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‘ A large number of the probiems found in controlling "electronic /

and glectromechanical devices involve decision oriented tasks. There

are, many ways to soive these types of prob1ems Originaiiy, concep—
tuaily simple and ea511y maintained reiays were used exten51ve1y However,
in hardwired ré]ay]ogic systems control sequence 1s detérmined by -the

way system components are w1red together - To change the sequence ‘
requires the time consuming chore of rewirinq-parts of thefsystem Nekt.

c programmable control]ers as .2 repiacement for the random relay logic.

-

They consists of a standard control c}rcu1t and a program memory . Most
=

N .
N ~

}
operate by stepwise evaluation of the encoded Boolean sum of products
{ ' - -

expressions.describing~the smitching functidns. Programming and- implemen-

’

. tation are extremely simple, and they permit to repiace random Togic by
stored program control™ in a straight forwarZ fashion The evaluation of

a Boolean expression, however, takes a large amount of program steps ' \

The nunber of program steps. required for each expression is an exponen:
tialiy increa51ng function of the number of input variable. The concept

of Binary Decision programs makes it, possib]e to evaluate each switching
fupction in a number of steps that does not exceed the number of input

variables The corresponding processor, hencefarth, ca]]ed the Program-

mable Binary Decision Protessor (P.B.D.P.), whose structure will be described
v here, can therefore be ugtd,in cases where.speed requirements render the
usual programmable contro]]er unsuitable The PBDP executes a Binary
dectsion program for an outputs in parallel as compared to a machine

* based oh a se’<a1 execqtion. This difference leads tg a faster execution
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.
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. of.multiple output functions. ~Moreover, the architecture of PBDP;is . ’
‘ /‘\ . considerably simpler than that of a /programmable controller, résulting ' . |
3 i ] N
Y in a lower cost.. The PBOP is applicable whefre a minimcomputer would L , D
' be tob expensive or too.slow, too cumbersome to p'ogram or too compli- ’ " |
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> relay logic in a,systemat1c-fash1on.

-y
L 1
+ ;’/ . .
ACHAPTER 1/
INTRODUCTION
v 3 - LI
7
. 1.1 General

| 4
It has been shown by Shanﬁbn(1) that design and manipulation of

switching circuits using Boolean Algebra is possible. He showed

hpﬁ relay switching circuits. cah be described by Boolean expressions:

aqa manipulated according to the rules of Boo]ean‘h]gebra: In 1938 : ~

his. paper came as a great stimulus. and the algebraic (Boolean)method

was further developed and many techniqués, (such as minimization,

*

hazard elimination etc.) were based on this methed.

“Since then, efforts were directed to find an alternate and more

efficient way to represent, manipulate and realize 'switching functions.

The realization of Boolean functions by binary décisiod pfogramg as an

y (2 5

a]ternate approach was most likely first proposed by Lee

~

, for imple-

amentat1ons using relay networks.

L

Both representations were a}ﬂed at the design of/;lfggﬂjhard w1red)
At that time, the state of technology -

did not allow to consider the implementation qf‘any Qf thqge descriptions

in a stored machine, dxcept in a computer,_ an uneconomica1Asplufion as

compared to hard-wired logic.Compared to a stored machine or Programmable

Y
o

realizations, hard-wired logic has a definite speed advantage. However, in
hardwired logic systems, contrel sequence is determined by the way system

‘components are wired together. To change the séquence xequires the
' } ]

- R . -
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time consuming chore of system redesign. But since éhé programmable
realigzations stores the control sequence in memory.changes can be made
more quickly and easily. Therefore, hardwired logic although found to
‘be faster than programmable logic lacks the important requirement of

being flexible (In applications where speed is not the prime factor.).

The'present-&éy availability of relatively t Cheap sem%-conductor
control (microprocessors) and séqragg»(RAh, ROM) devices hashdrastically
éhanged thé situation. Programmable conlro]lers are widely used in
industry for.implemént{ng random logic by means of-Standard dev%ces(

(e.q. program merory), especially in applications where the higher '

processing ‘power of microprocessor is not required.

7
4

. Present day Industrial programmable controllers, e.g., Motorola
MC145008 Industrial Control Unit (ICU), operate by stepwise evaluation

of the encoded Boolean sum of products éxpressions describing the switching

fhn;%ions (stored in Memory) required by the applications. In section 4.2.°

chapter 4 we Qi11 show, how a Boolean expréssion, such as, Y = X1X2 +

x]x3ia + }éx4 can be gxpressed as a program which éan be Toaded into
,memoryiafter eqcoding in binary form. Programming and implementation

1are Ehus extremely simple, and they make it possible to replace randph.16§ig
by stored brogram control in a strajght forward ‘fashion. The evaluation
of é.Booléan expression, howeveé, fakes a large amount of przgram steps.

It Ean be Shown that the number of program steps required for evalueting

each expression is an expohentially increasing, functioh of the number of

input variables.

I

Binary Decision.programs (2) make it possible to evaluate each ’

A - I\

N
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switch%ng function in a nuﬁber oflégeps that does not ex;eed the number
. \ ,

‘ Binary deci§ion:programs, as we Q%]f §ée\§re nof algebraic iﬁ
ﬁaﬁure. They are, theref&re, 1ess'eaSi1y nbnipu]ated bi/;tdgggpd Boolean
techniques. The programmable realizationis based on Binar& Decision
Programs can be simplified not py.minimizing ﬁ;s hardware, but rather

by finding for it a faster and shorter dgFision-program.
: *

> Early electronic switching circuit§ then in fact suppressed the
idea of any machine realization based on Binary decision’ programs, and
onix\recent technological change§ renewed some interest in the approachz
These were the availability of inexpensive and,figt read-only memories,
as well as the need for regularity aﬁd uniformity in the design of LSI
circuits. The first o;g lead the way to the R.T. Boute‘s~binaryrdeci;ion'
machine(3hﬂ which seriallxuexecutes binary decision programé, thereby

evaluating local values of the corresponding Boolean function.

IS
-

Recently Cerny, Mange} and Sanchez(4) have eitenﬁed the concept
of binary'ded?sion trees which permits simultaneous evaluafion of
multiple output functions, and'they have proposed a minimization technique

for'binary decision “trees realizing multiple output incompletely specifie&
3 ’ v

functions. ,

\

In this work, a Binary Decision proéessor is designed to execute

* /7

a program for all outputs in parallel as comparéd to serial execution
: :

of the output ‘functions on the R.T. Boute's_machine(3)Jf This differenée'

leads to.a faster execution of multiple output functioné, although the

.~
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relative memory requirements depend on their individual properties.
" The method p{Pposed in 54) provides‘a systematic approach to

programming this new machine. In the discus$ion to follow, we have choosen .

ito call fhis realization as "Programmable Biﬁhry Decision Processor"' 3
(PBDP). The P.B.D. Proc;;sor is applicable—wherﬁ a minicompyter wou]d‘ ’

be too expensive or too slow, too cuhbersome to pfngram or too coﬁb]icatéd' R
to understand. For instance;isimp1e‘industriér contro]lers(s), test
ﬁachines(s) or_any‘othei progrémmab]e sequencer carrying out decision

oriented tasks. - s ' .
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" BINARY DECISION PROGRAMS L

]

2.1. Structure of a Binary Decision Program, = =

A binary decision program is based ona single instruction:

° 4
@ , L N

N X; A, B

< *

Where ’ .

-X is the input variable
A and B are jump addresses B

A

A . + °  The instruction says that, if the input.variable X is zero, take

the next instruction from program address A, and if“x is one, take the
next instryétion from address B. 'Every binary decision program is made
' up of a sequence of instrucpipns\bf this kind.' Take, for example, the

contact network shown in fig(])l

< i

»

. — X - v
input - N

. o~ —
. - »
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his circuit is described by the following J%nary deaision program:

program: ' , T ’ ’ Z, .

PROGRAM .~ INPUT, VARIABLE JUMP~ADDRESS .- JUMP ADDRESS -
ADDRESS . NAME - IF VAR i IF VARS]

M - VI @@

(2 (1) Te ()
3/ w . ® M
) C ) @ g (5) &
(s) () o '(6)

(6) OUTPUT = 0 “‘ GO TO ADD. (1)

{k?) ¢ QUTPUT =1 © 60 TO ADD. (1) ‘

v

: i
The abové program is éctug11y a sequentia] description of possible

events 'that may occur, We begin at program address 1 by examining the
» . )
jvariable.X. If X should be 0, we go to address 2 and examine Y. - If Y is

0, we go to address 6, otherwise we go to address 3, and so forth.

A binary decision diagram based on the above program is shown in
f1g(2). ‘ - ‘ A
-In this work, it is not our intention to carry on a detailed study of
the Binary Decision programs, and as a concluding remark we can say
that the concept of_ﬁinary decisign programs makes it possible to

evaluate each ‘switching function in a number of steps that“does not g
exceed the number of .input variab]es~(4),'(7),(8),(9). y

\
i

2.2, Simplification of a Binary Decision Porgram

, Cerny,: Mange, and Sanghé}(q) have recenfly extended the,concept,of

."
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a binary decision tgee to include trees representing multiple output

.incémpletely sped€¥ied functions;and their minimization techniques.
. . ‘ ‘

‘ The following example is-choosen to demonstrate  that how a further

.simplificétion of an existiﬁg binary decision program could be achieved
- C . . ’ )
(10). R ‘ ] DU | \),
A ‘comparator with two input variables and three possiblé outputs
is shown in fig(é). ' ) B
. - . Lo -
X ' , o
- ’ ’ e B , f
7 L ' )
Al - o
e L :
A 1S L ows
"\ Ao E - o
N ’ T 3+ I A<B |
Bl. . g-
————| .
B 72 A=B
BO . <;>,
—— e
"‘ L3 7-
4 ) . :
, Fig. (3) Comparatar BlockDjagram.: 7 '
. )
¥ The inputs to the comparator are A and B, both being two decimal-

» SN
numbers and each represented by two binary bips.i Either A is greater

t

than B";A>B), eéua1 to B (A=B) or is less thqn'B (A<B). Depending on '

any of these tests three.possible oﬂtputs 20,17 & Iy are obtained.
o .

Table 1 gives the binary representation of two inputs i.e. A and B
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By applying Shannon's Expansion theorem (1,7), a full binary
decision tFee iS'oﬁiained as shown in fig(4). It can be seen from thé
ldiagram and also from Table 2% that for Ay; By = 01,‘the valye of 28 '
c . and is independent of valies of Ag and By. Similarly, for Aj,By = 10,
the value of Z=0, and is also independert of-values of Ag and Bp. -
Taking this fact‘{nto account a ;imp1ified binary decision tree is
§ ' obtained as shown in figure(5). .This-greatly reduces the number of
inﬂtruétibns to be used in a Btnary decision program. In order. to
Zﬁ;'~ reduce the number of .instructions in a program (decrease memory
' " requirements) or number’ of mu]tiplegérs in_a network, Cﬁgjous optimi-

zation methods wene developed (4,11,12).
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CHAPTER 3 .
S
SYSTEM DESIGN  °

4

&

3.1. Generg1° "

E)

- The purpose of this chapter is to briefly discuss the Boute's
sequeq&jal machine(3), to list its various %eatures, and then to

describe the design ‘of the-Programmable Binary Decision Processor.

»

3.2, R.T. Boute's Machine

o

i P
.

- Ay
Boute's reaﬂization bis based an the structure of a binary
~
dec1s1oq_grogram and, therefore the evaluation of a Boolean expression

does not require a 1a%ge amouﬁ;L;;aqrogram steps as compared to a

. conventiona] programmable 1ndustr1a1 control1eﬁ (5,13,14). For

example, an expression with 8 variables may require about fifteen

\

imp] icants, with an average of four literals per imp}ﬁcaptl For such

\

ant ;amp]e an industrial controller will require .60 program\stgps ).

Thedefore, an industrialeprogrammable controller w{ll require more

execution time.. If the same expression'is translated into a binary

-

.problem resides in
8

decision prodram, the number of prograh steps are reduced, resulting
v . i P
in faster program execution. As Boute(3) pointed out that the main

lete légk of branching capabilitiés, which

? ﬁecessitates the complete evaluation of each implicant, even though

most of them have the logical va]ue "fa]se" for g1ven input confxgu-

ratlon Fig(7) shows a bJock diagram of Boute's’ mach1ne which

evaluates one output variable at_a time.
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‘The Blocks are: . . - - :
0 * > K
. Logic gates, or Central-controller of the -system

'..The ROFI'S, here, the steps of thé programs are stored, the ndividual

instructions ana tne addredses of the inputs and outputs. - - .

&% 4

.. The preséttéble program counfe?,‘used to step/preset the machine

through the}séquence of program instruction. ",

-
v
’

. Inputs and odtpuis, eaﬁh inpividu%1]y selected by the mach%ne, from

information_qontéined in the memory.
. System clock, generated by an external oscillator. S A
/ &

f
< -

. %Bogﬁejs realizatiop can be qu%.exp¥ainéd by its instruction set (see

figure(ﬁ); showing 1nstructionvformats); tonsist{hggbf only a3br§nch1ng

" and an outpat instruptién.f ' —
) . . . P )
LT 7 | 6 ;jé“'” 2 ' | @ l ROM 1
Opcode  Branch - ' Variable- Name
.(C) - Criterion or (N)
Output Value(V) ,
. s . “' " ; > .‘ i ',: N ' \
R A AR E 2,1 I'-,a'iR"MZ
P (A) Next In&%ructibn's Address for ‘ ' o
" < Value of Input Variable = V '
N - or - . .
R : - Output Instruction. - . - ‘ . .
G | _ . ' . ﬂ
- Fig(6): Instruction Formats, Boutefs Machine... %~
-7 ’ N ;’, 'u' Lo ! .
Cee e A . -
a7 ! v | ) ' . P
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Let 4 tuple (C.N.A,B) describe a binary decision machine instruction,

where: ) )
C: OPCODE, e.g9. - . ‘ o -
© C = @ for a branching Instruction ' z
C = 1 for an output Instruction. ,

N: The nage (number of ;he'logical variable considered (inplt

variable if C=@, output variable if C=1).

A,B: For a Branching Instruction:

v A = address of the next'instryction in case the'tested

variable (input)is "False" (9).
branching address for "True" (17.
AN

L d . .

,’ -

r an Output Instruction: . ° , :

logicpl value to be ass%gned to.the (outbut) variable
3 :

>
1A

»

(Name). , ‘ o

- the (unconditional) address of the next instruction.

’

(e~
.

P

n Let  us note here that it is not-a]ways‘neées;ary to specify'the
branchiﬁg address explicitly. For example, in the,case of a branching

instruction,‘the branching address for vatiable (N) = "False" may be |
specified 1mp11cit1y by the convention ghat it eﬁua]s the memory adq;eés

of the instruction plus one.

A

From the previous discuséion we have ndted that the Boute's maching

has the architécture of a sequential machine whichlseriale'executes

»
14 4
v

1
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| ) binary decision programs, thereby evaluating local values of the

" 'corresponding Boolean functions.

|
] -4 .
‘ { N . o .
o, The Programmable binary decision processor is a modification of
| . the Boutes sequential machine resulting jn a Binary decision processor.
. which:
“ﬁ . Executes Multiple Qutputs in paraliel. 10 . ’
g . Uses RAM's and, therefoﬁe,rmay be progr%mmed repeatedly for
i ' deve]oping and testing programs before they could be burned
¢ | into ROM's o;/i&QM*s. ‘ o
! S 3.3. Instruction Regertoire and General Processor Organization .
. N : 7 ‘ .
H N ' // N .
I It can pé/seen from the structure of a binary decision program
/ ' . |
that on1y\tw6 commands are needed to execute the entire program, namely
X a braggh{ﬁg instruction and an output instruction, that is, in its most

el;méntary form. However, one could add provisions such as Sub.routine
~call instructions etc, but as-stated in Chapter 1, the processor has to

be as simple as possiple for the }Qtended purposes.

The following set of instruction formats are.chosen for /the processor.

v

[}
We will call them Instruction Registér (IR) and Address Register (AR)

.formats. Both formats are shown i%rfig(S).

IR FORMAT
Branch | 0 - Input Var. Add. e
output |Inhibit LOGICAL Output , F
AR FORMAT
+ 7 . 0

Branch address / Binary Output ?

\ Fig. (8) Instruction Farmats PBDP

&
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Explanatjon of each term follows:

. o
Input Variable Address: Bits (0-5) of IR are‘reserved for the address

of the in7pt variable.

Logical Qutput Va{ues; Bits (0-5) of IR are reserved for logical 6utput

values if it is an output instruction.

.Operation Code:

If bit 7 of IR is set and if bit 6 is set thep next instruction is

[y

-

dheres A tnS O Smemmpanan 3 e o L
.

18

o

S W B T B

taken from the next location and the Bigs 0-7 of'AR/o% the current instruc-

r

tion is taken as Qutput together with bits 0-5 of IR.

If bit 6 of IR is

cleared then output consists of bits 0-5 only and the next instruction

- address is taken from the AR of the current instruction..

A

If bit 7 of IR is cleared and bit 6 is set‘ihen branch takes

place (address in AR) if'addresSed variable is true, else the néxt ins-

truction is taken.. If bit\6 of IR is cleared then branch takes place :

~ if addressed variable is false, ‘else the next instruction is faken

from. the next location,

A4 \

hBranch Address

\

4

Bit (0-7) of the address registér (AR) are treated as the Branch

address or output values.
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3.4, Execution Sequence Summary

r)

' 2,
rene mmt o sry " - > S ey o/

- » .

The execution sequence of the PBDB may be summarized in the

, following two phases.

into the memory.

Loading Phase - In this phase the binary -decision program is 1oaded

e
. L4
: '

.
o

Executing Phase - Executing phase can be best explained with the aid

~of the PBDP instruction execution flow chart as shown in figure (9)., The

.

flow chart is summerized as the following:

. Initialize the program Cqunter (PC) ] . /

. Initialize the output Latches (OL) -,

. Load PC onto the Memory address- Tines.

. Make binary decisions and act accordingly.

'3.5. Program: Execution Sequence.

. fiagur

BEGIN

PC
oL
IR
AR
IF

The following program is based on the flow Ehart asthoWn in

e (9).
«— 0
«—
« PC
e PC '
“IR(7) = O then
BEGIN
IF (IR(6)=Xi) then
PC < AR
else )
PC €— PC + 1

3

Init%a}ize the program Counter (PC)
Initialize the output latches (OL)

Load PC into Addregs Register (AR)
See Note (1) o ‘ ’

L]

See Note (2) (XizAddressed Input #
variable) '

\
Increment PC .

A rmd it b bt o B RR T T
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END
| else ~ . ‘ Y
BEGIN
IF*(IR(6)=0) then - .
BEGIN : o
0L(8-13) «— IR({0-5) See note (2)
PC «— AR .
Lo END
else /)%
BEGIN - T
OL(8-13) <—IR(0-5) = . Load(IR) bits 0 to § into
, S 0L .
0L{0-7)- €~ AR(0-7) Load(AR) bit 0 to 7 into
i oL(o-7) 3 .
| PC e—PCH o ‘
\ ! -
. END'
END ’
END
Comments: Note (1). If the Bit 7 of the IR is,sét to 0 then this is
® t;Eated as a'jump instrqctioh and depending on the .
‘ \§§?tus of the input variable appropriate action
. T~

Note (2).

takes,place.

Exclusive NOR bit 6 of IR with Xi (2% possible

.‘1nputs:i-0 to 63). If the result is 1, then

the tested variable iy equal to IR6 and a

\

-
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jumo/gddfess is loaded into the memory. If, on the
4//
— other hand, the result is a logical 0 then the program

counter PC. is simp]y 1ncremented by one. If bit 7 of

- IR is one, then the content of the IR is 1oaded into

the output latches (OL) i.e. bits 8 to 13. Moreover,if

bit 6 of IR.is one, then also memory ‘data from AR is

Toaded into OL.

-

'3.6. Hardware System Design

[

The block diagram in fig. (10) is ablock diagram of the

“Programmable Binary Decisions Processor (PBDP). The components are

composed of Standard TTL/CMOS parts, except for the memory. The system
operates on the principle of a stored program processor. A set of
1nstruct1ons res1de in the memory. The system "fetches“ an 1nst§<:tion

from the memory and executed them. ‘After executing an instruction’

. depending on the logic states, another instruction is fetched from the

memory, and the process is repeated ad infinitum.

’ <~
As an example, a typical instruction might be, to read the logic /
level (logic 1 or logic 0) of an input variable, to carry out the binary

decision, to'jump or to display output, as appropriate.

»\} '

Using an instruction format as shown in figure (8) a program is
loaded igto the memory. The operation of'the system. is as follows: The
system memory supplies, the control circuit with an opcode as shown in

block diagram figure (10), also, it addresses the input selector. The

+ level of the selected fhput is then transferred over to the control circuit.

4 "
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"In case of 'a jump, the contrql circuit generates a Load Command. The
PC will be loaded by the jump addreaf. Similarly, in case of an output
instruction, the control circuit generates an output enable command.

The action of this command (as was shown in figure (9)) is to load the

output 1atches b}'the content of the IR and optionally the AR'registgr.

3.7. System Block Components

As already shown in figure (10), the blocks are:

° \
. Memory System ,
. Memory Display Circuit
. System Contro]_Cirédit (scc)
. Program Counter (PC) ’ A
. Input data multiplexer
. Output latches and Display

. System clock.

Detailed design/description of each block follows.

f

3.’7.1 . Memory: System

In ‘fig (12) 1655 and IC36 are two memory elements, namely:
Instruction Registef (IR) énd Address Register (AR). Each is.a 20&8
bit Static Ram. Organized as ZSéxQ bit words , they, feature a common
input/output séructure. The choice of this tybe of memory elements
makes it possible to load and retrieve up to 256 program steps. Each
memory chip has alseparate output disable functiony}o control its'bu§

structures I/0 pins. Fig(15) shows the logic symbgl of the memory“chip.

Al
.

e NemRee L WY RN ard - Af

[N

24

v A

R

PUPRES S St



T

EN

W T [

- =~

Input Multiplexer X1
ADD Test vir

0 XM= Inputs.

» N ”
e et e RN

From lc2!
Pinie

?

%

— .g_:_ (] Prom (c 21 Piné
= - | &
! vi
s
N K
S s
' 14
[ r—]
-
Q
,l
=
. e
B BHT frem H—] -
IC21 Ping 13
==
Q
=N
o
s v
S
- L 3
[
" - . -
, .o - Fig.I.PBDP Circuit Diagram
: ) ‘ ) ’ ) ' i A/ i
ll ‘

sleck

1orF

e R A L S it




v . .
. . . Lo ) ;o
v . - 1
- N
: / : |
H 'l ,
. ! '
~ 4 / ‘ . ’ ;
”
. ) . . .
v R N !
: : ‘ ‘ Le . '
e/ a . i [ - o
’ . Re -
. ‘ Address wi - J
) 5 Counter o -~
Pulse delay st‘ p
. ST 8 '
der. , B - .
/ 9 . ] 3
’ pe—— 20T N e
; 352 A — a
& ,) V 4[_l
u:su 3 1en\7 4 5
’ ) B
Q I ¢
3y V v -
uis
e .
- . A= 8—
b S g :
_J
5w —pel8
1 - =
Lt 13 T} B 8 .
. |~ -] a 8 <
/ it 0o PR~
- L a 5
B (L] - j".
* - ¥ 3
/ i "‘10(5,\1 8 o /‘\
Slaot g —J
N, ) - =4 L . e
T e .
~= - - X . »
' Y DATA ! i 0 3 J_{—_ﬁn____u_g g ’;,?"'
FROM l > 3 -lg = r
N ol Iy B YL | Ry
4 l L= Q ~lg 3
/T g H 21 R3] =S 2
- < A - ﬂ 2
- AL 11 ., o
. V‘ 9 ¢ . 9.—-!
S L e L1 Sy e .
2 .
Ky Thnd
AN 9::—_ g .
- ' A .
; . i ’ . 2 : n ; e / K1 KC3-ICY SN 741851
SYSTEM CLOCK M i w2 » e
. BitS 4o ictd pin) e . ’ . cle adadd
\ - Bit? toicH Pine ¢ . Ce icn SN 'M02
o . . ien NI
|0 | Mhz clock out v . Yy i M
i . [ 3] SN MM
\ . ‘ ' ”cs M 7400
e2 3, - N e . SN Me.
N el ﬁ"ﬁ 3 { . / K . sHam
l : ce . M i
» ) ~ \ / Kiv-ic2 SN 1404
manual i - ' T oea-e1 SN M08
el
sloox t ) i M ~C15 NN
K27 -CM cDAeSe
jagram ) , . \ "
” v - .
., ) _ . : )
B ‘ C
| - 4 ll A
| |
| . \ )
i ‘ -
{ . , . M ‘ .
\ ! . l 20F2
- -




. ’ (\_\/ .{
-~ . i
Wt . 1.
" - . * , [N
LOAD DATA f -
. . l' i 1 7 o l
AN | —
aw3s sw4f tw33{ sw32 ewll [[sw30] w29 [ sw28 (sw27{ sw2i! sw2S{ swidi(sw23 [ sw2if sw2i [ sw20 ~ : N !
- 3;_ .
- 28 : - . r ———
2 el | el el bl ] e
[} . v H L
i ADDRESS MEMORY ’ b
‘o . 1 T o
° l Man. System ADD tnput -
swij [swi0]sw9 [awd [ aw7 Kws szs rl)ﬂ 9 3 [
. ' Ji z -)
2 —]
¢ v - IL‘ .
’ o3 ] | d
. sw3 ‘ <
i . . J
' I
. . =) .
’ Ne c = ic 33 RAM ‘
- , E3:) 1t
. . F v Memory data Input J
- sw2 ’—-.-_-!
J1 =
E 8
e ) ' [7{ S
a
i )
: . 8 gl o 3l-os] e ) ol 3 st oo wf w3 1 3
V 7‘;7 :7 8 V 7 ‘4»7 87 &7 U0/ NE X? :
67 87 ol 2] "o 4 o @ 2] 4] 6] ] 7 nf o
\/ i Memory Qutput J
. L] A
’ 3 .
e & 2
: ® B o , 119 ]
" - . - ' ' .
, e tqu'.‘z MEMORY CIRCUIT PBDP ? /
. - . N -
'\ - “ ‘ ) B
EY [ ]
s s ' >
, . . R A \ . i R NI
Ll ' : .
: ’ 1oF
. @ i ) . o .
? . - " ‘ 1), - i -
¢ N o
’ - » ..
v ma s ~ e T R T



7 R | 8
B i . - -~
. ) » ’ |
" . ! / c v e
L ! y T R |
; { ‘ o !
i N b ' @ ~ @, -
swi swu /ﬁm ‘ a ; '
o ‘ . 2 Do_u_ — 1 B—— LgDIS —
:Y ';‘ ! ' > ‘
~ %/ . ‘ - ~
12 g LEDI6 |
: e _ 90_'_0 . B K}LEDIT e
B n . . ' ;'
- . D° élo |7 Kj—{ LEDIE &
pb input . , a ' s :
- N ) K LEDI9
: ] 3 D ' i
~ 2 o2l 13 g ltevw . 8
il 5. ¢ <
. L 7] 3 LED2I o
————{<>0——c - H
. -
, ‘ . D 2 1 LEp12
/ J : o
] ] ____[5>o_'_%i S & ) LED 13
1 RAM ‘ u A <
. R .@0 §1 0 |1 LED2M4 .
. . -~ 4 ’ ¢ g b
Memory dats Input . : 41 5 o
o R . LED 25 .
"z i , S @0— x ”
. ) .
12 LB 3 LED26
[4] : W
] i€ I = ,l>°‘ i4 13 I LEL2Y
T " g ! ":
—— ] Dﬁ 12 i LEDI8 ©
y o Y 7 ‘ -
smy 13 3 0| L) 3
3 . ___[9,_ ‘ LEDD 2.
y 3 N
Y ¥ YYY | SRED 5 )
| 4 6 8 ] af 4 —"3_9"_‘ ¢ 11 JLepze Z {
j , - . 9 A\ 4
v A . LI . ! ° R
: T a Display
, 43 : P v .
\ L m 1
—1 ‘ “5\ J .
' > E swl . t
o‘ ‘e 3 ) ” ’ i,'
ORY CIRCUIT PBDP- .. ) i
® . . ri
- ) ! b i
—— . . . , ) 4 . o
1' * i.nl 1 ) PA ;
1 [ »- ve ’ ’ 4
N . . r
¢ ’
. ( ' ‘ . ) i I ' ‘ R "*v-,,-' e,
x . N . ’ 0 '
. o . - ’ 20F2
. . o ” ﬁu A [ I
: * - * s - RS S




.

- e #
—— - 2 ™
n\/
. a 4
v pdeog 3noket (gi) 6ig . »

t\ v auvosg

v v

7N
@ @
E

. : oY

£V
N

l
31
o
&

AJOWI NN

Y SV

" NO Aeidsig
'
430

_ cwmﬁ dl

G .
JLIHM o

43 N3

@

3
&

Z-lH

+
©

PS 5VOLT DC

. i < 3) Y o 3}
~ ) S N O I I 2 @ |7
‘ . @
9¢ 9l ~ - SE€ 9j - . - .
+ . R s
. / < 5 |- A & 5 5}
) g a . ) s 2 1
3 - » i
* ) P
]a w9 f49 9 sa 99 19 €4 Iy zq €4 ¥4 SS9 94 19 eq
. S A S VI S R A S S S 6.
i Hy ke gy L
: -~ SIUBIT BlEQ Alowew L
. < - ) . » .
i a . e ) .
. N . > . . - .
T * B i o WIS PO T S U Spee - D T ety a0l E . ]




e tare

¢
K4

B e LR

28

e B e e e

3 -

.

3 — : - F— et
w - ) g pleog inoAeT (b Bid . ’ o
P ° ) . <
. . : 4 , m
SLNdNI m._..<.._35__w dv avon d1 avon
IX IX €X ¥X sX 99X IX v VoW sy oy v 3 v Y- W v sy :
) Ny ;
PYILTPP P @@m@w@w @@@@@@@@ -
5] 8 T~
. - 2 *
19 9 €9 ¢4 SqQ 89 9 T fq »g sS4 99 . ’ =
v & 0 6 0 o6 o @ S % % . . * |
Avidsia yv AV1dSIG H1 ’ - ;
. . . ) f
\ 5 3 & z 5 5 & & < _h
L ~ o we - w ~ bad 'S :
/ ]
el |
Nnd _u:w.m__w wums : J9JuUnos .:n:..o_ o
@ - 1nNd 1n0 _Sm..m_w_@ " o} indy; o1 ©). - i
i9ju00) Sy . 5 5 RS 5 &l = 5
V : = & = s 5 =tls ° -
\ ! = = 3 5 5 & s .4\
_ ~ ﬂ' - M ;“ ﬂ “ C“,
| - 1- :
- ?
v O = |} ] P
o w & o - ~ ~d
2 < , S 5 AR 5 -
(4] . . l.ﬂJ g~ [~ ] » N o v
- "+ N N St
o) L i
. ) T // <. ‘ ) , ™ w
Y - - : s i
. AV I - - w
. . : !
_ ' o
- \ - !
- * ‘ L - m.
¢ w
'1/ . ‘
SO - -



— s -

\\
[N
‘ LOGIC SYMBOL
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w—ta K ek
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; : Cow e o
, o —1 s e
3 ' " ; . / N " Vo ____ﬁ, . 5
= Lo
b ! '7“—4(!/\:: (()” —_—y
I1-—-q on
E ' .
& ' VDD.P"‘ 22
! vgg =Pin11 ° >
i " ) Fig.(15) Logica]/ Symbol of 3539
§ . . .
i ‘ \This memory eliminates the need for a three state buffers. There are
. two chip select pips on the 3539. And it uses a multiplexed input/
output structure.” A truth table and a logic diagram of the memory
. \ .

. are shown in Table 3 and fig (16), respectively. From the truth
table and the logical diagram it can be seen that~the I/0 network is
controlled by Read/Write (R W), output disable (0D) & two chip select

"
</\\ o (€Sl &CS2) fnputs.. Memory Timing diagram is shown in Fig (17). -

W,

Table 3. Memory Truth Table

. CONTROL INPUTS 3539 OPERATING MODE . 1/0 BUS MODE
A cs, | céz OD | R/W | selectedDeselacted| .Write | Read | Input Output HILZ
Hl x| x| x -4 e .
X L X X (] .
L ‘l L L . . - °
L | H | H L . . .
L H e H . . . ' . o
® L {H | H]| H . ' . . .
\ N X = lreelevant state
. . i } L= LOW(-Vpp)
! N . ) "H = HIGH(-Vgg)

“""2
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3.7.2. Memory Display Circuit

InFTg (12), the display circuit consists of IC's (28-34) and
LED's (15-30). The circuit is so designed that it will monitor all data

in and. out of the memory .

. IC 28 to 30 are CMOS,‘BD4049, hex Inyertor/buffers. In this

application they are primarily used as an interface between the MOS

Memory Chips (IC354IC 36) and the display drivers IC 33 and IC 34.
Considering the manufacturers data sheet for the Display drivers DSSéGQ
(National), we need ; logic low leyel to turn the jndicator on. Therefore,
all memory data is inverted before it is applied to the inpui of the

display circuit. The output circuit of the DS8869 can sink up to 20mA

which is a sufficient current to drive the led indicators.

y .~

3.7.3. System Control Circuit (SCC)

. Design of the control circuit is based on the flow chart as shown

in Fig (9), Section 3.5. It is required from the flow chart that the control

circuit should follow the steps as outlined below. (See Fig. 18)..

A Step (1): Test the bit 7 of the Instruction register. If bit 720,
then follow step (2) and if bit 7=1, then follow step (3).

% - . Step (2): Exclusive or bit'6 of the instruction register with the /f/
| : : : input variable under test. Depending on the regg]tﬁ/bf

the test either generate a command to inqremen; the -

. program éounter by dne‘or generate a pulse to pée-set the

i ' counter with the jump address. No output should be dis-

¢ played at this point.
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33.

Step (3): Test bit 6 of the IR, if bit 620, then bits 0-5 of -
the IR should be displayed and if bit 6=1, then both,
bits (0-5) of the IR & bits(0-7) of the AR should be

N

displayed.

2

3.7.4. Program Counter (PC)

The Program counter is composed of two SN74193 binary Up'counters,
1024 & 1C25 chained ,together to create 8 bits of memory address. This gives
the system the capability of addressing 256 separate memory words. The |
counters are configured to count up on thé rising edge of the systep clock

signal and reset to zero.or preset to a branch address by applying an

appropriate signal to the counter control inputg.

\ .
The program counter supplies the memory with the address bits. The

program counter normally fhcrements on the rising ;lﬂck edge of the each
r ; .
clock pulse, sequencing through the programmed instructions in memory.
In-a non-branching application, the count <eauence of the

program counter is not altered. Therefore, the program statements are

executed .in order, until the program counter “wraps -around", and the

* sequence is repeated. This is known as "looping control structure".

\
Timing diagram for the counter circuit are shown in fig (19).

»

3.7.5. Multiplexer/Decoder Circuit -

Based on the ihstruc;ion forqu of figure(8), the designed

~multiplexer circuit is shown in"Figure (20). The first six bits of the

“instruction register (IR) are the address of the input variable and when

used as the input to the multiplexer will select up to 64 input variables.

The circuit consists of 1€2,1C1,1C3-9, IC10 and IC11. IC1, and IC3-9 are

U . - e - . T - 4 s

A




e ——— R s - {

> R 34
3
, | 1
, . ' ‘ .
) ° Qv&chu.b&ﬁwmlm ) T ‘
; . N

11hustr atet helow 1t the fallowing wxiuence

»
N R
¢ / 1 Clewr outputs to rero R F
i ! ! 7 Loat Gwesett to b naty thartees . .
‘ 3 Count up 10 fouriven hiteen carry seta one and two ¢ !
Y 4 Count down 10'one 2ero, hnirow, Hitewn loutteen end thetren  « i ° H
.
; H " 1
P

I
) Load ). B ) f v
)
' AT  C________”-_-_-””-—”-C
‘ [ VoY —— — .
t I 1] r— - _—— —0 - * _‘ - = -
: : Data. o - _--_-—_C
R B et -
¥ \ | Y e
5 } D : I (I} Ty e _"‘_ — e ~
CounL s Hainininlm = ’
‘s u ! (Y ' [ ‘
‘i. coun.tdownl . t ' * v l I | | l l l I l )
¥ e [ [} 1 I !
4 ' QA_ L reo UL N G B S
N Q _ (] J ' ! ' /.
__| [ v nl l | 1 | | [ l :
Output B_'_ 0 bt [
% _l I l ', ] 1 t 3 | ( .
il o [ H M ] | ' , *
N B Do [
’ CaQrD- i 1 [ U 1 1 ' '
: rry . Vo } ' )
2 B © o [ [ . u t : '
‘. . orrow 1 aauEan | .
SO |"I I"' | o " o A ll “ v " " “w ';‘ 4
LAY RAT(Y COUNT B e e m = GNT TR e
’ - ftilAn PRI Y > ,
o . ‘ DI .
. .1ty 5' A Cioar overngss inad dele and c vurl ingure ‘
R “~ ' B Wher rBuntingup (Bt dEWn Aput Mudt Be high ied \“-m;-‘ SrmT COUTt e Pt by uhT'-
. * Fig, (19)_Counter'Timing Diagram e
¢ ‘ o \

.

o £
N
[
3 b L

Py

. .
[

T 5 O e

PRI S AR TR




. Address Inputs

lcl, Ic3 to Ic9

8Input multiplexers
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8 line—toione line multiplexers. The device gates one of ‘eight inputs to the
output, depending on the‘threé input code. Eight of these multiplexers are

« incorporated t6 multiplex aTl the inputs. IC1 is used as a 3 to'8 line
decoder and select only one of the multiplexer depending on the input code.
The first three bits of the address code are used as a common input™to all-

, 8 to i.Jine multipleXers. The multiplexer output is routed via ICI0 and

- ‘ . m— a
IC11 to the comparator circuit. : . )

Ihé existirig system is capable of accepting only 8 inputs, however,

'

'é<§z, when all the system components are present and a simple wiring change is

/ made, the system will select up to 64 inputs. .
/ * . <

3.7.6. Qutput Display Circuit

. The Butbut-circuit_is 0 desiéned that either the bits 0-5 of the”

nstruction Registgr (IR) or bits 0-7 of the address register (AR) or output
of both register together can be displayed. 1C22 and 1C23 are Ehe two main
eiements of the output dfsplay circuit.  Both chips are 8 bit bistable
latches. These 1atches.are used as temporary storage of binary 1nfo;mation

betwegn processing units and input-output or indicator units. -
9 .

. LED's 9 to 14 are allocated to display the contepts of IR and ~
. . J N
similarly LED'S 1-8 display the content) of AR. Information present at

data (D) inputfis transferred to the Q output when the enable (G) is at ?
) ' -

/ .
a logic high level and the output will fo]lowAthe data input as long as
"the enable remains high. As soon as the enable goes low, the information

- (that was setup at the data input at the time the transition occured) is

&

14 .
retained at the Q output until enable is permitted to go high. '

oo =

e b DA et g i
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3.7.7. System Clock

The various AC charaéteristics of the memory chips are given in

\

F S L L O s e b o, ]

1

the manufacturer's data sheet. There, de]iys?.set up times and hold times

must be considered with those of the other'logic elements of the memory

system to determine. the clock frequency.

A

In Read mode a new address appears at 17 £o 26 ns cdrresponding

I

to hg delay limits of SN74193 counters (1C24,25), chip select delay ‘time

Tgp of 100ns now becomes between 117 and 126 ns. The latest time for

new data to appear is given by the manufacturer data sheet as 650 ns.

Since the delay due to address counter js very small and, therefore, for

all practical purposes can be ignored. As long as the time greater than

Tgp 1s not reached, the‘memdry output is at a HI—Z.‘ Therefore, taking

the' T3
to exchd the period.

/

figure (21).

-

9

| MHz Clock

+ 5V

oV —
+ 5V

io
ov———

" 500nS

A clock period of'Ius is choosen. See waveform 1in

200nS .

\

s the major limiting factor, the s&stem clock should be designed

W

100nS Pulse

' Fig. (21) System ngék Waveforms
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{ \ ‘ . ! | ’
: Thé cloek circuit is composed of IC17 and IC18# [IC17 lis a dual
; | : , \ -
g’ - voltagé controlled oscillator. The output frequency is gimplylestablished
go by a.singlf external capacitor whose value is calculated as folllows: /
O . : .. ' ‘ {
' : ! e
Foz sx10 %
, Cext: .
: s
Where .
3 FO = output’frequencf in HZ )
e - . o -
3 . Cext = external capacitor in Farads. -
? \\- //’/// The puﬁse synchfonization gating section of the osc?]]ator“ensures e
E that the f1rst -output Eu]seis netther clipped nor extended.\ Duty cyc]e
: , .
1 . o of the square-wave output is fixed at approximately 50%. Th$ clock output
, ~»
' _from IC17 is fed4o the input of IC18. IC18 is designed to’trlgger at the
rising edge of the clock and hence it produces a pulse of 10dn§ durat1on :
i
? 3.8. Functional Description of sw1tches,4disp1ay lights, Inp t/Output
: Sockets:
; ¢ ’ . "y
- \ D1sp1ay Lights (Flg 13 and Fig. \4) )
\ g (i) Ch1p Status Light: The Chip tus light (located on ‘Board A)
<

shows-the current sf%te of the RAM's. °*ON' state indicates that.

-
e oo arpe

the chips 1/0 ports are at High Impedance (HI-Z) and neither Read

*

nor write operdtion can take place.

(11) Memory Data Lights: The memory data 1ights (located on Board A)

show the content of the memory 1ocation currentIy addressed by
TN the program counter (PC) and the c]ock signal. .After data pas“
been- 1oaded into memory, it is displayed by the memory data
o \ \ 1ights. 7Ae 1ights are also useful inqverifying prog}ams entered

in memory’ Lo




/.

- (i11)

39

Qutput Display 1ights: The.output aisp1ay lights (located on

Board B) show thé state of the output variables. The first 8-
bi‘?gggspiayvthe'cpntent of output buffer loaded by the address

> register (AR) and the remaining 6-bits display the output

. buffer loaded by  the Instruction Regisfer (IR).

Functional Switches (Fig.. 13,and Fig. 14) : {

(1)
_ (iiY
. (i1d)
. (iv)

H1-Z/EN.CHIP. Se]ectsgr de-selects the RAM'S.
Write/Read. Selects the Memory Mode of Obefaéfon. ’
Dispiay On/Off Turns the data Hisp1ay On or Off.

Address Memory. “These switches set the manua] address at which

‘the data into the RAM locations is #o0 be loaded Switches are
designated from AC® to A7 on ‘Board A and create 8 bits of:memory
address. This gives the system the capability of addres§ing

256 separate memory words.

Simulate Input. These $witches set "the desired binary input

a

for processing. Switches are mavked from X1 to, X8, i.e. up- to"

8 inputs may be simulated. The system is designed fo accept
. 4

o

up fo 64 inputs. -

Manual CLK. Advances the address counter one cycle per depression.

(i.e. the single step push buttdnftoQQIQS't e clock signal.)

: . . -~ LN
Load AR Data. These switches simulate the binary encoded program

for entering in the"AR section’ of the memoryf;

-

Load lR Data. These switches simu]ate the btnary encoded program

for entering in the Instruct1on Reg1ster (IR} section of the

memory .°

P
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83 e e e

(x)-

: SOCKEYS (Fig. 13 and Fig. 14)- - /

J1
x‘é" .‘,, JZ

J3
J4 :
J5.

. 5

| . ) %
RS Counter/RUN. When set to RS, it clears the’ program

counter énd Qhen éet to RUN the system will sequence through
the program in memory or the program’ may be "s1ng]e stepped" )

using the s%ngle step push button.

A;Qccepts the manual/system address. (8 bits).
: Qpcepfs dé}p for loading into memory (16 bits). L
SuppTigs‘dutputs from the RAM's (16 bits). _
Supplies output of the address Counter (8 bits)

: Accepts output from the Memory. (16 bits).

: Supplies binary output fo program' the memory.

1 MHZ Cﬁﬁlputput : MHZ clock output ' ‘ -~

.+ Output manual CLK : Single step clock output

»

- Inpuf to counter : Accepts clock input up to 1 MHZ

1\. 3.9. Program Loadirg Procedure § : . //////

To 1oad a Binary Decision Pragram -into the mémory the f0110w1ng

. procedure is-

adfpted

o ° TShort Ci{cuit the memory address Input sopket. On.Circuit Board (A) °

this %ockét-is marked as J1. A link pﬁatform is provided to short

. . ~cfrcuﬁt the socket J. When the systeﬁ is OFF and if 1t is desired to.

- address the memory then insert the link platform: (LP) into’

socket

- switch

J1, this connects the Address toggle switches directly to

the RAM address lines. To select an address set the toggle

according to the binary bit. The right most switch is the

g LSB of th: binary address.

e — s e -



On the ﬁoard B, there are two sets of eight toggle switches add each

-

of them represents one of the memory reg1sters namely, Instruction
Register (IR) and Address Register (AR). Each register is e1ght
bit long hence eight toggle switches in either set represenf the eight

bits of each register; Now the desired data can be ]oaded‘into memory %y

-
[

| by manipulating the toggle switches.

The data along with proper address is now ready for actual entry
SN into the memory. .To comp]ete the Yoad cycle set the Read/HWrite
Switch to position "Write" and then also set the Chip select switch

to position “"En-Chip".

' ' /
For loading‘gbe next set of data set the Chip select switch to

% - 4;} position"HI-Z.' Set address, set data and now set Chip select switch

C ) to position "En-Chip".

' When Chip se]ect switch is in pos1t1on"HI Z"the memory input/output

e

parts are at h1gh impedance (HI-Z).

\

.=+ To check the status of data at any memory location, select address

and set the Read/Write switch to ‘position Read. 'The LED'S will

indicate the appropriate data at the selected address.

3.9.1. Program Execution: (1MHZ Clock.Operation)

TN After the program is loaded into the memory, the following steps

0 should be followed to run the program. , - :

©
\ b

Re-set chip-select switch to position"HI-Z" .

oy

Lo,

’ . Take out the'link pa]tfdrm (LP) from J1. This isolates the address

. . ": - ™
// switches from‘the memory address bus. Connect socket J1 and socket

v -

v - ]
B
. v ;
g .
L} v .
| “"J
' . - .
i
o .
— > U R A BN TTOTReT T e AR AT e TR gl - -
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L3

J4 via a ribbon type connectér. Now the memory is.ready to accept any’

+

addresses directed By the logic control circuit.

, . . -
Re-set the Address Counter by setting the toggle switch-to position

" Re-Set. Now the pointer is set to the ﬁemory address 0.

Connect the 1 MHZ clock to the "system clock in"

. Set ;he Counter Switch to position "Set". The ﬁ}ogram is now

0

executing. .

. K * : .

3.9.2. Program Execution: Single Step Opgration’

Manual clock may be used fqr sing]e step execution of a program by
connecting the manual clock output into the “System Clock In".

When we single step through the execution of a Binary becisioh Program,
we are hot obliged to step it at a particular rate. The processor will
rqmain in a WAIT state after each siﬁg1e s%ep clock pulse dntil ve
decide to apply another such pu]se.. With this prov}sion it is easier
to cﬁeck‘a BDP's operation before we exegute at the full clock rate of

1 MHZ‘O ! ‘ L

A

-~




" CHAPTER 4

APPLICATION

4.1. Generel

The various examples outlined in the following paragraphs are just
a few of the.many possible applications of the programmable 'Binary Decision

©

processor. The advantages of a Binary Decision program as compered to a
Boolean functlon program_were presented in Chapter 2 and now we w111'see
with the aid of(the following examples their speed advantage resulting in
the saving of memory spaces. Computers and microcomputers may also be used,
but they tend U)0vercomplicate the task and often require h1gh1y trained

personnel. to develop and maintain the system. D

4.2. PBDP as a Programmable Controller

In many epplications industry uses programmable controller as a solid

state, Boolean logic calculator that uses a memory to store a predetermined

" control s quance. The controller activates certain,odtputs in.response

to predetermined logic, which is triggered by various inputs. A typical

programmable controller is shown in Fig. (22).

‘ Relay control paqlps with hardwired logic can do the same th1ng for
simple and dedicated tasks. Computers, too, can control ‘sequences, but their

costgmay not be justified for simpler tasks.

/

‘Programmable EOntﬁbI]ers as used in industry for Jmp]ementing random

/ . .
Togic are not designed to handie Binary Decision Programs and hence do not _

-offer the advantages provided by a machine such as the programmable Binary

' -

e
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Decision’processor. We will show with the aid of an example that a con-
ventional Industrial Controller is not only slower but requires more

‘program steps than the corresponding programmable ®inary Decision- processor.

/

Many:of the logic structures found in the controls industry consists of
branches of several series relays, in parallel with another branch of .

series relays. Fig.(23) shows an example of this structure.

U
\

X CLCCK/ SCANNER

i . )
— INPUT IMEMORY ouTput
PROCESSOR
= L
s . F

Fig. (22) Block Diagram of 'a Typical Programmable Contro]]er‘"
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Fig. (24) Solid State Equi.va1ent Circuit
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Thus, when A-and B or C and D are closed (logic 1), load

is energized (logic 1). This is just one of the many examples to

be found in Control Industry.

: X4

4.2.0. As an example consider the following switching function repre- =~

senting the circui§~3n Fig (24).

Y= Y\Xz + X]X3Y4 + Y2X4

The above switching function could be taken as an industrial control

problem, where X and Y are simply inputs and output functions (the status

used:

AND CI
AND I

AND 1
AND I
AND CI

prograﬁzgpsiggiftrial controller a program such as shown below will be

OR -

of inputs could be taken as the states of various relays if desired). To

-

(1)  (AND, COMPLEMENT, INPUT)
(2) (AND, INPUT)

m -
(3)
(4)

(2)
(4)

-

END \ (9 steps) N




 ————— A Y - s ot
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The above program, after encoding in binary form, is loaded into
the memory. The Boolean controller fetches these instructions in con-

secutive order, decodes and executes them.

3

In the following paragraphs we will show the application of the

corrésponding. Programmable Binary Decision Processor to solve the above

. X /. : )
problem using a Binary Decision Program. \\§g\\\

4.3. Application Example: (1) Industrial Control L

For the previously described switching function in sectioﬁ 4.2.

a binary decisjon program can be written as the following:

(Assume R1, R2, R3 & R4 are inputs and Y is the output)

BEGIN v

3

If R1=0 then 1f‘R270 then if R4=0 then Y=0

N else Y=1

el%e if R4z0 then if R3=0 then Y=0

' ' - else Y=1
’\<\‘ ' ] else if R2=0 then Y=
. - . else Y=0

END




.
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- ¥
Table (4) is constructed to represent the Binary Decision Program of
example (1) for a machine like PBDP with a simple branch address.
| ]
Table (4): BDP INSTRUCTION REPRESENTATION \\
ADDRESS’,/ Instruction Register (IR) Output Register (AR) i
NAME OF VAR. BRANCH IF *BRANCH ADDRESS B
* TESTED B
. : \
0 R1 1 5.
1 R2 ' 0 3 #
T o 2 (Output Inst.) (1) " 0 -
3 R4 1 2
4 (Output Inst.) . (0) 0
5 ‘ R4 1 8
~ 6 R3 N 2 ‘
7 (Output Tnst.) (0) 0 -
. . /
8 . R2 1. 7
) (Output Inst.) ’ A1) 1 ;’ 0 \
B T : :

* In this.example Bits 0-7 of AR are used a:\;kANCH ADDRESS, howeyer,'

these bits may also be used as oytput variables if needed.
' ¥

W

Now we are ready to encode the instruction in Table (4) into

v

. bindry notation as shown in Table (5)

e Ry I R e e S TL )
o

-t SRR e
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Table (5) BDP Binary Notation

/

(IR) (AR) D
ADDRESS | OP CODE  ADD.INPUT VAR(OP) JUMP ADDRESS
000000 01. 000000 " 00000101
000001 - 00 000001 00000011
000010 10 000001 \ 00000000
000011 - - 01 00001 00000010
000100 10 000000 : 00000000
000101 01 00DO11 L 0000)000 )
000110 ‘| 01 " d8o010 ‘| 00000010
000111 10 000000 00000000
001000 01 “ 000001 : 00000111
001001 10 000001 ' 00000000 .
S .- a
! / .
N

Once coded as in Tab]eﬂB), the sequence can be programmed

using the toggle switches on the processor board. N

.inssruction #1:

/o

Instruction #2:

" Explanation of»the“progrémg /

Tests ‘the log%c value of input R1. If R1=0 proces§ the
ks

immediate Instruction else jump to specified address. -

Tests the logic value of input. R2. If R2=1 then process

the immediate Instruction else jump to specified addrgss.'

. A
2



- Instruction

/ Instruction

3
>

Instruction

LY

. Instruction
Instruction

Instruction

Instruction

Instruction #10:

W

#3:

#4.

#5{

#6:

#7:

#8:

#9:

50

Is an output Instructionand it displays the variable 1,

program returns to #1.

P

* Test the logic value of input R4. If R4=1 then a jump

to the specified address will be executed else the

immediate instruction is processed. In this case iﬁj;)

address of an output instruction is specified.

Again an output Instruction. Program wilT Yoop back to
#. ’

Tests the logic value of R4. If-R4z1 then jump to

specified address else take immediate instruction for— - -,

processing.

Tests the logic value of input R3. If R3=Q takes the

immediate instruction and process else a jump at the

specified address is made.

Output Instruction. After display program loops back to

instruction #1.

o i ‘ {
Tests the logic value of input RZ, if R2=ﬁ, a jump is
executed at the given address else the immediate instruc-

tion is executed.

Output Instruction. Data is displayed and program loops .

back to #1.

gk

4.3.1, Detailed procedure for entering verifying, single stepping and

running the example program

PR




o]

/ —_—

Entering the Program into RAM

Power to system is OFF.

>

.- Connect J6 to J2.
. Short Circuit (S/C) J1 by inserting the link PTatform.
Set- the program address. ‘

Set bata at the address.,
. Set HI-Z/En Chip to HI-Z. , {\44

x O M m O O o

/

. Switch on power. /
N - \ ' Y

I. Set HI-Z/En Chip momentarily to En-Chip. The data pattern will

be 'disp]ayed by the data lights. Displayed data is now stored

B

.

in the Memory. oL

LY

Repeat C, D and I untill the entire program has been entered:

Caution: Do mot switch OFF.

Verifying the program entered in RAM:

f . .

" A. Disconnect J6 from J2. Al1 data display lights will come qn.

'
& Set the address. ' .-

/

D. Set HI-Z/En Chip to En-Chip. The entered data at the desired

C. Set Read/Write switch to write. {

address, will he displayed by the data lights. The entire ‘ t

- ° . .
program may be verified by sequencing the data address.one by -

. s
- one.

. Set Read/Write switch to position 'write'. | > CJ <
Set Display ON/OFF switch to 'ON'. - . :



Single Stepping the Program:

—
1

r

A. Set HI—Z/En-Chi.p. to HI-Z. —
B. Set Read/Write to Read. .

C. Connect Output Manual ‘CLK' to 'Input to Counter' by a

, patghcord * -
- D Dis;c:'nnect. S/C LP from J1. ’ _ .
7 E. Connect J4 to Jl. : ‘
PO F. Connect J3 to J5.
“ G. gimulate Inputs momentarily. o f
- & ﬂ.r Set RS-Counter/RUN to RS-COUNTER. ! | '/
: I. Set HI-Z/En+Chip to En-Chip. C e
J. The'proce's or may ﬁow be sequenced.'throught' the pﬁogram '
, entered in the memory using the single step switch Each
| ‘ .depression of the s1ng]e step fush button ‘advances the
clock by one cycle. Output gata .and memory data are _djsp]ayed
for each depression. 1
) Running the Pr:o;qram:
A. Set HI-Z/En-Chip to HI-Z.
B. Connect 1 MHZ clock to Input to Counter. Momentarily. (
C. Set RS-Counter/RUN to RS Counter. ‘
‘D. Set HI-Z/En-Chip to En-Chip. Program is now running.
~— y
‘3 h

The example above not only shows how the BD Proces§or may be used
“to a variety of industrial switching purposes but also shows the ‘speed

advantage of -the BDP over a Boolean representation controﬂer judged from

(3
3

ol
s
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the number pf’program steps in each case. ° ' o )
0 ‘ i ’ -

Therefore, in appllcat1ons where a complex decision depending on

~

&

many variables is to be made and made repeated]y.and we wiip to grrive

at the dec1sion quick]y without hav1ng’to}gq through’a 1arge amount

of. computat1on we will have to resort to the erﬁices of a BOP type of

Yy

¢ .
. a machine: R

LN B ’ a. - ’ * . -
' . U=
. .=

. . ; . e
4.4, Application Example(2). Magnitude Comparison

In this example (l0), we have designed a binary decision program

1

v “.ﬂb";

ﬂg?' — " based on the binary decision tree as: shown in fig.(4), Chapter 2.

}

A ane B are two decimal numbers and each 1s’re§resegted by two
binaky bits. These are shown 1in table (2), Chapter 2. Maémitude n
compa ator compares A and B to see:which is greatest\or if they°are
equal. Only three results are possible Program ift Table (6) is
‘derived from the fhow chart of the comparator as shown in f1g (5) Chapter

“2. A b1nary diagram based on th1s program is shown 1in f1gure (25)

a

NN L Tagle (7) shows/ the b1nary form of’the program in Table (6),

now the sequence can be programmed using the togg]e sw1tches T .
1 ‘n ‘Q B +
on’ the processor board. - 4 ¢
’ - R o
-~ s . ' I o
r- ]
< B ° ¢ . 1y 3
- - R -t
c‘.ﬂs: - . ° — N ’
.' -
. ’ » o .
~ N ‘0 -
. < > . t,,,‘
. N -
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Table (6) BDP .Instructions Repxesentétion

&

o«

ADDRESS INSTRUCTION REGISTER (IR) OUTPUT SEGISTER (AR)
VAR. TESTED BRANCH{IR) BRANCH ADDRESS
Al 1 3.
B . 0] 5
2 " (Output Inst.) “(z=1) 0
3 . B1 1. 5
4 (Output Inst.) ~ (Z=1) 0
5" AO - 1 8
6 BO . .2
7 (Output Inst.) (Z=2) 0.
8 °B0 0 4
9 (Output Inst.) (Z=2) 0
Iab]e’(7) BDP Binary Notation
(IR) .. (AR)
ADDRESS | OP CODE  AD. INPUT VAR.(OP) JUMP ADDRESS
000000 01 000000 00000011
000001 Q0 000010 00000101
000010 10 . 00001 00000000
000011 7| * 01" . 000010 00000101
000100 10 . 000001 00000000
000101 01 . 000001 00001000
000110 01 000011. 00000010
000111 10 " 000010 00000100
001000 00 " 000011 /00000000
001001 10 000010 * 00000000
T
. Yo " LTI I L
o ; fa” . S Y
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1

4 5. Application Example (3). Auto Safety ControloC1rcu1t N
(15)

In this example , the PBDP is used to solve a very practical
problem namely that of Auto safety involving the car ignition switch and

the car seat belt. The problem iggstated as the following:

(a) If the driver is buckled up and the ignition switch is turned ON,

the car starts.

(b) If the ignition switch is ON'but the driver is not buck]ed up then
both alarms, audio and visual must turn ON (the engine doegrﬁot*fitg).
(c) If the ignition switch is ON and in the meantime the driver buckles
_ up then the audio alarm_is turned OFF, éut the visual alarm remains

ON. The eng1ne will not fire unt1l the ignition switch is turned OFF
and again ON, with the driver remaining buckled up.

(d).If the eng1nq is running and the driver unbuckles himself. then only
[ T4 e

the visual alarm should be turned ON. _ . *

\

Figure (26) is the block representation of the auto safety example. ’

. Inputs ] -

X, .L_______P~\

X2 .

' .__|rBDP :
’ ’ )

IR b S |




_—

where, i

X - Input (giving state of 1gh1tion of switch)

=

X2 = Input (seat belt status)
Z] = Output (Ignitdon’%urrent)
Zz = Qutput (alarm 11ght)
23 = Output (Audiof%larm)

‘ Figure (26) Auto Sdfety? Block represent;tion

A stite diagram of a sequential machine conforming to the auto Lo
—-\

séfety spec1ficat1on is_shown in Fig (27).

By applying state reduction techniqqi (16) a simplified state

diagram is obtained in Fig (28).

Following is a Binary Decision Program based on the state diagram

as shown in Fig (23).

B.D.P. Auto Safety Example' -

ADDRESS " INSTRUCTIONS
BEGIN: IF X1 ‘then 5? else a2. —~
al: IF X2 then b2 ‘else cl. -
b2: OUTPUT 100, GO TO BEGIN. '
. bO: IF X1 then b3 else a2.
b3 IF X2 . then bl" else b2. '
b1: - OUTPUT 110, GO TO bO
a2: ' OUTPUT 000, GO TO BEGIN.
c0: - IF X1 tﬁen_ c3 else az2.
€3: IF X2 then c2 else cl.
c2: ~ ““QUTPUT 010, G0 TO cO .

cl: . . OUTPUT 011 TO TO cO

‘l”
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(29).

Each state is represented as a loop in Binary Decision Diagram
as show in fig.

The Binary Decision Program may now be encoded ihto Binary Notions

~as shown in Table 8y N

Table (8): Binary Notation

(IR) | (AR)

' JUMP ADDRESS
ADDRESS OP CODE ADD. INPUT VARIABLE  OR OUT PUT VAR.
000000 00 ' 000000 . 00000110
000001 00 000001 4 00001010
000010 0 000100 00000000
000011 00 - 000000 . 00000110
000100 00 .@oodo‘l’ 00000010 \
000101 10 00310 /’ 00000011
000110 10 ) ~ 000040 ‘ 00000000
000111 0 000000 00000110
001000 00 ‘000001 - 00001010 -
001001 10 000010 00000111
001010 0 . 000011 00000111

The program shown in Table (8) is now ready for loading.




Goto entry by .

State b\b
A I
l Entry b3 ’
1
$00”
|
‘State C °
l ~ :
4 [Entry C3 ]
Y Co
010 i
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- Binary Decision Program.
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: CHAPTER 5 ! - o
Lo ,‘ CONCLUSION ) a
v S
5.0. gggg;gl‘ /
A'Programmab]e Binary Decision Processor (PBDP)was designed to

: execute mu]tip1e output decision programs The PBDP_executes a Binary N

Dec1s1on Program for all outputs in parallel as compared to the ser1a]

execution of the output functions,ron the Boute $ - machlne (3).

The PBDP uses Read/Write Memory, wh1ch can be programmed erased

-and re- programmed repeated]y and therefore, 1t makes poss1b]e to test.

a Binary Decision Program before it is  burned 1nto RgM s_or ERUMs to
perform a dedicatg? task.

The corresponding PBDP is developed; ;:\?he concept of binary
decis1on trees was extended- to include multiple output Boolean functdons
by CerK;. Mange & Sanchez (4), As mentioned in Chapter. 3 Boute's
realization, a]though the first of its kind based on a Binary Dec1s1on'

Program, is a serial executfng machine &.hence not suitable far execut1ng

'prdgrams based on multi\output functions. Therefore the correSponding

PBDP has a definite speed advantage over Boute s rea]ization

~ Incchapter 4, three app1ication$ of the Processor are demonstrated.,

" These are just a few of the many ‘possible app]icafione of the PBOP. Examplei

T and example 2 are based on a single output and‘multi,output functions‘

,respective1y. In example 3 the PBDP is used as a statemmachine where each

state is represented by a Toop, and then each loop is tran§lated into a

"

¢
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: relptionship is‘modelled by a decision program, executed then by a

v

Various .improvements and edditjons tovtheaexisting PBOP are
possible. For examp1e, timers and counters may be added to suit some
specific application. As the RBDP can be used as a state nachine; tﬁere-
fore’ binary decision peograms may also be written to implement counter

functions if needed

Qutput. expansion is possible by dividing the output bits into

\

3(disjoint groups of bits -such _that each’is a part of an output instrdction

f1e1d and can be viewed as an address of an output group while the second

part could specify the values of the bits in that group Thus, one can

| evaluate multiple output functiors in serio- parallel manner.

0 “ \

_ LAsa possible application of B.D.P., Cerny and Moreau (6), have proposed

a method for test verification of digital devfcé%. Device input-output

13

3

decision processor (specialized\i\;:est sequences must be ‘either pre-

detegmined or random. For each test vector applied the decision processor

A

cheeks the validity of the\device;s output.
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