
What is recursion?

Why recursion?



Example 0: countdown
In [37]: def countdown(n):

    if n <= 0: # base case
        print("Blastoff!")
    else:
        print(n)
        countdown(n - 1) # recursive call

countdown(5)
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countdown(5) prints 5 and calls countdown(4)
countdown(4) prints 4 and calls countdown(3)
countdown(3) prints 3 and calls countdown(2)
countdown(2) prints 2 and calls countdown(1)
countdown(1) prints 1 and calls countdown(0)
countdown(0) prints "Blastoff!" and returns without making another recursive call.



Example 1: factorial (iterative)

fact_iter

In [1]: def factorial_iter(n):
    r = 1
    for i in range(1, n + 1):
        r *= i
    return r

In [14]: assert factorial_iter(0) == 1
assert factorial_iter(1) == 1
assert factorial_iter(5) == 120
assert factorial_iter(10) == 3628800



Example 1: factorial (recursive)



Example 1: factorial (recursive)

factorial_rec

In [2]: def factorial_rec(n):
    if n == 0:
        return 1
    else:
        return n * factorial_rec(n - 1)

In [3]: assert factorial_iter(0) == factorial_rec(0)
assert factorial_iter(1) == factorial_rec(1)
assert factorial_iter(5) == factorial_rec(5)
assert factorial_iter(10) == factorial_rec(10)



Example: Sum of digits

In [12]: def iterative_sum(arr):
    total = 0
    for num in arr:
        total += num
    return total

In [13]: iterative_sum(range(4))

Out[13]: 6



Example: Sum of digits

In [12]: def iterative_sum(arr):
    total = 0
    for num in arr:
        total += num
    return total

In [13]: iterative_sum(range(4))

Out[13]: 6

In [14]: def recursive_sum(arr):
    if not arr:
        return 0
    else:
        return arr[0] + recursive_sum(arr[1:])

In [15]: assert iterative_sum(range(10)) == recursive_sum(range(10))



Example 2: Fibonnacci (iterative)
In [16]: def fibo_iter(n):

    arr = [0, 1]
    for i in range(2, n+1):
        arr.append(arr[i-1] + arr[i-2])
    return arr[n]

In [17]: fibo_iter(4)

Out[17]: 3



Example 2: Fibonnacci (iterative)
In [16]: def fibo_iter(n):

    arr = [0, 1]
    for i in range(2, n+1):
        arr.append(arr[i-1] + arr[i-2])
    return arr[n]

In [17]: fibo_iter(4)

Out[17]: 3

In [18]: def fibo_rec(n):
    if n <= 1:
        return n
    else:
        return fibo_rec(n-1) + fibo_rec(n-2)

In [19]: assert fibo_rec(10) == fibo_iter(10)



Recursion in real life (plants)

https://en.wikipedia.org/wiki/Barnsley_fern
https://en.wikipedia.org/wiki/List_of_fractals_by_Hausdorff_dimension


Recursion in real life (paper folding)

https://en.wikipedia.org/wiki/Paper_size


Recursion in real life (paper folding) in Pseudo Code



Recursion in real life (paper folding) in Python
In [20]: def generate_iso_paper_sizes(n):

    iso_sizes = {"A0": (841, 1189)}
    current_size = "A0"

    for i in range(1, n + 1):
        width, height = iso_sizes[current_size]
        next_size = f"A{i}"
        iso_sizes[next_size] = (height / 2, width)
        current_size = next_size

    return iso_sizes

A0: Width = 841 mm, Height = 1189 mm
A1: Width = 594.5 mm, Height = 841 mm
A2: Width = 420.5 mm, Height = 594.5 mm
A3: Width = 297.25 mm, Height = 420.5 mm
A4: Width = 210.25 mm, Height = 297.25 mm
A5: Width = 148.625 mm, Height = 210.25 mm

In [21]: iso_paper_sizes = generate_iso_paper_sizes(5)
for size, dimensions in iso_paper_sizes.items():
    print(f"{size}: Width = {dimensions[0]} mm, Height = {dimensions[1]

A0: Width = 841 mm, Height = 1189 mm
A1: Width = 594.5 mm, Height = 841 mm
A2: Width = 420.5 mm, Height = 594.5 mm



A3: Width = 297.25 mm, Height = 420.5 mm
A4: Width = 210.25 mm, Height = 297.25 mm
A5: Width = 148.625 mm, Height = 210.25 mm



Recursive data structures



Tail vs non-tail recursion



Tail vs non-tail recursion (cont.)
In [42]: def print_desc(n):

    if n > 0:
        print(" " * n, "  n= " , n ," brefore recursive call")
        print_desc (n - 1)

In [43]: print_desc(3)

      n=  3  brefore recursive call
     n=  2  brefore recursive call
    n=  1  brefore recursive call



Tail vs non-tail recursion (cont.)
In [42]: def print_desc(n):

    if n > 0:
        print(" " * n, "  n= " , n ," brefore recursive call")
        print_desc (n - 1)

In [43]: print_desc(3)

      n=  3  brefore recursive call
     n=  2  brefore recursive call
    n=  1  brefore recursive call

In [44]: def print_asc(n) :
    if n > 0:
        print_asc(n - 1)    
        print(" " * n, "  n= " , n ," after recrusive call")

In [45]: print_asc(3)

    n=  1  after recrusive call
     n=  2  after recrusive call
      n=  3  after recrusive call



Disadvantages of Recursion

https://www.xkcd.com/1739/
https://www.xkcd.com/1739/


Recursion calls

sys.getrecursionlimit() sys.setrecursionlimit

In [30]: import sys
sys.getrecursionlimit()

Out[30]: 3000

http://www.pythontutor.com/visualize.html#mode=edit


Transformation Schemes

f_rec(X) =
  if p(X) then a(X)
  else
    b(X)
    f_rec(new(X))
  end if;

f_iter(X) =
  if p(X) = false then
    do
      b(X);
      X := new(X);
    until p(X) = true;
  end if;
  a(X);


