Chap. 15:

Reduction of State Tables/
State Assignment



t of Problen

U
State Graph

U U

Choice of F/F's

State Table "

’ Derivation of

Reduction of States |
U F/F Input Equation and
State Assignment Z Output Equation
U
U

Circuit Reali



15-1 Elimination of Redundant States I

When setting up states, some extra states may be included.
= eliminate these states

Ex:a previous example

X— —Z Z gives"1" after X receiving
0101 or 1001

CLK

A brute force solution:

Reset state A, checks 3 consequent bits of every possible combinations.
After 4th bit coming-in, give output and reset to state A.
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Input P.S. N.S. Present Output

Sequence X=0 x=1]|x=0 x=
Reset A B C 0 0
""" By £ | 0 o0
______ 1 CE\RDC 00 |Equivalent state :
= L Ho HY . 0 The same N.S.
A F ! HK 0 0 The same Z
— 10 ERX |Jh HNM 0 0
11 DG | HN HR 0 0
000 H | A A | o 0
——001 HW\ A A 0 0
010 J A A 0 1
—011 HX A A 0 0
—100 Jh A A 0 1
——101 HWN A A 0 0
— 110  HN A A 0 0
~ 111 HR A A 0 0
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2 machines : N1, N>

A state pin N1
A state qin N:
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15-2 Equivalent States

guivalent States “ =

If Zi=2Z2 and r=s
then p=q

A(p, X) = A(q, X) :outpu
o(p,x) =0(q,X) :



15-3 Determination of State Equivalence
by using an Implication Table

P.S. N.S

X =0 X =1 Z
a H a C 0
b f h 0
C ¥ C d a 1
B Qe € 0
R R € Q-
f f b
g b h
h C g
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Output shall be the same
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state comparison by implied pair
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Implication chart construction
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15-4 Equivalent Sequential Circuits I

Definition :Ni= N2 iff P in Ni=qgin N2
Sin Na2=tin N:

N
EX: x=0 x=11x:0 x=1
A| B A 0 0
B| C D 0 1
C| A C 0 1
D| C B 0 0

1/0

Method 1. By observing @
0/0 0/0
<1/i
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x=0 x=1

o

[N

N

nw O umu om
w

Il

w

w

O O T >

" 1//0

wn

[ERN

o O O O

13



— =1|x=0 x=1
A| B A 0 0
B| C D 0 1
C| A C 0 1
D| C B 0 0

Method 2. By implication table

1. Construct implication table by listing all state pair. X out pairs with different output

Xx=0 x=1
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15-5 Incompletely Specified State Tables I

EX:

A can only gives100,110

"0" 100 received

B gives If _ at 3rd bit
"1 110 received

L 4 1 L 4 1
X= 1 0 0 |Z= 0
1 1 0 1

If don’t cares are present, the state table is incompletely specified
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Network B:




Z
XxX=0 x=1
—0) —
—1) —

Reduction of states !



15-6 Derivation of F/F Input Equations I

State Graph

—> State Table

— State Assignment

—> State Transition Table
Choice of F/F!

= K -map

= F/F Input Equations

19
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/states= 3F/F's ABC

g

Let S, =000,S, =110,S, =001,S, =

S, =011,S, =101,S, =010



Z

x=1|x=0 x=1
001 0

001 0

011

001

010

001

010

ATB*C*

A B C|x=0

0 0 O

1)

Transition Table
110
111
110
101
110
101
110

1
1
1
1

1 1 0
0
1
1
0

0O 1 O




(1) Choose D-F/F

Dg Dc

DA

Dg Dc

DA

__111_00X1_11_
XOOOOOXlll
__101_1_1XOOO
XOllllXOlO
__1_OOOOXOOO
XOllllell
21829 de 2SS
AOOOOllll
N
__111_11010
XOOlOlOlO
:10010101
XOlllOlOl
:10000000
VAO1_11_11_1_1
COOllllO
B = - 2 S S
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DA DB DC
ABC o X=, o X=, 0 X=
000 1 0 1 0 0 1
001 1 0 1 1 0 1
010 1 0 1 1 0 0
011 1 0 1 1 0 0
100 X X X X x
101 1 0 0 0 1 1
110 1 0 1 0 1 1
111 1 0 0 0
XA XA XA
BC\.00 01 11 10 BC\,00 01, 11 10 BC\ 00 01 11 10
00l ] x)| x|o0 00 1_‘></ x | O 00| 0 | [x (x\ 11
or{l1|1][o]o o[ 1o |01 ot|o [z [la] 2)
11{1]1/{o0]o0 11] 1]} o | o [T 11{of1]1]o0
10]la|2)lofo MEIREE 10lo (a0
A" =D, =X’ B* =D, Cr=inl
=XC'+A'C+A'B = A+ XB'

Derivation of D F/F input equations
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ose J-K F/F E ) X
0 0 |0 x
0 1 |1 x
1 0 | x 1
1 1 |x O

ATB*Ct IaKa JeKg JcKc
ABC | 071 107110711071
000 110 001 |1x Ox
110 |111 001 | x0 x1
001 |110 011 |1x 1x
111 | 101 001 | x0 x1
011 |110 010 |1x xO0
101 | 101 001 |x0 Ox

010 | 110 010 | x0 xO




Derivation of Flip-Flop Input Equations from Next State Maps

Q=0 Q=1 Rules for forming input map from
next state map
Type of F/F | Input | Q+ =0 Q+=1|Q+ =0|Q+ =1 Q=0 Half of Map | Q=1 Half of Map
D-F/F D 0 1 0 1 No change No change
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D- F/F Input Map

[N

ABN Y
00| o
o1 [T
111 o
1

10(\

| \
D= Q’A’B’+QB’+AB’

DRER




Derivation of Flip-Flop Input Equations from Next State Maps

Q=0 Q=1 Rules for forming input map from
next state map
Type of F/F | Input | Q+ =0 Q+=1|Q+ = 0| Q+ = 1| Q=0 Half of Map | Q=1 Half of Map
D-F/F D 0| 1 0 1 No change No change
T-F/F i 0 1 1 0 No change Complement
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tate Map T — F/F Input Map

Q
)\ i AR 01
00| o 0| ¢ | Y
o1 1 | O o1l 1 |1
111 0 0 11| 0 1
100 1 | x 10 1 | x

Q+ T = A'B+AB’+QB



Derivation of Flip-Flop Input Equations from Next State Maps

Q=0 Q=1 Rules for forming input map from
next state map

Type of F/F | Input | Q+ =0 Q+=1|Q+ =0|Q+ =1 Q=0 Half of Map | Q=1 Half of Map

D-F/F D 0| 1 0 1 No change No change

T-F/F T 0 1 1 0 No change Complement

S 0 1 0 X No change Replace 1’s
............................................................................................................................................................................................................. with X’s

S-R F/F R x |0 ! 0 *Replace 0’s
with x’s Complement
*Replace 1’s
with 0’s
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ate Map R-S F/F Input Maps

o 1 o 1 A 0 1
00| o | 1 0| g | *X] 00| | 0©
o1| 1 | O 01| 1 | O o1| o | 1
11 0 | 0 110 | o | 12| x | 12
10 1 | x 10 1 [ x | 109 | x

o+ S=AB’+Q’A’B  R=0QB



Derivation of Flip-Flop Input Equations from Next State Maps

Q=0 Q=1 Rules for forming input map from
next state map

Type of F/F | Input | Q+ =0 Q+=1|Q+ =0|Q+ =1 Q=0 Half of Map | Q=1 Half of Map

D-F/F D 0| 1 0 1 No change No change
T-F/F T 0 1 1 0 No change Complement
S 0 1 0 X No change Replace 1’s
............................................................................................................................................................................................................................. WIth X’S......
R-S F/F R X |0 1 0 *Replace 0s
with X’s Complement
*Replace 1’s
with 0’s
J 0 1 X X No change Fill in with X’s
NIV | Tl s et e S =
K X | X 1 0 Fill in with x’s  Complement
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J-K F/F Input Maps

aBN_0 1 a0 1
0| g | *X|o00] x|©
o1| 1 | x| o1| x | 1
11 0 | x | 11| x | 1
10| 1 X 10| x X

Q+ J=A’B+AB’
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Derivation of J-K Input Equations from Next State Maps

Ja

XAlEK'A l

BC
00
01
11

10

00 ‘01 11 110

- X :O

(R R R PF

0
0
0

(o] o] o x

Jg

KIB

XA
BC

00
01

11
10

00 01 11 10

ﬂxxo

1o[o]L

0
1 [0 1(70]| 1
1 0| 1

B+

Js=XA" + AC

Ke = AC + XA

00 01 11 10

Jc = A+ XB’
Ke=X'A"+A'B

Derivation of J-k F/F input equations
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Q Q"|S R
0O 0 |0 x
(3) Choose S-R F/F 0 111 0
1 0|0 1
1 1 (x O
AB*C* SaRA SgRg ScRe
X= X= X= X=
ABC 0 1 0 1 O 1|0 1
000 110 001 |10 OX
110 111 001 [x0 O1
001 110 011 |10 OXx
111 101 001 (X0 O1
011 110 010 |10 Ox
101 101 o001 (x0 01
010 110 010 |10 Ox
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EX:Another example with 2 inputs X, X, , 2 outputs Z, Z,

| _—

X, Mealy M Z,

CLK——-

N.S. V4

X1 Xo= X1 Xo=
PS.|00 01 11 10 (00 01 11 10
S, 1S, S, S; S; ({00 00 01 01
S, |S; S; S, S, |00 10 10 OO
S, |S; S; S, S, (11 11 00 OO0
S, |S, S; S, S,|00 00 00 OO

4 states = 2F/F's A,B
State Assignment :S,=00,S,=01,S,=11,S, =10



State transition Table

N.S.
= Xy Xo= X1 Xp=
AB (00 01 11 10 (OO 01 11 10
c0O {00 00O 01 01 (00 OO0 01 O1
01 (01 10 11 O1 |00 10 10 OO0
11 (10 10 11 11 |11 11 OO0 OO
10 |00 10 11 OO0 |00 OO OO0 OO0

37



D-F/F

XA

BC\ 00 01 11 10
000 0|0|O0
oo |1]1]o0
11 |(T @[T 1)
1ofo]li]1]o

D, =A"=X,B+AB+X,A

XA

BC\ 00 01 11 10
00000 |O0
o1fo |1 ]|1]]o
11|21 { 3|0 |0
1000 |0 |0

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

XA
BC\ 00 01 11 10
o0l 0|0 |11
01| 1)| o |(2 1]
1110 |0 |1 ] 1)
10/ 0|0 |[1] O
D,=B"=X,A+X,'A'B
+X,B+ X, X,
XA
BC\ 00 01 11 10
000 |0 13
01{]0[0|0|O
11|21 {yJ|o |0
10]0({0 (0| O

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

38



S-R F/F

Q QIS R
0 0|0 x
] 0
0 1
I O

XA
00 01 11 10
00/0[0|0]|O0
A=0;
o1|oj1]1)o
(11| x [x [ xJ) x
A_lilo Ol x| x |0
S,=X,B
XA
B BC\ 00 01 rll 10
B:_-Q ----- 00| 0|0 |1 ﬂ
3:1{01 0|0 [[x/|x/
11| x | O ||x|| x
________ 1000 |l1]o0

XA
BCX\. 00 01 11 10
00 XA XX NX
O1l x| O] 0| x
1110|100 ]| O
10l 2N oo 1
R,=X,'B
XA
BC\ 00 01 11 10
o0l x| x/]O0|O0
0110 12//0]|O
111 | 1|0 |0
10] x | x| O | X
R =X/'X,+X,'A

39



Derivation of F/F Input Equations

State Graph
— State Table
— State Assignment
— State Transition Table
= K - map4
= F/F Input Equations

(Choice of F/F)

Different state assignment
= different F/F Input Equations !
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15-7 Equivalent State Assignments I

§Cost of logic strongly depends on state assignments.

Ex: Assign 1 Assign 2

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

AB AB P~
11 00 S
10 01 S,
01 10 S,

* Assignment 1
S,=00,S,=01,S,=10
D-F/IF:2F/F's A,B
D,=XB D, =X (A+B)

SS, S, | 0 0
s, S | 0 1
S, S, | 1

NOR implementation
X’_
B —E >O — Da

X —

) > o,




* Assignment 2
=10,S,=01
:2F/F's A,B
A=X+B" D;=X+AB

NOR implementation

—) o
DCFD%D% .. = Ii ;nore ga




Adjacent states

2 states are adjacent
S,(010) ~—S,(011) |
(100) —— (110)
S;,(010) S,(111)
(001) (111)

-adjacent

-not adjacent




’| 15-8 Guildlines for State Assignment I

work for D F/F ,J-KF/F
not for TF/F ,S-RF/F
1. States which have the same next state should
be given adjacent assignment .
2. States which are next states of the same state
should be given adjacent assignment .
3.States which have the same output
—> adjacent states

In above order !!

No guarantee a minimum solution



nputi =™ » ¢ B3| — B next state

ate has the same n. s.

1/0 1/1

=)

1245guideline 1 - SI ~ S5 7 & 4p 4~




: | — igstatept d) k gnext states o
states has the same p. s.

om/ \1/0
()

Rzguideline 2 > S1 ~ S47F & 4p 4K o




Guideline 3 : #4p fr ehinputi = T » € & 2 48 I outputehstates o
same output states

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

R4 guideline 3 S0 ~S1 ~S3~S4~S52 & 4p 48 o

47



x=6\I'SX:1 x=0Z X=1

%

o
w
W
R
o
o

[N

N

3FF's A,B,C

o1

(D(D(Dw(/)(/)(/)(l)

(o]

Ny
nw v wmmn v
»w v nnnon

‘1.Iist relationship I _
States having the same n

Rule 1:(S5,5;,55:55) (53:55) (S4:55) (S0:5,:54:5¢

Rule 2:(S,.5,)(S,.5;)(5,.8,) (5,.85)x2
States havi



‘Z.Use an assignment map I

BC 0 1 BC S
00 |So 00 | o
01 | S, |Ss 01 [S 1 [Sg
11 | S, | S; 11 | S 3 | Sy
10 |S6 |91 10 | Si= RS
Assignment (a) Assignment (b)

States having the same n.
Rule 1:(S4,5,,55,55 ) (S5:55) (5 4.5 ) (SERSERISNN

Rule 2:(S,.5,)(5,.5:)(S,.5,) (S,.85)%2 (S,.S5)
States having the sa




%

000 S,|'S, S, | 0 O
110 S, | S, S, | 0 0O
01 S,|S S, | 0 O
111 s,| S, S, | 0 0
011 S,| S, S, | 0 0
01 S, S, S, | 1 0
010 S, | S, S, | 0 1

»

6 gates 13 literal



001
010
011
100
101
110

straight forward assignment

10 gates 39 litera

N.S. Z
S | x=0 x=1|x=0 x=1
S S, S 0 0
Sy S oY 0 0
S, S, S, 0 0
S, S SP 0 0
S, S, S 0 0
S S S, 1 0
S S, S 0 1




Why guideline help ?

ABC x—(')A\+B+C+x—1 x—% x=1
000 S,| 110 S, 001 S,| 0 O
P S LS ) 9 % Next state map
001 S,|110 S, 011 S,| 0 O
BERNENSi01 s, 001 S,| 0 O
011 S,|110 S, 010 S,| 0 O
101 S, | 101 S, 001 S,| 1 O
010 S| 110 S, 010 S,| 0 1 o 2
x=0 x=1 =0 =2
S, 000] 110 S, 001 S,| O O
;> S, 001|110 S, 011 S,| O O
S, 010| 110 S, 010 S (RNGENN
s, 011| 110 S, 010 S NNGEENE
— 100 | xxx X X X - 2
State transition graph 5 191 [ 191 Ss SRS
S, 110 | 111 S, COINSCHEENS
S, 111| 101 S, OOINNCHIENS




Next state map ®~

S,S,S,S

XA A*

BCN\. 00 01 11 10
ooll 1/ x)[ x | O
0111/ 11010
111111 0|0
1001 [ 2) 0|0

AT =X

X

AOO

01 11 10

S, | X | X | S
NHRIBIBEIE
S, S, S, S,
1] Syl | S | Sy | S¢
S, S; S3 S, N
616”} Sl /83 Sz 86 Sy S
s Js s Nse
SBSS SISBSS
XA B* XA Ct
BC~. 00 01 11 10 BC~. 00 01 11 10
001 x | x |1 00|10/ x | x| 1
o1|/1/|(0 |0} 1 opl oML 1)1
11(]1]|@] 0y 11}6Ja 1)) o
10]/1]] 1] 0] & / o|l1]2]o
E N

due to S, S, assignment




=1 x=OZX=1 Guidelines
a C 0 0
il f ) ] 1.(b,d)(cf)(be)
4l ; ; ’ 2.(a,c)x2, (df)(bd)
. ] . 1 (bf)(ce)
= ; 1 o 3.(ac)(b,d) (ef)
f C e 1 0




ment (a)

1 2000

00 &a | C| [ _qi1q
01 € | c=100
111 b | d | d=011
10 .I: e =101
f =110

LQ@E)(CJ)(bﬁ)
2.(ac)x2, (df)(bd)

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

Assignment (b)
Q,
Q,Q3 0 1 a=100
00 C | a b 111
01 € | ¢=000
11 b d =0l
10




For Assignment (b)

(@)

110

P.S. N.S. Z

Q,Q,Q, | Xx=0 x=1|x=0 x=1
m, 100 100 000 0 0
m, 111 011 010 0 1
m, 000 000 100 0 0
m, 011 011 111 0 1
m. 101 111 010 1 0
m, 010 000 101 1 0
m 001 |[——— — = —
m

56



State Transition Table

PS. N.S. v

QQ,Q; | Xx=0 x=1|x=0 x=1 next state map
m, 000 | 000 100 | 0 O
ol i R Q;Qloo 01 11 10

23
QERUI0— 000 101 ) 1 0 ool 000 T 200 000 200
m, 011 |01l 11| 0 1
010

m, 100 |100 o000 | o o  OLf < |1tj010) X<
m, 101 |111 o010 | 1 o  11[o1r[o11]o10]111
mg 110 |-——— ———| - = 10000 X | X | 101
m, 111 | o011 010 | 0 1




Next State Map

J
XQlL ! lQl:O XQ,
QQs 00 01 11 10 QQx 00 01 11 10
oolo|1]o]o0 Q=0 0ol 0|2|0]O0
01l x| 1|0 | x |Q; Li,orl x| 1] 0] x
1lololol1]di=%XQ; Q=l—~q1|o|ofo]1
101 O | x | x| 1 St Q, KZ’alo 0| x| x |1

Q=1 K, .
XQ, Jl_Q
QQx. 00 01 11 10 2
00l 02|00 |« K, =Q,
Q=1 , 01 1] o0 P
T X X +F
3 Q3

K’
s q1lofolofa] J. = X0,

101 0 | x | x | 1 K, =XQ,




D - F/F Implementation

XQ, XQ,

Q,Q,\, 00 01 11 10 Q,Q,\ 00 01 11 10
oof |*t . 00
01l X 1 X 01l X 111 x
11 1 1711|111
10| x | x |1 10 X | x
Ql+ :XIQlel"l'XQzl QZ :Q3
XQ, XQ,

Q,Q;N\ 00 01 11 10 Q,Q,\ 00 01 11 10
00 00
01 x| 1 X o1l x | 1 X
111 1 | 1 1 11 1.4/
10 x | x| 1 100 1 | x | x

Q; =XQ,'Q,+XQ,Q, Z=XQ,Q,+X Q, Qg

+ X' Q,Q5



15-9 Using a One-Hot State Assignmentl

* When design with CPLD and FPGAs, it may not be important to
minimize the number of F/F used in the design

» |n order to design faster logic, the number of cells and interconnections
between cells should be reduced

 One-hot state assignment
— Using one F/F only for each state

— 4 states use 4 F/F (Q,, Q,, Q,, Q3) with following state assignment
Sy QuQ;Q,0Q,=1000, S;: 0100, S,: 0010, S;: 0001

Write next-state and output eq.
directly by inspecting the state graph

Qg - XlQO + Xle + Xan + X4Q3

60



achine,
,Q,=100, S;: 010, S,: 001
Q; =FR'Q, +FQ, +FRQ,
Q; =FR'Q, +FQ,+FRQ,
Q; =F'R'Q,+FQ, +FRQ,

leQo Zzle Z3=Q2

 When design with CPLDs or FPGAs, try both an assignme
minimum number of state variables and a one-hot assi



HOMEWORK --

Unit 15
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A Short Cut Method to Find J-K Flip-Flop Input Equations
' For J-K F/F : Ja, Kaindependent of Qa < Q" =JQ+K'Q

= Q=0 Q'=J  Q=1F Q =K

Q Q|3 K
Example R
0 1 (<
Next state map: Qi Qp Q& ;o
PS. | N.S i
QAQsQc | Qa+Qs+Qc+ QBQCA 0 1 Qs Q¢ i 0 1 QBQCQA 0 1
000 111 0011 0011 00/l |1
001 XXX 01X [|X 01|X [X 01lx |x
010 | 000
= = 11/0 | 0 110 | O 110 |0
100 e 10{ 0 |x 10{ 0 |x 10| 0 |x
T oo
110
11 | 000 Al S =

63



cFor J-K F/F : Ja, Kaindependent of Qa ~ Q" =JQ+K'Q
Q=1 Q" =K

= Q:OE?E Q" =1

Next state map: Q, Qi Q:

Qg Q¢

%A
Qa

0

Qa
{

00
01
11
10

Ja map

1

X

0

1
1
X
0

0

X

K's map

Qat

Q Q
QO 0 1 %™ Q0N 0 1
00|11 o0/ 1|1
B=0 C=0
01|X (X | 01/ X |X ]Czl Jc map
1110 |0 | 1110 | 0 K'c map
10 O X (B=1 10 O X -
Q|3+ K'g map Qc+
- Je=B’ Kc=1

Ja=B'" Ka=BorC
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