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There are a mamber of alielbrade operations on languages thel allow us o combine g

F & a 9 o new linguages, Let LA © WY be any languages over an alphabet 3

() Coneatenabion, The lanpuage LM consists of words e such that v € L and w & M

CLD&)QE ‘PRDpEﬁ' (b)) Upon. The language LU M consists of words either o L or in M
"n E& (¢) Intersechion. The language LM consists of words that are both in L and M

() Complerment, The lnnguage L= WL consists of poneimply words that are not m L.

() Difference. The language L\AM consists of words in L that are not in AJ

Let G = (E,V.P.5) and &' = (X. V', P'. §’) be two grammars over the same alphabet X,

(a) Concatenation. The concatenation grammar of G and G" is (X VUV'U{T}, P*. T) with
a new variable T and P* := {T' = SS'}UPU P".

(b) Unton. The wnion grammar of G and G is (X, VOV'U{T}, P*.T) with a new variable
Tand PP :={T =+ S T—SMTuUPUP.
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DECISION PROBLEMS
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In order to avoid this, we call a production rule z-adeguate if the svmbol 5§ only appears
on the left-hand side. A grammar (G, V, P.5) is called s-adeguate if all of its production
riules are. In order to avoid very lengthy theorem statements, we use the letter @ to stand for
one of the four properties of being regular. context-free, context-sensitive, or noncontracting.

Proposition 1.27. Aoy grammar is equivalent to an s-adequate grammar. Moreover, any
grammar with property Q is equivalent to an s-adequate grammar with property Q.

A grammar is called essentsally Q if it is c-adequate and all of its production rules are
either the basic z-rule or have property Q. A language s callixd called essentially Q if it is
produced by an essentially Q grammar,

Proposition 1.28. A language L is essentially Q if and only if L\{z} is Q
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