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Recursion ,

Your notes

Features of recursion

Whatisrecursion?

= Recursionis a highly effective programming technique where a function calls itself to
solve a problem or execute a task

= Recursiondoesn'trely oniterative loops

= [nstead,ituses theidea of self-reference to break down complicated problemsinto
more manageable subproblems

= Arecursive algorithm has three features:
= the function must callitself
= abase case - thismeans that it canreturn a value without furtherrecursive calls

= astopping base - this must be reachable after a finite number of times

How does recursion work?

= |Inarecursive function, the function calls itself with a modified input parameter until it
reaches a base case — a condition that stops the recursion and provides the final result

= Eachrecursive call breaks down the problem into more minorinstances until it reaches
the base case

Example: factorial calculation
def factorial(n):
# Base case
ifn==0orn=="1:
return 1
else:
# Recursive call with a smaller instance of the problem
return n * factorial(n - 1)
result = factorial(5)
print(result)
# Output: 120 (5! =5%4*3*2* 1)
= |nthis example, the factorial function calculates the factorial of a positive integern

= |tdoesso by breaking down the probleminto smallerinstances, multiplying n with the
factorial of (n - 1)untilit reaches the basecase(n==00orn==1)
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Importance of a proper stopping condition /’

= |tisimportantto have a proper stopping condition or base case when using recursion to Your notes
avoid stack overflow errors which result in program crashes

= |f arecursive function does not have a stopping condition, it will continue to call itself
indefinitely, which can use up excessive memory and cause the program to malfunction

Designing a stopping condition

= When creating a stopping condition, it'simportant to consider the problem being
solved

= |dentify the easiest scenario where the function can provide a direct result. This scenario
should be defined as the base case, covering the simplest instances of the problem

= Bydoing so, the function will be able to stop the recursion when those conditions are
met

= The difference betweenline 7 and the function declarationonline 1, is that numTis
replaced withresult +1sowe'llneed to set numlequal toresult +1

Recursion: Benefits & drawbacks

= Programs can be written using eitherrecursion oriteration - which one is used will
depend on the problem being solved

= There are many benefits and drawbacks to using either, depending on the situation:

Recursion
Benefits Drawbacks
Concise - can oftenbe expressedinamore Performance - repeated function calls
concise way, especially for structures like trees | canbe CPU and Memory intensive,
orfractals leading to slower execution

Simple - simply stating what needs to be done | Debugging - recursive code canbe
without having to focus on the how can make it | much more difficult to track the state of
more readable and maintainable the program

Limited application - not all problems
are suited torecursive solutions

Iteration
Benefits Drawbacks
Performance - more efficient that Complexity - can get very complex and use
recursion, less memory usage. more lines of code thanrecursive alternatives
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Debugging - easiertounderstand and | Less concise - compared to recursive ,
debug alternatives, making them harder to understand
Your notes
Wider application - more suitable to a
widerrange of problems
Writing recursive algorithms
= Hereis arecursive algorithm for a simple countdown program written in Python to
countdown from10to O
Step1
= Create the subroutine (in this example it will be a function as it will return a value) and
identify any parameters
def countdown_rec(n): #n is the parameter passed when we call the subroutine
Step 2
= Create a stopping condition - whennis O the function will stop
def countdown_rec(n):
print(n) #output the starting number
if n == 0: #stopping condition
return
Step 3
= Add arecursive function call
def countdown_rec(n):
print(n)
if n==0:
return
countdown_rec(n -1) #recursive functional call
Step 4
= Callthe function
def countdown_rec(n):
print(n)
if n==0:
return
countdown_rec(n -1)
countdown_rec(10) #call the function and pass 10 as a starting value
Output to user
10
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Tracing recursive algorithms
= Now lets trace the recursive algorithm we have just written to check what happens
during the execution of the program
= Hereisthe completed program and we are going to start it using the command
countdown_rec(5)
def countdown_rec(n):
print(n)
if n==0:
return
countdown_rec(n -1)
= Using asimple trace table we can trace the recursive function call
Function call print(n) countdown_rec(n -1)
countdown_rec(5) 5 4
countdown_rec(4) 4 3
countdown_rec(3) 3 2
countdown_rec(2) 2 1
countdown_rec(1) 1 O (return)
Translate betweeniteration & recursion
= Recursive algorithms can be translated to use iteration, and vice versa
= Let'slook at the previous example recursive program and see how it would change to
solve the same problem but using aniterative approach
Recursive approach
01 def countdown_rec(n):
02 print(n)
03 ifn==0:
04 return
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05 countdown_rec(n -1) ,
06 countdown_rec(10)
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Iterative approach

01 def countdown_rec(n):
02 whilen>0:

03  print(n)

04 n=n-1

05 return

06 countdown_rec(10)

= Therecursive function call online 05 has beenreplaced with a while loop (line 02) which
checksifn>0

= Using aniterative approach we use exactly the same amount of code (6 lines) BUT...
= |essmemory would be used (increased performance)

= easiertodebug

Compilation & stack

What happens when recursionruns?

= Whenarecursive functionis called, the compiler (orinterpreter) doesn’t treat it like a
loop

= [nstead,ituses aspecial structure called the call stack to keep track of each function
call

The call stack

= Eachtime afunction callsitself, the system stores a snapshot of that call on the call
stack

= This snapshot (called a stack frame) contains:
= The functionname
= Thevalue of parameters and variables at that level
= Theplace toreturntowhen the function finishes
= This continues until the base case is reached
Stack frames and unwinding
= Oncethebase caseisreached, no more function calls are made
= Atthis point, the stack unwinds, which means:
= The mostrecent call completes andreturns a value
= Control goes backto the previous stack frame

= This continues until the original call receives the final result
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= Thisis called stack unwinding
Example: factorial(3)

= Let’strace the function factorial(3) using a call stack
def factorial(n):

ifn==0o0rn==1:

return 1
return n * factorial(n - 1)

Call stack trace:

factorial(3) — 3 * factorial(2)
factorial(2) — 2 * factorial(1)
factorial(1) — base case — returns 1
Unwinding:
factorial(2)=2*1=2
factorial(3)=3*2=6
= Atthe deepest point, the stack held:
= factorial(3)

= factorial(2)

= factorial(1)

4
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= Eachwas popped off (unwound) as the return values passed back up

Why understanding the call stack matters

= |fnobase caseis present, the stack never stops growing

= Thisleads to a stack overflow, causing the program to crash

= Recursive programs should always be designed to reach the base case in a finite

number of steps

Summary

Concept Description

Call stack Structure used by the compiler to store function calls

Stack frame Snapshot of a single function call (with local variables and return info)

Unwinding The process of returning values back up the stack afterreaching the

base

Stack Happens whenrecursive calls never stop, exhausting available memory

overflow
1’ SaveMyExams © 2025 Save My Exams, Ltd. Get more and ace your exams at savemyexams.com

Study copy distributed by EduResource ZA | eduresourcza.com

7


https://www.savemyexams.com/?utm_source=pdf
https://eduresourcza.com

