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Write your name (family name included):

This question sheet includes space for the answers and for the calculations which lead to the answers. Ask for more paper if you require it. Be sure to write your name on any paper which you hand in to be marked.

Calculators, laptops, mobile telephones and other electronic devices are not permitted.

Anything written on paper is permitted. This includes but is not limited to books, lecture slides and lecture notes

There are ten questions. Each question has five marks. Answer all the questions.

Question 1 (5 marks)
Evaluate the following Boolean expressions when A=1 (True) and B=0 (False). (Part (d) is worth two marks.)
a) A AND A.
Answer: True. 1 mark.
b) A OR NOT(B).
Answer: True. 1. mark
c) A AND B
Answer: False. 1 mark.
d) (A AND C) OR (B OR NOT(C))

Answer: True (The answer does not depend on the truth value of C.). Two marks.
Question 2 (5 marks) 

a) Carry out the following hexadecimal addition. Show your working: C4+E9.
Answer: C4

   E9

               ---

                         1AD
3 marks for the correct answer with working, i.e. some indication of the carry. 1 mark for a correct answer without working.
b) Convert the following bit string to the corresponding hexadecimal string,

111000010011


Answer: E13 (2 marks)
Question 3 (5 marks)
The positive integers that are powers of 2 form a sequence which begins 1, 2, 4, …
(a) Find the next three terms in the sequence of powers of 2.
Answer: 8, 16, 32. 1 mark
(b) Any positive integer can be written as a sum of distinct powers of 2. For example, 7=4+2+1. Write the decimal integer 25 as a sum of distinct powers of 2. 
Answer: 25=2^(4)+2^(3)+2^(0). 1 mark. The number 1 in place of 2^(0) is accepted.
(c) What is the binary notation for the decimal integer 25?
Answer: 11001. 1 mark
(d) Explain why part (b) of this question is relevant to part (c). (This part has two marks.)
Answer: The rightmost 1 in the binary notation for 25 corresponds to the term 2^(0) in the expression of 25 as a sum of powers of 2. Similarly, the 1 in the 4th place reading from the right corresponds to 2^(3) and the bit in the 5th place corresponds to 2^(4). Two marks for any reasonable version of this statement.

Question 4 (5 marks)

(a) Express the decimal integer –1 in four bit two’s complement notation.

Answer: 1111. 1 mark.
(b) Express the decimal integer 2 in four bit two’s complement notation.
Answer: 0010. 1 mark
(c) Express the decimal integer 3 in three bit excess notation.

Answer: 111. 1 mark
(d) Express the decimal integer 3 in four bit excess notation. (This part has two marks)
Answer: 1011. two marks.
Question 5 (5 marks)

A floating point notation contains eight bits, namely s, e1, e2, e3, m1, m2, m3, m4 in order from left to right. The sign bit s is 1 if the number is strictly less than 0 and 0 otherwise. The bits e1, e2, e3 represent the exponent in 3 bit excess notation. The bits m1, m2, m3, m4 are the leftmost (most significant) four bits of the mantissa.
(a) Write the decimal fraction 1 ¼ as a binary fraction.

Answer: 1.01. 1 mark
(b) Write the binary fraction obtained in part (a) in the form 2^(e)*0.a where e is an integer and a is a bit string in which the leftmost bit is 1. (The number 2^(e) is 2 to the power of e.)
Answer: 2^(1)*0.101. 1 mark.
(c) What is the floating point notation for the decimal fraction 1 ¼ ?

Answer: 01011010. Three marks. One mark each for the four parts: sign. exponent and mantissa.
Question 6 (5 marks)

The floating point notation defined in Qu. 5 is used. Let 10111010 be the floating point notation for a number.
(a) Identify the parts of the bit string 10111010 that describe the sign, the exponent and the mantissa of the number.

Answer: 1 is the sign bit, 011 specifies the exponent and 1010 is the mantissa. Three marks, one mark for each part. Two marks if the bit string 10111010 is divided correctly but the parts are not named.
(b) Find the decimal notation for the number.
Answer: -5/16. Two marks. Delete one mark if the sign is wrong, and delete one mark if the exponent is wrong. One mark only if the correct answer is given without working.
Question 7 (5 marks)

In the decimal fraction 4/5, the numerator is 4 and the denominator is 5. If r is any non-zero integer then 4/5 = (4r)/(5r). For example, if r = 2, then 4/5 = 8/10.
(a) Let x be the decimal fraction 7/3 and let y be the decimal fraction 11/5. Find a decimal fraction which is equal to x and which has the denominator 15. Similarly, find a decimal fraction which is equal to y and which has the denominator 15.

Answer: 35/15 and 33/15. 2 marks, 1 mark for each correct answer.
(b) Which of the decimal fractions x, y is larger?

Answer: x. 1 mark. Zero marks for a correct answer with no working and no answer to part (a).
(c) Find the least power of 2 that is larger than x.
Answer: 4=2^(2). Two marks.

Question 8 (5 marks)

Consider the following pseudo code

x = 1

k = 0

while x < 5

x = 2*x

k = k+1

endWhile

print(x, k)

The * represents multiplication.

a) What values of x and k are printed?

Answer: x =8, k = 3. One mark each, making two marks in total. Subtract a mark if the correct answer is given but with no working.
b) Explain why the loop terminates. What happens if the statement x = 2*x is replaced by x = x-2?

Answer: The loop terminates because on each execution of the loop the value of x strictly increases by a quantity greater than or equal to one. It follows that the threshold of 5 is eventually equalled or exceeded. Two marks for any reasonable version.

If x=2*x is replaced by x=x-2, then the loop does not terminate. This is because the initial value of x is strictly less that the threshold 10 and on each execution of the loop the value of x decreases. It follows that the threshold of 10 will never be met or exceeded. One mark for any reasonable version. Zero mark if it is stated that the loop does not terminate, but no reason is given.
Question 9 (5 marks)

A certain computer takes 0.2 milliseconds (ms) to carry out an addition or a subtraction and 3 ms to carry out a multiplication.

(a) It is required to evaluate the expression
(1.1 x 4.6) + (2.5 x 4.6)
How long will the evaluation take?

Answer: 3+3+0.2=6.2 ms. 
2 marks. 1 mark for a correct answer with no working or other justification.
(b) Next the computer is required to evaluate the expression

(1.1+2.5)x4.6

How long will the evaluation take?
Answer: 3.2 ms. 1 mark. No marks for a correct answer with no working or other justification.
(c) In what way are the arithmetical expressions in part (a) and part (b) similar?

Answer: both evaluate to the same number. 2 marks.

Question 10 (5 marks)
(a) A main memory contains 2^(30) memory cells. How many bits are required to specify a cell in the memory?

Answer: 30 bits. 2 marks.

(b) The contents of the memory are read one cell at a time. The time taken to read the contents of a cell is 2^(-20) seconds. How long will it take to read the entire memory?

Answer: 2^(10) seconds. 3 marks. 1 mark for the correct answer without any justification.

End of the Test

