Birkbeck College

Department of Computer Science and Information Systems

Introduction to Computer Systems

In-Class Test (Open Book)

S.J. Maybank

18th April 2020
Write your name (family name included):

This question sheet includes space for the answers and for the calculations that lead to the answers. Ask for more paper if you require it. Be sure to write your name on any paper that 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, lecture notes and hand written notes.
There are 10 questions. Each question has 5 marks. Answer all questions.
Question 1 (5 marks)
Consider the following pseudo code.
1. q = 0

2. r = 12

3. While r >= 5,

4.     r = r-5
5.     q = q+1

6. EndWhile

7. Output q, r

8. Halt

a) Suppose that the pseudo code is executed. What values of q and r are output?

b) Identify an expression in the pseudo code that is Boolean in that it has the value True or False whenever it is evaluated. What is the purpose of this expression?
Question 2 (5 marks)

Let A, B be Boolean variables.
a) Write out the truth table for a Boolean variable C which takes the value 1 (True) if the truth value of A is equal to the truth value of B, and takes the value 0 (False) if the truth value of A is different from the truth value of B.
b) Write out the truth table for the Boolean expression E that is defined by
(A AND B) OR (NOT(A) AND NOT(B))

c) Compare the results obtained in parts (a) and (b) of this question.

Question 3 (5 marks) 
Consider the digits 101.

a) Assume that 101 is an integer in standard binary notation and find the corresponding decimal integer.
b) Assume that 101 is an integer in hexadecimal notation and find the corresponding binary integer.

c) Assume that 101 is an integer in three bit two’s complement notation and find the corresponding decimal integer.
d) Assume that 101 is an integer in three bit excess notation and find the three bit two’s complement notation for the corresponding integer.
Question 4 (5 marks)

A binary fraction is any expression of the form a.b where a, b are strings of binary digits, the dot between a and b is the radix point and at least one of a, b is non-empty. For example, 01.1, 11.01 and 0.011 are all examples of binary fractions.
Describe in general terms a quick way of multiplying a binary fraction by a power of 2. Illustrate your answer using the following examples:

i) the binary fraction 0.11 is multiplied by the binary integer 100 (that is, 4 in decimal notation);

ii) the binary fraction 1.01 is multiplied by the binary fraction 0.1 (that is, ½ in decimal notation).
It is necessary but not sufficient to work out the examples correctly.
Question 5 (5 marks)

(a) Express the decimal integer 5 in four bit two’s complement notation.
(b) Express the decimal integer 4 in four bit two’s complement notation.
(c) Add together the four bit two’s complement representation for 5 and the four bit two’s complement representation for 4. Show your working.
(d) Explain why the calculation in part (c) of this question fails to produce the correct code for the sum 4+5.
Question 6 (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 3 ½ as a binary fraction.
(b) Write the binary fraction obtained in part (a) in the form 2^(e)*0.a where e is an integer, a is a bit string in which the leftmost bit is 1 and * is multiplication. (The number 2^(e) is 2 to the power of e.)
(c) What is the floating point notation for the decimal fraction 3 ½ ?
Question 7 (5 marks)

The floating point notation defined in Qu. 6 is used.
(a) Explain why the bit string 01000101 cannot be the floating point representation for any number.

(b) Find the strictly positive binary fraction that has an exact representation in the floating point notation, and is also as near to zero as possible. Show your working.
Question 8 (5 marks)

Describe the stored program concept, as attributed to von Neumann. In your description state one advantage and one disadvantage of the stored program concept. 
Question 9 (5 marks)
a) What is meant by the phrase non-volatile memory? Give one example of a device with a non-volatile memory.
b) A CD has a track with a total length of 5 kilometers. The CD stores 1 Gigabyte of data. Find the number of bits stored per centimetre of the track. Show your working.
Question 10 (5 marks)
The machine code for a computer contains instructions of length 16 bits. Each instruction consists of four hexadecimal digits. The left most digit is the op-code and the remaining three digits form the operand. In the following table of instructions R, S and T stand for registers and XY stands for two hexadecimal digits.
	Op-code
	Operand
	Description

	1
	RXY
	LOAD R from memory location XY

	2
	RXY
	LOAD R with the bit pattern XY

	3
	RXY
	STORE R at memory location XY

	4
	0RS
	Move bit pattern in R to S

	5
	RST
	Add (2s comp) contents of S, T. Put the result in R

	C
	000
	Halt


a) The memory location 93 contains the bit pattern A4. Describe the contents of register 1 on executing the instruction 1193. Describe the contents of register 1 on executing the instruction 2193.
b) Write a sequence of instructions for a program that interchanges the contents of memory locations 93 and 94, and then halts. 
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