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Question 1. [10 marks]

Answer each of the following multiple choice questions by circling all answers that apply. There may be
multiple correct answers per question, or no correct answers at all.

1. Which of the following expressions match the macro pattern (<a> <b> ...)?

(a) (list)

(b) (a b c)

(c) (a) (b) (c)

(d) (a ((b) (c)))

2. Which of the following definitions are tail recursive?

(a) (define (f lst acc)

(if (empty? lst)

acc

(f (rest lst) (cons (first lst) acc))))

(b) (define (f lst acc)

(if (empty? lst)

(f ’() acc)

(f (rest lst) (cons (first lst) acc))))

(c) (define (f lst acc)

(if (empty? lst)

(* 10 acc)

(f (rest lst) (+ 1 acc))))

(d) (define (f lst acc)

(if (empty? lst)

acc

(reverse (f (rest lst) (cons (head lst) acc)))))

3. Consider the following Haskell code:

g1 x y = x + y

g2 x y z = x + (y * z)

Which of the following expressions evaluate to a function that takes exactly one argument and returns
a number?

(a) g1 3

(b) g2 3

(c) \x -> g1 3

(d) \x -> g2 x 4 5
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4. Which of the following are valid expressions of the below grammar?

<expr> = INTEGER

| (+ <expr> <expr>)

| (* <expr> <expr>)

| (- <expr> <expr>)

| (/ <expr> <expr>)

(a) (2 + 3)

(b) (+ (/ 1 0) (* 3 (- 6 5)))

(c) (+ 1 (+ 0 0) (+ 0 0))

(d) + 2 3

5. Consider the following macro:

(define-syntax my-macro

(syntax-rules ()

[(my-macro (<x> ...))

(list ’a <x> ...)]

[(my-macro ((<x> <y> ...)))

(list ’b <y> ...)]

[(my-macro ((<x> <y>) ...))

(list ’c <x> ...)]))

Which macro expansions below are correct?

(a) (my-macro (1 2 3)) expands to (list ’b 2 3)

(b) (my-macro (1)) expands to (list ’a 1)

(c) (my-macro (1 2)) expands to (list ’c 1)

(d) (my-macro (1 2) (3 4)) expands to (list ’c 1 3)
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Question 2. [5 marks]

Write a macro my-rest that skips the first element of a list defined using the list constructor. For
example:

>>> (my-rest (list 1 2 3 4 5))

’(2 3 4 5)

>>> (my-rest (list 4 5))

’(5)

>>> (my-rest (list 6))

’()

>>> (my-rest (4 5))

; my-rest: bad syntax in: (my-rest (4 5))

Note that my-rest would not work with lists constructed using other means, like cons or quote.

(define-syntax my-rest

(syntax-rules ( )

Page 4 of 10



Midterm Fall 20l8

Question 3. [4 marks]

The following Haskell data type encodes arbitrarily nested subtraction expressions.

data SubExpr = SInt Int

| Sub SubExpr SubExpr

For example, the mathematical expression (4 - (3 - 2)) is expressed as

(Sub (SInt 4) (Sub (SInt 3) (SInt 2)))

Write a function evalSub that evaluates arbitrarily nested SubExpr expressions. For example, the function
call evalSub (Sub (SInt 4) (Sub (SInt 3) (SInt 2))) should return 3 since (4 - (3 - 2)) = 3.

evalSub :: SubExpr -> Int
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Question 4. [6 marks]

Part (a) [2 marks]

Briefly (in two or three sentences) explain why we use a hash table instead of a cond when implementing
Racket objects.

Part (b) [2 marks]

In Lab 5, you implemented a constructor using an explicit method named new. What is the benefit of this
over the approach to constructors that we used in lecture?

Part (c) [2 marks]

Briefly explain why fix-first is useful for implementing self.

Page 6 of 10



Midterm Fall 20l8

[Use the space below for rough work. This page will not be marked unless you clearly indicate the part of
your work that you want us to mark.]
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[Use the space below for rough work. This page will not be marked unless you clearly indicate the part of
your work that you want us to mark.]
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[Use the space below for rough work. This page will not be marked unless you clearly indicate the part of
your work that you want us to mark.]
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