
NINTH QUIZ
You have 15 minutes from the start of class to complete this quiz.  Read the questions with care; work with 
deliberate speed.  Don’t give us more than we ask for.  The usual instructions apply.  Good luck!

Problem 1  (9 points)

(a)  (2 points)  How many bits does it take to represent 16 different values?

4

(b.1)  (1 point)  The earliest computers used base-10 circuitry to represent data:  The smallest unit of memory 
was a circuit that could represent a digit from 0 through 9.  No modern digital computers use base-10 circuitry.    
What do they use instead (in one or two words)?

binary or base-2 or bits.

(b.2)  (2 points)  Why is the kind of memory circuitry you identified in part (b.1) better than base-10 circuitry?   
Give at least two reasons.

Bits are more reliable (than native-decimal circuitry); Bits change state faster; Bits are easier to miniaturize; there 
might be a couple more, like less heat or less power or less cost or ease of implementing arithmetic.

(c)  (4 points)  We saw (at least) three ways to represent numbers in memory:  as ASCII characters (8 bits per 
decimal digit, just like letters and punctuation marks), in BCD (binary coded decimal, with 4 bits per decimal 
digit), and as binary numbers.  Why is BCD almost never used today?  Answer in terms of the advantages and 
disadvantages of each representation.

The crux of the matter is that BCD’s only advantage is that it takes half the space of ASCII, and that’s not such a 
huge advantage because (a) memory is cheap and plentiful today, and (b) there’s the hassle of conversion into and 
out of BCD.  If you want to save on the conversion, store the number in ASCII; if you really want to conserve space, 
store the number as a binary number.

SCORING:  Give four points if they make at least one correct comparison between BCD and ASCII and one correct 
comparison between BCD and binary numbers, and no incorrect statements.  Partial credit as appropriate.

Here’s what we covered in class:

ASCII:  Adv:  Simpler, treats numbers like anything else, native—it’s how things come down the wire.  Dis:  Takes 
more space, can’t do arithmetic easily.

BCD:  Adv:  Takes half the space of ASCII, still simple to convert to ASCII.  Dis:  Can’t do arithmetic easily, need to 
convert on input, not as space-efficient as binary, not used very often any more.

Binary:  Adv:  Most space-efficient, most convenient to do arithmetic on, conversions handled automatically by 
nearly every system; Dis: not easily human-readable, must be converted to do I/O.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                        
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Problem 2  (5 points)

For each of the algorithms or operations described below, check the box corresponding most closely to its 
complexity (i.e., its O-notation) in the average case.

(a)  (cons B L), where B is a book structure and L is a list of book structures:  O(1)

 Constant—O(1)       Logarithmic—O(log n)       Linear—O(n)       Quadratic—O(n2)

(b)  From a (balanced) binary search tree of n books, ordered by the book’s name, producing a list of books 
alphabetized by name:  O(n)

 Constant—O(1)       Logarithmic—O(log n)       Linear—O(n)       Quadratic—O(n2)

(c)  In a (balanced) binary search tree of n books, ordered by the book’s title, finding a book in the tree, given 
the book’s title:  O(log n)

 Constant—O(1)       Logarithmic—O(log n)       Linear—O(n)       Quadratic—O(n2)

(d)  Adding together the first and last elements of a vector with n elements:  O(1)

 Constant—O(1)       Logarithmic—O(log n)       Linear—O(n)       Quadratic—O(n2)

(e)  Adding together the first and last elements of a list with n elements:  O(n)

 Constant—O(1)       Logarithmic—O(log n)       Linear—O(n)       Quadratic—O(n2)

Problem 3  (7 points)

Suppose we define a five-element vector as follows:

(define V (vector ‘ham ‘turkey ‘cranberry ‘pumpkin ‘yam))

(a)  (2 points)  Draw a five-cell box showing the contents of this vector and the element number (index, sub-
script) of each element.

Half a point for numbering starting from zero; the rest for the box and contents.  It’s okay if they draw the box 
around the code above.

(b)  (1 point)  What is the value of (vector-ref V 4)?

Yam.  Half a point for pumpkin.

(c)  (2 points)  Change your drawing above to show what happens when Scheme evaluates this expression:

(vector-set! V 4 ‘stuffing)

Full credit if they change the same box they refer to in part (b).  (I.e., don’t delete again for missing V[0])

(d)  (2 points)  The function below performs on a vector the same task as a list-processing function you know 
well.  Give this function a more appropriate name than vector-do-something and provide a purpose state-
ment that describes what it does.
;; vector-do-something: (X -> Y) vector-of-X -> vector-of-Y
;; 
;; 
;;
(define vector-do-something
  (lambda (f V)
    (build-vector (vector-length V) (lambda (i) (f (vector-ref V i))))))

vector-map:  Apply the function f to each element in the vector.  1/2 point for word “map” somewhere; 1.5 for rest.
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