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Grammars are often an alternative way of specifying languages. enever we
define a language family through an automaton or in some other way, we are
interested in knowing what kind of grammar we can associate with the family.
First, we look at grammars that generate regular languages.

Right- and Left-Linear Grammars
Definition 3.3

Note that in a regular grammar, at most one variable appears on the
right side of any production. Furthermore, that variable must consistently
be either the rightmost or leftmost symbol of the right side of any
production.
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A third way of describing regular languages is by means of certain grammars.
Grammars are often an alternative way of specifying languages. Whenever we
define a language family through an automaton or in some other way, we are
interested in knowing what kind of grammar we can associate with the family.
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Right- and Left-Linear Grammars
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is a derivation with G1. From this single instance it is easy to conjecture that
L(G) is the language denoted by the regular expression r = (ab)*a.
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3.3 Regular Grammars

The grammar G1 = ({S}, {a, b}, S, P1), with Pi given as
S — abS|a
is right-linear. The grammar G2 = ({S, S1, Sz}, {a, b}, S, P2), with productions

S — Siab,
S1 — Siab|S2,
S2 — a,
is left-linear. Both G and G2 are regular grammars.

The sequence

S = abS = ababS = ababa
is a derivation with G1. From this single instance it is easy to conjecture that
L(Gy) is the language denoted by the regular expression » = (ab)*a. In a
similar way, we can see that L(G2) is the regular language L(aab(ab)®).
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Example 3.14
The grammar G = ({S, A, B}, {a, b}, S, P) with productions
S — A,
A — aBJ\,
B — Ab,

is not regular.
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Example 3.14
The grammar G = ({S, A, B}, {a, b}, S, P) with productions

S — A,
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B — Ab,
is not regular. Although every production is either in right-linear or left-linear
form, the grammar itself is neither right-linear nor left-linear, and therefore is
not regular. The grammar is an example of a linear grammar. A linear grammar
is a grammar in which at most one variable can occur on the right side of any
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3.3 Regular Grammars

Example 3.14
The grammar G = ({S, A, B}, {a, b}, S, P) with productions

S — A,

A — aBJ\,

B — Ab,
is not regular. Although every production is either in right-linear or left-linear
form, the grammar itself is neither right-linear nor left-linear, and therefore is
not regular. The grammar is an example of a linear grammar. A linear grammar
is a grammar in which at most one variable can occur on the right side of any
production, without restriction on the position of this variable. Clearly, a
regular grammar is always linear, but not all linear grammars are regular.

Our next goal will be to show that regular grammars are associated with regular
languages and that for every regular language there is a regular grammar.
Thus, regular grammars are another way of talking about regular languages.
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Right-Linear Grammars Generate Regular Languages
First, we show that a language generated by a right-linear grammar is
always regular. To do so, we construct an NFA that mimics the
derivations of a right-linear grammar. Note that the sentential forms of a
right-linear grammar have the special form in which there is exactly one
variable and it occurs as the rightmost symbol. Suppose now that we
have a step in a derivation

ab---cD = ab---cdF,
arrived at by using a production D — dF. The corresponding NFA can
imitate this step by going from state D to state E when a symbol d is
encountered. In this scheme, the state of the automaton corresponds to
the variable in the sentential form, while the part of the string already
processed is identical to the terminal prefix of the sentential form. This
simple idea is the basis for the following theorem.
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3.3 Regular Grammars

Right-Linear Grammars Generate Regular Languages
First, we show that a language generated by a right-linear grammar is
always regular. To do so, we construct an NFA that mimics the
derivations of a right-linear grammar. Note that the sentential forms of a
right-linear grammar have the special form in which there is exactly one
variable and it occurs as the rightmost symbol. Suppose now that we
have a step in a derivation

ab---cD = ab---cdF,
arrived at by using a production D — dFE. The corresponding NFA can
imitate this step by going from state D to state E when a symbol d is
encountered. In this scheme, the state of the automaton corresponds to
the variable in the sentential form, while the part of the string already
processed is identical to the terminal prefix of the sentential form. This
simple idea is the basis for the following theorem.
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Proof, We assume that V = Vp, V4, ..., that S = V4, and that we have
productions of the form Vo — vV, Vi = w2V, ...or Vi, = v, ... If wis a
string in L(G), then because of the form of the productions

Vo= unV, =

= v102Vj =
(1)

= vivg - vpVy =
= V1V2 - - - VRV = W.
The automaton to be constructed will reproduce the derivation by consuming
each of these v's in turn. The initial state of the automaton will be labeled Vj,
and for each variable V; there will be a nonfinal state labeled V;. For each
production
Vi = araz - amVj,
the automaton will have transitions to connect V; and Vj that is, ¢ will be
defined so that
8 (Viyaraz -+ am) = Vj.
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Let G = (V,T, S, P) be a right-linear grammar.
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3.3 Regular Grammars

Let G = (V,T, S, P) be a right-linear grammar. Then L(G) is a regular
language.
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3.3 Regular Grammars

Let G = (V,T, S, P) be a right-linear grammar. Then L(G) is a regular
language.

Proof,
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3.3 Regular Grammars

Let G = (V,T, S, P) be a right-linear grammar. Then L(G) is a regular
language.

Proof. We assume that V =V, Vi, ..., that S = Vg,
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3.3 Regular Grammars

Let G = (V,T, S, P) be a right-linear grammar. Then L(G) is a regular
language.

Proof. We assume that V = Vi, V4, ..., that S =V, and that we have
productions of the form Vo — v1V;, Vi = vV, ... or V,, = vy, .. ..
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Let G = (V,T, S, P) be a right-linear grammar. Then L(G) is a regular
language.

Proof. We assume that V = Vi, V4, ..., that S =V, and that we have
productions of the form Vo — v1V;, Vi = w2V, ...or V;, = vy, ... Ifwis a
string in L(G), then because of the form of the productions
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3.3 Regular Grammars

Let G = (V,T, S, P) be a right-linear grammar. Then L(G) is a regular
language.

Proof. We assume that V = Vi, V4, ..., that S =V, and that we have
productions of the form Vo — v1V;, Vi = w2V, ...or V;, = vy, ... Ifwis a
string in L(G), then because of the form of the productions

Vo = unV, =
= ’Ul’UQVj :*>
=*>’U11)2-"’Ukvn =

= V1V2 - - VU] = W.
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3.3 Regular Grammars

Let G = (V,T, S, P) be a right-linear grammar. Then L(G) is a regular
language.

Proof. We assume that V = Vi, V4, ..., that S =V, and that we have
productions of the form Vo — v1V;, Vi = w2V, ...or V;, = vy, ... Ifwis a
string in L(G), then because of the form of the productions

Vo = unV, =

= ’Ul’UQVj :*>

. (1)
= V1V2 - 'UkVn =
= V1V2 - - VU] = W.

The automaton to be constructed will reproduce the derivation by consuming
each of these v's in turn.
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3.3 Regular Grammars

Let G = (V,T, S, P) be a right-linear grammar. Then L(G) is a regular
language.

Proof. We assume that V = Vi, V4, ..., that S =V, and that we have
productions of the form Vo — v1V;, Vi = w2V, ...or V;, = vy, ... Ifwis a
string in L(G), then because of the form of the productions

Vo = unV, =

= ’Ul’UQVj :*>

. (1)
= V1V2 - 'UkVn =
= V1V2 - - VU] = W.

The automaton to be constructed will reproduce the derivation by consuming
each of these v's in turn. The initial state of the automaton will be labeled V5,
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3.3 Regular Grammars

Let G = (V,T, S, P) be a right-linear grammar. Then L(G) is a regular
language.

Proof. We assume that V = Vi, V4, ..., that S =V, and that we have
productions of the form Vo — v1V;, Vi = w2V, ...or V;, = vy, ... Ifwis a
string in L(G), then because of the form of the productions

Vo = unV, =

= ’Ul’UQVj :*>

. (1)
= V1V2 - 'UkVn =
= V1V2 - - VU] = W.

The automaton to be constructed will reproduce the derivation by consuming
each of these v's in turn. The initial state of the automaton will be labeled Vj,
and for each variable V; there will be a nonfinal state labeled V;.
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Let G = (V,T, S, P) be a right-linear grammar. Then L(G) is a regular
language.

Proof. We assume that V = Vi, V4, ..., that S =V, and that we have
productions of the form Vo — v1V;, Vi = w2V, ...or V;, = vy, ... Ifwis a
string in L(G), then because of the form of the productions
Vo = unV, =

= ’Ul’UQVj :*>

. (1)

= V1V2 - 'UkVn =

= V1V2 - - VU] = W.

The automaton to be constructed will reproduce the derivation by consuming
each of these v's in turn. The initial state of the automaton will be labeled Vj,
and for each variable V; there will be a nonfinal state labeled V;. For each
production
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3.3 Regular Grammars

Let G = (V,T, S, P) be a right-linear grammar. Then L(G) is a regular
language.

Proof. We assume that V = Vi, V4, ..., that S =V, and that we have
productions of the form Vo — v1V;, Vi = w2V, ...or V;, = vy, ... Ifwis a
string in L(G), then because of the form of the productions

Vo = unV, =

= vV =
(1)

*
= V1V2 - 'UkVn =
= V1V2 - - VU] = W.

The automaton to be constructed will reproduce the derivation by consuming
each of these v's in turn. The initial state of the automaton will be labeled V%,
and for each variable V; there will be a nonfinal state labeled V;. For each
production

Vi = araz - amVj,
the automaton will have transitions to connect V; and Vj that is, § will be
defined so that
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3.3 Regular Grammars

Let G = (V,T, S, P) be a right-linear grammar. Then L(G) is a regular
language.

Proof. We assume that V = Vi, V4, ..., that S =V, and that we have
productions of the form Vo — v1V;, Vi = w2V, ...or V;, = vy, ... Ifwis a
string in L(G), then because of the form of the productions

Vo = unV, =

= vV =
(1)

*
= V1V2 - 'UkVn =
= V1V2 - - VU] = W.

The automaton to be constructed will reproduce the derivation by consuming
each of these v's in turn. The initial state of the automaton will be labeled V%,
and for each variable V; there will be a nonfinal state labeled V;. For each
production
Vi = araz - amVj,

the automaton will have transitions to connect V; and Vj that is, § will be
defined so that

6*(‘/1',a1a2 ce am) =V;.
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For each production
Vi — aras -+ am,
the corresponding transition of the automaton will be
5" (Viyaraz - am) = Vg,
where V5 is a final state. The intermediate states that are needed to do this are
labels. The general scheme is shown

of no concern and can be given arbitran

in the following Figure.
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Represents V; — a1az -+ - am

The complete automaton is assembled from such individual parts.
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the corresponding transition of the automaton will be
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For each production
Vi = a1az - am,
the corresponding transition of the automaton will be
5" (Viyaraz - am) = Vg,
where Vy is a final state. The intermediate states that are needed to do this are
ven arbitrary labels. The general scheme is shown
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in the following Figure.
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For each production
Vi = araz - am,
the corresponding transition of the automaton will be
5" (Viyaraz - am) = Vg,

where V; is a final state. The intermediate states that are needed to do this are
of no concern and can be given arbitrary labels. The general scheme is shown
wing Figure.
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Represents V; — a1az - - am

The complete automaton is assembled from such individual parts.



For each production

Vi = a1az2- - am,
the corresponding transition of the automaton will be
8" (Vi,araz -~ am) = Vy,

of no concern and can

in the follo
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Represents V; — a1az - - am

The complete automaton is assembled from such individual parts



3.3 Regular Grammars

For each production
Vi = aiaz - am,
the corresponding transition of the automaton will be
5 (Viyaraz -+ - am) = Vg,
where V5 is a final state.
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3.3 Regular Grammars

For each production
Vi = araz- - am,
the corresponding transition of the automaton will be
5 (Viyaraz -+ - am) = Vg,
where Vy is a final state. The intermediate states that are needed to do this are
of no concern and can be given arbitrary labels.

Oleg Gutik Formal Languages, Automata and Codes. Lecture 10
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For each production
Vi = araz- - am,
the corresponding transition of the automaton will be
5 (Viyaraz -+ - am) = Vg,
where Vy is a final state. The intermediate states that are needed to do this are
of no concern and can be given arbitrary labels. The general scheme is shown
in the following Figure.
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3.3 Regular Grammars

For each production
Vi = araz- - am,
the corresponding transition of the automaton will be
5 (Viyaraz -+ - am) = Vg,
where Vy is a final state. The intermediate states that are needed to do this are
of no concern and can be given arbitrary labels. The general scheme is shown
in the following Figure.
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3.3 Regular Grammars

For each production
Vi = araz- - am,
the corresponding transition of the automaton will be
5 (Viyaraz -+ - am) = Vg,
where Vy is a final state. The intermediate states that are needed to do this are
of no concern and can be given arbitrary labels. The general scheme is shown
in the following Figure.

==~ —~O=®

Represents V; — aiaz -+ anVj

Represents V; — a1az---am

The complete automaton is assembled from such individual parts.
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Suppose now that w € L(G) so that (1) is satisfied. In the NFA there is, by
construction, a path from V; to V; labeled vy, a path from V; to V; labeled vs,
and so on, so that clearly

Vi € 8 (Vo, w),
and w is accepted by M.

Conversely, assume that w is accepted by M. Because of the way in which M
was constructed, to accept w the automaton has to pass through a sequence of

states Vo, Vi, ... to V, using paths labeled v1,v2,. ... Therefore, w must have
the form
W = V10V2 - - - VUL
and the derivation
b 7 r X 7
Vo = n1Vi = vive ‘, = V1Ug -V Vi = 0102 - - U

is possible. Hence w is in L(G), and the theorem is proved. [ |



Suppose now that w € L(G) so that (1) is satisfied. ' o
construction, a path from V5 to V; labeled vy, a path from V; to Vj labeled v2,
cle

and so on, so that clearly
Vi € 6" (Vo,w),

and w is accepted by M

Conversely, assume that w is accepted by M. Because o’ the ”/a‘v in

s constructed, to accept w the automaton hax t :,h a sequence of
states Vo, Vi, ... to V¥, using paths labeled vy, e, w must have
the form

was co

W= V1Vs - - VR
and the derivation

"[) = 1‘ {‘)\ = V1VU2 - - l,‘;,,\ k = U1U2 -+ VEU]
is possible. Hence w is in 4((.), and the theorem is proved. [ |



Suppose now that w € L(G) so that (1) is satisfied. In the NFA there is, by
construction, a path from V, to V; labeled vy,
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3.3 Regular Grammars

Suppose now that w € L(G) so that (1) is satisfied. In the NFA there is, by
construction, a path from V5 to V; labeled vy, a path from V; to V; labeled v2,
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Suppose now that w € L(G) so that (1) is satisfied. In the NFA there is, by
construction, a path from V5 to V; labeled vy, a path from V; to V; labeled v2,
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Suppose now that w € L(G) so that (1) is satisfied. In the NFA there is, by
construction, a path from V5 to V; labeled vy, a path from V; to V; labeled v2,
and so on, so that clearly

Vi € 8 (Vo,w),
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3.3 Regular Grammars

Suppose now that w € L(G) so that (1) is satisfied. In the NFA there is, by
construction, a path from V5 to V; labeled vy, a path from V; to V; labeled v2,
and so on, so that clearly

Vi € 5*(V0,’LU),
and w is accepted by M.
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Suppose now that w € L(G) so that (1) is satisfied. In the NFA there is, by
construction, a path from V5 to V; labeled vy, a path from V; to V; labeled v2,
and so on, so that clearly

Vi € 5*(V0,w),
and w is accepted by M.

Conversely, assume that w is accepted by M.
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Suppose now that w € L(G) so that (1) is satisfied. In the NFA there is, by
construction, a path from V5 to V; labeled vy, a path from V; to V; labeled v2,
and so on, so that clearly

Vi € 5*(V0,w),
and w is accepted by M.
Conversely, assume that w is accepted by M. Because of the way in which M
was constructed,
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3.3 Regular Grammars

Suppose now that w € L(G) so that (1) is satisfied. In the NFA there is, by
construction, a path from V5 to V; labeled vy, a path from V; to V; labeled v2,
and so on, so that clearly

Vf € 5*(‘/0,10),
and w is accepted by M.
Conversely, assume that w is accepted by M. Because of the way in which M
was constructed, to accept w the automaton has to pass through a sequence of
states Vo, Vi, ... to V7,
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3.3 Regular Grammars

Suppose now that w € L(G) so that (1) is satisfied. In the NFA there is, by
construction, a path from V5 to V; labeled vy, a path from V; to V; labeled v2,
and so on, so that clearly

Vf € 5*(‘/0,10),
and w is accepted by M.
Conversely, assume that w is accepted by M. Because of the way in which M
was constructed, to accept w the automaton has to pass through a sequence of
states Vo, Vi, ... to Vi, using paths labeled vy, va, .. ..
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3.3 Regular Grammars

Suppose now that w € L(G) so that (1) is satisfied. In the NFA there is, by
construction, a path from V5 to V; labeled vy, a path from V; to V; labeled v2,
and so on, so that clearly

Vi € 5*(‘/0,10),
and w is accepted by M.

Conversely, assume that w is accepted by M. Because of the way in which M
was constructed, to accept w the automaton has to pass through a sequence of
states Vo, Vi, ... to V¢, using paths labeled v1,v2,. ... Therefore, w must have
the form
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3.3 Regular Grammars

Suppose now that w € L(G) so that (1) is satisfied. In the NFA there is, by
construction, a path from V5 to V; labeled vy, a path from V; to V; labeled v2,
and so on, so that clearly

Vi € 5*(‘/0,10),
and w is accepted by M.

Conversely, assume that w is accepted by M. Because of the way in which M
was constructed, to accept w the automaton has to pass through a sequence of
states Vo, Vi, ... to V¢, using paths labeled v1,v2,. ... Therefore, w must have
the form

W = V1V2 VUL
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Suppose now that w € L(G) so that (1) is satisfied. In the NFA there is, by
construction, a path from V5 to V; labeled vy, a path from V; to V; labeled v2,
and so on, so that clearly

Vi € 5*(‘/0,10),
and w is accepted by M.
Conversely, assume that w is accepted by M. Because of the way in which M
was constructed, to accept w the automaton has to pass through a sequence of
states Vo, Vi, ... to V¢, using paths labeled v1,v2,. ... Therefore, w must have
the form

W = V1V2 VUL
and the derivation
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3.3 Regular Grammars

Suppose now that w € L(G) so that (1) is satisfied. In the NFA there is, by
construction, a path from V5 to V; labeled vy, a path from V; to V; labeled v2,
and so on, so that clearly

Vi € 5*(‘/0,10),
and w is accepted by M.

Conversely, assume that w is accepted by M. Because of the way in which M
was constructed, to accept w the automaton has to pass through a sequence of
states Vo, Vi, ... to V¢, using paths labeled v1,v2,. ... Therefore, w must have
the form
W = V1V2 VUL
and the derivation
Vo = viVi = v1v2V; = vy Ve Vi = 0102 - - URUL
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3.3 Regular Grammars

Suppose now that w € L(G) so that (1) is satisfied. In the NFA there is, by
construction, a path from V5 to V; labeled vy, a path from V; to V; labeled v2,
and so on, so that clearly

Vf € 5*(‘/0,10),
and w is accepted by M.
Conversely, assume that w is accepted by M. Because of the way in which M
was constructed, to accept w the automaton has to pass through a sequence of
states Vo, Vi, ... to V¢, using paths labeled v1,v2,. ... Therefore, w must have
the form

W = V1V2 VUL
and the derivation

Vo = viVi = v1v2V; = vy Ve Vi = 0102 - - URUL

is possible.
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Suppose now that w € L(G) so that (1) is satisfied. In the NFA there is, by
construction, a path from V5 to V; labeled vy, a path from V; to V; labeled v2,
and so on, so that clearly

Vf € 5*(‘/0,10),
and w is accepted by M.
Conversely, assume that w is accepted by M. Because of the way in which M
was constructed, to accept w the automaton has to pass through a sequence of
states Vo, Vi, ... to V¢, using paths labeled v1,v2,. ... Therefore, w must have
the form

W = V1V2 VUL
and the derivation

Vo = viVi = v1v2V; = vy Ve Vi = 0102 - - URUL

is possible. Hence w is in L(G), and the theorem is proved.
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Suppose now that w € L(G) so that (1) is satisfied. In the NFA there is, by
construction, a path from V5 to V; labeled vy, a path from V; to V; labeled v2,
and so on, so that clearly

Vf € 5*(‘/0,10),
and w is accepted by M.
Conversely, assume that w is accepted by M. Because of the way in which M
was constructed, to accept w the automaton has to pass through a sequence of
states Vo, Vi, ... to V¢, using paths labeled v1,v2,. ... Therefore, w must have
the form

W = V1V2 VUL
and the derivation

Vo = viVi = v1v2V; = vy Ve Vi = 0102 - - URUL

is possible. Hence w is in L(G), and the theorem is proved. |
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3.3 Regular Grammars

Construct a finite automaton that accepts the language generated by the
grammar

Oleg Gutik Formal Languages, Automata and Codes. Lecture 10



3.3 Regular Grammars

Construct a finite automaton that accepts the language generated by the
grammar

‘/0 —>aV1,
Vi — abVolb,
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3.3 Regular Grammars

Construct a finite automaton that accepts the language generated by the
grammar

‘/0 — aVl,
Vi — abVolb,
where Vj is the start variable.

Oleg Gutik Formal Languages, Automata and Codes. Lecture 10



3.3 Regular Grammars

Construct a finite automaton that accepts the language generated by the
grammar

‘/0 —>aV1,
Vi — abVolb,

where V; is the start variable. We start the transition graph with vertices V5,
V1, and Vf.
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3.3 Regular Grammars

Construct a finite automaton that accepts the language generated by the
grammar

Vo — aVl,
Vi — abVolb,
where V; is the start variable. We start the transition graph with vertices V5,

Vi, and V5. The first production rule creates an edge labeled a between V; and
Vi
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3.3 Regular Grammars

Construct a finite automaton that accepts the language generated by the
grammar

Vo — aVl,

Vi — abVolb,
where V; is the start variable. We start the transition graph with vertices V5,
Vi, and V5. The first production rule creates an edge labeled a between V; and

V1. For the second rule, we need to introduce an additional vertex so that there
is a path labeled ab between V4 and V5.
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3.3 Regular Grammars

Construct a finite automaton that accepts the language generated by the
grammar

Vo — aVl,

Vi — abVolb,
where V; is the start variable. We start the transition graph with vertices V5,
Vi, and V5. The first production rule creates an edge labeled a between V; and
V4. For the second rule, we need to introduce an additional vertex so that there

is a path labeled ab between Vi and V4. Finally, we need to add an edge labeled
b between V1 and V%,
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3.3 Regular Grammars

Construct a finite automaton that accepts the language generated by the
grammar

Vo — aVl,

Vi — abVp|b,
where V; is the start variable. We start the transition graph with vertices V5,
Vi, and V5. The first production rule creates an edge labeled a between V; and
V4. For the second rule, we need to introduce an additional vertex so that there
is a path labeled ab between Vi and V4. Finally, we need to add an edge labeled
b between V1 and V%, giving the automaton shown in the following Figure.
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grammar
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where V; is the start variable. We start the transition graph with vertices V5,
Vi, and V5. The first production rule creates an edge labeled a between V; and
V4. For the second rule, we need to introduce an additional vertex so that there
is a path labeled ab between Vi and V4. Finally, we need to add an edge labeled
b between V1 and V%, giving the automaton shown in the following Figure.
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3.3 Regular Grammars

Construct a finite automaton that accepts the language generated by the
grammar

Vo — aVl,

Vi — abVp|b,
where V; is the start variable. We start the transition graph with vertices V5,
Vi, and V5. The first production rule creates an edge labeled a between V; and
V4. For the second rule, we need to introduce an additional vertex so that there
is a path labeled ab between Vi and V4. Finally, we need to add an edge labeled
b between V1 and V%, giving the automaton shown in the following Figure.

The language generated by the grammar and accepted by the automaton is the
regular language L((aab)*ab).

v
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Right-Linear Grammars for Regular Languages

To show that every regular language can be generated by some
right-linear grammar, we start from the DFA for the language and reverse
the construction shown in Theorem 3.3. The states of the DFA now
become the variables of the grammar, and the symbols causing the
transitions become the terminals in the productions.

Theorem 3.4

Proor. Let 1 = (@, S!,B,qo, 15 ; De 2 DTA that accepts L. We assume

that @ = {q0,¢1,---,qn} and ¥ = {a;,aq,..., am +. Construct the

right-linear grammar G = (V, %, S, P) with

and S = qg. For each transition
0(qisa;) = q
of M, we put in P the production

Qi = a;q- (2)
In addition, if ¢; is in F', we add to P the production



Right-Linear Grammars for Regular Languages
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3.3 Regular Grammars

Right-Linear Grammars for Regular Languages
To show that every regular language can be generated by some
right-linear grammar,
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3.3 Regular Grammars

Right-Linear Grammars for Regular Languages
To show that every regular language can be generated by some
right-linear grammar, we start from the DFA for the language and reverse

the construction shown in Theorem 3.3.
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3.3 Regular Grammars

Right-Linear Grammars for Regular Languages

To show that every regular language can be generated by some
right-linear grammar, we start from the DFA for the language and reverse
the construction shown in Theorem 3.3. The states of the DFA now

become the variables of the grammar,
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3.3 Regular Grammars

Right-Linear Grammars for Regular Languages

To show that every regular language can be generated by some
right-linear grammar, we start from the DFA for the language and reverse
the construction shown in Theorem 3.3. The states of the DFA now
become the variables of the grammar, and the symbols causing the
transitions become the terminals in the productions.
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3.3 Regular Grammars

Right-Linear Grammars for Regular Languages

To show that every regular language can be generated by some
right-linear grammar, we start from the DFA for the language and reverse
the construction shown in Theorem 3.3. The states of the DFA now
become the variables of the grammar, and the symbols causing the
transitions become the terminals in the productions.

Theorem 3.4
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3.3 Regular Grammars

Right-Linear Grammars for Regular Languages

To show that every regular language can be generated by some
right-linear grammar, we start from the DFA for the language and reverse
the construction shown in Theorem 3.3. The states of the DFA now
become the variables of the grammar, and the symbols causing the
transitions become the terminals in the productions.

Theorem 3.4
If L is a regular language on the alphabet ¥,

Oleg Gutik Formal Languages, Automata and Codes. Lecture 10



3.3 Regular Grammars

Right-Linear Grammars for Regular Languages

To show that every regular language can be generated by some
right-linear grammar, we start from the DFA for the language and reverse
the construction shown in Theorem 3.3. The states of the DFA now
become the variables of the grammar, and the symbols causing the
transitions become the terminals in the productions.
Theorem 3.4
If L is a regular language on the alphabet X5, then there exists a
right-linear grammar G = (V, %, S, P) such that L = L(G).
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3.3 Regular Grammars

Right-Linear Grammars for Regular Languages

To show that every regular language can be generated by some
right-linear grammar, we start from the DFA for the language and reverse
the construction shown in Theorem 3.3. The states of the DFA now
become the variables of the grammar, and the symbols causing the
transitions become the terminals in the productions.
Theorem 3.4
If L is a regular language on the alphabet X5, then there exists a
right-linear grammar G = (V, %, S, P) such that L = L(G).

Proof.
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3.3 Regular Grammars

Right-Linear Grammars for Regular Languages

To show that every regular language can be generated by some
right-linear grammar, we start from the DFA for the language and reverse
the construction shown in Theorem 3.3. The states of the DFA now
become the variables of the grammar, and the symbols causing the
transitions become the terminals in the productions.
Theorem 3.4
If L is a regular language on the alphabet X5, then there exists a
right-linear grammar G = (V, %, S, P) such that L = L(G).

Proof. Let M = (Q, %, 9, qo, F') be a DFA that accepts L.
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3.3 Regular Grammars

Right-Linear Grammars for Regular Languages

To show that every regular language can be generated by some
right-linear grammar, we start from the DFA for the language and reverse
the construction shown in Theorem 3.3. The states of the DFA now
become the variables of the grammar, and the symbols causing the
transitions become the terminals in the productions.
Theorem 3.4
If L is a regular language on the alphabet X5, then there exists a
right-linear grammar G = (V, %, S, P) such that L = L(G).

Proof. Let M = (Q, %, 9, qo, F') be a DFA that accepts L. We assume
that Q = {q0,q1,-.-,¢n} and ¥ = {a1,a9,...,am}.
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3.3 Regular Grammars

Right-Linear Grammars for Regular Languages

To show that every regular language can be generated by some
right-linear grammar, we start from the DFA for the language and reverse
the construction shown in Theorem 3.3. The states of the DFA now
become the variables of the grammar, and the symbols causing the
transitions become the terminals in the productions.
Theorem 3.4
If L is a regular language on the alphabet X5, then there exists a
right-linear grammar G = (V, %, S, P) such that L = L(G).

Proof. Let M = (Q, %, 9, qo, F') be a DFA that accepts L. We assume
that Q = {q0,¢1,-.-,¢} and ¥ = {ay, a9, ..., an}. Construct the
right-linear grammar G = (V, %, S, P) with
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3.3 Regular Grammars

Right-Linear Grammars for Regular Languages
To show that every regular language can be generated by some
right-linear grammar, we start from the DFA for the language and reverse
the construction shown in Theorem 3.3. The states of the DFA now
become the variables of the grammar, and the symbols causing the
transitions become the terminals in the productions.
Theorem 3.4
If L is a regular language on the alphabet X5, then there exists a
right-linear grammar G = (V, %, S, P) such that L = L(G).
Proof. Let M = (Q, %, 9, qo, F') be a DFA that accepts L. We assume
that Q = {q0,¢1,-.-,¢} and ¥ = {ay, a9, ..., an}. Construct the
right-linear grammar G = (V, %, S, P) with

V={q0,q1, - aqn}
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3.3 Regular Grammars

Right-Linear Grammars for Regular Languages
To show that every regular language can be generated by some
right-linear grammar, we start from the DFA for the language and reverse
the construction shown in Theorem 3.3. The states of the DFA now
become the variables of the grammar, and the symbols causing the
transitions become the terminals in the productions.
Theorem 3.4
If L is a regular language on the alphabet X5, then there exists a
right-linear grammar G = (V, %, S, P) such that L = L(G).
Proof. Let M = (Q, %, 9, qo, F') be a DFA that accepts L. We assume
that Q = {q0,¢1,-.-,¢} and ¥ = {ay, a9, ..., an}. Construct the
right-linear grammar G = (V, %, S, P) with

V={q0,q1, - aqn}

and S = q0-
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3.3 Regular Grammars

Right-Linear Grammars for Regular Languages

To show that every regular language can be generated by some
right-linear grammar, we start from the DFA for the language and reverse
the construction shown in Theorem 3.3. The states of the DFA now
become the variables of the grammar, and the symbols causing the
transitions become the terminals in the productions.

Theorem 3.4
If L is a regular language on the alphabet X5, then there exists a

right-linear grammar G = (V, %, S, P) such that L = L(G).
Proof. Let M = (Q, %, 9, qo, F') be a DFA that accepts L. We assume
that Q = {q0,¢1,-.-,¢} and ¥ = {ay, a9, ..., an}. Construct the
right-linear grammar G = (V, %, S, P) with

V={q0,q1, - aqn}
and S = gg. For each transition
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3.3 Regular Grammars

Right-Linear Grammars for Regular Languages

To show that every regular language can be generated by some
right-linear grammar, we start from the DFA for the language and reverse
the construction shown in Theorem 3.3. The states of the DFA now
become the variables of the grammar, and the symbols causing the
transitions become the terminals in the productions.

Theorem 3.4
If L is a regular language on the alphabet X5, then there exists a

right-linear grammar G = (V, %, S, P) such that L = L(G).
Proof. Let M = (Q, %, 9, qo, F') be a DFA that accepts L. We assume
that Q = {q0,¢1,-.-,¢} and ¥ = {ay, a9, ..., an}. Construct the
right-linear grammar G = (V, %, S, P) with
V={q0,q1, - aqn}
and S = gg. For each transition
6(gi, aj) = ax
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3.3 Regular Grammars

Right-Linear Grammars for Regular Languages

To show that every regular language can be generated by some
right-linear grammar, we start from the DFA for the language and reverse
the construction shown in Theorem 3.3. The states of the DFA now
become the variables of the grammar, and the symbols causing the
transitions become the terminals in the productions.

Theorem 3.4
If L is a regular language on the alphabet X5, then there exists a

right-linear grammar G = (V, %, S, P) such that L = L(G).
Proof. Let M = (Q, %, 9, qo, F') be a DFA that accepts L. We assume
that Q = {q0,¢1,-.-,¢} and ¥ = {ay, a9, ..., an}. Construct the
right-linear grammar G = (V, %, S, P) with
V={q0,q1, - aqn}
and S = gg. For each transition
6(gi, aj) = ax

of M,
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3.3 Regular Grammars

Right-Linear Grammars for Regular Languages

To show that every regular language can be generated by some
right-linear grammar, we start from the DFA for the language and reverse
the construction shown in Theorem 3.3. The states of the DFA now
become the variables of the grammar, and the symbols causing the
transitions become the terminals in the productions.

Theorem 3.4
If L is a regular language on the alphabet X5, then there exists a

right-linear grammar G = (V, %, S, P) such that L = L(G).
Proof. Let M = (Q, %, 9, qo, F') be a DFA that accepts L. We assume
that Q = {q0,¢1,-.-,¢} and ¥ = {ay, a9, ..., an}. Construct the
right-linear grammar G = (V, %, S, P) with
V={q0,q1, - aqn}

and S = gg. For each transition

8(qi,a5) = qk
of M, we put in P the production
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3.3 Regular Grammars

Right-Linear Grammars for Regular Languages

To show that every regular language can be generated by some
right-linear grammar, we start from the DFA for the language and reverse
the construction shown in Theorem 3.3. The states of the DFA now
become the variables of the grammar, and the symbols causing the
transitions become the terminals in the productions.

Theorem 3.4
If L is a regular language on the alphabet X5, then there exists a

right-linear grammar G = (V, %, S, P) such that L = L(G).
Proof. Let M = (Q, %, 9, qo, F') be a DFA that accepts L. We assume
that Q = {q0,¢1,-.-,¢} and ¥ = {ay, a9, ..., an}. Construct the
right-linear grammar G = (V, %, S, P) with
V={q0,q1, - aqn}

and S = gg. For each transition

8(qi,a5) = qk
of M, we put in P the production

qi — Qjqk- (2)

In addition, if g is in F', we add to P the production
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3.3 Regular Grammars

Right-Linear Grammars for Regular Languages

To show that every regular language can be generated by some
right-linear grammar, we start from the DFA for the language and reverse
the construction shown in Theorem 3.3. The states of the DFA now
become the variables of the grammar, and the symbols causing the
transitions become the terminals in the productions.

Theorem 3.4
If L is a regular language on the alphabet X5, then there exists a

right-linear grammar G = (V, %, S, P) such that L = L(G).
Proof. Let M = (Q, %, 9, qo, F') be a DFA that accepts L. We assume
that Q = {q0,¢1,-.-,¢} and ¥ = {ay, a9, ..., an}. Construct the
right-linear grammar G = (V, %, S, P) with

V={q0,q1, - aqn}
and S = gg. For each transition

6(gisa;) = qx
of M, we put in P the production
qi — 5q- (2)
In addition, if ¢; is in F', we add to P the production
qr — A (3)
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e first show that G defined in this way can generate every string in L.
Consider w € L of the form
W= a;aj - apa.
For M to accept this string it must make moves via
4(qo, ai) = qp,

5(qp, a5) = 4rs

(S(qv“f (Il,:) = qt,
(5((]ﬁ7(1/) =dqf € F.
By construction, the grammar will have one production for each of these 4's.
Therefore, we can make the derivation
Go = A;Qp = Q;Q;qr = aiaj - apqe = (4)
= QiQj - - ApAIqF = QA5 - - AR QL,
with the grammar G, and w € L(G). Conversely, if w € L(G), then its
derivation must have the form (4). But this implies that
5" (qo, aia; - - -axar) = qf,
completing the proof. [ |



We first show that G defined in this way can generate every string in L.
Consider w € L of the form

W= a;a; - ara.
For M to accept this string it must make moves via

0(qo, ai) = qp,

0(qp, aj) = ar,

0(qs,ar) = qu,
5(qe,a1) = qy € F.
ion, the grammar will have one production for each of these d's.

3y construc

Therefore can make the derivation
qo = QAiQp = G;0A;(; ﬁ aiaj - agqs = B
@)
= Q;Qj * - aAgaIqf = Q05+ - - Apal,
with the grammar G, and w € L(G). Conversely, if w € L(G), then its
derivation must have the form (4). But this implies that
0" (qo,asaj - - - arar) = qr,
completing the proof. [ |



We first show that G defined in this way can generate every string in L.

Consider w € L of the form
w = (I,([‘, cecarag.

For M to accept this string it must make moves via
0(qo, ai) = qp,
0(qp, aj) = ar,

0(qs,ar) = qt,
5(qt,a1) = q5 € F.
ruction, the grammar will have one production for each of these J's.

e can make the derivation

qo = Qigp = AiA;qr = QiQ; - - - ARG =

(4)
= aiaj - QRAIqF = ;Qj - - - ARa,
with the grammar G, and w € L(G). Conversely, if w € L(G), then its
derivation must have the form (4). But this implies that
0" (qo,asaj - - - arar) = qr,
completing the f [ |



We first show that G defined in this way can generate every string in L.

Consider w € L of the form
w = a;a;---aga.
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3.3 Regular Grammars

We first show that G defined in this way can generate every string in L.

Consider w € L of the form
w = a;a;---aga.

For M to accept this string it must make moves via
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3.3 Regular Grammars

We first show that G defined in this way can generate every string in L.
Consider w € L of the form

w = a;a;---aga.
For M to accept this string it must make moves via

6(q07ai) = d4p;
5(qp, aj) = qr,
5(gs, ar) = ge,

5(qt,al) =qy c F.
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3.3 Regular Grammars

We first show that G defined in this way can generate every string in L.

Consider w € L of the form
w = a;a;---aga.

For M to accept this string it must make moves via

6<q07ai) = dp,
5(qp, aj) = qr,
0(gs, ar) = g,

0(qe,a1) = q5 € F.
By construction, the grammar will have one production for each of these d's.
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3.3 Regular Grammars

We first show that G defined in this way can generate every string in L.

Consider w € L of the form
w = a;a;---aga.

For M to accept this string it must make moves via

6<q07ai) = dp,
5(qp, aj) = qr,
0(gs, ar) = g,

0(qe,a1) = q5 € F.
By construction, the grammar will have one production for each of these d's.

Therefore, we can make the derivation
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3.3 Regular Grammars

We first show that G defined in this way can generate every string in L.

Consider w € L of the form
w = a;a;---aga.

For M to accept this string it must make moves via

6<q07ai) = dp,
5(qp, aj) = qr,
0(gs, ar) = g,

0(qe,a1) = q5 € F.
By construction, the grammar will have one production for each of these d's.

Therefore, we can make the derivation
qo = QiQp = Aia;qr :*> aiaj; - arqr = (4)

= a;aj - --aalqf = a;aj---aKar,
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3.3 Regular Grammars

We first show that G defined in this way can generate every string in L.

Consider w € L of the form
w = a;a;---aga.

For M to accept this string it must make moves via

6<q07ai) = dp,
5(qp, aj) = qr,
0(gs, ar) = g,

0(qe,a1) = q5 € F.
By construction, the grammar will have one production for each of these d's.

Therefore, we can make the derivation
qo = QiQp = Aia;qr :*> aiaj; - arqr = (4)

= a;aj - --aalqf = a;aj---aKar,

with the grammar G,
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3.3 Regular Grammars

We first show that G defined in this way can generate every string in L.

Consider w € L of the form
w = a;a;---aga.

For M to accept this string it must make moves via

6<q07ai) = dp,
5(qp, aj) = qr,
0(gs, ar) = g,

0(qe,a1) = q5 € F.
By construction, the grammar will have one production for each of these d's.

Therefore, we can make the derivation
qo = QiQp = Aia;qr :*> aiaj; - arqr = (4)

= a;aj - --aalqf = a;aj---aKar,

with the grammar G, and w € L(G).
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3.3 Regular Grammars

We first show that G defined in this way can generate every string in L.

Consider w € L of the form
w = aiaj cecarar.

For M to accept this string it must make moves via

6<q07ai) = dp,
5(qp, aj) = qr,
0(gs, ar) = g,

0(qe,a1) = q5 € F.
By construction, the grammar will have one production for each of these d's.

Therefore, we can make the derivation
qo = QiQp = Aia;qr :*> aiaj; - arqr = (4)
= Q;Qj - - ApAIqf = QA5 * - Ak QL,

with the grammar G, and w € L(G). Conversely,
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3.3 Regular Grammars

We first show that G defined in this way can generate every string in L.

Consider w € L of the form
w = aiaj cecarar.

For M to accept this string it must make moves via

5((]0,(11') = dp,
5(qp, aj) = qr,
0(gs, ar) = g,

0(qe,a1) = q5 € F.
By construction, the grammar will have one production for each of these d's.
Therefore, we can make the derivation
qo = aiqp = a;a;qr :*> a;aj - aEqe = (4)
= Q;Qj - - ApAIqf = QA5 * - Ak QL,
with the grammar G, and w € L(G). Conversely, if w € L(G), then its
derivation must have the form (4).
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3.3 Regular Grammars

We first show that G defined in this way can generate every string in L.

Consider w € L of the form
w = aiaj cecarar.

For M to accept this string it must make moves via

5((]0,(11') = dp,
5(qp, aj) = qr,
0(gs, ar) = g,

0(qe,a1) = q5 € F.
By construction, the grammar will have one production for each of these d's.
Therefore, we can make the derivation
qo = aiqp = a;a;qr :*> a;aj - aEqe = (4)
= Q;Qj - - ApAIqf = QA5 * - Ak QL,

with the grammar G, and w € L(G). Conversely, if w € L(G), then its
derivation must have the form (4). But this implies that
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3.3 Regular Grammars

We first show that G defined in this way can generate every string in L.
Consider w € L of the form

w = a;a;---aga.
For M to accept this string it must make moves via

5((]0,(11') = dp,
5(qp, aj) = qr,
0(gs, ar) = g,

0(qe,a1) = q5 € F.
By construction, the grammar will have one production for each of these d's.
Therefore, we can make the derivation

qo = aiqp = a;a;qr :*> a;aj - aEqe = (4)
= Q;Qj - - ApAIqf = QA5 * - Ak QL,

with the grammar G, and w € L(G). Conversely, if w € L(G), then its

derivation must have the form (4). But this implies that

6" (qo, aza; - - - apar) = qy,
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3.3 Regular Grammars

We first show that G defined in this way can generate every string in L.
Consider w € L of the form

w = a;a;---aga.
For M to accept this string it must make moves via

5((]0,(11') = dp,
5(qp, aj) = qr,
0(gs, ar) = g,

0(qe,a1) = q5 € F.
By construction, the grammar will have one production for each of these d's.
Therefore, we can make the derivation

qo = QiQp = Aia;qr :*> aiaj; - arqr = (4)
= Q;Qj - - ApAIqf = QA5 * - Ak QL,
with the grammar G, and w € L(G). Conversely, if w € L(G), then its
derivation must have the form (4). But this implies that
6" (qo, aia; -+~ arar) = gy,
completing the proof.
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3.3 Regular Grammars

We first show that G defined in this way can generate every string in L.
Consider w € L of the form

w = a;a;---aga.
For M to accept this string it must make moves via

5((]0,(11') = dp,
5(qp, aj) = qr,
0(gs, ar) = g,

0(qe,a1) = q5 € F.
By construction, the grammar will have one production for each of these d's.
Therefore, we can make the derivation

*
qo = QiQp = AiQ;jqr = A;Qj - * - Gt =

(4)
= Q;Qj - - ApAIqf = QA5 * - Ak QL,
with the grammar G, and w € L(G). Conversely, if w € L(G), then its
derivation must have the form (4). But this implies that
6" (qo, aia; -+~ arar) = gy,
completing the proof. |
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For the purpose of constructing a grammar, it is useful to note that the
restriction that M be a DFA is not essential to the proof of . With
minor modification, the same construction can be used if M is an NFA.




2.3 Reguler Grammars

For the purpose of constructing a grammar,
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For the purpose of constructing a grammar, it is useful to note that the
restriction that M be a DFA is not essential to the proof of Theorem 3.4.
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3.3 Regular Grammars

For the purpose of constructing a grammar, it is useful to note that the
restriction that M be a DFA is not essential to the proof of Theorem 3.4. With
minor modification, the same construction can be used if M is an NFA.
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3.3 Regular Grammars

For the purpose of constructing a grammar, it is useful to note that the
restriction that M be a DFA is not essential to the proof of Theorem 3.4. With
minor modification, the same construction can be used if M is an NFA.

Example 3.16

A |
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3.3 Regular Grammars

For the purpose of constructing a grammar, it is useful to note that the
restriction that M be a DFA is not essential to the proof of Theorem 3.4. With
minor modification, the same construction can be used if M is an NFA.
Example 3.16

Construct a right-linear grammar for L(aab™a).
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minor modification, the same construction can be used if M is an NFA.

Example 3.16

Construct a right-linear grammar for L(aab®a). The transition function for an
NFA, together with the corresponding grammar productions, is given in the
following Figure.
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3.3 Regular Grammars

For the purpose of constructing a grammar, it is useful to note that the
restriction that M be a DFA is not essential to the proof of Theorem 3.4. With
minor modification, the same construction can be used if M is an NFA.

Example 3.16

Construct a right-linear grammar for L(aab®a). The transition function for an
NFA, together with the corresponding grammar productions, is given in the
following Figure.

6(qo,a) ={q1} | 90 = aq

0
0

(0, a)

o(qr,a) ={q=} | @ — aq2
(g2,0) = {a2} | a2 — bg2
(g2,0) = {ar} | @& — agy

qr € F qr — A
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minor modification, the same construction can be used if M is an NFA.
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The result was obtained by simply following the construction in Theorem 3.4.
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3.3 Regular Grammars

For the purpose of constructing a grammar, it is useful to note that the
restriction that M be a DFA is not essential to the proof of Theorem 3.4. With
minor modification, the same construction can be used if M is an NFA.

Example 3.16

Construct a right-linear grammar for L(aab®a). The transition function for an
NFA, together with the corresponding grammar productions, is given in the
following Figure.

(00,a) ={@1} | %0 = an
o(qr,a) ={q=} | @ — aq2
(g2,b)
(g2,a)

={q} | ¢ — bg
q2,a) ={qs} | @2 — aqy

qr € F qr — A

The result was obtained by simply following the construction in Theorem 3.4.
The string aaba can be derived with the constructed grammar by
qo = aq1 = aagqz2 = aabgz = aabaqy = aaba.
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quivalence of Reg anguages and Regular Grammars
The previous two theorems establish the connection between regular
languages and right-linear grammars. One can make a similar connection
between regular languages and left-linear grammars, thereby showing the
complete equivalence of regular grammars and regular languages.

Proor. We only outline the main 1dea. Given any left-linear grammar with
productions of the form
A — Bu,
) ) A=, . )
we construct from it a right-linear grammar G by replacing every such
production of G with

or

A — 0B,

A — ¥,
respectively. A few examples will make it clear quickly that
L(G) = (L(G))®. Next, we use the fact, which tells us that the reverse

of any regular language is also regular. Since G is right-linear, L((A?) is
regular. But then so are (L(G))® and L(G). [ |

or
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3.3 Regular Grammars

Equivalence of Regular Languages and Regular Grammars
The previous two theorems establish the connection between regular
languages and right-linear grammars.
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Equivalence of Regular Languages and Regular Grammars

The previous two theorems establish the connection between regular
languages and right-linear grammars. One can make a similar connection
between regular languages and left-linear grammars, thereby showing the
complete equivalence of regular grammars and regular languages.

A language L is regular if and only if there exists a left-linear grammar G
such that L = L(G).
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we construct from it a right-linear grammar G by replacing every such

production of G with

or
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such that L = L(G).
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productions of the form
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or
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we construct from it a right-linear grammar G by replacing every such
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respectively. A few examples will make it clear quickly that
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The previous two theorems establish the connection between regular
languages and right-linear grammars. One can make a similar connection
between regular languages and left-linear grammars, thereby showing the
complete equivalence of regular grammars and regular languages.

A language L is regular if and only if there exists a left-linear grammar G
such that L = L(G).

Proof. We only outline the main idea. Given any left-linear grammar with
productions of the form

A — Bu,
or
A — v, ~
we construct from it a right-linear grammar G by replacing every such

production of G with
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A — ol

respectively. A few examples will make it clear quickly that

L(G) = (L(G))%. Next, we use the fact, which tells us that the reverse
of any regular language is also regular. Since G is right-linear, L(@) is
regular. But then so are (L(G))% and L(G).

Oleg Gutik Formal Languages, Automata and Codes. Lecture 10

or



3.3 Regular Grammars

Equivalence of Regular Languages and Regular Grammars

The previous two theorems establish the connection between regular
languages and right-linear grammars. One can make a similar connection
between regular languages and left-linear grammars, thereby showing the
complete equivalence of regular grammars and regular languages.

A language L is regular if and only if there exists a left-linear grammar G
such that L = L(G).

Proof. We only outline the main idea. Given any left-linear grammar with
productions of the form

A — Bu,
or
A — v, ~
we construct from it a right-linear grammar G by replacing every such

production of G with

A— BB,

A — ol

respectively. A few examples will make it clear quickly that

L(G) = (L(G))%. Next, we use the fact, which tells us that the reverse
of any regular language is also regular. Since G is right-linear, L(@) is
regular. But then so are (L(G))% and L(G). [ |

Oleg Gutik Formal Languages, Automata and Codes. Lecture 10

or



ing : 3.0 TOgELNer, We arrive a
languages and regular grammars.

€ equivalence ot regular

Theorem 3.6

VVe now have several ways ot describing regular languages: DFA’s, NFA's,
regular expressions, and regular grammars. While in some instances one or the
other of these may be most suitable, they are all equally powerful. Each gives a
complete and unambiguous definition of a regular language. The connection
between all these concepts is established by the four theorems in this lecture, as
shown in the following Figure.

‘ Regular expressions‘

Theorem 3.1 Theorem 3.2

DFA or NFA

Theorem 3.3 Theorem 3.4

‘ Regular grammars ‘




| Putting Theorems 3.4 and 3.5 together, we arrive at the equivalence of regular

languages and regular grammars.
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Putting Theorems 3.4 and 3.5 together, we arrive at the equivalence of regular
languages and regular grammars.
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3.3 Regular Grammars

Putting Theorems 3.4 and 3.5 together, we arrive at the equivalence of regular
languages and regular grammars.

Theorem 3.6
A language L is regular if and only if there exists a regular grammar G such
that L = L(G).

Oleg Gutik Formal Languages, Automata and Codes. Lecture 10



3.3 Regular Grammars

Putting Theorems 3.4 and 3.5 together, we arrive at the equivalence of regular
languages and regular grammars.

Theorem 3.6
A language L is regular if and only if there exists a regular grammar G such
that L = L(G).

We now have several ways of describing regular languages: DFA's, NFA's,
regular expressions, and regular grammars.

Oleg Gutik Formal Languages, Automata and Codes. Lecture 10



3.3 Regular Grammars

Putting Theorems 3.4 and 3.5 together, we arrive at the equivalence of regular
languages and regular grammars.

Theorem 3.6

A language L is regular if and only if there exists a regular grammar G such
that L = L(G).

We now have several ways of describing regular languages: DFA's, NFA's,
regular expressions, and regular grammars. While in some instances one or the
other of these may be most suitable, they are all equally powerful.

Oleg Gutik Formal Languages, Automata and Codes. Lecture 10



3.3 Regular Grammars

Putting Theorems 3.4 and 3.5 together, we arrive at the equivalence of regular
languages and regular grammars.

Theorem 3.6

A language L is regular if and only if there exists a regular grammar G such
that L = L(G).

We now have several ways of describing regular languages: DFA's, NFA's,
regular expressions, and regular grammars. While in some instances one or the
other of these may be most suitable, they are all equally powerful. Each gives a
complete and unambiguous definition of a regular language.

Oleg Gutik Formal Languages, Automata and Codes. Lecture 10



3.3 Regular Grammars

Putting Theorems 3.4 and 3.5 together, we arrive at the equivalence of regular
languages and regular grammars.

Theorem 3.6

A language L is regular if and only if there exists a regular grammar G such
that L = L(G).

We now have several ways of describing regular languages: DFA's, NFA's,
regular expressions, and regular grammars. While in some instances one or the
other of these may be most suitable, they are all equally powerful. Each gives a
complete and unambiguous definition of a regular language. The connection

between all these concepts is established by the four theorems in this lecture, as
shown in the following Figure.

Oleg Gutik Formal Languages, Automata and Codes. Lecture 10



3.3 Regular Grammars

Putting Theorems 3.4 and 3.5 together, we arrive at the equivalence of regular
languages and regular grammars.
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A language L is regular if and only if there exists a regular grammar G such
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We now have several ways of describing regular languages: DFA's, NFA's,
regular expressions, and regular grammars. While in some instances one or the
other of these may be most suitable, they are all equally powerful. Each gives a
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’ Regular grammars ‘
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Thank You for attention!



