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1. (@ Inthe context of concurrency, explain wisanheant by
» trace
* process

(5)

(b) For the processARIABLE described below by the Labelled Transition Systeiir|
graph, write down an example of a valid trace.
(2)

write[1]

T

write[2] write[ -

VARIABLE

{read, write}[1]

]

{read, write}[2]

{read, write

write[O] write[

~  —

write[0]

Complete the Finite State Process (FSP) descripfitimee process¥ARI ABLE,
partially outlined below.

3)

const N =2

range Int = 0..N

VARI ABLE = VAR 0],

VAR[ i :Int] = (read[i] ->
|wite[v:Int] ->
).

/Cont...
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...ICont Q1

(c) Draw LTS diagrams to show whether or not pesesS1 andS2 below describe
the same behaviour.

P=(a->b->P).
Q=(c ->Db-> .
[IS1 = (P[] Q.

S2 = (a->c->b->S2 | c->a->b->S2).

wm i

(5)

(d) Write down (in simple English) a descriptioh the following system (given in

FSP).

const Max = 5

range Int = 0..Mx

F(1=0) =PI1],

P[n:1nt] = (inc -> P[i+1]

| when(n>0) dec -> P[i-1]).
(5)
2. (@) Explain the difference betweersadety and aprogress property in a concurrent

system.

(5)

(b) Draw a structure diagram for the bounded buffer ehd8OUNDEDBUFFER
described in FSP below:

BUFFER( N=4)
SPACES[i : 0. . N]

SPACES[ N] ,

(when(i>0) insert -> SPACES[i-1]
| when(i>0) renove -> SPACES[i +1]

).

I NSERTI ON
REMOVAL

(insert -> | NSERTI ON).
(renove -> REMOVAL).

| | BOUNDEDBUFFER = (| NSERTI ON| | BUFFER( 4) | | REMOVAL) .
(5)

/Cont...
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(c) Given the bounded buffer described in (b)vahonrite down (in English) what
safety and progress properties are asserted below:

property OVERFLON N=4) = OVERFLOW 0],

OVERFLOWi:0..N] = (insert -> OVERFLOWIi +1]
| remove -> OVERFLOWI - 1]
).

| | CHECK_BBUFFER = ( OVERFLOW 4) || BOUNDEDBUFFER) .
/* try check with OVERFLON 3) */

progress I NSERT = {insert}
(5)

(d) How might it be possible to determine wheth&rvation occurs if item removal
from the buffer is lower priority than item insenti.

()

3. (&8 Why is the metric Million Instructions p&econd (MIPS) problematic as a
measure for comparing computer performance?

(5)

(b) Suppose we have two implementations of the sameuat®n set architectur:
Computer A has a clock cycle time of 400 ps andRd 6f 2.0 for a given

benchmark program, and computer B has a clock ¢yoke of 500ps and a CPI of
1.2 for the same program.

(i)  Which computer is faster for this progranddry how much?
3)

(i)  For this faster computer, a new compilereteased that requires only 0.6 as
many instructions as the old compiler but unfortahait increases the CPI
by 1.1. How fast can we now expect the progranuto using this new
compiler?

(2)

/Cont...



Q1-Q4 RHD

.../ICont Q3

(©)

(d)

5 F23NT1

The traditional loop:

while (save [i] = =Kk) i =i +j;

corresponds to the following code:

add $t1, $s3, $s3

add $t1, $t1, $t1

add $t1, $t1, $s6

| w $t0, O(S$t1)

bne $t0, $s5, Exit
Loop: add $s3, $s3, $s4

add $t1, $s3, $s3

add $t1, $t1, $t1

add $t1, $t1, $s6

lw  $t0, O($t1)

beq $t0, $s5, Loop
Exit:

Assumei , j andk correspond to registefs3, $s4 and$s5 and the base of an
array is in$s6.

Add appropriate comments and determine the nuwfestructions required far
iterations of the loop.

(5)

Ignoring the effects of hazards, considerfatl®wing five statements which relate
to the efficiency of the MIPS five-stage pipelineen that not all instructions are
active in every stage of the pipeline. Which caescorrect?

(i)

(ii)

(iii)

(iv)

v)

Allowing jumps, branches and ALU instruct®to take fewer stages than
the five required by the load instruction will iease pipeline performance
under all circumstances.

Trying to allow some instructions to takewfer cycles does not help, since
the throughput is determined by the clock cycle; namber of pipe stages
per instruction affects latency, not throughput.

Allowing jumps, branches and ALU operat®mo take fewer cycles only
helps when no loads or stores are in the pipedioghe benefits are small.

ALU instructions cannot be made to take éewycles because of the write-
back of the result, but branches and jumps canfeaker cycles, so there is
some opportunity for improvement.

Instead of trying to make instructions td&eer cycles, we should explore
making the pipeline longer, so that instructionsetanore cycles, but the
cycles are shorter. This could improve perforneanc

(5)
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4, (&) A processor is partitioned into a pipelofeseven stages. The number of logic
levels per stage is 9, 8, 13, 10, 11, 9 and 12asely. Clock skew and latch set
up times sum to the equivalent of 3 gate delays.

(1) Determine the clock period for the processor

(2)

(i) Given the pipeline from the example aboaalesigner can divide the third-
stage logic path into two stages of 6 and 7 gatieyderespectivel
Comment upon the wisdom of this design?

3)

(b) Draw reduced state diagrams for the two pipelidaemdB below. Note that the
two pipelines are described by their reservatitaetaand that pipelinB represents
pipelineA with a delay stagd inserted.

(5)
Ti me Ti me
0 1 2 3 4 5 6 0 1 2 3 4 5 6 7
Stage 1 X X X Stage 1 X X X
2 X 2 X
3 X 3 X
4 X 4 X
5 X 5 X
d X
Pi peline A Pi peline B

(c) From the reservation tables, show how the delagriim in pipelineB can improve
performance by determining the Minimum Average hateof the two pipelines.

(5)

/Cont...
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(d) Given the control line settings for the f ormat, | oad, store and branch
instruction types within the 5-stage MIPS processeras follows:

Memto Reg Mem Mem
RegDst ALUSrc Reg Wite Read Wite Branch ALUOp1

ALUOPO

R-f or mat 1 0 0 1 0 0 0 1 0
| w 0 1 1 1 1 0 0 0 0
sSw X 1 X 0 0 1 0 0 0
beq X 0 X 0 0 0 1 0 1

Group the lines by pipeline stage and hence shagrammatically how the control
signals are used in the final three pipeline stgde4=X, EXMEM, and MEM/WB)
as the instruction moves down the pipeline.

(5)

END OF PAPER



