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CSE140 - Spring 2019 - Midterm 2 - Section A Name: PID:

CSE140 - Spring 2019

Midterm 2 - Solution

Section A

Tuesday May 14, 2019

Name:

PID:

Name of person to your left:

Name of person to your right:

Please read the following instructions carefully:

1. This exam has 5 problems and 8 pages.

2. Write your name and student ID on every page. Write the names of the students to your left and
right in the space provided on this page.

. Write your answers in designated areas only. You can use the rest of the page as scratch paper.
. If you need more space to finish a problem, ask a proctor for paper. Do not use your own paper.

Do not detach any of the papers.

o woa W

If you are unclear about any of the questions on the exam, make the most plausible assumption to
answer the question. Instructors and proctors will not answer questions on the exam material.

All the Best!
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1 Timing Diagram of Latch and Flip-Flop (10 Points)

Given the input waveforms shown below, sketch the output waveforms of a D-latch and a D-flip-flop.

[\

¥ N

CLK 7
D B \
D-Latch \
D-FF 7 '
Rubrics:

—1 point for error(s) in each interval.
—2 points for swapping D-FF and D-Latch outputs.
—5 points for correct D-FF/D-Latch but wrong D-Latch/D-FF.
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2 Finite State Machine (30 Points)
A pattern recognizer takes a string of binary bits x(¢) as input and outputs y(¢) = 1 whenever x(t —2,t) =
111, 101, or 100 and y(r) = 0 otherwise. Design a Mealy state machine for the pattern recognizer that has

no more than four states.

A. Draw the state diagram in the box below. We have drawn the starting state, Sp, for you. (12 Points)

Rubrics:
—2 points for each incorrect transition.

Adjustable deduction on other minor mistakes

1/1

B. Fill the state table of the state machine. (6 Points)
Rubrics:

—1 point for each mistake.
—3 points for missing output.
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Sfafy Talie-

Next State, Output
Present State S‘t x(t)=0 x(t) =1
. So So,0 S1,0
S1 $10,0 S11,0
S0 So, 1 S1,1
{+
Si S$10,0 S, 1 Qv S) ) ?’

Design the system with two D flip-flops. Describe the output y(¢) and flip-flop inputs Dy (r) and Dy() as
functions of the input x(¢) and flip-flop outputs Q) (¢) and Qo(r) in minimal sum-of-products expressions.
No need to draw the logic diagram.

C. Write the excitation table in the box below. (6 Points)
Rubrics:

—1 point for each mistake.
—2 points for missing column/row.

State Name | Binary Encoding (Q1Q0)
So 00
S 01
S 10 10

Dotdin ot o ] d f/\

(

A id [ Qi(t) [ Qo(t) | x(t) [ Qi(t+1) | Qo(r+1) | Di(t) | Do(t) | ¥(1)
Taj)‘gﬂ_ 0 0 0 0 0 0 0 0 0
1 0 0 1 0 1 0 1 0
2 0 1 0 1 0 1 0 0
3 0 1 1 1 1 1 1 0
4 1 0 0 0 0 0 0 1
5 1 0 1 0 1. 0 1 1
6 1 1 0 1 0 1 0 0
7 1 1 1 1 1 1 1 1
#) ()

D. Write the Boolean expressions in the box below. (6 Points)

Rubrics X
—2 points for each wrong or non-minimal expression
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—3 points for not using don’t cares.

Here is the K-map for D (¢), which gives: D;(¢) = Qo(t).

Oo(1)x(1)
00 o1 11 10

01(1)

Here is the K-map for Dy(t), which gives: Do(t) = x(r).

Qo(1)x(1)
00 01 11 10

Ql(t)OOFvT]O
AN i

And here is the K-map for y(t), which gives: y(r) = 0 (1).Qy(t) + Q1 (t)x(t).

Qo(1)x(¢)
00 01 11 10

0 0 0 0 0

1 [ [[1]] 1) o

01(1)

Page 5



CSE140 - Spring 2019 - Midterm 2 - Section A Name: PID:

3 Mealy and Moore Machine Conversion (25 Points) )
Given the state table below for a Mealy state machine with input x and output y, . -~ S 6—
/.
Next State, Output S
[ Present State xn)=0 | x(r)=1 s/, | _%Sé
SO S0,0 S1,0
S1 S1.0 2.0 520

52 ~_S10 $3,0 s3,0

S3 (_S0,1 ) S4,0 O

S4 S0,0 CSTi1 l
T N ) 3 )

A. Fill the following table as the machine starts at state SO and process through the given ingut sequence. (5

Points)

Rubric: —1 point for each mistake

CLK[1[2]3[4 |56 |7 |8]|9]10
X 1 1 1

state Q 550 | S1 [ S2 | S3$S0 | S1|S2|S3 |54
y oYloloflo|1]0]0]O0O|O0]O0

(=
—_
—
=
—
o

B. Convert the above machine into a Moore machine. Write the state table. (15 Points)

Rubrics:

—10 points if answer is not a Moore machine (at least one state with different outputs). No deduction
for incorrect outputs.

—2 points for drawing a state diagram instead of a state table.

—2 points for ambiguous state encoding.

—2 points for each missing/extra state with a maximum deduction of —3 points.

—1 point for each incorrect output with a maximum deduction of —3 points.

—1 point for each incorrect transition to/from the 8 original states with a maximum deduction of —3
points.

—1 point for each incorrect transition to/from the § iew states with a maximum deduction of —6 points.
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Next State
Present State x(t) =0 | x(n)=1 Output |
S00 S00 S10 0
S01 S00 S10 1
S10 S10 S2 0
S11 S10 S2 1
S2 S10 S3 0
S3 So1 S4 0
S4 S00 S11 0
Another correct answer with different state names:
Next State
| Present State x()=0 | x()=1 Output |
SO SO S1 0
S1 S1 S2 0
S2 S1 S3 0
S3 S5 S4 0
S4 SO CS6) 0
S5 SO S1 1
S6 S1 S2 1

C. Use the Moore machine to fill the table starting at state SO and process through the given input sequence.
(5 Points)

Rubric: —1 point for each mistake

CLK 1 2 3 5 8 19|10
X 0 1 1 1110 1 1 1 1|0

state | SO0/SO1 | SO0 | S10 | S2 | S3 | SO1 | S10 | S2 | S3 | S4
y 0/1 0 0 0|0 1 0 01010

Another correct answer with different state names:

CLK | 1 2 (34567 ][8][9]10
x (o [1 |1 [1]Jof1]1[1]17]0O
state ss--,=so S1 |82 ]S3:»85[S1[S2][8S3]84
y i [ojoJoflo]1]o[o[oOo]oO
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4 Timing and Retiming (15 Points)

For the following circuit, the timing characteristics of the components are summarized below.

e Flip-flops: clock-to-Q maximum delay (propagation delay) 5., = 30ps, clock-to-Q minimum delay
(contamination delay) t.c, = 20ps, setup time fserup = 20ps, and hold time tj,;4 = 35ps.

e Logic gates (each AND, OR, XOR): propagation delay #,4(gate) = 25ps and contamination delay
tca(gate) = 15ps.

l %D—
A :>__ A
é__
o Tpatom=3xTpag) 325 T
fed (cm) =27 Ta{(g&ﬁa)iﬁ(?

A. Derive the minimal clock cycle time T. Suppose that there is no clock skew. (7.5 Points)

Rubrics:
—2.5 points for incorrect longest path.
—2.5 points for incorrect formula.
—2.5 points for incorrect final answer.

To find the maximum frequency, we need the minimum clock period that does not violate the setup time
constraint of any flip-flop. So we need to identify the longest path of the circuit. Since all gates have the
same propagation delay, the longest path is the one with the most number of gates. Any of the paths going
through the XOR gate in the middle is one such path and has three gates, so its delay is 3 x tpq(gate) =
3 x 25ps = 75ps. We can then write the setup time constraint to find the minimum clock period.

T > tpd + tsetup S5 tpc;q (1)
T > 75ps+20ps+30ps 2)
T > 125ps 3

S0 Tnin = 125ps and Fiuay = flm: =8GHz.
B. Derive the minimal clock cycle time T using a designated clock skew. (7.5 Points)

Rubrics:
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—2.5 points for incorrect shortest path.

—2.5 points for incorrect formula.

—2.5 points for incorrect final answer and incorrect clock skew.
—1.5 points for incorrect final answer and correct clock skew.

For retiming, the setup time constraint and minimum clock period are

T > tpd +tsemp + tpcq — lskew Fams (4)

Tnin = Lpd =+ Lsetup + Lpeq — Tskew (5)

So, to minimize the clock period T, clock skew g, should be minimized. Then we need to find the
minimum clock skew that would not violate the hold time constraint. For that, we need to find the shortest

path of the circuit. Any of the paths that does not go through the XOR gate in the middle is the shortest path
with two gates and a contamination delay of 2 x 7.4(gate) =2 x 15ps = 30ps. So we can write the hold time

constraint
Thotd +Iskew < Ifed +lceq S‘MW FGTM (6)

35+ tgkew < 30420 @)

Iskew < 15ps (8)

Substituting in Equation 5 gives
7;nin = iSPS + 20&'*’ 39@ - lsps (9)
Tnin = 1 l\Op‘s (10)

S0 Fipgy = % =9.1GHz.

Qﬁ‘gd(”“ﬁ‘ (.l_gfs ST*fS/QM‘
Tta t s 50

35+t < 50 @
\@ 128 ST Teboeor
> fS%wS{g—
QMQ WnT

= Ts&w""(g—
> T= (26 Tda= ([0
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PID:

5 Decoders and Multiplexers (20 Points)

Assume a dual-railed system, where you have access to any variable and its complement. Given a four-input
Boolean function
f(a,b,c,d)=¥m(1,3,4,8,9,12)+Yd(0,11,14).

A. Implement the function using a minimal network of 2:4 decoders and OR gates. (10 Points)

Rubrics:

—8 for using incorrect decoders

—1 for incorrect/missing EN input/label
—1 for incorrect/missing indexing of inputs/outputs (inside/outside decoder)

—2 for incorrect/missing inputs to OR gate

0

a—1

EN

2:4 Decoder

W N RO

—X1
——X2
——X3

X0

EN
0+——YO
d 0 2:4 Decoder 1 i
c—1 2+——Y2
3(——Y3

X1

EN
0+—Y4
d 0 2:4 Decoder L s
c—1 21—Y6
3+—Y7

X2

EN
0f——Y8
d o 2:4 Decoder L Yo
c—1 2+—Y10
3—yY11

X3

EN
0 |—Y12
d 0 2:4 Decoder 1 Y13
c—1 21—Y14
3 |—Y15

Y1
Y3

Y8
Y9
Y12
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2. Implement the function using a minimal network of 4:1 multiplexers. (10 Points)

Rubrics:
—0.75 for no/wrong selector/input label on muxes
—3 for using gates
—2 for using 2:1 mux instead of 4:1 mux
—2 for using more than the 2 muxes
—1 for each wrong input

cd
| a | b 00 | or [ 10 | 11 D(c,d) |
0 0 X 1 0 1 Dy
0 1 1 0 0 0 Dy
1 0 1 1 0 X D,
1 1 1 0 X 0 D;
Using the K-map below, we can write Dy = d.
d
0 1
o [x]@
c
o |l
Using the K-map below, we can write Dy = ¢/d’.
d
0 1
o (1] o
¢ — | |
1 0 0

Using the K-map below, we can write Dy = ¢'.
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d
0 1
0 1 1

c
1 0 X
Using the K-map below, we can write D3 = d'.

d

0 1

o
—_ o
ERES
o o

So we need another mux for D; but we do not need to write the truth table to implement a 2-variable
function using a 4:1 mux. Here is the resulting logic diagram.

1 0 Do=d__|g
0o—1 D
4:1 Mux =1 1
00— 2 - 4:1 Mux L f
Dz—C___Z
0——3 -
S1 SO D:=d—13
| | S1 SO
c d ) |
a b
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CSE140 - Spring 2019

Midterm 2 - Solution

Section B

Tuesday May 14, 2019

Name:

PID:

Name of person to your left:

Name of person to your right:

Please read the following instructions carefully:

1. This exam has 5 problems and 8 pages.

2. Write your name and student ID on every page. Write the names of the students to your left and
right in the space provided on this page.

. Write your answers in designated areas only. You can use the rest of the page as scratch paper.
. If you need more space to finish a problem, ask a proctor for paper. Do not use your own paper.

. Do not detach any of the papers.

AN U A~ W

. If you are unclear about any of the questions on the exam, make the most plausible assumption to
answer the question. Instructors and proctors will not answer questions on the exam material.

All the Best!
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1 Timing Diagram of Latch and Flip-Flop (10 Points)

Given the input waveforms shown below, sketch the output waveforms of a D-latch and a D-flip-flop.

CLK / \ / \ / v

D T\ ] \ / \__/ /
olach 722 | N\ _/ /S
o-% D, i \ [
Rubrics:

—1 point for error(s) in each interval.
—2 points for swapping D-FF and D-Latch outputs.
—5 points for correct D-FF/D-Latch but wrong D-Latch/D-FF.
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2 Finite State Machine (30 Points)

A pattern recognizer takes a string of binary bits x(¢) as input and outputs y(¢) = 1 whenever x(t —4,t) =
00111 and y(r) = 0 otherwise. Design a Mealy state machine for the pattern recognizer that has no more
than five states.

A. Draw the state diagram in the box below. We have drawn the starting state, S, for you. (12 Points)
Rubrics:

—2 points for each incorrect transition.
Adjustable deduction on other minor mistakes.

1/1

B. Fill the state table of the state machine. (6 Points)
Rubrics:

—1 point for each mistake.
—3 points for missing output.
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Next State, Output
Present State x(t)=0 x(t) =1
So 1,0 0,0
S S$2,0 So,0
Sz 52,0 S3,0
83 51,0 S4,0
Sy 51,0 So, 1

Design the system with three D flip-flops. Describe the output y(t) and flip-flop inputs D (t), Di(t),
and Dy(t) as functions of the input x(¢) and flip-flop outputs Qs (t), Qi1(t), and Qo(r) in minimal sum-
of-products expressions. No need to draw the logic diagram.

C. Write the excitation table in the box below. (6 Points)
Rubrics:

—1 point for each mistake.
—2 points for missing column/row.

State Name | Binary Encoding (Q100)
So 000
S1 001
S» 010
S3 011
S4 100
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id | Oa(t) | Q1(t) | Qo(t) | x(r) | Oa(t+1) | (e +1) | Qo(r+1) | Da(t) | Di(t) | Do(r) | y(t)
0 0 0 0 0 0 0 1 0 0 1 0
1 0 0 0 1 0 0 0 0 0 0 0
2 0 0 1 0 0 1 0 0 1 0 0
3 0 0 1 1 0 0 0 0 0 0 0
4 0 1 0 0 0 1 0 0 1 0 0
5 0 1 0 1 0 1 1 0 1 1 0
6 0 1 1 0 0 0 1 0 0 1 0
7 0 1 1 1 1 0 0 1 0 0 0
8 1 0 0 0 0 0 1 0 0 1 0
9 1 0 0 1 0 0 0 0 0 0 |
10 1 0 1 0 X X X X X X X
11 1 0 1 1 X X X X X X X
12 1 1 0 0 X X X X X X X
13 1 1 0 1 X X X X X X X
14 1 1 1 0 X X X X X X X
15 1 1 1 1 X X X X X X X

D. Write the Boolean expressions in the box below. (6 Points)

Rubric: —1.5 points for each wrong or non-minimal answer.

Here is the K-map for D,(t), which gives: D (1) = Q1 (¢)Qo(t)x(z).

02(1)Q1(2)

00

01

11

10

Qo(t)x(r)
00 01 11 10
olololo
01l o0 m 0
X | X &J X
0 0 X |Xx

Here is the K-map for Dy (r), which gives: Dy (1) = Q;(r)Q;(t) + Q}(t) Qo (1)X (2).
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PID:

Qo(r)x()
00 01 11 10
0| 0] o] o L1_J
o1 I[1  1]] o | o
02(1)0i (1)
1nllx x|/ x| x
0|l o] o] x [ﬂ

Here is the K-map for Dy(t), which gives: Do(t) = Q) (£)Q(£)x () + Q1(2)Qo(1)x'(£) + Q1 (1) Q4 (1)x(1).

Qo(r)x(t)
00 01 11 10
00 l 1 | 0 0 0
01| o m o |[1
02(1)01 (1)
11 X BJ X X
10 | 1 ‘ 0 X X

And here is the K-map for y(¢), which gives: y(r) = Qa2 (1)x(t)-
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Qo(1)x(z)
00 01 11 10
00 0 0 0 0
01 0 0 0 0
02()Qu(t)
11 X X X X
10 0 1 X X
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3 Mealy and Moore Machine Conversion (25 Points)

Given the state table below for a Mealy state machine with input x and output y,

Next State, Output
[ Present State xt)=0 | x(1)=1
SO S0,0 S2,1
S1 S1,0 S3,0
S2 S1,0 S2,0
S3 S0,0 S4,1
S4 S0,1 S3,0

A. Fill the following table as the machine starts at state SO and process through the given input sequence. (5
Points)

Rubric: —1 point for each mistake

CIK| 1] 2134 [5]6]78]9]10
x 0] 1|1 ]1]o0[1]1[0]1]0
state | SO | SO | S2 | S2 | S2 | S1|S3|S4]|S0]|S2
y JoJ1]oJoJoJo[1[1T]1]0O

B. Convert the above machine into a Moore machine. Write the state table. (15 Points)

Rubrics:

—10 points if answer is not a Moore machine (at least one state with different outputs). No deduction
for incorrect outputs.

—2 points for drawing a state diagram instead of a state table.

—2 points for ambiguous state encoding.

—2 points for each missing/extra state with a maximum deduction of —3 points.

—1 point for each incorrect output with a maximum deduction of —3 points.

—1 point for each incorrect transition to/from the 8 original states with a maximum deduction of —3
points.

—1 point for each incorrect transition to/from the 6 new states with a maximum deduction of —6 points.
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Next State
| Present State x()=0 | x(t)=1 Output |
S00 S00 S21 0
So1 S00 S21 1
S1 S1 S3 0
S20 S1 S20 0
S21 S1 S20 1
S3 S00 S4 0
S4 So1 . S3 1
Another correct answer with different state names:
Next State
| Present State x)=0 | x(t)=1 Output |
SO SO S6 0
S1 S1 S3 0
S2 S1 S2 0
S3 SO S4 0
S4 S5 S3 1
S5 SO S6 1
S6 S1 S2 1

C. Use the Moore machine to fill the table starting at state SO and process through the given input sequence.
(5 Points)

Rubric: —1 point for each mistake

CLK 1 2 3 5 6 | 7] 8 9 10
X 0 1 1 1 0 11160 1 0
state | S00/SO01 | SO0 | S21 | S20 | S20 | S1 | S3 | S4 | SO1 | S21
y 0/1 0 1 0 0 01101 1 1

Another correct answer with different state names:

CLK 1 213|456 |7|8]|9]10
X 0 1 l|j1r|o0|1|1]0|1]|O

state | SO/S5 | SO | S6 | S2 | S2 | S1 | S3 | S4 | S5 | S6
y 0/1 0Oj10j0|0]O0]1 1 1
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4 Timing and Retiming (15 Points)

For the following circuit, the timing characteristics of the components are summarized below.

e Flip-flops: clock-to-Q maximum delay (propagation delay) fpcq = 30ps, clock-to-Q minimum delay
(contamination delay) .., = 20ps, setup time fserup = 20ps, and hold time #4010 = 25ps.

e Logic gates (each AND, OR, XOR): propagation delay tpi(gate) = 25ps and contamination delay
t.a(gate) = 15ps.

= 52 1,152

CLK1 CLK2 CLK3

11

A. Derive the minimal clock cycle time 7. Suppose that there is no clock skew. (7.5 Points)

| 2 Tpalm)  tedCem)
—2.5 points for incorrect longest path. Z {

—2.5 points for incorrect formula. 2'37 ?, 2 - I L

—2.5 points for incorrect final answer. D> 2—__ 3 >

To find the maximum frequency, we need the minimum clock feriod that does not violate the setup
time constraint of any flip-flop. So we need to identify the longest path of the circuit. Since all gates
have the same propagation delay, the longest path is the one with the most number of gates. The paths
from the third column of flip-flops to the second column are the longest with three gates and a delay of
3 X tpq(gate) =3 x 25ps = 75ps. We can then write the setup time constraint to find the minimum clock

period. BX{?’ y (ﬂaﬁ)

Rubrics:

T > Ipd + Tsetup + tpcq (1
T > 75ps+20ps—+30ps )
T > 125ps 3)

S0 Tin = 125ps and Fa, = 7— = 8GHz.

B. How much clock skew g can the circuit tolerate before it experiences a hold time violation? (7.5
Points)
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Rubrics:
—2.5 points for incorrect shortest path.
—2.5 points for incorrect formula.
—2.5 points for incorrect final answer.

To write the hold time constraint, we need to identify the shortest path of the circuit. The paths from
the first column of flip-flops to the second column and from the second column to the third that go through
only one gate are the shortest paths and have a contamination delay of 1 x #.4(gate) = 15ps. The hold time
constraint is

Thold + tskew < Iea+ tccq (4)
25 +tskew < 15420 ®))
Lskew < IOPS (6)

So the circuit can tolerate a maximum clock skew of 10ps.
'ILM({ < fcd (om) T T&cgp
25 < v fcujafe)ff .

< T+50s =T15%

< THskwyn = Tt57%2
< THsbu23 =T+ 52753
< T4 5323 = T+5-S

2 5‘) & S> Page 11
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5 Decoders and Multiplexers (20 Points)

Assume a dual-railed system, where you have access to any variable and its complement. Given a four-input

Boolean function
fla,b,c,d) = ym(0,2,4,8,10,12) +Yd(1,5,9,11).

A. Implement the function using a minimal network of 2:4 decoders and OR gates. (10 Points)

Rubrics:

—8 points for using incorrect decoders
—1 point for incorrect/missing EN input/label
—1 point for incorrect/missing indexing of inputs/outputs (inside/outside decoder)
—2 points for incorrect/missing inputs to OR gate

b —

0

EN

2:4 Decoder

W N = o

——X0
—X1
—X2
——X3

X0
EN 0f——YO
d 0 2:4 Decoder 1 Yi
c—1 2+——Y2
3(—Y3

X1

N
E 0—Y4
d 0 2:4 Decoder 1 s
c—{1 2—Y6
3 +—Y7

X2

EN
0—Y8
d 0 2:4 Decoder 1 Yo
c—1 2 —Y10
3 +—Y11

X3
EN 0 [—Y12
d 0 2:4 Decoder 1 Y13
c—1 2[—Y14
3 |—Y15

YO
Y2
Ya
Y8
Y10
Y12
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2. Implement the function using a minimal network of 4:1 multiplexers. (10 Points)

Rubrics:
—0.75 points for no/wrong selector/input label on muxes
—3 points for using gates
—2 points for using 2:1 mux instead of 4:1 mux
—2 points for using more than the 2 muxes
—1 point for each wrong input

cd
[ a | b 00 [ o1 [ 10 [ 11 D(c,d) |
0 0 1 X 1 0 Dy
0 1 1 X 0 0 D,
1 0 1 X 1 X D,
1 1 1 0 0 0 Ds
Using the K-map below, we can write Dy = d'.
d

0
OMX
C
1)

Using the K-map below, we can write D; = ¢’.

d
0 1
o (@l
c
1 0 0

Using the K-map below, we can write D, = 1.
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d
0 1
0 1 X
c
1 1 X
Using the K-map below, we can write D3 = c'd’".
d
0 1
0 0
c
1 0 0

So we need another mux for D3 but we do not need to write the truth table to implement a 2-variable
function using a 4:1 mux. Here is the resulting logic diagram.

Do=d'___0
D]_:C' 1
1——0 D,=1 ) 4:1 Mux L f
0—1
4:1 Mux D3 3
00— 2 S1 SO
0 —3
S1 SO
‘ ' a b
c d
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