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la Explain what are CPI and MIPS rating, and provide a formula relating the two.

b If machine A has a clock rate « times that of machine B, a MIPS rating  times
that of machine B, and an instruction count 7y times that of machine B for
programs of interest, and «, B and < are all larger than one, which machine
would be faster and by how much?

¢ What does MFLOPS rating stand for? If a machine P has a higher MIPS rating
than the machine Q, would P also have a higher MFLOPS rating than Q? Justify
your answer.

The three parts carry, respectively, 30%, 40%, 30% of the marks.
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2 A program involves scaling up a large set of numbers by multiplying each
number by the constant integer C. The processor on which the program runs
implements a multiplication instruction (mu 1t) which takes 10 cycles, whereas
addition (add) and subtraction (sub) take 2 cycles, and a shift (srl, s11)only
1 cycle.

| Instruction CPI | Action |
mult Sa, $b, $c| 10 | R[a] = R[b] x R[c]
add $a, Sb, Sc 2 R[a]=R[b]+R[c]
sub $a, $b, Sc 2 | R[a] = R[b] - R[(]
1
1

srl $a, $b, s R{[a] = R[b] shifted right (logical) by s bits
sll %a; $b, s Rla] = R[b] shifted left (logical) by s bits

a  If the constant C is 5, show how the multiplication can be implemented using
add and s11 only. How many clock cycles does the add/shift version take?
What is the relative performance of using adds and shifts compared to usin g the
mult instruction?

b Consider the case when the constant C is 508. Using the shift/add method as
above, how many shift and add instructions are required to implement the

multiplication? What is the performance compared with the mult instruction?

¢ Making use of Booth’s algorithm, show how multiplication by C = 508 can be
implemented using subtraction, addition and shifts. How fast can you make this
compared to the mult instruction?

The three parts carry, respectively, 30%, 30%, 40% of the marks.
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3a  Provide the diagram of a 5-bit combinational circuit for implementing an
unsigned divide-by-two operation. Label the input and output values on the
diagram when the input to this circuit is 01100 (which is 12 in base ten).

b Consider a combinational circuit for implementing a restricted version of a
divide-by-three operation, which accepts a 3-bit unsigned number and produces
a 1-bit quotient and a 2-bit remainder.

i) Provide the truth table for this circuit, and explain why some input
combinations will lead to “don’t care” results.

i) Provide the optimised Boolean equations for the 3 outputs in terms of the 3
inputs.

¢ The combinational circuit in Part b can be used as a repeating unit for an N-bit
divide-by-three circuit, by connecting the remainder outputs of one circuit to two
of the 3 inputs of another. Draw a circuit diagram of a 3-bit divide-by-three
circuit constructed this way, and label the values on the internal and output wires
when the inputis 111.

The three parts carry, respectively, 20%, 40%, 40% of the marks.
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4a

What is a page table?

A system can address 2° bytes of virtual memory and 27 byteé of physical
memory. The page size is 2° bytes, and each page table entry is 2¢ bytes.
Calculate:

1) the number of page table entries,

ii) the size of the page table.

One way of reducing page table size is to keep only the active page table entries
in physical memory, by having multiple levels of page tables.

For the system described in Part b, explain how address translation can work
with multiple levels of page tables, and calculate:

1) the number of pages indexed per page,
i1) the number of levels of page tables needed, and
iii) the number of physical memory accesses needed for address translation in

the event of a TLB miss.

The three parts carry, respectively, 20%, 30%, 50% of the marks.
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