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IMPERIAL COLLEGE LONDON

DEPARTMENT OF ELECTRICAL AND ELECTRONIC ENGINEERING
EXAMINATIONS 2008

EEE Part Il: MEng, BEng and ACGI

INTRODUCTION TO COMPUTER ARCHITECTURE

Tuesday, 27 May 10:00 am

Time allowed: 1:30 hours

There are FOUR questions on this paper.
Question 1 is compulsory and carries 40% of the marks.

Answer Question 1 and two others from Questions 2-4 which carry
equal marks (30% each).

Any special instructions for invigilators and information for candidates are on
page 1.

Examiners responsible:

First Marker(s): Clarke, T.
Second Marker(s): Constantinides, G



Special information for invigilators:

The booklet Exam Notes 2008 should be distributed with the Examination Paper.

Information for candidates:
The prefix &, or suffix 1¢), introduces a hexadecimal number, e.g: &1C0, 1C0¢).

The booklet Exam Notes 2008, 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 of the Questions 2-4,
which carry equal marks.
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The Questions

[Compulsory]
a) Perform the following numeric conversions:
(i) 432.C(46) fixed point hexadecimal into decimal

(1i) 999910, into hexadecimal
(iii) 704 8 bit two's complement into signed decimal
(iv)  3FF ¢ 10 bit two’s complement into signed decimal

(v) 3FF 16 11 bit two’s complement into signed decimal

b) Give the decimal equivalent of the following machine words interpreted as
IEEE-754 floating point numbers:

(i) 4F000000 16,
(ii) BE900000 14

Assume that hardware is available in all 32 bit CPUs which performs an
unsigned comparison of the bottom 31 bits of the machine word, as part of
the logic necessary to perform signed and unsigned integer comparisons.
Explain, with appropriate examples, why therefore IEEE-754 numbers do not

use two's complement representation in the exponent field.
[12]

c) The ARM assembly code in Figure 1.1 is executed from location 0 with RO —
R14 initially 0. State the values of all registers after the execution of this
code fragment. If the FETCH stage of the instruction at location 0 executes in
machine cycle 0, determine the machine cycle in which each of the first four
instructions starts and completes execution on the ARM-7 architecture.

(8]

d)
(i) Suppose the number in RO is initially x. After execution of the ARM
instructions in Figure 1.2, assuming no overflow, what is the value of
R1?

(ii) Write an ARM assembly code fragment which executes in 2 cycles
and sets R1 := 105*R0, ignoring overflow, and using the minimum
number of registers. Note that 105 = 7*15.

(iii)  Suppose that RO is unsigned and R1 signed. What is the maximum

value in RO for which the multiplication in (ii) does not overflow?

[12]
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&00
&04
&08
&0C
&10
&14

MOV
ADD
suB
ORR
AND

RO, #2

R1, RO, RO

R2, RO, RO, Isl R1
R3, R1, RO

R4, R1, RO

Figure 1.1

ADD R1, RO, RO, Isl #2
ADD R2, RO, RO, Isl #5
SUB R1, R1, R2

Introduction to Computer Architecture
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For each part a - ¢ below record the value of R0-R4, the condition codes, and any

changed memory locations, after execution of the specified code. You must assume
in each case that initially all registers and flags have value 0, and the memory
contains values as shown in Figure 2.1. Write your answers using as a template a
copy of the table in Figure 2.3. Each answer may be written in either hexadecimal,
decimal, or as powers of 2, this is illustrated in the row labelled x).

a) Code as in Figure 2.2a [10]
b) Code as in Figure 2.2b [10]
c) Code as in Figure 2.2¢ [10]
Location Value
&100 &00000001
&104 &FFFFFFFF
&108 &01020304
&10C &00000108
>&I10C | &0
Figure 2.1 - memory locations
MOVS RO,#-2 MOV RO, #&100
MoV R1, #3 MOV RO, #4108 ADCS R1, RO, RO, Isl 23
MoV R2, #&100 MOV R1, #4&1 ADCS RZ, R1, R1
ADDMI R3, R1, RO LDR R2, [RO] ADD R3, R2, R2
EOR R4, RO, R1 LDRB R3, [RO,#3]! MoV R4, RO, ror 16
STR R1, [R2, #4] STRB R3, [R1] STMED ROI, {R3}
(a) (b) ()
Figure 2.2 - code fragments
r( rl r2 | r3 | r4 | NZCV Memory
x)| 0 | &1020 [2°+2° [ 10 [ -3 | 0110 | mem;s,[&120] =10
a)
b)
c)

Figure 2.3 - template for answers
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3 A 32 bit ARM CPU makes a sequence of word cache operations 1, 2, 3, ... as in
Figure 3.1. Assume that all cache lines are initially invalid.

a)

b)

c)

Suppose the CPU has a direct mapped cache with total size of 4 words (16
bytes) which contains two lines:

(1) For the first five operations, i = 1, 2, 3, 4, 5, state the tag, index and
word select, and whether the operation is a hit or miss.

(i) For the operations i = 6 - 16 state whether the operation is a hit or
miss.

[10]

Suppose the CPU has a direct mapped cache with four lines each of one word
(four bytes):

(i) For the first five operations, i = 1, 2, 3, 4, 5, state the tag, index and
word select, and whether the operation is a hit or miss.

(ii) For the operations i = 6 - 16 state whether the operation is a hit or
miss.

[10]

The sequence of word cache operations is now as in Figure 3.2 with all cache
lines initially invalid. Suppose the cache is write-back with two lines each of
two words (8 bytes). State the memory operations required to implement each
cache operation using the notation illustrated in Figure 3.3 which indicates
reads of locations &4, &8, followed by writes to &C.,&10.
[10]

i

Read/Write

Memory
address

Figure 3.1

i 1 2 | 3 4 5 6 7 8 9 110

Read/Write R | W | R | R W W R| W WI[R

Memory &0 | &4 | &8 | &C | &10 | &14 | &C | &10 | &0 | &4
address

Figure 3.2

R4, R8, WC, W10

Figure 3.3
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4. This question relates to the ARM assembler code fragment TEST in Figure 4.1.

a) Write simplified pseudo-code equivalent to TEST. Explain why the total
number of cycles executing TEST is always more than the number of
instructions executed.

b) Rewrite the code in Figure 4.1 so that it always executes in 4 machine cycles
on an ARM-7 architecture.

c) Suppose that initially all registers are zero. Draw a diagram of the execution
of TEST under these conditions which shows each stage of the ARM-7
pipeline for each instruction.

d) Suppose one in four instructions executed is a branch, and that an ARM-X
processor with pipeline length 5 running at 100MHz correctly predicts 60%
of all branches. If all non-branch instructions execute in a single cycle
calculate the average instruction rate of ARM-X stating any assumptions you
make to obtain your answer.

TEST
CMP  R1, RO
CMPEQ R3, R2
BEQ TI
RSB R5, R4, #0
B T2

T1
MOV  R5, R4

T2

Figure 4.1
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