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Outline

* Finite State Machines
 Timing and Retiming



Mealy and MOOre MaChIﬂeS Mealy Machine

X(t)
 Mealy Machine: general : : )
c1 2’
o yi(t) = fi(X(£),S(t)) . . .
* Moore Machine: Output is independent of C/L\K S(t)
current input
O Yi (t) — fl(S(t)) Moore Machine
o Si(t+1) = .gi(X(t);S(t)) X(t)— ()
C1 C2
* How to convert Mealy to Moore machine? = = =
A
CLK

S(t)



Implementation

v' Given: State diagram

BE) Circuit implementation?
o Example: Lec8 and HW3 “pattern recognizer”

v' Given: Circuit implementation

‘ Input output relation?



Implementation

v" Given: State diagram

* Derive the state table and assign states
* Excitation table

e Equations(K-maps if needed)

e Circuit implementation



Examples : given a state diagram

* Step 1: Derive state table and assign states

0/0 0/0
PS/Input X=0 X=1
S, So,0 $,,0
S, Sy, 0 S,,0
s, So, 1 S,,0

OSO:>OO
S1= 01
S, =10




Examples : given a state diagram

* Step 2: Excitation table pS/nput | X =0 | X =
O SO :> OO SO 50,0 51,0
S, =01 S, S, 0 S,,0
52 =10 S, S, 1 S,,0
o Excitation table
Q,(t) Qo () X(t) Q(t+1) | Qu(t+1) y
0 0 0 0 0 0
0 0 1 0 1 0
0 1 0 0 0 0
0 1 1 1 0 0
1 0 0 0 0 1
1 0 1 1 0 0
1 1 0 X X X
1 1 1 X X X




Examples : given a state diagram

* Step 3: Derive equations
o Use D Flip-Flop: Q(t+1) = D(t)
o K-maps

D, (t)
Q4 (t) Qo (£) X(t) Q:(t+1) || Q(t+1) y
0 0 0 0 0 0
0 0 1 0 1 0
0 1 0 0 0 0
0 1 1 1 0 0
1 0 0 0 0 1
1 0 1 1 0 0
1 1 0 X X X
1 1 1 X X X

X()/Q,®)Q,(t) 00 01 11 10
0 0 0 X 0
1 0 1 X 1

D, (8) = X(£)Qo (&) + X(£)Q1(1)




Examples : given a state diagram

* Step 3: Derive equations

o Use D Flip-Flop: Q(t+1) = D(t)

Dy (t) output
Q1 (®) Qo (t) X(¢) Q(t+1) | Q(t+1) y
0 0 0 0 0 0
0 0 1 0 1 0
0 1 0 0 0 0
0 1 1 1 0 0
1 0 0 0 0 1
1 0 1 1 0 0
1 1 0 X X X
1 1 1 X X X

o K-maps
X()/Q,(®)Q,(t) 00 01 11 10
0 0 0 X 0
1 1 0 X 0
Dy () = X(1)Q'o()Q"1 ()
X(t)/Q,(®Qy(t) | 00 01 11 10
0 0 0 X 1
1 0 0 X 0

y=X'(1)0Q.(t)




Examples : given a state diagram

 Step 4: Circuit implementation
o Use D Flip-Flop: Q(t+1) = D(t)
Di(t) = X([#)Qo (1) + X(1)Q1 ()

D1

- Dy(t) = X(£)Q' o ()Q'1 (D)
Q1 '
ar i y =X ()0Q.(t)
JAY
=D
Q0 . 0
X e Qo'
A




Implementation

v' Given: Circuit implementation
* Excitation table
* |dentify states and derive a state table

e State diagram
* |Input output relation



Example: given a circuit implementation

e Step 1: Excitation table

4. (Finite State Machine Specification) Analyze the following circuit.

X
CLK

i CLK

D Q(@“ l

r m 0

4.1 Write the transition(excitation) table (8 points).

)

‘T

)

D Flip-Flop
Symbols

* D Flip-Flop:Q(t+1) = D(t) |
* D(t) can be find with currentinput X(t) and current a
state QO(t), Q1(t) o
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Examples : given a circuit implementation

e Step 1: Excitation table

o State Equations
Qo(t+1) = XQu(t)+ XQo(t)

t)
Qi(t+1) = XQi(t)+ XQo(t)
M = X'Qi(t)Qo(t)
o Excitation table

Qi(t) | Qo(t) | X || Qi(t+1) | Qo(t+1) M
0 0 0 0 0 0
0 0 1 0 1 0
0 1 0 0 0 0
0 1 1 1 0 0
1 0 0 0 0 0
1 0 1 1 1 0
1 1 0 0 0 1
1 1 1 1 1 0




Examples : given a circuit implementation

 Step 2: Identify states and derive state table

Qi(t) | Qo(t) | X | Qi(t+1) | Q(t+1) M
0 0 0 0 0 0
0 0 1 0 1 0
0 1 0 0 0 0
0 1 1 1 0 0
1 0 0 0 0 0
1 0 1 1 1 0
1 1 0 0 0 1
1 1 1 1 1 0

o Sy < 00
51« 01
S, « 10
S; <« 11

PS/Input X = X =

So So,0 51,0

S, So,0 S5,0

Sy So,0 S3,0

Ss3 So,1 S3,0
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Examples : given a circuit implementation

* Step 3: State diagram

0/1

1/0

PS/Input X=0 X=1
So So,0 54,0
S So,0 S5,0
So So,0 S3,0
Ss So,1 S3,0




Examples : given a circuit implementation

* Step 4: Input output relation

cycle 1 3 4 5} 6 7 8 9 |10
X 1 1 0 0 0 1 1 1 [0
state || Sp
M
cycle || 1 2 3 4 5 6 7 8 9 | 10
X 1 1 1 0 0 0 1 1 1 0
state S() Sl SQ 53 S() S() S() Sl 52 53
M 0 0 0 1 0 0 0 0 0 1

S1

1/0
0/0 0/0
0/0

0/1

1/0

1/0

1/0
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Sequential Networks:
(without skew)

* Setup Time Constraint

T, = ZLpcq + tpd + ZLsetup

e Hold Time Constraint

tceg T ted = thold

Timing Constraint

CLK CLK
Q1( D2
L ¢« J
R1 R2
, Tc
< >

tpcq E tpd tsetup
'« > >
CLK CLK
f 01[ 0] ]D2 f
R1 R2
s s
CLK f \ /I
Q1 E >><: g‘x . E
D2 1 | ——»O00C T
Etccq‘: tcd i E
' 1
:4
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Sequential Networks: Timing Constraint (with

skew)

* Time Skew

* Difference between two clock edges
* toew = CLK2 —CLK1

* Setup Time Constraint
* CLK2 is earlier than CLK1 (tsgen, < 0)

T, >t

— “pcq + tpd + tsetup

_ tskew

e Hold Time Constraint
e CLK2 is later than CLK1

tccq + tcd > thold + tskew

CLK1 CLK2
Q1 ¢ D2
o . "2
CLKI/7TF T Vi g
CLK2/T7T ]\ g
D2 XRAXKRROOKRA
N R W S
CLK1 CLK2
Q1 ¢ ] D2 ‘ f
R.1 R.2
CLK_VL[/;’ AN /777_
cz_Kg,_’[[,il ANNAN /777'
Q1 SHOXXX :
D2 SRR
teco! tog

ccql
1
1

tskew thold
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Example: Timing

I I
CLK1 CLK?2

Figure 2: A four-bit addition machine.

* Propagation delay and

contamination delay

v Adder
Cinto Cout/S
* tyg = 20ps
* t.q = 15ps
« A/BtoC,y;
* t,qg = 25ps
e t.g = 22ps
« A/BtoS
* t,g = 30ps
* t.qg = 22ps
v' D-FF
* tyeq = 35ps
tecqg = 25ps

tsetup — BOPS
* thoa = 10ps

Maximum
frequency?
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Example: Timing (Without Clock Skew)

L

>
[o)

7

=/
L

I
CLK1

A\

Figure 2: A four-bit addition machine.

w \/>
g m‘ :
v
g &

* Find the longest path of combinational
logic

tpd(max) = 3Xtpd(Cin to Coue) T tpd(A,B to Coue)
* Setup Time Constraint
Te 2 tyeq + tpa + tsetup
T. > (35 + 3%20 + 25 + 30) = 150ps
the maximumfrequency% = 6.67GHz
* Hold Time Constraint
ted(min) = ted(ci, tos) = 15DS
teeq T tedgmin) = 25 + 15 = 40ps = thoug
= 10ps
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Example: Timing (With Clock Skew)

e Hold Time Constraint
tccq + tcd(min) = 25 + 15 = 40pS

= thota T Lskew = (10 + A)pS

tskew = 30ps  CLK2 Later than CLK1 !!!

L

* Setup Time Constraint

e
|
>
(o)
H m_’/
[
P

a

=/

Tc + Cskew = tpcq + tpd + tsetup

T. > (150 — 30) = 120ps

A\

P >
|
VA
L'\sm/
Vo
g

I i the maximumfrequency% = 8.33GHz
CLK1 CLK?2

Figure 2: A four-bit addition machine.
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