
Winter 2023
Zahra Ahmed

Assignment: 03
Due: Tuesday, February 7, 2023 9:00 pm

Coverage: Slide 14 of Module 06
Language level: Beginning Student
Files to submit: pnormp.rkt, threestrings.rkt, rgb.rkt, collide.rkr,

bonus-a03.rkt

• Make sure you read the OFFICIAL A03 post on Piazza for the answers to frequently
asked questions.

• Unless otherwise specified, you may only use Racket language features we have covered up
to the coverage point above (Slide 14 of Module 06). You may also use the builtin functions
second, third, fourth, and member? if you find them useful. As well, you have not seen
recursion up to this point in the course, and it is not necessary nor recommended for this
assignment.

• The names of functions we tell you to write, and symbols and strings we specify must match
the descriptions in the assignment questions exactly. Any discrepancies in your solutions
may lead to a severe loss of correctness marks. Basic test results will catch many, but not
necessarily all of these types of errors.

• Policies from Assignment A02 carry forward, including:

– For each function you are required to write, you are also required to submit the design
recipe.

– You are required to submit examples by Friday, February 3 at 8:00AM (before the
due date of assignment A03).

– More details about the design recipe grading are specified in the A02 Official Post on
Piazza.

Here are the assignment questions you need to solve and submit.

1. (15%): In this question you will perform step-by-step evaluations of Racket programs, as
you did in assignment one. Please review the instructions on stepping in A01.

To begin, visit this web page:

https://www.student.cs.uwaterloo.ca/~cs135/stepping

When you are ready, complete the three required questions under the "Module 6a: Lists"
category, using the semantics given in class for Beginning Student.
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2. (10%:) Let p be any positive integer. The p-norm of a list of numbers v = (v1,v2, ...,vn) is
defined as

‖v‖p = p

√
n

∑
i=1
|vi|p, and its pth power by ‖v‖p

p =
n

∑
i=1
|vi|p.

i.e., ‖v‖p is the pth root of the sum of the pth powers of the absolute values of the entries of v.
‖v‖p

p is similar, but conveniently doesn’t involve taking a pth root. In later courses like linear
algebra, scientific computation and machine learning, p-norms will be very useful!

For example, with p = 3 and v = (3,−4,5) then

‖v‖p = ‖(3,−4,5)‖3 =
3
√
|3|3 + |−4|3 + |5|3 = 3

√
27+64+125 = 3

√
216

‖v‖p
p = ‖(3,−4,5)‖3 = |3|3 + |−4|3 + |5|3 = 27+64+125 = 216

You are to write a function pnormp which consumes a positive integer p and a list v with up
to 3 numbers in it, and produces ‖v‖p

p. The p-norm of an empty list is 0.

Please put your function into a file called pnormp.rkt.

Here are some examples:

(check-expect (pnormp 3 (cons 3 (cons -4 (cons 5 empty)))) 216)

(check-expect (pnormp 4 (cons 2 (cons -3 empty))) 97)

(check-expect (pnormp 1 (cons -2 empty)) 2)

3. (20%):

(a) Write a function in-order? which consumes three strings S1, S2 and S3, and produces
true if S1≤ S2 and S2≤ S3, and false otherwise, using lexicographic string comparison
(i.e., the string<=? function).
Here are some examples:

(check-expect (in-order? "a" "b" "c") true)

(check-expect (in-order? "a" "a" "c") true)

(check-expect (in-order? "b" "a" "b") false)

(b) Write a function sort3 which consumes a list of three strings and produces a list of
the same three strings in lexicographic order. You can use the in-order? function you
developed in part (a).
Here are some examples:

(check-expect

(sort3 (cons "a" (cons "b" (cons "c" empty))))

(cons "a" (cons "b" (cons "c" empty))))

(check-expect
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(sort3 (cons "b" (cons "b" (cons "c" empty))))

(cons "b" (cons "b" (cons "c" empty))))

(check-expect

(sort3 (cons "c" (cons "b" (cons "a" empty))))

(cons "a" (cons "b" (cons "c" empty))))

(check-expect

(sort3 (cons "a" (cons "b" (cons "a" empty))))

(cons "a" (cons "a" (cons "b" empty))))

Hint: Write down all the possible orders of 3 strings and build your code around this.
You may also find the functions second and third convenient.

Please put your functions into a file called threestrings.rkt.

4. (30%:) In computer graphics and image processing colour is typically represented as a triplet
(R,G,B) of whole numbers representing the red, green, and blue components respectively. In
most images, the values for each colour are in the range [0,28−1] = [0,255].

Humans, however, do not typically think of colours according to their RGB values but by
their names. For example, red, is (255,0,0) and yellow is (255,255,0).

Below is a table mapping some RGB values to their names.

R G B Name
255 0 0 red
0 255 0 green
0 0 255 blue
0 0 0 black

255 255 255 white
255 255 0 yellow
255 0 255 magenta
0 255 255 cyan

In this question, we’ll store the RGB-triplet as a three-element natural number list. For
example, (cons 255 (cons 0 (cons 0 empty))), is red.

The data definition for an RGB triplet is as follows:

;; An RGB Triplet (RGB) is a (cons Nat (cons Nat (cons Nat empty)))

;; requires: each element in the list must be <= 255
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(a) For this part only, you may not use cond. Write a type predicate called valid-rgb?

that consumes anything and produces true if the consumed argument is a valid RGB
Triplet according to the data definition above and false otherwise.
Here are some examples:

(check-expect (valid-rgb? 'red) false)

(check-expect (valid-rgb? (cons 255 (cons 0 (cons 0 empty)))) true)

(check-expect (valid-rgb? (cons 314 (cons 159 (cons 26 empty))))

false)

(check-expect (valid-rgb? "CMYK is the superior colour model") false)

(b) Some filters applied to images convert the RGB colour to a single value known as
grayscale. Write a function called RGB->luminosity that consumes a three element list
and produces a number that is the corresponding luminosity. Luminosity is computed as
L = 0.3×R+0.59×G+0.11×B.

(c) When creating a website, colour is typically given not as an RGB triplet of integers, but
as a 6-digit hexadecimal number. For example, red is FF0000 and yellow is FFFF00.
Write a function called RGB->hex that consumes an RGB value in the form of a three
element natural number list and produces a six element list that contains the hexadecimal
value of that colour. Each digit should be presented as a string. A string is text and
should be enclosed by double quotes. For example, the hexadecimal value A would be
represented by “A”.
Red, (255,0,0) would produce a list: (cons "F" (cons "F" (cons "0" (cons "0" (cons

"0" (cons "0" empty)))))).
For this function only, you may use the built-in function number->string.
Note: A hexadecimal number is also known as a base-16 number. There are 16 possible
values for each digit, 0− 9 and A,B,C,D,E,F where A = 10,B = 11,C = 12,D =
13,E = 14,F = 15. 255 in decimal is FF in hexadecimal because 255 = 16∗15+15.
Hint: use the quotient and remainder functions.

Place your functions for this question in rgb.rkt.

5. (25%): When playing a video game like Super Mario Bros. or Legend of Zelda, your
character may run into objects or get shot by projectiles. These events are known as collisions.
It is very expensive, computationally, to calculate exactly when and where two objects collide.
So, we cheat. We place game objects, called assets, into simple bounding shapes, such as a
sphere, and compute whether the bounding shapes collide—a much easier/faster process.

In this question, a point will be represented by a three element list of numbers as (cons x

(cons y (cons z empty))). A sphere will be represented by a two element list, where the
first element is a point representing the center of the sphere —represented by a three element
list, and the second element is the sphere radius which must be greater than 0. For example,
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(cons (cons 0 (cons 1 (cons 2 empty))) (cons 5 empty)) represents a sphere with
radius 5 centered at (0,1,2).

(a) Write a function called build-sphere that consumes a list of four numbers as (cons
x (cons y (cons z (cons r empty)))) and produces a sphere that has the form
(cons (cons x (cons y (cons z empty))) (cons r empty)).

(b) Write a function called valid-sphere? that consumes a list as (cons (cons x (cons

y (cons z empty))) (cons r empty)) and produces true if that list is a valid sphere,
that is, the radius is greater than 0. The function should produce false otherwise.

(c) Write a function called distance-between-points that consumes two points and
produces the distance between them.
The distance between (x1,y1,z1) and (x2,y2,z2) is given by:
d =

√
(x2− x1)2 +(y2− y1)2 +(z2− z1)2.

(d) Write a function called point-in-sphere? that consumes a point and a sphere and
produces true if the point is inside the sphere and false otherwise. Recall that the
equation of a sphere is: (x− cx)

2 +(y− cy)
2 +(z− cz)

2 = r2 where (cx,cy,cz) is the
position of the sphere’s center, r is the sphere’s radius, and (x,y,z) is the point.
Note: a point (x,y,z) is in the sphere if (x− cx)

2 +(y− cy)
2 +(z− cz)

2 ≤ r2.

(e) Write a function called collide? that consumes two spheres and produces true if the
spheres collide and false otherwise. Two spheres collide if there is a point inside the
first sphere that is also inside the second sphere.

Place your functions for this question in a file collide.rkt.

This concludes the list of questions for you to submit solutions (but see the following pages as well).
don’t forget to always check the basic test results after making a submission.

Assignments will sometimes have additional questions that you may submit for bonus marks.

6. 5% Bonus: A box is specified by a four element list as: (cons xmin (cons xmax (cons

ymin (cons ymax empty)))). Write a function called overlap-area that consumes two
boxes and produces the size of the overlapping region. If the boxes do not overlap, then 0
should be produced. A negative value should never be produced.

Note: for all inputs you may assume that xmin < xmax and ymin < ymax. Place your solution
in bonus-a03.rkt.
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