
CS 61A Summer 2009 Homework 1

Topic: Functional programming

Please Read:

1. Question 1 to question 6 do not depend on the Wednesday and Thursday lecture.

2. For the graded-by-correctness questions, be sure to follow the specified naming format precisely
or you may not receive a grade.

Lectures: Monday 6/22, Tuesday 6/23, Wednesday 6/24, Thursday 6/25

Reading: Abelson & Sussman, Section 1.1 (pages 1–31), Section 1.3

People who’ve taken CS 3: Don’t use the CS 3 higher-order procedures such as every in
these problems unless otherwise stated; use recursion.

1. Send an email to your TA. Include your name and major, where you are from, what major you are.
Tell us a sentence or two on something interesting about yourself.

2. Do exercise 1.6, page 25. This is an essay question; you may just type up your response in English.
If you had trouble understanding the square root program in the book, explain instead what will
happen if you use new-if instead of if in the pigl Pig Latin procedure.

3. Write a procedure squares that takes a sentence of numbers as its argument and returns a sentence
of the squares of the numbers:

> (squares ’(2 3 4 5))
(4 9 16 25)

4. (Graded by Correctness) Write a procedure increment that takes a sentence and increments
all the numbers in the sentence by 1. If a word has both number and letters, leave it as is. Example:

> (increment ’(Federer got 1st place in 13 Grand Slam titles in his 27 years of age.))
(Federer got 1st place in 14 Grand Slam titles in his 28 years of age.)

You may use the primitive procedure number? which takes a word and checks if it is a number.

5. Write a predicate ordered? that takes a sentence of numbers as its argument and returns a true
value if the numbers are in ascending order, or a false value otherwise.

6. Part A. You are writing Solitaire for Windows 7 and you decide to represent the win/loss record
by a sentence of just the word w for win and l for loss. First, write a procedure first-streak that
takes a sentence of win/loss record and finds the length of the first streak, be it a winning or a losing
streak. For example:

> (first-streak ’(w w l l l))
2

> (first-streak ’(l w l w w w))
1

Part B. Now, use the first-streak procedure from Part A and write a new procedure best-streak
that takes a sentence of win/loss record and finds the length of the longest streak, be it a winning or
a losing streak. For example:
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> (best-streak ’(w w l l l))
3

> (best-streak ’(l w l w w w))
3

Hint: The key observation you need to make is that the longest streak is either the first streak or the
longest streak in the record if you don’t count the first game.

7. Most versions of Lisp provide and and or procedures like the ones on page 19. In principle there is
no reason why these can’t be ordinary procedures, but some versions of Lisp make them special forms.
Suppose, for example, we evaluate

(or (= x 0) (= y 0) (= z 0))

If or is an ordinary procedure, all three argument expressions will be evaluated before or is invoked.
But if the variable x has the value 0, we know that the entire expression has to be true regardless of
the values of y and z. A Lisp interpreter in which or is a special form can evaluate the arguments one
by one until either a true one is found or it runs out of arguments.

Your mission is to devise a test that will tell you whether Scheme’s and and or are special forms or
ordinary functions. This is a somewhat tricky problem, but it’ll get you thinking about the evaluation
process more deeply than you otherwise might.

Why might it be advantageous for an interpreter to treat or as a special form and evaluate its arguments
one at a time? Can you think of reasons why it might be advantageous to treat or as an ordinary
function?

8. (Graded by Correctness) Take the increment procedure from above and re-write it using the
higher-order procedures every, keep, collapse (you may not need all 3). Name this new procedure
hof-increment. DO NOT use recursion for this problem

9. Take the ordered? procedure from above and re-write it using higher-order procedures every,
keep, collapse (you may not need all 3). DO NOT use recursion for this problem.

10. Part A. Write a procedure insert that takes a number and a sentence of numbers sorted in
increasing order. insert should place the input number in the appropriate position in the sorted
input sentence and output the resulting sentence. For example:

> (insert 3 ’(1 2 3 4 5))
(1 2 3 3 4 5)

Part B. Use insert from part A to write a procedure insertion-sort that takes a sentence of numbers
and sorts them in increasing order. For example:

> (insertion-sort ’(3 1 4 1 5))
(1 1 3 4 5)

Part C. Sometimes we would like to sort words in dictionary order; sometimes we would like to sort
numbers where all odd numbers come before the even numbers. Generalize the program from part B to
accept any ordering by defining a procedure insertion-sort that takes a sentence AND a comparator
function. The comparator function will take two arguments and output #t if the first argument is larger
and #f if the second argument is larger or if the two arguments are equal. For example:
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> (define (odd-first num1 num2)
(cond ((and (even? num1) (even? num2)) (> num1 num2))

((and (even? num1) (odd? num2)) #t)
((and (odd? num1) (even? num2)) #f)
(else (> num1 num2))))

> (insertion-sort ’(3 1 4 1 5 2) odd-first)
(1 1 3 5 2 4)

Here the comparator function odd-first imposes a new ordering on the set of numbers where the
even numbers are always bigger than the odd numbers.
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Extra for experts:

In principle, we could build a version of Scheme with no primitives except lambda. Everything else
can be defined in terms of lambda, although it’s not done that way in practice because it would be so
painful. But we can get a sense of the flavor of such a language by eliminating one feature at a time
from Scheme to see how to work around it.

In this problem we explore a Scheme without define. We can give things names by using argument
binding, as let does, so instead of

(define (sumsq a b)
(define (square x) (* x x))
(+ (square a) (square b)))

(sumsq 3 4)

we can say

((lambda (a b)
((lambda (square)

(+ (square a) (square b)))
(lambda (x) (* x x))))

3 4)

This works fine as long as we don’t want to use recursive procedures. But we can’t replace

(define (fact n)
(if (= n 0)

1
(* n (fact (- n 1)))))

(fact 5)

by

((lambda (n)
(if ...))

5)

because what do we do about the invocation of fact inside the body?

Your task is to find a way to express the fact procedure in a Scheme without any way to define global
names.

Unix feature of the week: man

Emacs feature of the week: C-g, M-x apropos

There will be a “feature of the week” each week. These first features come first because they are
the ones that you use to find out about the other ones: Each provides documentation of a Unix or
Emacs feature. This week, type man man as a shell command to see the Unix manual page on the
man program. Then, in Emacs, type M-x (that’s meta-X, or ESC X if you prefer) describe-function
followed by the Return or Enter key, then apropos to see how the apropos command works. If you
want to know about a command by its keystroke form (such as C-g) because you don’t know its long
name (such as keyboard-quit), you can say M-x describe-key then C-g. You aren’t going to be
tested on these system features, but it’ll make the rest of your life a lot easier if you learn about them.
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