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e Equivalent states

¢ Elimination of redundant states

® Determination of state equivalence using an implication table
¢ Equivalent sequential circuits

¢ Incompletely specified state tables

¢ Derivation of F/F input equations

® Equivalent state assignments

® Guidelines for state assignment

e Using a One-Hot state assignment
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Equivalent States L

b

Equivalent states “ ="

2 machines: N, N,

{ state P in N,
state Q 1n N,

— 7,

P
S L P=Qiff R=Sand Z =7,

Z
N, Q| 77 MPx)=MQ,x) : output
é O0(P,x) = 0(Q, X) : next state
X: any single mput

Unit 15 4
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Elimination of Redundant States (1/5) 5%@

When setting up states, some extra states may be included
—> eliminate these states

A previous example

Check 4 consecutive inputs

as a group , then reset
\ Z =1 when X = 0101 or 1001

CLK

X

A 4
v

A brute force approach:

Reset state A, checks 3 consequent bits of every possible combinations.
After the 4 bit coming-in, give output and reset to state A

Unit 15 5
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Elimination of Redundant States (2/5) <

7 \
V\ V@\

CHN GO O SN )

W HH @D W b

0

1

0

1

0

1/1
0

1

0

1/1
0

1

0

1
0

1
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Elimination of Redundant States (3/5) <

Input P.S. N.S. Present Output

Sequence x = 0 x =1 ] x =20 x =1
Reset A B C 0 0
0 B D E 0 0
1 C F G 0 0
00 D H I 0 0
01 E J K 0 0
10 F L M 0 0
11 G N P 0 0
000 H A A 0 0
001 I A A 0 0
010 J A A 0 1
011 K A A 0 0
100 L A A 0 1
101 M A A 0 0
110 N A A 0 0
111 P A A 0 0

Unit 15 7



st g

Elimination of Redundant States (4/5) é”%ﬁ
Equivalent states: the same N.S. & output
Input PS. N.S. Present Output
Sequence x =0 x =1 x =0 X =
Reset A B C 0 0
0 B | D E | o 0o
1 C E X D™ 0 0
""" 0o D | H g | o 0o
01 E J H X 0 0
— 10 EXN | J N H M 0 0
— 11 DGO | HN HX 0 0
000  H | A A | o 0o
— 001 H N\ A A 0 0
010 J A A 0 1
— 011 X A A 0 0
—> 100 RN A A 0 1
— 101 oM A A 0 0
——110 H N A A 0 0
— 111 12N A A 0 0
Unit 15 8



Elimination of Redundant States (5/5) <

PS. N.S. Output
x=0 x=1|x=0 x=1
B C 0 0

— o m g O W >
> > — T M
o O O O O O
_ 0 O O O O

> »> T T U m

Unit 15



Determination of State Equivalence by Using an

Implication Table (1/4)

Unit 15

g Py
542
L

EX: P.S. N.S.

x =0 x =1 /

a d.4 C 0

b f h 0

C o.C d.a 1
dp a - S 0
RCH R € a1

f f b 1

g b h 0

h C g 1

10



Determination of State Equivalence by Using an _y;%%
Implication Table (2/4) S5 wd
Implication chart construction N.S.
1. State comparison by implied P.S. = = Z
pair (only for the-same-output 9 d C 0
e LT [
d—f
c—h Output shall be the same C C d 1
>< >< d a e 0
—dla-f
a—da 1 X e C a 1
a—d
X X e X b f f b 1
b><d >< e f >< 2:f & b h 0
= —b
ch| b-f X e p X | X b ¢ g !
d- b—
>< >< c—eg >< a-8 c—% ><
a b C d e f g

Unit 15
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Determination of State Equivalence by Using an

g oy

Implication Table (3/4) §%§
2. Check implied pair iteratively  pg | o — ON‘S‘X — 7
a d.a C 0
b f h 0
d—f a=d C ©.C d.a 1
C>_<h X C=e e a-— e 0
a_dla_f Cp C a I
C>—<e @>—<h a>_<d 7 f f b 1
— .y g b h 0
AP
b—d NVAR= R h c g 1
c—h__b'_f >< ¢—h >< ><
XX 58] X o<e] o=f X
a b C d e f g

Unit 15
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Determination of State Equivalence by Using an  s¢%

implication Table (4/4) L
N.S.

ps. | x=0 x=11|Z

a a C 0

a=d b f h 0
c=¢C ¢ C a
f f b

g b h 0

h C g 1

Unit 15 13
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Equivalent Sequential Circuits (1/3) 6‘%@
Definition: N;=N, if P in N;=Q m N,
or S in N,=T i N,
. N, N,
EX. x=0 x=1]lx=0 x=1 x=0 x=1|x=0 x=1
A| B A 0 0 S, | S, S, 0 1
B| C D 0 1 S, | S, S, 0 0
C| A C 0 1 S, | S, S, 0 0
D| C B 0 0 S; | S, S, 0 1

Method 1:B
obier?/ationy @6) "

() "
Unit 15 /1 14



Equivalent Sequential Circuits (2/3) %w
N, N,
x=0 x=1[x=0 x=1 x=0 x=1[x=0 x=1
Al B A | 0 0 S, [ Sy, S, | 0 1
B| C D | 0 1 S, |'S, S, | o0 0
Cl A C | 0 1 S, 'S, S, | 0 0
D| C B | 0 0 S, 1S, S, | 0 1
T C-S, |A-S
Method 2: By implication S ’ ’
y Imp ’ >< D-S, | C-§, ><
table B=S C—%S
- - - S1 3 3
1. Constr_ucF Implication A-S, >< >< B_S,
table by listing all state B_S C—%S
- . . S 0 0
pairs. X out pairs with A =S, >< >< B-S,
different outputs C-S, |A-S,
S
3 >< D-S, | C-8S, ><

Unit 15 15



Equivalent Sequential Circuits (3/3)

| >< |5 e les | X<
s o | > > s
Sl as | DX | DX [5ls
| > |pos s, | X<
A B C D

Unit 15

N

2. X out additional
nonequivalent state pairs

S
— "
A -S, >< >< B-S;
> | oms | es | X<
A B C D

16



st g
1LY

Incompletely Specified State Tables (1/3) 5
EX: X B 7
Circuit A —>| Sequential Circuit > Circuit C
Subsystem

A can only give 100, 110

“0” 100 received
B gives { if TEEEIVE } at the 3t bit

“1” 110 received
th 4 th 4
X= 1 0 0zZz= - - 0
1 1 O = |

If don’t cares are present, the state table is called incompletely specified

Unit 15 17
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Incompletely Specified State Tables (2/3) 5
State Graph State Table
N.S. zZ
1x=0 x=1|x=0 x=1
_ S, _ _

S, | - -

N N N
|
|

Unit 15 18



Incompletely Specified State Tables (3/3)

Unit 15

o Do
$' oo
SEAA

N.S. V4
PS. | x=0 x=1|x=0 x=1
So | —o) S, 0 _
S, SXSO S, () -
—3S, | S, BCTY _
— S, | So _(Sy) 1 _
[l States reduction
N.S. V4
PS. |x=0 x=1|x=0 x=1
So | So S -
S, So S, 1 —

19
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Derivation of F/F Input Equations (1/22) %%ﬁ

State Graph
—> State Table

—> State Assignment
—> State Transition Table

—> K-Map
—> F/F Input Equations

Unit 15 20



Derivation of F/F Input Equations (2/22)

Unit 15

Type of F/F

Input

Q=0

Q=1

Q+=0| Q+=I

Q+=0

Q+=1

D F/F

0

1

0

1

21



Derivation of F/F Input Equations (3/22) %ﬁf
Next State Map D F/F Input Map
N Q
00| 0 | 1 00! 0 \1/
o110 01 @ 0
111010 111010

Q+ D =Q'A’'B'+QB’+AB’

Unit 15 )



Derivation of F/F Input Equations (4/22)

Q=0 Q=1

Type of F/F Input | Q+=0| Q+=1| Q+=0| Q+=1
D F/F D 0 1 0 1
T F/F T 0 1 1 0

Unit 15

23



Derivation of F/F Input Equations (5/22) %"%Ee
Next State Map T F/F Input Map

Q Q
ABN\ 0 1 ABN 0 1

00| 0 | 1 000 | O

01| 1 [0 01| |1

1110 |0 1o \1/

10] 1 | 101 | x>

Q+ T=A'B+AB'+QB

Unit 15 24



Derivation of F/F Input Equations (6/22)

Q=0 Q=1
Type of F/F Input Q+=0] Q+=1] Q+=0]| Q+=1
D F/F D 0 1 0 1
T F/F T 0 1 1 0
S 0 1 0 X
S-R F/F
R X 0 1 0

Unit 15

25
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Unit 15

_— . + L%
Derivation of F/F Input Equations (7/22) RETIFN
Next State Map S-R F/F Input Map
Q Q Q
ABN 0 1 A& 0 1 A& 0 1
000 |1 00| 0 | x 00| x| 0
01| 1 |0 ot((1{ 0| orfo|1
1110 |0 1jofo| 11{x\1
101 |x 10/ {0 10| 0] x

Q+ S=AB'+ Q'A'B R =QB



Derivation of F/F Input Equations (8/22)

Q=0 Q=1
Type of F/F Input Q+=0] Q+=1] Q+=0]| Q+=1
D F/F D 0 1 0 1
T F/F T 0 1 1 0
S 0 | 0 X
S-R F/F
R X 0 1 0
J 0 1 X X
J-K F/F
K X X 1 0

Unit 15

27
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Derivation of F/F Input Equations (9/22) eI
Next State Map J-K F/F Input Map
Q Q Q
ABN\ 0 1 A&O 1 A&O 1
00| 0 | 1 00| 0 | x 00| x| 0
01] 1 | 0 o1 (1 [ x| 01| |1\
1110 |0 1[0 [ x| 11{\x|L/
10| 1 | x 101 | X 10| x | x
Q+ J=A'B+AB’ K=B

Unit 15 28



Derivation of F/F Input Equations (10/22)

EX:

N.S.

PS. | x=0 x=1|x= —
S| S S, 0 0
S| S, S 0 0
S| S S 0 0
S, | S S, 0 0
S,| S, S 0 0
S;| S S, 1 0
S| S S 0 1

Unit 15

g T,
t L%

o

7 states = 3 F/Fs

—A, B, C
Let S,=000, S, = 110,
S, =001, S, =111,
S, =011, S, = 101,
S, =010

29



Derivation of F/F Input Equations (11/22)

Transition table

AB*C* z
A B Cl|x=0 x=1|x=0 x=
0O 0 o0 | 110 001 0 0
1 1 0| 111 001 0 0
0O 0 1 110 011 0 0
1 1 1 101 001 0 0
0O 1 1 110 010 0 0
1 0 1 101 001 1 0
O 1 0| 110 010 0 1

Unit 15



Derivation of F/F Input Equations (12/22)

(1) Using D F/F

DB DC
X= X=

DA
X=

1
1

0

1

1

1

1

1

010

0

1

1

0

X X | X X | X X

010 O

1

010 O

1

ABC | 0
000

1

011

100

1

0

1

0

1

101

1

010

1

0

00 O

1

010 O

1

000

110

001
111
011
101

010

111

31
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Derivation of F/F Input Equations (13/22) e

ABC

||U
—_l >

O
@

v,
a

—_ |l

000
001
010
011
100
101
110
111

Unit 15

o O O X o O o O
O = O X = = = = O

S O O X = = = Ol

_= = X O O O O (O

p—t e X OO D =

XA XA
BCX 00 01 11 10 BC\.00 01 11 10

olAx\x |0 OO&_QLO
011100 or| )0 |0 |1]
] ]olo] oo ja]
ol Ulo]o] jold] o]

A*=D,=X"  B*=D,
=X'C’ + A'C + AB

XA
BC\_00 01 11 10
X 1
00| 0 |X &) I .
0101iﬂ %—Ig
011110
11 ol
100 |\L ] DO

C*=D.=A+ XB’

32



Derivation of F/F Input Equations (14/22) %‘%@

(2) Choose S-R F/F Q0 0 |s R

A"BCT SR, SgRg ScRe 0 0 0

X= X X= X= 0 1|1 0

ABC 0 1 0 1 O 110 1 o 415

000 110 001 |10 OX 1 1 |x 0
110 111 001 |x0 O1
001 110  0l1 10 Ox
111 101 001 | X0 Ol
011 110 010 |10 Ox
101 101 001 [x0 o0l
010 110 010 |10 Ox

Unit 15

33



Derivation of F/F Input Equations (15/22) S o

(3) Using J-K F/F

ATBTC* JaKa JpKg JcKe

X= X= X= X=
ABC | 0 1 o 1,0 1|0 1

000 | 110 001 |1x Ox|Ix Ox|Ox 1x
110 [ 111 001 | x0 x1 |x0 x1|1Ix 1x
001 | 110 OI1 | Ix 1Ix
111 | 101 001 | xO0 x1
OI1 {110 OI0 | Ix xO
101 | 101 001 | xO Ox
010 {110 010 | xO0 xO

Q Q
0 0
0 1
1 0
11

X X = O|—
S = X X|A

Unit 15 34
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Derivation of F/F Input Equations (16/22)

mO].ll
Ax|lolo|o
o x| oo~
-}
%1111 11100
WnA O = - O — X | — | —|
COOll —
B mVAlll
-}
(el Nl avll el N a)
So|lo|o|o <<
— <58 3 = =
— X | OO O
aa)
mx111
mllll
m S = - O
COOll
M
ﬁllJV:AlllOOXlll
ST O O O X ™ r— —
9p)] —_— O e e - X D OO O
oF +__
< M
M Ol o o — X D - O
O
= n —|lo ©o o ©o x © o ©
h < o=
LVM Ol = X e e
Z
VDl — o — — —
2882522 =C

35
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Derivation of F/F Input Equations (17/22)

K

J

X X — O

S —~ X X

Q Q

S - O

S O =

Oﬂx X | X XJ
—
A | = —=| =)
]
o x|o|o|o
S x| x| x| x
WAA S — - O
S o —~ —
@)
aa)
Slo|lo|o|lo
=X | x| x| X
Mﬁx X | X XJ
S| = | — |~
M S = - O
CO S —
aa)
SQlo|lo|o|lo
T x|lololo
mx — ] e[ —
ml — — —
M S = - O
S o —~ =

BC

36

X

I, =X’

A-I—

Unit 15
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Derivation of F/F Input Equations (18/22) RPN

Q Q' |J K
0 O |0

0 1 1 x

1 0 | x 1

XA XA xA L bIx0
BC\_00 01 11 10 BC\ 00 01 11 10 BC\. 00 01 11 10
001 |x|x 1|0 001 x|x]0 00| x | x |[x || x
01{1[0]0 |1 ot 1Yo |o|1|  or]x|x|x]x
il1]ofo]1 Hxf x| x x| 1jollifli]o
/1111011 IOLxxx IOOOLO
B Jg=X'ATAC Kz=AC+XA

Unit 15 37



Derivation of F/F Input Equations (19/22) @%w@

Q Q" |J K

0 0 0 x

0 1 1 x

1 0 x 1

1 1 | x O

XA XA XA
BC\ 00 01 11 10  BC\_00 01 11 10 BC\ 00 01 11 10
00| 0 | x| x |1 00| 0 |(x [(>)| I 00 (x| x | x | x
o1/ 01|11 01| x |[x ||| x/ o110 |00
o110 11 % |[x | x || x Ijryojo|t]
10[0[1]1]0 {0 |1 ]1)o 10 (x| x | x |x |
7/ I A/
C+ J—A+XB K=X'A*A'B

Unit 15 38



Derivation of F/F Input Equations (20/22) S o

EX: Another example with 2 mputs X,, X,, 2 outputs Z,, Z,

X, Z,
X, Mealy M z,
CLK
N.S. Z
X Xy= X Xy=

PS.100 01 11 10 [00 O1 11 10
S, 1S, S, S, S, {00 00 01 0l
S, S, S; S, S, 100 10 10 00
S, [S; S; S, S, (11 11 00 00
S; IS, S; S, S,100 00 00 00

4 states C—> 2 F/Fs A, B
State Assignment: S, =00, S, =01, S,=11,S; =10

Unit 15 39



Transition table

Derivation of F/F Input Equations (21/22)

PS.  yx-~ S X Xom

AB 01()2 01 11 10 ()IO2 01 11 10
00 {00 00 01 01{00 00 O1 Ol
01|01 10 Il 01|00 10 10 OO0
1110 10 11 1111 11 00 00
10100 10 11 00|00 00 00 00

Unit 15
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N . %
Derivation of F/F Input Equations (22/22) @%@
D F/F XX, XX,
/ AB\ 00 01 11 10 AB\ 00 01 11 10
00{0[0[0|O0 00| 0 [0 |T] 1)
or|0 [(1]1)]0 o1 1J{o (1]
11 |ajn|t) 11100 || U
10/0 (1 |1)]0 100 [0 ]1]|0
D,=A"=X,B+AB+ X,A D,=B*=X,A"+X,’A'B
+X,B + X,X,
XX, XX,
AB\ 00 01 11 10 AB\ 00 01 11 10
000|000 000 [0 [(1][1)
01| 0 ((1]1]]0 01{0[0]0|O0
1111010 1{(1]1J)o]o
1000|010 1000|010

Unit 15

Z,=X,A'B +X,'AB

41



Equivalent State Assignments (1/3)

Unit 15

State Graph
—> State Table

—> State Assignment

—> State Transition Table
—> K-Map

—> F/F Input Equations

Different state assignments
= different F/F Input Equations !

42
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Equivalent State Assignments (2/3) %ﬁf
Cost of logic strongly depend on state assignments
EX: ASSIiIg i‘i]s?ign. 2 PS. |y — 0N°S)°( i lx OZ _
00 11 S, | S, S, 0 0
01 10 S, | S, S, 0 1
10 01 S, | S, S, 1 0

NOR mplementa tion

X
S,=00,S,=01,S,=10 B_E Jo——n,
D F/F:2 F/Fs A, B A—»
B—: ) o— D
B

D,=XB’ D,=X'(A+B) X——

Unit 15 43
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Equivalent State Assignments (3/3) éﬂ%@f

Slzlla 82:10, S3=OI
D F/F:22 F/Fs A, B
DA:X’-l—B’ DB:X+AIB’

NOR mplementa tion
X s
w ) oo,

A——
B'—

—> 2 more gates for

X —Doit Ps NOR implementation

Unit 15 "



Guidelines for State Assignment (1/16) 5 i

Adjacent states: differ in only one variable

2 states:

S(010) S,011)) ..
- adjacent
(100)  (110) 55

S,(010) S,(I11)%L notadjacent
(001) (111).

Unit 15 45



Guidelines for State Assignment (2/16) 5 i

1. States which have the same next state should

be given ad]

acent assignment

2. States which are next states of the same state
should be given adjacent assignment
3. States which have the same output should be

given adjacent assignment ~_

In above order !!

To minimize
output function

No guarantee a minimum solution

Unit 15

46
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Guidelines for State Assignment (3/16) S W

Guideline 1 : states have the same n.s. with the same input

S, S; are adjacent

Unit 15 a7



Guidelines for State Assignment (4/16)

Guideline 2 : states have the same p.s.

S, S, are adjacent

Unit 15

48



Guidelines for State Assignment (5/16) o

Guideline 3 : states have the same output with the same input

0/0 0/0 0/0 0/0 0/0

OIO1020

So> 1, S5, Sy, S5 are adjacent

©
(&

Unit 15 49



Guidelines for State Assignment (6/16)

1. List relationship PS | x=0 x=1]|x= OZ x =1

EX: S| St S| 0 0

S, | S, S, 0 0

S, | 5 S, 0 0

S3 SS S2 0 0

S;0 S S | 0 0

3F/Fs A,B,C S| S S | 10
Se | S S 0 1

States having the same n.s.

Rule 1:(Sy, S, Sy S6)(Ss, S9)(So. 51+ 3 S9)(S5 1 So)
Rule 2 : (S1, S))(S; 1 S9)(S1, S4)(S, 4 S5) X 2 (S, Sp) X2

States having the same p.s.
Unit 15

50
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Guidelines for State Assignment (7/16) RS
2. Use an assignment map
A A
BC 0 1 BC 0 1
00 |/S,\ 00 | S,
01 (S, |/S5) 01 S, | S,
118, |\S,/ 11|S; | S,
10 (S,/| S 10 S, |S,
Assignment #1 Assignment #2

High

States having the same n.s. .
priority

Rule 1: (S5, S, S, S6)(Ss+ S5)So S1» 34 S5)(S4., So)
Rule 2 : (S1, S))(S; 1 S9)(S1, S4)(S, 4 S5) X 2 (S, Sp) X2

States having the same p.s.
Unit 15 51




Guidelines for State Assignment (8/16)

Assignment #1

Unit 15

PS. | x=0 x=1

x=0 x=1

by
e

V4

1

[E—

3

[\
[E—

S~
[E—

(9]

5

S
S
S
SS
S
S
S

mmmwmmmm

N

1

2

\®)

M~

N

\O)

UJCAU)NUJUJUJUJ

(@)

oS = O O O O O

6 gates, 13 literals

_— e O O O O

52



Guidelines for State Assignment (9/16)

Another straight forward assignment (binary)

Unit 15

by
e

N.S. Z
PS. |x=0 x=1|x=0 x-=1
S, S, S, 0 0
S, S, S, 0 0
S, S, S, 0 0
S, S S, 0 0
S, S, S 0 0
S S S, 1 0
S S, S 0 1

10 gates, 39 literals

53
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Guidelines for State Assignment (10/16) 6‘@‘%5
Why guideline help ?
A'B*C* Z
ABC x=0 x=1 x=0 x=1 . 0
000 S, | 110 S, 001 S, 0 0 State transition table
110 S, | 111 S, 001 S,| 0 0 A'B*C* Z
001 S,|110 S, 011 S,| 0 0 X =0 x =1 x=0 x=1
TS, 1 101800105, 10009 900 110 S, 001 S,| 0 0
011 S,| 110 S, 010 S| 0 0
01 S| 101 S, 001 S| 1 0 S, 001} 110 S, 011 S, O 0
010 S¢| 110 S, o010 S, o 1 S, 010 110 S, 010 S| O 1
S, 011|110 S 010 S,| 0 O
. — 100 | xxx X X X — —
Reordering — S, 101101 S, 001 S,| 1 0
S, 110|111 S, 001 S,| 0 0O
S, 111|101 S, 001 S,| 0 0O

Unit 15 54



Guidelines for State Assignment (11/16)

A+

XA

11

00 01 11

XA
BC

- Ol— | — ||
VA ]
Il +HX111
P @)
A mVAlll
Clo|lo|lo|o
: _sElEER
A x|lo|lo|lo Ko = = N\S
COOI
= M
OXlll
I B 4
mllll mnull\vk\\ﬂ
C%MUN WUXOOO
A = X |9|lo])| —
mllll
M S == - O
COOll
aa)
@\
N _
7p)
w N 0
X @\ @\ @\ v,
NN | N 7
L ) wn |
4 ) -
X ) ) |
NN T @
\_ N 75y 7p)
~N S6
— — — — S4
N N || A’
7p) ) 7p) 2P A
- — — -
- - — —

55

due to S, S; assignment

Unit 15
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Guidelines for State Assignment (12/16) 5y it

N.S.
PS. | x=0 x=1

V4
x=0 x=1 Guidelines

o = o & = O

a
d
C
d
b
C

= 0o o 0 o 9

Unit 15

0 0 1.(b,d)(c,f(b,e)
2.(a,c) x 2, (d,f)(b,d)

(b,H)(c,e)
3.(a,c)(b,d)(e,f)

_—— O O O

1
0
1
0
0

56
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Guidelines for State Assignment (13/16) g O

Assignment #1 Assignment #2
Q Q;

Q2Q3 0 1 Q2Q3 0 1
00| a | C 00| C | a
01 C 01 C
11| b | d 11 b
10 f 10| f
1.(b,d)(c,f)(b,e) 1.(b,d)(c,f)(b,e)
2.(ac)x2,(df)(b,d) 2.(a,c)x2,(df)(b,d)
(b,f)(ce) (b,f)(ce)
3.(a,c)(b,d)(e,f) 3.(a,c)(b,d)(e,f)
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Guidelines for State Assignment (14/16) %’gﬁ%&
For assignment #2

P.S. N.S. 7

Q0.,Q, |x=0 x=1|x=0 x=1
m, 100 100 000 0 0
m, 111 011 010 0 1
I, 000 000 100 0 0
1, 011 011 111 0 1
m, 101 111 010 1 0
m, 010 000 101 1 0
m, 001 ——_—— _ _
m, 110 ——— - - _

Unit 15
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Guidelines for State Assignment (15/16)

State transition table

P.S. N.S.

QQ,Q; | x=0 x=1|x= =
m, 000 | 000 100 | O 0
m, 001 |— —-— — —
m, 010 | 000 101 1 0
m, OII 011 111 | O 1
m, 100 100 000 | O 0
m, 101 111 010 | 1 0
m, 110 |-—— ——— - —
m 111 011 010| O 1

Unit 15

XQ,
Q,Q;

00 01 11

10

00

000

100

000

100

01

X

111

010

11

011

011

010

111

10

000

X

X

101
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Guidelines for State Assignment (16/16) @%@
D F/F Implementation
XQ, XQ,
Q,Q;N, 00 01 11 10 Q,Q;\_ 00 01 11 10
0| |1\ |/1\ 00
01| x \lj (X\ 01/{1 1 \><\
3 1] 11 Y
10 X | X \1/ 10 X | X
Q= X’Qlel + XQll 2+: Q;
XQ, XQ,
Q,Q;N\. 00 01 11 10 Q,Q;\ 00 01 11 10
00 00

01| | 1 X 01/ [ D) | x
o [ n[ (o
10 X | X w 10 (E X

Q, = X'Q, + XQ,'Q, Z=X'Q,'Q, +X’Q2Q3'+XQ2Q630

Unit 15




F' o

o

9

Using a One-Hot State Assignment (1/2)

® Design with FPGAs, not to minimize the number of F/F

® Reduce the number of logic cells and interconnections between cells to
minimize delay

One-hot state assignment
— Using one F/F only for each state
— 4 states use 4 F/Fs (Q,, Q,, Q,, Q;) with following state assignment

So: QuQ,Q,Q5=1000, S;: 0100, S,: 0010, S;: 0001
directly by inspecting the state graph

%
ZZ
Q5 =X;Q + X,Q; + X;3Q, + X,Q;
@ 2, =X,Qp t X;3Q,
_

/Z,=X + X
X%Z 2 Q4 4Q3

Unit 15 61

Write next-state and output eq.
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Using a One-Hot State Assignment (2/2) S W

e For Moore machine,
So: QQ,Q,=100, S;: 010, S,: 001

F'R

Qy =FR'Qy +FQ, + F'RQ,

QJf — F’RIQ1 + FQo + F’RQz £,=Qy Z,=Q; Z;=Q,
Qg - F'RIQz +FQ, + F’RQO

Unit 15 62



