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In formal language theory, constructing grammars for particular languages is fundamental for
understanding their structure and computational properties. The language L((aaabba)) is a specific
set of strings over an alphabet, and defining a left-linear grammar for it involves understanding the
language's pattern and translating it into a set of production rules that generate the language
efficiently. This process not only aids in theoretical analysis but also has practical implications in
compiler design, automata theory, and language processing. In this article, we will explore how to
find a left-linear grammar for the language L((aaabba)), including detailed steps, explanations, and
examples to clarify the process.

Understanding the Language L((aaabba))

Before constructing a grammar, it is essential to analyze the language's structure. The notation
L((aaabba)) suggests a particular language, but to proceed, we need to understand what this
notation indicates.

Interpreting the Language

Given the notation, L((aaabba)), it likely refers to the set of strings generated by the pattern or rules
associated with the string "aaabba". However, in formal language theory, such a notation could also
denote a language defined by a regular expression or a specific pattern. Commonly, when dealing
with languages like this, the goal is to construct a grammar that generates all strings matching a
particular pattern.

Suppose the language L((aaabba)) is the set of all strings over the alphabet {a, b} that follow certain
rules derived from the string "aaabba." For example, it might be the set of all strings that contain
the substring "aaabba" or strings that follow a pattern similar to "aaabba."

For clarity, let's assume that L((aaabba)) is the language of all strings over {a, b} that contain the
substring "aaabba." This is a common scenario, and it makes the problem concrete.

Therefore, our goal:

- To construct a left-linear grammar that generates all strings over {a, b} which contain the
substring "aaabba".

Note: If the language is different, such as the set of strings exactly equal to "aaabba," the process
simplifies to a straightforward grammar. But given the context, considering strings containing the
substring "aaabba" makes the problem more instructive.



Key Concepts: Left-linear Grammars

Before constructing the grammar, let's review what a left-linear grammar is.

Definition of Left-linear Grammar

A left-linear grammar is a type of regular grammar where all production rules are of one of the
following forms:

-A-aB

-A-a

-A-c¢

where:

- A and B are non-terminal symbols,
- a is a terminal symbol,

- £ is the empty string.

In a left-linear grammar, the non-terminal appears on the left side of the production, which ensures
the language generated is regular and the parsing process is straightforward.

Advantages of Left-linear Grammars:
- They generate regular languages.

- They are suitable for implementing finite automata.
- They are easy to analyze and convert into automata.

Our task: To construct such a grammar that generates all strings containing "aaabba.

Constructing the Grammar Step-by-Step

The overall approach involves:

1. Designing the grammar to recognize the substring "aaabba" within any string.

2. Ensuring the grammar can generate any prefix before "aaabba."

3. Allowing the suffix after "aaabba" to be any string over {a, b}.

Step 1: Recognize the Pattern "aaabba"

The key is to design non-terminals that track progress toward matching "aaabba" as a substring.

Step 2: Create Non-Terminals for Each Partial Match

Define non-terminals representing how much of "aaabba" has been matched so far:



- S: Start symbol, before any "aaabba" substring is found.

- A: After matching the first 'a'.

- B: After matching "aa".

- C: After matching "aab".

- D: After matching "aabb".

- E: After matching "aaabb".

- F: After matching "aaabba" (full match).

Step 3: Define Production Rules

The rules will be designed to:

- Allow any string of {a, b} before the pattern.

- Transition through states as the pattern "aaabba" is matched.
- Once the pattern is matched, generate any string afterward.
Initial State S:

-S-aA|bS|e

This means: from the start, we can have any number of 'b's or start matching with 'a’ to progress
toward the pattern.

State A (matching first 'a'):

-A-aB|bS

Here, after seeing an 'a’, either continue matching 'a' in "aa" or restart if a 'b' appears.
State B (matching "aa"):

-B-aC|bS

Proceed to match 'a’ after "aa" or restart.
State C (matching "aab"):

-C-bD | bS

Matching 'b' after "aab" or restart.

State D (matching "aabb"):

-D-aE | bS

Matching 'a' after "aabb" or restart.
State E (matching "aaabb"):

-E—-aF | bS



Matching 'a' after "aaabb" or restart.
State F (matching "aaabba"):
- F - aF | bF | any symbol

Since once we've matched "aaabba", we can generate any string afterward, so we allow generating
any combination of 'a' and 'b'.

However, to keep the grammar left-linear, we need to ensure production rules are of the form A -
aB,A-a,orA-ce.

Step 4: Complete the Grammar

Putting it all together:

S—-aA|bS|e

A - aB | bS

B -aC|bS

C-bD|bS

D - aE | bS

E - aF | bS

F - aF | bF | terminal symbols (to generate suffixes)

But since we want the grammar to generate strings that contain "aaabba", the key is that after
reaching F, the string can continue with any combination of a's and b's.

Final Grammar:

S—-bS|aA|e
A - aB
B-aC
C-0bD
D - aE
E - aF
F-aF |bF|¢

Explanation:
- The start symbol S allows for any prefix of b's or an 'a' that begins the pattern.

- The chain A - aB - aC - bD — aE - aF ensures that the substring "aaabba" is matched in order.
- After the full match at F, the rules allow generating any suffix of 'a' and 'b' (left-linear form).

Additional Considerations



Handling Multiple Occurrences

The above grammar recognizes at least one occurrence of "aaabba" in the string. To generate all
strings containing at least one "aaabba", the rules are designed to:

- Continue matching the pattern every time it appears.
- Allow strings without the pattern as well (via the € in S).

Ensuring Left-Linear Form

All production rules are of the form A — aB, A - a, or A - ¢, satisfying the left-linear property.

Practical Example

Suppose we want to generate the string:
bbaaaabbaaabbaaabbaa

This string contains "aaabba" somewhere inside. Using the grammar:
- The initial S can produce "bb" (via S = bS).

- Then, once 'a' appears, the pattern matching begins.
- After matching "aaabba," the remaining suffix is generated freely through F's rules.

Summary
Constructing a left-linear grammar for the language L((aaabba)) involves:

- Analyzing the pattern "aaabba."
- Creating non-terminals to track the progress of matching this pattern.

- Designing production rules to recognize the pattern while allowing arbitrary prefixes and suffixes.

- Ensuring all production rules are left-linear, i.e., non-terminals are on the left side of the
productions.

This approach ensures the resulting grammar is both correct and efficient, capable of generating all

strings over {a, b} that contain the substring "aaabba." Such grammars are instrumental in
automata theory, compiler design, and formal language analysis, providing a foundation for
recognizing and processing complex language patterns systematically.

Frequently Asked Questions



What is the goal when finding a left-linear grammar for the
language L((aaabba))?

The goal is to construct a left-linear grammar that generates exactly the language consisting of the
string 'aaabba’, ensuring the grammar produces only that string and no others.

How do we determine if a left-linear grammar can generate a
specific string like 'aaabba'?

We analyze the structure of the string and design production rules that can generate the string step-
by-step from the start symbol, ensuring the grammar remains left-linear (all productions have a
single non-terminal on the rightmost side).

What are the key characteristics of a left-linear grammar?

A left-linear grammar has production rules where each non-terminal is either replaced by a terminal
followed by a non-terminal or by a terminal alone, with the non-terminal appearing on the right end
of the production.

Can you provide an example of a left-linear grammar for the
language containing only 'aaabba'?

Yes. For example, a grammar with start symbol S and productions: S - aA, A- aB, B—-aC,C-b,
and D - a, where the sequence of productions generates 'aaabba’'.

What steps are involved in constructing a left-linear grammar
for a specific string?

Identify the sequence of terminals, define non-terminals to represent partial strings, create
production rules reflecting the sequence, and ensure all rules are left-linear, ultimately deriving only
the target string.

Is it possible to generate only the string ‘aaabba' with a left-
linear grammar, and what are the challenges?

Yes, it is possible by carefully designing production rules that produce exactly that string. The
challenge lies in ensuring the grammar does not generate any other strings and maintains the left-
linear form throughout.

Additional Resources
Find A Left-linear Grammar For The Language L((aaabba))

Creating a left-linear grammar for a specific language is a fundamental task in formal language
theory, especially in the context of automata theory, compiler design, and linguistic modeling. The
language L((aaabba)) — which, based on the notation, appears to be the language generated or



described by the string "aaabba" — serves as an interesting case study for understanding how to

derive grammars that generate particular strings or sets of strings. In this article, we will explore
the process of designing a left-linear grammar for the language L((aaabba)), analyze its features,

and discuss its implications within the broader scope of formal languages.

Understanding the Language L((aaabba))

Before proceeding to construct a grammar, it is vital to clarify what the language L((aaabba))
represents. Typically, in formal language notation, the notation L(w) refers to the language
generated by or associated with the string w. If L((aaabba)) is the language generated by the string
"aaabba," it might imply:

- The language consists solely of the string "aaabba."

- Alternatively, the notation could be referring to a language that contains "aaabba" as a member,
possibly along with other strings depending on the context.

For the purpose of this review, we will assume the language is the singleton set containing only the
string "aaabba," i.e.,

L = { "aaabba" }
This simplifies the problem to constructing a grammar that generates exactly this string. Later, we

will consider the more general case where the language includes variations or patterns similar to
"aaabba."

Defining Left-Linear Grammars

What Is a Left-Linear Grammar?

A left-linear grammar is a type of regular grammar where all productions are either of the form:

- A - aB (where A and B are non-terminal symbols, and a is a terminal symbol), or
- A - a (a terminal symbol alone).

In other words, in each production, the non-terminal appears at the left end of the right-hand side,
with terminals following, or the production leads directly to a terminal. This form of grammar is a
subset of regular grammars, which are known to generate regular languages.

Features of left-linear grammars:

- They are suitable for recognizing regular languages.



- They are straightforward to implement and understand.
- They lend themselves well to finite automaton representations.

Pros:

- Simplicity in construction.

- Clear correspondence to finite automata.

- Efficient parsing and recognition.

Cons:

- Limited expressive power — cannot generate context-free languages that are not regular.

- Not suitable for generating languages requiring nested dependencies, such as matching
parentheses.

Constructing a Left-Linear Grammar for the Language
L = { "aaabba" }

Since our language contains only the string "aaabba," our task reduces to creating a grammar that
produces exactly this string and nothing else.

Step-by-Step Construction

The goal is to define a set of productions that generate "aaabba" and only that string.
Step 1: Define the start symbol

Let’s designate S as the start symbol.

Step 2: Break down the string into production steps

The string "aaabba" can be segmented as:

a-a-a-b-b-a

We will create productions that generate this sequence step-by-step.

Step 3: Write the productions

-S—-aA

-A-aB

-B-aC



-C-bD

-D - bE

-E-a

The last production, E — a, terminates the derivation.
Step 4: Verify the derivation

Starting from S:

S-aA

- aaB

—aaaC

—aaabD

—aaabbE

—aaabba

This matches the string "aaabba."

Step 5: Confirm the grammar is left-linear
Each production has the form:

- S - aA: non-terminal on the right, preceded by terminal.
- A - aB: same pattern.

- B — aC: same pattern.

- C - bD: same pattern.

- D - bE: same pattern.

- E - a: terminal only, ending the derivation.

All productions are of the form A — aB or A - a, satisfying the left-linear form.

Final Grammar Representation

Grammar G = (V, X, R, S)



-V={S,A,B,C,D,E}
-¥={ab}

-R=

1.S-aA

2.A-aB

3.B-aC

4.C-bD

5.D - bE

6.E—a

- Start symbol: S

This grammar generates exactly the string "aaabba."

Features and Analysis of the Constructed Grammar

Strengths

- Simplicity: The grammar is straightforward and easy to understand, with each production clearly
representing a step in the string derivation.

- Determinism: The derivation process is deterministic, with each step consuming exactly one
terminal and moving to the next non-terminal, making it suitable for parser implementation.

- Regularity: As a left-linear grammar, it defines a regular language — in this case, a singleton set
containing a single string.

Limitations

- Limited to specific strings: This grammar only generates the string "aaabba." To generate a
language with multiple strings or patterns, the grammar would have to be expanded.

- Not scalable: For a large set of strings or parameters, enumerating productions becomes
impractical.



- Lack of generalization: It does not capture any pattern or rule beyond the specific string. For more
general languages, a different approach is necessary.

Extending to General Patterns: For Broader Languages

While the above construction is ideal for a singleton language, real-world applications often require
generating more complex languages, such as those with repeating patterns or variable-length
strings.

Example: Generating a language with repeated "a"s followed
by "b"S

Suppose the language L = { a”nb”n | n = 1 } (strings with equal number of a's followed by b's).
This is a classic context-free language that cannot be generated by a regular (or left-linear)
grammar. However, for specific fixed lengths, similar step-by-step grammars can be constructed.

Alternative: Using Regular Expressions

For languages that are regular, regular expressions are often more concise. For example, the
language containing only "aaabba" can be represented as:

“"aaabba"

But for patterns like "a”n b”n," regular expressions are insufficient, and context-free grammars are
required.

Conclusion: Summary of the Approach and Implications

Constructing a left-linear grammar for a specific string like "aaabba" involves defining a sequence of
productions that mirror the string's structure. As demonstrated, such grammars are simple,
deterministic, and suitable for generating singleton languages. However, their utility diminishes
when dealing with more complex or variable languages, due to their limited expressive power.

Key takeaways:

- Left-linear grammars are ideal for generating regular languages, especially fixed strings or
patterns.



- For singleton strings, the construction is straightforward and mirrors the string's sequence
precisely.

- Extending to broader languages requires more powerful grammatical forms, such as context-free
grammars or regular expressions.

- Understanding the structure of the language is crucial before selecting the appropriate
grammatical form.

In summary, finding a left-linear grammar for L((aaabba))—assuming the language is the singleton
set containing "aaabba"—is a matter of constructing a sequence of productions that reproduce this
string exactly. While simple for this case, the approach highlights foundational principles in formal
language theory and underscores the importance of grammar types in language generation and
recognition tasks.
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