
Master Theorem Cheat Sheet

Master theorem cheat sheet is an essential tool for computer scientists and
software engineers, especially when dealing with algorithm analysis and
recurrence relations. The Master Theorem provides a straightforward method
for solving recurrences of the form \( T(n) = aT\left(\frac{n}{b}\right) +
f(n) \), which often arises in the analysis of divide-and-conquer algorithms.
In this article, we will delve into the Master Theorem, its applications, and
provide a handy cheat sheet that summarizes the key points and cases.

Understanding Recurrences

Before we dive into the Master Theorem, it is crucial to understand what
recurrences are and why they are important in the analysis of algorithms.

What are Recurrences?

Recurrences are equations that define sequences recursively. In the context
of algorithms, they often describe the running time of recursive functions.
For example, the time complexity of the merge sort algorithm can be expressed
as:

\[
T(n) = 2T\left(\frac{n}{2}\right) + O(n)
\]

Here, the problem of size \( n \) is divided into two subproblems of size \(
\frac{n}{2} \), and \( O(n) \) represents the time taken to merge the sorted
subarrays.



Why Use the Master Theorem?

The Master Theorem simplifies the process of analyzing the time complexity of
divide-and-conquer algorithms. Instead of solving the recurrence through
substitution or the recursion tree method, the Master Theorem provides a set
of conditions that can be checked to find the solution more directly.

The Master Theorem Overview

The Master Theorem provides a way to analyze the running time of algorithms
that fit a specific pattern of recurrences. The general form it applies to
is:

\[
T(n) = aT\left(\frac{n}{b}\right) + f(n)
\]

Where:
- \( a \geq 1 \): the number of subproblems,
- \( b > 1 \): the factor by which the problem size is reduced,
- \( f(n) \): the cost of the work done outside the recursive calls.

Conditions for Application

To apply the Master Theorem, you need to determine the parameters \( a \), \(
b \), and \( f(n) \). The theorem provides three cases based on the
relationship between \( f(n) \) and \( n^{\log_b a} \):

1. Case 1: If \( f(n) \) is polynomially smaller than \( n^{\log_b a} \)
(specifically, if there exists a constant \( \epsilon > 0 \) such that \(
f(n) = O(n^{\log_b a - \epsilon}) \)), then:
\[
T(n) = \Theta(n^{\log_b a})
\]

2. Case 2: If \( f(n) \) is asymptotically equal to \( n^{\log_b a} \) (i.e.,
\( f(n) = \Theta(n^{\log_b a} \log^k n) \) for some \( k \geq 0 \)), then:
\[
T(n) = \Theta(n^{\log_b a} \log^{k+1} n)
\]

3. Case 3: If \( f(n) \) is polynomially larger than \( n^{\log_b a} \) and
satisfies the regularity condition (i.e., \( a f\left(\frac{n}{b}\right) \leq
c f(n) \) for some \( c < 1 \) and sufficiently large \( n \)), then:
\[
T(n) = \Theta(f(n))



\]

Master Theorem Cheat Sheet

Here is a concise cheat sheet that summarizes the important aspects of the
Master Theorem:

Step-by-Step Application

1. Identify the recurrence:
- Ensure it is in the form \( T(n) = aT\left(\frac{n}{b}\right) + f(n) \).

2. Determine \( a \), \( b \), and \( f(n) \):
- Find the values of \( a \), \( b \), and the function \( f(n) \).

3. Calculate \( n^{\log_b a} \):
- Compute \( \log_b a \) using the change of base formula if necessary.

4. Compare \( f(n) \) with \( n^{\log_b a} \):
- Check which case of the Master Theorem applies:
- Case 1: \( f(n) \) is polynomially smaller.
- Case 2: \( f(n) \) is asymptotically equal.
- Case 3: \( f(n) \) is polynomially larger.

5. Apply the appropriate case:
- Use the results from the applicable case to determine \( T(n) \).

Key Formulas

- For Case 1:
\[
T(n) = \Theta(n^{\log_b a})
\]

- For Case 2:
\[
T(n) = \Theta(n^{\log_b a} \log^{k+1} n)
\]

- For Case 3:
\[
T(n) = \Theta(f(n))
\]



Common Examples

Here are a few common examples of recurrences and their solutions using the
Master Theorem:

1. Merge Sort:
\[
T(n) = 2T\left(\frac{n}{2}\right) + O(n) \quad \Rightarrow \quad T(n) =
\Theta(n \log n)
\]

2. Binary Search:
\[
T(n) = T\left(\frac{n}{2}\right) + O(1) \quad \Rightarrow \quad T(n) =
\Theta(\log n)
\]

3. Strassen’s Algorithm for Matrix Multiplication:
\[
T(n) = 7T\left(\frac{n}{2}\right) + O(n^2) \quad \Rightarrow \quad T(n) =
\Theta(n^{\log_2 7}) \approx \Theta(n^{2.81})
\]

Limitations of the Master Theorem

While the Master Theorem is a powerful tool, it has its limitations:

- Non-Polynomial \( f(n) \): It cannot be applied if \( f(n) \) does not fit
the polynomial growth criteria.
- Irregular Recurrences: If the recurrence does not follow the form \( T(n) =
aT\left(\frac{n}{b}\right) + f(n) \), the Master Theorem cannot be applied.
- Complex Functions: Some functions may require a more nuanced approach, such
as the recursion tree method or the substitution method.

Conclusion

In conclusion, the master theorem cheat sheet is an invaluable resource for
anyone involved in algorithm analysis. By understanding the structure of
recurrences and how to apply the Master Theorem, you can efficiently
determine the time complexity of many algorithms. Keep this cheat sheet handy
for quick reference as you tackle various algorithmic challenges in your work
or studies. With practice, applying the Master Theorem will become a quick
and intuitive process, enhancing your algorithm analysis skills
significantly.



Frequently Asked Questions

What is the Master Theorem and why is it important
in algorithm analysis?
The Master Theorem provides a method for analyzing the time complexity of
divide-and-conquer algorithms. It simplifies the process of solving
recurrence relations by providing a set of cases that can quickly determine
the asymptotic behavior of the recurrence without needing to solve it
explicitly.

What are the main cases of the Master Theorem?
The Master Theorem has three primary cases: Case 1 applies when the function
grows polynomially smaller than the dividing factor; Case 2 applies when the
function grows at the same rate as the dividing factor; and Case 3 applies
when the function grows polynomially larger than the dividing factor. Each
case provides a different formula for determining the time complexity.

Can the Master Theorem be applied to all types of
recurrences?
No, the Master Theorem applies specifically to a subset of recurrences that
fit the form T(n) = aT(n/b) + f(n), where a ≥ 1 and b > 1. If the recurrence
does not fit this form or if f(n) does not satisfy the regularity conditions,
other methods such as the recursion tree method or substitution method may be
needed.

What common mistakes should be avoided when using
the Master Theorem?
Common mistakes include misidentifying the function f(n), incorrectly
applying the cases, and failing to check the regularity conditions necessary
for the theorem's application. It's also essential to ensure that the
parameters a and b are properly defined and that the function f(n) matches
the required growth rates.

Where can I find a reliable Master Theorem cheat
sheet?
Reliable Master Theorem cheat sheets can be found in algorithm textbooks,
online educational platforms, and coding websites like GeeksforGeeks or
educational blogs. Additionally, many universities provide lecture notes and
resources that summarize the theorem and its applications.
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Master Theorem Cheat Sheet

学士，本科，硕士，研究生用英文怎么说啊？undergraduate不是 …
1.学士 bachelor、本科生 undergraduate、硕士 master、研究生 postgraduate 2.undergraduate指本科生或大学肄业生。 （1）本科
生，即普通高等教育本科层次的在校生、毕业生。区别于预 …

有人能告诉我一下MSc, Mphil和Master的区别嘛？_百度知道
Master的话其实就是硕士学位，香港中文的Accountancy有MPhil和Master的话，Master就是授课式课程，之所以不叫MSc，可能在课程设置上面并非完全
是理学的概念，还有文科类的课程。 …

国外学位的分类和英文缩写及全拼_百度知道
国外学位有三种：学士、硕士和博士。 1、学士学位：BA，全称Bachelor degree。常见有： （1）工学士学位：B.E.，全称Bachelor Degree of
Engineering （2）理学士学位：B.S.，全 …

postgraduate 和 master 的区别是什么？ - 知乎
有一点需要注意，如果申请的是master degree，论文没通过或者挂科，学校只给了diploma没有给学历学位，那么回国认证将会是研究生文凭，而不是硕士学位。
2、Master diploma： Master …

postgraduatediploma和master有什么区别 - 百度知道
Dec 24, 2024 · postgraduatediploma和master有什么区别重点区别：Postgraduate Diploma和Master's Degree是两个不
同层次的学术资格。Postgraduate Diploma是一种研究生文凭， …

研究生，硕士，博士，phd等这些学历分别是什么？ - 知乎
这么多人几乎没有讲明白的。 研究生分为博士研究生和硕士研究生，但是 学历 都是 研究生学历，这是我国认可的最高学历。 也就是说不管你是博士还是硕士，你都是 研究生学历。两个的
…

如何看待罗技新推出的MX Master3s 鼠标？
Mar 7, 2023 · 从MX Master 3的科技灰和石墨黑，变成了3S的珍珠白和石墨灰。 只看名字可能比较抽象，简单来说就是浅灰色变白色，黑色变深灰色。

一个普通中国人如何得到一张VISA卡? - 知乎
我在5月6日的时候出了一期“如何快速拥有一张VISA卡进行海外消费” 当时也有很多小伙伴也办理了一张 Visa卡 因为充值兑换有点繁琐，很多小伙伴都被整蒙了 所以今天出一期非常
便捷的VISA …

罗技鼠标驱动怎么下载 - 百度知道
深空见闻 2024-11-20 · 分享生活中的小惊喜，测评实用好物。

百度官方网址_百度知道
May 18, 2024 · 百度官方网址百度官方网站的网址是：https://www.baidu.com/。百度是中国最大的搜索引擎公司，提供搜索引擎、在线广告、云计算 ...

学士，本科，硕士，研究生用英文怎么说啊？undergraduate不是 …
1.学士 bachelor、本科生 undergraduate、硕士 master、研究生 postgraduate 2.undergraduate指本科生或大学肄业生。 （1）本科
生，即普通高等教育本科层次的在校生、毕业生。区别于预科、专科，学生毕业后可获学士学位。学制为二年制（专科起点两年制本科），四年制（一般），五年制（医学类、建筑 …

有人能告诉我一下MSc, Mphil和Master的区别嘛？_百度知道
Master的话其实就是硕士学位，香港中文的Accountancy有MPhil和Master的话，Master就是授课式课程，之所以不叫MSc，可能在课程设置上面并非完全
是理学的概念，还有文科类的课程。 Master下细分的话有MSc、MA、MEng、MArch等等这些。

国外学位的分类和英文缩写及全拼_百度知道
国外学位有三种：学士、硕士和博士。 1、学士学位：BA，全称Bachelor degree。常见有： （1）工学士学位：B.E.，全称Bachelor Degree of

https://soc.up.edu.ph/39-point/files?dataid=tvo96-7841&title=master-theorem-cheat-sheet.pdf


Engineering （2）理学士学位：B.S.，全称Bachelor Degree of Science （3）文学士：B.A.，全称Bachelor Degree of Art
（4）教育学学士：BEd，全称Bachelor of Education （5）工商管理学士：BBA ...

postgraduate 和 master 的区别是什么？ - 知乎
有一点需要注意，如果申请的是master degree，论文没通过或者挂科，学校只给了diploma没有给学历学位，那么回国认证将会是研究生文凭，而不是硕士学位。
2、Master diploma： Master是硕士学位，在英国，硕士课程分为授课式和研究型。

postgraduatediploma和master有什么区别 - 百度知道
Dec 24, 2024 · postgraduatediploma和master有什么区别重点区别：Postgraduate Diploma和Master's Degree是两个不
同层次的学术资格。Postgraduate Diploma是一种研究生文凭，而Master's Degree是硕士学位。具体来说，它们

研究生，硕士，博士，phd等这些学历分别是什么？ - 知乎
这么多人几乎没有讲明白的。 研究生分为博士研究生和硕士研究生，但是 学历 都是 研究生学历，这是我国认可的最高学历。 也就是说不管你是博士还是硕士，你都是 研究生学历。两个的学
历是相同的。 不是说博士研究生毕业就是博士研究生学历，硕士研究生毕业就是硕士研究生学历，这两个 ...

如何看待罗技新推出的MX Master3s 鼠标？
Mar 7, 2023 · 从MX Master 3的科技灰和石墨黑，变成了3S的珍珠白和石墨灰。 只看名字可能比较抽象，简单来说就是浅灰色变白色，黑色变深灰色。

一个普通中国人如何得到一张VISA卡? - 知乎
我在5月6日的时候出了一期“如何快速拥有一张VISA卡进行海外消费” 当时也有很多小伙伴也办理了一张 Visa卡 因为充值兑换有点繁琐，很多小伙伴都被整蒙了 所以今天出一期非常
便捷的VISA卡获取方法 只需要三步： 第一步：手机获取验证码注册登录（注册点这里）

罗技鼠标驱动怎么下载 - 百度知道
深空见闻 2024-11-20 · 分享生活中的小惊喜，测评实用好物。

百度官方网址_百度知道
May 18, 2024 · 百度官方网址百度官方网站的网址是：https://www.baidu.com/。百度是中国最大的搜索引擎公司，提供搜索引擎、在线广告、云计算 ...

Unlock the secrets of algorithm analysis with our comprehensive master theorem cheat sheet.
Simplify your studies and enhance your understanding. Learn more!
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