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Understanding the nuances of Big O notation is essential for computer scientists, software
engineers, and anyone involved in algorithm analysis. In this article, we will explore
whether the statement "3 N~2 10 N Log N = O(n Log N)" is true or false. To do this
comprehensively, we will delve into the fundamentals of Big O notation, analyze the given
expressions, and clarify common misconceptions.

What Is Big O Notation?

Big O notation is a mathematical way to describe the upper bound of an algorithm's
running time or space complexity in terms of input size, typically denoted as n. It helps
compare the efficiency of algorithms by abstracting constant factors and lower-order
terms, focusing solely on the dominant term as n grows large.

Key points about Big O:

- It describes the worst-case scenario.

- It ignores constant multipliers.

- It emphasizes growth rates of functions as n approaches infinity.

- It is used to classify algorithms into categories like O(1), O(log n), O(n), O(n log n),
O(n"2), etc.

Analyzing the Expression: 3 N~2 10 N Log N

Let's break down the expression 3 N~2 10 N Log N:

- The constants 3 and 10 are constants and can be ignored in Big O analysis.
- The multiplication of terms: N2 N Log N simplifies to N~ {2 + 1} Log N = N3 Log N.

Therefore, the overall function simplifies to:
f(n) = ¢ N~3 Log N, where c is a constant (product of 3 and 10).

Implication: The dominant term here is N~3 Log N, which suggests the function’s growth
rate is proportional to N~ 3 Log N.



Comparing to O(n Log N)

Now, the question becomes: Is 3 N~2 10 N Log N = O(n Log N)?
In formal terms, we need to determine whether:

f(n) = N~ 3 Log N is bounded above by some constant multiple of n Log N for sufficiently
large n.

Formally:
Does there exist constants C > 0 and n 0 such that:
N~3LogN=CNLogN foralln=n 0?

Let's analyze this inequality.

Mathematical Analysis

Dividing both sides by N Log N (assuming n = 1):
N*3LogN/(NLogN) =C

Simplify numerator:

(N"3)/N=N"2

Thus:

N~2=C

As n approaches infinity, N2 grows without bound. Therefore, for any fixed constant C,
beyond some sufficiently large n, the inequality N~2 < C will no longer hold.

This indicates that N~ 3 Log N grows faster than N Log N. Consequently, f(n) = N~3 Log
N is not bounded above by any constant multiple of N Log N for large n.

Conclusion:
f(n) # O(n Log N)

The initial statement claiming 3 N~2 10 N Log N = O(n Log N) is False.

Understanding the Growth Rates and Hierarchies

To appreciate why the statement is false, it's helpful to understand the hierarchy of



growth rates in algorithm analysis.

Common Growth Rate Classes

| Class | Description | Example |

| I | I

| O(1) | Constant time | Accessing an array element |

| O(log n) | Logarithmic time | Binary search |

| O(n) | Linear time | Traversing a list |

| O(nlog n) | N log N time | Efficient sorting algorithms like mergesort |
| O(n"2) | Quadratic time | Bubble sort, simple nested loops |

| O(n"3) | Cubic time | Some matrix multiplication algorithms |

As evident, N~ 3 Log N grows faster than N Log N for large n. Therefore, it cannot be
bounded above by a constant multiple of N Log N.

Implications in Algorithm Analysis

Understanding whether an algorithm's complexity is within a certain Big O class is crucial
for predicting performance and scalability.

Case Study:

Suppose you have an algorithm with a complexity of O(N~3 Log N). If you compare it to
an algorithm with O(N Log N), the latter will generally be much more efficient for large
input sizes.

Important Takeaways:

- When analyzing the sum or product of complexities, focus on the dominant term.

- Recognize that polynomial growth rates dominate logarithmic ones.

- Constants and lower-order terms are ignored in Big O notation, but they can matter in
practical implementations for small input sizes.

Common Misconceptions in Big O Analysis

Many students and practitioners make errors when analyzing complexities, especially with
expressions involving multiple terms.

Misconception 1: Assuming constants can be combined or ignored inconsistently.
Correction: Constants are ignored when determining Big O; only the growth rate matters.

Misconception 2: Believing that multiplication of functions always leads to a simple sum or
comparison.



Correction: When functions are multiplied, their growth rates are multiplicative; in the
example, N~2 N Log N = N~3 Log N.

Misconception 3: Thinking that a larger polynomial degree can be bounded by a smaller
one.

Correction: Higher-degree polynomials outgrow lower-degree ones as n increases.

Summary and Final Verdict

- The expression 3 N~2 10 N Log N simplifies to N~ 3 Log N.

- The comparison N~ 3 Log N = O(n Log N) is false because N~3 Log N grows faster than
N Log N.

- Therefore, the statement "3 N~2 10 N Log N = O(n Log N)" is False.

Conclusion

Understanding the growth rates of functions in algorithm complexity is fundamental for
efficient algorithm design and analysis. Recognizing that N~3 Log N surpasses N Log N
for large n helps in making informed decisions about algorithm selection and optimization.

In summary:

- Big O notation provides a powerful language for describing algorithm efficiency.
- The given expression's complexity exceeds the bounds of O(n Log N).

- Accurate analysis avoids common pitfalls and misconceptions, ensuring better
algorithmic choices.

Whether you are developing new algorithms or optimizing existing ones, mastering Big O
analysis is an invaluable skill that enables you to evaluate performance expectations
accurately and make data-driven decisions for scalable software systems.

Frequently Asked Questions

Is the statement '3 N~2 10 N Log N = O(N Log N)' true
or false?

False. Because 3 N™2 10 N Log N simplifies to 30 N~ 3 Log N, which grows faster than N
Log N, so it's not O(N Log N).

Does 3 N~2 10 N Log N qualify as O(N Log N)?

No, it does not, since its dominant term is N~ 3 Log N, which grows faster than N Log N.



Is the complexity 3 N~2 10 N Log N asymptotically
bounded above by N Log N?

No, because the function grows faster than N Log N due to the N~ 3 term.

Can 3 N~2 10 N Log N be classified as O(N~3 Log N)?
Yes, since 3 N2 10 N Log N simplifies to 30 N~3 Log N, which is O(N~3 Log N).

Is the expression 3 N~2 10 N Log N asymptotically
smaller than or equal to N Log N?

No, because it grows faster, specifically at the rate of N~3 Log N, which surpasses N Log
N.

Does the term 3 N~2 10 N Log N belong to the Big O
class of N~2 Log N?

No, because it is actually in O(N~3 Log N), which is a higher growth class.

Is the statement '3 N~2 10 N Log N = O(N Log N)'
correct based on asymptotic analysis?

No, it's incorrect because the function grows faster than N Log N.

Would 3 N~2 10 N Log N be considered a tight bound
for N~3 Log N?

Yes, since it simplifies to 30 N~ 3 Log N, which indicates a tight bound.

Is the statement '3 N2 10 N Log N = O(N Log N)'
relevant for analyzing algorithm complexity?

No, because the actual growth rate exceeds N Log N, making the statement false.

Additional Resources

Analyzing the Truthfulness of the Statement:
“(@) 3N"2 10 N Log N = O(n Log N)”

Introduction

In the realm of computer science, especially within the study of algorithms and their



complexities, the notation of Big O plays a pivotal role. It provides a way to classify
algorithms according to their growth rates, which in turn influences decisions related to
algorithm selection, optimization, and understanding performance bottlenecks. When
analyzing a statement like “3 N2 10 N Log N = O(n Log N)”, the fundamental question is
whether this statement is true or false. To answer this comprehensively, we need to
dissect the components carefully, understand the relationships between functions, and
evaluate their asymptotic behaviors.

This review will explore the intricacies involved in the analysis, including a detailed
breakdown of Big O notation, properties of polynomial and logarithmic functions, and how
to compare different growth rates. The goal is to provide a clear, authoritative, and in-
depth exploration of whether the given statement holds true or not.

Understanding Big O Notation

Definition of Big O Notation

Big O notation describes an upper bound on the growth rate of a function. Formally:

> A function \( f(n) \) is said to be O(g(n)) if there exist positive constants \( c\) and \(n_0
\) such that for all \(n\geqn 0),

> \[

> f(n) \leq ¢ \cdot g(n)

>\]

This notation essentially states that beyond some threshold \( n 0 ), the function \( f(n) \)
does not grow faster than a constant multiple of \( g(n) \).

Dissecting the Given Functions
The statement involves two functions:

1.\(f(n) = 3 N~2 \times 10 N \times \log N \)
2.\(g(n) = N\log N)

Important note: Since the notation uses \( N \) and \( n \), we will consider them as the
same variable (standard practice), and for simplicity, denote the variable as \( n ).

Simplification of the Functions
Let’s first simplify \( f(n) \):
\[

f(n) = 3 \times 10 \times n”2 \times n \times \log n = 30 \times n" 3 \times \log n
\]



Thus,

\[
f(n) = 30 n~ {3} \log n
\]

The function \( g(n) \) remains:

\[
g(n) =n\logn
\]

The Core Question
Does:

\[
f(n) = 30 n~ {3} \log n = O(n \log n)?
\]

In other words, is there a positive constant \( ¢ \) and a sufficiently large \( n_0\) such that:
\[

30 n~{3} \log n \leq c \times n \log n, \quad \forall n \geg n 0
\]

Comparing Growth Rates: Polynomial vs. Logarithmic

This is where the crux lies. To determine whether the above inequality holds, we analyze
the asymptotic behavior of the functions involved.

Polynomial and Logarithmic Functions

- Polynomial functions like \( n~k \) (where \( k) is a positive real number) grow faster
than logarithmic functions \( \log n \) as \( n \to \infty \).

- Specifically, for any fixed \( k > 0 \):

\[

\lim {n \to \infty} \frac{n"{k}}{\log n} = \infty
\]

which indicates that \( n” {k} \) dominates \( \log n \) asymptotically.

Formal Comparison of \( f(n) \) and \( g(n) \)



Given:

\[

f(n) = 30 n~ {3} \log n
\]

\[

g(n) =n\logn

\]

To determine whether \( f(n) = O(g(n)) \), we examine the limit:

\[
\lim {n \to \infty} \frac{f(n)}{g(n)} = \lim_{n \to \infty} \frac{30 n~ {3} \log n}{n \log n}
\]

Simplify numerator and denominator:

\[
= \lim {n \to \infty} \frac{30 n~{3} \log n}{n \log n}
\]

Since \( \log n \) appears in both numerator and denominator, they cancel:

\[
= \lim {n \to \infty} \frac{30 n™~{3}}{n} = \lim {n \to \infty} 30 n~{2} = \infty
\]

This limit approaches infinity, meaning that \( f(n) \) grows much faster than \( g(n) \).

Implication of the Limit
The fact that:

\[
\lim {n \to \infty} \frac{f(n)}{g(n)} = \infty
\]

indicates that \( f(n) \) is not bounded above by a constant multiple of \( g(n) \) for large \(
n\). Consequently:

\[
f(n) \neq O(g(n))
\]

which leads us to conclude that the original statement is false.

Deeper Dive: Why the Intuitive Approach Is Correct



The above algebraic manipulations confirm the intuition: polynomial functions of degree
higher than 1 dominate the functions of degree 1 (linear functions) with logs, as \( n \to
\infty \).

In particular:

-\(n"3\log n\) grows faster than \( n \log n \).
- There exists no constant \( ¢ \) such that \( 30 n~ {3} \log n \leq ¢ \times n \log n\) for
sufficiently large \( n \).

Hence, the assertion that:

\[
3 N~ 2 \times 10 N \times \log N = O(n \log N)
\]

is false.

Broader Context: How to Approach Similar Problems
Understanding the relationships among functions in Big O notation generally involves:

- Simplifying the functions as much as possible.

- Comparing dominant terms.

- Applying limits to confirm dominance relationships.
- Recognizing the hierarchy of growth rates:

| Growth Rate | Description | Examples |
[ | | = |

| Constant | \( O(1)\) | 1, 5, etc. |

| Logarithmic | \( O(\log n) \) | \( \log n \) |

| Linear | \( O(n) \) [ \(n ) |

| Polynomial | \( O(n"k)\) | \(n"™2, n"3) |
| Exponential | \(O(27n) \) |\(27n) |

The key insight is that polynomial functions with degree greater than 1 grow faster than
linear functions, and logarithmic factors are insignificant compared to polynomial growth
for large \( n \).

Summary of Findings

- The simplified form of the first function is \( 30 n~ {3} \log n \).

- The second function is \( n \log n \).

- Their ratio tends to infinity as \( n \to \infty \), indicating \( f(n) \) grows faster than any
constant multiple of \( g(n) \).

- Therefore, the statement “3 N~2 10 N Log N = O(n Log N)” is False.



Additional Considerations
When Could the Statement Be True?

If the functions were reversed or if the polynomial degree was lower, the statement could
be true. For example:

-\(n\log n = O(n \log n) \) is trivially true.
-\(n™{2} \logn = 0O(n"{3}) ) is true because \( n”~ {2} \log n \) grows slower than \(
n~{3}\).

But in the current case, the polynomial degree in \( f(n) \) is higher, making it dominate \(
g(n) \).

Final Remarks

This analysis underscores the importance of understanding asymptotic growth and the
hierarchy of functions. When comparing functions in Big O notation, always:

- Simplify the functions.

- Examine dominant terms.

- Use limits to confirm dominance relationships.

- Remember that polynomial degrees heavily influence growth rates.

In conclusion, the statement “3 N~2 10 N Log N = O(n Log N)” is definitively False
because the left side represents a cubic polynomial growth with a logarithmic factor,
which outpaces the linearithmic growth of the right side as \( n \to \infty \).
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Closing Thoughts

Understanding the nuances of asymptotic notation is essential for algorithm analysis. This
example demonstrates
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