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Administrative Stuff

« Homework 12 is out

* Itis due on Monday Dec 2 @ 10pm



Administrative Stuff

« Extra credit lab is due on Dec 8 @ midnight

« Demo your circuit to the TA during your last lab



Administrative Stuff

* The FINAL exam is scheduled for

Wednesday Dec 18 @ 2:15 - 4:15 PM



Reading Material for Next Lecture

 “The Seven Secrets of Computer Power Revealed” by
Daniel Dennett.

« This is Chapter 24 in his book
“Intuition Pumps and Other Tools for Thinking”, 2013



Algorithmic State Machine (ASM) Charts



Elements used in ASM charts

State name 1

Output signals
or actions
(Moore type)

|

(a) State box

0 (False) 1 (True)

Condition
expression

(b) Decision box

Conditional outputs
or actions (Mealy type)

(c) Conditional output box

[ Figure 6.81 from the textbook ]



State Box

State name

Output signals
or actions
(Moore type)

[ Figure 6.81a from the textbook ]



State Box

State name j

Output signals
or actions
(Moore type)

|

Indicated with a rectangle

Equivalent to a node in the State diagram

The name of the state is written outside the box
Moore-type outputs are written inside the box

Only the output that must be set to 1 is written
(by default, if an output is not listed it is set to 0)



Decision Box

0 (False) 1 (True)

Condition
expression

[ Figure 6.81b from the textbook ]



Decision Box

Condition 1(True)
expression

Indicated with a diamond shape

Used for a condition expression that must be tested

The exit path is chosen based on the outcome of the test
The condition is on one or more inputs to the FSM
Shortcut notation: w means “is w equal to 1?”

0 (False)




Conditional Output Box

Conditional outputs
or actions (Mealy type)

Indicated with an oval shape
Used for a Mealy-type output signals
The outputs depend on the state variables and inputs

The condition that determines when such outputs are
generated is placed in a separate decision box

[ Figure 6.81c from the textbook ]



Some Examples



Moore FSM ASM chart

Reset

[ Figure 6.3 from the textbook ] [ Figure 6.82 from the textbook |



Mealy FSM ASM chart

Reset

Reset

l w=1/2=0 l
0
w:O/z=0 6‘ w=1/z=1

w=0/z=0

[ Figure 6.23 from the textbook ] [ Figure 6.83 from the textbook ]



[ Figure 6.73 from the textbook ]

ASM chart

Reset
Idle
) 1
r /
0 gntl
gl —
<2\ 1
0 gnt2
g2 "
0 1

gnt3

g3 —

[ Figure 6.84 from the textbook ]




ASM Chart is different from a Flow Chart

« The ASM chart implicitly includes timing info

« It is assumed that the underlying FSM changes from
one state to another on every active clock edge

 Flow charts don’t make that assumption.



The general model for a sequential circuit

Inputs . . Outputs
W, ——— Coml?lnaFlonal — Z,
circuit
-
e
Yk Y,

Present-state Next-state
variables - variables

| Y

[ Figure 6.85 from the textbook ]



The general model for a sequential circuit

M=W,ZS,¢,A)

W. Z. and S are finite, nonempty sets of inputs, outputs, and states, respectively.
@ is the state transition function, such that S(z + 1) = o[W (), S()].

X is the output function, such that A(z) = A[S(#)] for the Moore model and A(f) =
LW (1), S()] for the Mealy model.



Examples of Solved Problems



Example 6.12



Goal

 Design an FSM that detects if the previous two
values of the input w were equal to 00 or 11.

 If either condition is true, then the output z should be
set to 1; otherwise to 0.



State Diagram

Reset

C/1 0

-

[ Figure 6.86 from the textbook ]



State Table for the FSM

Reset

Present Next state Output
state =0 w=1 -
A B D 0
B C D 0
C C D 1
D B E 0
E B E 1

[ Figure 6.86 from the textbook ] [ Figure 6.87 from the textbook ]



State Table for the FSM

Present Next state Output
state w=0 w=1 Z
A B D O
B C D O
C C D 1
D B E 0
E B E 1

[ Figure 6.87 from the textbook ]



State-Assigned Table for the FSM

Next state

Present Output
state w=0 w=1 z
A B D 0
B C D 0
C C D 1
D B E 0
E B E 1

Qwe

D

Next state

Present Output
state w =20 w =1 !

1 ‘ l _l y _ _ _ - ~ - z

BRIL T vyvy, YaYaYs
000 001 011 0
001 010 011 0
010 010 011 1
011 001 100 0
100 001 100 1

[ Figure 6.88 from the textbook ]



State-Assigned Table for the FSM

Next state

Present Output
state w =0 w =1 I
Y2 _?_ . ~ i i ~ ~ ~ o

LJFBL;-JLJFJ. },3},2},1 },3},2}fl

000 001 011 0
001 010 011 0
010 010 011 1
011 001 100 0
100 001 100 1

[ Figure 6.88 from the textbook ]



State-Assigned Table for the FSM

Next state
Present Output
state w =0 w =1 I
Ysy2y o o ow 2
LJFBL;-JLJFJ. },3},2},1 },3},2}fl
A 000 001 011 0
B 001 010 011 0
C 010 010 011 1
D 011 001 100 0
E 100 001 100 1

Z=Yy3+Y)

How can we derive this expression?



State-Assigned Table for the FSM

Next state

Present Output
state w =0 w =1 I
BRIV yvivyy, vavays |
A 000 001 011 0
B 001 010 011 0
C 010 010 011 1
D 011 001 100 0
E 100 001 100 1
101 ddd ddd d
110 ddd ddd d
111 ddd ddd d



mOQwW»

Truth Table for the Output z

Next state

Present Output
state w = 0 w = 1 JHLpH
Yyayay:- o < . 2
Y32 YaYoY:  YsYaol,
000 001 011 0
001 010 011 0
010 010 011 1
011 001 100 0
100 001 100 1
101 ddd ddd d
110 ddd ddd d
111 ddd ddd d

V3 y2 Vi
0 0 0
0 0 1
0 1 0
0 1 1
1 0 0
1 0 1
1 1 0
1 1 1




mOQwW»

Truth Table for the Output z

Next state

Present Output
state w = 0 w = 1 JHLpH
Yyayay:- o < . 2
Y32 YaYoY:  YsYaol,
000 001 011 0
001 010 011 0
010 010 011 1
011 001 100 0
100 001 100 1
101 ddd ddd d
110 ddd ddd d
111 ddd ddd d

V3 y2 Vi
0 0 0
0 0 1
0 1 0
0 1 1
1 0 0
1 0 1
1 1 0
1 1 1




lwN@Nve

Truth Table for the Output z

Next state

Present Outons
state w = 0 w = 1 Jutpu

Y3yl . . 2

Y3929 Y3YoYy Y3YsY, i | y2 | i
000 001 011 0 0 0 |0
001 010 011 0 0 | 0 | 1
010 010 011 1 0 1 0
011 001 100 0 o | 1 | 1
100 001 100 1 1 | o | o
101 ddd  ddd |G 1K
110 ddd ddd d 11 ] o
111 ddd ddd d IR




lwN@Nve

K-Map for the Output z

Y3Vo
Vi 00 01 11 10
0ol0 |1
Present Next state
- - —| Output | 0/0]d]d
state w = 0 w = 1
Y3yat e e e o Z
Jil/) /1 )3)2)1 )'3):2)”1 V3 Y2 Y1 b4
000 001 011 0 S I B
001 010 011 0 vy 1 0
010 010 011 1 U I O
011 001 100 0 o | 1| 1 o
100 001 100 1 1 0| o 1
101 vd\ggv wdwddw d 1 0 1 d
110 ddd ddd d I I O
111 ddd ddd d T I T S




mOQwW»

The Expression for the Output z

Vi
Present Next state N |
state w = 0 w = 1 Jutput
Y3121 — — 2
a2 YaYoYy YaYoYy
000 001 011 0
001 010 011 0
010 010 011 1
011 001 100 0
100 001 100 1
101 ddd ddd d
110 ddd ddd d
111 ddd ddd d

Y3¥2 Y1Ya Y3
00 01 ] 11 10 /
o0 (|1 \ﬁ
1{0|0|d JJ
y3 J2 i <
o | o] oo
oo | 1] o
o | 1 | o0 |1
o | 1] 11]o
1o | o1
1o | 1| d
1| 1] o | d
11| 1| d




State-Assigned Table for the FSM

Next state
Present Output
state w =0 w =1 I
Ysy2y o o ow 2
LJFBL;-JLJFJ. },3},2},1 },3},2}fl
A 000 001 011 0
B 001 010 011 0
C 010 010 011 1
D 011 001 100 0
E 100 001 100 1

/

Y1 = wyy3 + wy,y3 + Wyiys + Wy, ¥,
Yy =y1¥, + ¥ 1¥2 + Wy,)3

Y3 = wys +wyiys How can we derive these expressions?



O QW

TrUth Table fOI’ Y3 2R ZER/AR AR IARY
ol ool o
olo| 1] o
ol 1o o
Present Next state _ o 1| 1[0
Output
state 1 0 0 0
Yy3yayi > | 0 1 .
11| ofd
000 0
0 i 111 | d
001 0
010 | o | oo o
011 0 ol o ]| 1] o0
100 1 ol 1|0 | o
101 d o | 1|1 |1
110 d 1o o |1
111 d 1ol 1 |fd
11| o | d
O T




O QW

Truth Table for Y, A2 A RN RY

olo]|o|ofo

oo 1|0 |1

o 1[0 o1

Present Next state _ ol 111 1o o

, Output

state w =1 1| o]o]| oo
Y3yxy: - 2z

Y3yay1 VaYaY, 1o | 1| d]|d

1|1 ]o0o|d]d

000 0L 0 A R I I
001 OL]l 0

010 011 1 0|0 fO0] o0 |1

011 1100 0 oo | 1] o1

100 100 1 ol 1]o]| o1

101 ddd d ol 1|1 ]|1]o

110 ddd d 1 lofol]1]o

111 ddd d 1o |1 |d]d

1| 1|0 | d]d

1|1 |1 |d]d




Truth Table for Y,

N W

= O Q

- Next state
Present Output
state w = () w = 1 2
Ysyay- e o 2
Yy3yayi )‘3)‘2) : )3) 2) 1
000 il 011] 0
001 010 01/l 0
010 010 01/l 1
011 001 10 0
100 001 10 1
101 ddd ddd d
110 ddd ddd d
111 ddd ddd d




K-Maps for Y;, Y,, Y
- apS OI' 39 23 1
Y; olo|lo | ol ol 1
W3
0| o | 1 0| 1] o0
Y2VINC 00 o1 11 10
ol 1 lo|lol|1]o0
ool oo 1]o0
0 | 1 1 o | o | 1
oll old | d| o
1 olo ]| o ]| o] 1
1mlolaldl1 Y,
W V3 1 0 1 d d d
Yo Vi
lo|ld]ld]o 00 01 11 10 L1 lol al gl 4
00l o |o|o] 1 | | el a g
o1 1 d d 1 0 0 0 0 1 1
Y, 1mmloflaldlo 0| o | 1 0 | 1 1
W3
Y2VINC 00 o1 11 10 ol 1 lalali o 1t |o o | 1|1
00| 1 1 0 1 0 1 1 1 0 0
otl o lalali 1 ol o | 10/ o0
] 0| 1| d | d]| d
ml1afldfo
] 1o | d | d| d
w|lo|ada]ldl 1
] 1 1 | d | d | d




K-MapS fOI' Y3, Yz, Y1

Y;
W3
YoV 00
00| 0
01| 0
11] 0 Y,
W Y3
0] 0 Yo Vi 00 01 11 10
ool o |lo| o1
orlf1 | 4| d|1
Y, 1nmjfoj|dfdf|o
W Y3
Y2VINC 00 o1 11 10 woll1a]ali

00]]1 1 0

orf O d d |1

1myf1 d d 0

olo]ala|




= f wily|»n|i»nw | G|lL|Y
Expressions for Y;, Y,, Y,
v, olololol]o]| ol
W3
ololol1]o]|1]o
Y2VINC 00 o1 10
olo |1 lo]o]|1]o
o0 o | o 0
0 0 1 1 0 0 1
o1l o | d 0
ol 1]olol]o]| ol
1|l ol d 1 Y,
Wys ol 1o |1 ]d]|dld
Yo ¥i
0] 0| d 0 00 01 11 10 ol 1l i lolalald
00| 0o foj]of1 o | 1| 1|1 ]|d]|adld
Orffr [ d | df1 1|l olofo]| ol 1]1
Y, nmfolaflalo tlolol 1ol 1|1
WYs3
Y2V 00 o1 11 10 w1 alalrn Llojrjpojoptrgt

00]]1 1 0

o1l Y1 =wy s + wiy; + wyys + Wy, 9,
1mllr | all 4] o Ygzyﬁg +5’_1y2+w5'72§3
ofo]afalfr Y3 = wy3 + wy1y2




Next State and Output Expressions

Y1 = Wy, ¥3 + Wy,¥3 + wyiy2 + Wy, ¥,
Yy = )’lyp_ —I-f)’"lyz -+ W??j3
Y3 = wy3 + wy1y»

Z=Yy3+ Y



MmO QwW®

An Improved State-Assigned Table

Next state

Present N
state w =0 w =1 utpu
Y3y2y1 }-3}'2 1,'1 },?3},:2 },,1 A
000 001 011 0
001 010 011 0
010 010 011 1
011 001 100 0
100 001 100 1

[ Figure 6.87 from the textbook ]

QW=

D

Next state
Present Output
state w =0 w =1 :
Y3y2y: . VLV -
BIRIL Ny vy, YaYaYs
000 100 110 0
100 101 110 0
101 101 110 1
110 100 111 0
111 100 111 1

I

B,C, D, E—when y;=1

[ Figure 6.89 from the textbook ]



An Improved State-Assigned Table

MmO QwW®

Present Next state Output Present Next state Output
state w =20 w =1 = state w =0 w =1 z
A B D 0 A B D 0
B C D 0 B C D 0
C C D 1 C C D 1
D B E 0 D B E 0
E B E 1 E B E 1
Present Next state
. Next state -5 )
Present Output state w—0  w—1 Output
state w =0 w =1 Y3121 >
Y3Y21Y — — > el S }' }' },'_ }' }— },—_
Y3y241 VaYaV:  VaYaVs 3121 3121
000 001 011 0 g QOO lOO llO 0
001 010 o011 0 [ 100 101 110 0
010 010 011 1 Cl 10l 101 110 1
011 001 100 0 D 110 100 111 0
100 001 100 1 E 111 100 111 1

I

B,C, D, E—when y;=1

[ Figure 6.87 from the textbook | [ Figure 6.89 from the textbook ]



An Improved State-Assigned Table

Next state

Present Output
state w =0 w =1 I

BRI vy, vy |
000 100 110 0
100 101 110 0
101 101 110 1
110 100 111 0
111 100 111 1

[ Figure 6.89 from the textbook ]



An Improved State-Assigned Table

Next state

Present N

state w = 0 w = 1 utpu
Je YaYoY: YY), ’
A 000 100 110 0
Bl 100 101 110 0
C| 101 101 110 1
D 110 100 111 0
E| 111 100 111 1

cut here



An Improved State-Assigned Table

- Next state
Present Output
state w = 0 w =1 b
Y3121 . A 2
BRI vivyy, ¥aYaY,
A 000 100 110 0
001 ddd ddd d
010 ddd ddd d
011 ddd ddd d
B 100 101 110 0
C 101 101 110 1
D 110 100 111 0
E 111 100 111 1




Truth Table for the Output z

HOQW

in_m A\vxt state O

state w = () w = 1 utput

BRI v vy, YaYaYs " v | 9
000 100 110 0 v
001 ddd  ddd d i
010 ddd ddd d o !
011 ddd ddd d o !
100 101 110 0 i
101 101 110 1 1| o
110 100 111 0 L]
111 100 111 1 1




Expression for the Output z

Y3¥2 Y1
Vi 00 01 11 10
0|0 010
Present Next state | |[d 1 1]
Output
state w = () w = |
BRI Vi Y, YaYaY, | o Lo | |
A 000 100 110 () o | o] oo
001 ddd  ddd d G N
010 ddd ddd d oprpogd
011 ddd ddd d S R L
B 100 101 110 0 Lo opo
’ 101 101 110 | 1 0 1 1
D 110 100 111 0 o 1o
| D 111 100 111 | | | 1 1




Truth Table for Y,

Next state
Present
Output
state w = () w = |
Y3y2y1 VaYaY:  YaYaY,
A 000 110 0
001 ddd d
010 ddd d
011 ddd d
B 100 110 0
’ 101 110 |
D 110 111 0
k. 111 11 |

Vs |y | ||| Y
0 0 0 1
0 0 1 d
0 1 0 d
0 1 1 d
1 0 0 1
1 0 1 1
1 1 0 1
1 1 1 1
0 0 0 1
0 0 1 d
0 1 0 d
0 1 1 d
1 0 0 1
1 0 1 1
1 1 0 1
1 1 1 1




Truth Table for Y,

p : Next state
resel

Output

state w = () w = |
Yy3y224y1 ).:{).2).1
A 000 ()
001 d
010 d
011 d
B 100 0
C 101 |
D 110 ()
I 111 |

Vs | V2 |0 | | Y | Y
0 0 0 1 0
0 0 1 d d
0 1 0 d d
0 1 1 d d
1 0 0 1 0
1 0 1 1 0
1 1 0 1 0
1 1 1 1 0
0 0 0 1 1
0 0 1 d d
0 1 0 d d
0 1 1 d d
1 0 0 1 1
1 0 1 1 1
1 1 0 1 1
1 1 1 1 1




Truth Table for Y,

p : Next state
resell

Output

state w = () w = |
Y3y2y1 VaYaY:  YaYaY,
A 000 ()
001 d
010 d
011 d
B 100 0
C 101 |
D 110 ()
I 111 |

Vs |2 |\ | 3| Y| X
0 0 0 1 0 0
0 0 1 d d d
0 1 0 d d d
0 1 1 d d d
| 0 0 1 0 1
1 0 1 1 0 1
1 1 0 1 0 0
1 1 1 1 0 0
0 0 0 1 1 0
0 0 1 d d d
0 1 0 d d d
0 1 1 d d d
| 0 0 1 1 0
1 0 1 1 1 0
1 1 0 1 1 1
1 1 1 1 1 1




K-Maps for Y, Y,, Y
- apS OI' 3, 23 1
Y; ool ol 1]o0] o0
W3
oo | 1 |d]| d]| d
Y2VINC 00 o1 11 10
ol 110 | d]| d]|d
ool 1 | 1| 1]1
ol 1|1 |d]| d]| d
o1l d [ 1| 1] d
1ol o101
1mldfl1)1]4d Y,
W s 1| o | 1 1 1o | 1
Yo Vi
o]l d|l1]1]4d 00 01 11 10 i lol 1ol o
ool oo 1]1 | T 1o 1o
01 d 0 1 d 0 0 0 1 1 0
Y, 11l d|o 1 | 4 0| o 1 d | d | d
W Y3
Y2VINC 00 o1 11 10 wolalol] 1] a 0| 1|0 | d|[d]|d
ool o 1 0 0 0 1 1 d d d
ol alilold 1 lolol 1] 1]o0
1] o | 1 1111 o
1l dlofl 1] d
1 1o | 1|1 1

10| d 0 1 d




K-Maps for Y, Y,, Y,

Y;
W3

Y2 Vi 00 11 10
00 |/1 1| 1T\
o1l d 1 | d
1|l d 1 | d
10 \d 1] d/

Y,
W3

Y2 i 00 11 10
00| 0O 010
o1] d 0| d
11] d | 1 d|
10| d Ll dJ

W3

Vs ||\ |G| LY,

0 0 0 1 0 0

0 0 1 d d d

0 1 0 d d d

0 1 1 d d d

1 0 0 1 0 1

1 0 1 1 0 1

Yo ¥i 00 01 11 10 1 1 0 1 0| O
00| O 0 (1__1\

1 1 1 1 0 0

o1l d (o ]l1] 4 ol oo |1 [1]oO0

1l 4 0 1 d 0 0 1 d d d

0fda]ollt]a S R e B B

0 1 1 d d d

1 0 0 1 1 0

1 0 1 1 1 0

1 1 0 1 1 1




K-MapS fOI' Y3, Yz, Y1

Y;
UB%;
P2V 00 o1 11 10
00|/1 [ 1] 1] 1
otfld|1]1]4d
mlld | 1]1]d Y,
W3
oofNd | 1|1 |d)| P2XIN 00 o1 11 10
— 1
o]l ololl1]1
orl d o 1] 4
Y, 1nmfdj|of1|d
yyWy3
2J)1
00 01 11 10 10| d|o|1]ad]
oolofJ1]lo]o
o1l d J1fl o] a Yl_‘l32+wy3y?.
11| d 0'1 dI Yz‘:‘.}v
ol a o0 T4
Y3 =1




An Improved State-Assigned Table

Next state

Present Output
state w =0 w =1 I
BRI vy, vy |
A 000 100 110 0
B 100 101 110 0
C 101 101 110 1
D 110 100 111 0
E 111 100 111 1

¥ = wys + Wysy,
Yg =W
Y3 =1

=N



An Improved State-Assigned Table

Next state
Present Output
state w =0 w =1 I
BRI vy, vy |
A 000 100 110 0
B 100 101 110 0
C 101 101 110 1
D 110 100 111 0
E 111 100 111 1
Yi =wy, + W)’{y_z
Yo =w

=N



Reset n

Clock

The Circuit Diagram

3

Y1=WV2+V_VV372

Y2=W
Y3=1
Z =Y




Reset n

Clock

The Circuit Diagram

this is always 1,
except when reset_n=0

3

r{><€

Y2

Y1=WV2+V_VV372

Y2=W
Y3=1
Z =Y
Yy

D

Y1




Reset n

Clock

The Circuit Diagram

Y1=WV2+V_V/§72
Y2=W

—Y=1
Z =Y
Y Y1
D Q
> Q




State Diagram

This optimization is possible
Reset because the FSM goes to state A on reset
and leaves it immediately after that.

C/1 0

[ Figure 6.86 from the textbook ]



Example 6.13



Goal

 Design an FSM that detects if the previous two
values of the input w were equal to 00 or 11.

« But do this with two different FSMs. The first one
detects two consecutive 1's. The second one detects
two consecutive 0's.

 If either condition (i.e., output of FSM) is true then the
output z should be set to 1; otherwise to 0.



Example 6.13

(Construct the first FSM)



FSM to detect two consecutive 1's
(this was the first example in Chapter 6)

Reset

[ Figure 6.3 from the textbook ]



Present Next state Output
state w=20 w= z
A
B

C




Present
state

A
B
C

Next state

[ Figure 6.4 from the textbook ]



A Better State Encoding

Present Next state Output
state [ w =10 w=1 z
A A B 0
B A C 0
C A C 1

Suppose we encoded our states another way:

A ~00
B ~0l1
C~11



A Better State Encoding

Present Next state Output

state w=20 w=1 z

A A B 0

B A C 0

C A C 1
Present Next state

state | w=0 w= 1 | Output

z
A ~00

B ~0l1
C~11




A Better State Encoding

Present Next state Output
state w=0 w=1 z
A A B 0
B A C 0
C A C 1
Present Next state

state | w=0 w= 1 | Output

Yayi Y, Y Y Y

A 00 00 01 0
B 01 00 11 0
C 11 00 11 1

10 dd dd d




Let's Derive the Logic Expressions

QO w >

Next state
Present
state | w=0 w= 1 | Output
zZ
Vo)1 Y nY;
00 00 01 0
01 00 11 0
11 00 11 1
10 dd dd d

[ Figure 6.16 from the textbook ]



Let's Derive the Logic Expressions

Next state
Present
state | w=0 w= 1 | Output
i Z
Warning:
This table does not Y2)1 Y2 Yl Y2 Yl
enumerate y,y;, in the A 00 00 01 0
standard way, so be
careful when filling B 01 00 11 0
out the K-Map. C 11 00 11 1
10 dd dd d
Y,
Y27 " 21 NE4
Y 00 o1 11 10 " 0 01 11 10 V2 0 1
0




Let's Derive the Logic Expressions

Warning:

This table does not
enumerate y,y;, in the
standard way, so be
careful when filling
out the K-Map.

Y,
Ya¥q

00 01

QO w >

11

Next state
Present
state | w=0 w=1 | Output
zZ
Vo)1 Y nY;
00 00 01 0
01 00 11 0
11 00 11 1
10 dd dd d
Y,
Y2l
10 w 00 01 11 10
d ol ofo]olfa
d 1 1 1 1 d

Yo(w, yo, y1) = wyy

Yiw, yo, y1) =W

Y1
) 0 1

0 0 0

1 d 1
z(¥o, Y1) = 2



Original State

Encodings
/Y] 7271 \

w 00 01 11 10
ol ol o] da]o
11l of alfo

Y

221

" 00 01 11 10
ol oo | d]o

1 o|1 dll]
z
Y1
) 0 1
ol o | o

New State
Encodings

Y,
YoV

~

W 00 01 11 10
ol o 0 0o | d
1|1 | 1 d

Y,

YoV
w
00 01 11 10
ol of o 0o | d
1] o ] 1 d
z
Y1
)
0 0




The Circuit Diagram

g) 2

D2

YiW, y2, ) = w

Yo(w, yo, y1) = wy,

z(V2 YU =2

Clock < > Q

Resetn '

[ Figure 6.17 from the textbook ]



Example 6.13

(Construct the second FSM)



FSM to detect two consecutive 0's

This is similar to the previous one. Just invert the w's and relabel the states to D,E,F.



Present Next state Output
state w=20 w= z
D
E

F




Present Next state Output
state w=0 w-= z
D E D 0
E F D 0
F F D 1




FSM that detects a sequence of two zeros

Progatit Ne xt state Ohitput
state w=0 w=1 Zzeros
D E 0
E N 0
F N 1
(a) State table
By Next state
state w=0 w=1 QOutput
Y43 )/4}/3 Y;LYS Zzeros
L 00 01 00 0
E 01 11 00 0
F 11 i li] 00 1
10 dd dd d

[ Figure 6.90 from the textbook ]



FSM that detects a sequence of two zeros

Present | [Ne xt state Output
state s=10 =1 Zzeros
D E D 0
E F D 0
F F D 1
(a) State table
s D Next state
state | w=0 w=1 | Qutput
vays | YaVs  YaYs |
1) 00 01 00 0
E 01 i 00 0
F 11 il 00 1
10 dd dd d

Only these two columns
are swapped relative to
the first FSM. And the
states have different
names now.

Only these two columns
are swapped relative to
the first FSM.

[ Figure 6.90 from the textbook ]



Let's Derive the Logic Expressions

sslesllw

Next state
Present
state | w=0 w= 1 | Output
zZ
Y4y3 YsY;  Y4Y3
00 01 00 0
01 11 00 0
11 11 00 1
10 dd dd d

[ Figure 6.90 from the textbook ]



Let's Derive the Logic Expressions

Next state
Present

state | w=0 w= 1 | Output

zZ
V4Y3 YsYs Y43
D 00 01 00 0
E 01 11 00 0
F 11 11 00 1
10 dd dd d
Yo o, Ys v, AN
Y 00 o1 11 10 " 0 01 11 10 73 0 1




Let's Derive the Logic Expressions

sslesllw

Next state
Present
state | w=0 w=1 | Output
zZ
Y4y3 YaY; Y413
00 01 00 0
01 11 00 0
11 11 00 1
10 dd dd d
Ys v,
10 w 00 01 11 10
d 0 [ 1 1 1 d]
d 1 0 0 0 d
YW, ya, ¥3) = w

YW, 4, ¥3) = W ;3

Z(Va, ¥3) = V4



The Circuit Diagram

T\ Yy 5 V4
Ys(W, y4, y3) =w |/
— >
Ya(W, ya, y3) = WY3 ‘]’
z(y2, Y1) = Y4
I: Y3 V3
w & D
Clock . >

Resetn




Example 6.13

(Combine the two FSMs)



The Two FSMs

Detect two consecutive 1's Detect two consecutive 0's



The Two Circuit Diagrams

Y. Yy Y4
T2 of>— o f—
> 0 > Q
Y Y: y
w o o w —I>° —b Q=
Clock > Q Clock > Q
? Resetn T

Resetn

Detect two consecutive 1's Detect two consecutive 0's



The Combined Circuit Diagram

Detect two consecutive 1's or two consecutive 0's

> 0 > Q
| A | A
1lp o w _I>° 21y o2
> Q Clock > Q
? Resetn T
=D



The Combined Circuit Diagram

they have the

Y, » Yy
D S ey by

‘f same input line w |

T Y )
w ' 1 D Q 1 w'_DC D Q

Clock > Q Clock > Q

Resetn ? Resetn

) -

Detect two consecutive 1's or two consecutive 0's



Example 6.14



Goal

Design an FSM that detects if the previous two
values of the input w were equal to 00 or 11.

If either condition is true, then the output z should be
set to 1; otherwise to 0.

Implement this as a Mealy-type machine



State Diagram

Reset

[ Figure 6.91 from the textbook ]



Building the State Table

Present Next state Output z

state 1w =0 w=1|lw=0 w=1

A B 0 0
B B 1 0
C B 0 1

[ Figure 6.92 from the textbook ]



State Table

Present Next state Output =
state w=0 w=1[w=0 w=1
A B C 0 0
B B C 1 0
C B C 0 1

[ Figure 6.92 from the textbook ]



Building the State-Assigned Table

Present Next state Output z
state =0 w=1|lw=0 w=1
A B C 0 0
B B C 1 0
C B C 0 1
Present Next state Output
state 1w =0 w=1|lw=0 w=1

Y2Y1 Yo, Yol 2 2

A 00 01 11 0 0

B 01 01 11 1 0

11 01 11 0 1

[ Figure 6.93 from the textbook ]




QW

State-Assigned Table

Present Next state Output
state 1y =0 w=1|lw=0 w=1
Y291 21 Yo 2 2

00 01 11 0 O
01 01 11 1 0
11 01 11 0 1

[ Figure 6.93 from the textbook ]



State-Assigned Table

Present Next state Output
state w=0 w=1|lw=0 w=1
pn | YoV v | :
A 00 01 11 0 0
B 01 01 11 1 () cutjhere
C 11 01 11 0 1



A

State-Assigned Table

Present Next state Output
state 1y =0 w=1|lw=0 w=1
Y291 21 Yo 2 2

00 01 11 0 O
01 01 11 1 0
11 01 11 0 1




A

State-Assigned Table

Present Next state Output
state 1w =0 w=1|lw=0 w=1
Y291 YoYi o Yok, 2 2

00 01 11 0 0
01 01 11 1 0
10 dd dd d d
11 01 11 0 1




Truth Table for Y,, Y,, and z

iy | LY

Dresent Next state Output OO0 |01

state U 0 u w =0 w 0 1] 0|1

Y291 oY, YoY, 1]o|d]|d

00 0] 11 0 0 1 101

01 0] | ] l 0 olol 1 1
10 dd dd d d

|1 0] 11 0 | 0|1 1 1

1 0 d 1

1 | 1 1




K-Maps for Y,, Y,, and z

|\n|h|Y
0|1 0¢{O0 1
0 1 0 1
1 0 (d]| d
1 | 0 1
010 1 1
0 | 1 1
1 0 (d]| 1

Y2 v

Y 00 01 11 10
o|0|(d|d]| 1
(O[O0 1]1

Yr oy,

Y 00 01 11 10
o1 |(d]| 1] 1
(1 (1] 1]1

v

Y 00 01 11 10
o|0|(d|[d]| O
1{1{0]11]0




K-Maps for Y,, Y,, and z

w Y,

% 00 0l 11 10
o[O0 |d (d ﬂ
11010 Q_U

Y;

% 00 0l 11 10
0 (1 d| 1 ﬂ
1 L‘I 111 1J

d W s

% 00 0l 11 10
o0 (d{(ld|l O
1 |[I Ol1])| 0

Y2=W
Y1=1
z =w

wi iy, (| L |Y
O(0]0¢}0]1
OO0 ] 101
Ol 1[0 (d]|d
0 |1 1 {0 ] 1
1 {0] 01 1
1 {01 1 1
1 10| d]|1
1 1 1 1 1
Y1Y2 + WY,




|

State-Assigned Table

Present Next state Output
state iy =0 w=1|lw=0 w=1
Y21 oY1 Yo, 2 2

00 01 11 0 0
01 01 11 1 O
11 01 11 O 1
Yl =1
YZ =W

Z =WYiY,+WY,




|

State-Assigned Table

Present Next state Output
state iy =0 w=1|lw=0 w=1
Y21 oY1 Yo, 2 2

00 01 11 0 0

01 01 11 1 O

11 01 11 O 1
YZ =W




w

Clock

Reset n

Y1

The Circuit Diagram

Y2

! >




The Circuit Diagram

I%%ﬁ[y

Clock . > Q

Reset n ¢
Y, =1
Y,=w
Z WY Y tWY;



The Circuit Diagram

I%%ﬁ[y

Clock . > Q

Reset n ¢

Z WY1 Yo+ WY,



The Circuit Diagram

this is always 1,
except when reset_n=0

! [ :

w D Q

Clock . > Q

Reset n ¢

Y2=W
Z WY1 Yo+ WY,



The Simplified Circuit Diagram




Original State Diagram

Reset

[ Figure 6.91 from the textbook ]



New State Diagram

Reset




Example 6.15



Goal

Implement this state-assigned Table using JK flip-flops

Next state
Present Output
state w =0 w =1 I
Y3121 — — >
Y32 YaYoY;  YiYoYy
A 000 100 110 0
B 100 101 110 0
C 101 101 110 1
D 110 100 111 0
E 111 100 111 1




HOQwmes

Excitation table with JK flip-flops

Flip-flop inputs

Present Outout
state =0 w=1 wpu
Y3Y2l z
YaYoY: | JsKs JoKo J1Ky | YaYoY: | JsK3 JoKe J1Ky
000 100 1d Od Od 110 1d 1d 0d 0
100 i) d0 0d 1d 110 d0 1d 0d 0
i T i) d0 0d d0 110 d0 1d dl 1
110 100 d0 dl 0d Juldl d0 d0 1d 0
™ 100 d0 dl dl o d0 d0 d0 1
ap->ae+) | J K
0—0|0d
0—1|1d
1—0|d1
1 - 1 d 0 [ Figure 6.94 from the textbook ]




HOQwmes

Excitation table with JK flip-flops

Flip-flop inputs

Present 0
state w =10 w =1 utput
VR vivery | Ks RKe LK. | VaYaY: | Ks LKe LKL |
0040 ] 1do] | 14 0d 0d 110 1d 1d 0d 0
100 101 d0 0d 1d 110 do 1d 0d 0
101 101 d0 0d do 110 do 1d dl 1
110 100 d0 dl 0d 111 do do 1d 0
111 100 d0 d1 dl 111 do do do 1
ap->ae+) | J K
0—0/|0d
0—1|1d
1—0|d1
1—1|d0




HOQwmes

Excitation table with JK flip-flops

Present

Flip-flop inputs

state w =10 w =1 Output
VR vivery | Ks RKe LK. | VaYaY: | Ks LKe LKL |
000 100 1d 0d 0d 110 1d 1d 0d 0
100 ] 1q1] | do 0d 1d 110 do 1d 0d 0
101 101 do 0d do 110 do 1d dl 1
110 100 do d1 0d 111 do do 1d 0
111 100 do d1 d1 111 do do do 1
ap->ae+) | J K
0—0|0d
0—1|1d
1—0(d1
1—1|d0




HOQwmes

Excitation table with JK flip-flops

Present

Flip-flop inputs

state w =10 w =1 Output
VR vivery | Ks RKe LK. | VaYaY: | Ks LKe LKL |
000 100 1d 0d 0d 110 1d 1d 0d 0
100 101 do 0d 1d 110 d0 1d 0d 0
141 ] 1q1] | do 0d do 110 do 1d dl 1
110 100 do dl 0d 111 do do 1d 0
111 100 d0 dl dl 111 d0 d0 d0 1
ap->ae+) | J K
0—0|0d
0—1|1d
1—0|d1
1—1|dO0




HOQwmes

Excitation table with JK flip-flops

Flip-flop inputs

Present 0
state w =10 w =1 utput
VR vivery | Ks RKe LK. | VaYaY: | Ks LKe LKL |
000 100 1d 0d 0d 110 1d 1d 0d 0
100 101 d0 0d 1d 110 do 1d 0d 0
101 101 d0 0d do 110 do 1d dl 1
11o] 1do] | do d1 0d 111 do do 1d 0
111 100 d0 d1 dl 111 do do do 1
ap->ae+) | J K
0—0/|0d
0—1|1d
1—0|d1
1—1|d0




HOQwmes

Excitation table with JK flip-flops

Present

Flip-flop inputs

state w =10 w=1 Output
VRN N vivo¥s | Ky BKe LK | VaYaYi | K BKe LK |
000 100 14 Od Od 110 14 1d 0d 0
100 101 d0 Od 1d 110 d0 14 0d 0
LN 101 40 Od d0 110 40 14 dl 1
110 100 40 dl Od 111 d0 d0 1d 0
111 1do] | 4o d1 dl 111 do do do 1
ap->ae+) | J K
0—0|/0d
0—1|1d
1—0)|d1
1—1|d0




HOQwmes

Excitation table with JK flip-flops

Present

Flip-flop inputs

state w =10 w=1 Output
VRN N vivo¥s | Ky BKe LK | VaYaYi | K BKe LK |
(oo 10D 1d 0d 0d 110 1d 1d 0d 0
100 101 d0 Od 1d 110 d0 14 0d 0
LN 101 40 Od d0 110 40 14 dl 1
110 100 40 dl Od 111 d0 d0 1d 0
111 100 d0 dl dl Lol d0 d0 d0 1
ap->ae+) | J K
0—0/|0d
0—1|1d
1—0|d1
1—1|d0




HOQwmes

Excitation table with JK flip-flops

Flip-flop inputs

Present Outout
state w =10 w =1 P
VR vivery | Ks RKe LK. | VaYaY: | Ks LKe LKL |
000 100 1d 0d 0d 110 1d 1d 0d 0
10p 101 do 0d 1d 110 do 1d 0d 0
101 101 do 0d do 110 do 1d dl 1
110 100 do d1 0d 111 do do 1d 0
111 100 do d1 d1 111 do do do 1
an->ae+) | J K
0—0|0d
0—1|1d
And so on...
1—0(d1
1—1|d0




HOQwmes

The Expression for z

Flip-flop inputs

Present
state =0 W = Ontpat
Y3Y2i %
YsYoYy | JsKs JoKo J1Ky | YaYoYh | JsKs L Ke J1KG
000} 100 1d 0d 0d 110 1d 1d 0d 0|
100 101 d0 0d 1d 110 d0 1d 0d 0
101 101 d0 0d d0 110 d0 1d dl l
110 100 d0 dl 0d 111 d0 d0 1d 0
111 100 d0 dl dl 111 d0 d0 d0 1]

Z is equal to y,




The Expression for J,

HOQwmes

Present Flip-flop inputs
state =0 w=1 Output
Y3Y2l %
YsYoYy | JsKs JoKo J1Ky | YaYoYh | JsKs L Ke J1KG
000 100 1H 0d 0d 110 1 1d 0d 0
100 101 dD 0d 14 110 dl 1d 0d 0
101 101 dD 0d d0 110 dl 1d dl 1
110 100 dD dl 0d 111 d d0 1d 0
111 100 dp dl dl 111 d| d0 d0 1

Jyisequalto 1l




The Expression for K,

Flip-flop inputs

HOQwmes

Present
state =0 i =2 Ontpat
Y3Y2l z
YoYoY: | JsKs JoKo J1Ky | YsYoY: | 5Ky JoKe J1Ky
000 100 ] od 0d 110 1d 1d 0d 0
100 101 d0 0d 1d 110 d0 1d 0d 0
101 101 d0 0d d0 110 d0 1d dl 1
110 100 d0 dl 0d 111 d0 d0 1d 0
111 100 d0| dl dl 111 d0| d0 d0 1

K;isequaltoO




The Expression for J,

HOQwmes

Present Flip-flop inputs
state =0 T == Output
Y321 %
YoYoY: | JsKs JoKo J1Ky | YsYoY: | 5Ky JoKe J1Ky
000 100 1d [0 0d 110 1d 1h 0d 0
100 101 d0 0d 14 110 d0 14 0d 0
101 101 d0 0d d0 110 d0 14 dl 1
110 100 d0 dll 0d 111 d0 dp 1d 0
111 100 d0 dll dl 111 d0 dp d0 1

J,isequal tow




The Expression for K,

Flip-flop inputs

HOQwmes

Present
state i =i B =2 L Ontpat
Y3Y2l z
YoYoY: | JsKs JoKo J1Ky | YsYoY: | 5Ky JoKe J1Ky
000 100 1d d 0d 110 1d 1d| 0d 0
100 101 d0 d 1d 110 d0 1id Od 0
101 101 d0 d d0 110 d0 1d dl 1
110 100 d0 1 Od | d0 d0 1d 0
111 100 d0 il dl 111 d0 d0 d0 1

K, is equal tow




HOQwmes

The Expression for J,

Flip-flop inputs

Present
state i =i B =2 L Ontpat
Y3Y2l %
YsYoYy | JsKs JoKo J1Ky | YaYoYh | JsKs L Ke J1KG
000 100 1d Od Od 110 1d 1d Od 0
100 101 do 0d . 110 do 1d 0d 0
10 y d0 Od dD 110 d0 1d dl 1
1 100 d0 dl Od A | d0 d0 r 0
11 100 d0 dl dl L1, d0 d0 dp 1

Jisequaltowy, + Wysy,




The Expression for K,

HOQwmes

Present Flip-flop inputs
state 2 = i =2 Sy
Y3Y2i %
YsYoYy | JsKs JoKo J1Ky | YaYoYh | JsKs L Ke J1KG
000 100 1d Od Od 110 1d 1d Od 0
100 101 d0 Od 1d 110 d0 1d Od 0
101 101 do 0d 0 110 do 1d A1 | 1
10 100 d0 dl O o i | d0 d0 1d 0
1] 100 d0 dl dl 111 d0 d0 d0 1
001 d

K,isequaltowy, +wy,y,;




All Logic Expressions

J1 = wys + Wysy,
Ky =Wy, +wyi1y,

Jr =w
Ky =w
J3 =1
K3 =0



Questions?



THE END



