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Converting a context-free grammar (CFG) into Chomsky Normal Form (CNF) is a
fundamental step in various computational linguistics and automata theory
applications, including parsing algorithms like the CYK algorithm. In this
article, we will walk through the process of transforming the grammar with
productions S - Ab | ab, A - Abb |, B - Bba into CNF, ensuring that the
grammar adheres to the strict rules defining CNF. Understanding this
conversion not only enhances your grasp of formal language theory but also
provides practical insights into compiler design and language parsing.

Understanding the Given Grammar

Before beginning the conversion process, it is essential to analyze the
original grammar's structure and productions.

The Original Grammar Productions

S > Ab | ab
e A - Abb | (empty string)

e B - Bbha

This grammar contains:

- A start symbol S

- Non-terminals A and B

- Terminals a and b

- Some productions with mixed terminal and non-terminal symbols
- An epsilon (empty string) production for A

Goals of Conversion to CNF

The main objectives are:

- A1l productions are either of the form A - BC, where B and C are non-
terminals, or A - a, where a is a terminal.

- Eliminate epsilon-productions (except possibly for the start symbol if
necessary).

- Remove unit productions (productions of the form A - B).



- Ensure all productions conform to CNF rules.

Step-by-Step Conversion Process

Converting the given grammar involves several key steps, which we will
explore in detail.

1. Eliminate Epsilon-Productions

The production A - (empty string) introduces epsilon-productions. We need to
eliminate these to meet CNF requirements.

Identify Nullable Non-terminals

- A- g, so A is nullable.

- B does not produce € directly, so B is not nullable.

- S does not produce € directly, but may become nullable if other nullable
productions are involved.

Adjust Productions to Remove Epsilon

- For each production with A on the right side, create new productions by
removing or keeping A, considering its nullability.

Original productions:

-S> Ab | ab
- A-> Abb | €
- B - Bba

New productions:

-S->Ab | ab | A]| b (by removing A in S - Ab)

- For A:

- Since A - €, remove € from the production set.

- For A - Abb, since A can be €, create A - Abb | bb (by removing A), but
need to consider that A is nullable.

- There are no other epsilon productions to eliminate for B.

Considering that, the adjusted productions after epsilon removal are:

- A-> Abb | B | (since A - €, but epsilon is removed, so A - Abb | B)
-S->Ab | ab | b (by removing A from S - Ab)

But note that in the original, A - Abb, so we need to process that carefully.



2. Remove Unit Productions

Unit productions are of the form A - B, where both are non-terminals.

- In the adjusted grammar, check for such productions.
- For example, if any production is A - B, replace it with the productions of
B.

In our case:

- S - B? No, S Ab, S - ab

- A - B? No, A Abb, A - B (after epsilon removal)
- B - Bba (not a unit)
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We notice that A - B could appear if B is a non-terminal with only terminal
derivations (which it is not). So, check whether any unit productions exist
after the previous step.

3. Convert Productions to Proper Form (A - BC or A -
a)

Now, ensure all productions follow the CNF format.

- For productions like S - Ab, which has a terminal and a non-terminal, we
need to introduce new non-terminals to replace terminal symbols in longer
productions.

For example:

-S> Ab

- 'A' is a non-terminal, 'b' is a terminal.

- Since the right side is a mixture, we need to replace 'b' with a new non-
terminal, say, B'.

Define B' - b.

Now, rewrite:
-S-AB'

Similarly, for S - ab:

- Both terminals, so introduce new non-terminals:
- Define T a - a

- Define T b - b

- Then, S->TaThb

For A - Abb:

- 'A' is non-terminal, 'b' is terminal, and 'A' appears twice.
- Break down 'Abb' into binary productions:

- Define B'' - b

- Now, A - AB"'



- But 'A B'' is of form A - BC, which is acceptable.

For B - Bba:

- 'B' is non-terminal, 'b' terminal, 'a' terminal.
- Break down:

-B-BB'"'

-B''"'" - ba

Define new non-terminals:
-Tbo-»D
-Ta-a

Now, B - B T b T a, but CNF allows only productions with either two non-
terminals or a single terminal. So, further break down:

-B-BC

-C-TDbTa

Summary of new non-terminals:
-Ta-a
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Final Grammar in Chomsky Normal Form

Putting all together, the grammar in CNF will be:

*S->AB' | TaTb | b
cA->AB'' |B

eB-BC

°
(@]
l

TbTa
eB'' > Th
eT a-a

eTbo-b

Note that:
- All productions are either of the form A - BC or A - a.
- Terminals only appear in productions with a single terminal on the right



side.
- Non-terminals are used exclusively for binary productions.

Conclusion: Key Takeaways for Grammar
Conversion

Converting a context-free grammar into Chomsky Normal Form is a systematic
process that involves:

1. Identifying and removing epsilon-productions while preserving language
equivalence.

2. Eliminating unit productions to ensure the grammar is free of trivial
derivations.

3. Breaking down longer or mixed productions into binary forms using new
non-terminals.

4. Replacing terminals in productions longer than one symbol with new non-
terminals that produce those terminals.

This process not only simplifies the grammar but also facilitates the
implementation of efficient parsing algorithms like CYK. By following these
steps meticulously, you can transform any CFG into CNF, enabling more
straightforward analysis and processing of formal languages.

Remember: The key to successful conversion lies in carefully introducing new
non-terminals and systematically applying the CNF rules, ensuring the
original language's integrity remains intact throughout the process.

Frequently Asked Questions

What are the main steps to convert the grammar S
Ab|ab, A Abb|, B Bba into Chomsky Normal Form?

The main steps include eliminating epsilon and unit productions, removing
useless symbols, and ensuring all productions are either of the form A - BC
or A - a, then modifying the grammar accordingly.

How do you handle productions with mixed terminals



and non-terminals in the given grammar during
conversion?

You introduce new non-terminals for terminals in productions, replacing
terminals with these new non-terminals, to ensure productions are only of the
form A - BC or A - a.

What is the significance of removing epsilon
productions in converting to Chomsky Normal Form?

Removing epsilon productions ensures that the grammar produces the same
language without optional or empty productions, which is a requirement for
Chomsky Normal Form.

How do you eliminate unit productions in the given
grammar during conversion?

Identify unit productions (A - B), and replace them with the productions of
B, thereby removing direct A - B productions and simplifying the grammar.

Can the given grammar be directly converted into CNF
without any modifications? Why or why not?

No, because the original grammar contains productions with more than two non-
terminals and terminals mixed with non-terminals, which require
transformation into CNF form.

What role do new non-terminals play in transforming
the given grammar into CNF?

New non-terminals are introduced to break down longer productions and replace
terminals in mixed productions, ensuring all productions conform to CNF
rules.

After converting the grammar to CNF, how can we
verify that it generates the same language as the
original grammar?

By checking that the set of strings generated remains unchanged, often
through derivation comparisons or language equivalence proofs, to confirm the
correctness of the conversion.

Are there any common pitfalls to watch out for when
converting a grammar like S Ab|ab, A Abb|, B Bba



into CNF?

Yes, common pitfalls include forgetting to eliminate epsilon or unit
productions, not replacing terminals in longer productions, and failing to
ensure all productions are in the correct form, potentially altering the
language.

Additional Resources

How to Convert the Grammar S - Ab | ab, A - Abb | A, B - Bba Into Chomsky
Normal Form

Converting a grammar into Chomsky Normal Form (CNF) is a fundamental step in
formal language theory and automata design. It facilitates parsing algorithms
such as the CYK algorithm and simplifies the analysis of context-free
grammars (CFGs). In this guide, we will walk through the process of
transforming the complex grammar:

S - Ab | ab
A > Abb | A

B - Bba

into its equivalent CNF form, step-by-step. This example provides a practical
illustration of the standard procedures involved, including eliminating null
productions, unit productions, and transforming productions to meet CNF
criteria.

Overview of Chomsky Normal Form

Before delving into the conversion, let’s review what Chomsky Normal Form
entails:

A context-free grammar is in CNF if all production rules are of one of the
following forms:

1. A - BC, where A, B, C are non-terminal symbols (and B, C are not the start
symbol) .

2. A - a, where a is a terminal symbol.

3. The start symbol may produce A (the empty string), only if A is part of
the language.

Key points to remember:
- No mixed productions like A - aB or A - Ba.

- No €-productions (except possibly for the start symbol).
- No unit productions (productions with a single non-terminal on the right



side).

Step 1: Understanding the Given Grammar

Let's analyze the initial grammar:

S - Ab | ab
A - Abb | A
B - Bba

- S produces either "Ab" or “ab’.

- A produces "Abb" or €.

- B produces "Bba'.

Notably:

- There's an e-production in A.

- Some productions involve multiple terminals and non-terminals.

- The production B - Bba has a terminal at the end, which we will need to
handle to meet CNF.

Step 2: Eliminate €-Productions

The first step is to eliminate e-productions because CNF does not allow them,
except possibly for the start symbol if it derives €.

Identify nullable variables

- A-> A, so A is nullable.

Generate new productions by removing nullable symbols

For each production containing A, we generate variants where A is omitted:
- S - Ab:

- With A nullable, add the variant where A is omitted:

- 'S > Db (since A is omitted).

- A - Abb:

- Since A is nullable, and appears twice, generate:

- Remove the first A:



- "A- b

- Remove the second A:

- "A - Ab" (which is original).
- Remove both As:

- "A-b b

Now, the original production A - Abb can be replaced with:
A - Abb | b | bb

Additionally, eliminate the €-production:
- Remove A - A.

Updated Grammar after e-elimination:
S-Ab | ab | b

A - Abb | b | bb
B - Bba

Step 3: Eliminate Unit Productions and Simplify

Check for unit productions (rules where a non-terminal produces a single non-
terminal).

In the current grammar:

- No explicit unit productions remain.

Step 4: Handle Terminals in Productions Longer Than One

CNF requires that productions with multiple symbols involve only non-
terminals, and terminals are only on their own.

- The production B - Bba involves a terminal "a’ at the end.
- The production S - ab involves two terminals "a” and b’ .

- The production S - b is already a terminal.



- The production A - b is a terminal.

- The production A - b b involves only terminals.
Introducing new variables for terminals

Create new non-terminals:

- Let’'s define:

T Q
1l
[@ 2 )

Now, replace terminal symbols in productions longer than one symbol:

- S ab becomes:

{

- A - Abb:

- B - Bba:

B-BXaXb

A-XbXb



Step 5: Convert Productions to CNF
Now, rewrite all productions to fit the CNF form.

Handling productions with more than two non-terminals

For A - A B B, break into:

- For B - B X a X b, break into:

- B Z
- X aXb

Summary of converted productions:

S-aB | Xb

Xa-a

Xb-»>
A-AY | Xb | XbXb
Y- BB

Z-XaXb

B-BZ

Final step: Remove any remaining productions with mixed terminals and non-
terminals

- S > a B is acceptable because "a’ is terminal and "B° is non-terminal.

- The other productions are already in CNF.

Complete Final Grammar in CNF

Here's the final form of the grammar in Chomsky Normal Form:

S-aB | Xb



A-AY | Xb ]| XbXb
Y - BB

Z-XaXb

B-BZ

X a-a

Xb-»>b

Summary of Steps for Converting Any Grammar to CNF

1. Eliminate e€-productions:

- Identify nullable variables.

- Generate new productions removing nullable variables.

- Remove original e-productions unless the start symbol derives «.

2. Eliminate unit productions:
- Remove rules where a non-terminal produces exactly one non-terminal.

3. Handle terminals in longer productions:
- Introduce new non-terminals representing terminals.
- Replace terminals in productions with these non-terminals.

4. Break down long productions:
- For rules with more than two non-terminals, introduce new non-terminals to
break them into binary productions.

5. Ensure all productions match CNF rules:
- Productions are either A - BC or A - a.

Final Remarks

Transforming complex grammars into Chomsky Normal Form is a systematic
process that involves multiple steps—each ensuring that the resulting grammar
is suitable for efficient parsing algorithms and theoretical analysis. The
example provided illustrates how to approach each stage, from handling €-
productions to rewriting productions with terminals and multiple non-
terminals.

Mastering this process enhances your understanding of formal languages and
automata, and provides a solid foundation for designing parsers, compilers,
and automata-based models. Whether you're a student or a professional,
practicing these conversions will deepen your grasp of the structural
properties of context-free grammars.

Happy grammar transforming!
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