAEGUT [, 4 T — B3R Kony B, R, 4
U iy B B, ARE USRI B IRANEOR, s 1 R S E
TR B HE L,

o BRI LATAN R AT LA S5+ Hah R S5, AR, Bsifie. X
BeAl s 20 FRORSORS A =5 N, DA LT S0 0 R 40 FHERS 0 1) 300 AR, g JL AT Ak
FEPR BT R R AEE, B4 JLA Bt SR 1 1 2 2] B

o B SKHEI ALT LTERI B ARG R T —Frah &, A0 A Bt ok 1T
B, DRAh TARGE ORI ARG . JL . .. S, WAL LA A Y4 455 T
A L. WRSRIBHES TP AR 20 g A B, SOMgn s . SOARME R, §
FEH R L U AR 0 88 73 T AR R BRI P AE 57 A IR S

o BT IJUITRIE T 5 L T IR 32, S B AR JL ) 2 348 () S AR AR AT 5 ik ol JL
(AT RHAR AR BE A B, ) LA OB 5 55 SCHR B8 U o BRI B BIE W] XL B)aS EE 1 B
B EREE, St T T

LT J LB R G BETE . TR AT B 2 N 21 S ol 28— I R, AT
WESTRIRIAEE 20, RG34 T T A B B JF AT $ORAT. R, F AT AR G AR5 Pl
AR AR LLEAR I RN REAT. T 2R T AR DG MR 27 A e S o A T A
M, JFARIE R Bl R L — 2D 8 R L. N I FRATTE X H AR R 58 35 (0 0 20 AR A
TR T RO AR I e J AN A — AN B, IS8 AT DO LA A B R 0 i
H RST80T

6.2 JLMEIRFIRIES REMA

JUATFIREAT 2 B R FE 3K, ol Rl oo SR LT, s BEIRAREUE
AR5, AR EIR AR AR RN . SRR SE. Oy T A UAR] R DR AT LA e e e o SEATL B2 A
Re ., FAFT EZ G GRS KRR SRR BAE AR JL AT &R HEy U ik 05 =
IRIKBE 1 IEAS LW 5 K, AN RER IR E PRIKTUE W] L ) LA A 25 S AR R 2R LAy il AT g
i LRI, Ak, —SE R LR AR, ISR MUAGIE W] RS B SRR Tk
WATFFWIIC. ST IR TE 5, BATTTZEWR AR S0k, JT R AT 0 T H e ~ A

-128 -



JE AR KA 24 18 S

AT, Mt g JLAT SRR & BEER (A 22 U5 Tl A U7 AL SEHS.

6.2.1 JUATEHR AR E A Z B B9EE 1L

WA 2.0 T, BB 7 LA SR 0 2 5 = RO R R 0, 48T 1 4RV S 10
JUAT R AT LU A D 35230 B, AR T LA Ay JLAFT 580 4 BB (3 R 45, 41 P 2k T L
B R B30 25 LA 5 b A 0 e S L] 2R, SB35 2 ] (AR FL A A
T o A LA 460, DRIy 330 R TR 5 A5 ) — b 1 T R0 75 R 3 JL AT 40
TR TR 1R H 3R AT LGS 1 20 A 23 8. 3t JL AT S0 R P P 2 DL S P T IL
] R B G S (3L 0 s 7 PR AR A L.

W 6.1 i, Wk 5 4.3.3 b BB AL IBI I . ARECLRE . AL
U055 0 00 760 T L R 1 V2 U T A B LA 33 A A A ) [ AR 35 2
R AR R R TR A 39 R R (AR TR 0, A AR S Rk
A A T A ) LA 238 T LA P 32 0 XV 4 240 SR 4L e S £ 01

T SR AE; AR 1y T s L AT 3 T LA Ay AR AR B 7% AT 12 A £
75 5 T 0¥ T A 3 WA P L AT 2 S (DR B 6 7 v 4 1 30 7B K R AR 5 A 10
AR AAT); H 10 P 3 Ak Ay T s A PR LA i W LA 7 2 P 8l 285 Lo A A 22
LTI WIS SCAS (KN 248K, 3 26390 A R ) S DA E — 2 (KR, B TE—
3 Rl A AT

N%ﬁl%%ﬂd'}lu\
# sk

gaRiEs |
Utk T

6.1 MR B RNIRR A Z A4

7 I, B R T AN ST L SCHERE OB AR, R AR i

-129 -



BT BN REY

FR T BT RS HE S B S 51N, DO T 45 3 A U ) B 5 DR 5 B0, BRIV 5T OFT A
I, AR R AR B A B AN G TN AT 2 A 2 ) T8 Al 5 SO0 T
AAH U SR BEAT [R] SR A, A8 753 &5 R v JU A7 B A 2 4 b R 3 1) i) (R
6.1 F1EH 57 A% Ak), IS A A% A R R DA S . FRAT TR B vt 1 L AT 4R v
5 A BME R IE A LT R TE 5, I B S AR VAR S 4.4.2 5 LA TR I8
TSI T . G AR AR DY FR e A M BEAT (e AL AR S BL T %) GDL 3 FE 4T 7] 4%
A (PRHIAE T Je 2 A R M R AR Ry AR ), Pl A28 30 vh A N k.

DAL i H B 25 b e AL ARG T AN [F) 23 2 TRI A7 AE BN DG 3R i 4 B0 R DR R AE
TS Z R _ERGRERL. Ban, TR IR R — A R AR A T — A RO, SO0
VAR 2R P ) — AR EER 2. T  50 m JR ORIRE R, Bl e R E5HE (AR OA ..., R D
[Pk (K., BTELLL), e S a5 0 (2R B4 &5, v DU B H 75 sk e BAR B 2
Fe (B AR T8 xC 8 SCAH Y R ) T Be) S8

TEIE AL B LT 338 B 3l AL R Al b, JATTRr AWT G008 8 JU AR SCRS 61 15 5L 8
B, F T IX L8R mT LS o3 M (1] 4 k2 1 S 491) JHEAT B sh Ak, BRI AT DICR B E SR 1
5 5 E SR A R A 77 AR B U SRS, SX AR SRS BE AT BLOR KR B AR
WS RIE R Sk, W b B T 53R 0 ORI BL A B Al O e R IRk B 3
H R L SC P AE B IUIXAE Y SR IR, i Se TR S AT TRAL B, BIDR R T S R IR
g HalHA o BRTE S R . ARECRIE DL R AEIEIERIE, R )55 RBLR LR o, AP T B
AL A MG P A I il R RIE. BIanAEE 7] 45 7€ circle(O,r)” ™, circle(O,r) 2B
B E R, ERAR AR B ARG S BRI ST, wT LA B s A bl O R G
r HFARRIE” . “the circle with O as its center and r as its radius” ff) H SR 18 5 R b, 5
Hr—a)? + (y —b)? = rZ WAREUTRE, B3 “Clircle[O, r]” WIAE B F5 4 18 1L 18 B AH Y.
I Bh A LA B B 23X A B B9 3h A U B IRE I SCRS AT LSS TN (5 352 i EDWLAA AR,
T3 A 7 BRAR TR ) N 25

6.2.2 JUAERREYISIE S s7s LT E 28 B 3haE X

o T JLART i BN (AF 1) 1o B, AT AT LA P LA 8638 V550 JLh AT 5 4 M T sl AL,
I I [ S A 7 06 SUHEAT L B)IE T (L5 5.4.4 ), M 6 1 S0 097 3 1F A SR 7 M
Gy AR BT, 45— A iy ALK IE B, 3083k DT P 6 L e T L ) 2 e T 8
S TE A, LSRN IE B () 60 91F 7 S B 3 24 v A 9 2 B 16 S, B A i 0 i 1

-130 -



BRI IR K2 22150

JUT IR Z TR R OC AR, A2 JLAT IR 70 AR SR IBCR) 25 ORI, A1k B I E A F
Hi i SR8 1 K 58 1, A8 B B B0 SORS BT S AR I B0 BB IR, e AR 55 il 2 50 ik
UE R, A0 SR AT LU SO UAC AR B A0 WD 1) TE AR R R 80 P e FR R RN R R 1 4
BUVRIL AR MR XL W 0 90 A Uk WY B il ) B3R ¥ 5. [89, 98] Jos 1 ATk Wi B
T Coq, 7EXF JLATT 23 BRI E SCHEAT ™ 4% AUAR (KRR At T8 I T AR 498 P $18 4L 11 322 41
SRR 3 A B I . P IE W I B — DR 1 R GERAIE 1Y, DRI REWS #
LRb I D, TR B AR B b AR TR Y. BRI R AU WY e ed S ik 1, (B Uk B il
FELBCEEBA, I AN g EDULH s BRI ) LA SC DA R ZE0F 5001 i B AR5 R g
JURERI B TE &, JER LA 1 B8 T 8T 1 L R KA I I IE A 1

7, AR U R B i AT i) s 2 g () S A I m] LI 3 30 2 LA 41
K H ) AT )2 U ETE (WL 5.4.5 77), SRR LLER AR 7348 & AR - 52
R — 20— D U B, R 2D AT AR T CA3E (A7 7E) LT X5,
DAL e AT TR R IR A AR e S SCHR 2 M R 1, P79 01D ) SO AR A 2R th e i 7
LA 2. —ANMEAR BT TR Al U 25 5 — R JLATAG 2, ey |9 3)) 2 pledig A2 2
Hh LY AF I B2 ) LA TR 1T AN 2% 8 Ky 3 PTG It A 200 T PR AT P K Y T . 3K K 2]
JUAZIH SR EROR, 75 [63,126] A MKITIERI TR, (EVMFAEIRZ n) A Fr ok

6.2.3 JTTCENRBIBE AN

AT, AT SR 7 460 U 33 A h BRI, (5 4.4.3 37, BATHE I T A
B R BTN 52 [0 VE 316 ZOR 2 SO 5 22 1) 4k K 5% R 1K 07 125, SR TR % 2 ) o
I 5 I B WRNTIFFOR B 3 R B DRI, 06 R FE LA S0 30 T A7 6 1) K L
(TS0 K, FHR N 5 22 TP 5% 2R DA B 43 2 B A —ME A ST ) o L. 4920, A
WY I T 3k 230 T Sl L Ao 1 R B R 2, A 5 L W 5
%47 (Implication) 55 R (JLAF 3.2.3 %), LR M F1 3 R L7 ML T JUAT St B 5 Ak,
2R, I AW AMET AT TG AR AR B R

6.24 JLMETRBYIEZR
T8 3.3.2 715, AT H T R FH 70 50RO SR AT 22 AR 2210 7 v th T e iR g

[ 48 Ay LA BT 1 o0 ELAS O AE RO B 1) 2 IR B REAT I, PR IR, 28 L) 55 e
T RL U 2R A B RFEAT L 2 LUSRAT P il 28 A O G — M AT S X i il il L AT 0

-131-



CUVAE A SY T RS)

WA AT LR ALY, DAL e DA LT A RUR 2 PSS AL E oG, TR S
ANTRY, AR JUART A4 2R (10 2 TR K e AN T, DR LA DG e S B 7 D F AN et A2 265K, o — J T, i
THIRTT DU IE B, ] UR YRR, ORI I AN RSB 2 4 VL BT i ok B hig, [T,
it ZERE VIR A AR LT T R LTl T S 0 LR R UTE 5,
AU R BE R IR AL R A0 T BAT T S B v R AE. — 5T, JLART R 2R R EAAE 453 1Y
FRUAST N BEAT [F) SCHAR, (673 45 RAUN T IIA I A MR & 2 IS 1 T A& AN g
e X, It e 1 AL E R RE S N RS 55— T3 i, A R L 4y
R SE S 1 38 R ORI s, IXREAI B T e A 2 RAE IR SR B kst DAk, JL AT
RIS 11 ) SO A& ST U D JEUL e i A 2. DL JEA, W A BB 1
TREHEATILECERAT, W] LG LT R0 R R R SR AR e AR A ) -,

6.3 #H=F ERIMHA

HHy, B LA ERH KRG e 4 A TA B Al . gi47, L2, il diEA
[F) WA A% G i S B U R, AR B A shiE B LT e 25 A 3 I8 A LT K
TERIZhRe, H2RMNHAEHE: R HRE, UiRe/b T 522 21 % 2 (8 A2 FLIh fg. PRI,
T B AT B, A H S e g Al Bh 22 AR 2 o) T LA AR B BB 5 R 4.

6.3.1 XRERJLMAES]

e o PR SR AU K AN T A P R A A ). B B R S R TSI
I, MBI T AR 22 A8 T S A I8 2 2 A >0 ) T L 33 T L AT DA A 2 2 0 e g [
B, WA R IR SRS B A IS I R BB SR R, T 20— U g | S
SRR 2] KRR AZ T3Sk 3 T A A P s 2R s S BT L 1 22 R AN ) 2
VR SRR 125 JE LA R A T S [53, 611, 30 375 B VSR B 2R 45 DA S ATl 1T L g
By B SR TP (00 252 B o 0 SRR I A R AR BN ) T EEAREL Ry
0 AT P 199 208 00 v Y B 32 . 7 LA AT, — S T R K B0 28 LT Bk (e
LR $RAE T IR A L HEAT AT U AT TSR B 25 2 1 T B, {HLIX S8 Dy R A AE
AL A S S AN R B 7 R AR S BILRD, HEAS REZE AR R B 2 R RS A . DR, 75
BTG RETT — Fh R R BRI R 28 13 LA 25 ), SF3Et 5 LA 4 2 Y
A L RATAG A4 W (1228, 6 T 24 1R I R A5 6L bt T AT 5 9 PR R 80 00 3 o 2 PR T
P 0, DR Lk £ o T 0 SR RS Lo o 0 2 28800 BB LA B A8 L S5 g S B 5 A

-132 -



BRI IR K2 22150

A

6.32 BiEMHREPHIERK

R JH LT LA 20RE S R eI g (K 2R B s b RN T #oRHB Il (1 30 H 1,
SRIMTXFEI R IR GG HTE % E % BN, KT B, i AR RS,
R 5 0t — D BF o A 2 =0 3 1A PR3 R 1 90 2l 1 365 £ 280045 Bt 2 At )
B T2 ) sk, LI OB (08 FE R 3038 10 2% ST I R B2 R B AT 1
S PR 2 AR R 7 R R, R8T LU 27 1 VR A 112 31 H AR
AR E BRI RE ) 2 B R A A, TR A IE (K R S 2R SRR, 62 ]
) e BN B2 W72 SR 7 R LA By AR DR . SRE P R BT B T )
5 FAN P LA TR RV £ S ST . 015 AT T A 6 R 1 LR 260 i DA
SR B TC R, PR, 55 AR LA b T AN T B A TR S
T [ 365 57 32 Pl JE AR [ 25 =) 2 T SR R 3R 43

-133 -






BRI IR K2 22150

[1]

2]

3]
[4]
[5]

[10]

2% 3 Hk

Abdnades M., Botana F., Escribano J., et al. The Intergeo File Format in
Progress[A]. Proceedings of the 22nd OpenMath Workshop[C]. Ontario, Canada,
2009:17-30

Abramowitz M. and Stegun I. A. Handbook of Mathematical Functions (with
Formulas, Graphs, and Mathematical Tables)[M]. Dover Publications, New York,
1965

ActiveMath, http://www.activemath.org/

Algebra Interactive, http://www.win.tue.nl/~ida/home.html

Asperti A., Coen C. S., Tassi E., et al. User Interaction with the Matita Proof
Assistant[J]. Aspinall D. and Liith C. (eds.), Special Issue on User Interfaces in
Theorem Proving, Journal of Automated Reasoning, 2007, V39(2):109-139
Asperti A., Guidi F, Coen C. S., et al. A Content Based Mathematical
Search Engine: Whelp[A]. Filliatre J., Paulin-Mohring C. and Werner B. (eds.),
Proceedings of the TYPES 2004 Workshop (TYPES 2004)[C]. LNCS 3839, Springer-
Verlag, Berlin Heidelberg, 2006:17-32

Asperti A., Padovani L., Coen C. S., et al. Content-centric Logical Environments
[R]. Short presentation at the 15th Annual IEEE Symposium on Logic in Computer
Science (LICS 2000), Santa Barbara, California, USA, June 2000

Asperti A., Padovani L., Coen C. S., et al. HELM and the Semantic Math-Web[A].
Boulton R. J. and Jackson P. B. (eds.), Proceedings of the 14th International
Conference on Theorem Proving in Higher Order Logics (TPHOLs 2001)[C].
LNCS 2152, Springer-Verlag, Berlin Heidelberg, 2001:59-74

Asperti A., Padovani L., Coen C. S., et al. Mathematical Knowledge Management
in HELM[J]. Special Issue on Mathematical Knowledge Management, Annals of
Mathematics and Artificial Intelligence, 2003, V38(1-3):27-46

Asperti A. and Wegner B. MOWGLI - A New Approach for the Content

Description in Digital Documents[A]. Proceedings of the 9th International

-135-


http://www.activemath.org/
http://www.win.tue.nl/~ida/home.html

¥

 EEN

A

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]
[19]

Conference on Electronic Resources and the Social Role of Libraries in the
Future[C], 2002, V1, Autonomous Republic of Crimea, Ukraine

Bancerek G. and Rudnicki P. Information Retrieval in MML[A]. Asperti A.,
Buchberger B. and Davenport J. H. (eds.), Proceedings of the 2nd International
Conference on Mathematical Knowledge Management (MKM 2003)[C]. LNCS
2594, Springer-Verlag, Berlin Heidelberg, 2003:119-132

Brown C. E. Verifying and Invalidating Textbook Proofs Using Scunak[A].
Borwein ]J. M. and Farmer W. M. (eds.), Proceedings of the 5th International
Conference on Mathematical Knowledge Management (MKM 2006)[C]. LNAI
4108, Springer-Verlag, Berlin Heidelberg, 2006:110-123

Bruijn N. G. The Mathematical Vernacular, A Language for Mathematics with
Typed Sets[A]. Nederpelt R. P., Geuvers J. H. and Vrijer R. C. (eds.), Selected
Papers on Automath[M]. Elsevier, North Holland, 1994:865-935

Buchberger B. Algorithm Retrieval: Concept Clarification and Case Study in
Theorema[R]. SFB Report no. 2003-44, Johannes Kepler University, Linz, Austria,
October 2003

Buchberger B. Mathematica: Doing Mathematics by Computer?[R]. RISC
Report no. 93-50, invited talk at the International Symposium on Design and
Implementation of Symbolic Computation Systems (DISCO 1993), Gmunden,
Austria, September 1993

Buchberger B., Craciun A., Jebelean T., et al. Theorema: Towards Computer-Aided
Mathematical Theory Exploration[J]. Journal of Applied Logic, 2006, V4(4):470-
504

Buchberger B., Gonnet G. and Hazewinkel M. (eds.), Special Issue on
Mathematical Knowledge Management. Annals of Mathematics and Artificial
Intelligence, V38, Kluwer Academic Publisher, Dordrecht, 2003

Cabri 3D, http://www.cabri.com/download-cabri-3d.html

Carette J. and Farmer W. M. A Review of Mathematical Knowledge Management

[A]. Carette J., Dixon L., Coen C. S., et al. (eds.), Proceedings of the 8th

-136 -


http://www.cabri.com/download-cabri-3d.html

BRI IR K2 22150

[20]

[21]

[22]

[23]

[24]

[25]

[26]
[27]

[28]

International Conference on Mathematical Knowledge Management (MKM
2009)[C]. LNAI 5625, Springer-Verlag, Berlin Heidelberg, 2009:233-246

WA, TR K, P, A B SRR vt P A R R[] AR EAR, 2006,
V17(8):1731-1742

Chen X. Electronic Geometry Textbook: A Geometric Textbook Knowledge
Management System[A]. Autexier S., Calmet J. and Delahaye D. (eds.),
Proceedings of the 9th International Conference on Mathematical Knowledge
Management (MKM 2010)[C]. LNAI 6167, Springer-Verlag, Berlin Heidelberg,
2010:278-292

Chen X. Formal Representation and Automated Transformation of Geometric
Statements[A]. Richter-Gebert J. and Schreck P. (eds.), Proceedings of the 8th
International Workshop on Automated Deduction in Geometry (ADG 2010)[C].
Technical University Munich, Germany, 2010:1-19

Chen X., Huang Y. and Wang D. On the Design and Implementation of a
Geometric knowledge Base[A]. Sturm T. and Zengler C. (eds.), Proceedings of
the 7th International Workshop on Automated Deduction in Geometry (ADG
2008)[C]. LNAI 6301, Springer-Verlag, Berlin Heidelberg, 2011:22-41

Chen X. and Wang D. Towards an Electronic Geometry Textbook[A]. Botana
E. and Recio T. (eds.), Post-proceedings of the 6th International Workshop on
Automated Deduction in Geometry (ADG 2006)[C]. LNAI 4869, Springer-Verlag,
Berlin Heidelberg, 2007:1-23

Chen X. and Wang D. Management of Geometric Knowledge in Textbooks[J]. Data
& Knowledge Engineering (DKE), 2011, in press

Chou S. Mechanical Geometry Theorem Proving[M]. Reidel, Dordrecht, 1988
Chou S. and Gao X. A Survey of Geometric Reasoning Using Algebraic Methods
[A]. Kueker D. W. and Smith C. (eds.), Learning and Geometry: Computational
Approaches[M], Birkhéduser, Boston, 1996:97-119

Chou S. and Gao X. Automated Reasoning in Geometry[A]. Robinson A. and
Voronkov A. (eds.), Handbook of Automated Reasoning (Volume I)[M], Elsevier,

-137 -



N
¢
W<
Z

North Holland, 2001:707-749

[29] Chou S., Gao X. and Zhang J. Machine Proofs in Geometry[M]. World Scientific,
Singapore, 1994

[30] Chou S., Gao X. and Zhang J. Automated Generation of Readable Proofs with
Geometric Invariants I & II[J]. Journal of Automated Reasoning, 1996, V17:325-
370

[31] Chou S., Gao X. and Zhang J. A Deductive Database Approach to Automated
Geometry Theorem Proving and Discovering[]]. Journal of Automated
Reasoning, 1996, V25:219-246

[32] Cinderella, http://cinderella.de/

[33] Colton S., McCasland R., Bundy A., et al. Automated Theory Formation for
Tutoring Tasks in Pure Mathematics[A]. Proceedings of the Workshop on the
Role of Automated Deduction in Mathematics (RADM 2002)[C]. Copenhagen,
Denmark, 2002

[34] Coq Proof Assistant, http://cog.inria.fr/

[35] Coxeter H. S. M. and Greitzer S. L. Geometry Revisited[M]. The Mathematical
Association of America, Washington D.C., 1967

[36] Cruz-Filipe L. Constructive Real Analysis: A Type-theoretical Formalization and
Applications[D]. Radboud University Nijmegen, the Netherlands, 2004

[37] Daconta M. C., Obrst L. ]J. and Smith K. T. The Semantic Web: A Guide to the
Future of XML, Web Services and Knowledge Management[M]. Wiley Publishing,
Indiana, 2003

[38] Davenport J. H. and Kohlhase M. Unifying Math Ontologies: A Tale of Two
Standards[A]. Carette J., Dixon L., Coen C. S., et al. (eds.), Proceedings of the
8th International Conference on Mathematical Knowledge Management (MKM
2009)[C]. LNAI 5625, Springer-Verlag, Berlin Heidelberg, 2009:263-278

[39] Digital Library of Mathematical Functions (DLMF), http://dlmf.nist.gov/

[40] Egido S., Hendriks M., Kreis Y., et al. i2g Common File Format Final Version,

http://i2geo.net/files/D3.10-Common-File-Format .pdf

-138 -


http://cinderella.de/
http://coq.inria.fr/
http://dlmf.nist.gov/
http://i2geo.net/files/D3.10-Common-File-Format.pdf

BRI IR K2 22150

[41]

[42]
[43]

[44]
[45]
[46]
[47]
[48]
[49]
[50]
[51]
[52]
[

53]
[54]

[55]

Farmer W. M. MKM: A New Interdisciplinary Field of Research[]J]. ACM SIGSAM
Bulletin, 2004, V38(2):47-52

Fevre S. Integration of Reasoning and Algebraic Calculus in Geometry[A]. Wang
D. (ed.), Prodeedings of the 1st International Workshop on Automated Deduction
in Geometry (ADG 1996)[C]. LNAI 1360, Springer-Verlag, Berlin, 1998:218-234
Fujimoto M. and Watt S. M. An Interface for Math e-Learning on Pen-Based
Mobile Devices[A]. Proceedings of the Workshop on Mathematical User Interfaces
(MathUI 2010)[C]. CNAM, Paris, 2010

r/h L, sk, R LT K M. Gk JuE R, 1998

GCLC, http://poincare.matf.bg.ac.rs/~janicic//gclc/

GeoGebra, http://www.geogebra.org/cms/

GeoGebra Applet Methods, http://www.geogebra.org/en/wiki/index.
php/GeoGebra_Applet_Methods

Geometry Expert, http://www.mmrc.iss.ac.cn/gex/

Geometry Explorer, http://homepages.gac.edu/~hvidsten/explorer/
Geometry Expressions, http://geometryexpressions.com/

GeoProof, http://home.gna.org/geoproof/

GeoProver, http://www.reduce—algebra.com/docs/geoprover.html
Goguadze G. Representation for Interactive Exercises[A]. Carette ]., Dixon L.,
Coen C. S., et al. (eds.), Proceedings of the 8th International Conference on
Mathematical Knowledge Management (MKM 2009)[C]. LNAI 5625, Springer-
Verlag, Berlin Heidelberg, 2009:294-309

Grdbe H. The SymbolicData GEO Records — A Public Repository of Geometry
Theorem Proof Schemes[A]. Winkler F. (ed.), Proceedings of the 4th International
workshop on Automated Deduction in Geometry (ADG 2002)[C]. LNAI 2930,
Springer-Verlag, Berlin Heidelberg, 2004:67-86

Grabowski A. and Schwarzweller C. On Duplication in Mathematical
Repositories[A]. Autexier S., Calmet J., Delahaye D., et al. (eds.), Proceedings

of the 9th International Conference on Mathematical Knowledge Management

-139 -


http://poincare.matf.bg.ac.rs/~janicic//gclc/
http://www.geogebra.org/cms/
http://www.geogebra.org/en/wiki/index.php/GeoGebra_Applet_Methods
http://www.geogebra.org/en/wiki/index.php/GeoGebra_Applet_Methods
http://www.mmrc.iss.ac.cn/gex/
http://homepages.gac.edu/~hvidsten/explorer/
http://geometryexpressions.com/
http://home.gna.org/geoproof/
http://www.reduce-algebra.com/docs/geoprover.html

¥

A

 EEN

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

(MKM 2010)[C]. LNAI 6167, Springer-Verlag, Berlin Heidelberg, 2010:300-314
Gruber T. Ontology[A]. Liu L. and Ozsu M. T. (eds.), Encyclopedia of Database
Systems (Springer Reference)[M], Springer-Verlag, 2009:1963-1965

Guidi F. Searching and Retrieving in Content-based Repositories of Formal
Mathematical Knowledge[D]. University of Bologna, Italy, 2003

Hadamard ]. Lessons in Geometry: 1. Plane Geometry[M]. American
Mathematical Society, Providence, 2008

Hales T. C. Formal Proof[]J]. A Special Issue on Formal Proof, Notices of the
American Mathematical Society, 2008, V55:1370-1381

Harrison ]J. HOL Light: A Tutorial Introduction[A]. Proceedings of the
1st International Conference on Formal Methods in Computer-Aided Design
(FMCAD 1996)[C]. LNCS 1166, Springer-Verlag, Berlin Heidelberg, 1996. http:
//www.cl.cam.ac.uk/~jrhl3/hol-1light/tutorial_220.pdf, 2006
Heeren B., Jeuring ]J., Leeuwen A., et al. Specifying Strategies for Exercises[A].
Autexier S., Campbell J., Rubio ], et al. (eds.), Proceedings of the 7th International
Conference on Mathematical Knowledge Management (MKM 2008)[C]. LNAI
5144, Springer-Verlag, Berlin Heidelberg, 2008:430-445

Heras J., Pascual V., Romero A., et al. Integrating Multiple Sources to
Answer Questions in Algebraic Topology[A]. Proceedings of 10th International
Conference on Artificial Intelligence and Symbolic Computation (AISC 2010)[C].
LNAI 6167, Springer-Verlag, Berlin Heidelberg, 2010:331-335

Hong H., Li L., Liang T., et al. Solving Dynamic Geometric Constraints Involving
Inequalities[A]. Calmet J., Ida T., Wang D. (eds.), Proceedings of the 8th
International Conference on Artificial Intelligence and Symbolic Computation
(AISC 2006)[C]. LNAI 4120, Springer-Verlag, Berlin Heidelberg, 2006:181-195
Horn P. and Roozemond D. OpenMath in SCIEnce: SCSCP and POPCORNJ[A].
Carette J., Dixon L., Coen C. S., et al. (eds.), Proceedings of the 8th International
Conference on Mathematical Knowledge Management (MKM 2009)[C]. LNAI
5625, Springer-Verlag, Berlin Heidelberg, 2009:474-479

—-140 -


http://www.cl.cam.ac.uk/~jrh13/hol-light/tutorial_220.pdf
http://www.cl.cam.ac.uk/~jrh13/hol-light/tutorial_220.pdf

BRI IR K2 22150

[65] INTERGEO Project, http://i2geo.net/xwiki/bin/view/Main/

[66] Isabelle’s Logics, www.cl.cam.ac.uk/research/hvg/isabelle/dist/
Isabelle2011/doc/logics.pdf

[67] Java Geometry Expert, http://www.cs.wichita.edu/~ye/

[68] JDesktop Integration Components, http://javadesktop.org/articles/
jdic/

[69] JEditOQMath, http://www.activemath.org/projects/jEditOQMath/

[70] JSXGraph, http://jsxgraph.uni-bayreuth.de/wp/

[71] Jucovschi C. and Kohlhase M. sTeXIDE: An Integrated Development Environment
for sTeX Collections[A]. Autexier S., Calmet J., Delahaye D., et al. (eds.),
Proceedings of the 9th International Conference on Mathematical Knowledge
Management (MKM 2010)[C]. LNAI 6167, Springer-Verlag, Berlin Heidelberg,
2010:336-344

[72] Kamareddine E., Maarek M., Retel K., et al. Narrative Structure of Mathematical
Texts[A]. Kauers M., Kerber M., Miner R., et al. (eds.), Proceedings of the
6th International Conference on Mathematical Knowledge Management (MKM
2007)[C]. LNAI 4573, Springer-Verlag, Berlin Heidelberg, 2007:296-312

[73] Kapur D. and Wan H. K. Refutational Proofs of Geometry Theorems
via Characteristic Set Computation[A]. Proceedings of the International
Symposium on Symbolic and Algebraic Computation (ISSAC 1990)[C]. American
Mathematical Society, Providence, 1990:277-284

[74] Kerber M. (ed.), Special issue on Management of Mathematical Knowledge.
Mathematics in Computer Science, Birkh&duser, Basel, 2008, V2(2):193-398

[75] Kohlhase M. OMDoc — An Open Markup Format for Mathematical Documents
[version 1.2]: Foreword by Alan Bundy[M]. LNAI 4180, Springer-Verlag, Berlin
Heidelberg, 2006

[76] Kohlhase M., Anca S., Jucovschi C., et al. MathWebSearch 0.4: A Semantic
Search Engine for Mathematics[A]. http://mathweb.org/projects/mws/

pubs/mkm08.pdf, 2008

—-141 -


http://i2geo.net/xwiki/bin/view/Main/
www.cl.cam.ac.uk/research/hvg/isabelle/dist/Isabelle2011/doc/logics.pdf
www.cl.cam.ac.uk/research/hvg/isabelle/dist/Isabelle2011/doc/logics.pdf
http://www.cs.wichita.edu/~ye/
http://javadesktop.org/articles/jdic/
http://javadesktop.org/articles/jdic/
http://www.activemath.org/projects/jEditOQMath/
http://jsxgraph.uni-bayreuth.de/wp/
http://mathweb.org/projects/mws/pubs/mkm08.pdf
http://mathweb.org/projects/mws/pubs/mkm08.pdf

¥

 EEN

A

[77]

[78]

[79]

[80]

[81]

[82]

[83]

[84]

[85]

[86]

Kohlhase M. and Franke A. MBase: Representing Knowledge and Context
for the Integration of Mathematical Software Systems[]]. Journal of Symbolic
Computation, 2001, V23(4):365-402

Kohlhase M. and Sucan I. A Search Engine for Mathematical Formulae[A]. Ida
T., Calmet J. and Wang D. (eds.), Proceedings of the 8th International Conference
on Artificial Intelligence and Symbolic Computation (AISC 2006)[C]. LNAI 4120,
Springer-Verlag, Berlin Heidelberg, 2006:241-253

Kutzler B. and Stifter S. On the Application of Buchberger’s Algorithm to
Automated Geometry Theorem Proving][J]. Journal of Symbolic Computation,
1986, V2:389-397

Lange C. Integrated Semantic Web Collaboration on Semiformal Mathematical
Knowledge[D]. Jacobs University, Germany, 2010

LaTeXMathML: Translating LaTeX Math Notation Dynamically to Presentation
MathML,
http://www.maths.nottingham.ac.uk/personal/drw/1lm.html
LeActiveMath, http://www.leactivemath.org/

Liang T. and Wang D. Towards a Geometric-Object-Oriented Language[A]. Hong
H. and Wang D. (eds.), Proceedings of the 5th International Workshop on
Automated Deduction in Geometry (ADG 2004)[C]. LNAI 3763, Springer-Verlag,
Berlin Heidelberg, 2006:130-155

Libbrecht P. Notations Around the World: Census and Exploitation[A]. Autexier
S., Calmet J. and Delahaye D. (eds.), Proceedings of the 9th International
Conference on Mathematical Knowledge Management (MKM 2010)[C]. LNAI
6167, Springer-Verlag, Berlin Heidelberg, 2010:398-410

Libbrecht P., Desmoulins C., Mercat Ch., et al. Cross-Curriculum Search for
Intergeo[A]. Autexier S., Campbell J., Rubio ]., et al. (eds.), Proceedings of the
7th International Conference on Mathematical Knowledge Management (MKM
2008)[C]. LNAI 5144, Springer-Verlag, Berlin Heidelberg, 2008:520-535

Libbrecht P. and Melis E. Methods for Access and Retrieval of Mathematical

-142 -


http://www.maths.nottingham.ac.uk/personal/drw/lm.html
http://www.leactivemath.org/

BRI IR K2 22150

Content in ActiveMath[A]. Iglesias A. and Takayama N. (eds.), Proceedings of
the 2nd International Congress on Mathematical Software (ICMS 2006)[C]. LNCS
4151, Springer-Verlag, Berlin Heidelberg, 2006:331-342

[87] List of Interactive Geometry Software, http://en.wikipedia.org/wiki/
Interactive_geometry_software

[88] Lozier D. W. NIST Digital Library of Mathematical Functions[J]. Annals of
Mathematics and Artificial Intelligence, 2003, V38(1-3):105-119

[89] Magaud N., Narboux J. and Schreck P. Formalizing Projective Plane Geometry
in Coq[A]. Sturm T. and Zengler C. (eds.), Proceedings of the 7th International
Workshop on Automated Deduction in Geometry (ADG 2008)[C]. LNAI 6301,
Springer-Verlag, Berlin Heidelberg, 2011:141-162

[90] MathDox, http://www.mathdox.org/

[91] MathDox Formula Editor, http://www.mathdox.org/formulaeditor/

[92] Mathematics On the Web: Get it by Logic and Interfaces, http://mowgli.cs.
unibo.it/

[93] MathML, http://www.w3.0org/Math/

[94] MathPlayer, http://www.dessci.com/en/products/mathplayer/

[95] McCasland R. and Bundy A. MATHsAiD: A Mathematical Theorem Discovery
Tool[A]. Jebelean T. and Negru V. (eds.), Proceedings of the 7th International
Workshop on Symbolic and Numeric Algorithms for Scientific Computing
(SYNASC 2006)[C]. IEEE Computer Society Press, 2006:17-22

[96] Melis E., Biidenbender ]., Goguadze G., et al. Knowledge Representation
and Management in ActiveMath[]J]. Special Issue on Mathematical Knowledge
Management, Annals of Mathematics and Artificial Intelligence, 2003, V38(1-
3):47-64

[97] Mizar, http://www.mizar.org/

[98] Narboux J. Formalization of Tarski’s Geometry in the Coq Proof Assistant. http:
//dpt—-info.u-strasbg.fr/~narboux/tarski.html

[99] Nakagawa K., Nomura A. and Suzuki M. Extraction of Logical Structure from

-143 -


http://en.wikipedia.org/wiki/Interactive_geometry_software
http://en.wikipedia.org/wiki/Interactive_geometry_software
http://www.mathdox.org/
http://www.mathdox.org/formulaeditor/
http://mowgli.cs.unibo.it/
http://mowgli.cs.unibo.it/
http://www.w3.org/Math/
http://www.dessci.com/en/products/mathplayer/
http://www.mizar.org/
http://dpt-info.u-strasbg.fr/~narboux/tarski.html
http://dpt-info.u-strasbg.fr/~narboux/tarski.html

¥

 EEN

A

Articles in Mathematics[A]. Asperti A., Bancerek G. and Trybulec A. (eds.),
Proceedings of the 3rd International Conference on Mathematical knowledge
management (MKM 2004)[C]. LNCS 3119, Springer-Verlag, Berlin Heidelberg,
2004:276-289

[100] Nederpelt R. P. Weak Type Theory: A Formal Language for Mathematics[R].
Technische Universiteit Eindhoven, the Netherlands, 2002

[101] Nederpelt R. P., Geuvers ]J. H. and Vrijer R. C. (eds.), Selected Papers on
Automath. Studies in Logic and the Foundations of Mathematics, V133, Elsevier,
Amsterdam, 1994

[102] NIST Digital Library of Mathematical Functions, http://dlmf.nist.gov/

[103] Omega, http://www.ags.uni-sb.de/~omega/omega/

[104] OpenMath, http://www.openmath.org/

[105] OpenMath Phrasebooks, http://www.mathdox.org/new-web/projects/
phrasebooks.html

[106] Otter, http://www-unix.mcs.anl.gov/AR/otter/

[107] Piroi F. and Buchberger B. Label Management in Mathematical Theories[R].
Technical Report no. 2004-16, Johann Radon Institute for Computational and
Applied Mathematics (RICAM), Linz, Austria, November 2004

[108] Prefuse, http://prefuse.org/

[109] Quaresma P. and Jani¢i¢ P. GeoThms — Geometry Framework[R]. Technical
Report 2006/002, Centre for Informatics and Systems, University of Coimbra,
Portugal, 2006

[110] Rabe F. and Kohlhase M. An Exchange Format for Modular Knowledge[A].
Proceedings of the LPAR Workshops: Knowledge Exchange: Automated Provers
and Proof Assistants, and the 7th International Workshop on the Implementation
of Logics[C]. CEUR Workshop Proceedings 418, 2008:50-68

[111] Resource Description Framework, http://www.w3.0org/RDF/.

[112] Richter-Gebert]. Mechanical Theorem Proving in Projective Geometry([J]. Annals
of Mathematics and Artificial Intelligence, 1995, V13:139-172

-144 -


http://dlmf.nist.gov/
http://www.ags.uni-sb.de/~omega/omega/
http://www.openmath.org/
http://www.mathdox.org/new-web/projects/phrasebooks.html
http://www.mathdox.org/new-web/projects/phrasebooks.html
http://www-unix.mcs.anl.gov/AR/otter/
http://prefuse.org/
http://www.w3.org/RDF/

BRI IR K2 22150

[113] Rosenkranz C. Retrieval and Structuring of Large Mathematical Knowledge
Bases in Theorema[D]. Research Institute for Symbolic Computation (RISC),
Johannes Kepler University, Linz, Austria, 2009

[114] Rudnicki P. and Trybulec A. Mathematical Knowledge Management in
Mizar[A]. Buchberger B. and Caprotti O. (eds.), Electronic Proceedings of the
1st International Workshop on Mathematical Knowledge Management (MKM
2001)[C]. Research Institute of Symbolic Computation (RISC), Johannes Kepler
University, Linz, Austria, 2001

[115] SAXON: The XSLT and XQuery Processor, http://saxon.sourceforge.
net/

[116] Su W., Wang P, Li L., et al. MathEdit: A Browser-based Visual Mathematics
Expression Editor[A]. Proceedings of the 11th Asian Technology Conference in
Mathematics (ATCM 2006)[C]. The Hong Kong Polytechnic University, China,
2006

[117] Sutcliffe G., Zimmer ]., and Schulz S. TSTP Data — Exchange Formats for
Automated Theorem Proving Tools[A]. Distributed Constraint Problem Solving
and Reasoning in Multi-Agent Systems[M]. IOS Press, Amsterdam, 2004:201-215

[118] TGTP — Thousands of Geometric problems for geometric Theorem Provers,
http://hilbert.mat.uc.pt/TGTP/

[119] The Stylesheet Converts OpenMath Objects to MathML, https://mathdox.
org/svn/repos/public/leam2mapleta/openmath2mathml.xsl

[120] Theorema, http://www.risc. jku.at/research/theorema/

[121] Trgalova ]., Kortenkamp U., Jahn A., et al. I2geo.net, A Platform for
Sharing Dynamic Geometry Resources all over Europe[A]. Poster at the
CERME? Conference, Rzeszow, Poland, 2011. http://i2geo.net/xwiki/
bin/download/Main/Proceedings/CERME 7poster.pdf

[122] Ullrich C. Description of an Instructional Ontology and its Application in Web
Services for Education[A]. Proceedings of Workshop on Applications of Semantic

Web Technologies for E-learning (SW-EL'04)[C]. Hiroshima, Japan, 2004:17-23

-145-


http://saxon.sourceforge.net/
http://saxon.sourceforge.net/
http://hilbert.mat.uc.pt/TGTP/
https://mathdox.org/svn/repos/public/leam2mapleta/openmath2mathml.xsl
https://mathdox.org/svn/repos/public/leam2mapleta/openmath2mathml.xsl
http://www.risc.jku.at/research/theorema/
http://i2geo.net/xwiki/bin/download/Main/Proceedings/CERME7poster.pdf
http://i2geo.net/xwiki/bin/download/Main/Proceedings/CERME7poster.pdf

¥

 EEN

A

[123] Ullrich C. Pedagogically Founded Courseware Generation for Web-Based
Learning — An HTN-Planning-Based Approach Implemented in PAIGOS[M].
LNAI 5260, Springer-Verlag, Berlin Heidelberg, 2008

[124] Wang D. Elimination Procedures for Mechanical Theorem Proving in
Geometry[J]. Annals of Mathematics and Artificial Intelligence, 1995, V13:1-24

[125] Wang D. Geometry Machines: From Al to SMC[A]. Calmet J.,Campbell J. A.,
Pfalzgraf J. (eds.), Proceedings of the 3rd International Conference on Artificial
Intelligenceand Symbolic Mathematical Computation (AISMC 1996)[C]. LNCS
1138, Springer-Verlag, Berlin Heidelberg, 1996:213-239

[126] Wang D. Automated Generation of Diagrams with Maple and Java[A]. Joswig M.
and Takayama N. (eds.), Algebra, Geometry, and Software Systems[M]. Springer-
Verlag, Berlin Heidelberg, 2003:277-287

[127] Wang D. GEOTHER 1.1: Handling and Proving Geometric Theorems
Automatically[A]. Winkler F. (ed.), Proceedings of the 4th international workshop
on Automated Deduction in Geometry (ADG 2002)[C]. LNAI 2930, Springer-
Verlag, Berlin Heidelberg, 2004:194-215

[128] Wang D. Formalization and Specification of Geometric Knowledge Objects[A].
Hu Z. and Zhang J. (eds.), Proceedings of the 6th Asian Workshop on Foundations
of Software (AWFS 2009)[C]. National Institute of Informatics, Tokyo, Japan,
2009:86-98

[129] Wang D. Basic Elements of Computer Geometry[A]. Bouhoula A. and Ida T.
(eds.), Proceedings of the Tunisia-Japan Workshop on Symbolic Computation in
Software Science (SCSS 2009)[C]. Gammarth, Tunisia, 2009:2-12

[130] Wang D. and Gao X. Geometry Theorems Proved Mechanically Using Wu's
Method — Part on Euclidean geometry[J]. Math Mechanical Research, 1987,
Preprints, V2:75-106

[131] T2 B3, WAk, Myt B4 LA o2 B R JLHL a5k B R SE]. R g bloe 5 Hey, 1987,
V7(2):163-172

[132] Wiedijk F. Mizar: An Impression[Z]. http://www.mizar.org/project/

- 146 -


http://www.mizar.org/project/mizarintro.pdf
http://www.mizar.org/project/mizarintro.pdf

BRI IR K2 22150

mizarintro.pdf

[133] Wilson S. and Fleuriot J. D. Geometry Explorer: Combining Dynamic
Geometry, Automated Geometry Theorem Proving and Diagrammatic Proofs[A].
Proceedings of the 12th Workshop on Automated Reasoning (ARW 2005)[C].
Edinburgh, Scotland, 2005

[134] WolframMathWorld: The Web’s Most Extensive Mathematics Resource, http:
//mathworld.wolfram.com/topics/Geometry.html

[135] Wortel TU/e, http://wortel.tue.nl/

[136] 5304 HI5 LA ADE ) A S5 HUBRAC AR D] 1 BB, 1977, 20:507-516

[137] Wu W.-T. Some Recent Advances in Mechanical Theorem-proving of
Geometries[A]. Bledsoe W. W. and Loveland D. W. (eds.), Automated Theorem
Proving: After 25 Years[M]. American Mathematical Society, Providence,
1984:235-241

[138] = 3CAR. JLAAT € BEAL &% ik B i 6 A Jst B (0 5% JL AT 76 0) M. db st B 22 H R
£, 1984. BEiFEA: 4/ M, £ 4B i%. Mechanical Theorem Proving in Geometries:
Basic Principles. Springer-Verlag, Wien New York, 1994

[139] Yang L., Hou X. and Xia B. A Complete Algorithm for Automated Discovering
of a Class of Inequality-type Theorems[J]. Science China Information Sciences
(Science in China Series F), 2001, V44:33-49

[140] Yang L., Zhang J. and Hou X. An Efficient Decomposition Algorithm for
Geometry Theorem Proving without Factorization[A]. Shi H. and Kobayashi
H. (eds.), Proceedinds of the 1st Asian Symposium on Computer Mathematics
(ASCM 1995)[C], Beijing, China, 1995:33-41

[141] Youssef A. Methods of Relevance Ranking and Hit-content Generation in Math
Search[A]. Kauers M., Kerber M., Miner R., et al. (eds.), Proceedings of the
6th International Conference on Mathematical Knowledge Management (MKM
2007)[C]. LNAI 4573, Springer-Verlag, Berlin Heidelberg, 2007:393-406

[142] B KH, AR, BEER K, 55 B T AR I BOR ARSI FiR gk R HLEIRE 5] T
W12 5L, 2003, V20(9):19-27

- 147 -


http://www.mizar.org/project/mizarintro.pdf
http://www.mizar.org/project/mizarintro.pdf
http://www.mizar.org/project/mizarintro.pdf
http://mathworld.wolfram.com/topics/Geometry.html
http://mathworld.wolfram.com/topics/Geometry.html
http://wortel.tue.nl/

¥

 EEN

A

[143] Zhang ]., Chou S. and Gao X. Automated Production of Traditional Proofs
for Theorems in Euclidean Geometry I[J]. Annals of Mathematics and Artificial
Intelligence, 1995, V13:109-137

[144] sksmrb BZamiR B BT [M]. Jbat: Bha= ek, 2006

-148 -



BRI IR K2 22150

My %

A. JLATHE4)
AT IMER, — S8 — =AM =12 L4y HA JiX S EXAN =M AR .
XL = AN R B EH R A TH T I,

B 1 varlfmes

W RE B E®. AB Y5 DEAT P,BC 5 EF 58T Q,CD 5 AF &£ T 8,
P. Q. SHZL WA, B. C. D. E. F HR—_xithgk /A,

Beik wh b B, 48 — AN A AT, WIZE A = A RHAR Y 7% T IR — B A =M
TEWA ELFI°T 7 AL

ML B L A0 H 4 Ah— U — SR BUR LA R R B, WS4 B LU AT o A B 8 .
ZHTERITARIE B, = A T A 150 Bl ik L2 A A 10 T 1) i A 190 i 3 F e B 1 A
.

SRR T SRR S5 = A TR DL v et 2 S PR e R R T A - 43 2.
SRR A NS, RIS b s B R R R BRI H A

—149 -



o

SPATHZ MR, | EFHATATEE T KM ELL S 54— EH.
FHAL= A0 T 1R 00 5 s B T SR — > = AR AN S0 5 53— A = S T 18 W A #10 AH 45
HB2IX A = F TEAH L.

AE =M A B, R D= =400 5 51— A = AT I =500 AR,
MBAIXA =255

AT e, W A, B, C 2—4HZL LM =/"18,D. E. F 25 —4%H% =1,
MR HL AE. AF. BF %55 DB. DC. EC MIZZ, WX =AML E Py Qv R L4k,

P 2 1 0 e B

ZMRILHERE. W AL By Cy it =M% ABC =il i, 4 A A & AC
FAXT Ay By A1Cy BITRFIFLSE.

B o s PR BT, 45 e i R — AR A AL B, i AERIEIEL AMN 2R T
M. N, it M. N. BE®ET A S

PR EMER. MBS RS AOIRA YT, =ATERIL RIS S5 U (=AY M)
Nehring & #. AA;. BBy CCy & =AY ABC =4I ST RLL. X, 7 BC b, X,
J& X\By 5 BA WAL, X &t XoA 5 AC IR R, Xy 2 X301 5 CB %85, X5 i
XyBy 5 BAWK R, X & X541 5 AC WAL R, X7 72 X6C1 5 OB WIAS R, M X7 5 X,
Ciked

-150 -



BRI IR K2 22150

VO IRA 048 5 B 8 =T ABC I =AML B i — & U4 5 i [0 PAT T
= IEAMAF I S B HIAZ R =4 HE I AL

Pl 3 Pa T TAA X 4 e 2

B. FIIRE R HHETEH

B ILAEAR R FCA TP AR/ HE I T RN AIRIE R AT A AR o
F R B, AP (Axiom) B 75 £ #5 7T 3 knowledgeName. formalRepresent-
ation. naturalRepresentation. diagramlInstruction. nondegeneracyCondition. figu-

re. keyWords.

-151-



o

knowledge-

Name

vocabulary

attributeList

translation-

Script

diagram-

Script

algebraic-

Script

formal-

Representation

Definition

<_

vV

vV

v

vV

vV

Axiom

Assertion

Lemma

Theorem

Corollary

Conjecture

Proof

Example

Exercise

Solution

Algorithm

2 N S N NG S NG NG S NG NG S

Method

Introduction

S S A NG NG NG A SO E SO A S A A AN A AN

Remark

<.

natural-

Representation

algebraic-

Representation

diagram-

Instruction

nondegeneracy-

Condition

figure

keyWords

Definition

Vv

v

v

<

v

Axiom

Assertion

Lemma

Theorem

Corollary

Conjecture

S AN LG A

A AN NG NG

D S AN NG U

Proof

Example

<

<<

<

Exercise

Solution

S N S S N S S N SO SO R S

Algorithm

Method

Introduction

Remark

S N S NG N SO SO E SO S N S NG NG N A

NI G AU BN S A S S A A A A A AN

-152 -




BRI IR K2 22150

C. BFJLAHE P RFEERH XML 7%

JLE JE Tk W
page language category
category name role layer category
categoryNode name role title
para
definition name naturalRepresentation
formalDefinition
figure
diagramScript
algebraicScript
translationScript
axiom name naturalRepresentation
formalRepresentation
nondegeneracyCondition
figure
diagramInstruction
lemma name naturalRepresentation
theorem formalRepresentation
corollary nondegeneracyCondition
conjecture algebraicRepresentation
diagramInstruction
figure
proof name figure
para
introduction name title
remark para
err name
naturalRepresentation link
para
diagramScript name command
command rank
figure name

-153 -




o

TG JE Tk W2
src
algebraicScript name
translationScript
diagramInstruction name command
algebraicRepresentation name coordinatize
hypothesis
conclusion
title
coordinatize equation
hypothesis OpenMath
conclusion
equation style:“center” OpenMath
style:“left”
style:“right”
link type:“figure”
type:“dynamicFigure”
name
var

- 154 -



BRI IR K2 22150

D. JL{Al$&id & 5 1 XML R7R

JLE JE Pk WA
Wit Ak
formaldefinition author conceptObject
version return
type nondegeneracyCondition
conceptObject type | reference vocabulary
argument
vocabulary
argument pointer
quantity
conceptObject
list
pointer type reference
return count binding
list
pointer
nondegeneracyCondition and
or
not
constraint and
or
not
binding pointer
constraint
configuration
and cd conceptObject
or and
not or
not
quantity type reference
list binding
pointer

155 -




I 3 JE T WA
W ik
conceptObject
reference
quantityFunction name
formalDefinitions formaldefinition
formalAssertions formalRepresentation
formalRepresentation author assumption
name objective
type
assumption configuration
configuration reference
conceptObject
and
not
or
list
declare
give
objective configuration
and
not
or
conceptObject
reference pointer
conceptObject
declare pointer
give conceptObject

-156 -



BRI IR K2 22150

E. Z95R 8 7E X7

Script( Definition(point(), A::Point, null),

Definition(line(A::Point, B::Point), a::Line, not(is(A, B))),

Definition(segment(A::Point, B::Point), s::Segment, not(is(A, B))),
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Definition(quadrilateral(A::Point, B::Point, C::Point, D::Point), a:Quadrilateral, null),
Definition(angle(A::Point, B::Point, C::Point), a:: Angle, and(not(is(A, B)), not(is(B, C)),
not(is(A, Q)))),

Definition(angle(line(A::Point, B::Point), line(C::Point, D::Point)), [angle(A, intersection(line(A,
B), line(C, D)), C) where intersect(line(A, B), line(C, D))], null),

Definition(conic(A::Point, B::Point, C::Point, D::Point, E::Point), c::Conic, null),
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Definition(circle(O::Point, 1::Length), c::Circle, not(equal(r, 0::Length))),
Definition(arc(A::Point, B::Point, C::Point), a:: Arc, null),
Definition(perpendicularline(A::Point, l::Line), [m::Line where and(incident(A, m),
perpendicular(m, 1))], null),

Definition(parallelline(A::Point, 1::Line), [m::Line where and(incident(A, m), parallel(m, 1))],
not(incident(A, 1))),
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Definition(is(line(A::Point, B::Point), 1::Line), [and(incident(A, 1), incident(B, 1))], null),
Definition(is(triangle(A::Point, B::Point, C::Point), triangle(D::Point, E::Point, F::Point)), [
and(is(A, D),is(B, E), is (C, F))], null),

Definition(incident(A::Point, o::Circle), [equal(distance(center(o), A), length(radius(o)))], null),
Definition(incident(A::Point, 1::Line), b::Boolean, null),

Definition(incident(A::Point, segment(B::Point, C::Point)), [and(incident(A, line(B, C)),
differentside(A, B, C))], null),

Definition(incident(A::Point, line(B::Point, C::Point)), b::Boolean, null),

Definition(incident(A::Point, halfline(B::Point, C::Point)), [and(incident(A, line(B, C)),
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sameside(A, C, B))], null),

Definition(incident(A::Point, bisector(B::Point, C::Point, D::Point)), [equal(distance(A, line(B,
QO)), distance(A, line(C, D)))], null),

Definition(ratio(A::GeometricQuantity, B::GeometricQuantity), a::AlgebraicQuantity, null),
Definition(ratio(a::AlgebraicQuantity, b::AlgebraicQuantity), a:: AlgebraicQuantity, null),
Definition(equal(ratio(A::GeometricQuantity, B::GeometricQuantity), ratio(a:: Algebraic-
Quantity, b::AlgebraicQuantity)), [equal(times(b, A), times(a, B))], null),
Definition(isout(A::Point, o::Circle), [lt(length(radius(0)), distance(A, center(0)))], null),
Definition(isin(A::Point, o::Circle), [lt(distance(A, center(0)), length(radius(o)))], null),
Definition(isin(O::Point, triangle(A::Point, B::Point, C::Point)), b::Boolean, null),
Definition(collinear(A::Point, B::Point, C::Point), [incident(A, line(B, C))], and(not(is(A, B)),
not(is(B, €)))),

Definition(concurrent(l::Line, m::Line, n::Line), [incident(intersection(l, m), n)], and (not(is(l,
n)), not(is(m, n)))),

Definition(perpendicular(line(A::Point, B::Point), line(C::Point, D::Point)), b::boolean, null),
Definition(parallel(line(A::Point, B::Point), line(C::Point, D::Point)), b::Boolean, null),
Definition(intersect(l::Line, m::Line), [not(parallel(l, m))], null),

Definition(intersect(l::Line, m::Circle), [It(distance(center(m), 1), length(radius(m)))], null),
Definition(intersect(m::Circle, n::Circle), [lt(distance(center(m), center(n)), plus(length(radius(
m)), length(radius(n))))], null),

Definition(sameside(A::Point, B::Point, I::Line), b::Boolean, null),
Definition(sameside(A::Point, B::Point, C::Point), b::Boolean, null),
Definition(differentside(A::Point, B::Point, I::Line), b::Boolean, null),
Definition(differentside(A::Point, B::Point, C::Point), b::Boolean, null),
Definition(endpoint(segment(A::Point, B::Point)), {[A]; [B]}, null),
Definition(vertex(triangle(A::Point, B::Point, C::Point)), {[A]; [B]; [C]}, null),
Definition(orthocenter(triangle(A::Point, B::Point, C::Point)), [concurrentpoint(altitudeline(A,
side(B, C)), altitudeline(B, side(A, C)), altitudeline(C, side(A, B)))], null),
Definition(centroid(triangle(A::Point, B::Point, C::Point)), [concurrentpoint(median(A, side(B,
C)), median(B, side(A, C)), median(C, side(A, B)))], null),

Definition(barycenter(triangle(A::Point, B::Point, C::Point)), [centroid(triangle(A, B, C))], null),
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Definition(geometriccenter(triangle(A::Point, B::Point, C::Point)), [centroid(triangle(A, B, C))],
null),

Definition(incenter(t:: Triangle), [center(incircle(t))], null),
Definition(circumcenter(t:: Triangle), [center(circumcircle(t))], null),
Definition(circumradius(t:: Triangle), [radius(circumcircle(t))], null),

Definition(inradius(t:: Triangle), [radius(incircle(t))], null),
Definition(midperpendicularline(segment(A::Point, B::Point)), [perpendicularline(midpoint(
segment(A, B)), line(A, B))], null),

Definition(distance(A::Point, B::Point), l::Length, null),

Definition(distance(A::Point, 1::Line), [distance(A, foot(A, 1))], null),
Definition(pointon(o::Circle), [A::Point where incident(A, 0)], null),
Definition(pointon(l::Line), [A::Point where incident(A, 1)], null),
Definition(midpoint(A::Point, B::Point), [midpoint(segment(A, B))], null),
Definition(midpoint(segment(A::Point, B::Point)), [C::Point where and(equal(distance(C, A),
distance(C, B)), incident(C, line(A, B)))], null),

Definition(circle(O::Point, A::Point), [circle(O, distance(O, A))], null),
Definition(circle(A::Point, B::Point, C::Point), [circle(O::Point, A) where and(equal(distance(O,
A), distance(O, B)), equal(distance(O, A), distance(O, C)))], null),

Definition(foot(A::Point, 1::Line), [intersection(perpendicularline(A, 1), 1)], not(incident(A, 1)),
Definition(intersection(l::Line, m::Line), [A::Point where and(incident(A, 1), incident(A, m))],
not(parallel(l, m))),

Definition(intersection(l::Line, o::Circle), {[A::Point where and(incident(A, 1), incident(A, 0))]; [
B::Point where and(incident(B, 1), incident(B, 0))]}, intersect(l, 0)),
Definition(intersection(halfline(A::Point, B::Point), o::Circle), [C::Point where and(incident(C,
halfline(A, B)), incident(C, 0))],in(A, 0)),

Definition(intersection(m::Circle, n::Circle), {[A::Point where and(incident(A, m), incident(A,
n))]; [B::Point where and(incident(B, m), incident(B, n))]}, intersect(m, n)),
Definition(tangentpoint(l::Line, o::Circle), [A::Point where and(incident(A, 1), incident(A, 0))],
tangent(l, 0)),

Definition(tangentpoint(m::Circle, n::Circle), [A::Point where and(incident(A, m), incident(A,

n))], tangent(m, n)),
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Definition(2tangentline(A::Point, o::Circle), {[1::Line where and(incident(A, 1), tangent(l, 0))]; [
m::Line where and(incident(A, m), tangent(m, 0))]}, out(A, o)),
Definition(1tangentline(A::Point, o::Circle), [perpendicularline(A, line(A, Center(0)))],
incident(A, 0)),

Definition(center(circle(O::Point, r::Length)), [O], null),

Definition(radius(circle(O::Point, r::Length)), [segment(O, B::Point) where equal(
distance(O, B), r)], null),

Definition(length(radius(circle(O::Point, r::Length))), [r], null),
Definition(SBintangentcircle(A::Point, o::Circle), [circle(A, B::Point) where
SBintangent(circle(A, B), 0)], and(in(A, o), not(is(A, center(0))))),
Definition(BSintangentcircle(A::Point, o::Circle), [circle(A, B::Point) where
BSintangent(circle(A, B), 0)], not(is(A, center(0)))),

Definition(extangentcircle(A::Point, o::Circle), [circle(A, B::Point) where

extangent(circle(A, B), 0)], out(A, 0)),

Definition(tangent(m::Circle, n::Circle), [or(extangent(m, n), intangent(m, n))], null),
Definition(tangentcircle(A::Point, o::Circle), [circle(A, B::Point) where

tangent(circle(A, B), 0)], not(is(A, center(0)))),

Definition(extangent(m::Circle, n::Circle), [equal(plus(length(radius(m)),

length(radius(n))), distance(center(m), center(n)))], null),

Definition(intangent(m::Circle, n::Circle), [or(BSintangent(m, n), SBintangent(m, n))], null),
Definition(BSintangent(m::Circle, n::Circle), [equal(minus(length(radius(m)), length(radius(
n))), distance(center(m), center(n)))], null),

Definition(SBintangent(m::Circle, n::Circle), [equal(minus(length(radius(n)), length(radius(
m))), distance(center(m), center(n)))], null),

Definition(side(A::Point, B::Point), [segment(A, B)], null),

Definition(median(A::Point, segment(B::Point, C::Point)), [segment(A, midpoint(segment(B,
Q)))], not(collinear(A, B, C))),

Definition(medians(triangle(A::Point, B::Point, C::Point)), [median(A, segment(B, C))];[
median(B, segment(A, C))]; [median(C, segment(A, B))], null),
Definition(medians(triangle(A::Point, B::Point, C::Point)), [median(A, segment(B, C))];[

median(B, segment(A, C))]; [median(C, segment(A, B))], null),
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Definition(cevian(A::Point, segment(B::Point, C::Point)), [segment(A, D::Point) where incident(
D, segment(B, C))], not(collinear(A, B, C))),

Definition(altitude(A::Point, segment(B::Point, C::Point)), [segment(A, foot(A, line(B, C)))],
not(collinear(A, B, C))),

Definition(altitudeline(A::Point, segment(B::Point, C::Point)), [perpendicularline(A, line(B,
C))], not(collinear(A, B, C))),

Definition(bisectorline(A::Point, B::Point, C::Point), [line(B, D::Point) where equal(size(
angle(C, B, D)), size(angle(D, B, A)))], null),

Definition(bisector(B::Point, A::Point, C::Point), [segment(A, intersection(bisectorline(B, A, C),
line(B, C)))], not(collinear(A, B, C))),

Definition(bisectors(triangle(A::Point, B::Point, C::Point)), {[bisector(A, B, C)]; [bisector(B, C,
A)]; [bisector(C, A, B)]}, null),

Definition(ninepointcircle(triangle(A::Point, B::Point, C::Point)), [circle(foot(A, line(B, C)),
foot(B, line(A, C)), foot(C, line(A, B)))], null),

Definition(Eulerpoint(A::Point, t:: Triangle), [midpoint(segment(A, orthocenter(t)))], null),
Definition(Eulerline(a::Triangle), [collinearline(orthocenter(a), centroid(a), circumcenter(a))],
null),

Definition(collinearline(A::Point, B::Point, C::Point), [line(choosediff({ A; B; C}, 2))], collinear
(A,B,Q)),

Definition(concurrentpoint(l::Line, m::Line, n::Line), [intersection(choosediff({1; m; n}, 2))],
concurrent(l, m, n)),

Definition(concurrentpoint(segment(A::Point, B::Point), segment(C::Point, D::Point),
segment(E::Point, F::Point)), [concurrentpoint(line(A, B), line(C, D), line(E, F))], null),
Definition(circumcircle(triangle(A::Point, B::Point, C::Point)), [circle(A, B, C)], null),
Definition(incircle(triangle(A::Point, B::Point, C::Point)), [circle(O::Point, distance(O, line(A,
B))) where and(equal(distance(O, line(A, B)), equal(O, line(B, C))), equal(distance(O,

line(A, B)), equal(O, line(A, C))), isin(O, triangle(A, B, C)))], null),

Definition(excircle(C::Point, side(A::Point, B::Point)), [circle(O::Point, distance(O, line(A,

B))) where and(equal(distance(O, line(A, B)), equal(O, line(B, C))), equal(distance(O, line(A, B)),
equal(O, line(A, C))), differentside(A, O, line(B, C)))], null),

Definition(excircle(triangle(A::Point, B::Point, C::Point)), {[excircle(A, side(B, C))]; [excircle(B,

-161 -



o

side(A, Q))]; [excircle(C, side(A, B))]}, null),

Definition(escenter(C::Point, side(A::Point, B::Point)), [center(excircle(C, side(A, B)))], null),
Definition(escenter(triangle(A::Point, B::Point, C::Point)), {[center(excircle(A, side(B, C)))]; [
center(excircle(B, side(A, C)))]; [center(excircle(C, side(A, B)))]}, null),
Definition(tritangentcircle(triangle(A::Point, B::Point, C::Point)), {[incircle(triangle(A, B, C))

]; [excircle(A, side(B, C))]; [excircle(B, side(A, C))]; [excircle(C, side(A, B))]}, null),
Definition(equilateraltriangle(A::Point, B::Point, C::Point), [triangle(A, B, C) where and(equal
(length(side(A, B)), length(side(A, C))), equal(length(side(A, B)), length(side(B, C))))], null),
Definition(externalequilateraltriangle(segment(A::Point, B::Point), C::Point), [equilateral-
triangle(A, B, D::Point) where differentside(C, D, line(A, B))], not(incidentLine(C, line(A, B)))),
Definition(Napoleontriangle(triangle(A::Point, B::Point, C::Point)), [triangle(barycenter(
externalequilateraltriangle(side(B, C), A)), barycenter(externalequilateraltriangle(side(C, A),
B)), barycenter(externalequilateraltriangle(side(A, B), C)))], null),

Definition(Pappus(A::Point, B::Point, C::Point, D::Point, E::Point, F::Point, P::Point, Q::Point,
R::Point), [configuration(C := pointon(line(A, B)), F := pointon(line(D, E)), P := intersection(
line(A, E), line(D, B)), Q := intersection(line(A, F), line(D, C)), R := intersection(line(B, F), line(E,
O))]; null),

Definition(concyclic(A::Point, B::Point, C::Point, D::Point, E::Point, F::Point), [configuration(
O::Point := center(circle(A, B, C)), incident(D, circle(O, A)), incident(E, circle(O, A)), incident(F,
circle(O, A)))], null),

Definition(concyclic(A::Point, B::Point, C::Point, D::Point), [incident(D, circle(A, B, C))], null),
Definition(completequadrilateral(A::Point, B::Point, C::Point, D::Point, E::Point, F::Point), [con-
figuration(E := intersection(line(A, B), line(C, D)), F := intersection(line(A, C), line(B, D)))], null),
Definition(diagonal(completequadrilateral(A::Point, B::Point, C::Point, D::Point, E::Point, F::
Point)), {[segment(A, D)]; [segment(B, C)]; [segment(E, F)]}, null),
Definition(Gaussline(A::Point, B::Point, C::Point, D::Point), [collinearline(midpoint(diagonal
(completequadrilateral(A, B, C, D, E::Point, F::Point))))], null),

Definition(Simsonline(D::Point, triangle(A::Point, B::Point, C::Point)), [collinearline(foot(D,
side(A, B)), foot(D, side(A, C)), foot(D, side(B, C)))], incident(D, circumcircle(triangle(A, B, C)))),
Definition(mediator(segment(A::Point,B::Point)),[midperpendicularline(segment(A,B))],null),

Definition(orthictriangle(triangle(A::Point, B::Point, C::Point)), [triangle(foot(A, side(B, C)),
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foot(B, side(A, C)), foot(C, side(A, B)))], null),

Definition(homothetic(triangle(A::Point, B::Point, C::Point), triangle(A::Point, B::Point,
C::Point)), [and(parallel(line(A, B), line(D, E)), parallel(line(A, C), line(D, F)), parallel(line(B, C),
line(E, F)))], null),

Definition(homotheticcenter(triangle(A::Point, B::Point, C::Point), triangle(D::Point, E::Point,
F::Point)), [concurrentpoint(line(A, D), line(B, E), line(C, F))], null),
Definition(tangentialtriangle(triangle(A::Point, B::Point, C::Point)), [triangle(D::Point,
E::Point, F::Point) where and(equal(length(segment(O::Point, A)), length(segment(O, B))),
equal(length(segment(O, A)), length(segment(O, C))), perpendicular(line(O, A), line(E, F)),
perpendicular(line(O, B), line(D, F)), perpendicular(line(O, C), line(D, E)))], null),
Definition(antiparallel(l::Line,m::Line,n::Line),[equal(size(angle(l,n)),size(angle(n,m)))] null),
Definition(orthorcentricgroup(H::Point, triangle(A::Point, B::Point, C::Point)), [configuration(
H := orthocenter(triangle(A, B, C)))], null),

Definition(circumdiameterline(A::Point, side(B::Point, C::Point)), [line(A, circumcenter(
triangle(A, B, C)))], null),

Definition(symmetry(A::Point, line(B::Point, C::Point)), [D::Point where and(perpendicular(
line(A, D), line(B, C)), equal(distance(A, line(B, C)), distance(D, line(B, C))))], null),
Definition(anticomplementarytriangle(triangle(A::Point, B::Point, C::Point)), [triangle(D::Point,
E::Point, F::Point) where and(is(A, midpoint(segment(D, E))), is(B, midpoint(segment(E, F))),
is(C, midpoint(segment(D, F))))], null),

Definiiton(anticenter(cyclicquadrilateral(A::Point, B::Point, C::Point, D::Point)), [
concurrentpoint(maltitude(quadrilateral(A, B, C, D)))], null),
Definition(maltitude(quadrilateral(A::Point, B::Point, C::Point, D::Point)), {[
perpendicularline(midpoint(A, B), line(C, D))]; [perpendicularline(midpoint(B, C),

line(A, D))]; [perpendicularline(midpoint(C, D), line(A, B))]; [perpendicularline(

midpoint(A, D), line(B, C))]}, null),

Definition(cyclicquadrilateral(A::Point, B::Point, C::Point, D::Point), [quadrilateral

(A, B, C, D) where incident(D, circle(A, B, C))], null),
Definition(orthodiagonalquadrilateral(A::Point, B::Point, C::Point, D::Point), [
quadrilateral(A, B, C, D) where perpendicular(line(A, C), line(B, D))], null),

Definition(Miquelcircle(A::Point, D::Point, E::Point, side(B::Point, C::Point)), [
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circle(A, D, E) where and(incident(D, segment(A, B)), incident(E, segment(A, C)))], null),
Definition(contacttriangle(triangle(A::Point, B::Point, C::Point)), [triangle(foot(

O::Point, line(A, B)), foot(O, line(A, C)), foot(O, line(B, C)))where is(O, incenter(
triangle(A, B, C)))], null),

Definition(parallelogram(A::Point, B::Point, C::Point, D::Point), [quadrilateral(A, B, C, D)
where and(parallel(line(A, B), line(C, D)), parallel(line(A, D), line(B, C)))], null)

)

-164 -



BRI IR K2 22150

F. #1580 78 R 7R

Script( Definition(point(), A::Point, null),

Definition(line(A::Point, B::Point), a::Line, not(is(A, B))),

Definition(segment(A::Point, B::Point), s::Segment, not(is(A, B))),
Definition(length(segment(A::Point, B::Point)), [distance(A, B)], null),
Definition(halfline(A::Point, B::Point), h::Halfline, not(is(A, B))),
Definition(triangle(A::Point, B::Point, C::Point), t:: Triangle, not(collinear(A, B, C))),
Definition(triangle(l::Line, m::Line, n::Line), [triangle(intersection(l, m), intersection(l, n),
intersection(m, n))], not(concurrent(l, m, n))),

Definition(quadrilateral(A::Point, B::Point, C::Point, D::Point), a:Quadrilateral, null),
Definition(angle(A::Point, B::Point, C::Point), a:: Angle, and(not(is(A, B)), not(is(B, C)), not(is
(A, O)),

Definition(angle(line(A::Point, B::Point), line(C::Point, D::Point)), [angle(A, intersection
(line(A, B), line(C, D)), C) where intersect(line(A, B), line(C, D))], null),
Definition(conic(A::Point, B::Point, C::Point, D::Point, E::Point), c::Conic, null),
Definition(size(angle(A::Point, B::Point, C::Point)), s::Degree, null),
Definition(circle(O::Point, r::Length), c::Circle, not(equal(r, 0::Length))),
Definition(arc(A::Point, B::Point, C::Point), a:: Arc, null),
Definition(perpendicularline(A::Point, 1::Line), m::Line, null),
Definition(parallelline(A::Point, I::Line), m::Line, not(incident(A, 1)),
Definition(is(A::Point, B::Point), b::Boolean, null),

Definition(is(line(A::Point, B::Point), 1::Line), [and(incident(A, 1), incident(B, 1))], null),
Definition(is(triangle(A::Point, B::Point, C::Point), triangle(D::Point, E::Point, F::Point)), [
and(is(A, D), is(B, E), is(C, F))], null),

Definition(incident(A::Point, o::Circle), [equal(distance(center(o), A), length(radius(0)))],
null),

Definition(incident(A::Point, I::Line), b::Boolean, null),

Definition(incident(A::Point, segment(B::Point, C::Point)), [and(incident(A, line(B, C)),
differentside(A, B, C))], null),

Definition(incident(A::Point, line(B::Point, C::Point)), b::Boolean, null),

-165-



o

Definition(incident(A::Point, halfline(B::Point, C::Point)), [and(incident(A, line(B, C)),
sameside(A, C, B))], null),

Definition(incident(A::Point, perpendicularline(B::Point, I::Line)), [perpendicular(line
(A, B), )], null),

Definition(incident(A::Point, parallelline(B::Point, 1::Line)), [parallel(line(A, B),1)],
null),

Definition(incident(A::Point, bisector(B::Point, C::Point, D::Point)), [equal(distance(A,
line(B, C)), distance(A, line(C, D)))], null),

Definition(ratio(A::GeometricQuantity, B::GeometricQuantity), a:: AlgebraicQuantity, null),
Definition(ratio(a::AlgebraicQuantity, b::AlgebraicQuantity), a:: AlgebraicQuantity, null),
Definition(equal(ratio(A::GeometricQuantity, B::GeometricQuantity), ratio(
a::AlgebraicQuantity, b::AlgebraicQuantity)), [equal(times(b, A), times(a, B))], null),
Definition(isout(A::Point, o::Circle), [lt(length(radius(0)), distance(A, center(0)))], null),
Definition(isin(A::Point, o::Circle), [lt(distance(A, center(0)), length(radius(o)))], null),
Definition(isin(O::Point, triangle(A::Point, B::Point, C::Point)), b::Boolean, null),
Definition(collinear(A::Point, B::Point, C::Point), [incident(A, line(B, C))], and(
not(is(A, B)), not(is(B, C€)))),

Definition(concurrent(l::Line, m::Line, n::Line), [incident(intersection(l, m), n)],
and(not(is(l, n)), not(is(m, n)))),

Definition(perpendicular(line(A::Point, B::Point), line(C::Point, D::Point)), b::boolean,
null),

Definition(parallel(line(A::Point, B::Point), line(C::Point, D::Point)), b::Boolean, null),
Definition(intersect(l::Line, m::Line), [not(parallel(l, m))], null),
Definition(intersect(l::Line, m::Circle), [It(distance(center(m), 1), length(radius(m)))],
null),

Definition(intersect(m::Circle, n::Circle), [lt(distance(center(m), center(n)), plus(length
(radius(m)), length(radius(n))))], null),

Definition(sameside(A::Point, B::Point, I::Line), b::Boolean, null),
Definition(sameside(A::Point, B::Point, C::Point), b::Boolean, null),
Definition(differentside(A::Point, B::Point, I::Line), b::Boolean, null),

Definition(differentside(A::Point, B::Point, C::Point), b::Boolean, null),
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Definition(endpoint(segment(A::Point, B::Point)), {[A]; [B]}, null),
Definition(vertex(triangle(A::Point, B::Point, C::Point)), {[A]; [B]; [C]}, null),
Definition(orthocenter(triangle(A::Point, B::Point, C::Point)), [concurrentpoint(
altitudeline(A, side(B, C)), altitudeline(B, side(A, C)), altitudeline(C, side(A, B)))], null),
Definition(centroid(triangle(A::Point, B::Point, C::Point)), [concurrentpoint(median(A,
side(B, C)), median(B, side(A, C)), median(C, side(A, B)))], null),
Definition(barycenter(triangle(A::Point, B::Point, C::Point)), [centroid(triangle(A, B, C))],
null),

Definition(geometriccenter(triangle(A::Point, B::Point, C::Point)), [centroid(triangle
(A, B, C))], null),

Definition(incenter(t:: Triangle), [center(incircle(t))], null),

Definition(circumcenter(t:: Triangle), [center(circumcircle(t))], null),
Definition(circumradius(t:: Triangle), [radius(circumcircle(t))], null),
Definition(inradius(t:: Triangle), [radius(incircle(t))], null),
Definition(midperpendicularline(segment(A::Point, B::Point)), [perpendicularline(midpoint
(segment(A, B)), line(A, B))], null),

Definition(distance(A::Point, B::Point), l::Length, null),

Definition(distance(A::Point, 1::Line), [distance(A, foot(A, 1))], null),
Definition(pointon(o::Circle), A::Point, null),

Definition(pointon(l::Line), A::Point, null),

Definition(midpoint(A::Point, B::Point), [midpoint(segment(A, B))], null),
Definition(midpoint(segment(A::Point, B::Point)), C::Point, null),
Definition(circle(O::Point, A::Point), o::Circle, null),

Definition(circle(A::Point, B::Point, C::Point), 0::Circle, null),

Definition(foot(A::Point, 1::Line), [intersection(perpendicularline(A, 1), 1)], not(
incident(A,1))),

Definition(intersection(l::Line, m::Line), A::Point, intersect(l, m)),
Definition(intersection(l::Line, 0::Circle), A::Point, intersect(l, 0)),
Definition(intersection(halfline(A::Point, B::Point), o::Circle), C::Point, in(A, 0)),
Definition(intersection(m::Circle, n::Circle), A::Point, intersect(m, n)),

Definition(tangentpoint(l::Line, o::Circle), A::Point, tangent(l, 0)),
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Definition(tangentpoint(m::Circle, n::Circle), A::Point, tangent(m, n)),
Definition(2tangentline(A::Point, o::Circle), l::Line, out(A, 0)),
Definition(1tangentline(A::Point, o::Circle), [perpendicularline(A, line(A, Center(0)))],
incident(A, 0)),

Definition(center(o::Circle), O::Point, null),

Definition(radius(o::Circle), [segment(center(o), pointon(o))], null),
Definition(SBintangentcircle(A::Point, o::Circle), [circle(A, intersection(halfline
(center(0), A), 0))], and(in(A, 0), not(is(A, center(0))))),
Definition(BSintangentcircle(A::Point, o::Circle), [circle(A, intersection(halfline

(A, center(0)), 0))], and(in(A, o), not(is(A, center(0))))),
Definition(extangentcircle(A::Point, o::Circle), [circle(A, intersection(segment(
center(0), A), 0))], out(A, 0)),

Definition(tangent(m::Circle, n::Circle), [or(extangent(m, n), intangent(m, n))], null),
Definition(tangentcircle(A::Point, o::Circle), [circle(A, intersection(line(center(o),

A), 0))], not(is(A, center(0)))),

Definition(extangent(m::Circle, n::Circle), [equal(plus(length(radius(m)), length(radius
(n))), distance(center(m), center(n)))], null),

Definition(intangent(m::Circle, n::Circle), [or(BSintangent(m, n), SBintangent(m, n))], null),
Definition(BSintangent(m::Circle, n::Circle), [equal(minus(length(radius(m)), length(
radius(n))), distance(center(m), center(n)))], null),

Definition(SBintangent(m::Circle, n::Circle), [equal(minus(length(radius(n)), length(
radius(m))), distance(center(m), center(n)))], null),

Definition(side(A::Point, B::Point), [segment(A, B)], null),

Definition(median(A::Point, segment(B::Point, C::Point)), [segment(A, midpoint(segment
(B, ©)))], not(collinear(A, B, C))),

Definition(cevian(A::Point, segment(B::Point, C::Point)), [segment(A, D::Point)where
D := pointon(segment(B, C))], not(collinear(A, B, C))),

Definition(altitude(A::Point, segment(B::Point, C::Point)), [segment(A, foot(A, line

(B, ©)))], not(collinear(A, B, C))),

Definition(altitudeline(A::Point, segment(B::Point, C::Point)), [perpendicularline

(A, line(B, €))], not(collinear(A, B, C))),
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Definition(bisectorline(A::Point, B::Point, C::Point), I::Line, null),
Definition(bisector(B::Point, A::Point, C::Point), [segment(A, intersection(bisectorline
(B, A, C), line(B, C)))], not(collinear(A, B, C))),

Definition(bisectors(triangle(A::Point, B::Point, C::Point)), {[bisector(A, B, C)]; [bisector(B, C,
A)]; [bisector(C, A, B)]}, null),

Definition(ninepointcircle(triangle(A::Point, B::Point, C::Point)), [circle(midpoint

(A, B), midpoint(A, C), midpoint(B, C))], null),

Definition(Eulerpoint(A::Point, t:: Triangle), [midpoint(segment(A, orthocenter(t)))], null),
Definition(Eulerline(a::Triangle), [collinearline(orthocenter(a), centroid(a), circumcenter
(a))], null),

Definition(collinearline(A::Point, B::Point, C::Point), [line(choosediff({ A; B; C}, 2))],
collinear(A, B, C)),

Definition(concurrentpoint(l::Line, m::Line, n::Line), [intersection(choosediff({l; m;n},
2))], concurrent(l, m, n)),

Definition(concurrentpoint(segment(A::Point, B::Point), segment(C::Point, D::Point),
segment(E::Point, F::Point)), [concurrentpoint(line(A, B), line(C, D), line(E, F))], null),
Definition(circumcircle(triangle(A::Point, B::Point, C::Point)), [circle(A, B, C)], null),
Definition(incircle(triangle(A::Point, B::Point, C::Point)), [circle(O::Point, foot(O,

line(A, B))) where O := intersection(bisectorline(A, B, C), bisectorline(B, C, A))], null),
Definition(excircle(C::Point, side(A::Point, B::Point)), [circle(O::Point, foot(O, line(

A, B))) where O := intersection(bisectorline(C, B, A), bisectorline(B, A, C))], null),
Definition(escenter(C::Point, side(A::Point, B::Point)), [intersection(bisectorline

(C, B, A), bisectorline(B, A, C))], null),

Definition(escenter(triangle(A::Point, B::Point, C::Point)), {[escenter(A, side(B, C))

]; [escenter(B, side(A, C))]; [escenter(C, side(A, B))]}, null),
Definition(excircle(triangle(A::Point, B::Point, C::Point)), {[excircle(A, side(B, C))

I; [excircle(B, side(A, C))]; [excircle(C, side(A, B))]}, null),
Definition(tritangentcircle(triangle(A::Point, B::Point, C::Point)), {[incircle(

triangle(A, B, C))]; [excircle(A, side(B, C))]; [excircle(B, side(A, C))]; [excircle(C,

side(A, B))]}, null),

Definition(equilateraltriangle(A::Point, B::Point, C::Point), [triangle(A, B, rotate
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(A, B, pi/3))], null),
Definition(externalequilateraltriangle(segment(A::Point, B::Point), C::Point), [triangle

(A, B, rotate(A, B, pi/3))], not(incidentLine(C, line(A, B)))),
Definition(Napoleontriangle(triangle(A::Point, B::Point, C::Point)), [triangle(barycenter
(externalequilateraltriangle(side(B, C), A)), barycenter(externalequilateraltriangle(side
(C, A), B)), barycenter(externalequilateraltriangle(side(A, B), C)))], null),
Definition(Pappus(A::Point, B::Point, C::Point, D::Point, E::Point, F::Point, P::Point,
Q::Point, R::Point), [configuration(C := pointon(line(A, B)), F := pointon(line(D, E)),

P := intersection(line(A, E), line(D, B)), Q := intersection(line(A, F), line(D, C)),

R :=intersection(line(B, F), line(E, C)))], null),

Definition(concyclic(A::Point, B::Point, C::Point, D::Point, E::Point, F::Point), [
configuration(O::Point := center(circle(A, B, C)), D := pointon(circle(O, A)),

E := pointon(circle(O, A)), F := pointon(circle(O, A)))], null),
Definition(concyclic(A::Point, B::Point, C::Point, D::Point), [incident(D, circle(A, B, C))],
null),

Definition(completequadrilateral(A::Point, B::Point, C::Point, D::Point, E::Point, F::Point), [
configuration(E := intersection(line(A, B), line(C, D)), F := intersection(line(A, C), line(B, D)))],
null),

Definition(diagonal(completequadrilateral(A::Point, B::Point, C::Point, D::Point, E::Point,
F::Point)), {[segment(A, D)]; [segment(B, C)]; [segment(E, F)]}, null),
Definition(Gaussline(A::Point, B::Point, C::Point, D::Point), [collinearline(midpoint(
diagonal(completequadrilateral(A, B, C, D, E::Point, F::Point))))], null),
Definition(Simsonline(D::Point, triangle(A::Point, B::Point, C::Point)), [collinearline
(foot(D, side(A, B)), foot(D, side(A, C)), foot(D, side(B, C)))], null),
Definition(mediator(segment(A::Point, B::Point)), [midperpendicularline(segment(A, B))],
null),

Definition(orthictriangle(triangle(A::Point, B::Point, C::Point)), [triangle(foot(A, line

(B, Q)), foot(B, line(A, C)), foot(C, line(A, B)))], null),
Definition(homothetic(triangle(A::Point, B::Point, C::Point), triangle(A::Point, B::Point,
C::Point)), [and(parallel(line(A, B), line(D, E)), parallel(line(A, C), line(D, F)), parallel
(line(B, C), line(E, F)))], null),
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Definition(homotheticcenter(triangle(A::Point, B::Point, C::Point), triangle(D::Point,
E::Point, F::Point)), [concurrentpoint(line(A, D), line(B, E), line(C, F))], null),
Definition(tangentialtriangle(triangle(A::Point, B::Point, C::Point)), [triangle(
perpendicularline(A, line(O::Point, A)), perpendicularline(B, line(O, B)), perpendicularline
(C,1line(O, C))) where O := circumcenter(triangle(A, B, C))], null),
Definition(antiparallel(l::Line, m::Line, n::Line), [equal(size(angle(l, n)), size(angle

(n, m)))], null),

Definition(orthorcentricgroup(H::Point, triangle(A::Point, B::Point, C::Point)), [
configuration(H := orthocenter(triangle(A, B, C)))], null),
Definition(circumdiameterline(A::Point, side(B::Point, C::Point)), [line(A,
circumcenter(triangle(A, B, C)))], null),

Definition(symmetry(A::Point, line(B::Point, C::Point)), [symmetry(A, foot(A, line(B, C)))],
null),

Definition(symmetry(A::Point, B::Point), C::Point, null),
Definition(anticomplementarytriangle(triangle(A::Point, B::Point, C::Point)), [triangle
(D::Point, E::Point, F::Point) where and(is(A, midpoint(segment(D, E))), is(B, midpoint(
segment(E, F))), is(C, midpoint(segment(D, F))))], null),
Definition(anticenter(cyclicquadrilateral(A::Point, B::Point, C::Point, D::Point)), [
concurrentpoint(maltitude(quadrilateral(A, B, C, D)))], null),
Definition(maltitude(quadrilateral(A::Point, B::Point, C::Point, D::Point)), {[
perpendicularline(midpoint(A, B), line(C, D))]; [perpendicularline(midpoint(B, C), line(A, D))
I; [perpendicularline(midpoint(C, D), line(A, B))]; [perpendicularline(midpoint(A, D),
line(B, C))]}, null),

Definition(cyclicquadrilateral(A::Point, B::Point, C::Point, D::Point), [quadrilateral

(A, B, C, pointon(circle(A, B, C)))], null),

Definition(orthodiagonalquadrilateral(A::Point, B::Point, C::Point, D::Point), [
quadrilateral(A, B, C, pointon(perpendicularline(B, line(A, C))))], null),
Definition(Miquelcircle(A::Point, D::Point, E::Point, side(B::Point, C::Point)), [

circle(A, pointon(line(A, B)), pointon(line(A, C)))], null),
Definition(contacttriangle(triangle(A::Point, B::Point, C::Point)), [triangle(foot

(O::Point, line(A, B)), foot(O, line(A, C)), foot(O, line(B, C)))where O := incenter(triangle
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(A, B, C))],null),

Definition(rotate(A::Point, B::Point, d::Degree), C::Point, not(is(A, B))),
Definition(parallelogram(A::Point, B::Point, C::Point, D::Point), [quadrilateral(A, B, C, D)
where D := intersection(parallelline(A, line(B, C)), parallelline(C, line(A, B)))], null)

)
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