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Answer to Question 1

This question tests students” understanding of FSM and how it may be designed and implemented
on an FPGA.

(a) _
Current State . Inputs ~ } . NextState
..... inA | inB Q1 Qo0 M
1 0 X 0 1 0
1 1 0 1 0 0
1 1 1 0 1 0
0 0 X 0 1 0
0 1 0 1 0 0
0 1 1 0 0 o
= T Lo = - :
0 0 1 " 0 O 0 ............
0 1 0 " 1 0 0 ............
0 1 1 0 0 0
0 0 0 0 0 0 ............
0 0 1 0 [ — 0
0 ‘1 0 . 1 0 0 ...........
0 1 il 0 0 0 0
L 0 0 0 0 X Lo 0 1 L
B Lo o 0 1 0 0 1 0 1
_____________ e B E = 1 . : ; :

Q0=D0ein_A+D0ein_Aein B+ Dlein_A+D4dein_A+ D4ein_Aein B
Ql=DO0ein_Aein_B+Dlein_Asin_B+D2ein_Aein_B+D3ein_Aein_B+Ddein_Aein_B
Q2=Dlein_Aein_B+D2ein_Aein_B+D3ein_Aein B

03=D2ein_Aein B+D3ein_Aein B

Q4=D2ein_Aein_B+D3ein_Aein_B

FSM _out = D4

[10 marks]

b) FPGA is register rich, therefore one-hot encoding, which requires one register per state, matches
the FPGA fabric well. Furthermore, there is no need for state decoding, reducing the demand on
the combinatorial logic (i.e. LUT resources).

Q0,Q1,Q2 -2 LUTs each; Q3, Q4 — | LUT each, FSM out is free. Total: 8 LUTs.

[5 marks]
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(5 marks]
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Answer to Question 2

This question is mostly bookwork with some application to a new problem (i.e new angle to
compute sin and cos values).

a) Given: X, =x -y tana Let: @ =tan™ 2"
./le = ya’ 2o ‘xr taﬂa’r tan a’r = 2_‘
ZH] = Zr - ar
This gives: x,=x—d y2" where de{-11
Yoy =y +d %27 as determined by some criterion
I+ i i I
2=z —-d a

For rotation mode to compute sin o and cos o, we need to perform the following:
1. Setz=a
2. x=1/K=0.607252935 (or some scaling constant)
3. y=0
4, Iterate with d; = sign (%)

&2

X, ® cos(z)

yﬁ?
z, ~0

@

sin( z)

After m rotations, we get y/x~tan(z)

[6 marks]
For o = 47.163°, the following angles of rotation are used:
Iteration d; Operation z value
0 47.163
1 - 47.163 — 45 2.163
2 - 2.163 —26.565 -24.402
3 + -24.402 + 14.036 -10.366
4 + -10.366 + 7.125 -3.241
5 + -3.241 +3.576 0.335
6 - 0.335-1.790 -1.455
7 + -1.455 + 0.895 -0.560
8 + -0.560 + 0.448 -0.112
9 + -0.112+0.224 0.112
10 - 0.112-0.112 0.000
[6 marks]
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b) Parallel implementation without unrolling:
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Parallel implementation with iteration unrolled:
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Answer to Question 3

a)

Parity bit is an extra bit that can be added to a group of data bits to make the parity of the group
odd or even. Odd and even parity means that there are odd or even number of "1" s in the group
including the parity bit. Parity bit can be used to detect single bit error.

b)

[2 marks]

Book work — show this using a 4-bit example adding 3 check bits. If there are N check bit, can
correct single bit error in 2% =N - 1 bit wide data.

c) i)

[3 marks]

4 parity check bits are required to correct single bit error in 8-bit data. The 4 parity bits could be
assigned according to this table:

d7 d6 ds d4 d3 d2 dl do
P3 X X X %
P2 X X b4 X
Pl X X X X X
PO X X X X X
Code 12 11 10 9 7 6 5 3
P3=d7® d6 @ d5 @ d4
P2=d7®d3 @ d2 @ dl
Pl=d6@d5@d3 @ d2 @ d0
PO=do®d4 D d3 D dl ®dO
[5 marks]
i)
RO — Par]ty PI3:0 Y12 D7 — =1 ._._Q_.T
checker
D7:0 — D6 —| Q6
Y11 =l
D5— | Q5
Y10 B
D4— ] Q4
Yo 2l e
4-to-16 D3 — Q3
decoder y7 =
D2 — Q2
Y6 =0
D1 — Q1
Y5 e
DO— ] Qo
Y3 l*‘"
ERROR
YO 4‘>0—
[10 marks]
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Answer to Question 4

This question tests student’s understanding and the design of a memory interface circuit.

Shift register based design is probably the simplest:

AS o s
A31:24
A23:0 A23:12 0
N
A11:0 AD11:0
1 mux
G
N SRG11
Ccs i
CLK ————eq >
1 l—
1 —
=1 RAS
= I
gl
CAS
=1 b DTACK
[18 marks]
Timing assumption: A >= B + C + setup of SR
|2 marks]
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Answer to Question 5

This question test student’s ability to design a relatively straight forward circuit with simple control
(over 4 clock cycles).

Possible design:

ok L CTR
= -
>1
— 1 clk_out
8 MSB
/ 1D | data_out
z
e >C1
| & 10
10
data_in , ,1’0 1D 1 p
7:0 4 F
wl 10 >ci
sign-
extend
[15 marks]
Students should check that their circuit meets the timing requirement at 40MHz clock.
|5 marks]

Page 7of §



Answer to Question 6

This is a standard modified booth multiplier that takes three cycles to do 6 bits.

CLK
RST
+/- >
SUB
XB1 R
MUX gy C
XB0 &i - 1D L 711
R6
LASTBIT e = L 710
—&] 1 i 61 &s
Y5 & 1 15 5 — 29
) — R4
Ya & | —4 PxQ 4 L 78
— 1 & —— R3
Y3 Rall I —3 Q 3 — Z7
Y2 & 12 o |R2 — 26
R o | 1‘_
Y1 & 11 1 |8l 75
Yo _1& A i |10 —0 RO 74
6= 75 —! — 73
341 | 5 z4 — |— 72
z10 4 = =%
79 3 P 22 — — Z0
78 2 XB1 — — LASTBIT
z7 1
Z6 0-
[15 marks]

The +/- block consists of 8-bit adder with XOR gates on Q-input controlled by SUB. Therefore
worst case delay is 7+2 = 9ns.

Worst case path relative to CLK:
CLK — LASTBIT — XNOR — 2 gates +MUX —add/sub —>setup time
1 2 2 1 7 1.5 = 14.5ns

(This will vary depending on student’s circuit.)

Therefore max frequency = 69 MHz.

[5 marks]
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