
Question 1 (Multiple Choice) 
1. E 
2. D 
3. C 
4. B 
5. C 
6. A or E 
7. B 
8. A 
9. C 
10. E 
11. A 
12. D 
13. D 
14. D 
15. D 
16. B 
17. D 
18. C 
19. C 
20. A 

 

 

 

 

 

 

 

  



Question 2 (Digital Logic) 
Q2.1 

Breakdown: A = 4, B = 1, C = 2 marks 

Q2.1A 

Part 1 truth table: 

IRQ0 IRQ1 IRQ2 OUT0 OUT1 OUT2 
0 0 0 0 0 0 
0 0 1 0 0 1 
0 1 0 0 1 0 
0 1 1 0 1 0 
1 0 0 1 0 0 
1 0 1 1 0 0 
1 1 0 1 0 0 
1 1 1 1 0 0 

 

(2 marks) No errors 
(1 mark) One cell wrong 
(0 marks) Two or more cells wrong 

Part 2 truth table: 

IRQ0 IRQ1 IRQ2 OUT0 OUT1 OUT2 
0 0 0 0 0 0 
1 X X 1 0 0 
0 1 X 0 1 0 
0 0 1 0 0 1 



 

(2 marks) No errors, or error carried through 
(1 mark) One cell wrong, or one don’t care reduction omitted 
(0 marks) Two or more cells wrong 

Q2.1B (1 mark) 

Solution: 

OUT0 = IRQ0 
OUT1 = ~IRQ0 & IRQ1 
OUT2 = ~IRQ0 & ~IRQ1 & IRQ2 

(1 mark) Correct  

Q2.1C (2 marks) 

(2 marks) Correct 
(1 mark) One mistake (wrong gate or wiring) 
(0 marks) More than one mistake 

  



Solution: 

 

Q2.2 

(3 marks) Correct solution using one multiplexer and two gates 
Deduct one for each of these errors: flipped multiplexer, using bubble notation for inverting 
gate inputs. 
Any other mistake/deviation incurs 0 for the question (eg using >2 or incorrect gates). 

Canonical solution: 



Any version of this with A, B and C swapped around is also correct. 

NOTE: there are correct solutions that are completely different structure; see below. 

Solution 2a: (relying on using XNOR to check equality of two values) 

 

  



Solution 2b (slight refactoring of 2a) 

 

Solution 3 (same idea as 2 but different formulation) 

 

  



Solution 4 (same idea as 2 and 3 but different formulation) 

 

Give more partial marks if only mistake is: 

o Using NAND instead of NOR 
o (If they do alt solution) using XOR instead of XNOR or vice versa 

Question 3 (Timing Issues) 
Q3.1 

 



Q3.1A 

Solution: B (1 mark for correct, 0 for incorrect) 

Q3.1B 

Solution: E (2 mark for correct, 0 for incorrect) 

Q3.1C 

 

Solution: D (1 mark for correct, 0 for incorrect)  



Q3.2 

 

 

Q3.2A 

 
(2 marks) Identifying/describing a bit-shifting operation 
(1 mark) Describe the computation correctly (’moves’ the number across), but do not 
identify shifting. 



Q3.2B 

(2 marks) Correct answer (2 GHz) 
(1 mark) One mistake (single arithmetic error, single incorrect value, forget one of the 
values) OR correct answer but in ns/time(0.5ns) 
(0 marks) Incorrect with more than one error. 

Q3.2C

(2 marks) Correct answer, or error carried through from previous (no working required, 4 
cycles at clock rate, should be 2 nanoseconds if B correct) 
(1 mark) Gave answer in cycles rather than seconds 
(0 marks) Incorrect result (wrt error carried through), invalid justification for answer (e.g. ’8 
cycles at a clock of 4 GHz or something) 

 

(Mark 5 cycles instead of 4 as 1 mark instead of 0, and the same for if they add startup 
time). 

  



Question 4 (Finite State Machine) 
ERROR CARRIED THROUGH IN ALL PARTS 

Q4.1 

 

  



Q4.1A (3 marks) 

 

1 mark per correct equation. 

Solution: 

 

Q4.1B (4 marks) 

(4 marks) Perfect state and output tables with all reductions. 
-1 for missing each of the two groups of required reductions in Solution 1 below (i.e. 2 
marks for perfect but non-reduced table.) That is, the 4 reductions in the blue rows and the 
reduction in the purple row. Can be reduced further to Solution 2, but this is honestly more 
annoying than helpful. (max penalty of -2 for unreduced tables) 
-1 per row with any incorrect cells in the state table  
-1 if the output table is wrong in any way 

If they have done the unreachable states, and crossed them out, do not penalize (the cross 
out indicating them being unreachable). 

If they forget to include the 11 states at all, and later write that they aren’t reachable in F, 
then only –1. 

 



Solution 1 (mostly reduced) 

 

Solution 2 (with further reduction, but honestly makes it more messy) 

 

Unreduced solution: 

 

  



Q4.1C (2 marks) 

(2 marks) Perfect 
(1 mark) Mostly correct (can be fixed by swapping inputs around). If missing only one 
transition.  
(0 marks) >=2 mistakes 

IF STUDENTS COMPLETE PART C IN PART B, THEN MARK AS THOUGH PART B 

 

Note: several possible encodings for A and S. Also they don’t actually have to encode A.  

Q4.1D (3 marks) 

 

(3 marks) All states, transitions, and labels on both correct 
-1 mark for each missing/extra/incorrect transition arrow/label 
-1 mark for each missing/extra state if S3 is included, and it is also in the truth table, then  

  



Q4.1E (1 marks) 

This also depends on encoding. 

 

Exemplar: A passcode/combination lock/etc. mechanism 
(1 mark) Any valid explanation (not a description of the machine, an explanation of its high-
level purpose). They need to show understanding of the purpose. 

Q4.1F (1 marks) 

Exemplar: Unlock will never be set to 1 because S1S0 is an unreachable combination 
(1 mark) Correctly state it will never unlock, or that the state is unreachable 
No mark awarded if they just say ’oh it now opens in state 11’ - they don’t demonstrate 
understanding that it never unlocks / 11 is unreachable. 



Question 5 (ARM Assembly) 

Each sub-question below has the relevant function with its sample solution. The total 
number of marks for this question is 10, which are distributed as 6 for setArray, 3 for 
compare and 1 for sub.  

Notes about special cases/other calls made when marking will be listed here: 

• Some students had loaded from the array/had other additional instructions that 
weren’t needed. If they didn’t interfere with the correctness of the rest of the 
function, that is considered fine.  

• Didn’t consider it a mistake to push/pop lr in a leaf function (i.e. sub). 
• For a case with a student who had the correct idea for which memory address to 

store to, but chose the wrong instruction (i.e. they did a ldr r4, [r3,r2,lsl #2]) for the 



calculation, counted that as a syntax error and gave mark for storing to correct 
address  

• Similar to above: “b lr” rather than “bx lr” counted as mark for returning correctly, 
but –1 for syntax error.  

Q5.1 

setArray 

 

Marking Guide for setArray: 

Correctly saves link register and callee-save registers on stack: +1 
o If they don’t call compare correctly (so it acts as a leaf function) they can still 

receive the marks for this if they save callee-save registers correctly.  
• Returns from function correctly (pops lr, bx lr/pop pc): +1 
• Initializes all variables correctly (i is 0, array address is 0xffff): +1 
• For loop condition check correct: +1 
• Correctly calls “compare” function, including saving required caller-save 

registers around the call to compare:  +1 
o Note: will still count cases where caller-save registers aren’t saved when 

they don’t end up getting modified in compare or sub, like r3 in my sample 
solution above. 

• Updates correct memory address (i.e. i*4): +1 
o Don’t give mark if they forget to increment the loop variable 

• If there are any syntax errors/naming mistakes/etc.: -1 mark from the above  



o Syntax errors include incorrect instruction mnemonics, using QuAC, 
incorrect label names used in function calls/branches. Incorrect names 
include not following the naming scheme we gave them  

Q5.2 

compare 

 

Marking Guide: 

• Correctly calls ‘sub’ function AND saves link register/other necessary registers 
on stack: +1 

• Returns correct value in r0: +1 
• If/Else Implemented Correctly: +1 

o Either using labels and conditional jumps or IT block, but it has to be correct 
either way. Conditional mov without being in an IT block does not count.   

• If they inline the function but everything else is correct, only give 1 mark for this 
part. Should still have a label “compare” or equivalent, though. 

• If there are any syntax errors/naming mistakes/etc.: -1 mark from the above  
o Syntax errors include incorrect instruction mnemonics, using QuAC, 

incorrect label names used in function calls/branches. Incorrect names 
include not following the naming scheme we gave them 

o Don’t deduct if syntax errors are the same as ones made in setArray (e.g. 
push/pop without curly brackets is the same mistake in both).  
 



Q5.3 

sub 

 

Note: just to make the syntax highlighting consistent, “subtract” was used for the function 
name rather than “sub”. Don’t consider renaming this function a mistake. 

Marking Guide: 

• Fully correct: +1 
o This means any mistakes (returning in wrong register, not bx lr’ing, incorrect 

registers used as arguments) mean they don’t get the mark.  

Question 6 (Input/Output) 
Q6.1 

 

Q6.1A (1.5) 

 

Correct answer: No, (¼*1 + ¾*4) --> 3.25 > 3 --> no 

 

 



Q6.1B (1.5) 

 

Correct answer: Yes, (½*1 + ½*4) --> 2.5 < 3 --> yes 

For both: 

1 mark added for correct reasoning/equations 
0.5 marks added if they state ‘yes’ or ‘no’ correctly with that working 

Q6.2 

(3 marks) No mistakes 
Deduct 1 mark per line that contains a mistake, or is invalid ARM 
Deduct 1 mark if the loop logic is incorrect 
Deduct 1 mark if they overwrite the register rather than load/twiddle/store 

(If people shift by 8 instead of 7, will choose not to deduct this mark). 

 

The constants can be put into register both with mov and ldr =; but if they do ldr without 
equals, i.e. ldr r0, 0x40000000, this is wrong. Example solution: 

ldr r0, =0x40000000 @ or 'mov 0x40000000' 
ldr r1, =0x30000000 @ or 'mov 0x30000000' 
check: 
ldr r2, [r0] 
cmp r2, #1 
beq end 
loop: 
b check 
end: 
mov r3, #0x1 @ note that these two lines can be done in one line 
lsl r3, #7 
ldr r2, [r1] 
orr r2, r2, r3 
str r2, [r1] 



Another example solution: 

ldr r0, =0x40000000 
 
loop: 
ldr r1, [r0] 
cmp r1, 1 
bne loop 
 
ldr r0, =0x30000000 
ldr r1, [r0] 
orr r1, (1 << 7) 
str r1, [r0] 
@ exit 

  



Question 7 (Microarchitecture) 
Q7.1 

 

Exemplar: 
i1, 2 nops 
i2, 2 nops 
i3, 2 nops 
i5, 4 nops 
i9, 2 nops 



(4 marks) Correct 

-1 per incorrectly (added/missed) position block of NOPs 
0.5 per incorrect count in a correctly positioned block of NOPs 

Q7.2 

 



 

A. 0x10 
B. 0x1C 
C. 0x1C 
D. Writeback 
E. 6 
F. 20 
G. 23 
H. 0x0C 

 



Q7.3 

 

Q7.3A (6 marks) 

 

 1 2 3 4 5 6 7 8 9 10 11 12 
i1 F D A S E E E E W    
i2  F D A S E E E E W   
i3   F D A A/IQ A/IQ A/IQ S E W  
i4    F D A A/IQ A/IQ A/IQ S E W 

 
1.5 marks per row correct 
 

 



Q7.3B (2 marks) 

 

(2 marks) all correct, with either colouring. 

Correct answer is Ready, Ready, Ready, Busy, which reads 0001 or 1110. 

(If people do 1010/0101 instead of 1110/0001, this can be marked as correct). 

Q7.3C (2 marks) 

- WAR hazards 
- WAW hazards 
- Branch misprediction recovery, repair, mis-speculation 
- Precise interrupts/exceptions 

0.5 per 


