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Zahra Ahmed

Assignment: 6
Due: Tuesday, March 14, 2023 9:00 pm

Coverage: End of Module 10
Language level: Beginning Student with List Abbreviations

Allowed recursion: Simple and Accumulative recursion
Files to submit: dejavu.rkt, not-catan.rkt, mobster.rkt

• Make sure you read the A06 Official Post and FAQ post on Piazza for the answers to frequently
asked questions.

• Do not copy-paste constants, data definitions, or check-expects from this file. Use the
provided a06-examples.rkt file.

• Unless otherwise specified, you may only use Racket language features we have covered up
to the coverage point above (End of Module 10).

• 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 A05 carry forward.

• For each function you are required to write for questions 2 and 3, you are also required to
submit the design recipe.

• Submit examples for all questions by Friday, March 10 at 8:00AM (before the due date of
assignment A06).

Here are the assignment questions that you need to submit.

1. (30%): For this question only, you are allowed to use reverse exactly once in your solution
(i.e. you should not reverse a list in a recursive call).

You must use accumulative recursion to implement the following functions:

(a) pnormp from Assignment A03 but with one modification - now, the list can be of any
length.
pnormp will use exactly one helper function, pnormp/acc. pnormp/acc will not use any
helper functions. Built-in functions are permitted, of course.
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(check-expect (pnormp 3 (list 1 -2 3 4)) 100)

(b) remove-duplicates from Assignment A04.
remove-duplicates will use exactly one helper function, remove-duplicates/acc.
remove-duplicates/acc will not use any helper functions. Built-in functions are
permitted, of course.

(c) eval-poly from Assignment A04.
eval-poly will use exactly one helper function, eval-poly/acc. eval-poly/acc will
not use any helper functions. Built-in functions are permitted, of course. The same
restrictions as in Assignment A04 apply, i.e. you may not use expt or any other
exponentiation operation, you may not use more than n multiplications and n additions
where n is the length of the list.

Place all your solutions to the above parts in the file dejavu.rkt.

2. (35%): In the board game Builders of Qumran™, players require five types of resources
to progress in the game: Blocks, Wood, Sheep, Wheat, and Rocks. These resources can be
stored in an Inventory structure. Players can then use their resources to build infrastructure,
such as, Streets, Villages, and Towns. The cost for each of these infrastructure items is stored
in a Cost structure.

(define-struct inventory (blocks wood sheep wheat rocks))

;; An Inventory is a (make-inventory Nat Nat Nat Nat Nat)

;; requires: wheat >= sheep

;; wheat >= 4

(define-struct cost (blocks wood sheep wheat rocks))

;; A Cost is a (make-cost Nat Nat Nat Nat Nat)

(a) Write a template function inventory-template that consumes an Inventory and
produces Any. Note that for this template function, you only need to provide a contract
and a body.

(b) Starting with your template, implement the predicate valid-inventory?. This predicate
consumes Any as an argument and produces true if the argument is a valid Inventory.
(check-expect (valid-inventory? (make-inventory 3 2 4 5 1)) true)

(check-expect (valid-inventory? (make-inventory 3 2 2 3 1)) false)

(c) Starting with your template, implement the predicate affordable?. This predicate
consumes an Inventory and a Cost. The predicate produces true if the cost is covered
by the inventory and if the inventory remains a valid Inventory after subtracting the
cost, and false otherwise.
(check-expect

(affordable? (make-inventory 3 2 4 5 1) (make-cost 0 2 0 1 0)) true)
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(check-expect

(affordable? (make-inventory 3 2 5 5 1) (make-cost 0 2 0 1 0)) false)

(d) Starting with your template, implement the function thief. This function consumes an
Inventory as argument and produces another Inventory. The thief attempts to steal one
unit of each resource. If this is not possible, the thief leaves this one resource unchanged.
Calling (valid-inventory? (thief ...)) on any Inventory will always produce
true.
(check-expect

(thief (make-inventory 3 2 4 5 0)) (make-inventory 2 1 3 4 0))

Place your solutions to this problem in not-catan.rkt.

3. (35%): Congratulations! Your education at UW has paid off and you became a successful ...
mobster? Oh, well, at least you can use your programming skills to run your criminal empire
as efficiently as possible.

(define-struct goon (street-name abilities))

;; A Goon is a (make-goon Str Abilities).

;; An Abilities is a (list Nat Nat Nat), where the elements represent

;; Loyalty, Wealth, and Influence.

(define goon-btt (make-goon "Bullet Tooth Tony" (list 8 2 5)))

(define goon-ca (make-goon "Cousin Avi" (list 3 9 8)))

(define goon-btb (make-goon "Boris, the Blade" (list 4 6 7)))

(define goon-fff (make-goon "Franky Four Fingers" (list 5 7 3)))

(define applicant-gg (make-goon "Gorgeous George" (list 3 5 4)))

(define applicant-s (make-goon "Sol" (list 5 7 10)))

;; A Gang is a (listof Goon)

(define my-gang (list goon-btt goon-ca goon-btb goon-fff))

;; A Job is a (list Nat Nat Nat), where the elements represent

;; required Loyalty, required Wealth, and required Influence.

(define job-mule (list 5 0 1))

(define job-financer (list 3 8 5))

(define job-bribe (list 5 6 10))

;; A Job-list is a (listof Job)

(define my-jobs (list job-mule job-financer job-bribe))
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(a) Your first order of business is evaluating your gang-members according to their abilities.
Write a function eval-goon that consumes a Goon and a Job. The function produces
false if one or more of the goon’s abilities do not meet the requirements for the job.
If all requirements are met, the function produces a Nat that expresses how qualified
the goon is. This number is calculated by adding up all differences between the goon’s
abilities and the job’s requirements.
For example, “Cousin Avi” would not be a suitable mule, because she does not meet the
Loyalty-requirement:
(check-expect (eval-goon goon-ca job-mule) false).
She would, however, be quite suitable as a financer:
(check-expect (eval-goon goon-ca job-financer) 4).
Last, “Franky Four Fingers” would be an excellent mule:
(check-expect (eval-goon goon-fff job-mule) 9).

(b) Now that you can assess all of your gang-member individually, it is high time to find the
right goon for the job!
Write a function pick-goon that consumes a Gang and a Job. The function produces
the Goon that is most qualified for the job. In case multiple goons are equally qualified,
the function produces the first qualified one from your gang. If no goon is qualified, the
function produces false.
For example, both “Bullet Tooth Tony” and “Franky Four Fingers” could become mules.
Both of them are equally qualified (score of 9). You pick, however, “Bullet Tooth Tony”
because he is the first in your gang:
(check-expect (pick-goon my-gang job-mule) goon-btt).
However, none of your gang-members are qualified enough to bribe others:
(check-expect (pick-goon my-gang job-bribe) false).
Also, remember that you might just be starting with your gang:
(check-expect (pick-goon empty job-financer) false).

(c) Going through your list of jobs, you realize that some of them are too demanding for
your current gang-members. Maybe you need to recruit more goons into your gang. In
order to post your open positions, however, you have to create a list of all jobs that your
current gang cannot complete.
Write a function find-difficult-jobs that consumes a Gang and a Job-list. The
function produces a Job-list that contains all jobs that are too difficult for your current
gang-members to complete.
For example,
(check-expect (find-difficult-jobs my-gang my-jobs) (list job-bribe)).

(d) Hiring day has come! You have been advertising for months, and now applicants are
lining up at your secret head-quarters. To deal with the flood of applications, you have
to write a program that helps you in your decision-making process.
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Write a predicate hire? that consumes a Gang, a Job-list, and a Goon (this parameter
represents the applicant). The predicate produces true if the applicant is qualified to
perform a job that none of the current gang-members can, and false if every job is
already covered by at least one current gang-member.
For example, “Gorgeous George” is not qualified enough to fill your ranks:
(check-expect (hire? my-gang my-jobs applicant-gg) false).
“Sol” on the other hand will be a great addition to your growing gang, as he will excel in
bribing others:
(check-expect (hire? my-gang my-jobs applicant-s) true).

Place your solutions to this problem in mobster.rkt.

This concludes the list of questions for which you need to submit solutions.

Remember to always test your code in DrRacket before submitting and to always check your basic
test results after submitting.

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

A cellular automaton is a way of describing the evolution of a system of cells (each of which can
be in one of a small number of states). This line of research goes back to John von Neumann, a
mathematician who had a considerable influence on computer science just after the Second World
War. Stephen Wolfram, the inventor of the Mathematica math software system, has a nice way of
describing simple cellular automata. Wolfram believes that more complex cellular automata can
serve as a basis for a new theory of real-world physics (as described in his book “A New Kind
of Science”, which is available online). But you don’t have to accept that rather controversial
proposition to have fun with the simpler type of automata.

The cells in Wolfram’s automata are in a one-dimensional line. Each cell is in one of two states:
white or black. You can think of the evolution of the system as taking place at clock ticks. At one
tick, each cell simultaneously changes state depending on its state and those of its neighbours to the
left and right. Thus the next state of a cell is a function of the current state of three cells. There are
thus 8 (23) possibilities for the input to this function, and each input produces one of two values;
thus there are 28 or 256 different automata possible.

If white is represented by 0, and black by 1, then each automaton can be represented by an 8-bit
binary number, or an integer between 0 and 255. Wolfram calls these “rules”. Rule 0, for instance,
states that no matter what the states of the three cells are, the next state of the middle cell is white,
or 0. But Rule 1 says that in the case where all three cells are white (the input is 000, which is
zero in binary), the next state of the middle cell is black (because the zeroth digit of 1, or the digit
corresponding to the number of 20s in 1, is 1, meaning black). In the other seven cases, the next
state is white.
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This is all made clearer by the pictures at the following URL, from which the picture at the right is
taken:

http://mathworld.wolfram.com/CellularAutomaton.html

Some of these rules, such as rule 30, generate unpredictable and apparently chaotic behaviour
(starting with as little as one black cell with an infinite number of white cells to left and right); in
fact, this is used as a random number generator in Mathematica.

You can use DrRacket to investigate cellular automata and draw or animate their evolution, using the
io.ss, draw.ss, image.ss, or world.ss teachpacks. Write a function that takes a rule number
and a configuration of cells (a fixed-length list of states, of a size suitable for display) and computes
the next configuration.

CS 135 — Winter 2023 Assignment 6 6

http://mathworld.wolfram.com/CellularAutomaton.html

