Homework 2

Due: The deadline (for both the paper and the electronic submission) was extended until Sunday, June
10, 5pm. Because of theextension, no homeworkswill betaken later than this. However, studentswho prefer
to hand in according to the initial deadline, Friday, June 8, 5pm, will get a bonus of 5% of their mark.

Latenessreminder: penalty 30% if handed by Sunday, 5 pm; not accepted | ater.

Note: The names of your functions should be the ones required in this assignment. The name of the
submitted file should h2.scm. Otherwise you will loose marks. In this assignment you should write pure
functional code, i.e., you should not use loop, do, set! and other functionsended in!. You can use the func-
tions mentioned in class, except let and let*.

1 Question 1

Define functions for arithmetic operations with complex numbers. Assume we represent the complex num-
bersasalist (real-part, imaginary-part). For example2— 3iisrepresentedas(2-3). Let’sdenotetwo complex
numbers as atbi and c+di. Don’t use the built-in complex numbersthat are part of Scheme.

a. Define afunction named magn which computes the magnitude of acomplex number. Remember that
|a+bi| =va2+b2. Example:

1]=> (magn’(-12))

Value: 2.236

b. Defineafunction named add which addsto complex numbers. Remember that (atbi) + (c+di) = (at+c)
+ (btd)i. Example:

1]=>(add’(-12)'(23))

;Vauel: (15)

c. Define afunction named subtract which has two complex numbers as arguments, and subtracts the
second argument from the first argument. Remember that (a+bi) - (c+di) = (a-c) + (b-d)i. Example:

1]=> (subtract '(-12) '(2 3))

;Vauel: (-3-1)

d. Define afunction named multiply which multiplies two complex numbers. Remember that (a+bi) *
(ctdi) = (ac-bd) + (ad+bc)i. Example:

1]=> (multiply (-1 2) ' (2 3))

;Vauel: (-81)

2 Question 2

a. Define a function called repl which replaces all the numbers on the superficial level of alist with their
sguares. Non-numeric elements are kept unchanged. Examples:
1]=> (repl '(1a2b4))



;Vauel: (1a4b16)

1]=> (repl '(1a(2(3)) b 4))
Vauel: (1a(2(3))b16)

b. Defineafunction called nested-repl which replacesall the numberson all thelevelsof alist with their
sguares. Non-numeric elements are kept unchanged. Examples:

1]=> (nested-repl '(1a2 b 4))

;Vauel: (1a4b16)

1]=> (nested-repl '(1a(2 (3) @ b 4))
;Vauel: (1a(4(9) a) b16)

3 Question 3

Implement functions for binary search trees. We represent atree asalist (key left right), and an empty tree
or subtree as empty list (). You can assume that the keys in the nodes are integers. A search tree contains
in each node a key that is bigger than all keysin itsleft subtree and lower than all keysin the right subtree.
Examples:

empty tree: ()
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a. Implement afunction called insert, which takes an integer and abinary search tree, and returnsanew
binary search tree with the integer inserted in the right place. Assume that when the inserted key is already
in the tree, the tree will be unchanged. Example:

1]=> (insert2°(3(1() 0) (6(4 0 0) 0)))

Veluel: 3(10 (20 0)N®©00)0N
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b. Implement a function called list2tree which transforms alist of integersin a binary search tree. The
first element of the list will be the root of the tree (the keys are inserted in the order they come in the list).
Example:

1]=> (list2tree’ (53 8 6))

Vveluel: (530 0) (860 0)0)
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4 What to hand in?

Put all definitions of the functions above, aswell as any helper function, in afile called h2.scm. Add com-
ments to explain what each function is doing, what is the expected input (preconditions), and the expected
output (postconditions). The comments should also indicate the question number the function in an answer
to.

4.1 On paper

The paper submission hasto be put in 324 drop box (SF, 2nd floor, near bridgeto LP).
Please use an unseal ed envel ope, having on top the cover page provided at the end of thisfile. Put inside:

e A printout of your code (the file h2.scm).

e A printout of one or more script files containing tests run for each function. (Seeman script if you
are unsure of how to create a script file.) The tests for each function you implemented should include
severa relevant runs, degenerated cases for the input (such as empty list).

Example of generating a script file named filel:

> script filel
> scheme

11=> (+12)
1 1=>"D

"D

4.2 Electronically
In addition to your paper submission, you must submit your code electronicaly.
e Thefileh2.scm containing all your functions.

Submit the file h2.scm using the following command:
submit -N homewor k2 csc324h h2.scm

See man submit if you need moreinformation. Note that if you already submitted afile and you wish to
replace it with a different version, you can submit it again. But you must use the -f option to overwrite the
old version.
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