






























The Master Theorem provides a method to 
transform certain recurrence relations into 
asymptotic $\Theta$ running times for 
algorithms, particularly those following a 
Divide and Conquer paradigm. If none of its 
specific cases apply, the theorem is 
considered "silent."
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• $f(n)$ is a positive-valued function (cost of 
dividing/combining).

The Master Theorem

The theorem compares $f(n)$ with $n^{\log_b 
a}$ to determine the asymptotic running time:

• $a \ge 1$ (number of subproblems)
• $b > 1$ (factor by which input size is 

divided)

The Master Theorem applies to recurrence 
relations of the form: $$ T(n) = aT\left(\frac{n}
{b}\right) + f(n) $$ where:



Case 3

If $f(n) \in \Theta(n^{\log_b a})$, then $T(n) 
\in \Theta(n^{\log_b a} \log n)$.

Case 1

Recurrence Relations and Merge 
Sort

Case 2

If $f(n) \in O(n^{\log_b a - \varepsilon})$ for 
some constant $\varepsilon > 0$, then $T(n) 
\in \Theta(n^{\log_b a})$.
• This means $f(n)$ grows polynomially 

slower than $n^{\log_b a}$.

• This means $f(n)$ grows polynomially 
faster than $n^{\log_b a}$.

If $f(n) \in \Omega(n^{\log_b a + \varepsilon})
$ for some constant $\varepsilon > 0$, AND a 
regularity condition holds: $a f(n/b) \le c f(n)$ 
for some constant $0 < c < 1$ when $n$ is 
sufficiently large. Then $T(n) \in \Theta(f(n))$.

• This means $f(n)$ grows asymptotically at 
the same rate as $n^{\log_b a}$.


