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Special information for invigilators:

The booklet Exam Notes 2006 should be distributed with the Examination Paper.

Information for candidates:

The booklet Exam Notes 2006, as published on the course web pages, is provided and contains
reference material.

Question 1 is compulsory and carries 40% of marks. Answer only TWO cof the Questions 2-4,
which carry equal marks. '
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The Questions

[{Compulsory]

a) Perform the following numeric conversions:

(i) 8 bit two's complement 8By, into a decimal number

(i) Unsigned 8FFF g, into a decimal number.

(ili)  -13(0) into 8 bit sign and magnitude (write your answer in hexadecimal).
@iv) -111q) into 12 bit two's complement binary.

(8]

b) Derive the TEEE-754 representations for (i) 1.125 and (ii) 9x2'. In each case,
state what is the absolute numeric difference between these numbers and the
nearest distinct numbers that can be represented in IEEE754.

c) Assume that RO, R1 contain unsigned 32 bit numbers and R2, R3 contain two's
complement signed 32 bit numbers. Write efficient ARM asserbly code
fragments that implement the following pseudo-code statements:

(i) If RO >R1 then R2 := 1 else R5 := R6 but with bits 3,4,5 set to 0.
(ii) IfR2 > R3 then RS := 20000, else RS := -R3

d) Figure 1.1 shows a fragment of ARM assembly code program. Explain what the
sequence of instructions A, B, C, D implements in the two cases:

1) R8=0
(ii) R8=1
Thereby deduce the function of the loop.

[Note that ADDCS & ADCS are not the same!]
8]

e) Using the instruction timing information at the end of the Exam Notes 2006
booklet, and ignoring the instructions before LOOP in Figure 1.1, determine the
speed of the loop in words written to memory per cycle.
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ADR R2, ANUM
ADR R3, BNUM
ADR R4, CNUM
MOV R6, #10
MOV RS, #0
LOOP 1DR RO, [R2],#4
LDR R1, [R3],#4
A CMP RS, #1
B ADCS RO, RO, R1
C MOVCS R8, #1
D MOVCC R8, #0
STR RO, [R4],#4
SUBS R6, R6, #1
BNE LOOP

Figure 1.1
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Let a, b be 32 bit numbers and aj, by, ao, by be the top and bottom 16 bits respectively of
a, b such that:

2.1) a=ay2'a
(2.2) b=bs+2'%,

The 64 bit product of a and b can be expressed in terms of four 16x16->32 bit products
as follows:

(2.3)  (a0t2%a)x(be+2"b)) = 24 (a xb)) + 2"%(agxby+axbo)Hayxb)

Identity (2.3) may be used to compute an unsigned 32x32->64 bit multiply in ARM
assembly code using four applications of the ARM 32x32—»32 bit MUL instruction.

Assume that the two 32 bit multiplicands, a and b, are initially in RO and R1; and the top
and bottom 32 bits of the result, ¢, and ¢, will be stored in R3, R2 respectively.

a) Write ARM assembly code that computes a, a,, by, b, from g, b.
[6]

b) Write ARM assembly code that sets ¢, and ¢, to a;xb, and aexb, respectively.
Why is this helpful?

c) Write ARM assembly code which computes in a register the sum of products:
z = agxbta;xbq.

Add any resulting carry into ¢, ¢, with the appropriate weighting required by
(2.3).
[6]

d) Write code that adds the bits of z to ¢}, ¢, as is required to implement (2.3).
(6]

e) Write additional instructions which turn the above assembly code into a
subroutine, leaving unchanged all registers excepting R3 & R2, and using a stack
in which R13 points to the lowest word address containing a stacked data word.
You need not copy your preceding code but must state precisely where the
additional instructions are placed in relation to the previous code.

Introduction to Computer Architecture/Principles of Computing page 4 of 6



A new CPU architecture, ARM-LONGPIPE, implements the ARM ISA, using a different
hardware pipeline and branch prediction strategy from the current (ARM7) architecture.
The time lost through pipeline stalling when a branch is incorrectly predicted, together
with the likelihood that any given branch is correctly predicted, and herce executes in
only one clock cycle, is shown in Figure 3.1.

a) Assuming that 30% of all ARM instructions executed are branches, and all other
ARM instructions are executed at the rate of one per clock cycle, determine the
average number of instructions executed per clock cycle in the two architectures.
[10]

b) Detail the sequence of data-path operations during the execution stage, number 3,
of the ARM7 pipeline. Give one possible assignment of these data-path
operations to pipeline stages 5 & 6 of the LONGPIPE architecture. The two
architectures, implemented in identical technology, utilise the times given in
Figure 3.2 for each of their pipeline stages. State the minimum clock period for
each architecture and hence, under the assumptions of part (a), determine the
average instruction rates in MIPS (millions of instructions per second) of the two
architectures when clocked at the maximum possible frequency.

<) Demonstrate, giving assembly code to illustrate your answer, how conditional
instruction execution in the ARM?7 architecture can be used to speed up IF-
THEN-ELSE pseudo-code by eliminating pipeline stalls.
[10]

Architecture Pipeline stall Correct branch

time (cycles) prediction probability
ARM7 3 0.3
ARM-LONGPIPE 6 0.9

Figure 3.1 — pipeline characteristics

Stage ARM7 ARM-LONGPIPE
1 3.5ns 1.0ns
2 3ns 0.7ns
3 2ns 1.1ns
4 1.1ns
5 1.0ns
6 1.1ns

Figure 3.2 - pipeline stage times in nanoseconds
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a) An ARM processor has a 32 bit memory data bus connected to a direct-mapped
cache with 8 lines each of 16 bytes (4 words of 32 bits). You may assume that
all cache memory access is word-based. Detail which bits of the ARM memory

address correspond to the cache tag, index and select fields.
[10]

b) The processor from part (a) issues data memory word read operations to a
sequence of addresses as shown below:

0x0, 0x4, 0x8, 0xC, 0x10, 0x14, 0x18, 0x1C

Which of these data memory read operations lead to memory misses, assuming
that initially all cache lines are invalid (V=0)? How many words are read from

main memory into the cache?
[10]

c) Figure 4.1 shows an ARM assembly code program. Compute the sequence of
memory read or write addresses (ignoring instruction fetch). Explain in words
what function the program implements. The program is run on ARM processors
with write-through direct-mapped caches of size:

@ 4 lines each of 2 words
(ii) 4 lines each of 4 words

In each case, assuming initially invalid cache lines, and again ignoring
instruction fetch, determine the hit rate of the cache for memory reads. State,
giving reasons, whether in these cases the hit rate for memory writes affects
performance.

MOV R2, #&1000
MOV R3, #&2020
MOV R10, #5

LOOP LDR RO, [R2,#4]!
STR RO, [R3,#4]!
SUBS R10, R10, #1
BNE LOOP

Figure 4.1
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