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Your signature acknowledges your understanding of and agreement to the rules below.

– You have 40 minutes to write the 6 questions on this examination.
A total of 20 marks are available.
– You may have as an aide up to 3 textbooks and a 3 inch stack of
paper notes and nothing else. No electronic devices allowed; so,
no cell phones and no calculators.

Question

Marks

1

– Keep your answers short. If you run out of space for a question,
you have likely written too much.

2

– The number in square brackets to the left of the question number
indicates the number of marks allocated for that question. Use
these to help you plan your use of time on the exam.

4

– Clearly indicate your answer to each problem. If your answer is
not in the provided blank, then indicate where the answer is, and
at the answer’s location indicate the question it addresses.

Total

3
5
6

– Good luck!
UNIVERSITY REGULATIONS:
– Each candidate should be prepared to produce, upon request, his/her UBC card.
– No candidate shall be permitted to enter the examination room after the expiration of one half
hour, or to leave during the first half hour of the examination.
– CAUTION: candidates guilty of any of the following, or similar, dishonest practices shall be
immediately dismissed from the examination and shall be liable to disciplinary action.
1. Having at the place of writing, or making use of, any books, papers or memoranda, electronic equipment, or other memory aid or communication devices, other than those authorised by the examiners.
2. Speaking or communicating with other candidates.
3. Purposely exposing written papers to the view of other candidates. The plea of accident or
forgetfulness shall not be received.
– Candidates must not destroy or mutilate any examination material; must hand in all examination
papers; and must not take any examination material from the examination room without permission of the invigilator.
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[1] 1. Consider the following (approximate) quote from the Racket documentation: “A branch of a
cond that starts with else must be the last branch.”
Translate this to propositional logic using the following definitions: Let e mean “The branch
of the cond starts with else.” Let l mean “The branch of the cond is the last branch.”.

[1] 2. Assuming that 11001 is a 5-bit signed binary number, convert it to decimal:

[1] 3. Assuming that 00101 is a 5-bit signed binary number, convert it to decimal.

[2] 4. Convert the binary number 01101100010111110000000000000010 to hexadecimal.
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[6] 5. Show—by modeling the programs in propositional logic and using a logical equivalence
proof—that the program:
;; Boolean Boolean Boolean -> Boolean
(define (is-thingy? b c p)
(if p
(not b)
(if b
c
true)))
is equivalent to the program:
;; Boolean Boolean Boolean -> Boolean
(define (is-thingy? a b c)
(or (not b) (and (not p) c)))
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[9] 6. You are working on a new technology for computers in which the basic unit of information is
a “trit”—a “trinary digit”—with three values which we label “0”, “1”, and “2”. The basic unit
of memory is the “tryte” composed of 9 trits. (You may leave numeric answers as formulas
using addition, subtraction, multiplication, division, and exponentiation.)
[1] (a) If we use a base 3 representation for unsigned trinary numbers (like our base 2 representation for unsigned binary numbers), what decimal value would the unsigned
trinary number 000000121 represent?

[2] (b) What’s the decimal value of the largest unsigned trinary number representable with
one “tryte”?

[2] (c) Consider the following proposed representation for signed numbers using a tryte: The
final 8 trits are an unsigned trinary number. If the first trit is 0, the number is positive
(technically, non-negative). If the first trit is 1, the number is negative (technically,
non-positive). We disallow the value of 2 for the first trit.
How many “wasted” trit patterns does this representation have? (A pattern is “wasted”
if it’s disallowed or represents a value that is already representable in another way.)

[2] (d) One can easily represent the number 31 using the trinary 0.1; so, it seems as if trinary
may solve the problem we had representing fractions with binary numbers.
Give a number that illustrates that trinary does not solve this problem (or even make
significant progress on it). (You may but do not need to explain your answer.)

[2] (e) Why would hexadecimal be a poor choice for a compact representation of trinary
numbers?
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BONUS: Earn up to 2 bonus points by doing one or more of these problems.
• We have been using propositional logic to model and analyze Racket programs. As always, however,
our model is not the same as the system it models.
Give an example of two programs that are likely to behave differently even though they are logically
equivalent. Include the sample code, the models of the code, the proof of equivalence, and an
explanation of why the code will not behave the same.
The following entry in the Racket documentation may help.
(time expression)
Measures the time taken to evaluate expression. After evaluating expression, time
prints out the time taken by the evaluation (including real time, time taken by the CPU,
and the time spent collecting free memory). The value of time is the same as that of
expression.
• Consider the following representation for signed trinary numbers using a tryte: 0 and 1 will be
interpreted as they are for unsigned trinary numbers. A 2 will instead be interpreted as a -1. With
this scheme, determine: the largest representable value, the smallest representable value, and the
number of “wasted” bit patterns; also, give good algorithms for negating a number and adding two
numbers.

