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DATA ACQUISITION AND COMMAND SYSTEM FOR
USE WITH A MICROPROCESSOR-BASED CONTROL CHASSIS

by

J. K. Halbig, S. F. Klosterbuer, and V. A. Martinez, Jr.

ABSTRACT

The Pion Generation for Medical Irradiations (PIGMI) program at the
LOB Alamos Scientific Laboratory is developing the technology to build
smaller, less expensive, and more reliable proton linear accelerators for
medical applications. We have designed a powerful, simple, inexpensive,
and reliable control and data acquisition system that is central to the
program development. The system is a N0VA-3D minicomputer interfaced
to several outlying microprocessor-based controllers, which accomplish
control and data acquisition through data I/O chassis. We describe the
equipment interface chassis, which can issue binary commands, read binary
data, issue analog commands, and read timed and untimed analog data.

I. INTRODUCTION

The microprocessor is used best as a controller
rather than as a mini-minicomputer. Novel exam-
ples of an intelligent controller are given in Refs. 1
and 2. To interface with the outside world, the smart
controller must be able to send commands in analog
or binary form. For example, an analog command
can provide a programmable voltage into the summ-
ing junction of a power supply controller; a binary
command turns the power supply on and off. Also,
the controller must be able to acquire analog and
digital data. The analog voltage across a shunt in the
power supply output is an example of analog data;
the on-off status of the supply is an example of
binary data. Here, analog data are "untimed" data,
inasmuch as the power supply output is considered
to be constant in time. In contrast, timed analog
data might vary as a function of time after a
specified trigger. An example is the response of a
current monitor along a linear accelerator (linac), in

which a burst of current is periodically transported
along the accelerator. The rising edge of the beam
gate is the trigger.

The design of the data interface to the
microprocessor required dependable, versatile, and
easy-to-use building blocks. We designed four basic
modules consisting of 11.5- by 16.5-cm printed cir-
cuit (PC) boards: analog command, binary com-
mand, analog data, and binary data modules.

The analog command module provides on a single
board four channels of 0- to +10-V or -10 to +10-V
drive signals with 12-bit resolution.

The binary command module also consists of one
board that provides eight contact closures and has
facility for external interlocks. That is, unless an ex-
ternal interlock is made up, the controller cannot
close the command contacts. Also, there are eight
data inputs to this board that indicate the command
status. They can be jumpered to the on-board relay
coil that actuates the contacts or to the device being
controlled by the contact closure. In this function,



the binary command module also returns data to the
processor.

The analog data module can comprise up to three
boards. The 16-channel, 12-bit A/D (analog-to-
digital) converter board is required; it converts 0 : to
+ 10-V signals or -10- to +10-V signals. Conversion
can be triggered by an external begin-con vert signal
or by the processor. This board can be used with
either or both of the other two boards, which are the
sample-hold and the analog amplifier boards. The
sample-hold board has 16 channels of sample-hold
electronics that are triggered by an external timer. A
timing board that can run several modules has also
been implemented. The module design concept in-
cludes an analog amplifier board that would contain
Hi channels of amplification; such a card has not
been developed for this system; however, a 16-
channel amplifier board has been designed at LASL,
which fits on this size board. The I/O format is not
compatible with the KIC.3

The binary data module can read 32 binary chan-
nels. The inputs are TTL gates pulled up with 3.3-
kV. resistors and are active low.

The small inexpensive boards can be mounted
near the1 controlled device for one-of-a-kind applica-
tions. This is especially desirable for the analog part
of a system because the interface to the processor is
much less susceptible to noise than are the low-level
analog signals. These cards can be mounted in a con-
venient compact chassis to form a data system. We
are using an equipment interface chassis (EIC) with
an \1C6800-microprocessor-based controller, but
use of these boards makes the controller interface
virtually processor-independent. That is, the con-
troller may be 6800-, 6502-, 8080-, Z-80-, or any other
nrocessor-based, as long as the processor can provide
i(j bits of interface and 4 handshake lines.

II. EQUIPMENT INTERFACE CHASSIS

The EIC is shown in Figs. la-c. The front view
(Fig. la) shows the power switch and ac indicator
lights. The switch controls the power supply, shown
in Fig. lb, which provides +5 V for the TTL logic on
the boards and ± 15 V for the analog components.

The boards slide into a 16-slot board cage, which
is accessed through the cutout in the rear panel. The
controller interface cables also leave through this

opening. The data signals enter the EIC via the con-
nectors on the left rear of the chassis (Fig. lc). Then
they are transmitted to the board-edge connectors
on the boards in the cage. There is a connector on
the back panel for each module.

We wanted a self-contained data crate that is easy
to disassemble, move, and reassemble. The cables
attached at the rear of the EIC can be "permanently"
attached to a junction strip or to the signal source.

fig. 1.
The EIC chassis (a) front, (b) top, (c) rear.



A slot guide for the modules is shown in Fig. 2. A
board is required in slot A in the analog module
because the external data lines are attached to that
slot. If only the A/D board is used, it must be in slot
A. If the sample-hold board or the amplifier board is
used with the A/D board, it must be in slot A, and
the A/D board will be in slot B. If the third board is
necessary, it will go into slot A in a similar manner.
Slot 1 is reserved for a timing board if it is used.
Boards for the other modules have specific locations,
as shown in Fig. 2.

One disadvantage of the EIC is the large number
of cables that pass between the EIC and the
microprocessor chassis (MPC) when several EIC
boards are used. To overcome this, one could design
an intelligent single-board controller with the
peripheral interface adapter (PIA) boards located in
the EIC. Only 4 lines of serial communication, or 20
lines of parallel communication, would be required
between the MPC and the EIC. The cost of this
simplification is development of a communication
protocol for the MPC and EIC.

III. INTERFACE MODULES

A. Binary Data Module Hardware

Figure 3 is the schematic of the binary data
module. There are 32 input channels on the 44-pin

board edge. The commons and inputs are wired to
the connector on the rear panel. When used with a
junction strip, as a minimum, twisted-pair wires
should go from the strip to the signal device. The in-
put lines are connected to the inputs of inverting
TTL gates. The inputs are pulled up with 3.3-kft
resistors; this provides logic 0s to the processor when
nothing is connected to the card. The input must be
pulled low to provide a logic 1 to the processor. The
card uses the EIC's +5-V bus, and the MPC com-
mon enters through the ribbon cables.

B. Binary Data Module Software

The 32 data lines on this board are interfaced with
the EIC by two ribbon cables that connect to two
PIAs. The PIA peripheral data lines must be
programmed as inputs to the microprocessor. No
special handshake pulse is needed on the binary
data read; hence, the A- and B-side control registers,
CRA and CRB, are initialized to a $04 ($ indicates a
hexadecimal number). When the PIAs are properly
initialized, data from a specific channel can be read
by executing a load from the proper PIA peripheral
data register and performing a test on the bit cor-
responding to the channel being read.

The sample program in listing 1 demonstrates in-
itialization of the PIA and reading and storing data
from the 32 channels in a RAM buffer.

G O
FUSE AMBER

NOTE:

© SLOTS I THRU IS PIN Z A U TOWARD TOP OP CRATE
© SLOT IC PIN « S I TOWARD TOP OP CRATE

Fig. 2.
EIC chassis PC board locations.
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Fig, 3.
Binary data card schematic.

C. Analog Data Module Hardware

The analog data module, shown schematically in
Figs. 4a-c, consists of three boards. The primary
board is the 16-channel A/D board, which is inter-
faced to the MPC via a single PIA cable. This
module is designed for single-ended input, but the
6812 module can be used for differential input. The

multiplexer (mux) address is given to the 6812 on
the PB3-PB0 lines. The strobe line that begins the
conversion can be jumper-connected (J5) to the CB2
line, which is controlled by the processor, or to an ex-
ternal timing line. When the conversion is complete,
a signal is returned to the processor on the CA1 line.
The maximum throughput rate on untimed data is
~30k conversions per second.
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00001
00002
00003
00004
00005
00006
00007
00008
00009
00010
00011
00012
00013
00014
00015
00016
00017
00018
00019
00020

oooei
0002£
00023
00024
00025
00026
00027
00028
00029
00030
00031

001

F400
F400
F403
F406
F409
F40C
F40F
F412
F415

F418
F41B
F41E
F421
F424

BDATA

i

<

<

NAM BDATA

LASL Identification
No. IP-1068

• BINARY DATA CARD
»
• THIS IS A SIMPLE PROGRAM THAT DEMONSTRATES
• INITIALIZATION 1
• CARD. IT READS
f AND STDRES THEM
• MANIPULATED BY

8900 BDATA1 EOU
8902 BDAFA2 EOU
A050 BUFFER EQU

CE
FF
FF
FF
FF
CE
FF
FF

FE
FF
FE
FF
39

4

0000
8908
89 OA
8900
8902
0404
8908
890 A

*
8900
A050
8902
A 052

•

y

ORG
LDX
STX
STX
STX
STX
LDX
STX
STX

LDX
STX
LDX
STX
RTS

END

$8900
S8902
SA050

SF400
WS0000
BDATA1+8
BDATA2+8
BDATA1
BDATA2
«*0404
BDATA1+8
BDATA2+8

BDHTA1
BUFFER
BDATA£
EUFFER+2

=)ND USE OF THE BINARY DATA
VALUES FRDM THE 32 CHANNELS
IN RAM WHERE THEY COULD BE

CHE USER AS DESIRED.

FIRST PIA CHANNELS<1-16>
SECOND PIA CHANNELS a7-3£>
ADDRESS OF RAM BUFFER

INITIALIZE PIAS

CONFIGURE AS INPUTS

SET CDNTROL REGISTERS

READ FIRST 16 CHANNELS
PUT IN RAM BUFFER
READ NEXT 16 CHANNELS

TOTAL ERRORS 00000

This board can randomly address a mux channel
by using the PB3-PB0 lines (the single-channel
mode), or by setting the first channel. Then, each
time data from the present channel are read, the
mux channel is incremented. The last mode is the
autosequencing mode.

The board requires ±15 V at 45 mA, and +5 V at
275 mA. The voltages are supplied by the EIC, but
in one-of-a-kind applications, the 5 V may be
jumper-connected to the 5-V line of the PIA cable
and then only the ±15 V need be provided externally
by the EIC.

The sample-hold board, shown in Fig. 4b, has 16
sample-hold channels, each with an amplifier and a

sample-hold. The on-board amplifier was designed
as a buffer amplifier, but it may be used as a voltage
amplifier or current-to-voltage converter.

The LF298 sample-hold circuitry has a 10-MS ac-
quisition time to 0.1%. Therefore, if the device is
holding a 10-V signal and the device is released while
the input is at 0 V, a maximum of 10 /is is required
for the output to settle to 0 V within 0.1%. Use of
small capacitors with the LF298 enhances a
phenomenon called the hold step.4 We designed
potentiometers R1-R16 into the circuit to reduce the
hold step introduced into the output when the hold
gate has fired.
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Fig. 4a.
AID converter schematic.

The droop rate of the sample-hold with the
capacitor values given is 1.8 mV/ms. We assume
that the processor can address the channel and
digitize the information of all the sample-holds
within <1 ms after the hold gate has fired.

There is no reset on the sample-hold because it is
intended for applications in which the hold is
released and the zero level is reacquired before the
beam pulse.

The hold gate is connected to the analog timing
board (Fig. 4c), which is designed to provide a
programmable time delay after an external strobe
(rising edge of beam gate) to a timing output. This

output can be used to trigger the start-convert gate
of the 6812 on the A/D board; its inverted form can
trigger the hold gate of the sample-holds. The timing
board also provides a second signal on a separate
line, 1-, 10-, or 100-jis (jumper-selectable) after the
first signal. This line is for cascaded sample-holds,
which are used to combat droop in fast-acquisition
applications.4

Symmetrical signals of 10 MHz and 1 MHz are
derived from a 20-MHz crystal controlled timing
reference. Either counter may use either signal for
its time base. The highest resolution on Hi is 0.1 us.
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Fig. 4b.
Sample hold schematic.

The timing sequence is initiated only by the rising
edge of the strobe or beam-gate signal. To operate
the timing sequence, one enters on the PA3-PB0
lines the number of delay units to be held after the
beam gate is passed. The lines must remain stable
until the beam gate that actuates the timer is
passed. A beam gate cannot start a timing sequence
until 10 its after hold-release.

The hold-release is activated by a low pulse, 0.5-9
tia wide, on the hold-release line. As soon as the low
pulse is entered on this line, the Hi and H2 lines are

reset (made inactive), which allows the sample-hold
to acquire the signal. The CAl line also receives the
low pulse at this time, and this can signal the proces-
sor that a timing sequence has begun. The beam
gate cannot start the timing sequence for 10 us after
the line receives the low pulse. The timing hardware
prevents the HI line from going high within 10 us
after hold-release, which guarantees acquisition of
the signal before hold.

After the 10-us delay, the next beam gate latches"
the new delay from PA3-PB0 into the counters. At



UL I-ZOMHI OSC.
UL 2 *5 -7401
UL 5, 74LSIS2
UL 4.12* 15-7474
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Fig. 4c.
Analog timing module schematic.

the same time, the borrow signal from the last
counter is reset and clock pulses are gated into the
counter. When the counter reaches zero, the borrow
line becomes active; further pulses cannot enter the
counter, and the HI line is set high (active). This in-
formation is also available to the MPU through the
CA1 line. At the dame time, the borrow line clears
the H2 counter, which begins to count up. When the
carry bit of the selected decade is active, further
pulses are inhibited and the H2 line becomes active.

D. Analog Data Module Software

1. A/D Converter Module (Untuned Data). The
A/D board interface is made through a PIA. To in-
itialize the PIA, the 12 I/O lines (PA7-PA0, PB7-
PB4) that receive th>; data are programmed as in-
puts, and the four lines that address the proper
channel are programmed as outputs. The role of the
handshake lines can vary with specific applications.



The A/D can operate in the single-channel or the
autoeequencing mode; the selection is made by the
software. To select a channel in either mode, the
control register is programmed to set the CA2 line
low ($34 in the CRA). A channel number (0-15) is
entered on the PB3-PB0 lines, and then the CB2 line
is pulsed to initiate conversion. (A $2C in the CRB
automatically provides this strobe on a store to the
B-side peripheral data register PDRB). When the
channel number is entered, the single-channel mode
is selected by keeping the CA2 line low; autose-
quencing is selected by bringing the CA2 line high.

After the strobe, there must be a 40-^s delay for
the conversion to take place. The software could
delay for 40 fts, but the A/D provides a high-to-low
transition on the CAl line to signal end-of-
conversion (EOC). The software shown here
programs the CRA to be sensitive to this edge, but
not to interrupt the MPC. The CAl flag signals the
EOC and the converted number can be read on lines
PA7-PA0, PB7-PB4 in 2's complement format. If
operating in the autosequencing mode, the data
reading causes the mux channel to be incremented.
A strobe must still be provided to initiate conver-
sion. The new data can be read in ~40 (is.

TLie sample program shown in listing 2
demonstrates initialization of the PIAs, selection of
a channel and a sequencing mode, and collection of
the data.

2. Timed Data Acquisition. The timing board is
interfaced through a single PIA. the PIA initializa-
tion must specify lines PA3-PA0, PB7-PB0 as out-
puts through which the 12-bit delay time will be
passed to the timing board. The CB2 line provides
the hold-release pulse ard must normally be high
($3C in CRB). The CAl line can be used to indicate
that the delay has been completed; the control
register must be configured to set the IRQA1 flag
(bit 7) on the rising edge of the CAl line ($06 in the
CRA).

To set a timing delay, the desired delay time must
be entered on lines PA3-PA0, PB7-PB0 [MSB-LSB
(most significant bit-least significant bit)]. Then a
hold-release pulse is applied by bringing the CB2
from high-to-low-to-high. The CB2 line can be used
in the pulse mode if a store precedes each hold-
release. At the next beam gate occurring at least 10
jts after the hold-release, the delay entered on the
data lines will be latched into the counters, and the
countdown will begin. When the counter reaches
zero, HI becomes active. The active HI can be used
to provide the start-convert signal to the A/D board
l'or applications where timed data are acquired
without the use of the sample-hold board. The
software must wait for an EOC from the A/D board
in the manner described earlier.

If the data system consists of a timing board, a
sample-hold board, and an A/D board, the software
is slightly different. The delay is set in the timing
board in the above manner, but when the delay has
been completed, the CAl line will go from low to
high, which sets the IRQA1 (bit 7 of CRA), and the
sample-holds are triggered. The software uses the
signal from the timing board's CAl line to determine
when to initiate the reading of the A/D board. When
the hold is in effect, the software provides its own
start-convert pulse using the CB2 line on the A/D
board, and reads the data as described.

Listing 3 demonstrates timed data in a system
consisting of an A/D board, a sample-hold board,
and a timing board. The program uses the monitor
loop and MPC front panel described in Ref. 1. The
program's main task is in the subroutine SETTM,
which reads the delay time in decimal units from the
hex switch, converts it to a binary number, and
stores it in the timer. It then alters the main loop
subroutine to DLOOP, which is repeated each time
the loop is executed. DLOOP initiates a hold-release
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IASL Identification
No. LP-1O68

Pf*5£
00001
00002
00003
00004
00005
00006
00007
00008
00009
000] 0
Qi'Ol1
00012
00013
00014
00015
00016
00017
00018
00019
00020
00021
00022
00023
00024
00025
00 026
00027
00028
00029
00030
00031
00032
00033
00034

ADATA

FO00
FOOO
F003
F006
F009
FOOC
FOOF
F012
F015
F018
F01B
F01E
F021
F024
F027

8900

CE 0000
FF 8908
CE 00OF
FF 8900
CE 342C
FF 8908
B6 8900
CE 8900
FF A024
B6 fiOOO
F6 fiOOl
CE *002
BD F028
39

ADATA

ANALOG DATA CARD

THIS PROGRAM DEMONSTRATES THE INITIALIZATION
AND USE OF THE 16 CHANNEL 12 FIT ANALOG DATA
CARD. NUM MUST CONTAIN THE NUMBER OF
CHANNELS TO BE READ AND CHAN MUST CONTAIN
THE CHANNEL NUMBER OF THE STARTING CHANNEL.

ADATA ECU S8900

ORG *F000
LDX (iSOOOQ
STX ADATA+8
LDX t*$ 00 OF
STX ADATA
LDX »*34SC
STX ADATA+8
LHA A ADATA
LUX «ADATA
STX ADPIA
LBfi « NUM
LI"A * CHAN
LDX sBUFFER
JSP ADRSAD
RTS

••••••••••*••••••••••••••••••••••••••

INITIALIZE PIA

SET DATA DIRECTION REGISTER

SET CONTROL REGISTER

CLEAR CA1 FLAG
GET PIA ADDRESS
SAVE FOR SUBROUTINE
NUMBER OF CHANNELS TO READ
STARTING CHANNEL
RAM STORAGE OF VALUES READ
REAP CHANNELS SPECIFIED

00036
00037
00038
00039
00040
00041
00042
00043
00044
00045
00046
00047
00048
00049
00050
00051
00052
00053
00054
00055
00056
00057
00058

A H READ ROUTINE

TO ENTER :
flCC A s NUMBER OF CHANNELS TD READ <1-16>
ACC B : STARTING CHANNEL NUMBER «'0-15>
X REG s ADDRESS OF STORAGE BUFFER FDR

VALUES READ.

AT EXIT :
VALUES READ SAVED IN BUFFER POINTED TO BV

F028
F02B
F02C
F02F
FOSE
F034
F036
F038
F03A
F03C
F03F
F041
F043
F045
F048
F04R
F04C

FF A022
4A
B7 A0S6
FE A0£4
86 34
A7 08
86 2C
A7 09
E7 01
7D A026
27 04
86 3C
A7 08
FE A024
A6 08
2A FC
E6 01

MDREAD STX
DEC A
STA A
LDX
LDA A
STA A
LDA A
STA A
STfl B
TST
BE0
LDA A
STA A

READ LDX
READ1 LDA A

BPL
LDfl B

STRPTR

NUMBR
ADPIA
«*34
8.X
«*2C

NUMBR
READ
«*3C

ADPIA
8»X
READ1

STORAGE PDINTER
ADJUST NUMBER
SAVE
ADPIA ADDRESS
SET FOR CHANNEL SELECT

SET FDR CHANNEL SELECT

SELECT INITIAL CHANNEL
HDW MANY CHANNELS TD READ
ONLY ONE
SET FDR AUTOSE0UENCING

GET PIA ADDRESS
WAIT FDR EDC

READ LS BYTE

10
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00061
00062
00063
00064
00065
00066
0006?
00068
00069
00070
00071
00078
00073
00074
00075
00076
0007?
00078
00079
00080
00081
Goose
00 OSS
00084
000*5
00086
no 08 ?

002
F04E
F050
F052
F054
F055
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F057
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F059
F05ft
F05B
F05C
FO5F
F061
F063
F064
F065
F068
F06B
F06D

ft 000
80 00
ft 001
ft 002
ft 0££
ftO£4
ftO£6

ftDATfi
ft6 00
C4 FO
E7 01
4 4
56
44
56
44
56
44
56
FE ftO££
ft? 00
E7 01
08
08
FF ftO££
7fl ftO£6
£1=1 I<8
39

•

0001 NUM
0 0 0 i CHftN
OOSO BUFFER
000£ iTRPTR
0002 ftBPIft
0001 NUMBR

LDft
mt>
STfi
LSR
ROR

ft
B
B
ft
I

LSI?-ft
ROR
LSR
ROP
LSR
ROR
LUX
STft
STft
I NX
INK
STX
DEC
BPL
RTS

ORG
RMF
RMB
RMB
RME
RMB
PMF
EHIi

B
ft
B
ft
B

ft
B

O.X
«*FO
l . X

STRPTR
O.X
l . X

STPPTP
NUMFP
REftD

SftOOCi
1
1
3£

£
1

GET MS BYTE
ONLY 4 BftTft BITS
STROBE CONVERT I N SEOUENTIftL
RIGHT JUSTIFY DftTft

STORE PDINTEP
STORE VftLUES

ftUVftNCE POINTER
ftLL CHftNNELS REftI"?
NO. GO REftli

TOTftL ERRORS 00000
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Luting 3
IASI Identification
No. LP-1068

PflGE
00001
00002
00003
00004
00005
00006
0000?
00009
00009
00010
00011
00012
00013
00014
00015
00016
00017
00018
00019
00020
00021
00022
00023
00024
00025
00026
0002?
00028
M0029
00030
00031
0U03£
00033
00034
00035
00036
0003?
00038
00039
00040
00041
00042
00043
00044
00045
00046
0004?
00048
00049
00050
00051
00052
00053
00054
00055
00056
0005?
00058

001

t

0200
0200
fig 03
0206
0209
02 0C
020F
0212
I=t215
02 IS
021B
021E
0221
0224
ft2£?
fi££fi
H££D
H230
0233
0235

0236
0239
023C
023E
0241

0242
0245
0248
024E
024E
0251
ft£54
025?

TIME

8902
8900
ftlEO
O1F0
SI 02
8100
8104
F01E

CE
FF
FF
CE
FF
CE
FF
CE
FF
CE
FF
CE
FF
CE
FF
CE
FF
06
39

BD
FE
EE
FF
39

OOCO
89 00
8908
00 OF
8900
OFFF
8902
342C
8908
063C
8900
0S42
01EO
0£36
01FO
8900
0082
00

F01E
8102
00
8100

0242
B6
F6
BO
B7
F?
CE
FF
39

8102
8103
02EB
8902
6903
fi£58
01FO

•
*
*
•

*
•

•
TIME
ODOTfi
VCTR1
VSUB1
HEXSW
HEXLD
TDGGL
RSX
•

RESET

•
LDDP

SETTM

MOM

TEST
THIS

TIME

DF TIMING CORD
TIMIMG CflPD TEST USES BUTTON 1

TO SET THE DESIRED DELOY—-WHEN BUTTDN 1
IS PUSHED THE VOLUE DM THE HEX SWITCH IS
RE OD
TIMES

ft; THE DESIRED DELOV IN DECIMftL. THE
> IS SET TO THE VOLUE OND ftT THE

ftPPROPRIOTE TIME THE DESIGNATED O-Ti
CHONNEL IS REOD
THE HEX DISPLOY
EOCH

EOU
EOU
ECU
EOU
EOU
EOU
EOU
EOU

ORG
LUX
STX
STX
LDX
STX
LDX
STX
LDX
STX
LDX
STX
LDX
STX
LDX
STX
LUX
•STX
LDO 0
RTS

JSP
LDX
LDX
STX
RTS

EQU
LDA 0
LDO B
JSR
STO 0
ST« B
LDX
STX
RTS

OND DISPLflYED ON
. THIS OCTIOM IS REPEOTED

TIME THROUGH THE MONITOR LDOP.

*890£
*8900
S01EO
SO1F0
S8102
S8100
S8104
*F01E

•SO2 00

»soooo
TIME+8
OHOTO+8
ss*OOOF
OERTFI
«*0FFF
TIME
«*342C
ODOTO+8
«S063C
TIME+S
«SETTM
VCTR1
«LDDP
VSUB1
wODOTfi
ODPIO

o.x

PSX
HEXSW
OJX
HEXLD

•
HEXSW
HEXSW+J
CV4DB
TIME
TTME+l
«DLOOP
VSUB1

TI MINIS CORD PIO
ONfiLDG IH=»TO PIft
SOFTWORE BUTTON VECTOR
SOFTWORE LOOP VECTOR
4 DIGIT HEX SWITCH
4 DIGIT HEX DISPLOY
TDGGLE'LED
flCTIVITY LIGHTS SUBROUTINE

INITIALIZE PIOS
SELECT DDR

SET DOTO DIRECTIONS

SET CDNTRDL REGISTERS
CB1 L» CB2 HLH
CO1 LTH» CB2 H

SET BUTTON VECTORS
1-SET TIMER
DEFOULT MONITOR LOOP

SET ODPIft FDR REOD

CLEOP CO1 FLOG

OCTIVITV LIGHTS

PEEK OT MEMORY

SET NEW VOLUE IN TIMER
REOD DECIMOL VOLUE

C D W E R T TO BINORY
SET TIMER

NEW LDDP

12



PftGE
00059
00060
00061
0006£
00063
00064
00065
00066
00067
00068
00069
00070
00071
0007S
00073
00074
00075
00076
00077
00078
ft i"i 0 7 9
00080
00081
00 08£
00083
00084
00085
00086
00087
00088
00089
00090
00091
0009£

00£

ft£58
fl£5B
ft£5D
ft £60
ft£6£
ft£65
fi£*8
fl£6ft
ft£6t<
ft£70
ft£7£
ft£75
ft£?8
ft£7B
ft£7»
ft£7F
ft£81
fi£83
ft£85
ft£87
ft£88
ft£89
ft£8B
ft£8E
ft£91
ft£94
ft£96
ft£98
ft£9B
ft£9E
ft£ftl

TIME

ft£'
B6
86
B7
86
F7
B6
£ft
7F
F6
86
CE
BH
CE
ft6
E6
85
£7
CO
8£
43
53
84
7C
ED
7H
£7
SB
B7
F 7
BD
3 9

89 0£
34
89 OB
3C
89 OB
890ft
FB
ft 084
8104
01
ft 085
ft£ft£
ftO85
00
01
08
OB
01
00

OF
ft 084
ft3£F
ft 084
0£
ftO
8100
8101
F01E

*

BLOOP

DLODP1

ftiiftTfts

ftPftTftS

ECU
LDft"
LDft
STft
LDft
STfl
LDft
BPL
CLP
LI'ft
LDft
LI'X
JSP
LUX
LDft
Llift
BIT
BE •?
SUB
SBC
COM
COM
FIND
INC
JSP
TST
BEO
HDD
STft
STft
JSP
RTS

ft
ft
ft
ft
ft
ft

S
ft

ft
B
ft

B
ft
ft
B
ft

ft

B

•
TIME
«*34
TIME*?
»S3C
TIME+9
TIME+8
DLDOP1
DNEG
TDGGL

sBUFFEP
ftDPEftli
©BUFFER.
0 !• X
1 »X
ss*08
ftl'ftTftc'
«*01
«*00

"}0F
DNEG
CVB4H
DNEG
ftPftTRS
«*ftft
HEXLD
HEXLD+1
PSX

CLEftP Cftl FLftG
INITIf tTE HOLD RELfcftSE

WftIT FDP TIME OUT

NEGftTIVE NUMBER
REftD CHftNNEL NUMBER
« OF CHftNNELS TO REftD
STDRftGE LOCftTION
PEftD VftLUE
VflLUES STORED HERE
GET TWO'S COMP. VftLUE

CHECK FOR NEG. NUMBER
POSITIVE
UNDO TWO'S CDMP.

USE ONLY 1£ BITS
SIGNftL NEGftTVE NUMBER
CONVERT TO DECIMftL
NEGftTIVE NUMBER?
NO
ftDJUST FDP DISPLftY
DISPLftY

ftCTIVITV LIGHTS

13



PAGE
00094
00095
00096
00097
00098
00099
00100
00101
001 0£
00103
00104
001 05
00106
0010?
00108
00109
0011 0
00111
0011£
00113
00114
00115
00116
00117
0011*
00119
001£0
001£l
001££
001 £3
001 £4
001 £5
001£6
ooi e?
001£8
001£9
00130
00131
0013£
00133
00134
00135
00136
0013?
00138
00139
00140
00141
0014£
00143
00144
00145
00146
00147

003

ft£R£
H£ft5
ft£ft6
ft£ft9
H£ftC
«£ftE
ft£B0
ft£B£
ft£B4
ft£B6
ft£B9
ft£BB
ft£BD
ft£BF
ft£C£
ft£C4
ft£C6
ft£C9
ft£CB
ft£CD
H£CF
ft£Dl
ft£D£
ft£Ii3
ft£B4
ft£D5
ft£D6
ft£D7
ft£H8
ft£D9
ft£DC
ft£DE
ft£E0
ftfifcl
ft£E£
fi£E5
ft£E8
ft&Eft

TIME

F0£4

FF
4ft
B7
FE
86
ft?
86
A?
E7
?D
£ 7
86
R7
FE
ft6
£ft
FE
E6
ft*
C4
E7
4 4
5 6
44
56
44
56
44
56
FE
ft?
E7
08
08
FF
7ft
8ft
39

ft Oft?

fiOfi?
ftO8£
34
08
£C
09
01
ft Oft?
04
3C
08
ftO8£
08
FC
H08£
01
00
FO
01

ftOflS
00
01

A0A5
ft Oft?
D5

• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • < • • • • • • • • • • • • • •

*
•
*
*
•
•
•
DMICRO

ftDREfiD

STftRT
STPT1

R/"D

TO
ftCC
flCC

REftD ROUTINE

ENTER :
A
B

X REG

ftT 1

I NUMBEk OF CHANNELS TO REfiD <1-16>
: STftRTING CHftNNEL NUMBER <0-15>
: ftBDRESS

VftLUES

EXIT :
V0LUE3

E0U

STX
DEC
STft
LDX
LDft
STft
LDft
STft
STP
TST
BEQ
LDft
STft
LUX
LDft
BPL
LUX
LDft
LDft
ftNIi
STft
LSR
ROR
LSR
FOR
LSR
ROR
LSR
ROR
LDX
STft
STft
I NX
I NX
STX
DEC
BPL
RTS

ft
ft

ft
ft
ft
ft
B

ft
ft

ft

F
ft
B
B
ft
B
ft
B
ft
E
ft
B

ft
B

i OF STORAGE BUFFER FOR
REftD.

i REftD SftVED IN BUFFER POINTED TO BY X.

*F0£4

STPPTR

NUMBP
ftDPIft
"$34
8»X
«*£C
9.X
i,x
NUMBP
STftRT
w$3C
8.X
ftDP I ft
8 .X
STRT1
ftDPIft
1 . X
o.x
*s*FO
1 »X

STRPTR
0»X
itX

STRPTR
NUMBP
STftPT

STCJPftGE POINTER
ADJUST NUMBER
SAVE
ftDPIft ADDRESS
SET FOP CHftNNEL SELECT

SET FDR CHftNNEL SELECT

SELECT IN IT I f tL CHftNNEL
HOW MftNY CHftNNELS TO READ
ONLY ONE
SET FOP AUT0SEQUENCIN6

PIft ADDRESS
EOC?
WAIT FOP EOC
GET PIft ADDRESS
REftD LS BYTE
GET MS BYTE
ONLY 4 IiftTft BITS:
TRIGGER NEXT IF IN SEQUENTIA
RIGHT JUSTIFY DfiTft

STORE POINTER
STDPE VftLUES

ADVANCE POINTER
ALL CHANNELS: READ"
NO. GO READ

14



PPGE
00149
00150
00151

TINE
• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •

• CONVERT 4 DIGIT DECIMAL TD 61NARY

00153
00154
00155
I.I I." 1 5 6
00157
00158
0015?
00160
00161
0016£
00163
00164
no 165
001*6
00167
00168
00169
00170
00171
Oi.il7£
0017?:
00174
00175
00176
ii 0177

00178
00179
0 til SO
n o 181
0018£
00183
00184
Hi 0185
00186
00187
00188
00189
00190
00191
0019£
00193
00194
00195
00196
00197
00198
00199

A£EB
P£EE
ft£Fl
P£F£
P£F4
P£F5
P£F6
ft£F7
P£F8
P£FP
P£FC
P£FD
ftc'FF
PS 00
P303
A3 05
A3 07
A3 09
A3 OF
P30E
P?0F
A311
A314
A315
A316
P317
A318
A3 IB
A3 ID
P3£0
A3£l
A3£3
P3£5
A:3£8
P3£P
A3£B
P3£E

7F
E7
17
C4
44
44
44
44
£7
CB
4ft
£0
OC
B6
84
£7
CB
£4
7C
4ft
2 0
B6

44
44
44
B7
£7
B6
OC
CB
89
7p
£6
39
B6
39

An AC
POPE

OF

05
OP

F9

POPB
OF
OP
64
03
AO AC

F4
A OAF

AOPB
OE
POPC

E8
03
POPB
F6

POPC

*

«

•

CV4DB

TEN

DDHUND

HUN I

HUN£

K3TK0U

THDU

TH0U1

12

TD
P =
B =

PT
P =
B =

CLP
STft

TBP
PNB
LSP
LSP
LSP
LSP
EEC'
PDD
DEC
BRA
CLC
LDP
PHD
BE<?
PMi
BCC
INC
DEC
BPP
Llift
LSR
LSP
LSF:
LSP
STP
EEC!
LHP
CLC
PDD
f-iDC
DEC
BNE
RTS
LDP
RTS:

BIT BINARY-

ENTER:
£
£

-11 BITS+S1GN

MS DECIMAL DIGITS
Li DECIMAL DIGITS

EXIT:
MS
LS

p

B
P
p
P
ft

B
A

P
ft

E

ft

P
P
P
P
ft
P

P

B
p

P

BYTE DF
BYTE DF

BINUPP
SAVEA

«»0F

BDHUND
«1 0

TEN

SPVEft
"•!• OF

DQTHDU
«10I"I

HUN£
BINUPP

HUHl
"WEft

SRVEP
TH0U1
EINURR

"*ES
ts$03
SAVEP
THDU

BINUPR

CONVERTED NUMBER
CONVERTED NUMBER

SPVE MS DIGITS

SAVE ONLY DNES VPLUE
MDVE TENS VPLUE
TO LOWER BITS DF ft

I'D HUND WHEN TENS=0
PUD 10 TD TDTPL
DECREMENT 1 OS DIGIT

RESET CARRY
GET HUNIi PHD THDU DIGIT
SPVE 100S DIGITS
DD 1000S WHEN 100S=0
PHIi 100 TD TDTPL

PDD £56 TD TDTPL
DECREMENT 10OS DIGIT

GET 100S PND 1000:" DIGIT:
MDVE 10005 TD LOWER
4 PITS

1000S=0'

RESET CARRY
ADD 1000 TD TDTPL

DECREMENT i00OS DIGIT

15



PRGE 005 TIME
00201
00202
00203
00204
00205
00206
00207
00208
f»0209
00210
00211
00212
00213 R32F CE fl38B CVB4D
00214 R332 B7 R080
00215 R335 F7 R081
00216 R338 7F R0R9
00217 R33B 7F RORfl
00218 fl33E 8D IE
00219 fl340 08
00220 R341 08
00221 fl.342 7C ROflfl
00222 R345 8D 17
00223 R347 B6 R0R9
00224 R34R B7 R0R8
00225 H34D 08
00226 ft34E OS
00227 H34F 7F flOR9
00228 R352 7F RORfl
00229 R355 8D 07
00230 R357 FB R0R9
00231 R35R B6 R0R8
00232 R35D 39
r.0233 •
00234 H35E B6 R080
00235 fl361 F6 R081
00236 H364 EO 01
00237 R366 ft£ 00
00238 fl368 25 16
00239 fl36R 7D ROflfl
00240 fl36D £7 05
00241 R36F 7C flOR9
00242 H372 £0 FO
00243 fl374 36
00244 R375 86 10
00245 6377 BB ftOR?
00246 fl37fl B7 ftOR9
00247 fl37D 32
00248 R37E 20 E<
00249 R380 EB 01
00250 R382 «9 00
00251 R384 B7 ft080
00252 R387 F? 8081
00253 R38ft 39
00254
00255 R38B 03E8
00256 fi38B 0064
00257 R38F 00OR
0

••••••••••••••••••••••••••-»••••••••••••••••

CDNVEP-T BINRRY TD 4 DIGIT DECIMRL
12 BIT BINRRY—11 BITS+SIGN

TD ENTER:
fl = MS BYTE DF NUMBER TD CONVERT
B « LS BYTE DF NUMBER TD CONVERT

HT EXIT:

SUB

SUB1

SUB2

SUB3

CONST

fl *
B *

LDX
STfl fl
STfl B
CLR
CLR
BSP
I NX
I NX
INC
BSR
LDR fl
STR R
I NX
I NX
CLR
CLR
BSR
RDD B
LDKil ft
RTS

LDR fl
LDR B
SUB B
SBC fl
BCS
TST
BE i3
INC
BRfi
PSH ft
LDR fl
flDD ft
STR fl
PUL fl
BRR
RDD B
RDC R
STR fl
STfl B
RTS

FDB
FDB
FDB

£ MS BECIMflL DIGITS
£ LS DECIMflL DIGITS
«CDNST PDINT TD 1000
NUM SRS'E BINRPY DIGITS
NUM+1
DIGIT+1
DFLR6
SUB

DFLRG
SUB
DI6IT+1
DIGIT

DIGIT+1
DFLRG
SUB
DIGIT+1
DIGIT

NUM
NUM+1
1«X
o»x
SUBS
DFLRG
SUB2
DIGIT+1
SUB1

DIGIT+1
DIGIT+1

SUB1

NUM
NUM+1

1000
100
10

RDD TD UPPER DIGIT
DETERMINE MS <4TH:> DIGIT
PDINT TD 100

Rim TD LDWEP DIGIT
DETERMINE 3RD DIGIT

PDINT TD 10

RDD TD UPPER DIGIT
DETERMINE 2ND DIGIT
DETERMINE 1ST DIGIT

SUBTRRCT CDNSTRNTS
GET BINfiRY DIGITS
SUBTRRCT CDNSTRNTS

TDD MflNY SUBTRRCTIDNS
RDD TD WHICH DIGIT

ftDD TD LOWER DIGIT

RDD TO UPPER DIGIT

UNDD LRST SUBTRRCTIDN

SflVE BINRPY DIGITS

16



PflGE
00259
00260
00261
00268
00263
00264
00265
00266
00267
00268
00269
0027
ft 0271

006
ft 080
ROSO
ft 082
M084
ftO85
fldflS
fi0fl7
fiOH8
flOfifi
flOflB
«OflC

TIME

0002
0002
0001
0020
0002
0001
0002
0001
0001
0001

NUM
RDPIfl
DNE6
BUFFER
STRPTR
NUWBR
DIGIT
BFLftG
SfiVEfi
BINUPP-
•

ORG
RMB
RUB
RMB
RMB
RMB
PMB
RMB
RMB
RMB
RMB

END

snoso
2
2
1
32
2
1
2
1
1
1

TQTRL ERRDRS 00000

by pulsing the CB2 line, and this initiates the count-
down. At completion of the countdown, the sample-
holds are triggered, and the CA1 line on the timer
PIA goes high. The routine shows the processor loop-
ing until it receives the hold-complete signal. Then
it selects and reads the channels by using the A/D
routine described above. It displays the value read in
decimal format on the hex display in 1/100-V units,
e.g., 1024 represents 10.24 V, 528 represents 5.28 V.
Negative values are represented by

made up by providing a low input to the TTL gate.
The gate is held high by a 3.3-kft resistor.

Finally, there is a provision for "latch back data"
on this board. These data indicate the status of the
controlled device. The PA7-PA0 lines can be con-
nected by a jumper to the relay coil voltages or to an
external signal. The active signal must pull down a
TTL gate that is being pulled high by a 3.3-kft
resistor.

AXXX - -0XXX, BXXX,
= - 2 X X X .

-1XXX, and CXXX F. Binary Command Module Software

In addition to the main routine, this software con-
tains the modules used to read the A/D (ADREAD),
to convert a four-digit decimal number to binary
(CV4DB), and to convert a four-digit binary number
to decimal (CVB4D).

E. Binary Command Module Hardware

The binary command board schematic is shown in
Fig. 5. It provides for 8 bits of binary command in
the form of a relay contact closure. The maximum
contact ratings are 0.5 A, 100 Vdc, or 10 VA. The
command is made by placing the desired bit pattern
on the PB7-PB0 lines and strobing the CB2 line low.
The data are latched on all channels when the CB2
line returns high, and are transferred to each chan-
nel relay if the relay interlock has been made up.
Otherwise, the data are ignored. The interlock is

The interface to the 16 data lines on the binary
command board is made through a single PIA. The
PIA is configured so that the 8 A-side I/O lines are
inputs and the 8 B-side I/O lines are outputs. The
binary command board requires a pulse to fire the
latches after the data have been entered on the
board. This pulse can be generated by programming
the CRB with a $2C, which provides a high-low-high
pulse for each write to the PDRB.

When the PIA has been initialized, a binary com-
mand is issued by storing the desired 8-bit binary
word in the PDRB. If the data lines are jumpered to
the relay coil voltage, the command status can be
read immediately from the A-side peripheral data
register PDRA. If the data lines are jumpered to ex-
ternal sources, a delay is necessary to provide for the
relay mechanical response and for the controlled
device response before the data are read from the
PDRA. Listing 4 shows how to initialize the PIAa
and how to send and read back the status of a com*
mand.
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NOTES.

RELAYS ARE MAGNECRAFT No. WI7I DIP 7
ALL RESISTORS 1/4 WATT CARBON

TO LOGIC ON CARD

( ) - DENOTES BERG CONNECTOR

UNLABLED DENOTES EDGE CARD No

Fig. 5.
Binary command card schematic.



Listing 4.

PAGE
00001
00002
00003
00004
00005
00006
00007
00008
00009
00010
00011
00012
00013
00014
00015
00016
00017
00018
00019
00020
00021
00022
00023
00024
00025
00026
00027
00028
00029

001

FOOO
FOOO
F003
F006
F009
FOOC
FOOF
F012
F015
F018
F01B
F01E
F021

AOOO
AOOO

BCDMD

8900 BCDMD
F021 DM ILL. I

CE
FF
CE
FF
CE
FF
£6
B7
CE
BD
£6
39

0000
8908
OOFF
8900
042C
8908
AOOO
8901
OOOA
F021
8900

*

0001 CDMD
*

NAM

BINAPV

LASL Identification
No. LP-1068

BCDMD

CDMMAND CARD

THIS PROGRAM DEMONSTRATES INITIALIZATION:. TH
SENDING DF A BINARY COMMAND. AND
READIN6 BACK THE "LATCH-BACK" DATA.

EQU
ECU

DRG
LDX
STX
LUX
STX
LDM
STX
LDA fl
STA A
LDX
JSR
LDA fl
RTS

ORS
RMB

END

$8900 PIA INTERFACED TO BCOMD CARD
SF021 DELAY MILLISECONDS

SF000
w*0000 INITIALISE PIA
BCOMD+8
ssfOOFF SET DATA DIRECTION REGISTER
BCOMD
«*04£C
BCDMD+8
COMD SET CDMMAND TD SEND
BCDMD+1 SEND COMMAND
»10 DELAY FOR CONTACT CLDSURE
DMILLI
BCDMD READ LATCHBACK DATA

SAO 00
1

TDTftL ERRORS 00000

G. Analog Command Board Hardware

The schematic for the analog command module is
shown in Fig. 6. The board provides four channels of
programmable, 12-bit resolution analog output (0 to
+10 V or -10 to +10 V). The 12-bit command data
are presented on lines PA3-PA0, PB7-PB0 in 2's
complement form. Lines PA4-PA7 select the chan-
nel to be programmed. A logic 1 on PA4, 5, 6, or 7
will enable output channels 0,1,2, or 3, respectively.
Any combination of these channels may be enabled
at one time. After the data are presented and the
channels specified, the data are clocked into the
selected channels by pulsing the CB2 line high-low-
high. Because all bits are latched at the same time,
there will be no transient glitches, which can arise
when 12-bit data are generated from two 8-bit words
set up sequentially. The data are buffered and in-
verted before they go to the latches. The buffering is
necessary because of the limited drive of the PIA,
and the inverting is necessary because the D/A con-
verters use complementary 2's complement coding.

The latches are reset to zeros at power on, which
drives the D/As to within one LSB of zero output.

The command word is latched on-board because
the control signals should be independent of the
state of the controlling processor. That is, if the
processor goes down, the interface boards should re-
main in a well-defined state to prevent runaway.
The on-board latches provide this assurance.

Power is supplied to the board on the 44-pin edge
connector, and the ribbon cable makes the ground
connection to the processor.

H. Analog Command Software

The four-channel analog command board is inter-
faced through a single PIA. All the PIA lines are
used as outputs; a pulse is required after a store to
the PDRB, so the CRB is initialized to a $2C. The
channels can be selected by writing a 1 in the PA4,5,
6, or 7 bit corresponding to the desired output chan-
nels 0,1, 2, or 3, respectively. The data on PA3-PA0
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wn

:S
_Z

_»

JL

—IB

C13,C14,C1S,C21

M.HW.fli i . fU*
J3

caz

—in
— M

KS.

C1C,C17.C1I,C22
M

R12,R13,R14,nZ7

NOTES:
ALL RESISTORS 1/4 WATT
UNLESS NOTED
UL 1.2.4.11-74M
U L 3 - 7 4 W
UL E NE-EW
UL 7.f .10,12,13,11 li 11-74273
UL 1,11,14 it 17-OACSO
44 FIN EDGE CONN.

J7

—DO

Fig. 6.
Analog command module schematic.

and PB7-PB0 must be a 12-bit 2's complement
number. When this is stored in the PDRB, the CB2
line latches the data.

Listing 5 shows an example of software that will
initialize the PIAs and send a command to each
channel.

IV. DIAGNOSTICS

The modular hardware design greatly reduces
down time because the only maintenance required is
location and replacement of the bad board. A
dependable scheme to check the boards thoroughly
is described below. Ths test box is shown in Fig. 7,
and Fig. 8 shows the schematic. The box has a 5- and
±15-V power supply. One of the five board slots is

spare, and four are dedicated to specific cards,
labeled B.C. for binary command, B.D. for binary
data, A.C. for analog command, and A.D. for analog
data.

A board is checked by inserting it into the
checkout box and connecting it to an MPC or similar
unit via a ribbon cable(s). The front panel controls
provide the means to cheek the boards. For example,
the binary command board can be made to light the
individual LEDs on the test box front panel, subject
to the constraint of the interlock switches. External
data are provided by the left row of toggle switches.
At position 1, the microprocessor should read a 1 and
vice versa. The binary data board can be tested by
using the toggle switches. Toggle switch N controls
binary data bits N, N+8, N+16, and N+24. The
analog data board is tested by using a voltage
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PAGE
00001
00002
00003
00004
00005
00006
00007
00008
00009
00010
00011
00012
00013
00014
00015
00016
00017
00018 F000
00019 FOOD
00020 F003
00021 F006
00022 F009
00023 FOOC
00024 FOOF
00025
00026 F01£
00027 F015
00028 F018
00029 F01A
00030 F01D
DO 031
00032 F020
00033 F023
00034 F026
00035 F028
00036 F0£B
00037
00OSS F02E
00039 F031
00 040 F034
00041 F036
00042 F039
00043
00044 F03C
00045 F03F
00046 F042
00047 F044
00048 F047
00049 F04A
00050
00051 AOOO
00052 AOOO
00053 A002
00054 A004
00055 A006
00056
00057

001 ACOMD

8900 ACDMD

CE
FF
CE
FF
CE

0000

FFFF
8900
042C

FF 8908

B6 ROOO
F6 A001
8ft 10
B7 8900
F7 8901

B6 A 002
F6 ft003
8A 20
B7 8900
F7 8901

£6 A004
F6 ft005
8fi 40
B7 8900
F7 8901

B6 ft006
F6 flOO7
8ft 80
B7 8900
F7 8901
39

NAM

Hating 5.

ACDMD

1ASL Identification
No. LP-1068

ANALOG COMMAND CARD

THIS PROGRAM DEMONSTRATES INITIALIZATION
OF THE ANALOG COMMAND CARD PIft AND HDM TO
SEND A COMMAND TO EACH OF THE CHANNELS.
CDMDO»COMD1»COMD2>CDMD3 ARE 2 BYTE WORDS.
CONTAINING THE COMMAND TO SEND IN ITS LOWER
12 BITS AND THE UPPER 4 BITS SET TO ZERO.
IN THIS SAMPLE PROGRAM THE DATA IS SENT TO
EACH CHANNEL INDIVIDUALLY BUT DATA COULD BE
SENT TO MORE THAN ONE CHANNEL BY SELECTING
THE PROPER CHANNEL NUMBERS.

0002
0002
0002
000S

COMDO
COMD1
C0MB2
C0MD3
•

ECU

ORG
LDX
STX
LDX
STX
LDX
STX

LDft ft
LDA B
DPR ft
STft ft
STft B

LDft ft
LDA B
DRA A
STA A
STA E

LDA A
LDfl B
ORft ft
STA ft
STft B

LDft A
LDA B
OPA A
STA A
STA B
RTS

ORG
RMB
RMB
RMB
RMB

END

$8900

SF000
3SOOO0 INITIALIZE PIA
ACOMD+8
s*SFFFF SET DATft DIP.. TO OUTPUTS
ACOMD
«*042C SET CONTRDL REGISTER
ACOMD+8

COMDO
COMDO+1
»$10
ACOMD
ftCDMD+1

CDMD1
CDMD1+1
«*20
ACOMD
ACOMD+1

COMBS
CDMD2+1
«*40
ACDMD
ACOMD+1

C0MD3
C0MD3+1

ACOMD
ACOMD+1

$A000
2
2
£
£

SET 1£ BIT COMMAND

PICK CHANNEL 0
SEND COMMAND

SET 12 BIT CDMMAND

PICK CHftNNEL 1
SEND CDMMftND

GET 12 BIT COMMAND

PICK CHfiNNEL 2
SEND CDMMAND

GET 1£ BIT COMMAND

PICK CHANNEL 3
SEND COMMAND

TOTAL ERRORS 00000
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Fig. 7.
Diagnostic test box.

CORRESPONDING
PIA

BINARY COMMAND CARD
44 PIN EDGE CONNECTOR

z -

2 2 -

I.A-

DIG.COM. I

BINARY

>TO ALL PC CARDS

Fig.8.
Diagnostic test box schematic.
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divider to provide inputs to 8 pairs of channels. That
is, the same voltage is fed to channels 0 and 8,1 and
9, etc. The span of the voltage divider is controlled
by the bipolar-unipolar switch. In the unipolar posi-
tion, all taps are positive. In the bipolar position,
half the taps are positive and half are negative.
When used with a known working analog command
board, a dynamic test may be run in which the A/D
board reads a dynamic voltage pattern generated by
the analog command board.

Diagnostic Software

The software in listing 6 uses panel monitor
software described in Ref. 2. This software changes
the monitor loop function to that defined by the sub-
routine SUB, which just displays memory. The PIA
board slot to which the test boards are to be con-
nected is defaulted to slot 7; button 8 can be used to
change this address if desired.

The button tasks are defined as follows.
Button 1 tests the binary command board, which

must be connected to the first PIA on the PIA board.
Button 1 will initialize the PIA, read the value on
the front panel toggle switches, and send it to the
binary command board. If the interlock switches on
the test box are made up, the front panel LEDs will
reflect the data sent, and they will also be displayed
on the LS two digits of the MPC front panel display.
The data being read back will be displayed in the
MS byte. The source of the data read back for each
channel depends on the position of an on-board
jumper. For this test, the jumper should be
positioned so the state of the relays is the data.

Button 2 provides a test of all binary commands.
As with the button 1 test, the board must be con-
nected to the first PIA of the PIA board. The routine
initializes the PIA and sends a $00 to the binary
command board, using the same read-back features
as step 1; when the data are read back, the program
compares the value read (data) to the value sent
(command). If the values are the same, the program
will send the next value, $01, and the procedure will
continue until the value $FF is processed. If the
command and the data are not equal, the routine
will abort and the hex display will show the noncom-
pare condition.

Button 3 reads specified analog data channels
from the analog data board, which must be con-

nected to the second PIA on the PIA board. This
routine reads the number of channels to read (binary
format) from the LS four bits of the toggle switches
(all switches down = 16). The starting channel is
read from the MS 4 bits of the toggle switches; the
channels 0-15 are in binary format. The voltages
read are represented in terms of counts -2048 to
+2047(-2048 is -full scale and +2047 is +full
scale). Negative numbers are represented by

AXXX = -0XXX, BXXX = -1XXX, and CXXX
= -2XXX

The data read from the first channel specified are
displayed in decimal format in the hex display on
the MPC front panel. All values read are stored in a
buffer and other values may be displayed by using
button 4.

Button 4 displays successive values from the
channels read when button 3 was pushed. Each push
of button 4 causes data from the next channel to be
displayed on the hex display. The LEDs above the
toggle switches represent the channel (binary for-
mat) currently being displayed. When all valid data
collected by a button 3 push have been displayed,
further pushes will not result in a new display.

Button 5 tests the binary data board, which must
be connected to the second PIA on the PIA board.
When button 5 is pushed, the toggle switches on the
test box front panel provide the data for the binary
data board. The data from one set of 16 channels are
displayed on the MPC hex display in the hex-
adecimal format, and the data from the first 8 chan-
nels are also displayed on the lights above the toggle
switches. To check the other 16 data channels on the
binary data board, the ribbon cable must be moved
to the other connector on the board.

Button 6 tests the analog command board, which
must be connected to the first PIA on the PIA board.
The desired voltages are represented by counts from
-2048 to +2047. The desired voltage is dialed in the
hex switch with numbers represented by the same
scheme as described for the analog data board. The
LS four toggle switches represent the analog com-
mand channels (toggle bit 0 is channel 0, toggle bit 1
is channel 1, etc.), which allows a command to be
sent to any combination of channels simultaneously.
When button 6 is pushed, the voltage will be sent to
the designated channels. The command voltage can
be monitored by reading the voltages at the test
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Luting 6.

PA*5E 001 BOX
00001
00002
00003
00004
00005
00006
00007
00008
OuOO* A200

LASL Identification
No. LP-1068

OCiOl 1
00012
00013
00014
00015
00016
00017
0001*
0001*
00020
00021
00022
00023
00024
00025
0002*
00027
00028
0002*
00030
00031
00032
00033
00034
00035
00036
00037
00038
00039
00040
00041
00042
00043
00044
00045

Ac 00
A203
A206
A209
A20C
R20F
A212
A215
(=12IS
A21B
A21E
1=1221
A224
A227
A22A
A22D
A230
R233
R236
A£39
fi£3C
A23F

CE H290
FF fllEO
CE A2B?
FF A1E2
CE 1=1307
FF ftlE4
CE «367
FF ftlE6
CE 1=1252
FF R1ES
CE R3IW
FF ftlEft
CE 1=1426
FF A1EC
CE 1=1240
FF ftlEE
CE fl249
FF ftlFO
7F 8105
CE 8700
FF

NAM BOX

TESTS FOf> BATft
DflTfi CfiPBS W?E COUTHINED IN THE TEXT BOX.
CfiWDS fX>e CONNECTED TO PI f i SPECIFIED fiT
EACH TEST UESCP1PTIDN.

NOSUB

A240 FE 8102 PIADD
A243 FF AOAE
A246 8D 01
A248 39

•

A249 FE 8102 PEEK
A24C EE 00
A24E FF 8100
A251 39

LDX
LDX
STX
RTS

VCTP1+2

VCTR1+4
ssDSPLft
VCTP1+6

ORG

REASSIGN BUTTON
LDX wBCONE
STX VCTRl
LDX
STX
LDX
STX
LDX
STX
LDX
STX
LDX
STX
LDX
STX
LDX
STX
LDX
STX
CLP
LDX
STX
RTS

LDX
STX
BSR
RTS

VCTF.1+8
««CONE
VCTR1+10
«ACftLL
VCTP1+12
:»PIRDD
VCTP1+14
"PEEK
VEUB1
TOC'SL+l
«DPIft
PIft

HEXJW
PIft
PEEK

8700 DPIfl EQU

HEXSM

HEXLD

S8700

VECTORS

1-TEST 1 FIN. COM.

2-TEST ALL BIN. COM.

3-READ AD CHANNELS

4-DISPLAY CHANNELS READ

5-READ BIN. DATA

6-SET 1 ANALOG CDMD.

7-DYNAM1C RCvAD TEST

S-ESTABLISH PIR RDDPESS

PUT PEEK IN LOOP
CLEAR TOGGLE LIGHTS
SET DEFAULT ADDRESS

ESTABLISH PIA ADDRESS
SAVE IT
PEEK AT MEMORY

DISPLAY MEMORY

DEFAULT PIA ADDRESS
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PftGE
0004"
00048
00049
00050
00051
00052
00053
00054
00055
00056
0005?
00058

ooa BOX

00060
000*1
00062
00063
00064
00065
00066
0006?
00068
00069
00070
00071
00072
00073
00074
00075
00076
00077
00078
00079
000S0

A255
8258
l=l£5B
H25C
ft25E
ft260
A262
ft264
ft£66
ft£6S
ft£6ft

fl26B
A26E
ft2?0
ft£?3
ft£?5
ft2?8

CE «£6B BDflTfi
FF fllFO
FE flOHE
4F
ft? Oft
ft? OB
ft? 02
ft? 03
86 04
ft? Oft
ft? OB
3 *

FE ftOftE BUftTftl
ft6 02
B? 8105
EE 02
FF 8100
39

BINflPY DfiTfl TEST POUT 1 ME
BUTTON 5

BINftPY DATft CARD IS CONNECTED TD
THE SECONti Ptft.
ROUTINE INITIftLlZES Plft ftND DISPLAYS
VftLUES REfiD DM LIGHTS flBDVE TOGGLE SWITCHE:
ftLSO VALUE HNIi VALUE*1 ftT ADDRESS OF
PIR IS BISPLRYED ON He>;LED.
C8N ONLY REftB 16 OF THE CHANNEL5! MUST
CHANGE PIBBDN CABLE FOP THE OTHEP 16.

LUX
STX
L»X
CLP H
STft ft
STft ft
STfi ft
STft ft
LDft (H
iTft ft
STfl ft

VSUBl
PIft

tft«X
* B « X
2 , X
3 « X
s*tO4
fft.X
SB.X

ftLTEP LOOP SUBROUTINES

GET PI ft fttiDPESS

INITIflLISE BUftTft PIft

LUX PIft
LUft ft 2«X
STft ft TDGGL+1
LUX £»X
STX HEXLH
PTS

Pl f t ADDRESS
PEftD BINftRY DftTA
DISPLAY ON TOGGLE LIGHTS
PEftD DftTft
DISPLAY IT
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PAGE 003
00082
00083
00084
00085

BOX
• • • • • • • • • • • • • • • • • • • • • • • • • • • • * • • • • • • • • • • • • • • • •

• BINARY CDMMAND TEST
BUTTONS 1 AND £

00088

000^0
000*1
00(92
00"93
00U94
00095
00096
00097
00098
00099
00100
00101
00102
00103
00104 A£79
00105 A27C
00106 f=t£7H
00107 ft£7F
00108 ft£81
00109 A283
00110 A£86
00111 A28?
00112 A289
00113 A28B
00114 A28D
00115 A28F
00116
00117 A290
00118 ft£9S
00119 1=1296
00120 1=1298
00121 ft£9B
00122 A29E
00123 A2A0
001£4 ft£A3
00125 A2A6
00126 ft£A9
00127
00128 A2AA
00129 A£ftD
00130 A£AF
00131 R2B2
00132 A2B5
00133 A2B8
00134
00135
00136 02B9
00137 flgBC
00138 fl£BF
00139 A2C1

til279
FE
4F
fl7 08
fl7 09
07 00
B7 8105
4*
H7 01
86 2C
87 08
1=17 09
39

CE
FF ftlFO
8D E l
F6 8104
FE ftORE
E7 01
F7 ft084
CE 000ft
BD F0£ l
39

FE flOflE
fl6 00
F6 1=1084
B7 8100
F7 8101
39

H2B9
CE
FF ftlFO
8D B8
C6 00

BCIN

BCDME

BC0MD1

BCALL

BINftSY DftTft CftPD CONNECTE!'
FIRST PIfl.
ROUTINE INITIALIZES PI«.

TO

BUTTON 1 -BCONE -- VftLUE DN
TOGGLE SWITCHES SENT TO BINARY COMMANIi
CftPIi. HEXLEI' THEN DISPLAYS VALUE
READ BACK ON LEFT £ DIGITS AND VALUE
SENT ON RIGHT 2 DIGITS.

BUTTON 2- BCALL — ALL VALUES FPOM 0 TD
256 SENT TO BINARY COMMAND CARD!
DATA THEN READ BACK. IF VALUES
DIFFER ROUTINE ABDRTS AT THE
DISAGREEING VALUES.

ECU
LDX
CLR A
STA A
STA A
STA A
STA A
DEC A
STA A
LDA A
STA A
STA A
RTS

LDX
STX
ESP
LDA B
LDX
STA B
STA B
LDX
JSP
RTS

LDX
LDA A
LDA B
STA A
STA B
R.TS

•

PIA

8»X
9.X
O.X
TOGGL+1

«*£C

t»BCOMDl
VSUB1
BCIN
TOSGL
PIA
l.X
BSAVE
a 1 0
DMILLI

PIA
0»X
BSAVE
HEXLD
HEXLD+1

ECU
LDX
STX VSUB1
BSP BCIN
LDA B »0

I NIT. BINARY i:OMMAND PIA

ALTER LODP

INIT. BIN. CDMD. PIA
READ VALUE TO SEND
ADDRESS OF PIA
SEND VALUE

DELAY FDR RELAYS

READ VALUE RETURNED
GET VALUE SENT
DISPLAY READ VALUE
DISPLAY SENT VALUE

BUTTON 2
DEFAULT LODP

INITIALISE BINARY CARD
START WITH 0
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PAGE
00140
00141
00l4£
00143
00144
00145
00146
00147
00146
00149
00150
00151
00152
00153
00154
00155
00156
00157
00158
00159
00160
00161
0016c!
00163
00164
00165

004
A£C3
A£C6
A£C8
AcCB
A£CE
A2D1
A£D4
A£D6
A£»9
A£DC
A£DF
ASEO
A£E£
A£E3
A£E6
A£E9
A£EA
A£EB
A£ED

BOX
FE AOAE
E7 01
F7 A084
CE 000A
BD FO£1
FE AOAE
A6 00
F6 A084
B7 8100
F7 8101
11
26 OB
37
CE 0014
BB FO£1
33
5C
£6 D6
39

A1E0
8104
81 0£
8100
A1F0
FO£1

BCALL1

BEND
•

VCTP1
TOGGL
HEXSW
HEXLD
VSUB1
DMILLI

LDX
STA
STA
LDX
JSP
LDX
LPA
LDA
STA
STA
CBA
BNE
PSH
LDX
JSP
PUL
INC
BNE
RTS

EC<V
EOU
EOU
EOU
EOU
EOU

B
B

ft
B
A
B

B

B
B

PIA
lfX
BSAVE
CIO
DMILLI
PIA
o.x
BSAVE
HEXLD
HEXLD+1

BEND

«£0
DMILLI

BCALL1

*A1EO
$8104
«810£
S8100
SA1F0
SF021

SET P1A ADDRESS
SEND VALL€
SAVE SENT VALUE

BELAY FOP RELAYS
GET PIA HDPPESS
PEAD RETUPN VALUE
GET VALUE SENT
DISPLAY VALUE PEAD
DISPLAY VALUE SENT
VALUES THE SAME?
ABDPT IF NOT

MAIT FOR DISPLAY TIME

DD NEXT VALUE UNTIL AT £56
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PAGE 005

00168

BOX

00170
00171
00172
00173
00174
00175
00176
00177
00178
00179
00180
00181
ooisa
001 S3
00134
00185
001 St.
001*7
00188
0018*
00190
001*1
001*2
00193
00194
00195
00196
0019
00198 A2F1
00199 A2F2
00200 A2F4
00201 A2F6
00202 A2F8
00203 R2FA
00204 A2FC
00205 A2FE
00206 1=1300
00207 A3 02
00208 R304
00209 A3 06
00210
00211
00212 A307
00213 R30H
00214 A30D
00215 030F
00216 A312
00217 1=1313
00218 A315
00219 (=1316
00220 0319
00221 1=131C
00222 l=lBID
00223 A31E
00224 A31F

•«»«««««*««««««««•••••••••>» » » » »»••»•
•
• ANALD6 DATA CARD TEST
• BUTTDNS 3 AND 4
*

*

A2EE

flNALDS DflTfl
SECOND PIft .

CDIiMECTEri TO

BUTTON 3 - RBfiD —
PDUTINE IN IT IAL IZES P I R . READS CH«Nf<EL
NUMBER ( 0 - 1 5 ENTERED IN 4 MS BITS DF
TOGGLE SWITCHES* FPDM TOGGLE. PERKS
IiftTfi RT THRT CHANNEL AND DISPLAYS
IiftTR READ IN HEXLED (DECIMAL FORMAT
RANGE DF - 2 0 4 8 TO +2047>. NEGATIVE
NUMBER DISPLAY SCHEME :
RXXX
BXXX
CXXX

-OXXX
-1XXX
-2XXX

BUTTON 4 -DSPLA —
DISPLAYS VALUE READ AT THE NEXT CHANNEL.
VALUE DISPLAYED IN HEXLED IN ABOVE
FORMAT? CHANNEL DISPLAYED IN LIGHTS
ABOVE TOGGLE. WHEN RLL 16 CHANNELS
HAVE BEEN DISPLAYED NO FURTHER READINGS
ARE DISPLAYED UNTIL THE CHANNELS APE READ
A6AIN WITH BUTTON 3.

A2EE RUIN
FE ft ORE
4F
R7 01=1
R7 OB
R7 02
86 OF
R7 03
86 34
R7 OR
86 £C
R7 OB
1=16 02
39

1=1307 RDAD
CE A366
FF A1F0
30 DF
B6 8104
4A
84 OF
4C
B7 A083
F6 8104 ADATA5
54
54
54
54

ECU
LDX
CLP A
STA A
STA R
STR R
LDA A
STA R
LDA R
STR R
LDR R
STA A
LDA A
RTS

EGU
LDX
STX
BSR
LDA A
DEC A
AND A
INC A
STA A
LDA B
LSR B
LSR B
LSR B
LSR B

RIA

SA»X

«*0F
3.X

«*2C
*B.X
2.X

wDUM
VSUB1
AD IN
TDGGL

w*0F

CNUM
TDGGL

INIT. AD FIR

CLEAR CA1 FLAG

READ AD PIA
DEFAULT LODP

INIT. AD PIA

GET « DF CHANNELS TO READ

« OF CHANNELS
READ CHANNEL NUMBER
SHIFT TO LS 4 BITS
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PRGE
00225
00226
0022?
00228
00229
00230
00231
00232
00233
00234
00235
00236
0023?
00238
00239
00240
00241
00242
00243
00244
00245
ft 0246
00247
00248
00249
00250
00251
00252
00253
00254
00255
00256
00257
ftrt258
00259
00260
00261
00262
00263
00264
00265
00266
0026?
00268
00269
00270
00271
00272
00273
00274
00275
00276
0027?
00278
00279
00280
00281
00282

006
R320
R323
R326
R329
R32C
R32E
033 O
R331
R332
R335
0338
R33R
R33C
R33E
R340
R341
R342
R344
R34?
R34R
R34D
R34F
R351
0354
0357
O35R
R35C
O35E
R35F
R362
R363
R366

R367
R36R
R36D
R370
R372
fl3?5
R378
R37R
R37B
O37E
R381

BOX
F?
CE
FD
CE
06
E6
O8
08
FF
7F
85
2?
CO
82
43
53
84
7C
BD
7D
27
8B
B7
F?
B6
81
26
4F
B7
4C
B7
39 -

CE
FF
70
27
FE
8C
26
39
CE
FF
39

ft ORE
ft 088
0382
0088
00
01

ROflC
R08?
08
OB
01
00

OF
R087
R4B5
0087
02
00
8100
8101
RORB
10
01

8105

RORB

R366
R1F0
R083
09
RORC
RORR
F2

RORR
RORC

ODOTR4

RDRTR2

RDRTR3

RDRT31

HUM

DSPLR

DSPLR1

••••••«

•

*
*

•

STft
LDX
JSR
LDX
LDfl
LDR
INK
I NX
STX
CLR
BIT
BEG
SUB
SBC
CDM
COM
RND
INC
JSP
TST
BEO
RDD
STft
STft
LDft
CMP
BNE
CLR
STft
INC
STR
RTS

LDX
STX
DEC
BEQ
LDX
CPX
BNE
RTS
LDX
STX
RTS

»

R^D

B

R
B

R

B
R
R
B
R

R
R
B
R
R

R
R
R
R

CHftN
"BUFFER
ODRERP
»BUFFER
0»X
l.X

BUFPTR
DNEG
u$08
ftDftTftB
«*01
«*00

»<tOF
DNEG
CVB4D
DNEG
0DRTR3
«s*fiO
HEXLD
HEXLD+1
CHftN
"* 1 0
RDRT31

TOGGLE1

CHRN

wDUM
VSUB1
CNUM
DSPLR1
BUFPTR
ttBUFEND+2
RDRT04

«BUFEND+£
BUFPTR

I» RDUTINE

TO ENTER :
RCC 1

RCC :

fl :

B :
X REG :

OT EXIT
VRLUES

SOVE CHftNNEL NUMBER
STOROGE LOCRTIQN
PEOD VRLUE
VRLUES STORED HERE
GET TWO'S COMP. VRLUE

SflVE BUFFER SPOT

CHECK FOP NEG. NUMBER
POSITIVE
UNDO TWOS COMP.

USE DNLY 12 BITS
SIGNRL NEGRTIVE NUMBER
CONVERT TD DECIMRL
NEGRTIVE NUMBER?
NO
RDJUST FOR DISPLftY
DISPLftY VftLUE RERD

DISPLRY CHRNNEL
fill JUST FOR DISPLftY

DISPLfiV CHRNNEL

NEXT CHRNNEL

w OF CHRNNELS PEflD

GET PRESENT PDINTER
RT END OF VRLID DRTR

DISPLRY DRTR RERD

NUMBER OF CHRNNELS TO REOD
<1—16>
STORTING
ODDRESS 1

CHRNNEL NUMBER <0-15>
•F STDRRGE BUFFER FOR

VOLUES RERD.

:
RERD SflVED IN BUFFER POINTED TD
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RA*?E
00283
00284
00285
00286
00287
00288
00289
00290
00291
00292
00293
00294
00295
H0296
00297
00298
00299
00300
00301
00302
00303
00304
00305
00306
00307
00308
00309
00310
00311
00312
00313
00314
00315
00316
00317
00318
00319
00320

007

A332
A3 85
A3 86
A389
A38C
A38E
R390
A392
A395
A397
A399
A39B
A39E
A3A0
A3A2
A3A4
A3A6
A3A8
A3AA
A3AB
A3 AC
A3AD
A3AE
A3AF
A3 BO
A3B1
A3B2
A3B5
A3B7
A3B9
ft3Bft
A3BB
ft3BE
ft3Cl
A3C3

BOX

F024

FF
4A
B7
FE
86
A7
E7
7D
27
86
A7
FE
A6
2A
E6
A6
C4
E7
44
56
44
56
44
56
44
56
FE
A7
E7
08
08
FF
7ft
2ft
39

A0A8

AOAA
AOAE
SC
OB
03
AOAA
04
3C
OA
AOAE
OA
FC
03
02
FO
03

A0A8
00
01

A0ft8
ft 0 Aft
D8

«
DMICRD EOU

ACREAD STX
DEC
STft
LDX
LDA
STft
STft
TST
BE©
LDA
STft

START LDX
START1 LDA

BPL
LDA
LDft
ftND
STA
LSR
ROR
LSR
ROP
LSR
RDR
LSR
RDR
LDX
STA
STA
I NX
I NX
STX
DEC
BPL
RTS

A
ft

ft
ft
B

ft
A

A

B
A
B
B
A
B
ft
B
A
B
ft
B

A
B

SF024

STRPTR

NUMBR
PIft
**$2C
SB.X
3»X
NUMBR
START
~43C
Sft.X
PIft
tft.X
START1
3, x
2»X
«*F0
3»X

STPPTR
0»X
l.X

STRPTR
NUMBR
START

STORAGE POINTER
ADJUST NUMBER
SAVE NUMBER TD READ
PIA ADDRESS
SET FOR CHANNEL SELECT

SELECT INITIAL CHANNEL
HOW MANY CHANNELS TD R
DNLY DNE
SET FDR SEQUENTIAL TRI

GET PIA ADDRESS

READ LS BYTE
GET MS BYTE
DNLY 4 DATA BITS
STROBE FDR SEQUENTIAL
SHIFT TD LOWER 12 BITS

STORE POINTER
STORE VALUES

ADVANCE POINTER
ALL CHANNELS READ?
ND» GD READ
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PAGE
00322
00323
00324
00325
00326
00327
00328
00329
00330
00331
00332
00333
00334
00335
00336
00337
00338
00339
00340
00341
00342
00343
00344
00345
00346
0034?
00348
00349
00350
110351
00352
00353
00354
00355
00356
00357
0035S
00359
00360
00361
00362
00363
00364
00365
00366
00367
00368
00369
00370
00371
00372
00373
00374
00375
00376
00377
00378
00379

008

A3C4
A3C7
R3C8
A3CA
A3CC
A3 CD
A3CF
A3D1
A3D3
A3D5
A3D7
R3D9

A3DR
A3 DC
A3DF
R3E£
R3E4
R3E7
A3E9
A3EC
A3EF
A3F1
A3F3
A3F4
A3F5

BOX

FE
4F
R7
A7
4A
A?
R7
86
R7
86
R7
39

8D
7F
B6
£R
7C
80
F6
BD
S5
£7
4F
5F
7D

AOAE

08
09

00
01
04
08
2C
09

E8
A086
8102
05
A 086
AO
8103
A471
FO
02

A 086

•••••«
•

•
•
*
*
•
•
*
*

*

*

•

*
*

•
*
*
*
*
•

ACIN

*
ACONE
ACDMD

AC0MD1

AC0MD2

>•••••••••••••••••••••••••••••••••

ANALDG CDMMAND CARD TEST
BUTTONS 6 AND 7

ANALOG CDMMAND CARD CONNECTED TD THE
FIRST PIA.

BUTTON 6 - ACONE ~
ROUTINE READS DATA TO BE SENT FROM
HEXSWITCH <DECIMAL FORMAT RANGE
-2048 TO +2047. NEGATIVE NUMBERS
REPRESENTED BY THIS SCHEME t
AXXX * -OXXX
BXXX * -1XXX
CXXX * -2XXX
CHANNEL TO SEND DATA TD REPRESENTED
IN LS 4 BITS OF TOGGLE SWITCHES
CTOGGLE 0 = 0 . TOGGLE 1 * 1» ETC)
WILL REfiD RD CHANNEL DIALED IN
MS BYTE OF TOGGLE AND DISPLAY
THRT VALUE ON THE HEXLED IF THE RTS
AT RC0MD6 IS CHANGED TO A NDP.

BUTTON 7 - ACALL ~
THIS IS A DYNAMIC TEST OF THE
ANALDG CDMMAND AND ANALOG DATA
CARDS. IT REQUIRES THAT BOTH CARDS ARE
PRESENT. VALUES ARE SENT FROM NEGATIVE
FULL SCALE TO POSITIVE FULL SCALE
WITH R DELRY BETWEEN NEW VALUES .
FOR DISPLAY PURPOSES.
LDX PIA GET PIA ADDRESS
CLR R
STA A 8»X INIT. PIA
STA A 9«X
DEC A
STA A 0»X
STA R 1>X
LDA A «S04
STA R 8>X
LDA A «*2C
STA A 9»X
RTS

BSR ACIN INIT. AC CARD
CLR ANEG INDICATES NEGATIVE NUMBER
LDA A HEXSW READ DATA FROM HEX SWITCH
BPL ACOMD1 POSITIVE NUMBER
INC ANEG NEGATIVE NUMBER
SUB A «SA0 ADJUST DISPLAY VALUE
LDA B HEXSW+1 READ LS BYTE
JSP CV4DB CONVERT TO BINARY
BIT A «SFO WITHIN RANGE
BEQ ACDMD2 YES
CLR A NO» SET TD ZERD
CLR B
TST ANEG NEGATIVE NUMBER?
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PRGE
003* (i
00381
00382
00383
00384
00385
00386
00-38?
00388
H0389
00390
003'? 1
00392
00393
00394
00395
00396
0039?
00398
00399
00400
004 01
004 02
0 04 0 3
00404
00405
00406
0040?
00408
00409
0041 0
00411
00412
00413
00414
00415
00416
00417
004 IS
00419
004£0
00421
00422
00423
00424
00425
00426
0042?
00428
00429
00430
00431
00432
00433
00434
00435
00436
0043?

009
R3F8
A3FR
A3FB
«3FC
1=13 FE
A4 0 0
A4 0£
A4 0 5
R4 0 8
R4 0 9

mo*
m OB
m oc
1=14 OF

R41£
A414
*416
mi?
R41R
w i n
R420
ft4£l
R4£3

R4£6
R429
mac
maf
mi?
1=14 35
1=143?
R43PI
R43D
R440
R441
R442
R443
1=1444
1=1447
ft44ft
1=14 4C
R44E
(=1451
R454
R457
R459
A45C
A45F
R462
R464
(=1465
R468
R46B
R46E
R470

BOX
£7
43
53
CB
89
84
B7
B6
48
48
48
48
BR
FE
R7
E7
39
BTi
CE
FF
39
86
7E

08

01
00
OF
1=1085
8104

R085
«=IOftE
00
01

FI2EE
ft4£l
filFO

01
P319

1=1426
BB
7F
CE
FF
F6
84
F6
B7
B6
48
48
48
48
Eft
FE
ft?
E7
BP
CE
FF
36
BH
FE
8C
2?
08
FF
CE
BD
£0
39

H3C4
R08£
0800
flOSO
1=10*0
OF
ft 081
1=1085
8104

ft 085
ftOftE
00
01
ft£EE
(=1470
FllFO
01
H319
flOSO
1800
OC

1=1080
0100
FO£1
C£

FCOF
FC1E

flCDMDS

flCDMH5

fiCDMn6

PEftD

*
fiCRLL

SCftLLl

HCHLL2

RCHLL3
QUT4HS
PCRLF

BEO
CDM
COM
RDIi
flDC
RMti
STR
LUft
RSL
ftSL
RSL
fiSL
D P H
LUX
STR
STR
PTS
JSP
LUX
STX
PTS
LUR
.IMP

EGO
JSP
CLP
LUX
STX
LBft
RND
Ll'ft
STR
LDR
RSL
RSL
RSL
RSL
DPR
LUX
STft
STft
JSP
LDX
STX
LDR
JSP
LUX
CPX
BEQ
I NX
STX
LDX
JSP
BRR
PTS
EQU
EQU

R
B
B
R
R
R
R
R
ft
R
R
R

ft
B

R

R
R
B
R
R
ft
R
R
fl
R

R
B

R

RC0MD3

KS01
ssO
tt*0F
RSRVE
TD6"5L

RSRVE
PIR
o»x
l . X

RUIN
ssPERI'
VSUE1

«1
RDRTR5

•

RCIM
FLRG
w$0800
CDMD
CDMH
«*OF
CDMD+1
RSRVE
TDSSL

RSRVE
PIR
o.x
1»X
RUIN
«RCfl.LL3
VSUB1

RBRTR5
CDMIi
«*1800
RCRLL3

CDMD
«*0100
UMILLI
RCRLL1

SFCOF
SFC1E

NO
TRKE TMD'S CDMPLEMEMT

DMLY USE 1£ BITS
SRVE VftLUE
GET CHRNhEL NUMBEP<*>
MOVE TD MS BITS

CHRNNEL RNIi VDLTR6E
6ET PIR RDDPESS
SEMD VALUE

PEMDVE IF CDHNECTEH TD RE
IMIT. RH PIR

RP CHRWELS TD PERD
PERU ftNIi rUSPLRV

DVNftMIC ftCvftrt TEST
INIT. RCDMIi PIR

MOST NEGRTIVE NUMBER

CDMMRND
DULY 12 ERTft BITS

CHftNNELS TD SENH TD

MERGE CHfiNNEL RMH HRTR
PIR RHDPESS
SENIi VRLUE

INIT. ft-'Ti PIR
DEFftULT LDDP SUBROUTINE

RERIi DNE R.'D CHRNNEL
RND DISPLAY
CURRENT CDMMRND
RT PLUS FULL SCALE?
YES» RETURN
GET NEXT COMMAND

DELAY FDP DISPLAY
SEND THIS COMMAND
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PBGE
00439
00440
00441
00442
00443
00444
00445
00446
0044?
00448
00449
00450
00451
00452
00453
00454
00455
00456
00457
00453
00459
00460
00461
00462
00463
00464
00465
00466
0U467
00468
00469
00470
00471
00472
00473
00474
00475
00476
00477
00478
00479
00480
004*1
00482
00483
00484
00485
00486
00487
00488
00489

010

(il471
B474
fl*77
B478
B47B
B47B
B47C
B47D
B47E
(=1480
B482
B483
B485
B486
B489
B48B
B48D
B48F
B491
R494
B495
B49?
R49B
B49B
B49C
B49D
ft"4^E
B4fll
B4B3
B4B6
B4B?
B4B9
B4BB
B4BE
B4B0
B4B1
B4B4

BOX

7F
B7
17
C4
44
44
44
44
27
CB
4R
20

oc
B6
34
£7
CB
£4
7C
4R
£0
B6
44
44
44
44
B7
£7
B6
OC
CB
89
?fl
26
39
B6
39

A0B6
R0B5

OF

05
on
F9

BOBS
OF
OA
64
03
B0B6

F4
«0B5

BOBS
OE
B0B6

E8
03
B0B5
F6

B0B6

>

CV4UB

TEN

DOHUND

HUN1

HUN2

DDTHDU

THDU

TH0U1

•

CONVERT 4 DIGIT DECIMHL TO BINBRY

12

TO
B «
B *
BT
B *
B *

CLR
STB
TBB
BND
LSP
LSR
LSR
LSR
BE*
sun
DEC
BRfi
CLC
LDB
BNH
BEQ
BDK
BCC
INC
DEC
BRfl
LDB
LSR
LSP
LSR
LSR
STB
BE*
LDB
CLC
BUD
BDC
DEC
BNE
RTS
LDB
RTS

BIT BINBRV—11 BITS+SIGN

ENTER*
2
£

MS DECIMBL DIGITS
LS DECIMBL DIGITS

EXIT:
MS
LS

B

B
B
B
B
B

B
ft

B
B

B

B

B
B
fl
B
B
B

B

B
B

B

BYTE OF
BYTE OF

BINUPR
SBVEfl

«SOF

naHUND
sslO

TEN

SBVEB
«S0F
DOTHOU
«100
HUN£
BINUPR

HUN1
SBVEB

SBVEB
THDU1
BINUPR

»$E8
«SO3
SBVEfl
THOU

BINUPP

CONVERTED NUMBER
CONVERTED NUMBER

SBVE MS DIGITS

SBVE ONLY ONES VBLUE
MOVE TENS VBLUE
TD LOWER BITS OF fl

»• HUNP WHEN TENS*0
flDD 10 TD TOTBL
DECREMENT 1 OS DIGIT

RESET CBRRY
GET HUND BND THOU DIGIT
SBVE 10OS DIGITS
DD 1000S WHEN lOOS^O
BDD 100 TD TOTHL

BDD £56 TD TOTBL
DECREMENT 10OS DIGIT

SET IOCS BNH 1000S DIGITS
MOVE 1000S TO LOWER
4 BITS

1000S-0?

RESET CflRPY
BDD 1000 TO TDTBL

DECREMENT 1000S DIGIT
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PAGE
00491
00492
00493
00494
00495
00496
0049?
00498
00499
00500
00501
00502
00503
00504
00505
00506
00507
00508
00509
00510
00511
00512
00513
00514
00515
00516
0051?
00518
00519
00520
00521
00522
00523
00524
00525
00526
00527
00528
00529
00530
00531
00532
00533
00534
00535
00536
0053?
00538
00539
00540
00541
00542
00543
00544
00545
00546
0054?
00548

01 1

R4B5
R4B8
R4BB
A4BE
R4C1
R4C4
R4C6
R4C7
R4C8
R4CB
R4CD
R4D0
A4D3
A4D4
R4D5
A4D8
R4DB
R4DD
A4E0
R4E3

R4E4
A4E7
R4ER
R4EC
R4EE
R4F0
R4F3
R4F5
R4F8
R4FR
R4FB
R4FD
R500
R503
R5 04
R506
R5 08
AS OR
A5 0D
A510

A511
A513
A515

BOX

CE
B7
F?
7F
7F
ftD
08
08
7C
8D
B6
B7
08
08
7F
7F
8D
FF
B6
39

B6
F>-,
EO
BS
25
70
27
?C
20
36
86
BB
B7
32
20
EB
A9
B7
F7
39

R511
ROBO
R0B1
A0B3
R0B4
IE

A0B4
1?
R0B3
R0B2

R0B3
R0B4
07
R0B3
R0B2

ROBO
R0B1
01
00
16
R0B4
05
ROBS
FO

10
A0B3
R0B3

E4
01
00
ROBO
R0B1

03E8
0064
000R

•••••<
*
•

1

i

>

CVB4D

*
SUBT

SUB1

SUB2

SUBS

*
CONST

>>••••

CONVERT BINARY

12

TD
R
B

RT
A
B

LDX
STfi
STR
CLR
CLR
BSR
I NX
I NX
INC
BSR
LDR
STfi
INK
I NX
CLR
CLR
BSR
RDD
LDR
RTS

LDfi
LDA
SUB
SBC-
EC S
TST
BEC
INC
BRR
PSH
LDR
RDD
STR
PUL
BRA
ADD
RDC
STfl
STR
RTS

FDB
FDB
FDB

• >«•»«•••«•••«•»»•»••

TD 4 DIGIT DECIMRL

BIT BINARY—11 BITS+SIGN

ENTER:
as
X

MS BYTE
LS BYTE

EXIT:
X

A
B

R
R

B
R

R
B
B
R

R
R
R
fl
R

B
R
R
B

OF NUMBER TD CONVERT
OF NUMBER TD CDNVERT

2 MS DECIMAL DIGITS
£ Li DECIMAL DIGITS

©CDNST
NUM
NUM+1
DISIT+1
DFLAG
SUBT

DFLAG
SUBT
DIGIT+1
DIGIT

DI6IT+1
DFLRG
SUBT
DIGIT+1
DIGIT

NUM
NUM+1
1-X
OJX
SUBS
DFLRG
SUB2
DIGIT+1
SUB1

«*10
DIGIT+1
DIGIT+1

SUB1
1 »X

o»x
NUM
NUM+1

1000
100
10

POINT TD 1000
SRVE BINARY DIGITS

RDD TD UPPER DIGIT
DETERMINE MS (4TH> DIGIT
POINT TD 100

RDD TO LOWER DIGIT
DETERMINE 3RD DIGIT

PDINT TD 10

RDD TD UPPER DIGIT
DETERMINE 2ND DIGIT
DETERMINE 1ST DIGIT

SUBTRACT CDNSTRNTS
GET BINRPY DIGITS
SUBTRRCT CDNSTRNTS

TOO MANY SUBTRACTIONS
RDD TD WHICH DIGIT

RDD TD LOWER DIGIT

RDD TD UPPER DIGIT

UNDO LAST SUBTRACTION

SAVE BINARY DIGITS

34



P f l G E
0 0 5 5 0
0 0 5 5 1
0 0 5 5 a
0 0 5 5 3
0 0 5 5 4
0 0 5 5 5
0 0 5 5 6
0 0 5 5 ?
0 0 5 5 8
0 0 5 5 ?
0 0 5 6 0
0 0 5 6 1
0 0 5 6 2
0 0 5 6 3
0 0 5 6 4
0 0 5 6 5
0 0 5 6 6
0 0 5 6 ?
0 0 5 6 : 3
0 0 5 6 9
0 0 5 7 0
0 0 5 7 1
0 0 5 7 £

0 1 £
ft 06 0
floeo
flO8£
ft 083
H0S4
ftO85
H086
ft6§7
ftOS8

M O H S

ftOftft
fiOfiB
ftOftC
ftOftE

ftOBO
ftOE£
ftOB4
ft OB 5
fi 0E6

BDX

00 OS
O O O i
0001
0001;
00 01
0001 .
0001
00£0
HDftS
000£
0001
0001
0 0 0£
0 0 0£

000£
00 0£
0001
o o o l
OOOi

CDMD
FLfl'5
CNUM
BSflVE
ftSftVE
fHNEG
I'NEG
BUFFER

' BUFENI'
STPPTP
HUMBP
C-HMM
EUFPTP
Pift

MUM
DIGIT
DFLftG
iftV'Eft
EltiUPP

DPG
PMB
PME
PME
PME
PMB
PMB
PMB
PMP
ECU
PMB
PMB
PMB
PME
PMB
CONVERT
PMB
PMB
PME
PMP
pf.Jf;

END

SftOSO
£
1
1
1
1
1
1
3 c'
«

1
1

ROUTINE

J

COMMAND FDP IiYNftMIC TEST
flDD DP SUBTPftCT
s: DF ftl' CHANNELS TD PEftH
VflLUE SENT TD BrNfilPV COMMRMf
TEMP. STDPftGE
NEGATIVE ftMflLDG CDMMftMD
HEGflTIVE ftH PENDING
STDPftGE FDP FID REfllUMGS

POINTER TD STDPflGE BUFFER
NUMBER DF fiD CHANNELS TD PER
RIi CHflNNEL
POINTER TD ftD STDRftfiE PUFFER
Pift ftPIiPESi'
SCPflTCH PftM

TDTRL EPPDPi 00000
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points on the test box front panel. The analog com-
mand voltage can be read by the analog data board
by changing an RTS software instruction to an NOP
at the statement labeled AC0MD6. This test is
made by dialing "command" on the switch on the
upper right corner of the test box. The test box is
designed so that the voltage sent by channel 0 of the
analog command board can be read from channels 0,
4,8, and 12 on the analog data board, and channel 1,
from 1, 5, 9, 13, etc. The routine reads the analog
data channel selected by the MS bit of the toggle
switches and displays the value read on the MPC
hex display. If proper channels are selected, the data
on the hex display should match that on the hex
switch.

Button 7 is a dynamic test of the analog command
and data boards. The analog command board must
be connected to the first PIA and the analog data
board must be connected to the second PIA. The
program sends all values from negative full scale to
positive full scale to the analog command board;
these values are then read by the analog data board
and displayed on the hex display.

Button 8 assumes the data and command boards
are connected to the PIA board in slot 7 of the MPC.
If another slot is used, dial the PIA board first word
address in the hex switch and push button 8. Any of
the tests for buttons 1-7 can then be executed.
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