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Name Class Date

What this lesson is about

The same algorithm both ways, the cost of a frame per call, repeated work, and stack overflow.

The same algorithm, twice
Turning recursion into a loop

The cost of repeated work
Stack overflow
Comparing the two

Questions

[1 mark]Why does a recursive solution usually use more memory than an iterative one?

☐ A Every call that has not yet returned holds a stack frame
☐ B Recursive code is longer
☐ C Loops store their variables on disk

☐ D Recursion copies the whole program each call

1.

[1 mark]Which are advantages of recursion over iteration?

Tick every answer that is true.

☐ A It can express self-similar problems, such as tree traversal, more naturally
☐ B The code can be shorter and closer to the problem's definition

☐ C It uses less memory
☐ D It cannot cause a stack overflow

2.

[1 mark]What does this program print?

calls = 0

def fib(n):
    global calls
    calls = calls + 1
    if n < 2:
        return n
    return fib(n - 1) + fib(n - 2)

print(fib(5), calls)

3.



The task: binary, both ways

[1 mark]What does this program print?

def total_loop(n):
    result = 0
    while n > 0:
        result = result + n
        n = n - 1
    return result

def total_rec(n):
    if n == 0:
        return 0
    return n + total_rec(n - 1)

print(total_loop(6), total_rec(6))

4.

[1 mark]A recursive function to add up a list of 50,000 sensor readings crashes in Python, but a loop version
works. Why?

☐ A The recursion is too deep: it needs about 50,000 frames, beyond the limit on the call stack

☐ B Recursion cannot add numbers
☐ C The loop version is compiled and the recursive one is not
☐ D The list is too large to store

5.



Write two functions that each take a whole number n  from 0 to 1,000 and return its binary digits as a string,
with no leading zeros ( 0  gives "0" , 6  gives "110" ): - to_binary_rec(n)  must be recursive, with no loop;
- to_binary_loop(n)  must use a loop. Do not use bin  or format . Then, for each n  in [0, 1, 6, 37,
255] , print one line <n>: <recursive answer> <loop answer> , for example 6: 110 110 .

# the two lines every program starts with: the commands, then the robot
from bugbot import *
connect()

def to_binary_rec(n):
    return ""

def to_binary_loop(n):
    return ""

for n in [0, 1, 6, 37, 255]:
    print(f"{n}: {to_binary_rec(n)} {to_binary_loop(n)}")

Plan your program here, then type it in and press Run.

Do it on the robot
www.bugbotlab.com/learn/a2-3-recursion-versus-iteration/
The simulator checks it and tells you when it passes. Nothing to install, no account.

Challenges

1. How many stack frames does to_binary_rec(255)  use at its deepest? What about
to_binary_rec(1000) ?

2. Write sum_list(items)  recursively: the sum of an empty list is 0, otherwise it is the first item plus the sum
of the rest. Why is it a poor choice for a list of 5,000 readings?

3. Count the calls fib_rec(25)  makes. Is the growth closer to doubling or to adding a fixed amount each
time?
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