Digitalteknik EITF65

Lecture 10: State Assignment

August 27, 2020



Detector (Graph)

Example 6.6 (2.3, 2.14)
Detect the sequence 0011:

State transition graph:

Tabular:
s| 0 1
so | s1/0  s0/0
s1 | £2/0 s0/0
So 52/0 53/0
s3] s1/0 s/l

Martin Hell, Digitalteknik L10:2, Ch 6.2




Detector (NBCD)

Use natural binary code to encode
the states:

State X
Sq1q2 0 1
s 00 | 01/0 00/0
s; 01 | 10/0 00/0
s 10 | 10/0 11/0
s3 11 1 01/0 00/1

Karnaugh maps:
Fp 01

q1 4

92

Minimal Functions:

a1 = q1g2x' V q14b
@ = qighx' vV qiqex’ V qighx
U= qiqgz2x

= 6 implicants

00| 0 0 00 0 00 0

01 0 01 01 0
9192 9192 9192

1|0 0 11 0 11

o

10f 1 1 10 10

Martin Hell, Digitalteknik L10:3, Ch 6.2




Detector (Gray)

Use Gray code to encode the Minimal Functions:
states: N ,
q; = q2X Vqiq2

State X +

sqiqe | O 1 9 =X

s 00 | 01/0 00/0 U= Xq195

s 01 | 11/0 00/0

s 11 | 11/0 10/0 = 4 implicants

s3 10 | 01/0 00/1

X X

Karnaugh maps:
01

af %01 up o1
)
w|o]o w1} o w|o]o
o1 {1} o o111 o oo o
G192 1% NG
ml1)] 1 m] 1o 1m]olo

10f0 0 10\}/0 10 O

Martin Hell, Digitalteknik L10:4, Ch 6.2



State assignment

Observation

The number of implicants in a realization of a graph depends on
the state assignment.

There are no (known) methods of how to find the optimal state
assignment.

Find a state assignment where few variables change in each
transition.

Martin Hell, Digitalteknik L10:5, Ch 6.2




Modulo 6 counter

Example 6.5
A modulo 6 counter (i =0 =+3 and / = 1 =--2) has the graph
State transition graph: Tabular:

s |0 1

So | 53 sS4

51 S4  Sp

S2 S5 S0

S3 | S $S1

S4 | S1 S

S5 | S S3

Martin Hell, Digitalteknik L10:6, Ch 6.2




Mod 6 (NBCD)

Use natural binary code to get the tabular

State. X

s qiqaq3 | O 1

So 000 011 100
s1 001 100 101
S 010 101 000
S3 011 000 o001
S 100 001 010
Ss 101 010 011

A minimal realization:

47 = 919593 V ¢ ahx V q2qhX’
a9 = qxV qiq3 V q1grq5x’
g3 = q3x" V qax

= 8 implicants

Martin Hell, Digitalteknik L10:7, Ch 6.2



Mod 6 (NBCD) Karnaugh

gsx azx q3x
gy 00,0111 10 gy 00 01 11 | 10 g5, 00, 01 11 ;10
YUY AP
0] o 00 0|01 o0 oof 1] off1] o
01 m 0010 o1flo|o]o0]oO orf 1] of 1| o
a1q2 q1q2 q1G2

11 U - - - 1| - ( - ‘ W - ‘ -1 -1-1 -
0]o0o|0]0]o0 00 Ll ‘ 1 J 1 \ 0 1)fof1])o
a4 = dighas V g1 V 25X’ g3 = qix V qugs V q1g5q5x g5 = g5x' V gsx

Martin Hell, Digitalteknik L10:8, Ch 6.2



Mod 6 (Gray)

Use Gray code between state transitions:

State. X

s qiqaq3 | O 1

So 000 100 001
st 101 001 111
S 011 111 000
S3 100 000 101
S 001 101 011
Ss 111 011 100

A minimal realization:

a = qix'V qix
a5 = @x' V qhasx
q; = gox V g3x’'

= 6 implicants

Martin Hell, Digitalteknik L10:9, Ch 6.2



Mod 6 (Gray) Karnaugh

gsx azx q3x
gy 00,0111 10 gy 00 | 01 ‘11‘ 10 g5 | 00 ‘01 11‘ 10

00| 1 0 0 1 00 0 w 0 0| o 1
1

nf--[1)o0 1
wfof1|1)o0 10
] \

g = qix'V qix G5 = @x'V ghasx g5 = hx V gax’

0
01 - - 0 1 01 - - 0 1 01 -
4192 — [ 192 q1G2
0

Epas

Martin Hell, Digitalteknik L10:10, Ch 6.2




Reduced dependency

Idea of RD

Find blocks of states s.t. their next states also are grouped in blocks

si, €B = (s1,i),0(s2,i) €B

A transition in the graph corresponds to a transition between
blocks.

Use the partion to encode the states such that a transition between

two blocks corresponds to as few changes in the state variables as
possible.

Martin Hell, Digitalteknik L10:11, Ch 6.2




Reduced dependency

Algorithm
For each pair of states
» assume the two states are in same block.

> iteratively, for each input, group the next states of a block into
a new block.

The obtained state partitions correspond to dependencies in the
graph. Use them to find a state assignment.

Martin Hell, Digitalteknik L10:12, Ch 6.2



Detector (RD)

Example Detector (RD)

Partitions for the detector:

Po1 : 5051 — 50515 — S9515253 = S
Py : 595 — 5051553 = S

Po3 : S9S3 — SpS3 = S0S3; S1; 2

P12 : 515 — 515,553

P13 15153 — S15253 — SpS152S3 = S

P23 1 S5S3 — 59515283 — S

Use g1 to encode the blocks in Pio= 51052 5053.
a1 =
Use g and a new partition P*=353571; 5,53
do> = 0 1

Martin Hell, Digitalteknik L10:13, Ch 6.2



Detector (RD)

Use RD to encode the states:

Minimal Functions:

State . X . qii- — x
54142 + ,
s 10 | 00/0 10/0 9 =Xq1V a9
st 00 | 01/0 10/0 U= Xxqigo
s, 01 | 01/0 11/0
s3 11 | 00/0 10/1 = 4 implicants

Karnaugh maps: N N

G| 0 1 ¢y 01 u 1

0o 1) w1l o 00 0

01| o |1 o 1] 1 01 0

q192 9192 J q192
1o |1 1m|o|o 11
0o 1) 10]0 0 10 0

Martin Hell, Digitalteknik L10:14, Ch 6.2




Mod 6 (RD-partitions)

Partitions for the modulo 6 counter:

P01 15051 — S0S1; S354S5 — S0S1525354S5 < — S
P02 15082 —> S0S254; S3S5 — S0S2S4; 515355

Po3 : 5053 — 5053;5154 — 5053; 5154; 5255

Pos : 5054 — 505254; 5153 — S05254; 515355 = Po2
P05 1 50S5 — S0S5; S25354 — S0S152535455 = S
P12 1515 — S152; 505455 — S0S1525354S5 =S
P13 : 5153 — 5054, 515355 — S05254; 515355 = Po2
P14 : 5154 — 5154;5255 — 5053; 515; 255 = Po3
P15 : 5155 — 5354, 515355 — S05254; 515355 = Po2
P23 1 5283 — 505155, 5253 — S0S1525354S5 = S
P24 : 554 — 505254; 5155 — S05254; 515355 = Po2
P25 : 5255 — 5053, 5255 — S053; S154; 255 = Po3

P34 : 5354 — 5354,505152 — S0S15535455 =S
P35 : 5355 — 5052, 515355 — S0%254; 51535 = Po2
Pus : 5455 — 515553, 5455 — S0S150535455 =S

Martin Hell, Digitalteknik L10:15, Ch 6.2




Mod 6 (RD)

Use Py2 and Pz according to

Po2=50%%; 51535 and Po3 =Sps3; 5154, 5255
q0122505654 5151355 an q2(5,3:5853 5ﬁ4 56%

The function table becomes: Minimal realization:

State X qf— - qix' Vv qix
q19293 | 0 1 G = qx' \/@
000 100 011

s1 111 011 101
S 001 101 000
S3 100 000 111
Sy 011 111 001
s 101 | 001 100

Y ln

CI;:%\/CI?;*X\/CBX'

= 6 impliants

Martin Hell, Digitalteknik L10:16, Ch 6.2



Mod 6 (RD) Karnaugh

gsx azx q3x
gy 00,0111 10 gy 00 01 11 | 10 g5, 00, 01 11 | 10

— L — —
00 1 0 0 1 00| 0 1 0 0 00 0 1 0 1

01 - - 0 1 01 - - 0 1 01

[ 192 q1G2

0

4192 —

1] - - 1 0 11
0] 0 1 1 0 10 1 0 0 10| 0 1 0 \i/

@ =@ X'V qix @ = qx' Vg G = qV gV gx

Martin Hell, Digitalteknik L10:17, Ch 6.2



1-Hot

1-Hot state assignment

Use one state variable for each state. Then for all transitions two
variables are changed.

Martin Hell, Digitalteknik L10:18, Ch 6.2



1-Hot (Detector)

state transition table: Minimal realisation:
+ o
State. X q1 - X73/ /
S G192G3Qa 0 1 q2 = X g>q3
S0 1000 0100/0 1000/0 CI3 — X'Qiqﬁ
s 0100 | 0010/0 1000/0 -
s, 0010 | 0010/0 0001/0 94 = xq3
S3 0001 0100/0 1000/1 U = Xqa

= 5 implicants

Martin Hell, Digitalteknik L10:19, Ch 6.2




1-hot (Detector) Karnaugh

=+
2
2
Y
2
2
Y
BN
2
2
2

1110 ¢ 00 0TIl |10 g 00 01110 ¢ 00 0I 11

00 10
0| -]101]-1]0 00 LJ 0 00 ? 0 - |1 0] -]01]-1]0

010 | -] - - 01| o0 | -] - - 01 ﬂ -] - - 0L o] -] - -
9192 9192 ng — —1G
|- -1-1- |- -]-1- |- -] -1- |- -] -1-
101 0 - - - 101 - - 101 0 - - - 10| 0 - - -
X = ‘ X L 0 X = x=0
+ q3qa + q3qa + q3qa + q3q4
g, 00,01,11,10 g, 100,01,11,10 g3 1 00,0111 ,10 g, 100,01,11,10
00 | - 11 -1]0 0|-]01]-10 wfl-]1]01]-10 0| -1]01- 1
o1 1] -1 - - 010 | -] - - o1|o | -] - - 01| o0 | -1 - -
q192 q192 q192 q192
ul| -] - -1- | --]-1- |- - -1- |- --1-
wf1-)--| wfo|-|-|-] w]o|-|-]-] 1wfo|-]-]-
x=1 x=1 x=1 x=1
4 = xq a3 = X965 a3 =x'q1q a5 = xq3
U= Xxq4

Martin Hell, Digitalteknik L10:20, Ch 6.2



Mod 6 (1-hot)

A I-hot assignment for the mod- A minimal realization
ulo 6 counter gives:

97 = qax" V q3x

State X G = qsx' V qax

S qi1...G6 0 1 q;:qﬁx'\/q5x

100000 | 000100 000010

+ /
s1 010000 | 000010 000001 ds = Gex V q1X

s, 001000 | 000001 100000 g3 = g2x' V qix
s3 000100 | 100000 010000 ge = qa3x’ V gox
s; 000010 | 010000 001000

ss 000001 | 001000 000100 = 12 implicants

Martin Hell, Digitalteknik L10:21, Ch 6.2



Summary

Summarising the examples:

Encoding | Detector | Mod 6 counter
Natural |6 impl. 8 impl.

Gray 4 impl. 6 impl.

RD 4 impl. 6 impl.

1-Hot 5 impl. 12 impl.

It is often worth spending some time trying to find a promising
state assignment.

Martin Hell, Digitalteknik L10:22, Ch 6.2



