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Question	1																																																																																																																												 [10]	
(a)	The	 following	 table	 reflects	 the	 contents	of	 a	 part	 of	memory	 in	 a	 one‐address	machine	
with	an	accumulator:	

	
	

Address Contents 

00 20 

20 30 

30 40 

40 50 

50 60 

60 70 

 
What	values	do	the	following	instructions	load	into	the	accumulator?	

	
	
LOAD	 IMMEDIATE	 20:	 Immediate	 addressing.	 The	 value	 to	 be	 used	 forms	 part	 of	 the	
instruction.	In	this	instance,	the	value	20	will	be	loaded	into	the	accumulator.	

	
	
LOAD	DIRECT	20:	Direct	addressing.	The	instruction	contains	the	address	where	the	value	 is	
to	 found.	 Address	 20	 contains	 the	 value	 30,	 thus	 the	 value	 30	 will	 be	 loaded	 into	 the	
accumulator.	

	
	
LOAD	 INDIRECT	 20:	 Indirect	 addressing.	 The	 instruction	 contains	 the	 address	 where	 the	
address	of	the	value	to	be	used,	is	to	be	found.		Address	20	contains	the	address	of	the	value	to	
be	 used,	 ie	 address	 30.	 Address	 30	 contains	 40,	 thus	 the	 value	 40	 will	 be	 loaded	 into	 the	
accumulator.	

	
	
(b)	Give	examples	of	Intel	x86	instructions	in	which	the	following	addressing	modes	are	
used:	
	
Immediate	addressing mov al,3  

Direct	addressing mov al,[temp] 
Stack	addressing push ax (pop ax) 
Indexed	addressing mov al,[si] (mov [di],al) 
Base‐addressing mov al,[bp]   

Register	indirect	addressing mov al,[bp] (mov al,[si],	mov		 [di],al) 
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Question	2	 [11]	
(a)	 Briefly	discuss	the	concepts	of	(i)	error	correcting‐codes	and	(ii)	error‐detecting	codes.	

(i)	Error‐correcting	 codes	 are	 used	when	 an	 error	 is	 detected	 in	 the	 error‐detecting	
process.	 The	 number	 of	 bit	 errors	 in	 a	 word	 plays	 an	 important	 role.	 The	
Hamming	 code	 is	 often	 used	 for	 error‐correction.	 Parity	 bits	 are	 used	 in	 this	
process.	 By	 a	 process	 of	 elimination	 (see	 Stallings	 ,	 fig	 5.8)	 errors	 can	 be	
corrected.	For	a	detailed	description	of	this	process,	refer	to	Stallings,	9th	
edition,	p	193)	

(ii)	 Error‐detecting	codes	use	parity	bits	to	detect	hardware	failures	and	soft	errors.	
(Refer	 to	 question	3(c)).	Refer	 to	 Stallings,	 figure	5.7	 for	 an	 illustration	 of	 the	
error‐detection	code	function.	

	
	
(b)	 What	is	the	distinction	between	spatial	locality	and	temporal	locality?	

Spatial	 locality	 refers	 to	 the	 tendency	 of	 execution	 to	 involve	 a	 number	 of	 clustered	
memory	locations.	 A	program	also	tends	to	access	data	locations	sequentially.	

	
Temporal	 locality	 refers	 to	 the	 tendency	 for	 a	 processor	 to	 access	memory	 locations	
that	 have	been	used	recently,	eg	when	a	 loop	 is	 executed,	 the	processor	executes	 the	
same	instructions	repeatedly.	

	
(Stallings,	p.	176)	

	
(c)	 Briefly	describe	the	cache	organisation	of	the	Pentium	4.	

- L1 instruction cache (on-chip): 12K in size and holds micro-operations. Sits between the 
instruction decode logic and the execution core. 

- L1 data cache (on-chip): 16Kb, 4-way set-associative organisation. Uses a write- 
back policy. 

- L2 cache of 256Kb: Feeds both L1 data and instruction caches. Its organisation is 8- way 
set-associative. 

- L3 cache: on-chip (8-way set-associative). 
Memory subsystem: This unit contains both the L2 and L3 caches and the system bus. The 
bus is used to access main memory when the L1 and L2 caches have a cache miss. 
(Stallings, section 4.4 ) 

 

Question	3	 [9]	
(a)	 Explain	why	one	type	of	RAM	is	considered	to	be	analog	and	the	other	digital.	

A	DRAM	is	considered	to	be	analog:	 It	uses	capacitors	for	storing	data.	Dynamic	RAM	
require	periodic	charge	refresh	because	of	the	tendency	of	capacitors	to	discharge.	The	
presence	of	a	charge	represents	a	binary	1,	the	absence	a	binary	0.	It	is	analog	because	
the	 charge	on	 a	 capacitor	 can	 vary	continuously	 from	0	 to	 the	maximum	voltage	 –	 a	
trigger	threshold	determines	whether	it	is	read	as	a	0	or	1.	
An	SRAM		is	a	digital	device.	It	uses	the	same	logical	elements	that	are	used	in	the	
processor.	Binary	values	are	stored	using	flip‐flop	digital‐logic‐gate	configurations.	
(Stallings,	section	5.1)	
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Additional	reading	regarding	semiconductor	memory:	
Memory	Semiconductor	memory	is	an	electronic	data	storage	device,	often	used	as	
computer	memory,	implemented	on	integrated	circuit.	

	
	

We	know	that	in	order	to	store	a	single	bit	(which	may	be	1	or	0),	one	flip‐flop	is	required,	
made	 of	 around	 8	 transistors.	 Typical	 CMOS	 Static	 random‐access	 memory	 (SRAM)	
consists	of	6	transistors.	For	Dynamic	random‐access	memory	(DRAM),	1T1C,	which	means	
one	transistor	and	one	capacitor	structure	is	common.	Capacitor	charged	or	not	is	used	to	
store	1	or	0.	For	flash	memory,	the	data	is	stored	in	floating	gate,	and	the	resistance	of	the	
transistor	 is	 sensed	 to	 interpret	 the	 data	 stored.	 Depending	 on	 how	 fine	 scale	 the	
resistance	 could	 be	 separated,	 one	 transistor	 could	 store	 up	 to	 3‐bits,	 meaning	 8	
distinctive	 level	 of	 resistance	possible	per	 transistor.	However,	 the	 fine	 the	 scale	 comes	
with	cost	of	repeatability	therefore	reliability.	Typically,	low	grade	2‐bits	MLC	flash	is	
used	for	flash	drive,	so	a	16GB	flash	drive	contains	roughly	64billion	transistors.	
http://en.wikipedia.org/wiki/Transistor_count	

	

	

(b)	 What	are	the	key	properties	of	semiconductor	memories?	
(i)	They	exibit	two	states	that	can	be	used	to	represent	a	0	or	1.	(ii)
	 They	can	be	written	to	at	least	once	(to	set	the	state).	
(iii)	 They	are	capable	of	being	read	(to	sense	the	state)	
(Stallings,	section	5.1)	

	
	
(c)	 What	is	a	parity	bit?	
A	parity	bit	 is	associated	with	every	cell	 in	memory.	Parity	bits	are	used	to	detect	 hardware	
failures	 and	 soft	 errors	 Parity	 can	 either	 be	 even	 or	 odd.	 If	 parity	 is	 even,	 for	 example,	 the	
number	 of	 1s,	 including	 the	 parity	 bit,	 in	 the	 relevant	 cell	 adds	 up	 to	 an	 even	 number.	 A	
harware	error	can	thus	be	detected	if	the	parity	is	odd	when	it	should	be	even,	and	vice	versa.	
(Stallings,	section	5.2)	

 

Question	4	 [50]	
Design	a	program	in	assembly	language	 to	read	a	number	entered	by	 the	user.	The	program	
should	 determine	whether	 or	 not	 the	 number	 is	 divisible	 by	 3	 and	 display	 an	 appropriate	
message	based	on	the	results	on	the	screen.	The	program	should	do	the	following:	

	
	
Clear	the	screen	and	change	the	screen	colour	to	white	on	blue.	
Change	the	cursor	position	to	row	10,	column	0.	
Prompt	 the	 user	 to	 key	 in	 the	 number	 (0	 ‐	 9).	
Read	the	number	from	the	keyboard.	
Convert	the	number	to	a	numeric	value	and	store	in	memory.	Test	whether	the	number	is	in	
the	range	0	‐	9.	Display	‘**’	next	to	the	number	if	the	number	is	out	of	range	and	read	again.	
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Divide	 the	 number	 by	 3.	 If	 the	 remainder	 is	 equal	 to	 zero,	 we	 know	 that	 the	 number	 is	
divisible	by	3,	otherwise	it	is	not.	
If	 the	 number	 is	 divisible	 by	 3,	 display	 the	 following	message:	 ‘Number	 is	 a	multiple	 of	 3’	
otherwise	display	the	message	‘Number	is	not	a	multiple	of	3’.	
Terminate	the	program.	
	
	
The	 following	 is	an	example	of	what	 the	program	should	do.	The	user	 input	 is	displayed	in	
italics,	ie	9	below.	

	
	
	
	
	
			Please	enter	the	number	you	select:	8	
	
			The	number	is	not	a	multiple	of	3	
	
	
	
	
	
	
	
	
NB:	Submit	three	screen	shots	of	different	test	runs	performed.	
	
	
Marks	will	be	allocated	as	follows:	
Clearing	the	screen	and	changing	the	screen	colour																																																																 (3)	
Changing	the	cursor	position																																																																																																											 (2)	
Displaying	the	user	prompt																																																																																																														 (2)	
Reading	the	number	(ASCII	character)																																																																																									 (2)	
Converting	the	number	to	a	numeric	value																																																																																	 (2)	
Testing	the	range	and	displaying	an	error	message	if	the	number	is	invalid																			 (4)	
Calculation																																																																																																																																														 (4)		

A	program	listing	submitted																																																																																																							 	 	 	 (6)	
Three	screen	shots	of	test	cases	submitted	(3	×	5)							 (15)		
The	program	structure	 	(5)		
The	program	documentation	(comments)	 	(5)	
Note:	The	first	line	in	your	program	should	be	a	comment	line	in	which	your	student	number	and	
name	are	stated.	
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A	solution	to	the	problem	is	given	below.	
; 
; Solution for assignment 02, 2017 
; 

bits 16 
org 0x100 ; start offset at memory position 100 
jmp main ; jump to main program 

; 
; Data definitions 
; 

 

mess1: db 'Input any number (0 - 9)', 0dh,0ah,'$' 
mess2: db 'The number is a multiple of 3',0dh,0ah,'$' 
mess3: db 'The number is not a multiple of 3',0dh,0ah,'$' 
errmess: db '**',0dh,0ah,'$'
crlf: db 0dh,0ah, '$'
;   
; Display a string on the screen 
; DX contains the address of the string 
; 
display: 

mov ah,09 int
 21h ret 

; 
; Set the cursor position 
; 
cursor: 

mov ah,02 
mov bh,0 ; screen number mov
 dh,0ah ; row 
mov dl,0 ; column 
int 10h 

ret 
; 
; Display a user prompt 
; 
prompt: 

mov dx,mess1 
call display 
ret 

; 
; Read one character from the keyboard 
; 
input: 
 

mov ah,01 
int 21h 
ret 

; 
; Clear screen and change screen colour 
; 
screen: 

mov ah,06 ; scroll up screen 
mov al,0 ; lines to scroll where 0 clear entire screen 
mov cx,0 ; starting row:column 
mov dl,80 ; ending row;column 
mov dh,80 
mov bh,17h ; change background color to white on blue 
int 10h 
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ret 
; 
; Carriage returnm and line feed 
; 
newline: 

mov  dx,crlf 
call  display 
ret 

; 
; Main program 
; 
main:

 

call screen 
call cursor 
 
next: 
 
call  prompt 
call input 
cmp al,'0' ; character < 0? 
jl error ; yes, error message 
cmp al,'9' ; character > 9? 
jg error ; yes, error message 
sub al,30h ; convert from ASCII to numeric 
xor ah,ah ; clear AH 
mov bl,3 
idiv bl ; divide by 3 
cmp ah,0 ; remainder = n0? 
je isdiv ; yes: divisible by 3 
call newline 
mov dx,mess3 ; not divisible by 3 

call    display  

jmp     fin 
 
isdiv: 

call  newline 
mov dx,mess2 
call display ; divisible by 3 

 
fin: 
 
; 

 
int 20h ; terminate program 

; Display error message. Number out of range 
; 
error: 

mov dx,errmess 
call display 
jmp next 

 


