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Logistics

> Released on course website:
http://cseweb.ucsd.edu/classes/sp21/csel40-a/

» Full 48 hours, submission on gradescope

» Released Sunday 5/16 10:00 am PST, due Tuesday 5/18
10:00 am PST

» Format same as midterm 1—2 sections:

» Section A: 90% question-solving style, roughly 80 minutes
» Section B: 10% exploratory style, no penalties


http://cseweb.ucsd.edu/classes/sp21/cse140-a/

Overview

» Flip-Flops

» Mealy & Moore machines
> State diagrams

» Timing and retiming



D-Latch

» Two inputs: clk, D
» clk: Controls when the output changes
» D (the data input): controls what the output changes to

» Function

» When clk=1, D passes through to Q (the latch is transparent)
» When clk=0, Q holds its previous value (the latch is opaque)



D Flip-Flop

» Two inputs: clk, D

» clk: Controls when the output changes

» D (the data input): controls what the output changes to
» Function

» The flip-flop “samples” D on the rising edge of clk

P> When CLK goes from 0 to 1, D passes through Q
P Otherwise, Q holds its previous value

» @ changes only on the rising edges of CLK



D-Latch vs. D Flip-Flop

Example
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D-Latch vs. D Flip-Flop

Example
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Mealy and Moore Machines

» Mealy machine: general
> yi(t) = fi(X(t), 5(1))
» Moore machine: output is independent of current input

> yi(t) = fi(5(1))
> Si(t+1) = gi(X(t), 5(1))
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Mealy and Moore Machines

» Mealy machine: general
> yi(t) = fi(X(¢), 5(t))
> Moore machine: output is independent of current input

> yi(t) = fi(5(1))
> Si(t+1) = &i(X(t),5(1))

Which is which?

x(t)m X(t)— - o — y(t)

L y(t)

Cc1 C2
S0 CLK
CLK S(t)




Conversion from Mealy to Moore

Algorithm
1. Identify distinct (NS, y) pair
2. Replace each distinct (NS, y) pair with distinct new states
3. Insert rows of present state=new states

4. Append each present state with its output y.



Conversion from Mealy to Moore

Algorithm

1.

Identify distinct (NS, y) pair

2. Replace each distinct (NS, y) pair with distinct new states
3.
4. Append each present state with its output y.

Insert rows of present state=new states

A pattern recognizer produces output y = 1 when
x(t —4,t) = 01010

Input
x=0 x=1
So
St
PS S,
Ss

S4




Conversion from Mealy to Moore

Algorithm

1. Identify distinct (NS, y) pair

2. Replace each distinct (NS, y) pair with distinct new states
3. Insert rows of present state=new states
4

. Append each present state with its output y.

A pattern recognizer produces output y = 1 when
x(t —4,t) = 01010

Input
x=0 x=1
So| (51,0) (S0,0)
S| (51,0) (52,0)
PS S2| (53,0) (S0,0)
S3| (51,0) (54,0)
Sa| (S3,1) (S0,0)




Conversion from Mealy to Moore

Algorithm

1.

Identify distinct (NS, y) pair

2. Replace each distinct (NS, y) pair with distinct new states
3.
4

Insert rows of present state=new states

. Append each present state with its output y.

A pattern recognizer produces output y = 1 when
x(t —4,t) = 01010

So| (51,0) (S0,0)
S1| (51,0) (52,0)
PS S2| (53,0) (S0,0)
) (S4,0)
) (%,0)

S3| (51,0
Sa| (Ss3,1




Conversion from Mealy to Moore

Algorithm

1.

Identify distinct (NS, y) pair

2. Replace each distinct (NS, y) pair with distinct new states
3.
4. Append each present state with its output y.

Insert rows of present state=new states

A pattern recognizer produces output y = 1 when
x(t —4,t) = 01010

Input||Out
x=0 x=1 Yy
So| S1 So O
S1| S1 S 0
PS S| S3 S5 0
S3| 51 54
S4| Ss So




Conversion from Mealy to Moore

Algorithm

1.
2. Replace each distinct (NS, y) pair with distinct new states
3.

4. Append each present state with its output y.

Identify distinct (NS, y) pair

Insert rows of present state=new states

A pattern recognizer produces output y = 1 when
x(t —4,t) = 01010

Input||Out

x=0x=1 Yy
So|l S1 S O
Si1] 51 S 0
So| S3 S 0

PS 2 3 0

S3| 51 S4+ 0
S4] Ss S 0
Ss| S1 Sl




State Diagrams

Recover state table
0/0 0/0

Input
x=0 x=1

So
PS S$1
S




State Diagrams

Algorithm

1. State table
2. Excitation table

3. Kmaps

Recover state table
Algorithm

1. State table
2. Excitation table

3. Kmaps

0/0 0/0

Input
x=0 x=1

So
PS S,

(S0,0) (51,0)
(S~ 0) (S->.0)




State Diagrams

Recover excitation table

Input
x=0 x=1

[ [ QO [ X[ at+1) [ Q(t+1) [y] So
0 0 0
5 5 1 PS $1
0 1 0 S
0 1 1
1 0 0
1 0 1
1 1 0
1 1 1

(50: 0) (51: 0)
(50,0) (52,0)
(SOa 1) (52a 0)



State Diagrams

Recover excitation table

Input
x=0 x=1

[ [ @O XOTat+) [+ y | So
0 0 0 0 0 0
0 0 1 0 1 0 PS 5
0 1 0 0 0 0 S
0 1 1 1 0 0
1 0 0 0 0 1
1 0 1 1 0 0
1 1 0 - - —
1 1 1 - — —

(50,0) (51,0)
(50,0) (52,0)
(S0,1) (52,0)



State Diagrams

Derive equations

» K-maps for Dy, D1,y
» Use D Flip-Flop:
Q(t+1) = D(t)

Qu(t) [ Qo(t) [ X(t) [ Dy [ Do | u(t+1) | Q(t+1) | y
0 0 0 [0]0 0 0 0
0 0 1T (01 0 i 0
0 1 0 [0]0 0 0 0
0 1 1T [1]0 1 0 0
1 0 0 [0]0 0 0 1
1 0 1T [1]0 1 0 0
1 1 0 [—[— — — —
1 1 1 — — — —




State Diagrams

Derive equations

» K-maps for Dy, D1,y

» Use D Flip-Flop:
Q(t+1)=D(t)

D1 (t)=X(t)Qo(t)+X(t)Q1(t)
Q1(t)Qo(t)
0001 11 10

0] 00 -0
1,10 -0

X(t)

Qu(t) [ Qo(t) [ X(t) [Di [ Do | u(t+1) [ Q(t+1) ] v
0 0 0 [o0]o0 0 0 0
0 0 1 0 1 0 1 0
0 1 0 0|0 0 0 0
0 1 1 [1]0 1 0 0
1 0 0 [0]0 0 0 1
1 0 1T [1]0 1 0 0
1 1 0 [ — [ — — — —
1 1 1 — — — —




State Diagrams

Derive equations

Dy (t)=X(t)Qo(t)'+X(t) Qi (t)’
Q1(t)Qo(t)
0001 11 10
00 -0
11 10 -0

Do(t) = X(t)Qo(t) Q1(t)
Q@1(t)Qo(t)
0001 11 10
00 — 0
1101 -1

Qu(t) | Q(t) | X(t) [ D1 [ Do | @u(t+1) [ Q(t+1) ] y
0 0 0 0|0 0 0 0
0 0 1 0|1 0 1 0
0 1 0 [o]o 0 0 0
0 1 1 1]0 1 0 0
1 0 0o [oJo 0 0 1
1 0 1 1]0 1 0 0
1 1 0o [—|— = - -
y(t) = X' () Qu(t)
Q1(t)Qo(t)
0001 11 10
0 00 —1
X(t)
1100 -0




Circuit Implementation

Recover excitation table

X

CLK
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D

Q

CLK

el

State equations
> Qo(t+1) =
> Qu(t+1)=
> M=



Circuit Implementation

Recover excitation table

X

CLK
|

D

Q

CLK

(e

State equations
> Qo(t+1) = X@u(
(

t) + XQo(t)’
> Qu(t+1) = XQu(t) + XQo(t)

> M= XQ1(t)Qo(t)



Circuit Implementation

Recover excitation table
> Qo(t+1) = XQu(t) + XQo(t)
> Qu(t+1) = XQu(t) + XQo(t)
> M= XQ1(t)Qo(t)
[Qu() [ Q) [X(O) [ Qut+1) [ Qt+1) [M]
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Circuit Implementation

Recover excitation table
> Qo(t +1) = XQu(t) + XQo(t)
> Qu(t+1) = XQu(t) + XQo(t)
> M= XQ1(t)Qo(t)

[@u() [ Qo) [ X(8) [ @u(t+1) [ Qo(t+1) |

0
0
0
0
1
1
1
1

H =IO O R M= OO
H O ROl O =l O
k=l =l =l ==
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Circuit Implementation

Recover state table

A Q
So+<0 0
510 1
S$+1 0
S3+1 1
Qlo(t) Qoo(t) X(()t) Ql(toﬂ) QO(tOH) /\04 state ninput | X =0 | X =
i e . S | 5.0 | 5,0
0 1] 1 1 0 0 5 50,0 5,0
S S S S 0,0 | $3,0
S N W S NN >3 0,1 | 53,0




Circuit Implementation

Derive state diagram

- S,
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Sequential Networks & Timing Analysis

Definitions
> Setup time tetyp Time before the clock data that must be
stable (i.e. not change)

» Setup time violation occurs if the input signal D does not
settle (set up) to the stable value at least tseqy, before the
clock edge.

» Hold time tygq Time after the clock edge that data must be
stable

» Hold time violation occurs if the input signal D does not
remain unchanged (hold) at least t,0014 after the clock edge.



Sequential Networks & Timing Analysis

Definitions
» Setup time tyetup |ime before the clock data that must be
stable (i.e. not change)
» Setup time violation depends on maximum delay through the
combinational logic
» Hold time tyo1q Time after the clock edge that data must be
stable

» Hold time violation depends on the minimum delay through
the combinational logic



Sequential Networks & Timing Analysis

Timing constraints Circuit Properties

» Skew constraint Flip-Flops Gates
takew = CLK1 — CLK2 tsetup
» Setup time constraint thold
T > tpeq+tpd+ tsetup— tskew Fslcew
» Hold time constraint fpe toq (prop. delay)
teeq ted (contam. delay)

tccq + ted > thold + tskew



Sequential Networks & Timing Analysis

Timing constraints
» Skew constraint
tiew = CLK1 — CLK2
» Setup time constraint
Tc>tpeq+ttpd+tsetup—tskew
» Hold time constraint
tecqg + ted > thold + tskew

Circuit Properties

Flip-Flops Gates
tsetup
thold
tskew
tpeq tpd (prop. delay)
tecq ted (contam. delay)




Sequential Networks & Timing Analysis

Timing constraints Circuit Properties
» Skew constraint Flip-Flops Gates
taew = CLK1 — CLK?2 tsetup
» Setup time constraint hold
T tocq+tpd+ tsetup— tskew fskew
» Hold time constraint fpeq tpa (prop. delay)
teeq teq (contam. delay)

tecqg + ted > thold + tskew

Examples given a circuit:

» What is the maximum clock frequency?

» Clock skew tolerance s.t. hold time constraint satisfied?



Sequential Network & Timing Analysis Example

Setup time constraint
Tc 2tpeqttpd Ttsetup —tskew

Hold time constraint
tecg + ted > thold T tskew

CLK

CLK

>

FA'10 Midterm2 Q.4

1. If there is no clock skew,

Circuit Properties . .
Flip-Flops Cotes what is the maximum
fsetup = 60ps operating frequency?
thold = 20ps
tocg = 70ps | tpg = 100ps (prop. delay) 2. How much clock skew can
teeg = 50 teg = 55ps (contam. delay)

the circuit tolerate before
hold-time violation?



Sequential Network & Timing Analysis Example

Setup time constraint
Tc 2tpeqttpd Ttsetup —tskew

Hold time constraint
tecg + ted > thold T tskew CLK

FA'10 Midterm2 Q.4

Circuit Properties

Flip-Flops Gates

tsetup = 60ps
thold = 20ps
tpeqg = 70ps | tpg = 100ps (prop. delay)

teeqg = 50 t.g = 55ps (contam. delay)

CLK

>

1. If there is no clock skew, what
is the maximum operating
frequency?

Tc > tpcq + tpd + tsetup — tskew
> 70+ 3-100 + 60 = 430 ps

1
F=— =233GH
T 33 GHz



Sequential Network & Timing Analysis Example

Setup time constraint

Tc 2tpeqttpd Ttsetup —tskew

Hold time constraint

teeg + ted > thold + tskew

CLK

FA'10 Midterm2 Q.4

Circuit Properties
Flip-Flops Gates
tsetup = 60ps
thold = 20ps
tpeqg = 70ps | tpg = 100ps (prop. delay)
teeqg = 50 ted = 55ps (contam. delay)

CLK

Dais

2.How much clock skew can the
circuit tolerate before hold-time
violation?

chq + Tcd > 7-hold + Tskew
Tekew <50+ 1-55—-20
< 85 ps



Some more tips

» Part A (problem-solving)

» Similar to previous exams
» 4 Subsections

»  Latch & Flip-Flop

> State + Mealy/Moore machines

> Timing analysis (helpful tutorial in case we didn't get here:
https://www.youtube.com/watch?v=JE1zhGPYp68)

» Part B (exploratory)
» 3 Subsections


https://www.youtube.com/watch?v=JElzhGPYp68

Good Luck!



	Introduction

