Find Dfa's For The Following Languages
On ={a,b}. (a) L={w:wmod3=0}. (b)
L={w:wmod5=0}. (c) L={w:n
A(w)mod3&lt;1}.

Find Dfa's For The Following Languages On
={a,b}

(a) L

{w : w mod 3 = 0}

(b) L

{w : wmod 5 = 0}

(c) L={w : n A(w) mod 3 < 1}

In the study of automata theory and formal languages, deterministic finite
automata (DFA) are fundamental tools used to recognize regular languages.
When working with languages over a binary alphabet such as {a, b},
constructing a DFA involves understanding the properties that define each
language. This article explores how to design DFAs for three specific
languages over the alphabet {a, b}: (a) the set of all strings where the
length modulo 3 is zero, (b) the set where the length modulo 5 is zero, and
(c) the set where the number of 'a's modulo 3 is less than 1. We will analyze
each language carefully and demonstrate the step-by-step process for
constructing the corresponding DFA.

Understanding the Languages and Their
Significance

Language (a): L = {w : wmod 3 = 0}

This language consists of all strings over {a, b} whose length is divisible
by 3. For example, strings like "", "abc", "aab", or "bba" (assuming they are
formed over {a, b}) with lengths 0, 3, 3, and 3 respectively are in the
language. Recognizing such a language involves tracking the length of the
input string modulo 3.



Language (b): L = {w : wmod 5 = 0}

This language includes all strings over {a, b} where the total length of the
string is divisible by 5. The strings such as "", "abcde", "aabbc", or
“"bbaaa" (lengths 0, 5, 5, 5) belong to this language. Similar to the previous
case, the key is to monitor the length modulo 5.

Language (c): L = {w : n_A(w) mod 3 < 1}

This language is defined based on the number of 'a's in the string.
Specifically, it includes all strings where the count of 'a's modulo 3 is
less than 1. Since the modulo operation yields 0, 1, or 2, and the condition
is less than 1, the only value satisfying this is 0. Therefore, this language
contains all strings with a number of 'a's divisible by 3, regardless of the
number of 'b's.

Constructing the DFA for Language (a): Strings
with Length mod 3 = 0

Step 1: Conceptual Understanding

The goal is to create a DFA that accepts all strings over {a, b} whose total
length is divisible by 3. Each transition in the automaton will correspond to
reading a symbol ('a' or 'b') and updating the current state to reflect the
new length modulo 3.

Step 2: Define States

e q0: Represents strings where length mod 3 = 0 (accepting state)

1

e ql: Represents strings where length mod 3

e g2: Represents strings where length mod 3 = 2

Step 3: Transition Function
- From each state, reading 'a' or 'b' moves to the next state based on the
current length modulo 3.

| Current State | Input | Next State | Explanation |
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| g0 | a or b | g1 | Length increases by 1, mod 3
| g1 | a or b | 92 | Length increases by 1, mod 3
| g2 | a or b | g0 | Length increases by 1, mod 3
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Step 4: Formal DFA Representation

- States: {q0, ql, g2}
- Alphabet: {a, b}

- Start State: qO

- Accepting State: g0
- Transition Function:
- 8(q0, a) =ql

- 6(g0, b) =ql
- 6(ql, a) = @2
- 8(ql, b) = g2
- 86(g2, a) = q0
- 6(g2, b) =90

Constructing the DFA for Language (b): Strings
with Length mod 5 = 0

Step 1: Conceptual Understanding

This language involves recognizing strings where the total number of symbols
(length) is divisible by 5. Like the previous case, we track length modulo 5
through states.

Step 2: Define States

e gO0: Length mod 5

0 (accepting state)

e ql: Length mod 5 =1
e g2: Length mod 5 = 2
e g3: Length mod 5 = 3
e q4: Length mod 5 = 4



Step 3: Transition Function
| Current State | Input | Next State | Explanation |

| g0 | a or b | g1 | Length increases by 1, mod 5 = 1 |
| g1 | a or b | g2 | Length increases by 1, mod 5 = 2 |
| g2 | a or b | g3 | Length increases by 1, mod 5 = 3 |
| g3 | a or b | g4 | Length increases by 1, mod 5 = 4 |
| g4 | a or b | g0 | Length increases by 1, mod 5 = 0 |

Step 4: Formal DFA Representation

- States: {q0, ql, q2, q3, q4}
- Alphabet: {a, b}

- Start State: qO

- Accepting State: qO

- Transition Function:

- 6(q0, a) = ql, 6(g0, b) = ql
- 86(ql, a) = g2, 6(gql, b) = @2
- 6(92, a) = g3, 6(g2, b) = g3
- 6(q3, a) = g4, 6(g3, b) = g4
- 6(g4, a) = g0, 6(q4, b) = q0

Constructing the DFA for Language (c): Strings
with Number of 'a's mod 3 = 0

Step 1: Understanding the Language

This language focuses on the count of 'a's in the string. The automaton must
keep track of how many 'a's have been read, modulo 3. The presence of 'b's
does not affect this count.

Step 2: Define States

e pO: Number of 'a's mod 3 0 (accepting state)
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e pl: Number of 'a's mod 3

2

e p2: Number of 'a's mod 3



Step 3: Transition Function

- For each symbol in the alphabet:

- If the symbol is 'a', the count of 'a's increases by 1, so the state
transitions accordingly.

- If the symbol is 'b', the count remains unchanged.

| Current State | Input | Next State | Explanation |

| p@ | a | pl | 'a' increases 'a' count by 1, mod 3=1 |
| pO | b | p@ | 'b' does not affect 'a' count |

| p1 | a | p2 | 'a' increases count to 2, mod 3=2 |

| p1 | b | p1 | 'b' leaves 'a' count unchanged |

| p2 | a | p@ | 'a' increases count to 0, mod 3=0 |

| p2 | b | p2 | 'b

Frequently Asked Questions

How do I construct a DFA for the language L = {w | w
mod 3 = 0} over the alphabet {a, b}?

To construct a DFA for L = {w | number of symbols in w is divisible by 3},
consider states representing remainders modulo 3 (0, 1, 2). The initial state
is 0 (accepting), and transitions on any symbol (a or b) move the DFA to the
next state in the cycle (e.g., from 0 to 1, 1 to 2, 2 to 0). All states are
accepting if they represent remainders divisible by 3. This DFA accepts all
strings whose length is divisible by 3.

What is the approach to design a DFA for the
language L = {w | w mod 5 = 0} over {a, b}?

Similar to the mod 3 case, construct a DFA with states representing
remainders 0 through 4 modulo 5. The start state is 0 (accepting), and on
reading any symbol, the DFA transitions to the state corresponding to the
current remainder plus 1 modulo 5. All states with remainder 0 are accepting
states. This DFA accepts strings whose length is divisible by 5.

How do I create a DFA for the language L = {w |
n A(w) mod 3 < 1} over {a, b}?

This language includes all strings where the number of 'a's in w (n_A(w))
modulo 3 is less than 1, i.e., n A(w) mod 3 = 0. To build this DFA, define
states based on the count of 'a's modulo 3. The initial state is ©
(accepting), and reading an 'a' moves to the next state (increment modulo 3).
Reading 'b' leaves the state unchanged. Only states with n A(w) mod 3 = 0 are
accepting, so the DFA accepts strings with a number of 'a's divisible by 3.



Are the DFAs for these languages similar in
structure, and how do they differ?

Yes, all these DFAs are similar in structure as they are based on tracking
remainders modulo some number (3 or 5) or based on counts of specific
symbols. The main difference lies in the transition conditions: for length-
based languages, transitions depend on reading any symbol; for symbol-count-
based languages (like counting 'a's), transitions depend specifically on the
symbol read ('a' vs. 'b'). The accepting states are determined accordingly to
satisfy the language definitions.

Can these DFA constructions be generalized for any
modulus or symbol count condition?

Yes, the general approach involves creating a finite number of states
representing possible remainders or counts modulo the relevant number.
Transitions are defined to update these counts based on input symbols. For
length-based conditions, transitions are uniform; for symbol-specific counts,
transitions depend on the particular symbol. This systematic method can be
extended to any modulus or symbol count conditions.

What are some common pitfalls to avoid when
designing DFAs for these languages?

Common pitfalls include forgetting to make all relevant states accepting
(e.g., only the remainder 0 states), mishandling transitions (incorrectly
updating remainders), and neglecting to include transitions for all symbols
in the alphabet. Additionally, ensuring that the start state correctly
represents the initial condition (e.g., zero count) is crucial. Carefully
verifying that the DFA accepts exactly the intended language helps avoid
these errors.

Additional Resources

Find Dfa's For The Following Languages On ={a,b}. (a) L={w:wmod3=0}. (b)
L={w:wmod5=0}. (c) L={w:n A(w)mod3<1l}.

Introduction

Finite automata are fundamental tools in computer science, particularly in
the fields of language recognition, compiler design, and automata theory.
They provide a way to model and analyze the behavior of systems that process
strings over an alphabet. In particular, Deterministic Finite Automata (DFA)
are a class of automata with a single unique transition for each symbol in
the alphabet from any given state, making them predictable and
computationally efficient.



This article explores the construction of DFAs for three specific languages
over the alphabet \(\{a, b\}\). These languages involve modular arithmetic
conditions on the strings, which are common in formal language theory and
automata design. The goal is to understand how to create automata that accept
strings based on their length modulo some number and a more complex condition
involving the number of 'a's in the string.

Understanding the Problem

Before delving into the automata, it’'s crucial to interpret each language
mathematically and understand what strings it includes.

Language (a): \(L = \{ w : w\mod 3 =0 \}\)

This language comprises all strings over \(\{a, b\}\) whose length is
divisible by 3. In other words, if the string \(w\) has length \(n\), then
\(w \in L\) if and only if \(n \equiv 0 \pmod{3}\).

Language (b): \(L =\{ w : w\mod 5 =0 \}\)

Similarly, this language includes all strings where the length of \(w\) is
divisible by 5, i.e., \(n \equiv 0 \pmod{5}\).

Language (c): \(L = \{ w : n {A(w)} \mod 3 < 1 \}\)

This language depends on the number of 'a's in the string, denoted \(A(w)\).
Here, \(n {A(w)}\) is the count of 'a' in \(w\). The condition \(n_ {A(w)}
\mod 3 < 1\) simplifies to \(n_{A(w)} \mod 3 = 0\), meaning the total number
of 'a's in \(w\) is divisible by 3.

Building DFAs for Languages Based on Length Modulo Conditions

Constructing DFAs for languages that depend on string length modulo a number
involves tracking how many characters have been read modulo that number.

General Approach

- The key idea is to create a finite set of states, each representing a
specific residue class of the current string length modulo \(k\).

- The automaton starts in an initial state representing zero length (residue
0).

- For each input symbol ('a' or 'b'), the automaton transitions to a new
state that updates the residue class accordingly.

- Accepting states are those where the length satisfies the language's
condition (e.g., residue 0 for divisibility).



Constructing DFA for Language (a): Length Divisible by 3

States and Transitions

- States: \(Q = \{q_0, q_1, q_2\}\)
- Start state: (q 0\) (length 0, which is divisible by 3)
- Accepting state: \(q 0\) (since length mod 3 = 0)

Transition Function (\(\delta\)):

| Current State | Input | Next State |

Explanation:

- Reading any symbol increases the length by 1, updating the residue class.
- After every three symbols, the automaton cycles back to \(q 0\).

Diagram:

+----- + 'a,b' +----- + 'a,b' +----- +

I B e T T > 1 a2 |
+----- + +----- + +----- +

DFA Summary:
- The automaton accepts strings whose length is a multiple of 3.

- The alphabet is \(\{a, b\}\), and the transitions are uniform regardless of
the symbol.

Constructing DFA for Language (b): Length Divisible by 5

This process is similar, but now the automaton tracks the length modulo 5.
States and Transitions

- States: \(Q = \{s 0, s 1, s 2, s 3, s 4\}\)

- Start state: \(s _0\)

- Accepting state: \(s_0\)

Transition Function:



| Current State | Input | Next State |

| \(s O\) | 'a' or 'b" | \(s_1\) |

| \(s_1I\) | 'a' or 'b"' | \(s_2\) |

| \(s_2\) | 'a" or 'b" | \(s_3\) |

| \(s 3\) | 'a' or 'b" | \(s_ 4\) |

| \(s_ 4\) | 'a' or 'b"' | \(s_0O\) |

Diagram

+----- + 'a,b' +----- + 'a,b' +----- + 'a,b' +----- + 'a,b' +----- +

I > | 81 | --ccccccmaannnnnn- > | §2 | -e-eeemnnnn--
----- >| s3 | ------------------> ]| s 4 |

Fo-m-- + +----- + +----- + +----- + H----- +

The automaton accepts strings of length divisible by 5, as it ends in \ (s 0\)
after processing a multiple of 5 symbols.

Constructing DFA for Language (c): Number of 'a's Divisible by 3

This language depends on counting 'a's specifically, whereas 'b's do not
affect the acceptance condition. Therefore, the automaton must track the
number of 'a's modulo 3, regardless of how many 'b's are encountered.

States and Transitions

- States: \(Q = \{A 0, A1, A 2\}\), where \(A i\) represents that the number
of 'a's read so far is congruent to \(i \pmod{3}\).

- Start state: \(A O\) (no 'a's read yet)

- Accepting state: \(A 0\)

Transition Function:

| Current State | Input | Next State | Explanation |

| \(A O\) | 'a'" | \(A 1\) | 'a' increments 'a' count by 1 (mod 3) |

| \(A O\) | 'b* | \(A O\) | 'b' doesn't change 'a' count |

| \(A_1\) | 'a'" | \(A 2\) | 'a' increments count, so move from 1 to 2 mod 3 |
| \(A_I\) | 'b" | \(A_1\) | 'b' doesn't change 'a' count |

| \(A 2\) | 'a' | \(A_O\) | 'a' increments count, wrapping back to 0 mod 3 |
| N\(A 2\) | 'b" | \(A 2\) | 'b' doesn't change 'a' count |

Diagram:



Final Remarks:

- The automaton accepts strings for which the total number of 'a's is
divisible by 3.

- 'b's are ignored for the acceptance condition, only affecting state
transitions.

Summary & Implementation Insights

Constructing DFAs for these languages involves understanding the properties
of the strings that determine acceptance:

- Length-based languages: Track the total number of characters modulo the
divisor. The automaton cycles through states based on the length modulo

\ (k\) .

- Counting 'a's: Focus on the number of 'a's, ignoring
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