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Control Flow Paradigms

Iterative algorithms proceed forward towards the solution 
one step at a time.

– repetition through loops

Recursive algorithms have friends solve smaller instances 
of the same problem (subproblems).

– repetition through recursion
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Recursion

Three parts – 

• simple base case(s) that can be solved directly, without 
recursion

• recursive case(s) which reduce the problem to one or 
more smaller instances of the same problem 
(subproblems)

• a combine step which uses the results of the recursive 
calls to construct the answer
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How to Design Recursive Algorithms

• establish the problem

• identify avenues of attack

• define the algorithm

• show termination and correctness

• determine efficiency
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Common Recursive Patterns

Recursive algorithms can be characterized by the number 
and size of the subproblems.

• 1-friend solutions
• 2+-friend solutions

Recursive algorithms can also be categorized by the nature 
of the subproblems.

• solve a smaller problem
• solve the rest of the problem
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Recursive Patterns

Characterized by the number and size of subproblems –

• 1 friend – can often easily be written as iterative instead

– constant amount – subproblem is smaller by a fixed number of 
elements (typically 1)

• e.g. an = a an-1 or n! = n (n-1)!

– constant factor – subproblem is a fixed fraction of the size 
(typically ½) – “decrease and conquer”

• e.g. binary search
• e.g. an = (an/2)2 if n is even, a (a(n-1)/2)2 if n is odd

– variable factor – subproblem is smaller, but the size of the 
reduction varies

• e.g. gcd(m,n) = gcd(n,m mod n)
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Recursive Patterns

Characterized by the number and size of subproblems –

• 2+ friends

– divide-and-conquer – split into b ≥ 2 subproblems of size n/b     
(b is typically 2)

– case analysis – each friend gets a subproblem resulting from a 
different alternative
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Recursive Patterns

Characterized by the nature of the subproblems –

• solve a smaller problem
– subproblem is treated as a standalone problem to be solved
– typical of 1-friend and divide-and-conquer patterns

• solve the rest of the problem 
– solving the subproblem completes a partial solution already 

begun
– typical of case analysis patterns
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How to Design Recursive Algorithms



  

 

CPSC 327: Data Structures and Algorithms  •  Spring 2026 81

How to Design Recursive Algorithms
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How to Design Recursive Algorithms

• key things to address
– making progress – show that your friends are guaranteed 

subproblems at least one smaller than you got
• check for special cases or bugs that mean subproblems aren’t really 

smaller

– reaching the end – show that base cases can’t be skipped
• e.g. fib(n) = fib(n-1)+fib(n-2)  with base case fib(1) = 1

– fib(2) = fib(1)+fib(0)
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How to Design Recursive Algorithms

• proof by induction
– explain why the base case(s) correctly solve subproblems of that 

size

– for the recursive case(s), assume that the friends return correct 
solutions for their subproblems – address

• why you correctly split the problem into subproblems
• why you correctly combine the friends’ solutions into your solution
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How to Design Recursive Algorithms

Recursive algorithms tend to lead to recurrence relations in one of two forms:

split off b elements
T(n) = a T(n-b) + f(n) where f(n) = 0 or Θ(nc logd n)

divide into subproblems of size n/b
T(n) = a T(n/b) + f(n) where Θ(nc logd n)


