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Summary. Some auxiliary theorems needed to formalize the proof of the Jordan
Curve Theorem according to [20] are proved.
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The articles([211],[[9],[T1],[17],[[1B],[124],[12].141,15],128],[[15],[8],[[18] [16],[122],171,[[11] [112],
[13], [10Q], [14], [1€], and[[3] provide the notation and terminology for this paper.

1. PRELIMINARIES

The following propositions are true:

(1) For every natural number such that 1< i1 holdsi; —'1 < iz.

(2) For all natural numbetisk such that +1 < k holds 1< k—'1i.

(3) For all natural numberisk such that I< i and 1< k holds(k—"i) + 1 < k.

(4) For every real numbersuch that € the carrier ofl holds 1—r € the carrier off.

(5) For all pointsp, g, p1 of £2 such thatp; # gz andp; € £(p,q) holds if (p1)2 = pz, then
P1=p.

(6) For all pointsp, g, p1 of £2 such thatp; # g andpy € £(p,q) holds if (p1)1 = p1, then
P1=p.

(7) Letf be a finite sequence of elementsﬁ, P be a non empty subset GI? F be a map
from I into (Z%)[P, andi be a natural number. Suppose<d andi+1 <lenf andf is a
special sequence af= Z(f) andF is a homeomorphism arfé(0) = f; andF (1) = fiens.
Then there exist real numbeps, p2 such thafp; < pz and 0< p; andp; < 1 and 0< p, and
p2 < 1landL(f,i)=F°[p1, pz] andF(p1) = fi andF(p2) = fi;1.

(8) Letf be afinite sequence of elementskf, Q, Rbe non empty subsets @, F be a map
fromT into (z%) [Q, i be a natural number, aRlbe a non empty subset bf Suppose that
is a special sequence aRds a homeomorphism arfd(0) = f; andF (1) = fiens and 1<i
andi+1<lenf andF°P = L(f,i) andQ = L(f) andR= £(f,i). Then there exists a map
G from I[P into (£2) [R such thaG = F [P andG is a homeomorphism.
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2. SOME PROPERTIES OF REAL INTERVALS
We now state several propositions:

(9) For all pointsps, pz, p of £2 such thatp, # p, andp € L(py, p2) holdsp <p, p, p-
(10) For all pointsp, p1, p2 of £2 such thatp; # pz andp € L(p1, p2) holdspy <p, p, P.
(11) For all pointsp, p1, p2 of £2 such thatp € L(p1, p2) andpy # pz holdsp <p, p, P2

(12) For all pointsps, Pz, A1, G2, gz of 2 such thatp, # p, anddy <p,.p, G2 anddz <p, p, U
(13) For all pointsp, g of 2 such thatp # q holds L(p,q) = { p1; p1 ranges over points af2:
P<pgP1 A P1<pg q}.

(14) Letnbe a natural numbeP, be a subset o£], andp;, p2 be points of£7. If Pis an arc
from p;1 to py, thenP is an arc fromp; to p;.

(15) Leti be a natural numbef, be a finite sequence of eIementsZéﬁ, andP be a subset of
Z%. Suppose is a special sequence angld andi+ 1 <lenf andP = L(f,i). ThenPis an
arc fromf; to fi 1.

3. CUTTING OFF SEQUENCES
The following propositions are true:

(16) Letg; be a finite sequence of eIementsﬁ andi be a natural number. Suppose& 1 and
i <leng; andg; is a special sequence.(§1)1 € L(mid(gs,i,lengi)), theni = 1.

(17) Letf be a non empty finite sequence of elementﬂ%fand p be a point of’E%. If fisa
special sequence amd= f(lenf), then|p, f = (p).

(21E| Let f be a non empty finite sequence of eIement@%andp be a point ofE%. If pe Z(f)
andp # f(lenf) andf is a special sequence, then In@ex p, f) = 1.

(22) Letf be a non empty finite sequence of elemenm%)fandp be a point ofE%. If pe Z(f)
andf is a special sequence apg# f(lenf), thenpe L(| p, ).

(23) Letf be a non empty finite sequence of elememﬁﬁ)fandp be a point ofE%. If pe Z(f)
andf is a special sequence apd4 f(1), thenpe L(| f,p).

(24) Letf be a non empty finite sequence of element&pandp be a point ofE2. If p Z(f)
andf is a special sequence, thgjp, f, p= (p).

(25) Letf be a non empty finite sequence of elementgjéhnd p, q be points ofz%. Suppose
pe L(f) andge L(f) andqg+# f(lenf) andp= f(lenf) andf is a special sequence. Then
peL(la,f).

(26) Letf be a non empty finite sequence of elementﬁ)fand p, q be points off%. Suppose

p# f(lenf) orq# f(lenf) andp € L(f) andg € L(f) and f is a special sequence. Then
pe L(lg,f)orge L(|p,f).

(27) Letf be a non empty finite sequence of eIementsEéfand p, g be points off%. If
pe L(f)andge L(f) andf is a special sequence, théx|| p, f,q) C L(f).

1 The propositions (18)—(20) have been removed.
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(28) Let f be a non constant standard special circular sequencd, antbe natural num-

bers. Suppose £ i and j < lenthe Go-board off andi < j. Then L(the Go-board of
f o (1,widththe Go-board of ),the Go-board of o (i, widththe Go-board of )) N L(the Go-

board off o (], widththe Go-board of ), the Go-board of o (lenthe Go-board of, widththe

Go-board off )) = 0.

(29) Letf be a non constant standard special circular sequencg, grige natural numbers.

Suppose X i andj < widththe Go-board of andi < j. Then£(the Go-board of o (lenthe
Go-board off, 1),the Go-board off o (lenthe Go-board of, i)) N £L(the Go-board off o
(lenthe Go-board of, j),the Go-board off o (lenthe Go-board of, widththe Go-board of
f))=0.

(30) Letf be a non empty finite sequence of elementgaéfand p be a point ofz%. If fisa

special sequence, ther, f = f.

(31) Letf be a non empty finite sequence of elementﬁéfand p be a point off%. If fisa

special sequence, thed, fiens = f.

(32) For every finite sequendeof elements of£2 and for every poinp of £2 such thatp €

L(f) holdsp € L(findex(p,f)> findexp,f)+1)-

(33) Letf be afinite sequence of elementsZkf, p be a point of£2, andi be a natural number.

Supposé is unfolded, s.n.c., and one-to-one andfien2 andf, € £(f,i). Theni = 1.

(34) Letf be anon constant standard special circular sequégreea natural number, arRibe

a subset ofE%. Suppose K j andj < widththe Go-board of andP = £(the Go-board of
fo(1,]),the Go-board off o (lenthe Go-board of, j)). ThenP is a special polygonal arc
joining the Go-board of o (1, j) and the Go-board of o (lenthe Go-board of, j).

(35) Letf be a non constant standard special circular sequgnoe a natural number, arfel
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be a subset OB% Suppose K j andj <lenthe Go-board of andP = £(the Go-board of
fo(j,1),the Go-board of o (j,widththe Go-board of )). ThenP is a special polygonal arc
joining the Go-board of o (j,1) and the Go-board of o (j,widththe Go-board of).

REFERENCES

Grzegorz Bancerek. The fundamental properties of natural numidersnal of Formalized Mathematicg, 1989./http://mizar.
org/JFM/Voll/nat_1.html}

Grzegorz Bancerek and Krzysztof Hryniewiecki. Segments of natural numbers and finite seqdemeed.of Formalized Mathematics
1,1989.http://mizar.org/JFM/Voll/finseq_l.htmll

Leszek Borys. Paracompact and metrizable spadesrnal of Formalized Mathematic8, 1991. http://mizar.org/JFM/Vol3/
pcomps_1.html}

Czestaw Bylihski. Functions and their basic propertidsurnal of Formalized Mathematic$, 1989/http://mizar.org/JFM/Voll/
funct_1.html,

Czestaw Bylhski. Functions from a set to a séburnal of Formalized Mathematic$, 1989/http://mizar.org/JFM/Voll/funct_
2.htmll

Agata Darmochwat. Families of subsets, subspaces and mappings in topological Spaceal of Formalized Mathematicg, 1989.
http://mizar.org/JFM/Voll/tops_2.html|

Agata Darmochwat. The Euclidean spadeurnal of Formalized Mathematic8, 1991/http://mizar.org/JFM/Vol3/euclid. html}

Agata Darmochwat and Yatsuka Nakamura. The topological sggcercs, line segments and special polygonal ardsurnal of
Formalized Mathemati¢s3, 1991/http://mizar.org/JFM/Vol3/topreall.html}

Krzysztof Hryniewiecki. Basic properties of real numbetgurnal of Formalized Mathematicg, 1989./http://mizar.org/JFM/
Voll/real_1.html}

Katarzyna Jankowska. Matrices. Abelian group of matridesirnal of Formalized Mathematic8, 1991.http://mizar.org/JFM/
Vol3/matrix_1.html.

Stanistawa Kanas, Adam Lecko, and Mariusz Startek. Metric spaloesnal of Formalized Mathematic®, 1990.http://mizar.
org/JFM/Vol2/metric_1l.html,


http://mizar.org/JFM/Vol1/nat_1.html
http://mizar.org/JFM/Vol1/nat_1.html
http://mizar.org/JFM/Vol1/finseq_1.html
http://mizar.org/JFM/Vol3/pcomps_1.html
http://mizar.org/JFM/Vol3/pcomps_1.html
http://mizar.org/JFM/Vol1/funct_1.html
http://mizar.org/JFM/Vol1/funct_1.html
http://mizar.org/JFM/Vol1/funct_2.html
http://mizar.org/JFM/Vol1/funct_2.html
http://mizar.org/JFM/Vol1/tops_2.html
http://mizar.org/JFM/Vol3/euclid.html
http://mizar.org/JFM/Vol3/topreal1.html
http://mizar.org/JFM/Vol1/real_1.html
http://mizar.org/JFM/Vol1/real_1.html
http://mizar.org/JFM/Vol3/matrix_1.html
http://mizar.org/JFM/Vol3/matrix_1.html
http://mizar.org/JFM/Vol2/metric_1.html
http://mizar.org/JFM/Vol2/metric_1.html

THE ORDERING OF POINTS ON A CURVEPART I 4

[12] Jarostaw Kotowicz and Yatsuka Nakamura. Introduction to Go-Board — pddurnal of Formalized Mathematicd, 1992.http:
//mizar.orq/JFM/Vold/goboardl.html.

[13] Jarostaw Kotowicz and Yatsuka Nakamura. Introduction to Go-Board — patblrnal of Formalized Mathematicd, 1992 http:
//mizar.org/JFM/Vol4/goboard2.htmll

[14] Yatsuka Nakamura and Jarostaw Kotowicz. Connectedness conditions using polygondioarcsl of Formalized Mathematicd,
1992.http://mizar.org/JFM/Vold/topreald.htmll

[15] Yatsuka Nakamura and Roman Matuszewski. Reconstructions of special sequéoge®al of Formalized Mathematic8, 1996.
http://mizar.org/JFM/Vol8/jordan3.htmll

[16] Yatsuka Nakamura and Andrzej Trybulec. Decomposing a Go-Board into dellsnal of Formalized Mathematicg, 1995.http:
//mizar.org/JFM/Vol7/goboard5.html,

[17] Takaya Nishiyama and Yasuho Mizuhara. Binary arithmetiosirnal of Formalized Mathematic§, 1993 http://mizar.org/JFM/
Vol5/binarith.html,

[18] Beata Padlewska and Agata Darmochwat. Topological spaces and continuous funldinsl of Formalized Mathematic, 1989.
http://mizar.org/JFM/Voll/pre_topc.htmll

[19] Konrad Raczkowski and Pawet Sadowski. Topological properties of subsets in real nudersal of Formalized Mathematicg,
1990.http://mizar.org/JFM/Vol2/rcomp_1.html,

[20] Yukio Takeuchi and Yatsuka Nakamura. On the Jordan curve theorem. Technical Report 19804, Dept. of Information Eng., Shinshu
University, 500 Wakasato, Nagano city, Japan, April 1980.

[21] Andrzej Trybulec. Tarski Grothendieck set theodgurnal of Formalized Mathematicé\xiomatics, 1989 http://mizar.org/JFM/
Axiomatics/tarski.htmll

[22] Andrzej Trybulec. A Borsuk theorem on homotopy typeeurnal of Formalized Mathematic8, 1991./http://mizar.org/JrFM/
Vol3/borsuk_1.htmll

[23] Wojciech A. Trybulec. Pigeon hole principldournal of Formalized Mathematic, 1990.http://mizar.org/JFM/Vol2/finseq |
4 htmll

[24] Edmund Woronowicz. Relations and their basic propertiesirnal of Formalized Mathematicg, 1989.http://mizar.org/JFM/
Voll/relat_1.htmll.

Received September 10, 1997

Published January 2, 2004


http://mizar.org/JFM/Vol4/goboard1.html
http://mizar.org/JFM/Vol4/goboard1.html
http://mizar.org/JFM/Vol4/goboard2.html
http://mizar.org/JFM/Vol4/goboard2.html
http://mizar.org/JFM/Vol4/topreal4.html
http://mizar.org/JFM/Vol8/jordan3.html
http://mizar.org/JFM/Vol7/goboard5.html
http://mizar.org/JFM/Vol7/goboard5.html
http://mizar.org/JFM/Vol5/binarith.html
http://mizar.org/JFM/Vol5/binarith.html
http://mizar.org/JFM/Vol1/pre_topc.html
http://mizar.org/JFM/Vol2/rcomp_1.html
http://mizar.org/JFM/Axiomatics/tarski.html
http://mizar.org/JFM/Axiomatics/tarski.html
http://mizar.org/JFM/Vol3/borsuk_1.html
http://mizar.org/JFM/Vol3/borsuk_1.html
http://mizar.org/JFM/Vol2/finseq_4.html
http://mizar.org/JFM/Vol2/finseq_4.html
http://mizar.org/JFM/Vol1/relat_1.html
http://mizar.org/JFM/Vol1/relat_1.html

	the ordering of points on a curve. part i By adam grabowski and yatsuka nakamura

