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TOTAL POINTS

90 /125

QUESTION 1
Problem #130 pts
11(a), (b)6/6
v -0 pts a is correct
v -0 pts b is correct
1.2(c) - (i) 16/ 24
v - 0 pts ¢ - correct
v -0 pts d - correct
v - 3 pts e - incorrect
v - 0.5 pts f - columns or rows
v - 2 pts g - map wrong
v - 2 pts h - incorrect
v - 0.5 pts i - 14 states

QUESTION 2
2 Problem #2 3/15

v - 12 pts doesn't make sense or very wrong

QUESTION 3

3 Problem #3 13/15
v - 2 pts not fully described

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)a/7
v - 2 pts (d) incorrect (20)
v -1 pts (f) partial correct

QUESTION 6

Page 1

6 Problem #6 10/12
v -1 pts (a) partial correct
v - 0.5 pts (b) missing st[2:0]

v - 0.5 pts (c) partial correct-structural

QUESTION 7
7 Problem #7 13 /15
v - 2 pts (b)missing term !B!CD
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Final Exanﬁ

Name (Last, First): thr\&, (,o.n&f\an _
Student Id #: “hy¢ 95 ¢

Do not start working until instructed to do so.

1. You must answer in the space provided for answers after every quest/on. We will
ignore answers written anywhere else in the bookiet. All pages in this booklet must be
accounted for otherwise it will not be graded.

2. You are permitted 2 page of notes 8.5x17 (front and back).

3. You may not use any electronic device.

Following table to be filled by course staff only
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Question #1 State Machine to Logic (30)

W state diagram is shown below. This is a decoder for a 3-level to 4-level encoding.
A'd-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.

AIX

ok

-

(a) (2) Explain the difference between a Mealy and a Moore FSM.
Fg(- Q meafe £3M, °“’E€“* &S bf\(é_ W‘A‘QQ& £s £he Cftend State

For o medy Fsm, eugnt & rebued 4o both &f’w Catere Stadp

{b) (4) Fill in the blanks in this puéﬁiél state transition table. - I“M'
“state inI out nx*statel -
SA A X SA
sB | BE x| sB i
o, b s B Z| B
o= . scY Cf X N Fomes  wr % . s
. - d-<g | ¢l v l|.sc, - B
, ) sc| Al ¢ ] sA
SB D] % S
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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 forin = 4 (693 so10 D (V0 (300)
#bitsforout= 3 (edl 018 ()
#bits for state = [} ( d00f 00 (0 8[30 [ass)
(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.

nx_state:SA =(SC A AIV (SBAA) » AN cjlﬁ vie)
outZ= (SAAC) VL Ssenm)V LSBAPIV CSDAB)

© (3) If nx_state:SA is written as a fully-disjunctive normal form, how many product terms are
there? :

# product terms = L
Now assume that states, sif7:0], are assigned as gray code: SA=2'b00, SB=2'b01, SC=2'b11,
SD=2'b10. The inputs, in{1:0], are also assigned as gray code where A=2'b00, B=2'b01, C=2'b11,
D=2'b10; and outputs, out{7:0], are X=00, Y=01, Z=11. -
(f)) (2) How many columns (inputs+outputs) and rows are in this truth table?

# columns = é
#rows= |6 .
(9) {5) Use the Karnaugh map below to determine the logic for outf0]. How many prime Outtel - E‘- o 2
implicants are there? How many are esseqtial?

) in[1:0]
Ol.lt[ol A noou B u01n c “11" D "10"
SA o0 - ‘ [
sB I!olll i ‘
st{1:0] @ 11 - l 1

D 10" { )
# prime implicants = & §
# essential prime implicants = = L -

(h) (3) Write the Boolean expression for outf0]. T — —_—
— T ¢ StenAsteaATanil A Treo1 )V (St A Stcoza Tnza

outo]= (& (SELANFLANTnEAA Ince1) P —

Stes2 AL‘E!?-/\.II\D;] ) \ (St Steea Ninth

’ Stril A —
\ (Sf,l:lj /\StED] N In[pjl/\fn.f. I)V c A‘lnC.O'l)\l L&-{—_:(l/\ Gtes

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

; N InTIIATaLe
#states =_Bxt—=t> (Y
M 7
. . = \_ :
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Question #2 Logic Design (15)

A field 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 @ 4-bit value and is computed from 9 binary inputs, px, based on the equation
gpixo[3:0] =3 po+ 2 Xpin + LP2n.

P21 P11 | P20

P12 Po P1o

Pz2 | Piz | Pa3

You have available 1-bit Fuli 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.

———

Cantroffer }— 6‘[’5'&»8:01

7]

pd IP"C [Pee e Y
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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
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Question #4 System Partitioning (20)
The following algorithm calculates the combinatorics function C(n,k)=n!/(n-k)'k! (commonly

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

The flow diagram is already designed as shown below. A

n = n_in;
k = k:in; signal, go, is an input to the controller that triggers this
comb = 1; algorithm. Output, 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
else‘:""‘b = combin; to complete the controller &nd datapath design.
comb = comb/n; b, ”
n-—
}

~

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 also 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,

eqZero

Zero
Detect

comb

done=0
n<=n_in
k<=k_in
comb<=1

[

selDiv

aive
a Mult/Div
Maodule ( o
{a*or/b) Y
b comb

I {u) Joys1Bay I I(qmog);a)slﬁaal

1'b1

sub?,
sign

a Add/Sub

Moduie ¢
(a+°r_b)0u_ P —

[ comb<=comb*n ] [comb<=comb{n ]

[ (%) J2151B0y” l

v

(5ee page
[Lt> <‘—‘(QJO on
the (ast em&g
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(b) (10) Design a Moore FSM for the controller. Indicate the desired control s:gnals from controller
to the datapath on the FSM state diagram.

START

gor= 0
/
done=0 AQM Dl o)
n<=n_jin s
k<=k_in SQ‘{ o

combs=1

comb<=comb n [comb<-combln
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Prof. C.K. Yang

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 = ta) with the except of two blocks where the (tc,t) is shown in the block. The registers comprise

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

I"‘ \\\
o, ! y b
o |in out| o
i *(3,5) (1,15)— 10 o
g . )
6 6 | 4
4 8
7

%, Combinational Logic Block

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

tor= 341+ lowgg (4
ticL = St 6+ ¢t +6t41(0

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

min(Teyoe) = €sefup T Lyprr € o
= 34 1443

= 48

(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.

- -
o ~‘\
b)Y

agysifay

= |, / \

o |in out

g { (3,5) {{ (1,151 10

& !
S 6 1 6 4

4 8
‘\ Combinational Logic Block ,,"
! L

_\._L\ 1 3

‘r—ﬂ//

(7 5

¢ -Sfa\(%ue
Pipeling -

8 of 14



-

UCLA | EEM16/CSM51A | Spring 2018 Prof. C.K. Yang
(d) (2) Based on the answer in (c) determine the new minimum cycle time.
min(Tcyc!e) = d

(USH31D XY = Fo

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

Tl\. < € epte + '(?u‘_f_ callese €e in Amac_ 549305 7
2 {——J_ uge C‘Ct,m))

:"_> 3< ) ’a g'(ﬁ[& £ime o (k(-.for)

(f) (2) Name as many ways as you can to fix this problem?

O odd  more &35 wikm  <he Stage Ghac
fun My Ce ’

@ I\tﬂx{w& C[,sc& Sf:ew.
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Question #6 (12)
An incomplete Verilog code for a module is shown below:

module final (

input [3:0] s%,

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

alwvays @(<(b) missing activation 1ist>) begin
case (st)
3'b000: nx_st=3'b001;
3'b001: nx_st=3'b010;
3'b010:
if (inf[0} 1= go)
nx_st=3'b100;
else
nx_st=3'b010;
3'b100:
if (in[0) != go)
nx_st=3'b100;
else
nx_st=3'b001;
default:
nx_st = {in[0],1'b0, reset)}; ~
endcase
end

assign outf0] = nx_st(1l] | in[1]; \\““
//{c) out[1] 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:
&y [1:0] out; , )
(e aF [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= .45 oF feset o0 o{n of donk

(c) (5) 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 mux2]({muxout, muxseld, inputa, inputB); b
// muxsela ==1 chooses inputa
// module details not shown
endmodule

10 of 14
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Declarative Verilog:
(see below) If Cruxse@) begin

Oulpud o TR inpeet;
inpt bruaxsetts MPpER f,\fjb\é 7

Structural Verilog (using the library module above

) ese N

ey e el

Muxyl Couten , reset, t% ne-sezn) ;

Procedural Verilog {note that out variable will need to be declared differently):

B &t = NK.steny; e Wt infael
BN S S N Y )
v . o
Q5% Pt = Xt

-
<

(See Céfﬁu}) -

(d) (8) Four different ways of implementing a function is shown below. Which of them are the

same? Circle all that are the same. Dec( CEfe o
(1) ) Ry B
P ys (@posedge clock) begin
vz g% ouLtt] = (~reset & ﬂK—Sf_COJ) [
enclx oY )c:g. T %
{2) : ¢
always (@posedge clock) begin : (met &- l '>D>
Y 'j Zf ‘a-,‘e 5
x =¥ X% rocedupo -
; . -t
@ys (@posedge clock) begin (Pzaf‘ St = (eset j
© Gty e Wire  oudt
end’ :
(4)
alw:yi ;?posedge clock) begin E-F C.(\S,, > (r6 (> 633&'\
dY = X; g‘—}; . . eﬂA QSSC&{\ ouff = [.ibo
en " . I P L
efse  beyin ST -
OGN Vbt T Ax.Stred
) eﬂd

11 0f 14
OULLLD = oeyer
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Question #7 Short Answers (15) ;

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

AB
z | "00” | "01” | 11" | “10"
“po” 1 0 0 ]
oo lovl 1 0 0 1
w17 | o 0 0 1 )
0" | o 0 0 1

What input conditions and transition has.a potential for causing a glitch (static hazard) at the

output? - Cw,%, ff\?m (AANBAe) te CAArgAC)
(f & chonges, fiust, follonel by e €0 C, fhen o glich o
L Y Canld f‘aﬁ[feﬁ%—-

betogen

(b) (2) How would you resolvr.—'??hg issue in (a) by adjusting the Boolean expression?
z= (IANRATOV (AA-BA (DVO))

(c) (3} If 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) i you only have 2:1 MUX and Inverters available, how would you implement Z = X xor !
Y?
S -
() O o]
Q""" @ f g‘
L__\‘__.———— I t
¢

;@ f—%—,’m'g 12 of 14
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(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.

Setup:
Hold:

Clock-Q Delay:

B b Q Q
i DFF
GDFF

ts_cprr = ts_pFF

-— N

ts_eorF > ts orF

1

tH_@_DFF
)
tczu_ tc2a prF

tH_cDFF = tH_pFF

tceo_eorr = toaa_pre

Prof. C.K. Yanyg

tS_GD@S_DFF -

“

. t_corr <tH_prF

te20_corF < tc2a_prFF

- " {30f14
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<Extra blank page for work>

LR 1

L

sel
Camb [
—14
— D
Sel

f»&r. Seefr%

A Y

"‘”Q’l Sef=0,
g s from Contro( I8ra (.

'

n~-
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