
C211 Exam 2 – Fall 2014

Name:

Student Id (last 4 digits):

• You may use the usual primitives and ex-
pression forms from Intermediate Student
Language with lambda; for everything
else, define it.

• You may write c → e for
(check-expect c e).

• We expect data definitions to appear in
your answers, unless they’re given to you.
We expect you to follow the design recipe
on all problems. In a number of cases,
defining helper functions will be useful.

• If they are given to you, you do not need
to repeat the signature and purpose state-
ments in your implementations. Like-
wise, you do not need to repeat any test
cases given to you, but you should add
tests wherever appropriate.

• Some basic test taking advice: Before
you start answering any problems, read
every problem, so your brain can be
thinking about the harder problems in
background while you knock off the easy
ones.

Good luck!

Problem Points /out of
1 / 16
2 / 17
3 / 12
4 / 20

Total / 65



16 POINTSProblem 1 Here is the data defintion for aBTree.

;; A BTree is one of:

;; - empty

;; - (make-node Number BTree BTree)

(define-struct node (val left right))

1. Write two examples ofBTrees.

2. Design the functioncount-nodes, which consumes aBTree and counts
how many nodes are in the tree.
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3. Design the functionvals-at-level which consumes aNatural Number
and aBTree. The result should be a list of all the numbers that are the given
number of levels down from the top of the tree. In this function, treat 0 as
indicating the top of the tree, and 1 the next level down, and so on.
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[Here is some more space for the previous problem.]
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17 POINTSProblem 2 1. What does the following ISL command return?

((lambda (x y) (cons (first x) (rest y)))

(list 1 2 3) (list "a" "b" "c"))

2. What does the following ISL command return?

(local [(define (f x y) (cons (length x) y))]

(foldr f (list 0) (list (list 1) empty (list 2 3))))
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3. Consider the following structure and data definition:

(define-struct trio [first second third])

;A Number-Trio is (make-trio Number Number Number)

Design a functiondiff-greater that consumes aNumber-Trio and returns
true if the difference between the first and second number is greater than the
third number.

(check-expect (diff-greater (make-triplet 3 10 4) true))

(check-expect (diff-greater (make-triplet 7 2 3) true))

(check-expect (diff-greater (make-triplet 8 6 4) false))

(check-expect (diff-greater (make-triplet 8 6 2) false))

4. Use the sametrio structure, abstract the data definition for aTrio so that
the three fields don’t have to have the same type.
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5. Design a functionlength-greater that consumes aString-String-Number
Trio and returns true if the sum of the lengths of the two strings are greater
than the given number.

6. Design a functionf-greater that abstracts the function definitions for
diff-greater andlength-greater. Reimplement those two functions
using yourf-greater.
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12 POINTSProblem 3 You may remember thefactorial operation in math, which is often
written n! and which has the definitionn! = n × (n − 1) × · · · × 1; that isn

factorial is the product of all of the numbers from 1 ton. As a special case,0! is
1.

1. Design thefactorial function. It must be able to pass the following test:

(check-expect (factorial 6) 720)
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The mathematical combinations functionC(n, k) is usually defined in terms
of factorials, as follows

C(n, k) =
n!

k! × (n − k)!

However, the values ofC(n, k) can also be arrangedgeometrically to form
a triangle in whichn increases as you move down the triangle andk increases
as you move from left to right. The resulting structure, which is calledPascal’s
Triangle after the French mathematician Blaise Pascal, is arranged like this:

C(0, 0)

C(1, 0) C(1, 1)

C(2, 0) C(2, 1) C(2, 2)

C(3, 0) C(3, 1) C(3, 2) C(3, 3)

C(4, 0) C(4, 1) C(4, 2) C(4, 3) C(4, 4)

Pascal’s Triangle has the interesting property that every entry is the sum of
the two entries above it, except along the left and right edges, where the values
are always 1. Consider, for example, the circled entry in thefollowing display of
Pascal’s Triangle:

1

1 1

1 2 1

1 3 3 1

1 4 6 4 1

1 5 10 10 5 1

1 6 15 20 15 6 1

This entry, which corresponds toC(6, 2), is the sum of two entries – 5 and
10 – that appear above it to either side in boxes. In this problem you are to use
this relationship between entries in Pascal’s Triangle to write a (generative) re-
cursive implementation ofC function that uses no multiplications and no calls to
factorial.
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2. Design the functioncombinations which takes twoNatural Numbers n

andk as inputs and computesC(n, k). You must follow the relationship
shown by Pascal’s Triangle to design your function.

Here are two examples of thecombinations function:

(check-expect (combinations 6 2) 15)

(check-expect (combinations 6 2) (/ (factorial 6)

(* (factorial 2)

(factorial (- 6 2)))))

Hint: It may help to write down the relationship betweenn, k, and the num-
bers in the previous row of the triangle before designingcombinations.
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[Here is some more space for the previous problem.]
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20 POINTSProblem 4 In Computer Science, and in other fields, academics can tracetheir
ancestry back through their Ph.D advisor. This produces family trees similar to
ones we’ve seen before. Here’s the data definition that we will use for advisors.

;; An Advisor is (make-advisor Number [Listof Advisor])

(define-struct advisor (year students))

The year represents the year that they recieved their Ph.D.

1. Professor Dan Friedman in our department has a long history of advising
students. Use theAdvisor data defintion to represent the following history
(a small fraction of the actual history):

• Dan Friedman (1973) had Matthias Felleisen (1987) and JuliaLawall
(1994) as students.

• Matthias Felleisen had Sam Tobin-Hochstadt (2010) and Rebecca Par-
sons (1992) as students.
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2. Design a functionmost-recent that, given anAdvisor, finds the most re-
cent year that they or one of their descendants recieved a Ph.D (in other
words, the largest number in the tree).
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3. Design a functionrelative-ages that, given anAdvisor, converts all of
the years in the family tree to years relative to when the original advisor got
their Ph.D. In the example, Friedman be 0, Felleisen would be14, Lawall
would be 21, Parsons would be 19, and Tobin-Hochstadt would be 37.

Hint: What information would it be useful to have on hand when designing
this function?
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[Here is some more space for the previous problem.]
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