Computer Systems Modeling and Verification
(USEEN1)

Higher order functions

Exercises taken from the Python Programming Primer! (and updated with type hints).
Textbook Introduction to Python for Computational Science and Engineering (2022), Chapters 7-8.
Corresponding lecture slides from Computational Science and Engineering in Python:

— Higher Order Functions

— Higher Order Functions 2: Functional tools
Exercise 1. Define the following functions:

1. positive_places(f: Callable[[int], int], xs: Sequencel[int]) -> list[int]

takes as arguments some function £ and a list of numbers xs and returns a list of those-
and-only-those elements x of xs for which f (x) is strictly greater than zero.

Example 1:
def cubic(x: int) -> int

return x ** 3

>>> positive_places(cubic, [1, 2, -1, -2, 3, 42, -9])
[1’ 2: 3’ 42]

>>> positive_places(cubic, [1, 2, 3, 4, 5])
(1, 2, 3, 4, 5]

>>> positive_places(cubic, [])

td

>>> positive_places(cubic, [-1, -2, -3, -4, -5])
[1
2. eval_f_0123[A] (f: Callable[[int], A]) -> 1list[A]

evaluates the function f at positions x=0, x=1, x=2 and x=3. The function should return
the list [£(0), £(1), £(2), £(3)].

Ezample 1:

def square(x: int) -> int
return x * X

>>> eval_f_0123(square)

[0, 1, 4, 9]

Ezample 2:

def cubic(x: int) -> int

return x ** 3

>>> eval_f_0123(cubic)
[o, 1, 8, 27]
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Ezxample 3:

def stars(x: int) -> str:
return ’*’ x x

>>> eval_f_0123(stars)
[;;, )*;’ ;**)’ 7***)]

sum_f (f: Callable[[int], int], xs: Sequencel[int]) -> int

returns the sum of the function values of £ evaluated at values x0, x1, x2, ..., xn where
xs = [x0, x1, x2, ..., xn].
Ezample 1:

def f(x: int) -> int:
return x

>>> sum_f(f, [1, 2, 3, 10])
16

Example 2:

def square(x: int) -> int:

return x * X

>>> sum_f (square, [1, 2, 3, 10])
114

Exercise 2. Define the following generic functions:

a)

b)

map[A, B] (f: Callable[[A], B], 1: 1list[A]) -> list[B]

applies f to each element of 1 from left to right, returning the list of results.

find[A] (f: Callable[[A], bool], 1: 1list[A]) -> A | None

applies f to each element x of the list 1, from left to right, until f (x) evaluates to True. It
returns x if such an x exists; otherwise it returns None.

filter[A] (f: Callable[[A], bool]l, 1: list[A]) -> list[A]

applies f to each element x of 1, from left to right, and returns the list of those x for which
f (x) evaluated to True, in the same order as they occurred in the argument list.

exists[A] (f: Callable[[A], bool], 1: 1list[A]) -> bool

applies f to each element x of the list 1, from left to right, until £ (x) evaluates to True; it
returns True if such an x exists and False otherwise.

forall[A] (f: Callable[[A], bool]l, 1: list[A]) -> bool

applies £ to each element x of the list 1, from left to right, until f (x) evaluates to False;
it returns False if such an x exists and True otherwise.

tabulate[A] (n: int, f: Callable[[int], A]) -> list[A]

returns a list of length n equal to [£(0), £(1), ..., f(n-1)], created from left to right.
It raises ValueError if n < 0.
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