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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)

b)

d)

Perform the following numeric conversions:

(i) 11116 into decimal

(ii) 11119y into hexadecimal

(ili)  E2(6 two's complement 8 bit hexadecimal into signed decimal

(iv) -3/ into 8 bit two's complement octal.

[4]

Derive in hexadecimal the IEEE-754 representations for:
(1) 20.5
(ii) -2.0625

What is the maximum error when converting a real number close to 20.5 into the
nearest possible IEEE-754 number?

[6]

The ARM assembler in Figure 1.1 is executed from START with r0 —r14
initially 0. For each instruction executed until label FINISH, determine any
changes in value of registers RO-R 14, memory locations, and condition flags.

A given RISC CPU architecture has identical timing for all non-branch
instructions. A throughput of 10 instructions per second and instruction latency
of 400ns is observed during execution of a section of code without branches.
Explain how this throughput is possible. Calculate the CPU throughput when
executing code with one branch every three instructions, and 20% of branches
correctly predicted.

[5]

START SUES RO, RO, #12
ADD R1l, RO, RO, 1lsl #3
RSB R3, R1, #0
STRB RO, [R3,#4]!
STRBPL RO, [R3],#10
FINISH

Figure 1.1
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b)

d)

In the ARM architecture state, giving reasons, what are the conditions on
PSR flags after an arithmetic instruction that indicate:

(i) unsigned overflow

(ii) two's complement signed overflow

Memory locations 20006 — 20FF 16y and 2100,,6-21FF 16, contain two
64 word (2048 bit) two's complement numbers stored as a sequence of
words least significant word first. Write efficient and compact ARM
code using the minimum number of registers which will add these two
numbers together, putting the result, stored similarly, in locations
2200(16y-22FF6).
[4]

What is the speed of your code in cycles per byte written, assuming the
timing information in Exam Notes 20077

How would your answer to b) change if the numbers were stored in
memory as a sequence of bytes LSB first and ordered:

(i) little-endian
(ii) big-endian

You need not write the new code.

(2]

Using LDM/STM instructions, with no limitation on registers used, write
a faster solution to the problem in b).

(4]
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d)

Explain, with reference to ARM CPU datapath, why the ARM instructions in
Figure 3.1 take the specified number of cycles to execute. You may assume that
fetch and decode stages of execution are pipelined and therefore do not
normally contribute to the total time.

3]
State the difference between ARM rotate right, arithmetic shift right, logical
shift right operations. Why are rotate left and arithmetic shift left operations
unnecessary given logical shift left?
(3]
Write efficient ARM code to set R1 equal to RO multiplied by 17, explaining
how your code works.
[3]
Write a single efficient fragment of ARM code which sets all the bits of R1 as
specified in Figure 3.2. Note that in this Figure (a:b) denotes the bit field from
bit a to bit b and NOT performs a bitwise inversion.
(6]

Operation Cycles ]
ADD Ra, Rb, Rc, IsI n 1
ADD Ra, Rb, Rc, Isl Rn 2
Figure 3.1

R1(31:30) .= RO(1:0)
R1(29:27) = RO(31:29)
R1(26:20) := RO(26:20)

R1(15:0) := NOT R0O(15:0)

R1(19:16) := 1111

Figure 3.2
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This question relates to the ARM assembler code fragment TEST in Figure 4.1.

a) Write simplified pseudo-code equivalent to TEST.

b) What are the maximum and the minimum number of cycles taken by TEST,
assuming the instruction timing given in the 2007 Exam notes?

c) Rewrite TEST using ARM conditional execution to minimise the total code size.

d) You are told that an ARM CPU has pipeline length of 3, and correct branch
prediction for all unconditional branches taken, and conditional branches not
taken. All non-branch instructions have the same timing as ARM7. State, giving
reasons, your assumptions about branch timing on the new CPU. Calculate the
maximum and minimum code execution time for TEST on the new CPU.

TEST
CMP RO, R1
BCS L1
ADD R2, R3, R4
ADDS R2, R2, R5
B L2
Ll RSB R2, R3, R3, 1sl #2
ADDS R2, R2, R5, 1sl #1
L2 BEQ L3
RSB R2, R2, #0
B L4
L3 ADD R2, R2, #100
L4

Figure 4.1
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u\‘\ aste
Solutions for E1.97E2.19
/

A=analysis, D=design, C=calculated solution using taught theory, B=bookwork
NB - marking will be 1 mark for every 2% indicated on question paper (max 50 marks)
Solution to Question 1

36 minutes for the question => 9 minutes each part

a)

i) 4369

i) 457

iii) -30

iv) -3 [8 bits] = 375
[1 mark each]

[4C]
b)
seee eeee EMMM MMMM MMMM MMMM MMMmMm mmmm
20.5=1010.1= 1.0101*16 -> sign=0, exp = 83, mant = 280000 -> 41A40000 [2 marks]
-2.0625=-10.0001=-1.00001*2->sign=1,exp=80,mant=040000->C0040000 [2 marks]
+1 mantissa = 2" -> quantisation = 2" -> error = 2%
[1 mark 2%, 2 marks 2]
[6C/A]
c)
START SUBS RO, RO, #11 r0=-11, C=0,N=1,2z=0,V=0
ADD R1, RO, RO, 1sl 3 r1=-99
RSB R3, R1, #0 r3=99
STRB RO, [R3,#2]1! Mem8[101] :=-11, R3:=101
STRBPL RO, [R3],#10 not executed
FINISH
[5B]
d)
107 IPS, 400ns latency => pipeline of 4
0.333*0.8 = frequency of pipeline stalls
Overall throughput = 107/(1+4*0.333*0.8)= 4.84 MIPS
[5C]
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Solutions for E1.9/E2.19
Solution to Question 2

27 minutes for the question
a)

(i) unsigned oflow => C=1. Unsigned ranges 0-255, > 255=> carry is set

(if) signed overflow => V=1.

V= carry into sign bit xor C. C=> error +2%, carry in to sign bit = error 2*(-2*")=-2**
Hence no overflow if carry in = 0, C=0, or carry in=1, C=1

[2B]
b)
MOV RO, #&2000
ADDS RO, RO, #0 ; clear carry bit
MOV R3, #64
LOOP
IDR R1,[RO]
ILDR R2, [RO]
ADDCS R1, R1, R2 ; carry in and out in C
STR R1l, [RO],#4 ; postincrement pointer for next iteration
SUB R3, R3, #1 ; subtract without bsetting C
ORRS R3, #0 ; test for 0 without setting C
BNE LOOP
[4D]
c)
(4+4+1+4+1+1+4) cycles for 4 bytes written => 19/4=4.75 cycles/byte
Small correction downwards due to BNE not being executed on last loop allowed but not
required.
[3C]
d)
(i) no change.

(ii) would have to read/write individual bytes, reversing normal order within each word, or
else swap bytes in registers
[2A]
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Solutions for E1.9/E2.19

e)
MOV RO, #&2000
ADDS R1, RO, #£1000 ; clear carry bit
ADD R2, R1, #&1000;
MOV R11, #16
; RO, Rl, R2 address the three numbers
LOOP

LDMIA {R3,R4,R5,R6},R0!
LDMIA {R7,R8,R9,R10},R1!
ADDCS R3, R3,R7

ADDCS R4, R4, RS

ADDCS R5,R5,R9

ADDCS R6, R6, R10

STMIA {R3,R4,R5,R6},R2!
ADD RO, RO, #4

SUB R11, #4
ORRS R11, #0
BNE LOOP

Introduction to Computer Architecture/Principles of Computing
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Solutions for E1.9/E2.19

Solution to Question 3

27 minutes for the question

a)
In the execute stage 2 read ports + 1 write port are available to register file (+ one special
read/write port for pc INCREMENT). Thus the first instruction can be implemented in one
cycle. Note that ALU & shifter are both contained in datapath so can be used in parallel.
The second instruction requires read access to three registers so must require two cycles.
[3B]
b)
The leftmost bit equals b0, b31, 0 for ror, asr, lsr respectively [1 mark]. Rol n = ror 32-n [1
mark]. asl n = (sl n [1 mark].
[3B]

0)
ADD R1, RO, RO 1sl 4

17 = 1+16=1 + 2*. Multiplication by 2* can be implemented with shift of 4 bits left.
[3B/A]

d)
ependently, without combining. | gave some credit for this if correct]

MOV R1, RO ror 2

AND R1, R1, #&F8000000
BIC R2, RO, #&F8000000
EOR R2, R2, #&FFFF
ORR R2, R2, #&000F0000
ORR R1, R1l, R2

[6D]
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Solutions for E1.9/E2.19

Solution to Question 4
27 minutes for the question

a)
[1 mark for each condition correct, 1 mark for then+else part of each IF correct]
If RO >= R1 (unsigned comparison)
Then (L1)
R2 := R3*3+R5*2

Else
R2:=R3+R4+R5
End
If R2=0
Then
R2:=R2+100
Else
R2 := -R2
End
[4A]
b)
Branches taken = 4 cycles (B). First IF = 3+B/4+B, second IF =1+B/2+B
Hence min=4+2B=12, max=6+2B=14
[4A]
c)
To minimise code size make all code conditionally executed to reduce branches:
TEST
CMP RO, R1
BCS L1
ADDCC R2, R3, R4
ADDSCC R2, R2, R5
RSBCS R2, R3, R3, 1lsl #2
ADDSCS R2, R2, R5, 1lsl #1
RSENE R2, R2, #0
ADDEQ R2, R2, #100
[4 marks for correct code] This results in 8 cycles.
[4D]

d)
Assume all instructions (including B) are one cycle except BCS/BEQ when taken. Assume these
are 6 cycles. (will accept 5).
Min time is when both are not taken: 8 cycles.
Max time is when both are taken: 4+12=16 cycles. (14 cycles if branch taken time = 5)
[3A]
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