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Summary. In this paper we introduce two new operations on graphs: sum and union
corresponding to parallel and series operation respectively. We detexifiee graph as the
graph that does not embed Necklace 4. We defineR@&tStr” as the set of all graphs with
finite carriers. We also define the smallest class of graphs which contains the one-element
graph and which is closed under parallel and series operations. The goal of the article is to
prove the theorem that the class of finite series-parallel graphs is the class oNfifnge
graphs. This paper formalizes the next parf.of [12].

MML Identifier: NECKLA_ 2.

WWW: http://mizar.org/JFM/Voll5/neckla_2.html

The articles[[14],[1183],[[18],171,[[20],18],[01],[02],13],[[15],[[17],[014],116],[[19],[1T1],[15],[16],1°],
and [10] provide the notation and terminology for this paper.

In this paped is a universal class.

Next we state two propositions:

(1) Forallsets, Y such thaX € U andY € U and for every relatio® betweerX andY holds
ReU.

(2) Theinternal relation of Necklace4 {(0, 1), (1, 0),(1, 2),(2, 1),(2, 3}, (3, 2) }.

Let n be a natural number. Note that every elemeriRgfs finite.
One can prove the following proposition

(3) For every sex such tha € Ug holdsx is finite.

One can verify that every elementdj is finite.
Let us mention that every number which is finite and ordinal is also natural.
Let G be a non empty relational structure. We say tBas N-free if and only if:

(Def. 1) G does not embed Necklace4

Let us mention that there exists a non empty relational structure which is strict, finite, and N-free.
Let R, Sbe relational structures. The functor UnioniRfS) yielding a strict relational structure
is defined by the conditions (Def. 2).
(Def. 2)(i) The carrier of UnionQR, S) = (the carrier oR) U (the carrier ofS), and
(i) theinternal relation of Union@R, S) = (the internal relation oR) U (the internal relation

of S).
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Let R, She relational structures. The functor SuniRfS) yields a strict relational structure and
is defined by the conditions (Def. 3).
(Def. 3)(i) The carrier of SUMQR, S) = (the carrier ofR) U (the carrier ofS), and
(i) the internal relation of SuUm@R S) = (the internal relation oR) U (the internal relation
of S)U [ the carrier ofR, the carrier ofS] U [:the carrier ofS, the carrier oR].
The functor FinRelStr is defined by the condition (Def. 4).

(Def. 4) LetX be a set. TheiX € FinRelStr if and only if there exists a strict relational structRre
such thatX = Rand the carrier oR € Up.

One can check that FinRelStr is non empty.
The subset FinRelStrSp of FinRelStr is defined by the conditions (Def. 5).

(Def. 5)(i) For every strict relational structuResuch that the carrier d®is non empty and trivial
and the carrier oR € Ug holdsR € FinRelStrSp

(i)  for all strict relational structuresl;, H, such that the carrier dfl; misses the carrier of
H» andH; € FinRelStrSp andH, € FinRelStrSp holds Union@fl;, H,) € FinRelStrSp and
SumOfHs,Hy) € FinRelStrSpand

(i)  for every subseM of FinRelStr such that for every strict relational struct®esuch that
the carrier oRis non empty and trivial and the carrierRE Ug holdsR € M and for all strict
relational structuresl;, Ho such that the carrier dfi, misses the carrier dfi, andH, ¢ M
andHz € M holds UnionOfH1,Hz) € M and SumOfHs, H2) € M holds FinRelStrSi- M.

Let us note that FinRelStrSp is non empty.
The following four propositions are true:

(4) For every seK such thatX € FinRelStrSp hold¥ is a finite strict non empty relational
structure.

(5) For every relational structuRRsuch thaR € FinRelStrSp holds the carrier 8¢ Uy.

(6) LetX be a set. Suppose € FinRelStrSp Then
(i) Xis astrict non empty trivial relational structure, or

(i) there exist strict relational structurds;, Hy, such that the carrier oH; misses the
carrier of Hy and Hy € FinRelStrSp andH; € FinRelStrSp andX = UnionOf(H1,H,) or
X = SumO(Hl, Hz).

(7) For every strict non empty relational structiResuch thaiR € FinRelStrSp holdR is N-
free.

REFERENCES

[1] Grzegorz Bancerek. Cardinal numbedsurnal of Formalized Mathematic, 1989.http://mizar.org/JFM/Voll/card_1.htmll

[2] Grzegorz Bancerek. The ordinal numbedsurnal of Formalized Mathematic4, 1989.http://mizar.org/JFM/Voll/ordinall.
htmll

[3] Grzegorz Bancerek. Sequences of ordinal numbdaairnal of Formalized Mathematicd, 1989. http://mizar.org/JFM/Voll/
ordinal2.htmll

[4] Jozef Biatas. Group and field definitiondournal of Formalized Mathematic4, 1989./http://mizar.org/JFM/Voll/realsetl.
htmll

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

[6] Czestaw Bylhski. Functions from a set to a séburnal of Formalized Mathematics, 1989/http://mizar.org/JFM/Voll/funct_.
2.htmll

[7] Czestaw Bylhski. Some basic properties of setdournal of Formalized Mathematicd, 1989. http://mizar.org/JFM/Voll/
zfmisc_1.html.

[8] Agata Darmochwat. Finite setdournal of Formalized Mathematic$, 1989/http://mizar.org/JFM/Voll/finset_1.html|


http://mizar.org/JFM/Vol1/card_1.html
http://mizar.org/JFM/Vol1/ordinal1.html
http://mizar.org/JFM/Vol1/ordinal1.html
http://mizar.org/JFM/Vol1/ordinal2.html
http://mizar.org/JFM/Vol1/ordinal2.html
http://mizar.org/JFM/Vol1/realset1.html
http://mizar.org/JFM/Vol1/realset1.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/zfmisc_1.html
http://mizar.org/JFM/Vol1/zfmisc_1.html
http://mizar.org/JFM/Vol1/finset_1.html

[

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]
[18]

[19]

[20]

THE CLASS OF SERIESPARALLEL GRAPHS. ... 3

Bogdan Nowak and Grzegorz Bancerek. Universal clasdearnal of Formalized Mathematic®, 1990.http://mizar.org/JFM/
Vol2/classes2.htmll

Beata Padlewska. Families of selsurnal of Formalized Mathematic$, 1989./http://mizar.org/JFM/Voll/setfam_1.html,

Krzysztof Retel. The class of series — parallel grapfisurnal of Formalized Mathematicd4, 2002. http://mizar.org/JEM/
Voll4/necklace.htmll

Stephan Thomasse. On better-quasi-ordering countable series-parallel ofdersactions of the American Mathematical Society
352(6):2491-2505, 2000.

Andrzej Trybulec. Enumerated setlurnal of Formalized Mathematic$, 1989 http://mizar.org/JFM/Voll/enumsetl.htmll

Andrzej Trybulec. Tarski Grothendieck set theodpurnal of Formalized Mathematicéxiomatics, 1989http://mizar.org/JFM/
Axiomatics/tarski.html.

Andrzej Trybulec. Subsets of real numbedsurnal of Formalized Mathematicéddenda, 2003http://mizar.org/JFM/Addenda/
numbers.htmll

Wojciech A. Trybulec. Partially ordered setdournal of Formalized Mathematic4, 1989./http://mizar.org/JFM/Voll/orders_|
1. htmll

Wojciech A. Trybulec. Groupslournal of Formalized Mathematicg, 1990/http://mizar.org/JFM/Vol2/group_1.html,
Zinaida Trybulec. Properties of subselsurnal of Formalized Mathematic$, 1989 http://mizar.org/JFM/Voll/subset_1.htmll

Edmund Woronowicz. Relations and their basic propertieairnal of Formalized Mathematic4, 1989.http://mizar.org/JFM/
Voll/relat_1.htmll.

Edmund Woronowicz. Relations defined on setlurnal of Formalized Mathematicd, 1989. http://mizar.org/JFM/Voll/
relset_1.html.

Received May 29, 2003

Published January 2, 2004


http://mizar.org/JFM/Vol2/classes2.html
http://mizar.org/JFM/Vol2/classes2.html
http://mizar.org/JFM/Vol1/setfam_1.html
http://mizar.org/JFM/Vol14/necklace.html
http://mizar.org/JFM/Vol14/necklace.html
http://mizar.org/JFM/Vol1/enumset1.html
http://mizar.org/JFM/Axiomatics/tarski.html
http://mizar.org/JFM/Axiomatics/tarski.html
http://mizar.org/JFM/Addenda/numbers.html
http://mizar.org/JFM/Addenda/numbers.html
http://mizar.org/JFM/Vol1/orders_1.html
http://mizar.org/JFM/Vol1/orders_1.html
http://mizar.org/JFM/Vol2/group_1.html
http://mizar.org/JFM/Vol1/subset_1.html
http://mizar.org/JFM/Vol1/relat_1.html
http://mizar.org/JFM/Vol1/relat_1.html
http://mizar.org/JFM/Vol1/relset_1.html
http://mizar.org/JFM/Vol1/relset_1.html

	the class of series-parallel graphs. … By krzysztof retel

