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ABSTRACT  The Binary Decision method can evaluate any switching function in the number of steps not exceeding
the number of input variables. A Binary Decision Programmable Controller module is designed using this method so
as to improve scan speed. A compiler system is also developed to relieve the memory problem which the Binary De-
cision method entails. A communication channel between MDS and BD-PC modules is also constructed to load the
compiled BD-PC object program into the memory of BD machine.
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Block diagram of BD - PC system.
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Optimized BD diagram.
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BD t}tojo 2@ o]} o] &l (binary) E 2]+ e
Fo Egslo}al Yu el wbEo] Adl, o
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& Q2o EA0l olah deslold Holch 2o
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comparator £ °| oflell cfgF gkxd g BDrpojo] 1)
<+ 29 2(a) —QP ”CF °1 Eze 29 2(b) ¢f
ol FUF F4E i odde vAAE AA
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),
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2—bit magnitude comparator 2] o|ol] A ¢} 7+
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Huffman 43 (code) o] &o|c}3. (7). @)
Huffman $-3 o] &8 AW 2 ofejrlz| 2 14
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®1 2WE 37 Wity BD=eay
BD program of 2 -bit magnitude comparator.

ADDRESS INPUT VARIABLE TRUE BRANCH FALSE BRANCH
0 A, 6
1 B, 2 3
2 OUTPUT : XYZ=001 GO TO O .
3 AQ 8
4 B0 2 5
5 OUTPUT : XYZ=010 GO TO O
6 B1 3 7
7 OUTPUT : XYZ =100 GO TO O
8 B0 5 7
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(2)

BDYA| D} Boolean WAle| H|1

233 3 32 2742] FORTRAN 22 =l

10

100
200
300

BOOLEAN SEQUENCE
LOGICAL A.B.C.D

READ (IRDR,100) A. B. C. D
IF(A.AND.B.AND.C.AND.D)GO TO10
WRITE (IPRTR, 200)

STOP

WRITE (IRPTR, 300)

STOP

FORMAT (411)

FORMAT (8 HA, FALSE)
FORMAT (7HA, TRUE)

END

12l 3. (a) Boolean = 4
Boolean sequence.

=2 4% vas] vw, =iz Boolean T 4]0l
A Fdoll sl y] a4 4] W
B, C, D7} 55 ANDE #Hok &}, BD $4
ol A= F#oll Lekdls] Yal 4 gholok 4 A €]
Hyzh A s zjah A B A7) false o] =
=32 A5 evaluation F v} oz},
oleigt LA EN-¢, Boolean T-42} BD-F4
2k Wl %‘” 4 e,

o 7] 4 (A.AND.B.AND.C.AND.D) 7} (((A.
AND.B).AND.C).AND.D) &4 qdo{=| 1, AND

H2 #¥el £xdhvdl dagt BD A
BD step number for output.

10

100
200
300

BINARY DECISION SEQUENCE
LOGICAL A, B, C, D

READ (IRDR,100) A, B, C, D
IF (NOT. A) GO TO 10

IF (NOT.A)GO TO 10

IF (NOT.A)GO TO 10

IF (NOT.A)GO TO 10
WRITR. (IRPTR, 100)

STOP

WRITE (IRPTR, 200)

STOP

FORMAT (411)
FORMAT (8 HA,FAL.SE)
FORMAT (7 Ha. TRUE)
END

496

3% 3. () BD 4
BD sequence.

NO OF
A B C
EXAMINATIONS

0 0 0 0)
0 0 o0 1
0 0 1 0
0 0 1 1

1
0 1 0 0
0 1 0 1
0 1 1 o0
0 1 1 1
1 0 0 0]
1 0 0 1

2
1 0 1 0
1 0o 1 1]
1 1 0 0

3
1 1 0 1
1 1 1 0

4
1 1 1 1
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X3 BD-PCR5e 714
Specification of BD —~PC module.
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= oz owl 4l sequential input
Input
% S| - 64 inputs
Unit
o # oo ® AC/DC input
5 = v 4 parallel output
Output
Uni A A T 14 Latched Long/Short output
nit
% 3 9 ¢ AC/DC output
Memory 256 X 16 bits SRAM
Auto- FAST 1 MHz
Clock
Operation SLOW 0.7 Hz
Manual Clock V&
Program down load ZDSI/40 o= H-H
o 4 vk 4| manual load manual switche] 208 oy
input 64 LLEDs
indicator
Display
output
14 LEDs
indicator

A A (decision) o] ¥l W o] utF A|7H& 49
goba 7hAste, Al7He) AND ZAA345 e
5= Boolean 44+ 16719 Atelol 4 % 4870
o A 2£eS 83822 Boolean¥ 4+ BDF
Axch {9 1,69 sk of B A7E 4%

c},
) BDEHA|E 0|23 BD-PC 259
AAH
Bouteof] 23 Ajcksl BD oAl 9 & o™

3ol 64 sl Y 2o 14028 583k, 25
67He] QlEH UL 488 4 9= discrete IC
=1 o]%oyoq A7 #2g BD-PC L5 ¢} A
3 BHAEE £ 33 29 40 A7 EA4

stk

= BD-PC T 19| gl~E A T (f-
ormat) & 1% 5 ol E4]stqieH?,

2% 5el4 wELL wE15 odAREF (o-
peration code) &4 W] E 157} “0”o]H, ®E 8
—130] 2 AE QHWSEE deisle] o] E149} &

A HlsEs 2 Akl we} ebg laERA
o g2 Bz gk},

R, W E157F “17o)ul, £ QJAE YA
24 ¢ E 140 =te} n}E 0 —139| Lg,g..g,__ ERe

F271 BElA ?:f 7 °] 7?3?’ 737‘“{}4
mah, 18 4 o4 dlo|r] A81% & BD-PC
=22 aHs ol xed ¥4l 7] $lall A A8k
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Di4
64
field DATA
inputs
SELECTOR K/

7
4151 PROGRAM COUNTER

CNT/LD CLEAR
g is17?
CLOCK X2

x9

SW4 SW3
Mo

WL
LEAR ADURESS ouUTPUT
LATCH

80 PROGRAM MEMORY
25616 bit 74100 X2
.

W ‘i B a0 s il E2

UN-
CONDITON
ENABLE

2 AUTO CLOCK |
2 MHz 7493 ” HI  CLOCK
ap x| 7| Faad] 82 Mux WX )-STATf: BUFFER
e L0 CLOCK 74243
N swo WP PROGRAM
S MANUAL CLOCK INPUT SWITCH

84, BD-PCRF He4x
Block diagram of BD - PC module.
SW1 :clear, SW2 : Read/ Write, SW 3 ! Auto/ manual, Count /load,
SW 4 : BD~PC clock / Computer clock 414,
SW 5 : High/Low clock 4188, SW 6 ; Auto/manual clock 41¥})

OUTPUT
CONTROL

LOGIC

0 v INPUT VARIABLE ADDR NEXT INSTRUCTION ADDR

v® INPUT VARIABLE=1 : NEXT INSTRUCTION SHOWN BY 0-7.
0 : NEXT INSTRUCTION IN NEXTLOCATION.

-3
[l

15 14 13 ]

OUTPUT VALUES/
1| v OUTPUT TALUES NEXT INSTRUCTION ADDR.

v=1 NEXT INSTRUCTION SHOWN BY 0 - 7.
OUTPUT VALUES ! BITS 8 -13.

0 :NEXT INSTRUCTION IN NEXT LOCATION
OUTPUT VALUES: BITS 0 -13.

2l5 BD 2.1 9| instruction format.
Instruction format of BD program.
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o F Sl AAsA +5V
Ab2l 12  2-bit magnitude comparator 2 i_L'
BD-PC Z21#9-% T535l3 ¢J@ 02 42 g9pe T
o A4S HE 4 HAE glHsle o
H FHE 2o 2 gieh Al Bl, A0, B0 +
THul jEolH, X, Y, ZE @M o},

DOWNLOAD
REQUEST

doxt
P10®)

DOWNLOAD z-80
COMPLETE CPU

BI
TIMING DIAGRAM TRACE-COMPLETE
ExXPAND xm;ggron PIO®B)
GLITCH D LAY
MACNIFICATION
L
PC CLOCK
+5V pPC CLEAR
COMPUTER T
CLOCK |
0

D Q
7474 s

CK 74175 |

TO 74177 CLOCK

086, Uelsio)£ 2z9 sjl2x
Circuit diagram of iterface unit.

MBI, 28lEAS] wlmAe] o OUTPUT DOWN LOAD OUTPUT
Example of 2-bit magnitude comparator. IN COMPLETE SIGNAL COMSPE[{I;ZEC,%“ CLOCK
— ]
v
READ THE COUNTER
ch. QlE{mojA A POINTER~ 4000H
Jeis| o] £ Az ZDS-1/40 MDS ¢] RAM T
4000-41FF Hell 2145l BD-PC B-=2 1 ¥
. _ ' OUTPUT 2 BYTES
< BD-PC E-52 RAM(256x 16 bits)ell c}$ (f BD INSTRUCTION)
25371 $18 FA)ojet. BD-PC HH =2 l
o] Ql&E Y 42 16bitso] =2 MDS 2] 2 bytes COUNTER~-COUNTER-2
) POINTER—POINTER +2
7t 3hvke] BD-PC 14 E & 4ol s}l BD (;Ug]‘_’ggx

-PC 25olA 2227126 & F2lo] (clear)
332 DOWN LOADING 87438 »ud Pl
B (Parallel Interface Board) W& PIO (A) &% YES
3l Z-80 CPU% MODE 1II ¢le{yEE T3}
Al S, olel Z2aWstee ) FY& ARy
ol 4 wHEolalt Yo £ 5tk Z-80 C- |
PUE HRE 2T o2t 29 79 & |
E A ReS 753l o E2 e sysn
2 Aol = %BAIZE PC 5ol B}, 2.y
6 cll€ QlEislo]l& Az HREE TAFY
I, ¥ 7elv QAHYE AHulA TR £4
=F =A35

OUTPUT DOWN LOAD
COMPLETE SIGNAL

OUTPUT
PC CLOCK SELECT
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ETN)

J8 7. AHFYUE AHulA el 4T
Flow chart of .interrupt service routine.
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2}. BD-PC =23 FHmala{o| MH

Al 246 s AYxe 1L gp-
PC ZEIH o= Hilgichd, 9dAFs Srgh
ol Wl 4 (1)3} 2to] AA nodert 75344
22 golxAl 5=, 1 ubF T2aWUL A2
7l IRk Ml E2]E gho] WavsAl Rt aelA
AR 2 E 2AAES EE T3
of 3 A3ls] Eelg Qdojujol g} B a1y g &
dEs Aozl AstdeyE TEdH
BD-PC Z212d$& dolul+= 3L %489
=

A Aol A=, AeERYY gJdn
He v EFE gojSold alig S H e eol vl &

EE 9 HE ol & d7ba] 2hyg wbug
of, Tl sty AAEE ShEerte A
2 % Quine-Macclusky ¢] tabulation ¥l¥y]-& o]
&3t shel e eloll it P A eI EY e-
ssential prime implicant§ #roph) 1
costE Zv HE At}

HAT7 Y ieE 2= HAEYE dojy

minimum

l CALCULATE CC,

f

CALCULATE D¢,

L

l CALCULATE D,

1

{ Complete decision table

|

Compressed decision table

l algorithm 1

Optimum tree for minimum storage

l algorithm 2

BD program

algirithm 3

328, BD-PCAstee] £ vholoj 1
Block diagram of BD-PC compiler.

71 $13 A pollack @] ¥ x| ZFE ey 3}g e} B
1Y 9 ol ol ¢we|FoR H EE](]
rootol] &8l node s Aol wbwl g 44
=5 o] &3l = A4 r}

&3l A4 Eell 4 CCj (Colume Count), DCi
(Dash Count), Di(Delta Count) %-& #A|Akgt
th5 DCizb 7ha 2t ghg 74l glHd W45 A
9 44914 A4 node ¥} DCizt Folgt 2 o)

MINIMUM DC, ?

| NO

SELECT CONDITION WITH
MAXIMUM D, AND
MINUMUM DC,

( IS THERE ONLY ONE

Ms
/

SELECT CONDITION WITH
MINIMUM DC,

B

J

END

D8 9. noded 7] $1% FAHE
Flow chart for a node.
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st o4t 2% Aol Dist bt 2 &g 2
£ gHESE AU 4714, 29 YiE 9
@® KA 29 CC

CCax =27%(x, du jtlA# 9 dash ) (2)

L=
e T

ol= i #9 DCie,

DCi=Zk]CCm A x (3)

okl oA7A, A, &

Ay =0 (YIiE A1 kdsidio) gdoiA
Xie {0, 1} &l 7%
=1 (Xi7} don’t careql 7ZA$) {4)

olch, =R i YY Dit,

CONTENTS

INPUT VARIABLE

O IO | = |O|CO|mR| IO | O|OIR|O|@
OO | [ O = | OO || OO |=|O|C]m|O
[=N el Nol el Nl ol Nl el o ol Qo) ol ol R el N =]
o|lo|lolo|lojlo|oijo|o|ojClIo|IecIQ|C
CiIQ|IO|=|=lOlOl=|lOlI=mjOo|O|O0|O|O
ClIOCIO|m|O|lC|lClOo|CIO|=|O|—=]OoIO

QIO C|O|m || O = O | ==~ O

QIO = [ Ot | Ot |t [ O et | O it | s

0 BRANCH

f

1 BRANCH

N

OUTPUT VARIABLE

Clo|R|IClOol=|OC|O|m|=]O|O
OIOIm | OO~ O|O|=|Oim=|O
olo|lo|lo|loc|loc|lo|lo|lo|lo|Oo O
Clo|lcojojojo|lolojojo|olC
olojo|lo|lc|lojo|o|cjloi={@
o|lo|l=|lOojlCc|lC|OlC|O|OC|O I

Clo|lC|Oo|ICIC|O|Olmim|O|O

ClOlO|C|OIm|ClO IO |m=]|m-=|O

810, 2ulE =27 wlazle] vlla] sold
Branch table of 2-bit magnitude comparator.
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ol=, 9714 g, =,

Ba =0 (ks 99 Xi=19 73%)

=1 (Xi=don’t careql -?—)
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3} 2},
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2% 104l 2-—bit magnitude comparator
o] ool cHgF WAz olo]BE EASAL, 7]
A HE 7, ¥E 6L H3 FEHFY HIE
= TEHSER, 07 Mz, ‘1Bz o=

A (offset) Zt-& TE3l7] Yl AH&3tdct. =3,
FHHETY Bfix] 922 0o alEgrt.

BD-PC z2a# ¢angl&dlAs, dnel&E2
ol 4 Qdoizl B o] B-& o] &3l A ql wl Ry

#5

S 7kell BD-PC QlAE &4 oo Rtx & o3
ke gefolth®. ol el g
BalA i 1T BaAA 2 =4 sh
A9l W2 2) & shHok sHe Qi A4

Wﬂ—fl’:Oi] At root nodeol| A Alatsted “”
d oﬂw R R A
A48l o 28 25

= 8
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= = |
=
o

H‘O 1m & 2
lo

'E]u‘.ﬁrlrol
o w
2N'

[¢]

Ry
I” =
o

@ 2

N
2
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3
[~
ir
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rin

ol
o
3
S
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Ky
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R
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@ ® 2
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=
H
o
i
B
o
™
jm
ol U 1

2
|
-
I~
!
fu
N
o
o
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2
o
°

h\
S

root node 2] shelal o] gl ¥
" Bz noded ¥iE]E 24

ol el A Ztopfo] A E3tn] o] w)
Ji Yol Af== ‘J“E’—EIC'] o=
919 T ® root node?| “1” M@z

"ol 7145k, 74]—’—?3}04 3} node
B3] noded zto} A= g} 4}
A af7b=) A

ﬁ
e %
r1r ot

r1r
—

fu X
r.\ﬂ

2 = 2 a2
AT TR
ﬁ

ETEJ ”
71 3¢ 3P*é & ZE nodeSo] qa=

43l Asld g FWA b, 2y 11l 2
-bit magnitude comparator 2] dlol] 4 &} )%} 8}

PR QIEHE

TAE =43

010 #10

O8N 2wE 37 W@zl BDEZ vhe]e]zal
BD tree diagram of 2- bit magnitude comparator.

#1, #2, -
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o kel /I A7

mz £

Z 2 2] Boolean 442
B9 Z bl whel 20
2 Folvhe= sh3le] a2

2!

PColl 4838 7% 9
£31 57 7] 844
Al ®et, whebA, o2 gt
AE MAsH7 Sl AA AT Ha2 o)™
+ 9z %=, BDwAE 483% BD-PC =
€ £ 29 FAs o] AdAl A Asto
s| =& HAlskch

=, Aelizdd ¥ AYA L ot
st #H4A A7 olRe)E Ze HAHERE wED,
2|24 el BD-PC Z2a9-% dojuir] 9
iF AHsldelE Z-80 oAl R A ah gl et
N5l BD-PC 258 #4 qlesiol& A&

6ted ZDS-1/40 MDS ol d A3t A& Al
BD-PC A& 9] 7154S B}

G229 Al FAMAo] Azl AgE O

S izt Akl & Aojoll 4 g7 + Qe =8
a3 AHEkEo]l Uik, MDSE host® 3= mul-
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