
Winter 2023
Zahra Ahmed

Assignment: 08
Due: Tuesday, March 28, 2023 9:00 pm

Coverage: End of Module 15
Language level: Intermediate Student with lambda

Allowed recursion: All
Files to submit: partition.rkt, funabst.rkt, morematrixfun.rkt,

nested.rkt

• Make sure you read the OFFICIAL A08 post on Piazza for the answers to frequently
asked questions.

• Do not copy-paste constants, data definitions, functions, or check-expects from this file.
Use the provided a08-examples.rkt file.

• Policies from Assignment A07 carry forward.

• Submit examples for all questions except by Friday, March 24 at 8:00AM (before the due
date of assignment A08).

• The language level is Intermediate Student with lambda, but you may not use lambda unless
a question explicitly says you are allowed to. All of the questions can be completed without
using lambda.

• 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.

• Any helper functions you write that are used by only one function must be encapsulated
within a local. Functions written for testing purposes can be defined globally.

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

1. In this question, you will practise using local helper functions.

(a) 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 and complete
the five required questions under the "Module 12: Locals" category on the CS135
Stepping Practice website.

(b) partition consumes a predicate and a list. It produces a two element list, (list X Y),
where X is a list of those items in the consumed list that satisfy the predicate and Y is a
list of those items that don’t satisfy the predicate. The order of items in each list must
be the same as the original list.
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(check-expect (partition odd? '(1 2 3 4 5)) '((1 3 5) (2 4)))

(check-expect (partition boolean? empty) '(() ()))

Your solution must use explicit accumulative recursion and may not use abstract list
functions. You may use reverse. Use local to encapsulate all helper functions. Place
your solution in partition.rkt.

2. This question deals with functional abstraction (except part c). Place your solution in the file
funabst.rkt.

(a) Write a function and-pred that consumes a predicate and a list, and produces false if
the application of the consumed predicate on any element of the consumed list produces
false, otherwise the function produces true. For example:

(and-pred even? empty) => true

(and-pred odd? (list 5 9 3)) => true

(and-pred string? (list 5 "wow")) => false

Use my-filter from M15 as inspiration.

(b) In class, we have seen that we are now able to put functions into lists. What can we do
with lists of functions? One thing is to apply each function in the list to a common set of
values. Write a function map2argfn which consumes a list of functions (each of which
takes two numbers as arguments) and a list containing two numbers. It should produce
the list of the results of applying each function in turn to the given two numbers. For
example,

(check-expect (map2argfn (list + - * / list) '(3 2)) '(5 1 6 1.5 (3

2)))

Note that the above first list being passed to map2argfn has five elements, each of which
is a function that can consume two numbers. The resulting list is also of length five.
Pay close attention to the contract for your function.

(c) Write a predicate function arranged? that consumes a (list predicate-function

binary-relational-operator) pair and a list of values (operands). The predicate
function in the first list is to determine the data type of the values in the second list and
the binary relational operator consumes the same data type (see contract below). Note
that the first list is of length 2 and the second list may be empty.
Here is a contract for arranged? (Hooray! Free mark!):

;; arranged?: (list (Any → Bool) (X X → Bool)) (listof Any) → Bool

The predicate arranged?

• produces true if the list of operands is empty or has one value and applying the
predicate on it produces true.
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(check-expect (arranged? (list integer? <) (list)) true)

(check-expect (arranged? (list integer? >) (list 1)) true)

(check-expect (arranged? (list integer? >) (list 'red)) false)

• produces false if applying the predicate on any of the operands produces false

(check-expect (arranged? (list string? >) (list "wow" 'red))

false)

• produces true if applying the predicate on every operand produces true and apply-
ing the binary relational operator on all consecutive elements of the list of operands
produces true, otherwise the function produces false.

(check-expect (arranged? (list string? string>?) (list "wow"

"cs135" "amazing")) true)

3. Recall the data definition of a Matrix from Assignment 05:

;; A Matrix is one of:

;; * empty

;; * (cons (listof Num) empty)

;; * (cons (listof Num) Matrix)

;; requires: each (listof Num) is non-empty and has the same length

(a) Write a function element-apply-many which consumes a list of functions (each with
contract Num → Num, Num → Int, or Num → Nat) and a matrix, and produces a list
of matrices. The first matrix should be the result of applying the first function to each
matrix element, the second matrix should be the result of applying the second function
to each matrix element, and so on. For example:

(define (add3 x) (+ x 3))

(element-apply-many (list abs floor add3)

'((7 4.5 -3.2)(-3 3 13)))

produces

(list (list (list 7 4.5 3.2)

(list 3 3 13))

(list (list 7 4 -4)

(list -3 3 13))

(list (list 10 7.5 -0.2)

(list 0 6 16)))
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(b) Write a function scale-smallest which consumes a non-empty matrix (with at least
one column and one row) and a real number (the offset). This function produces a
second function that consumes a number, multiplies that number by the smallest element
of the matrix, and adds the offset.
Then ((scale-smallest '((7 4.5 3.2) (-3 3 13)) 2.4) 7) produces -18.6 be-
cause −3 · 7+ 2.4 = −18.6 . Similarly, ((scale-smallest '((7 4.5 3.2) (-3 3

13)) 2.4) -2.7) produces 10.5.
Be careful to avoid exponential blowups in your function implementation.

Place your solutions in morematrixfun.rkt

4. For this question, we have a new data definition:

;; A (nested-listof X) is one of:

;; * empty

;; * (cons (nested-listof X) (nested-listof X))

;; * (cons X (nested-listof X))

;; Requires: X itself is not a list type

Place your solution for the following parts in a file named nested.rkt. You can use lambda

if you wish.

(a) Write a template function named nested-listof-X-template that processes a (nested-listof
X). The only design recipe components required are the contract and the function
definition.

(b) Write a function nested-filter that consumes a predicate function and a (nested-listof
X) (in that order) and removes every element that appears anywhere in the nested list
where the predicate function is false for that element.

(c) Write a function ruthless which consumes a nested list of symbols and produces an
identical list except that all instances of 'ruth have been removed.
You must use nested-filter in your solution.

(check-expect (ruthless '(rabbit (apple pluto (ruth blue) ruth)

hello))

'(rabbit (apple pluto (blue)) hello))

(d) Write a function keep-between that consumes two numbers, a and b, and a nested list
of numbers. It produces a nested list, keeping only the values between a and b.
You must use nested-filter in your solution.

(check-expect (keep-between 5 10 '(1 3 5 (7 9 10) (8 (3 4)) 8 15))

'(5 (7 9 10) (8 ()) 8))

CS 135 — Winter 2023 Assignment 08 4



Enhancements: Reminder—enhancements are for your interest and are not to be handed in.

Racket supports unbounded integers; if you wish to compute 210000, just type (expt 2 10000)

into the REPL and see what happens. The standard integer data type in most other computer
languages can only hold integers up to a certain fixed size. This is based on the fact that, at the
hardware level, modern computers manipulate information in 32-bit or 64-bit chunks. If you want
to do extended-precision arithmetic in these languages, you have to use a special data type for that
purpose, which often involves installing an external library.

You might think that this is of use only to a handful of mathematicians, but in fact computation
with large numbers is at the heart of modern cryptography (as you will learn if you take Math 135).
Writing such code is also a useful exercise, so let’s pretend that Racket cannot handle integers
bigger than 100 or so, and use lists of small integers to represent larger integers. This is, after all,
basically what we do when we compute by hand: the integer 65,536 is simply a list of five digits
(with a comma added just for human readability; we’ll ignore that in our representation).

For reasons which will become clear when you start writing functions, we will represent a number
by a list of its digits starting from the one’s position, or the rightmost digit, and proceeding left.
So 65,536 will be represented by the list containing 6, 3, 5, 5, 6, in that order. The empty list will
represent 0, and we will enforce the rule that the last item of a list must not be 0 (because we don’t
generally put leading zeroes on our integers). (You might want to write out a data definition for an
extended-precision integer, or EPI, at this point.)

With this representation, and the ability to write Racket functions which process lists, we can
create functions that perform extended-precision arithmetic. For a warm-up, try the function
long-add-without-carry, which consumes two EPIs and produces one EPI representing their
sum, but without doing any carrying. The result of adding the lists representing 134 and 25 would
be the list representing 159, but the result of the lists representing 134 and 97 would be the list 11,
12, 1, which is what you get when you add the lists 4, 3, 1 and 7, 9. That result is not very useful,
which is why you should proceed to write long-add, which handles carries properly to get, in this
example, the result 1, 3, 2 representing the integer 231. (You can use the warmup function or not, as
you wish.)

Then write long-mult, which implements the multiplication algorithm that you learned in grade
school. You can see that you can proceed as far as you wish. What about subtraction? You need
to figure out a representation for negative numbers, and probably rewrite your earlier functions to
deal with it. What about integer division, with separate quotient and remainder functions? What
about rational numbers? You should probably stop before you start thinking about numbers like
3.141592653589. . .

Though the basic idea and motivation for this challenge goes back decades, we are indebted to
Professor Philip Klein of Brown University for providing the structure here.
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