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Section A (Use a separate answer book for this Section)

la  Memory System

Explain the purpose of cache lines. What happens when you increase the cache
line size? What happens when you decrease the cache line size? Please explain
your answers to part la in detail.

b Assume a IMByte direct mapped cache with cache lines of 512 bytes,
and a 64 bit address space. How many bits are needed to address a word
in a cache line? How are the remaining address bits used in a cache access?

¢ The following programme runs on a machine with a single cache as described
in part 1b.
i. Explain how many main memory accesses (memory bus transactions)
the programme below generates.
ii. Explain how much data gets transfered back and forth between memory
and the cache.
You may assume:
- The cache is empty in the beginning.
- Reasonable register allocation
- Array a and array b start at the beginning of a cache line.
- Array a and array b do not interfere in the cache, and
- A "write back" policy for writes to the cache.
State any other assumptions you make.

int 1,a[1000000],b[1000000];
init(a); b[0]=0;
for(i=1;i<1000000;i++){

blil=al[il*a[i-1]1+b[i-1];
}

d  Assuming that a cache line can be retrieved and stored in main memory in
500 clock cycles, multiplies take 3 clock cycles and additions take 1 clock
cycle: How many clock cycle does the processor have to wait due to an access
to main memory?

The four parts carry, respectively, 20%, 20%, 30%, 30%, of the marks.
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2a

Virtual Memory

The processor issues the following instruction: mov (R1), R2
meaning: load R2 with the value stored at the address A stored in R1.
Describe in detail the process that starts with address A, involving a single
cache and a single TLB, and ending with the data item arriving at the
register R2. Make sure to explain the use of virtual and physical addresses,
the cache, TLB, and all other structures used in the data access process.

On many processors we can choose between a few pre-set virtual page sizes.
Suggest three reasons why we would need different page sizes. Explain your
three choices in detail.

Assume a 32 bit address space, virtual page size of 4 KBytes, a paging file size
of 10GBytes, and a physical main memory of 1.5 GBytes. The code below
shows a matrix multiply using double precision floating point arithmetic.

for(i=0;i<1000000000;i++){ //result rows
for (j=0;3<1000000000;j++) { // result columns
for (k=0;k<1000000000; k++) {
result[i][j]=matrix1[i][k]*matrix2[k][j];

}

1. Explain how you would change the code above to improve performance?

ii. Explain how the layout of the data could be changed to obtain higher
performance?

The three parts carry, respectively, 30%, 30%, 40% of the marks.
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Section B (Use a separate answer book for this Section)

3a Describe the advantages of compiling programs directly into hardware.

b  Describe, with the use of a circuit diagram, how the parallel execution
statement:

PAR
P

Q
R

can be implemented in hardware using the token-passing method.

¢ ADO ... UNTIL(E) loop differs from a WHILE (E) loop in that the first
iteration of the loop is always executed, the expression E is only evaluated at the
end of the loop and the loop terminates when E is true.

i)  Provide a circuit diagram showing how a DO ... UNTIL (E) loop can
be implemented in token-passing hardware.

ii) Hence, provide the circuit diagram for the following program implemented
in token-passing hardware:

int_6 X
SEQ
X.w= 10
DO
X =X -1
UNTIL (X = 0)

The three parts carry, respectively, 20%, 30%, 50% of the marks.
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42 The executable code for program P has N instructions. A fraction & of the
instructions are type Y, and the rest are type X.

)

i)

iii)

Machine M1 has a single-cycle data-path and operates at f; cycles per
second (Hz). How long will M1 take to execute P?

Machine M2 has a multi-cycle data-path, and operates at f; Hz. Given that
each instruction takes x cycles to execute, how long will it take M2 to
execute P?

Machine M3 also has a multi-cycle data-path, and operates at f3 Hz.
However, although the execution time for type X instructions is the same
as for M2 (x cycles), type Y instructions are faster, taking y cycles to
execute. Given that f; > f; determine how many times faster Y instructions
need to be executed for M3 to be faster than M2 when running P.

b  The circuit ALUb shown below implements one bit of a simple ALU.

ay bk
1 l di | do | cx Zy Cit1
%, FA—— ALUb 0 X 1 a, @ by ay + by
dy —» 10| X ay - by X
l 1] 1 | X | ag+b X
Zg
1) Provide a circuit diagram to show how ALUb can be built using a

iii)

fulladder, multiplexors and two-input logic gates. Do not show the internal
logic of the fulladder or the multiplexors.

Provide a circuit diagram to show how four copies of the ALUb circuit can
be used to build a four-bit ALU which implements add, AND and OR
functions when d;dy = 01, 10, 11 respectively (i gnore overflow). Label all
inputs and outputs.

By adding logic to the carry input show how the ALUD circuit can be used
to implement ALUb’, which implements all the functions of ALUb as well
as an exclusive-OR function on the inputs (ay, by) when d;dy = 00.

The two parts carry, respectively, 50%, 50% of the marks.
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