EEM16 Final

TOTAL POINTS

116.5 / 125
e o v - 0.5 pts (b) missing st[2:0]
Problem #1 30 pts QUESTION 7
11(a), (b)6/6 7 Problem #7 9/15
v -0 pts ais correct v - 4 pts (a)incorrect condition
v -0 pts b is correct v - 2 pts (b)missing term !BICD

1.2(C) - (i) 23/ 24
v -0 pts c - correct
v -0 pts d - correct

v - 0.5 pts e - 3 product terms
v -0 pts f - correct

v -0 pts g - correct
v -0 pts h - correct
v -0.5 pts i - 12 states

QUESTION 2
2 Problem #2 14 /15

v -1 pts Not fewest number of FAs, but correct

QUESTION 3

3 Problem #3 15/15
v -0 pts Correct

QUESTION 4

4 Problem #4 20/ 20
v -0 pts Correct

QUESTION 5
Problem #5 18 pts
5.1(a)-(c) 11/ 11

v -0 pts Correct
5.2 (d)-(f) 7/7

v - 0 pts Correct

QUESTION 6
6 Problem #6 11.5/12

Page 1



UCLA | EEM16/CSM51A | Spring 2018

Name (Last, First):

Student Id

Do not start working until instructed to do so.

Final Exam

Prof. C.K. Yang

1. You must answer in the space provided for answers after every question. We will
ignore answers written anywhere else in the booklet. All pages in this booklet must be

accounted for otherwise it will not be graded.
2. You are permitted 2 page of notes 8.5x11 (front and back).

3. You may not use any electronic device.

Following table to be filled by course staff only

RN T A R S W
S e 2 | Yoyt Setnd
ﬁ@? 3 ﬂ"&\‘:}L fﬁn 1*:1[
Question 1 30
Question 2- 15-
Question 3 15
Question 4 20
Question 5 18
Question 6 12
Question 7 15
=
TOTAL 125

1 of 14



UCLA | EEM16/CSM51A | Spring 2018 Prof. C.K. Yang

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-level encoding.
A 4-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.

(@) (2) Explain the difference between a Mealy and a Moore FSM.
A Mexly FSM ndpfmawnu.g Anses J-#m pup B Fis aulpad  logic while o Moore
B uses salqta ge cofent sofe. Ths menrs thad ME‘"{? FSMs aften howvt
-Pﬂwe.r Fledes thorn  om G@MFVMM{- Moore FSM .

(b) (4) Fill in the blanks in this partial state transition table.
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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? \

#bitsforin= 4 B
# bits forout= 3
# bits for state = 4
(d) (4) What is the logic for nx_state:SA? out:Z? You can dafne your mappnng for part (c) tu write
this Boolean function.

nx_state:SA= 1n:l A (slile: SA V' siele: §B /N skerle: 3C)

out:Z = (state- SA A in: C€) V( strte: SB A in:D) V (slerte: 5C Nin: B) VLME«--S‘D A in:B)
- (e) (3) If nx_state:SA is written as a fully-disjunctive normal fnrm how many product terms are

there?

# product terms = 5 :

Now assume that states, st/7:0], are assigned as gray code: SA=2'b00, SB=2'b01, SC=2"b11,
SD=2'b10. The inputs, in/1 :b], are also assigned as gray code where A=2'b00, B=2'b01, C=2'b11, =t in o' A
D=2'p10; and outputs, out[71:0], are X=00, Y=01, Z=11. [3Le) CALey CAL0Y TA(
() (2) How many columns (inputs+outputs) and rows are in this truth table?

#coumns= & (4 if cooh Vajudlowitplid “hee & collmer, cother dhaq its bivt)

# rows = 242 [ (lg i oon’t cores ore not inelnoled )

(9) (5) Use the Karnaugh map below to determine the logic for outf0]. How many prime
implicants are there? How many are essential?

\ In[1:0]

# prime implicants =
# essential prime implicants= &
(h) (3) Write the Boolean expression for outf0].

¥ s [ .
U] = (- i [0 A st[0]) VGialil A C13) V(inl03 A —stlo]) V (ial!T A stiid)
(i) (4) How many states do you need if you want to convert the FSM to a Moore Machine?

#states= |2

3 of 14



UCLA | EEM16/CSM51A | Spring 2018 Prof. C.K. Yang
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 a 4-bit value and is computed from 9 binary inputs, px, based on the equation

gpixg[3:0] =3 po+ 2+ X p1n + X Pan.

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

j ‘ fnp~t)

cﬂrrj»hf
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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

JCen ©

Ll
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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 nCKk).

n = n_in; The flow diagram is already designed as shown below. A
k = k_in; signal, go, is an input to the controller that triggers this
comb = 1; algorithm. Output, done, is ,asserted by the controlier 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

. comb = comb*nj to complete the controller and datapath design.
else
comb = comb/n;

B :
} .n €0
done = 1 k .

k.<h

(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 controlier.

eqZero

| Zero
Detect

selDiv

}
— [ div?
E L—~—-+,'_| MHIUDE'U
ut%_ Module
E " (a*or/h)

1b1
7 o
= | " 5ignl—-v—’——“) nGTk
| ﬁ' a8 Add/Sub
= Module pkid
— {a+or-b) i

h
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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.

S!{-ntr‘{’ 4 <190
@d | \ 10/ 050!}

done=0

i ’ﬂ nd-.r E‘fﬁjﬂ»; .IEJDI‘V'I gfung,]

g o .
comb<=1 @vﬂv -
loo el
{IJ 0-’ 0 0} )

@» e
Y N Compor
e f0.0, 0, 03

n<=n-1

el Th

divide
'[,O.r | 1+ O }
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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
(te = ta) with the except of two blocks where the (tc,ts) is shown in the block. The registers comprise
of DFF with the properties ts = 3, ty=1, tca = (1,2).

-------------------------------

r
’ h‘\

F i %

A
E in 1§ G/ W/l Sout E
m (3,5) =(1,15) 10 7
o - =

a/u (5714 19/3%
6 6 4
3/i5 21/¥3
4 8

Combinational Logic Block Y

h‘ "*
i S e -

(a) (4) Determine the contamination and propagation delay of the combinational logic block.
© tee= M
tac,= 43 -

h‘* e —— — i T —— o P — --'-_—-5
-

"-#-‘ﬂiﬂl--u-l-.l—--_ﬂi--_-_ “-'ﬁ-

"
S

-
£

T -

4

(b) (3) What is the minimum cycle time of the combinational logic block?
min(Teyee) = 4§ |

Togete 2 Ectteat Ty

(c) (4) We can minimize the cycle time by inserting registers. Show on the diagram below where

* LY
4 "-.,__
Al [ A
L1 i L4
8 | out| &
n &
f[a" -
= -

.'_ [rEan————u——— e R et T |

. Combinational Logic Block 4

--------------------------------

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(T{:ygh) - 20

(S 3242

(e) (3) During verification of the design in (d), an engineer found that the DFF hold time is actually
longer, t4=3. Does this pose a problem? Explain your answer.

or No

Explain: Theee is aq combinotional medlule v ith corrrminotion aﬁ!&aﬂ } 4

in ahich  cose Yhece aonted  be o holdd yrolortton stace {7 2 teqt b
I>2.

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

(. Arﬁﬁ“‘*“‘“} creste o dolifions]  conbaminetipa o{e.fn-a, "M ke combinadionc
mocdile. ndHh  shoct  condamlaofion d&fa?

e

2. In'fmﬂ{ht‘:ﬂ (7 blﬂﬁ[z J’Lﬁw H{ m "‘Zyme‘”[ DFf <0 -{’M .éhh,l aﬁmﬂ
ot the eFrEnI-ﬁ ﬂ’f a .ﬂohﬁte,r EE'{IJIF time #,?yf %O,’&wﬁﬁet

5 o
3. Tndpaduce o clock skew 1 sthe TDFF 5 -4he  combmoTionaf podule
MEH\ E;‘M‘_{__ m-.fﬁrm}nmﬂoﬂ @{ﬂ-? 50 -f?—.nﬁf‘ _EG\Q. rﬂﬂ-mm #r "”’I.fn’r DFF,.

D ! .
¥
2] 1T -~
|
cie' 1 -
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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 /
)?

E v 0w -

<(a) missing TYPE> [1:0] ou€;* >~ -7\ * 3
<(a) missing TYPE> [2:0] nx_st; ’

always @{<(b) missing activation list>) begin
case (st)
3'b000: nx_st=3-b001;
3'b001: nx_st=3'b010;
3'b010:
if (in[0) != go)
nXx_st=3'bl00; « s
else
nx_st=3'b010;
3'bl00:
if (in[0] 1= go)
nx st=3"'b100;

, 2lse
nx_st=3'b001;
default:
nx st = {in{0],1'b0, reset}:
endcase X

end

assign out[0] = nx stf[1l) | in[1];
//(c) out[l] 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:
Wic [1:0] out; '
rl’g [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= in[8] or g0 or refet

dnpiad ¥
(c) (5) The signal, out{7], is the output of a 2:1 MUX that uses input, reset, 1o choose between IHE’L__.__

input of 1’b0 (when reset==1), and nx_st[0] (when reset==0). Write the Verilog code for this snpt®

signal in three different ways (continue next page}): et [utl*']'

// Library module provided

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

endmodule.
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Declarative Verilog:

e pacciv8@ed Tet) 7 VLo s ﬂx-ﬁﬁffﬂj;
os3ion out[1) = rucr8 )

Structural Verilog (using_the library module above)

mvx 21 Om‘!-—l-mw(m‘lf'], resetf-, Ifk0, H?‘-——J‘fLD]J‘;

Procedural Verilog (note that out variable will need to be declared differently):
reo fi1:0] out;

uﬂwﬁnr - @ (resed oF nxfsftﬂg)
(. out[l] = Ceset 7% 17501 =. nx.stl[0]l;

(d) (3) Four different ways of implementing a function is shown below. Which of them are the
same? Circle all that are the same. '

<;:;Zys (Eposedge clock) begin
y <= z;
X W= W
end
(2) )
always (8posedge clock) begin
Y = Z;

X =Y

Eid
ways (Eposedge clock) begin

% =5
3 = Eg
end :
(4) B
always (€posedge clock) begin
Z = VY;
g = %3
end
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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)

CD

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

QUtpUt? 5 s -
AgCD: |00 <7 1004 pop 1 <& 101} 0oo i {-.——-?Jfﬂ{o
(1000) {00 1) {:ﬂﬂtf
0000 &7 ot 0000 > 100l (U“ o)
[ eott) (009) ede.

(b) (2) How would you resolve the issue in (a) by adjusting the Boolean expression?
z= —8 A ((7AN=¢) V{aALCVD)))

(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)

inph - FD*’ >

ap B Ot
inp | L lf‘
self - = »

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

Y - 4
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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. T e

Setup: ts_corr > ts prr ts_corr = ts DFF @
Hold: @ tH_corF = tH_DFF tH_corr < tH_DFF
Clock-Q Delay: @:r.;;:’* tczu_% tcoa_corr = tc2a prr te2a_corr < to2o per

e . = o

/R | S )
clk - l r"f" r
ELE" e 3 _TI.' ] -
n’ | -L_r"—lr f

&’ .’ {f ~
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