CpE358/CS381

Switching Theory and
Logical Design

Class 17

Copyright ©2004



Today

 Class Wrap-up: Electronic Dice Design Problem

CpE358/CS381 Copyright ©2004
Switching Theory and Logical Design Stevens Institute of Technology

Summer-1 2004 All rights reserved 1-661



Initial Problem Statement

Electronic Dice (Difficulty=7)
— 7 LEDs flash in a seemingly random fashion (20/second) until user presses a button. Flashing stops
within 1 second and LEDs display a pattern representing the 6 possible die faces. Probability of any
outcome is equally likely.
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Block Diagram of System Implementation

Clock
—> Random S/R Generator
3 bits
(0-7)
O<state<7 :
\ Run | State Display \
Controller Compare Eﬂ Decode
Roll :
3 bits
(1-6)
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Random S/R Generator

Run Controller lll

' Run State Display '
Controller| < Compare :E Decode

« If “Roll” has been pressed, output clock for no more than one more second. Stop
the clock only if the state output of the shift registeris 1, 2, 3, 4, 5, or 6.

— O<state<7

Roll — SR
Clock
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Random S/R Generator

Run Controller lll

' Run 4 State

Controller| Compare

—3

Display >
Decode

« If “Roll” has been pressed, output clock for no more than one more second. Stop

the clock only if the state output of the shift registeris 1, 2, 3, 4, 5, or 6.

— O<state<7

Start —
Roll —
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Random S/R Generator

Run Controller lll

' Run 4 State

Controller| Compare

Display >
:E Decode

« If “Roll” has been pressed, output clock for no more than one more second
the clock only if the state output of the shift registeris 1, 2, 3, 4, 5, or 6.

. Stop

— O<state<7

Start ——

) Clock

20 Hz Clock
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Run Controller

Random S/R Generator

;

Run 4

i

State

Controller

Compare

—3

Display
Decode

« If “Roll” has been pressed, output clock for no more than one more second. Stop
the clock only if the state output of the shift registeris 1, 2, 3, 4, 5, or 6.

Start —
1010 1110
C, C, C, C,
4-bit ctr 4-bit ctr
J’ LD J’ LD
Roll —

— O<state<7

20 Hz Clock ®
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Run Controller

Random S/R Generator

;

Run 4

i

State

Controller

Display >
Compare :E Decode

« If “Roll” has been pressed, output clock for no more than one more second. Stop
the clock only if the state output of the shift registeris 1, 2, 3, 4, 5, or 6.

Start —
1010
C G
4-bit ctr
J’ LD
Roll —

1110
C Co
4-bit ctr
J‘ LD

O<state<7

D_

20 Hz Clock ®
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Run Controller

Random S/R Generator

;

Run 4

i

Controller

State Display '
Compare :E Decode

« If “Roll” has been pressed, output clock for no more than one more second. Stop
the clock only if the state output of the shift registeris 1, 2, 3, 4, 5, or 6.

O<state<7

D_

Start ®
1010 1110
CI Co CI Co
4-bit ctr 4-bit ctr
T LD T LD
Roll —
[
20 Hz Clock —e ®
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Run Controller

;

Random S/R Generator

Run
Controller

i

<

State
Compare

Display
Decode

« If “Roll” has been pressed, output clock for no more than one more second. Stop
the clock only if the state output of the shift registeris 1, 2, 3, 4, 5, or 6.

4-bit ctr 4-bit ctr

o [ LD T LD

O<state<7

Roll —

20 Hz Clock ® ®

D_
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Run Controller

;

Random S/R Generator

Run
Controller

i

<

State
Compare

Display
Decode

« If “Roll” has been pressed, output clock for no more than one more second. Stop
the clock only if the state output of the shift registeris 1, 2, 3, 4, 5, or 6.

4-bit ctr 4-bit ctr

o [ LD T LD

O<state<7

Roll _¢L

[
0—DQ
20 Hz Clock ® ®

D_
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Run Controller

;

Random S/R Generator

Run
Controller

i

<

State
Compare

Display
Decode

« If “Roll” has been pressed, output clock for no more than one more second. Stop
the clock only if the state output of the shift registeris 1, 2, 3, 4, 5, or 6.

4-bit ctr 4-bit ctr

o [ LD T LD

O<state<7

Roll _¢L

[
0— D QF
20 Hz Clock ® ®

D_
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Run Controller

;

Random S/R Generator

Run
Controller

i

<

State
Compare

Display
Decode

« If “Roll” has been pressed, output clock for no more than one more second. Stop
the clock only if the state output of the shift registeris 1, 2, 3, 4, 5, or 6.

4-bit ctr 4-bit ctr

o [ LD T LD

O<state<7

D_

Roll __cL

[
0D QF
20 Hz Clock ® ®
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State Compare

Random S/R Generator

—»

Run

Controller

i

State
Compare

Display
Decode

» State Compare prevents the shift register from stopping if the current
stateisQor 7

State

Output

000

0

001

010

011

100
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111

Oolr|kPr|kR|FR|FR]|R

b,b, by,
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State Compare

Random S/R Generator

;

—»

Run 4

i

Controller

State
Compare

Display
Decode

» State Compare prevents the shift register from stopping if the current
stateisQor 7

State

Output

000

0

001

010

011

100

101

110

111

Oolr|kPr|kR|FR|FR]|R

b,b, by,
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Disp

b,b,0g

Random S/R Generator

i

Display
Decode

ay Decode _
ol e s P
Al B| C| D| E| F| G
o X| X| X| X[ X| X| X
1{ 0| Of O 1|1 0| 0| O
21 1) 0f Of Of O] Of 1
3| 1 0] O 11 0| 0] 1
41 1|1 O 1 0 1] 0| 1
5|1 1| O 1 1 1] 0f 1
6 1 1 1 0 1 1] 1
71 X X[ X| X| X| X| X
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Random S/R Generator

Display Decode - |
_>Co§tl:tr)1ller< Cfr;a;ee\re:E gtlesgz}é _>
A E o.b.b A B C D E F G
2~1%0 0 X X X X X X| X
B D = 1 0 0 0 1 0 0 0
2 1 0 0 0 0 0 1
3 1 0 0 1 0 0 1
C G
4 1 0 1 0 1 0 1
5 1 0 1 1 1 0 1
6 1 1 1 0 1 1 1
blbo 7 X X X X X X X
A 00 01 11 10 E 00 01 11 10
0 X 0 1 0 X 0 0
1 1 X 1 1 1 X 1
B 00 01 11 10 D 00 01 11 10 F 00 01 11 10
0 X 0 0 X 1 0 0 X 0 0 0
1 0 X 1 1 1 X 0 1 0 X 1
C 00 01 11 10 G 00 01 11 10
0 X 0 0 0 0 X 0 1 1
1 1 1 X 1 1 1 1 X 1
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Random S/R Generator

i

Display
Decode

Display Decode
_> Costl:gller 4 Cosr;agzre :E
A E obob A B C D E F G
2~1%0 0 X X X X X X X
B D E 1 0 0 0 1 0 0 0
2 1 0 0 0 0 0 1
3 1 0 0 1 0 0 1
C G
4 1 0 1 0 1 0 1
5 1 0 1 1 1 0 1
6 1 1 1 0 1 1 1
blbO 7 X X! X X X X! X
A 00 01 11 10 00 01 11 10
0 X 0 1 1 X 0 0
1 1 | 1 | X | 1 1 | 1 X | 1
B 00 01 11 10 D 00 01 11 10 00 01 11 10
0 X 0 0 0 X 1 0 X 0 0 0
1 0 0 1 0 X 0 0 0 X 1)
C 00 01 11 10 00 01 11 10
0 X 0 0 X 0 1 1
1 L1 1 X 1) L 1 X 1))
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Random S/R Generator

i

Display >
Decode

Display Decode
—» Run (g State :E
Controller Compare
A E o.b.b A B C D E F G
2~1%0 0 X X X X X X X
B D = 1 0 0 0 1 0 0 0
2 1 0 0 0 0 0 1
3 1 0 0 1 0 0 1
C G
4 1 0 1 0 1 0 1
5 1 0 1 1 1 0 1
6 1 1 1 0 1 1 1
blbo 7 X X X X X X X
A o0 | o1 | 1| 10| A=h,+b, 00 | o1 | 11| 10
0 X 0 1 1 X 0 0
1 L L LA | 1 B:blbz I x |1
B 00 01 11 10 D 00 01 11 10 00 01 11 10
0 X 0 0 0 X 1 0 X 0 0 0
1 0 0 1 0 X 0 0 0 X 1)
C 00 01 11 10 D:bo 00 01 11 10
0 X 0 0 X 0
1 | 1 X 1) C=Db, L 1 X J)
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Random S/R Generator

Random S/R Generat+r lll

Run State Display '
Controller 4 Compare :E Decode

» Use a maximal length S/R generator to create a pseudorandom string of 1's and
O’s.
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Random S/R Generat rr lll
—>

Run State Display '
Controller 4 Compare :E Decode

» Use a maximal length S/R generator to create a pseudorandom string of 1's and
0’s.

« 3 bits are taken out of the S/R to represent the die state. Since there is an equal
probability of any three bit combination, there are 8 states which can be
represented. 2 of them are eliminated by other circuitry, so the probability of 1, 2,
3,4, 5, or 6 are the same.
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Random S/R Generat rr lll
—>

Run State Display '
Controller 4 Compare :E Decode

» Use a maximal length S/R generator to create a pseudorandom string of 1's and
0’s.

« 3 bits are taken out of the S/R to represent the die state. Since there is an equal
probability of any three bit combination, there are 8 states which can be
represented. 2 of them are eliminated by other circuitry, so the probability of 1, 2,
3,4, 5, or 6 are the same.

* The three bits that are selected for use must not be adjacent, otherwise if 000 is
rejected, the next state will be 000 or 100, depending on the next bit. 000 will be
rejected again, but 100 will be accepted, increasing its probability compared to
the other states. Likewise, if 111 is rejected, 011 will be accepted, increasing the
probability of that state.
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Random S/R Generat rr lll
—>

Run State Display '
Controller 4 Compare :E Decode

» Use a maximal length S/R generator to create a pseudorandom string of 1's and
0’s.

« 3 bits are taken out of the S/R to represent the die state. Since there is an equal
probability of any three bit combination, there are 8 states which can be
represented. 2 of them are eliminated by other circuitry, so the probability of 1, 2,
3,4, 5, or 6 are the same.

* The three bits that are selected for use must not be adjacent, otherwise if 000 is
rejected, the next state will be 000 or 100, depending on the next bit. 000 will be
rejected again, but 100 will be accepted, increasing its probability compared to
the other states. Likewise, if 111 is rejected, 011 will be accepted, increasing the

probability of that state. G

N-bit S/R
|
Bo
bl
2
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Block Diagram of System Implementation

Clock
—> Random S/R Generator
3 bits
(0-7)
O<state<7 :
\ Run | State Display \
Controller Compare Eﬂ Decode
Roll :
3 bits
(1-6)
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Initial Problem Statement

Electronic Dice (Difficulty=7)
— 7 LEDs flash in a seemingly random fashion (20/second) until user presses a button. Flashing stops
within 1 second and LEDs display a pattern representing the 6 possible die faces. Probability of any
outcome is equally likely.
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Summary

 Class Wrap-up: Electronic Dice Design Problem
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