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Abstract  Semigroup method and Combinatorics method are two important techniques in the
study of words and languages. This paper presents the semigroup method and explore languages
by using semigroup method. Some algebraic properties of languages be given via semigroup meth-
od. Firstly, the semigroup constructions of dense languages are given. It’s proved that every
dense language which syntactic monoid has the zero, or which syntactic monoid has the minimal i-
deal and this ideal is a periodic semigroup having a primitive idempotent contains a language w
(w")” for some nonempty word w and some positive integer /. The theorem every code is thin is
generalized to the result that every code which syntactic monoid has the zero, or which syntactic
monoid has the minimal ideal and this ideal is a periodic semigroup having a primitive idempotent
is thin. It’s proved that every dense regular language contains a product of some word with some
dense regular right unitary submonoid of A*, and by using this result it is proved that every
dense regular language also contains a primitive word. Secondly, the regular component decom-
position of free monoids are given. It’s proved that free monoids are regular component splittable
and that every product of a regular component splittable language with a regular component split-
table suffix language is regular component splittable. As applications of the above results two
conjectures about regular languages given by Shyr and Yu, in 1998 are proved. The two conjec-
tures are that regular languages are regular component splittable and dense regular languages con-

tains imprimitive words.
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Background

Semigroup method and Combinatorics method are two
important techniques in the study of words and languages.
For the subtle construction and islanding handle of word, the
proofs via combinatorics method are usually long (see
Hopcroft and Ullman'". Shyr'®)). The semigroup method
built the connections between languages and semigroups, and
thus we can investigate the problems of words and languages
in the framework of a binary operation system in a local en-
tire view or by using the properties of semigroups or by ex-
ploring related semigroups. So the proofs via semigroup
method are usually short (see Berstel and Perrin**’, Eilen-
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languages and the languages which are prefix codes and right
unitary monoids. The class of free monoids is larger than the
class of right unitary monoids. The class of periodic monoids
is larger than the class of finite monoids. Authors have de-
veloped some properties of languages by studying the free
monoids and periodic monoids (see Liu®~', Zhang'*'). Sh-
yr and Yu investigated the regular component splittable lan-
guages and dense regular languages by using the combinato-
rics method, and they conjectured that regular languages are
regular component splittable and dense regular languages
contains imprimitive words(see[ 2,7 ]). This paper presents
the semigroup method and explore languages by using semig-

roup method. And above two conjectures are proved.



