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TOTAL POINTS

92 /125

QUESTION 1 6 Problem #6 8/12

v - 0.5 pts (b) missing st[2:0]
v - 0.5 pts (b)missing in[0]

v - 3 pts (d)incorrect (1,3)

Problem #130 pts
11(a), (b)6/6

v -0 pts a is correct

v -0 pts b is correct QUESTION 7

1.2(c) - (i) 19/ 24 7 Problem #7 13 /15
v - 0 pts ¢ - correct v - 1 pts (e)incorrect setup
v - 0 pts d - correct v -1 pts (e)incorrect hold

v - 0 pts e - correct

v - 0.5 pts f - columns or rows
v - 2 pts g - map wrong

v - 2 pts h - incorrect

v - 0.5 pts i - 12 states

QUESTION 2
2 Problem #2 8/15

v -7 pts Incorrect, but showed general concept was

understood

QUESTION 3
3 Problem #3 7/15

v - 8 pts incorrect machine

QUESTION 4
4 Problem #4 18/ 20

v - 2 pts (a)missing mux before reg (comb/n/k)

QUESTION 5
Problem #5 18 pts
5.1(a)-(c) 7/1
v - 4 pts (c) incorrect
5.2 (d)-(f)6/7
v -1 pts (f) partial correct

QUESTION 6
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Question #1 State Machine to Logic (30)
A Mealy FSM state diagram is shown below. This is a decoder for a 3-level to 4- ievel encoding.

_ Ad4-level signal is communicated between two endpoints (A, B, C, and D). This signal is the input
to the FSM. Transitions between the levels map to 3 symbols (X, Y; and Z); these symbols are-
the outputs. Note that some transitions are eliminated to enhance the quality of the

communication,

(a) (2) Explain the difference between a

(b} (4) Fill in the blanks in thiﬂ%l state tr ygg‘ﬁﬁ /7[ s
w(’t/

AIX

o

ealy and a Moore FSM.

state ml nx_¢ stétel
SA A 'x A
. SB AL X SB

O | Bl z|
AC cp X 8¢

50 |} Y sc
SC | 4 Z SA
SB Dy 2 28
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Assume for the following parts that inputs, outputs and states are all one-hot encoded,
(c) (3) How many bits are needed for the input, output, and states?

# bits for in = ¢/
# bits for out = 3
# bits for state = 4/ .
(d) (4) What is the logic for nx_state:SA? out:Z? You can define your mapping for part (c) to write
this Boolean function.

x_state:SA= ARV (se A A) =>[AnCshvac) ]

OULZ= (a8 ) v ¢ 4¢ ax) v/ 38D
(e) (3) If nx_state:SA is written as a fully-disjunctive normal form, how many product terms are
there?

# product terms = 2
Now assume that states, si[7:0], are assigned as gray code: SA=2'b00, SB=2'b01, SC=2"b11, -
SD=2'b10. The inputs, inf1 :b], are also assigned as gray code where A=2'b00, B=2'b01, C=2'b11,
D=2'b10; and outputs, outf1:0j, are X=00, Y=01, Z=11.
(f) (2) How many columns (inputs+outputs) and rows are in this truth table?

# columns = ‘7 .

#rows= A /%

(9) (5) Use the Karnaugh map below to determine the, logic for out[0]. How many prime
implicants are there? How many are essential? ) i

T
4 L~

~ :~-ln[1:0]

out[0} "00" "01" "1 "10"
. “oo* 0 B x| axKE] X
e e
“30" %S | ol X )
# prime implicants = % 3 . s
# essential prime implicants = 2% 2 L ' ﬁ)
(h) (3) Write the Boolean expression for out/0]. ( 3_’; 72 *mlnZ )u (,;, [17 A a7

(i) (4) How many states do you need if you want to convert the FSM to a Moore Machine?

# states = /g, % poo)
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Question #2 Logic Design (15)

Afield of black (“0") and white (“1") pixels can be "blurred” into gray values by taking a weighted-
average that includes neighboring pixels as shown in the figure. Each converted gray-valued
pixel, gpix, is a 4-bit value and is computed from 9 binary inputs, pxy, based on the equation
gpixg[3:0] = 3 po+ 2T p1n + L P2n.

P21 | Par | Pa2o

P12 Po P1o

Pz2 | Paz | P23

You have available 1-bit Full Adders (FA with 3-inputs and 2-outputs) as building blocks for
implementing a design. The design should output gpix[3:0]. Use the fewest number of FAs to
achieve this task. Show your design.

o
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Question #3 FSM State Diagram (15)

The input to an FSM, Y, is a string of 1's and 0's. Design a Moore FSM that detects when a “01”
sequence is followed a “10” sequence. The FSM is reset/initialized to a state for which prior inputs
are all 0's. An example of the input and output is shown below and key transitions are underlined.
Note that “010" does not constitute a “01” followed by a “10". The output, Z, asserts for only 1
cycle when the sequence is detected. As a design constraint, use the fewest number of states.

Y = 00001110001001010101101111

Z 00000000100000010000001000 i
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Question #4 System Partitioning (20)
The following algorithm calculates the combinatorics function C(n,k)=n!/(n-k)lk! (commonly

referred to as n-choose-k or nCk).

The flow diagram is already designed as shown below. A

n=n :.n;
= k_i signal, go, is an input to the controller that triggers this

comb = 1, algorithm. Qutput, done, is asserted by the controller when
while (n > 0) { the algorithm completes and is waiting for the go signal. The

if (n>k) previous computation is held in the register, comb. You are

o eemky = Somsny to complete the controller and datapath design.

se 2
comb = comb/n;

e
; j 5
done = 1

(a) (10) The datapath blocks available to you are also shown below (a combined multiply/divide

module, an add/subtract module, and a zero detect module). You may aiso use as many 2:1
MUX as you choose (Note that you can only use 2:1 MUX so the select signals for each MUX
is a single-bit signal from the controller). You can ignore the bit-width of any of the signals.
Show the necessary connections within the datapath and any signals that need to pass as

inputs to/from the controller.

|quero

SR
L —Z’" '\ Zero
f Q, Detect
n
-F‘ 5 t
\ =1 [T 19 [comp P4 ]
done=0 / g
::T_l: S | selDiv {
=K_t
comh<={ K il
| div?
L \ 2 \——ia Mult/Div
= 1 Module
Yl .  (@orlb)
nim~1] |z |™
b | ——
] le b1
N & b7
) ‘% ) ) sy Sign [ e
.[ccmb<=cumb‘n }[comb<=comb!n 18 [k ) a Add/Sub
— |1 = Medule ot
Ans 12 2] |, Grorh)
1™ %
I
— _P————é;——';
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{b) (10) Design a Moore FSM for the controller. Indicate the desired control signals from controller
to the datapath on the FSM state diagram.

n<=n_in
k<=k_in
comb<=1{

[comb-::comb'n J [comb?:n:urnbln ]
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Question #5 Timing and Pipelining (18)

The following combinational logic block can be broken down into modules. Each module have
their delay as shown. For each module, the propagation and contamination delay are the same
(tc = t4) with the except of two blocks where the (c,ts) is shown in the block. The registers comprise

of DFF with the properties ts = 3, tv=1, tca = (1,2).

-

~ ~

I, \\
x| S 3 P
2 | n out| @
% 4+ (3,5) »(1,15) 10 ‘g'
g g
6 * 6 4
4 o 8

\. Combinational Logic Block ./

~, -

o

(a) (4) Determine the contamination and propagation delay of the combinational logic block.

tecL = /
tcL= 5+ ¢+ + €+6rt/0 = YR

(b) (3) What is the minimum cycle time of the combinational logic block?

min (Tcy_cle) = #{

(c) (4) We can minimize the cycle time by inserting registers. Show on the diagram below where
to insert the register(s). Indicate a register with a line. Use as few registers as possible.

// : \\\
I 3
in ; . lout
(3,5) | (1,15} 10

1935169y
Jaysibey

4 8

%\ Combinational Logic Block J

\h = -
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(d) (2) Based on the answer in (c} determine the new minimum cycle time.

min(Tcycle) = ,?O

{e) (3) During verification of the design in (d), an engineer found that the DFF hold time is actually
r tH=3 Does this pose a problem? Explain your answer.

or
pidie: ///ﬁ-a y 7 A, /ég%% centlom s fOre— / & ‘-’-/
¢ CLl-O . % w—//(M-—- /)'//7"M-<//<S
7M ,./:./ %7@/ A TS A/@ky%w-—-
(f) (2) Name as many ways as you can to fix this problem?

Tiasee o e
/Zfo%fs o |

jm-c,_ e o[ cd//’Q
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Question #6 (12) . .
An incomplete Verilog code for a module is shown below:

module final (

input {3:0} st,

output [3:0] nx_st,

input [1:0) in,

output [1:0] out,

input go, reset, done, clock ,
¥i

<(a) missing TYPE> [1:0] out; e .
<(a) missing TYPE> [2:0] nx_st;

always @(<(b) missing activation list>) begin " ~
case (st) . .
3'b000: nx_st=3'b00L; 3
3'b001: nx_st=3'b010; :
3'b010:
if (in{0] != go) .
n¥_st=3'b100;
else
nx_st=3'b010;
3'blo0: .
if (in[0] != go) . N
nx_st=3'b100;
else N
nx_st=3'b001; ~ 0~
déFault:
nx_st = {in[0],1'b0, reset};
endcase
end , ~

assign out[0] = nx_st[l] | in[1];
//{c) out[1l] is the output of a mux that selects 1'b0 when reset else nx_st([0}
endmodule

(a) (2) What should be the declared type for the following signals:
ires
[1:0] out;
{2:0] nx_st;

(b} (2) What should go in the activation list of the always @()‘? Choose only the signals that needs
to be there. You may not use *

Activation list = 7 /%«V

(c) 15) The signal, out{1], is the output of a 2:1 MUX that uses input, reset, to choose between
input of 1°'b0 (when reset==1), and nx_st[0] (when reset==0). Write the Verilog code for this
signal in three different ways (continue next page):

// Library module provided

module mux2l(muxout, muxseld, inputA, inputB);
// muxseld ==1 chooses inputa
// module details not shown

endmodule
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Declarative Verilog:

Structural Verilog (usinq the library module above)

pse7”
pel/ MdJ[O"‘/[’/Z Mt /6/0 Sz szt )7 )

Procedural Verilog (note that out variable will need to_be declared differently):

CA(*) by ‘
76,,//,%) '
04»*[7.2:/'0/0/'

ehe

owrl]7 = g et SO T

E

el

.(d) (3) Four different ways of implementing a function is shown below. Which of them are the =
same? Circle all that are the same. ] —
(1) s
always (@posedge.clock) begin . - B
y <= z; - =
X <= ¥;

always (@posedge clock) begin

Yy = z;
® =Y
end
a:ways (€posedge clock) begin
X =y
Yy = z; - B
!I ways (€posedge clock)- beg;m
Z = y; v
Y = X}
end
 p——.
L
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Question #7 Short Answers (15)

(a) (4) For the following Karnaugh map, the Boolean expression for the function
" Z=(~AA-BA-C)V(AA-BAD)V(AA-BAC)

AB
Z "0 on ”01” "1 1’! & 10::

wor [/ TN | o 0 0
o Lo V1| o o |/ "

"] o 0 0 |42

100 o | o o v/ .

What input conditions and transition has‘a potential for causing a glitch (static ?azard) at the

output? - ,@n’ “éﬂ e (orts o caunwo/ 1

(b) (2) How would you resolve the issue in{a) by adjusting the Boolean expression'.;

2o (CaJing o CAANB) v (0 rpofs )Y (RS (C~DB)

iy

(c) (3) I you only have 2-input AND gates and Inverters available, how would you build a 2:1
multiplexer? (out selects between inpA and inpB with the select signal, selA)

(d) (3) If you only have 2:1 MUX and Inverters available, how would you implement Z = X xor

B

-

et

L
L |
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Setup: ' @

Hold: tH_corr > ty_prr

“~

D

(0]

D Q

DFF

GDFF

Clock-Q Delay:{ tczo_eorr > teag ped

ts_corr = ts_oFF

tH_corF = tH_prr

tc20_corF = teza prr

Prof. C.K. Yang
(e) (3} A designer modified the basic DFF as shown below to make a GDFF where the clock

signal is"ANDed with an Enable signal. This approach is known as “clock gating”. How does
the GDFF’s characteristics compare to that of the DFF? Select the answer.

-

ts eprr < ts prr

tez2a_corr < tcaq pre
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