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RESEARCH LABORATORIES FOR THE ENGINEERING SCIENCES

The School of Engineering and Applied Science of the University of Virginia has long believed that
strong research capabilities go hand in hand with effective teaching. Early in the development of its
graduate training program, the School also recognized that men and women engaged in research should
be as free as possible of the administrative chores involved in sponsored research. In 1959, therefore, the
Research |Laboratories for the Engineering Sciences {RLES) was established and assigned the
administrative responsibility for such research within the School,

Currently, approximately 60 members of the faculty, who also teach at the undergraduate and
graduate levels, and 30 additicnal professional engineers and scientists, whose primary responsibility is
research, generate and conduct the investigations that make up a vigorous and wide-ranging program.
The Director of RLES, a faculty member and active researcher himself, maintains familiarity with the
support requirements of all research under way. He is aided by an RLES Academic Advisory Committee
made up of one faculty representative from each academic department of the School. This Committee
serves to inform RLES of the needs and perspectives of the research community.

In addition to administrative support, RLES is charged with providing technical assistance where it
is needed. Because it is not practical for each department of the School to become seli-sufficient in all
phases aof the supporting technology essential to present-day research, RLES makes services available
through the following support groups: Machine Shop, Instrumentation, Facilities Services, Publications
{including photographic facilities), and Computer Terminal Maintenance.

The purpose of RLES, then, is to provide administrative and technical assistance for sponsored
research carried out within the School of Engineering and Applied Science of the University of Virginia.
Such research has played an important part in the University’s contribution to scientific knowledge and
service to the community and continues the successful partnership of University, government, and
industry.

For information on current programs and capabilities, write to Director, Research Laboratories for
the Engineering Sciences, Thornton Hall, University of Virginia, Charlottesville, Virginia 22901.



Interim Report

‘ The Design and Operation Manual
of an Experimental Control Panel for a Low Cost
Omega Navigational Receiver



FOREWORD

This report presgnts the detailed design equations and an
operation manual for the men-machine interfacé to an experimental
Omega Navigational Receiver. Included in the report are all cir-
cuit diagrams, system-interface connections, software flow charts,

and software listings.



Introduction

To aid work being conducted at the Langley Research Center on the
feasibility of a low cost Omega Navigational Receivéf, 6 control panél
was designed and constructed according to supplied specifications. OSince
the proposed Omega Receiver is designed afound a microprocessor, soft-
ware engineering necessary for control panel operation is aiso included
in the design. The control panel is to be uéed as an cperaticnal medel
for use in the design of a prototype receilver.

The first part of this report provides a detailed description of

the HardWare_design followed by a description of the software needed

to operaﬁe the panel. The second part is a complete description of the

operating procedures for the panel.



2.0 Control Panel Design

2.1 Specifications

The biock diagram of the control panel is shown in Fig. 1. The
following design specifications were uged for the panel:
' 1. The control panel has two modes of operation: data entry
(or chenge) and data display. |
2, In the dafa entry mode, the operator maey select one of
eight paremeters and input data regaiding that parameter.r
3, In the dats displey mode, the operstor may'display any
one of eight input pafameﬁers or any cne of eight calculated
values.
L, The operator may chenge any input paremeter at any time.
5. Certain indicators will be provided.
Most of these specifications involved both hardware and software con-
siderations. |

2,2 Hardware Implementation

The hardware problem was that of interfacing an INTEL hOOh.h-bit
microprocessor using a SIM~Y4 board to the receiver control panel. Some
1nterface logic had been prEV1ously 1ncorporated in the recelver such
that the following input /output organization was dlctated for the front
panel interface:

1. One L-bit data input bus (positive-logic)
2. One 4-bit data output bus (positiveflogic)

3. Single bit control lines (negative-logic)

Most of the control lines were such that only one could be aéti—
vated at any given time. However, a few of the control lines could be

activated independently.
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Details of the elements in the front panel block diagram of Fig. 1
will be explained in the fclloﬁing sections. Included on the front
pénel but not shown in the block diagram are a "poﬁer on" switch and
a variable signal threéholdAselector (potentiometer). The threshold
selector circuitry is shown in Fig. 2.

It should be noted that the choice of & large majority of the
hardware used was purely on the basis of avﬁilability due to a limited
time schedule. Therefore, it may be prudent to replace some of the
components for the prétotype version.

Keyboard

Data entry was complicated by two constraints. The first constraint
was the lack of interrupt capability in the INTEL 4004 microprocessor
thereby forcing the computer to scan the keyboard, in some fashion,
for a key closure. The second constraint was providing the capability
to change the input parameters at any time. This meant thaf 8 para-
meter change could occur after the receiver had locked onto an Omeges
signal but keyboard scanning could occur only at given times. Also,
not knowing how much time would be needed for ealculstions, it was not
certain how much time would be available for the keyboard scan nor
whether key closure could be easily detected. |

Several schemes were investigated from a software key closure
scaﬁ to & complétely "buffered" keyboard. The software scﬁn wasra
scheme in which the column of a keyboard mﬁtrix was enabled and the
rcws.interrogated for a key closure. This scheme was abandoned because
of the excessive computer time required since switch debouncing was

done in software. The fully "buffered" keyboard scheme was one in
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which the entire input parameter value would be held in flip-fiop memory
" and the computer flaged only wﬂen thig value was ready to be processed.
This scheme required hardware to display and clear the characters, clock
circuitry to shift the characters within the memory as new characters
were entered, and a keyboard providing a coded output. This was aban-
doned due toreﬁcessive hardWaré cost,

The final design was‘é compromise of the above two schemes that
incorporated the lower hardware cost of the first scheme and the
minimum computer time of the second. The "sem;*buffered” keyboard
scheme allowed for storing one cheracter until the éomputer could
process it.

_The éircuit used is shown in Fig. 3. The keyboard, a Microswitch
128WhT-1, is & 4 x 3 coded keyboard with buttons for the digits 0-3,
"enter'", and "clea@ entry”. The keyboard,prgvides a negative-logic

' BCD céde,assignment and é delayed key closure strobe. When @ button
is depressed, the bution pode assignment is placed on the keyﬁoard
data lines and the strobe pulse, which is delsyed for‘data line
settling purposes, is genmerated. This strobe pulse sets a "data ready'
flip flop (T472) which in turn activates & monostable multivibrator
(74121). The multivibrator output is then used to load the keyboard
date into a h—bit_l&tph, where it will remain until the ccmputer can
process- it. The "data ready” flip flop (T&72) will remain set until
the computer generates a logic ¢ on‘the "data ready reset" line,
Until the "data ready" flip flop is reset, nb new entry will be
accepted and put into the data latch.

Information from the keyboard interface is entered into the com-

puter via its b-bit data input bus, The information is "wire-ored"
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onto the bus by mesns of a tri-state device (80C97). The output of
the "data ready" flip flop {(7472) is placed on the bit ¢ line of the
data bus by a logic ¢ on the "data ready enable" line, while the key-
béard data is placed on the bus By a logic ¢ on the "keybdard data
enable" line. It is assumed that both ensble lines and the "data reset"
line are logic "1" normally (positive logic).

It has been shown, therefore,.that with this. scheme the computer
has only to process keyboard information if a key has been depressed,
thereby greatly reduéing the computer time needed. In addition, an
entry will not be lost if the computer is not’ able to accept it at
time of entry.

Display

The display circuit, shown in Fig. 4, is common to many displays.
The display conéists of fou; digits using seven segment light-emitting-
diodes (LED). Each digit is a Fairchild FND5¢¢ LED and uses a Fairchild
mﬁtching seven-segment driver {9368) in order to eliminate the need for
current-matching resistors. The LED drivers include both a h-bit iatch
and a BCD-to-seven segment decoder. This sllows the display data to be
put on the computer's date output bus and loaded into the correct &isPIay
digit latch using.a control line'from the computer. The decoder/driverl
a8lso includeé fhe ripple blanking capéhility which was uged for the
display. The display control lines were norﬁally at logic level "1"
while a logic "g¢" énables the corresponding digit lateh.

Data Selector Circuit

The data selector circuit allows the operator to select one of
eight variables to be entered or displayed or ome of eight results

to be displeyed. ©Since the number of result values equals the numBer-
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of input variables, the circuit is designed so that each positior of
the ‘data selector will indicate either an input variable or = result
value, Which of these two parametérs is chosen is determined by a mode
switch.

The déﬁa gelector circuit is shown in Fig, 5. The date selector is
a double-pole,fnon-shofting, eleven position rotery switch of which only
leight fositions are used. A 5 volt, 60 milliampere incendescent lamp,
ugsed to indicate switch posiiion, is connected to each of the eight
positions used on one ﬁole (wafer) of the switech. The contacts of
the eight poéitions on the other pole (wafer) of the switéh are con-
nected to the eight least significant_output lines of & four-line-to-
sixteen-line decodér (Thhé). The wiper'of this pole is connected to
the computer data input bus via & tri-state device (80C9T7). The inputs
of the decoder (7442) are connected to the output deta bus of the com-
puter. The rotary switch position inforﬁafion is ébtained by placing a
BCD numﬁer between zero and eightlon the output date pus. This will
cause one of tﬁe outputs of the decoder {which are normally at logig ")
to obtain a logic "¢". If the wiper of the rotary switch is on that
decoder output, the logic "¢" is placed on the input bus. The computer
varies the value on the output data bus until a iogic "$" is detected
on data line ¢ of the input bus whicﬁ indicateslthe switch position has
peen found. The value on the output bus is used as an indication of
the actual switch position. VA pull—up.resistor (RL} is necessary on
fhe rotarj swifch wiper to meintain a logic "1" while the switch is
. between positions.

The data mode éwitch is a double-pole, double-throw, ceﬁter-off'

toggle switch. It is used to indicate one of three modes; data entry,
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entry data display, and result data display; This switch provides a
code to be placed on lines 1 and 2 of the data input bus from which
the computer can determine the correct mode of operation, The switch
also mctivates & red incendescent lamp, labeled "data in", when in
the data entry mode. All of the datsa selector circuit informaticn

is placed on the computer's data input.bus by a logic "¢" on the
"rotary switch enable" line., The ;odes for the data selector posi-

tions -and mode switeh positions are given in Fig. 6.

2.2.4 Indicator Circuits

Sevgral computer controlled indicator lamps are provided on the
front panel, These lamps include indications for distance to destina-
tion less than five miles, signal sync detection, and arrows for
track déviations. The circuits for these indicators are shown in
Fig. 7. The indicators are 5 volt, 60 milliampere incendescent
lémps driven by DTL (diode-transistor logic) open-collector power
gates (858). These particular power gates were necessary because
of current requirements of the lamps. The twe input nand gates (ThOQ),
used as inverters, enable a logic "¢" from the computer to activate
.the iamps.

2.3 Hardware Results

A picture of the experimental control panel is shown in Fig. 8.
The dlmen31ons of seven inches by ten inches were forced by the .hard-
ware used. It should again be noted that the criteria used for choosing
Ehé parﬁicular hardware was mainly availability. This fact did force
the panel to be larger than necessary and can be reduced in size in the
prototype version.

rThe positioné of the components on the two printed circuit boards

uzed are shown in Figs. 9 and 10. The dimensions of these printed
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circuit bosrds are actusl size in the figures. All interfacing to

the front panel is done through =z 36 pin connector. Fig. 1l gives

these front panel pin connections.

Software Implementaticn

An overview of‘the Omega Receiver softwere reguirements is
shown in Fig. 12. The input/output pilot interface or front panel
operation software is a completely self-contained subroutine package
{except for two syétem subroutines) which requires no parameter
transfer upcn entry. The two subroutines which are not included in
the software package operate the control lines used by both the pilot
igterfage and the Omega data scquisition circuits. One ofKthe sub-
routines, AFNAB, produces a pulse ocutput on a confrol line specified
upon entry, The other subréutine, BENAB, prodﬁces & level output
on a control line again specified upon entry. The front panel soft-
ware package contains & main routine and nine subroutines. A detailed
explanation of theée programs follows.

The floﬁ charts for_the software package is found in Appendix A.
Appendix B contains the program'listings.

Main Routine

The main routine of the front panel control software is organized
as a subroutine which needs no parameters upoﬁ entry; Operaticon of
the front panel is_solely by a call to thié subroutine. For each entry
to this main routine, only one panel cperation is performed, i.e. fhe

displaying of a value or the processing of a character that has been

_entered.

Upon entry to the routine, the computer must first determine by

interrogating the mode switch whether the operation requested is data
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entr& or data display. If data display is reqﬁested the positioﬁ of
the datsa selector snd mode switches are then determined. The position
of the mode switch is needed to determine if the data of interest is
input parameter deta or calculated resuli data. Since all data values.
‘are stored in binary format in the computer, the value of interest is
converted fo BCD (Binary coded decimal) format which is needed by the
display unit. The value is displayed on the LEthisplay‘and'the_panel
routiné is exitéd.

If, on the other hand, it is found that the operation requested is
Vdata eptry, the panel is interrogated for a character awaiting gntry.

If this is the first data entry fequest since a data display reguest,
four RAM (random acCGSS'memory) locations are zeroed and LED display

unit is blanked. The four memory locations are used as a buffer to

hold the entered digits until an "E" or "CE" command is entered. The
routine ig exited if no keyboard entry is found. If, however, a key-~
board entry is:aVailable, the computer inputs the eniry and decides whe-
ther it is an "E", a "CE", or a digit.. For-& digit edtry, each digit
already in the memory buffer is éhifted tco its next higher significant

. position and the new'enfry then becomes the least significant digit. The
most significant digit of the digit buffer area is always iost. ‘The con-
tents of the buffer area is displayéd and the routine is exited.

A "CE" {clear entry) causes the digit buffer area to be zeroced and
the display to be blanked. If the entry 1s an "Ef, the contents of the
digit buffer, which is in BCD format, is converted to binary format and
stored in three memory locations in the computer. The spécific memary
- jocations are determined by the position of the data selector. The digit:

puffer ares is then zerced, the display blenked, and the routine exited.
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Display Subroutine

The Display subroutine, OUTSB' displays the four BCD digits found
in the RAM digit buffer ares onto the LED seven-segment display No

parameters are transferred upon entry The dlsplaylng is sccomplished

by consecutively placing one of the BCD digits on the output data bus

and activating its control line.

Rotary Switeh Position Subroutlne

The Rotary Switch Position subroutlne, ROTPOS determines the posi-
tion of the data selector switch. The data . output bus address, the data
input bus address, and the data selectof enable code are transferred in-
to the routine vhen the subroutine is cdlled. A register returns from
the réutine with an index number hetween ¢ ahd 7 indicating thg switch
pogition.

Rotary Switch Address Subroutine

The Rotary Switch Address‘SUbroutides ROTSW, detérmines the address
bf a specified binary data value. The routine requires, upon entry, that
the starting address of the binary data value érea he containeq in ome
register péir and an index (0-7) in another register. Upon return from
the subroutine, the register pair will have been modified to contain the
address of thé least significant bits of the specified data value. The
subroutine assumes that each data value occupies three L-bit bytes.

Addition Subroutine

The mddition of two 12-bit numbers is performed by the Addition
subroutine. The subroutine has two entry points, ADD and ADDl. Entering
the routine at ADD resets the carry condition bit to zero while entering

at ADD1l leaves the carry bit unaffected. The two 1l2-bit numbers are
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transferred into the subroutine in two groups of three index registers
each. The result of the addition returns from thg subroutine in one
of these groups of index registers.

Subtraction Subroutine

The Subtraction subroutine performs the subtraction of two 12-bit

‘nuribers. This subroutine also has two entry points, SUB and SUBL,

which provide the same capasbility as:in the Addition subroutine; that
is, reseting the carry bit. The transfer of informaticn to and from
the Subtraction subroutine is accomplished as in the Addition subroutine.

Increment Subroutine

The Increment subroutiné is used to incrgment the contents of a
particular register pair. The subroutine has two entry points, INC
and INCl. Entering the routine at INC1 will cause the register palr
to be incremented by.one. Entering at INC, however, will cause the’
register pair to be incremented by the contents of the sccumilator.
The particular register peir is fixed within‘the subroutine‘and is not

transferred into the routine as a parameter.

Zero Ram Subroutine .

The Zero Ram subroutine, with entry point BLANK, is used to zero

four consecutive RAM locations. The starting RAM address is transferred

to the routine in a‘register pair. A limitation to the routine occurs
since the consecutive RAM addresses are determined by incrementing only
the four least significaﬁt bits and not the entire eight bit address.
This means that the four most significant bits never change regardless
of the sterting RAM address. Details and ramificetions of this can be

easily seen by examining the program listing.
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Multiply Subroutine

The Multiply subroutine, MUL, is used tc multiply & twelve bit

‘number by a four bit number. The result of this multiplication must

not exceed twelﬁe bits. Upon entry to the subroutine, two registers
and the accumulator will contaih the twelve bit number .and the sddress
of the four bit number will be found in g-;egister pair, On exit, thg
result is placed is a group of three index registers. The multipli-
cétion is accomplishéd‘within the routine by repetitive addition. The
mﬁih use of this subroutine ié for BCD to binary conversion.

DivideVSubroutine

The Dividé aubroutine, DIV, performs the division of two twelve
bit numberéf The result of this Speration cen occupy no more‘than
fcurAbits or a memory.byte. Two groups of index'registers, three
registers each, contain the two numbers at iime of entry to the routine.
Another register pair contains the address into which thelresult will go.
At exit from the routine, one of the index regisfer groups contains the
remainder and the register pair contents have been decremented. The
division opefation is accomplished by repetitive subtraction. This sub-
routine helps perform binary to BCD code conversion.

Softwere Results

As stated before, the control panel software package requires no
additional software‘other than the two systém subroutines mentioned,
Also, no additional software is needed during power-up initialization
phase. No other program, however, musi slter the contents of ceftain

RAM locations. These locations are those specified by hexidecimal

_addresses 2¢ through 23 snd RAM status charvacter ¢ of RAM ¢. The
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software requires 288 words .of PROM (programmable read-only memory).
Optimization of the software with respect to miniﬁizing memory used

has been’ attempted; however, stilli more optimization may be pbssible.
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3.0 Operating Procedures

The operating procedure for the experimental control panel will
be presented in a step-by-step manner. The nomenclature will refer

to that on the constructed panel which is shown in Fig. 8.

3.1 DPata Input

1. Position the mode selector switch labeled "DATA" to the "IN"
position. . The "DATA IN" lamp will light.

2, Positicn the rotary data selector switchfto the desired variabie.

The labels gbove the green lamps are the input varigbles. The
appropriate green lamp will light.
3. Enter the desired number followed by a "E' (#)}. As each digit
is enteréd it will appear on the display. Only the last four
digits entered are significant. A "CE" (¥) entry will remove
the digits ﬁreviously entered thereby blanking the display. A
"E" (#) entry will assign the numberrin_theldisplay to the parsmeter
chosen by the dat# selector. .
NOTE: The above procedure is used whether initially entering the
parameters or at any time changing a parameler or ﬁarameters.

3.2 Dats Display

1. Position the mode selector switch labeled "DATA" to the center
position for displaying input parsmeters or to the position laebeled
"OUT" for the calculated results.

2, Poszition the rotary data selector switch to the desired parsmeter.

The lsbels above the lamps are the input parsmeters and the labels
below are the caleculated reswlts. The apprqpfiate lamp will light

and the value of the parameter will be displsayed.
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CODE

(BINARY)

000
001
010
011
100
101
110
111

{BINARY}

00
01
10.
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DATA SELECTOR CODE

SELECTOR LABEL

¥ DESTINATION, X POSITION
Y DESTINATICN, Y POSITION
X SET , HEADING CCRRECTION

.Y SET , BEARING TO DESTINATION
$y , DISTANCE TO DESTINATICN
¢y , TIME T0O DESTINATION
Dy » GROUND SFEED
DY s TRACK HEADING

MODE SELECTOR CODE

SELECTOR LABEL
DATA RESULT DISPLAY (DOWN POSITION)

DATA INPUT (UP POSITION)
DATA INPUT DISPLAY {CENTER POSITION)

Figure 6 Selector Codeg
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FRONT PANEL MAIN PROGRAM

Load ''rotary
switch enable" code

!

Qutput command
(BENAB)

!

Read "Data In"
switch

. Is
data to be
input?

Yes

No

Zero "Indicator"




FRONT PANEL MAIN PROGRAM CONTINUED

etermine pos1tion
of rotary switch
(ROTPOS)

i

Determine if
display data 1s input
or calculated data

b

Determine address
of display data
(RQTSW)

A

Convert binary to
BCD data and
store in ram
(uses DIV)
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FRONT PANEL MAIN PROGRAM CONTINUED

Disable ''rotary
switch enable"
{AENAB)

Read "Tndicator’

Is
"Indicator"

zero?

Yes

"Indicator™
~equals 1

h

eset ''characte
ready' Flip Flop
{AENAB)

Blank BCD digit
buffer
(BLANK)

Display Blanks
{zeros)
(OUTSB)

-l

No
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FRONT PANEL MAIN PROGRAM CONTINUED

Enable "Data
Ready" line
(BENAB)

{

Input "data
ready" bit

\2

Disable ''data
ready' line
(AENAB)

Is No

a character
ready?

Yes

Enable '"Data"
lines
(BENAB)
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FRONT PANEL MAIN PROGRAM CONTINUED

80

Input character

!

isable "Data'" line

and reset ''character
ready" Flip Flop

(AENAB)

Is
character .
an |!El|

Is
character
a “CE"

Yes _ 180

No

shift characters lef
1 place and add new |
character
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FRONT PANEL MAIN PROGRAM CONTINUED

Enable "Rotary
Switeh" line
{BENAR)

y

Determine position
of rotary switch
(ROTPOS)

A

Determine address of
input value to be
stored (ROTSW)

Convert BCD digits
to binary
(uses MUL)

.\f

Store in ram locations

180 ; —

lear BCD values.
{BLANK)

Display values
in BCD slots
(OUTSB)

300
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DISPLAY OUTPUT SUBROUTINE

Set counter
to —4 and pointers

(o)

Read BCD
digit from ram

-

Output character
to bus

nable "Readou
control" line
{AENAB)

i

Increment
"Readout control"

|

Increment ram
address and counter

Is
counter
zero?
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ROTARY SWITCH POSITION SUBROUTINE

ON ENTRY: Register pair 5 has output port address.
Register palr 4 has input port address and
~ the starting index number.
Register pair 6 has the rotary switch enable code.

ON EXIT: Register 9 has index number (0-7Y.

OTPOS

Qutput index
to bus

' - Input resdult
of ocutput

index
at correct
pogitio

Increment
index

I
' isable. "Ratary

Switeh" line
{AENAB)
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ROTARY SWITCH ADDRESS SUBROUTINE

ON ENTRY: Registér 9 contains index position of
rotary switch (0~7) .
Register pair 7 has base address of data area

ON EXIT: Register pair 7 has the address of the least
significant bits of the binary data of interest.

Increment index
(Reg. 9)

e

Decrement index

No

Increment register
pair 7 by 3
(INC)

]

@
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ADDITION SUBROUTINE
ON ENTRY: Registers 6, 7, 8 have a 12 bit number
Registers 9, 10, 11 have a 12 bit number

ON EXIT: Register 9, 10, 11 have the result of thé suft
of the two 12 bit numbers

Clear carry
and accumulator

Y

Add least
significant
4-bit bytes

A

- Add next
gignificant
4-bit bytes

A

Add most
significant
4-bit bytes




~36-

SUBTRACTION SUBROUTINE

ON ENTRY: ?Registers 6, 7, 8 contain a 12 bit number
Registers 9, 10, 11 contain a 12 bit number

ON E¥IT: Registers 9, 10, 11 contain the 12 bit mesult
Clear carry
and accumulator

h

Subtract least
gignificant
4-bit byte

Complement carry bit}

]

Subtract next
significant
4—-bit byte

Complement carry bit

Y

Subtract most
gignificant
4-bit byte
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INCREMENT SUBROUTINE

ON ENTRY: Register pair 7 has a value
Accumulator may have a value

ON EXIT: Register pair 7 has a modified value

Accumulator = 1

| W— 4_‘_1
X

Clear carry
bit

t .

Add accumulator
to Register pair 7
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ZERO RAM SUBROUTINE

ON ENTRY: Register pair 5 has a ram address

Set Counter
to =&

y

Clear
Accumulator

Set memory te O

¥

Increment memory
address

Increment
counter

Is
counter
zero?
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MULTIPLY SUBROUTINE

ON ENTRY: Registers 6, 7, accumulator contain one multipiier -
Register pair 6 contains the address of the other
multiplier

ON EXIT: Binary result is added to registers %, 10, 11
Register pair 6 contains the next address

Exchénge
accunulator
with register 8

Determine number
of times to loop

Is ¥
loop count €3 wt 50
zeﬁiﬁf”//’ ‘

Add registers 6, 7, 8
to registers 9, 10, 1
(ADD)

'

Decrement loop count




MULTIPLY SUBROUTINE CONTINUED

oo

Is

loop count
zeizzf/””

. Yes

Increment address
of loop count
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DIVIDE SUBROUTINE

ON ENTRY: Registers 6, 7 and accumulator have values to
divide into values in registers 9, 10, 11.
Register pair 6 has the address for the result

ON EXIT: Registers 9, 10, 11 have the remainder
Register pair 6 has been decremented

Exchange accumulator
with register 8

Load--1 in
"count" register

3

Subtract regigters 6, 7, 8
\from registers 9, 10, 11
(suB)

Increment "count"
register

Is No
subtraction ;{EE;)
negative?

Yes
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DIVIDE SUBROUTINE CONTINUED

Add number bhack
to registers 9, 10, 11
to obtain remainder
(ADD)

]

Store "count' as
the answer

Y

Decrement.
address of result
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Start

LBz2¢

LE3%

FIM

JM3

FIM

FIM

SRC

‘RDR

XCH
JCN

CLB
WR¢
JMS
XCH
FIM
JCN

FIM

FIM
FIM

SRC
RDM

XCH

XCH
XCH
JMS
I5Z

FIM

LDM

JMS

FiM

=Lé-

MAIN ROUTINE

P6
9k

BENAB
P5

2¢
Pl

¢

PL

CY = 1
LB5¢

ROTPCS
2

PT

6

CY =1
LBE2¢
PT

78

ROTSW
P6
23
Pl
D¢
PT

Load "rotary SW enable'™ code
Enable rotary SW, etce.

P>

output bus CMD

P4 = input bus CMD

Qutput input CMD
Input data on bus

Shift data 8W to carry
Save reg 2 .

Jump if data to be input
Set indicator = ¢

Determine rotary SW pos
Restore SW status

PT7 = Starting addr of input data

Jump if outputing input data

PT = Starting addr of output data
Determine addr of data to be disﬁlayed
Addr of MS display digit

Value = -3 for counter

Load value to be displayed
to regs 9,A,B from RAM

Reg 6,7,8 = 1000

Determine MS digit'

Reg 6,7,8 = 100



LBS¢

LBTS

LDM
JMS

FIM

LDM
JMB

SRC

SRC

RD¢
JCN

LDM
WR¢

pY

FIM
JMB
JMS
JdMS
FIM
JME
SRC
RDR
XCH
JMB

XCH
RAR

JCN°

INe
JMS

SRC
RDR
XCH
FIM

JMS

CLC
LDM

=h7-

DIV
P3
A¢

DIV
Pé

LB3g¢

AENAB
Ph

ACC # 0
LBTS

P6

1c
AENAR
BLANK
OUTSRB
P6-

iD

BENAE
Ph

AENAB'

CY =243
LB310

BENAB
Pl

1c

AENAB

Determine 2nd digit

Reg 6,7,8 = 10

Determine 3rd digit

Store L.S. digit in RAM

Disablie "rotary SW ensble"
Read "indicator"

Jump if "indicator" =1
Set "indicator" =1

Reset "Char Avail' flip flop

Blank BCD digit LOCS

Displey blanks

Enable "data ready" line

Read "data ready"

Save in Reg. 2

Disable "data ready'line
Restore "data ready" bit
Jump 1f not ready
Increment CMD line ADR

Enable data lines

Input deta char
Save char in reg 2

Disable "data" lines and reset

- "Char Avail" ¥F

AcC = "CE"



. 1BSS

lLBl¢¢

SUB
JCN

JCN
F1M
BRC
RDM
XCH

INC
1872

JUN

FIM

IMS

FIM

JMB

FIM

JMS
FIM
FIM
FIM
FIM
BRC
RDM

XCH
INC

JM3
 FIM

LDM

JME

FIM

LDM
JMB

~L8-

cY = ¢
LB1éé
ACC = ¢
LB18%
P

2¢

BT

2

F
L
LBBS

LB3$¢
P6
OF

. BENAB

P>
2¢

ROTPOS
PT
6¢

ROTSW
P6

24

- P3

Ad
PL
¢
F5

¢
Pé

9
D

MUL
P3
L6 .

¢

MUL
P3
B
3

A1t
s

Jump if char was a "I
Jump if char was an "CE"
P7 = Addr of BCD digits in RAM

Shift chars left 1 and add
new char

Enable "Rotary switch" line

Determine position of rotary switch

Addr of input data
Determine addr of data value

Determine binary from BCD

Regs 6,7,8 contain multiplier
Regs 9,A,B hold accumulation

Read L.3. digit
Add to accum regs

Regs 6,7,8 = 1¢

Reg 6,7,8 = 1¢¢

Regs 6,7,8 = 1640



LB11¢

LB18¢

LB3¢4

LE314

FiM
XCH
XCH
XCH
sRkRC
WRM
JME
IsZ
FIM
JMB
JME

BBL

-L9-

MUL

P1
D¢

PT

INCl
LB114
P5
29
BLANK

OUTSB

Reg 2 = -3

Btore binary in RAM

Increment reg E and F if carry

P5 = Addr of BCD char

Blank 4 locaitons

‘Display BCD values

Exit



QUISE

OUT14

FIM

FIM

FIM

3RC
RDM
SRC
WERR
JMS

INC
INC
LISZ

EBRL

‘Pl

2c
P6
A
B2
2¢
P2

Pl

_s0-

DISPLAY SUBROUTINE

Pl = QUTPUI' commend and -h {counter)
Qutput Code for L.§. Digit displasy

Address of L.S8. Digit (BCD}

Read BCD Digit.

Output digit
Latch digit to display

Increment command code
Increment Addregs

Return



ROTPOS

ROTP2¢

-51-

ROTARY SWITCH POSITION SUBROUTINE

SRC
LD

WRR
SRC
RDR
RAR
JCN

InNc
JUN

JMB

BBL

P>
9
PL
Input status of line
CY = ¢ Jump if switch position found
ROTP2¢
9 Increment index
ROTPOE 7
Disable "Rotary switch" line
AENAR

¢ Return



ROTSW
ROT1¢ -

ROT2¢

INC
XCH
DAC
JCN

XCH
LDM
JMB

JUN

BBL-

~52-

ROTARY SWITCH ADDRESS SUBROUTINE

9
9

ACC = ¢
ROT2¢
5

3
INC

ROT14

Register 9 has index no. (0-7)
Jump if index = ¢

Bump address in Register pair 7
by 3

Return,



ADD
ADDL

CLB
D

ARD
XCH
Lb

ATD
XCH
LD

ADD
XCH
BEL

o W o3 O D

53

ADDITION SUBROUTINE

Add L.S. bytes
Save L.S5. byte
Add next bytes

Add M.S. bytes

Return
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SUBTRACTION SUBROUTINE

SURB ' CLB Clear carry and sccumulator

SUBL LD 9 Subtract L.S. bytes
SUB 6 ' _
CMC Complement Carry
XCH 9 .
LD A Subtract next bytes
SUB T :
CMC Complement Carry
%CH A : ' .
D . B Subtract M.S. bytes
SUB 8
XCH B
BRL ¢ Return



INcl
IncC

L.DM
CLC
ADD
XCH
LM
ADD
XCH
BEL

< FEe g =

=

INCREMENT

=55~

SUBROUTINE

Accumilator = 1
Clear Carry

Add Acc to Register pair 7T

Return



BLANK

BL1¢

FiM

LDM
SRC
WRM
INC
Is%

BBL

56

ZEROQ RAM SUBROUTINE

Fl COUNTER = -4
$C ‘
¢ 'Clear Accumulator
PS5
Write in RAM
B Increment address
3 Increment counter and jump if not zerc
BL1¢
¢ Return



MUL1 ¢

MULS¢

XCH
SRC
RDM
JCN

XCH
JMS

D
DAC
JCN

INC
BBL

w57

MULTIPLY SUBROUTIRE

8
P6

ACC = &
MULS¢
2

ADD
2

ACC # ¢
MUL1¢
D

¢

Move accumulstor to register 8§

Find multiplier by address in P6
Jump if count = ¢

Save loop count
Add nunmber to accumulation area

Decrement lcop count
Jump 1if not ¢

Increment BCD address
Return



DIV

DIV1g

XCH
LDM
XCH
TS

INC
JCHN

JME

SRC
LD

WRM
LD

DAC
XCH
BBL

~58-

DIVIDE SUBROUTINE

Move accumulator to register 8

Register 2 = -1 (count)
Subtract registers 6,7,8 from 9,A,R

Inérement "count"
Jump 1f result not negative

Add registers 6,7,8 to result-remainder

Store "count" in BCD loecation
Decrement address

Return
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