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burden on the minicomputer and therefore increase the basic 5 millisecond time
step, which may already be too long for some applications.

The results of this study show that an alternative, vastly superior approach to
expansion of the simulator would be to use a separate microprocessor to drive each
individual channel. This would relieve the main minicomputer of the fast real-time
chores and leave it with only non-time critical system control, operator interface,
and housekeeping tasks. This approach would give almost unlimited expansion
capability and would allow reducing the basic time step somewhat.

To further assess the feasibility of this approach, a '"brassboard' demonstra-
tion unit was constructed. This unit uses an 8080 based microprocesgor system to
drive a frequency synthesizer (the heart of a K-Band Terminal Simulator channel)
in real-time from tables of hop, Doppler and MFSK effects. These fables are pre-
computed by the CSEL minicomputer from operator input data in a mpanner similar
to that of the existing K-Band Terminal Simulator.

~ The brassboard demonstration unit ran successfully with an obse time
step of 2.45 milliseconds, clearly proving the feasibility of this approachN Complete
results, along with all hardware and software documentation are contained in this
final report.
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SECTION I
INTRODUCTION

The objective of this demonstration/study is to provide the Air Force with basic
data and techniques for expanding the K-Band Terminal Simulator. The current K-Band
Terminal Simulator consists of three signal sources, each capable of a wide variety of
modulation types, to simulate a wide variety of transmitters. All three simulated trans-
mitters are driven in real-time by « single minicomputer to simulate the effects of Doppler
shift, frequsncy hop, signal fade, and MFSK modulation. In real life, functions such as
Doppler shift and fade are continuous. In order to simulate these functions with a system
driven by a digital controller, it is necessary to quantize the changes into discrete steps.
In order to have a valid simulation, it is necessary to make these steps very small and
hence, they must occur rapidly. The present K-Band Terminal Simulator is capable of
outputting updated values for the real-time effects every 5 milliseconds. However,
because a single processor is used to drive all of the real-time effects, any expansion
of the system, either in the number of carriers or the number of effects per carrier,

will necessitate increasing the size of this basic time step.

Since it appears that the Air Force may have the need to increase the number of
simulated transmitters and to reduce the basic time step from 5 milliseconds to 1
or 2 milliseconds, it becomes necessary to examine alternative means of controlling
the K-Band Simulator. The concept examined here is to control each transmitter
simulator in real-time with its own microprocessor, leaving the main minicomputer
with only non-time critical system control, operator interface, and housekeeping tasks.
This would allow an almost unlimited, modular, expansion capability for the K-Band
Terminal Simulator, and expansion could be accomplished without lengthening the time

step.

The brassboard demonstration system, described herein, can calculate new values
for Doppler shift, frequency hop, and MFSK, add these to the nominal carrier frequency
and output an updated frequency to a frequency synthesizer approximately every 2.45

milliseconds.




SECTION II
DESCRIPTION OF SYSTEM

The brassboard demonstration unit consists of a commercial microprocessor develop-
f ment system, programmed to accept standard files from the CSEL minicomputer and drive
a frequency synthesizer from these files to simulate Doppler shift, frequency hop, and MFSK.
The CSEL PDP-11/20 was programmed to accept operator inputs from the console, build

the files, and transfer them to the microprocessor memory.

This demonstration system consists of an INTELLEC 8/MOD 80 microcomputer,

a Rockland 5100 frequency synthesizer, and a frequency discriminator to aid in observing
the real-time effects on an oscilloscope. Detailed descriptions of this hardware can be

found in Section IV.

Values for Doppler shift are taken from the table directly. Values for hop and MFSK
are picked pseulorandomly from their respective tables by pseudorandom codes generated
in software. These three effects are added to the nominal carrier frequency, converted
to the proper format to drive the frequency synthesizer, and outputted, demonstrating

clearly the feasibility of controlling the K-Band Terminal Simulator hardware with micro-

R TTr r  Nywe  TAREr

processors.
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SECTION M1
RESULTS

The microprocessor was interfaced with the Rockland 5100 frequency synthesizer
and the DEC PDP-11/20. It successfully received tables of Doppler shift, hop, and MFSK
from the PDP-11/20, and was =ble to drive the frequency synthesizer in real-time, out-
putting an updated frequency approximately every 2.45 milliseconds. That is, a new
value was calculated for each of the parameters of Doppler shift, MFSK, and frequency
hop; that all three new values were added to the nominal carrier frequsncy and the resulting
frequency was formatted and sent to the frequency synthesizer every 2. 45 milliseconds.
Delay loops were used as necessary to get all output cycles as nearly equal in time as
possible. These delay loops would be unnecessary if a real-time clock were incorporated
into the microprocessor system. The cost of this clock was not considered justified in
this demonstration set-up. Such a clock would be required however, if it is decided to
upzrade the K-Band Terminal Simulator with microprocessors, as it would permit the

required precise control of the output rate.

The 2. 45 millisecond output rate is faster than the present 5 millisecond rate
currently available in the K-Band Terminal Simulator, but not nearly as fast as could
be attained with some of the newer microprocessors. Many of the newer units offer
shorter cycle time and other improvements, such as indirect addressing or an improved
instruction set. At least one uait has a 16-bit word length, which could increase spzed
both by requiring fewer memory cycles to execute a single instruction, (the 8080 fetches
as many as three bytes per instruction) and by making it simpler to generate the three

10-bit binary words needed to drive the Rockland synthesizer.

It is not unlikely that a microprocessor could, at this time, be found that would
be capable of reducing the observed 2.45 millisecond step time to less than 1 milli-
second. New and upgraded microprocessor products are currently being introduced on
an almost daily basis and these units offer further improvements in speed, instruction
set and I/0 flexibility over the original 8080 used in the brassboard demonstration unit.
Amid all of this, it is also worthy to note that the prices of microprocessor and related

semiconductor products are currently dropping very rapidly. Computer Sciences
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Corporation (CSC) feels, therefore, that making a specific recommendation as to the
"best' choice of microprocessor at this time would be unjustified. Any information
obtained now would soon be too obsolete for the Air Force to use. We, therefore,
recommend that the Air Force wait until a microprocessor per access expansion of the

CSEL facility is required before attempting to select the '"best' microprocessor to use.

A secondary fallout of the rapid drop in semiconductor (specifically memory)
prices is a simplification in the recommended configuration for a microprocessor con-
trolled CSEL access. When the processor-per-access technique was first proposed,

CSC felt that a practical, operational simulator would have a central core memory which
would be maintained by the CSEL minicomputer and shared by each microprocessor
controlled access for obtaining hop, Doppler, MFSK, and fade parameters. This con-
figuration required expensive DMA interfaces and attention to critical timing situations.
We now feel that the reduced price of semiconductor memory makes it economically
feasible for each microprocessor to be provided with enough local RAM memory to store
a significant amount of real-time data. The data would be stored in a '"double buffer"
format, wherein half of the local memory would at any time be filled with current param-
eters while the other half would be receiving a '"downline load' from the CSEL minicom-
puter. This technique will greatly reduce the complexity of the hardware microprocessor
to minicomputer interface and be free of the critical timing burden inherent in a single

shared memory system.

The interface between the minicomputer and microprocessor can be either serial
3 or parallel. In the brassboard demonstration system, a 2400 baud serial interface was
provided. Approximately 2 minutes was required to transfer the entire set of tables to

the microprocessor over this interface. This could be reduced to about 30 seconds by

increasing the speed to 9600 baud. For real-time operation on a 1-millisecond time

step, and on non-repetitive tables a parallel interface would be required. A serial

interface will certainly suffice for repetitive tables, as demonstrated with this brass-

board system.
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Serial interfaces can be purchased, often complete with software support, at
reasonably low cost. Parallel, non-DMA interfaces are generally more expensive and
require custom software drivers to be written for them. Parallel DMA interfaces are
by far the most expensive in both hardware and software and generally produce the greatest
number of integration problems. Therefore, the particular operational requirements

of a microprocessor-per-access simulator will have to be considered when attempting to

configure such a system in the most cost-effective manner.




SECTION IV
DESCRIPTION OF HARDWARE

The hardware block diagram is shown in Figure 1. The major blocks of this

diagram are described below.
CONTROL PROCESSOR

The PDP-11/20 is the processor that is normally used to drive the K-Band
Terminal Simulator. The software prepared for the PDP-11 (see Szction 5) allows the
oparator to build tables of values for frequency hop, MFSK, and Doppler, and transfer
these tables to the microcomputer memory. The interface to the PDP-11 is through a

DL11 interface module normally used to drive a second VTO5 console.
MICROCOMPUTER

The microcomputer in the block diagram is an INTELLEC 8/MOD 80 development
system. While a number of microprocessor chips were available at the start of the
contract, only the Intel 8080 was available off-the-shelf, with the support hardware and

software needed to develop this system.
The microcomputer supplied for this demonstration has the following modules:
e 1-IMMS8-83 CPU Module
e 2 -IMM8-61I/O Cards
e 1 -IMM8-63 Output Card
e 2 - IMM6-28 Random Access Memory Cards, 4K each
e 3 -IMM6-26 PROM Cards, 4K bytes each
° 1 - IMM6-76 PROM Programmer
e 1 - Front Panel Control Module

The microcomputer is normally supplied with one IMM8-61 I/O card and a second
was added to provide a serial interface to the DEC DL11-C I/O module. An IMM8-63

output card was added to provide output ports to drive the synthesizer.
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The software included with the development system consists of a system monitor

that resides in 2K of PROM, a text editor, and a macro assembler on paper tape.

CSC has found several peculiarities involved in operating this device that the Air
Force should be cognizant of, The first is a race condition when bringing up the System
Monitor which can be avoided if, after keying in the "jump to 3800'" instruction in loca-
tions 0, 1, and 2, the reset key is depressed before the ""memory access' key is re-
turned to its normal position. The instruction manual says to return the "mem access"
key to normal before depressing the ""reset" key. Sometimes several tries are required
to start the machine if the sequence in the book is followed. Discussions with the fac-
tory have verified that a race condition does exist, and that the "reset" key should be

depressed first, then the "memory access'" returned to its normal position.

The second peculiarity is simply that if the room is chilly, the machine needs a few
minutes to warm up. Discussions with personnel at the factory indicate that this is nor-
mal. After 5-10 minutes of operation, no difficulties have been encountered, even when the

room was quite cool.

The third peculiarity is that the two random access memory modules must be
installed in the same slots in which they were placed when the microprocessor was
delivered to AFAL. The two modules are supposed to be identical, and indeed they will
usually function normally if they are :nterchanged. The only time any memory problem
has been apparent is when running the Intellec assembler. If the assembler is run with
the memory cards reversed, the program will not stop reading at the end of the source
tape, but will continue until the reader runs out of tape. This is a 'hard" error, occurring
every time an attempt is made to read a source tape. The problem goes away when the
two RAM hoards are interchanged. Several attempts were made to isolate the error by
writing various patterns into memory and reading what was written. No error was ever
found, and the attempt was abandoned. The factory was of no help in explaining this
situation, other than recommending that the RAM boards be left in the position wherein

no problems were encountered.
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FREQUENCY SYNTHESIZER

The frequency synthesizer is a Rockland model 5100. This unit was chosen for its
fast switching speed and its ability to switch frequency without any phase discontinuity
in the output. A synthesizer with these features was required in order to obtain small

Doppler steps at a fast rate.
A description of this device can be found in the manufacturer's manual.
OPTO-ISOLATOR INTERFACE

Both the DEC DL 11 and the Intel IMM8-61 I/O modules utilize a serial, current-
loop output, and were designed to drive a console such as a CRT or a teletype. These
modules were interfaced with opto-isolators (see Figure 2). An opto-isolator consists
of a light emitting diode (LED) and a phototransistor, mounted in a common package.
Forward current through the LED causes it to emit light which turns on the transistor.
This arrangement provides a high degree of electrical isolation, avoiding the problems
with ground loops that might occur if the grounds of the two machines were connected

together.
FREQUENCY TO VOLTAGE CONVERTER

The frequency-to-voltage converter was constructed as an aid in determining if the
output of the frequency synthesizer is being varied correctly. A schematic diagram of
this assembly is shown in Figure 3. The CA3012 limiter amp provides a constant
level to the input of the monostable flip flop (74121). A pulse train is produced at the one
shot output with all pulses being the same width, but with a pulse repetition rate equal to the
frequency of the synthesizer output. R2 and C2 average the output of the one shot. Since
the pulse width is constant, the dc voltage across C 2 is proportional to the frequency.

Hence, the output voltage is proportional to the synthesizer output firequency.
CONNECTING CABLE

The values outputted to the synthesizer are transmitted via an IMM8-63 output
module. A list of the wiring, from the rear panel of the microcomputer to the synthe-

sizer input is shown in Figure 4. An additional, individual wire coming from the
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synthesizer connector carries a software generated load pulse, pin 12, which is used 1
for troubleshooting, for synchronizing an oscilloscope, or for measuring the rate at

i which the synthesizer frequency is being updated on a counter.
POWER SUPPLY CHASSIS

| This chassis contains six assemblies, Al through A6 (see Figure 5). The

functions of these assemblies are as follows.

Connector J48 on the rear of the Intellec is an AC connection for a teletype. An
AC card from assembly Al is plugged into this outlet (see schematic, Figure 6). When
the microcomputer is turned on, it energizes relay K1, which energizes the teletype ; 4
and the three power supplies, A4, A5, and A6. A6 is a -10 volt supply and A5 is a +5
volt supply. These two supplies are needed to supplement the ones inside the Intellec
when the microprocessor system consists of more than a CPU, 2 RAM boards, 1 ROM
board, and 2 I/O boards. If the output board driving the synthesizer is removed, and

the extra ROM board in ROM slot 2 is removed, the internal power supplies are sufficient, :
and the external ones can be removed. The external power supplies are adequate to ‘

power the computer with all card slots filled.

Assemblies A2 and A3 are the opto-isolator interface and the frequency to voltage

converter, respectively. Both units have already been discussed.

A4 is a +8 volt power supply which is used to power the CA3012 limiter/amplifier
in the frequency to voltage converter. A schematic diagram of this unit is shown in

Figure 7.

13
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Figure 5. Power Supply Chassis
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SECTION V
SOFTWARE DESCRIPTION

INTRODUCTION

The software for the brassboard demonstration system is comprised of two modules
— a static mode module and a real-time module. The static mode module is responsible
for building and transmitting the system parameter tables and pattern value tables to the
Intellec microprocessor. The real-time module is responsible for the execution of the

real-time mode.

Detailed documentation on each main program and subroutine in the demonstration
software system follows. This documentation includes a description of each module,

program, and subroutine, a flowchart, and a computer listing.
STATIC MODE MODULE

The static mode module is responsible for building and transmitting the system
parameter and pattern value tables used in the real-time mode. This module is comprised

of a mainline program and many functional subroutines.

All variable elements in the system parameter table are input via the system console
using keywords to specify a particular variable. Each keyword has an associated sub-
routine that is responsible for managing the input of its associated parameter value. A

listing of the keywords and associated subroutines appears in Table 1.

Prior to conversion to real-time form, each effect parameter value established
through console input is stored in labeled common as a four byte BCD value. During
conversion to real-time form, each BCD value is converted to double precision and then
to the binary form of the real-time mode. This process could have been simplified using
the DECODE system routine, but would have defeated our design objective of attempting

to keep the module as system independent as possible.

HOP and MFSK table values are input by the module through the console. The table
size for each must be a power of two with a maximum size of 64 for MFSK and 128 for

HOP. The Doppler values are built by successive additions of an operator supplied
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offset to the base frequency. The MFSK and HOP values are converted to BCD form
and then to their packed decimal storage form. The DOP offset is also converted to
BCD form, but is then converted to double precision for the addition process used in
determining each successive value. Each value so generated must be converted from
double precision to packed decimal. Subroutines internal to the module are used for

the conversions from BCD to double precision and from double precision to packed decimal.

Transmission of system parameter and table values is performed via the sub-
routines designed to transfer data according to an expected sequencing of the real-time
mode reader program. Error checking is performed in these subroutines to guarantee
the successful transfer of the data to the Intellec microprocessor. An assembly language
routine is used to perform the actual byte transfers to the Intellec using the DL11 inter-

face. This is the only system and machine dependent element of the module.

Besides the transmission error checking, the module also performs extensive
error checking of operator input for illegal input strings and values out of range. A
final consistency check is also performed on the value tables to ensure that only yalid
frequencies will be output in real-time mode by the frequency synthesizer. Error

messages are output to the system console if errors are detected.

Labeled common errors are used extensively throughout the module for communica-
tion between the subroutines in the module. All areas are intialized in a BLOCK DATA
subprogram. A description of each area, purpose, and initial values is contained in the

BLOCK DATA subprogram description.
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TABLE 1. SYSTEM KEYWORDS

KEYWORD DESCRIPTION SUBROUTINE
SHOW Display current values of effect start, end, SHOW
cycle, base frequency, and simulation end.
LOAD Perform system parameter and pattern INTELL
value transfer
i FREQ Input base frequency value FREQ
HOPL Input HOP table values HOPLD
MFSL Input MFSK table values MFSKLD
DOPL Build DOP table DOPLD
HSTR Input HOP start time IBIE
MSTR Input MFSK start time IBIE
DSTR Input DOP start time IBIE
HEND input HOP end time IBIE
H‘ MEND Input MFSK end time IBIE
A DEND Input DOP end time IBIE
? HCYC Input HOP cycle value STEPS
4 MCYC Input MFSK cycle value STEPS
DCYC Input DOP cycle value STEPS
SEND Input simulation end value ENDSIM

vy




STATIC MODE MAINLINE

This program is used to perform input of the function keywords that govern system
setup and execution and to call the appropriate subroutine that manages the execution of

the keyword specified.

The "PARMID" routine is used to determine the identity of the function keyword
supplied. This program successively examines the value returned from the routine to

determine the appropriate subroutine to invoke to complete the keyword processing.




STATIC MODE
MAINLINE

WRITE SYSTEM
ID MESSAGE

WRITE QUERY
SYMBOL

-

READ USER
‘REPLY

iy

PARMID

INTERPRATE
REPLY

REPLY
DEFINED
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WRITE
UNDEFINED
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YES
NO

YES
NO
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SHOW

DISPLAY
CURRENT SET
OF PARAMETERS

INTELL

CHECK
PARAMETERS
AND LOAD

INTELL

ERROR \VES v
?

NO

WRITE
SIMULATION
UNDERWAY
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FREQ

NO

YES

FREQ

GET BASE
FREQ

ERROR 8o

?
YES

WRITE
INVALID FREQ
MESSAGE

HOPLD

GET HOP
VALS

MFSKLD

GET MFSK
VALS

T —
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DOPLD

BUILD DOP
TABLE FROM
BASE FREQ
PLUS OFFSET

SET TYPE TO
START TO GET
START TIMES

"

@

IBIE

GET SMART
TIME FOR
THIS EFFECT

D6

ERROR

YES

WRITE
MESSAGE THAT
TIME IS
INVALID




YES

NO

YES

NO

SET TYPETO
STOP TO GET
END TIMES

STEPS

GET CYCLE
RATE FOR THIS
EFFECT

ERROR

YES

NO

WRITE
MESSAGE THAT
CYCLE RATE
IS INVALID

ENDSIM

GET SIM
END TIME

e
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SHOW

DISPLAY

SYSTEM
PARAMETERS
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BLOCK DATA

The purpose of this subprogram is to initialize the labeled common areas of the

static mode module prior to its execution. A listing and description of each area follows:

1. RTMTB - a 31 word integer array that initializes the system parameter table
used in the real-time mode. The real-time pattern masks, random number

seeds, and pattern table addresses are non zero.

2. MAXMIN - a 6 element double precision array used to store the HOP, MFSK,

and DOP maximum and minimum values.

3. TABLES - a 6080 byte area used for pattern value storage in packed decimal

form. This area is initialized to zero.

4. SYSTEM - a 29 word integer area used for the BCD intermediate storage of
effect start, stop, cycle values, base frequasncy value, and simulation end,

This area is initialized to zero.

5. SPCDEC - a 22 byte area used to store the ASCII character representations

for those characters used in operator input processing.
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SUBROUTINE INTELL

The primary purpose of this routine is to manage the conversion and transmission
of the system parameter values aad pattern value tables to the Intellec microprocessor.
This routine also checks the consistency of the pattern value tables to ensure that a

frequency less than 0 or greater than 2 megahertz cannot be generated.

The simulation end and the three effect start, stop and cycle values are first
converted from BCD to real number values using the ASCRLN subroutine. Simulation
end and effect start/stop values which are specified in minutes are then converted to
number of cycles per minute. The valuss are then converted to the binary form of the

real-time mode with the RLNBIN subroutine.

After conversion, the simulation end, effect start, stop, cycle values, and base
frequency value in packed decimal form are inserted into the "TAB'" array. The "TAB"
array is a 61 byte table that is initialized in BLOCK DATA with the system parameter
elements that are constant; i. e., pattern mask, running sum, addresses etc. Data

transmission to the Intellec is done in the following order using the COMMO subroutine:
1. System parameter table - 61 bytes starting at location 20 HEX.

2. HOP pattern value table - 640 bytes transmitted in 32 byte blocks beginning
at location 1A00HEX.

3. MFSK pattern value table - 320 bytes transmitted in 32 byte blocks beginning at
location 1DOOHEX.

4. DOP pattern value table - 5120 bytes transmitted in 32 byte blocks beginning
at location 600 HEX.
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; INTELL

INITIALIZE
VARIABLES,
INDEX, ETC

g O

ASCRLN

1 CONVERT
START FROM
BCD TO REAL

T

MULT REAL
MINUTES BY #
CYCLES/MIN

Y

RLNBIN

CONVERT TO
BINARY

=

ASCRLN
CONVERT STOP

FROM BCD
TO REAL

v

MULTIPLY BY
#CYCLES/MIN

v

RLNBIN

i it

e

CONVERT TO
BINARY




ASCRLN 1

CONVERT
CYCLE RATE

FROM BCD f

TO REAL |

!

3 NORMALIZE
FOR 1000
BASE EFFECT

] I

RLNBIN |

CONVERT TO
BINARY

YES

BCD
CONVERT
3 BASE FREQ
E FROM BCD TO
PACKED DEC

|

ASCRLN

i s o el Bk i

CONVERT SIM |
END TIME FROM |
BCD TO REAL 1

I

MULTIPLY BY |
#CYCLES/MIN 3
-




RLNBIN

CONVERT TO
BINARY

Y

ASCRLN

CONVERT
BASE FREQ
FROM BCD
TO REAL

:

GET SUM OF
BASE (REAL)
AND 3 EFFECT
MAX VALS

y

GET SUM OF
BASE (REAL)
AND 3 EFFECT
MIN VALS

“'llgill"bYEs
‘ WRITE PAT
INCONSISTENCY
NO

MESSAGE

SET ERROR |
FLAG i

RETURN '
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PUT BASE FREQ
PACK DEC
BYTES INTO
PARAM TAB

!

PUT SIM END
(BINFORM) INTO
PARAM TAB

v

COMPUTE HOP
PAT TAB MASK
(SIZE OF TAB-1)

v

PUT HOP MASK
INTO PARAM
TAB

v

COMPUTE MFSK
PAT TAB MASK

Y

PUT MFSK MASK
INTO PARAM
TAB




INITIALIZE
INDICES FOR
START, STOP,

CYCLE PARAM

ENTER 3BYTE
START TIME IN
LSB-MSB
ORDER

!

ENTER 3BYTE
STOP TIME IN
LSB—-MSB
ORDER

v

ENTER 2BYTE
CYCLE RATE
IN LSB—MSB

ORDER

'

BUMP INDICES
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RE o

COMMO

SEND 61
BYTE SYS
PARAM TAB

ERROR Ad v
?

NO

COMMO

SEND HOP VAL
TAB IN 32
BYTE BLOCKS

ERROR W v
?

: NO

COMMO

SEND MFSK
VAL TAB IN 32
BYTE BLOCKS
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COMMO

SEND DOP VAL
TAB IN 32
BYTE BLOCKS

ERROR YES

?
NO

COMMO
SEND 0BLOCK

LENGTH TO
START RT RUN

DATA
TRANSFER
UNSUCCESSFUL
RETURN
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SUBROUTINE COMMO

The purpose of this routine is to transmit a block of data via the DL11 interface and

the DL subroutine to the Intellec microprocessor.

The address of the memory location to load, the number of bytes in the block, and
the data block are passed to the routine. The routine then passes this information via

the DL subroutine to the Intellec in the following order.
1. High byte address.
2. Low byte address.
3. Number of bytes in the data block.
4. The data bytes one at a time.

After each transfer, the error flag returned from the DL subroutine is checked for
possible errors. If an error occurs, the routine returns the value of the DL subroutines
error flag to the caller. The byte passed to the DL subroutine is also compared with
the byte echoed back from the Intellec after each byte transfer to verify correct recep-

tion. An error value of three is returned from this routine if a verification error occurs.




COMMO

ZERO ERROR
FLAG

!

DETERMINE
HIGH, LOW
ADDR BYTES
TO LOAD

e O

SEND ADDRESS
BYTE

DL

SEND BLOCK
COUNT

it it




TR

DL
SEND DATA
BYTE

FINISH
BLOCK
?

RETURN
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L

>

SET ERROR
FLAG TO VAL
RET FROM DL

RETURN

SET ERROR
FLAGTO 3

RETURN
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: SUBROUTINE DL

This routine is used to transmit and receive byte data to and from the Intellec via

the DL11 interface. A byte to be transmitted is passed to the routine in its parameter

e di it iab

list. After transmission of the byte to the Intellec, the routine loops checking the receive
status for indication that the byte sent has been echoed back. Once the receive indicator
in RCSR bacomes true, the echoed byte is moved from RBUF to the callers argument

9 list.

The routine also returns an error flag to the caller that is set as follows:
1. 0 =no errors

2. 1 =XMIT ready not received

3. 2 =REC ready not received

-‘\“‘




SAVE REGS
0-40N
STACK ZERO
ERROR REG

!

MOVE
CONTENTS RBUF
TO R2 (CLEAR
RECEIVE REG)

'

SETUP XMIT
TIMEOUT
LOOP REG

!

GET XMIT
STATUS
YES v
NO ;
DECREMENT !
TIMEOUT REG
YES MOVE ‘1" INTO
ERROR REG |
|
|
NO i‘
'
51

|
|
‘H
|
|




i

MOVE SEND
BYTE TO XBUF
(SEND BYTE
TO INTELL)

!

LOAD REC
TIMEOUT REG

g O

GET RECEIVE
STATUS

DECREMENT
REC
TIMEOUT REG

MOVE ‘2 INTO
ERROR REG

4

e o m————

i ot b g

e e i




GET BYTE
FROM RBUF

v

PUT IN
PARAM LIST

|

@

MOVE ERROR
VAL INTO
PARAM LIST

!

RESTORE REGS

RETURN
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SUBROUTINE DOPLD

The purpose of this routine is to build the Doppler pattern value table from the

base frequency value and an offset.

The offset value is read from the system terminal device, converted to BCD, and
then converted to double precision. The Doppler table is then built by successively
adding the offset value to be the base frequency value and converting the result to packed

decimal form.

<

B e R
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B U

DOPLD

ZERO DOP
MAX, MIN VALS

!

GET OFFSET TO
BASE FREQ
FROM USER

v

SEARCH

FIND
START/END
OF REPLY

!

NUMBER

CONVERT TO
BCD STRING

NUMERIC
VAL
?

ASCRLN

CONVERT
OFFSET TO
REAL

!

ASCRLN

CONVERT
BASE FREQ
TO REAL




SAVE INITIAL
DOP VAL

)

ADD OFFSET
TO FREQ

v

RLNBCD

CONVERT
FROM REAL TO
PACKED DEC

ERROR Mt
?

NO

ENTER PACKED
DEC STRING
INTO DOP VAL
TAB

YES

59

s




INFORM THAT
BAD VAL
ENTERED

RETURN

MAX DOP FREQ
= LAST VAL
MIN = INIT VAL

J

NO

YES

INFORM THAT
DOP TAB BUILT

RETURN

60

MAX = INIT;
MIN = FINAL
INFORM THAT
VAL GEN OUT
OF RANGE

RETURN




N3~-48(f) XV
Nd31llVd SIHL D3INd LNINI NIW/XVie %04 ¥I3Iu] ssws)
INiIINND ne
INNTLINGD 21
lelfer
(M) ®rNue(r)dno
S'lsy a1 na
378¥1 dJ0Q OLINI S31AR & MN3INd Lhid #9388
208 0L 09(n*19°4431) 4]
(MM WHOM 3N 028NN 19D
WY0d4 03S638dW0I 31A8 S 0L 03¥4 40 VA MIHWNN Ay =4 [NIFANND wess)
135440+73H43N03N4
n2Al‘1=z1 ne no
ASYE8 04 13440 40 SNOILIOOV 3JAIES3IIING AR 3VEVLI 400 uh<zuﬂu& yess)
zf
L13S440¢" INJ=BINLS
(O3u43SVRALINTNISY v
H3BWNN TIV3IH 0Ll U3¥4 3ISVA LIHNIANND ssse)
(138440 WATININISY 1Tv)
HIQWNN TIVIYH 0L 9~I¥IS (24 LN3IANDTD wsems)
P22 0L 09(2*19°NN3Y) 4T
(HYIT'IVAT'ONIT‘LUVLISTI) E=H=AN v D
ONIYLIE 038 N1 138440 LMIANN] suss)
NANL3N(A*HI® . ¥visT) 4T
(ONITYINVISIIWO YIS v
ON3 ONY LNVIS ANd3N ONT 4 wees)
(tv22)ivwrng 206
INTIINT(2n6'9)avIy
Ad3y ¥OLT¥340 QVIN »sws)
(/% = ©3¥4 35V 01 135340 o400, “1)LIVANNY w26 E
(26'G)33LTHw
NOTLVY¥3IN39 378vL ¥04 L3SJ40 HO4 ¢ 3ISN ANINM ssss)
2 AR (S)XVWY
Prus(§INIuN
(BR€I¥S4W’ (¥216) 00! (2nS)dOK 314Q
(21)38vad ! (21) WAL (22) 3" TINT 3J1aic
03445 NOISIO »d 23190035
(EINTWH' () xvuwN *=0TISTI " xd 379N0QA
1384400384 NOTSID=Nd 374NNQ
(E)¥S W wA9UNT
ON3WSd’ (£) 3719434/ (£)dN1SA’ (£) j+V1Sd VAN |
NS AW dON ' dOK/ SNV I/NOWKND
NEVW/!ONIWSd'ISYRA'ITTAId d0LSd L¥VLISd/w3LE AS/NOWKDND
NIWN XVWN/NTWYVW/NOWNND .
ANIANTIZ 4Ny NT/ZNDWWND 3
(§) 4%0m 3149 E
II.CICICCOICI'CCICICIIIIIICCC.CIICIICCIICCICCICIIICICCUCCIIICCCICICICIU
J
*Dand 3SVE 3IWL 0L SNOILIAOV =AT1SS3IINS wswsl
A8 S3INAVA 40 37EVvL ¥V SATINA 3IVILNON INL OGNV J3N4 3¢vE 3IHL 0L s28s]
1368440 NV SINGNI ¥38N 3IKL®TIIUIND 3Iwi AE 03SN §37@vL NN3Llvd « 2
¥374d00 3L QTN 0L SI 3SNILNOY SIKL 40 3¢ 0dNNd 3NL ssvss)
§:

61

(AT TR Y AR R R R R R R R R R R R R R R R Y
0700 “NILNONENS

H 39vd QLeNYel2 2ot £1°9en vyirnz

Sl B A

& N Rlge bt s sl VST Tegepp—" - R s e it sl




2

g8297 €£L512 AlQW3IgSY
66412 L9710 €37avindIx3
pnee” 22936 S3IATLIVNYVIIAN
3344 Q38N ISVYH4

$%340) ==e=e NINIduNdss

(401512) apvE 831371

(eLwnan) 62 W3ILSAS N

(v9apne) P2 NIWXVW ©
(p2vean) ot ELERD
s(222100) 62¢ G440
CFERVEL | ¥inIg

12467°%Gg7'N0/3 snO1LdO

AJENTIN ‘NIHISY ‘HIAWNN ‘KINVIS
$0377VI) QIANTLNAN

an3g
(S LYE
(239NVN 40 LND O3IHdwwn,’ HI)LVv.iNNg Bub
(8:'699)3LTNm  vOf
QILVHINIG JINVYN VIIAN 222 NI LON 3INTTVA ssss]
NANL3IN
(o324 OUIVANTwnx, ‘ul) LVWNON4 976
(9¢5°9)31T»w  @p2
HILIVHYHY OIAVANI G3NIVINGD U2I4I334S L3S 440 s¥s3¥)
NMNL3IN
(4%20183ZIS=L1INE ATHVL dLUwxw,* HI)LIViNON4d D26
(Pea?9)3ILTum
LING §I 31AVL dO0 LVHL ¥-SN wWNO4N] svss)
ANNTANGD ag
034 (g)NIwN
03N4S= (F) XVWUN
0g 01 09(03x4°11°MIN4S) 41
0344Sa(SINIWN

39vd QLeNYl=12 10160220 £1°92A NVELNI4




re 4

SUBROUTINE HOPLD

This routine is used to build the HOP table from user input. Each value input is
converted to BCD, checked for error, converted to packed decimal form, and then

entered into the HOP table contained in labeled common.

Besides managing the value input and conversions, the roucine also determines the
maximum and minimum HOP values in the table. These two values, maximum and

minimum, are stored in the MAXMIN area of labeled common in double precision form.

The table size, initially determined by bumping a counter after each value is input,

is checked before return to verify that it is a power of two. If it is not, the size is truncated

to the next closest power of two.
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T

HOPLD

SET HOP MAX
MIN VALS
TO ZERO

!

INITIALIZE
COUNTERS

GET HOP VAL
FROM USER

!

SEARCH

FIND START/
END OF REPLY

YES v

NO

NUMBER

CONVERT TO
BCD STRING

ERROR
?

N

PromTY

YES

WRITE ERROR
MESSAGE




BCD

CONVERT TO
PACKED DEC

!

PUT PACKED
DEC STRING IN
HOP TAB

.

ASCRLN

CONVERT VAL
TO REAL

NO

YES

SET MINTO
NEW VAL

NO

YES

ESTABLISH
NEW MAX VAL

BUMP INDICES




INFORM USER
OF SIZE OF
HOP TAB

!

SAVE SIZE OF
HOP TAB IN
LAB COM

RETURN

o

DETERMINE (F
TAB SIZE POW
OF TWO

NO TRUNCATE TO
NEXT POW OF 2
YES
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SUBROUTINE MFSKLD

This routine is used to build the MFSK pattern value table from user input. Each
value iuput is converted to BCD, checked for errors, converted to packed decimal, and

then entered into the MFSK pattern value table contained in labeled common.

Besides managing the value input and conversions, the routine also determines the
maximum and minimum MFSK values for later use by the "INTELL" routine. These
two values, maximum and minimum, are stored in the MAXMIN area of labeled common

in double precision form.

The table size, initially determined by bumping a counter after each valuz is input,

is checked before return to verify that it is a power of two. If not, the size is truncated

to the next closest power of two.
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SUBROUTINE ENDSIM

The purpose of this routine is to establish the simulation duration or end time via
oparator input. The routine queries the user for the simulation end time value, reads
the reply, and converts it to a BCD string using the NUMBER subroutine. The converted
value is interpreted as a whole number value of the number of minutes to run the simula-

tion.

Bytes 5, 6, 7 and 8 of the BCD string are saved in the SYSTEM labeled common

area.
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SUBROUTINE STEPS

This routine is used to obtain effect cycle rate values from the user. The routine
writes a message to the system terminal requesting a cycle value be provided, reads

the reply, and converts it into a BCD string using the NUMBER routine.

The value of the keyword index passed to the routine is used to determine the

particular effect type specified. The low order 4 BCD digits of the converted string

are stored in the SYSTEM labeled common region according to the effect type determined.

A value not in the range 0-9999 will generate an error message.
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SUBROUTINE IBIE

The purpose of this routine is to obtain either an effect start or effect end time
value from the user. Both effect start and end values are interpreted as whole number

minutes in the range 0-9999.

The routine writes a message to the system terminal requesting a time valuz be
provided, reads the reply, and converts it to a BCD string using the NUMBER subroutine.
The routine uses the keyword index value and a type parameter (either STOP or START)
to determine where in the SYSTEM labeled common region to store the value. Since
only a four digit whole number is used, the routine saves only bytes 5, 6, 7, and 8 of

the converted BCD string.

A value not in the range 0-9999 will generate an error message.
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SUBROUTINE FREQ

This routine is used to obtain the base frequency value from the user. The routine
wriles a message to the system terminal requesting a base frequency value be provided,
reads the reply, and converts it to a BCD string using the NUMBER subroutine. The

BCD value of the base frequency is then stored in labeled common.
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SUBROUTINE PARMID

This subroutine is used to identify a function keyword input by the user. After
extracting the user keyword from the input buffer contained in the INBUF area of labeled
common, the routine attempts to match it with one of the valid function keywords. If a
match is found, the routine returns the index value (1-16) of the keyword. If a null string,
carriage return response is found, a value of 17 is returned. If a non-carriage return
and unidentifiable response is found, the routine returns a value of zero. The routine

is called only from the static mode mainline program.
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SUBROUTINE SHOW

The purpose of this routine is to display the current effect start, end, and cycle
values, base frequency, and simulation end value on the system terminal device. The :

" values are stored in the labeled common SYSTEM area in BCD form and output in "I"

format.

W T

This routine is called only from the static mode mainline program.

e

e

e e
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OUTPUT
DISPLAY
HEADER

R

OUTPUT
TABLE
HEADERS

Y

OUTPUT START,
STOP, CYCLE
INFO FROM
LAB COM FOR
EACH EFFECT

1

OUTPUT SIM
END AND BASE
FREQ FROM
LAB COM

RETURN
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SUBROUTINE SEARCH

The purpose of this routine is to determine the start and end character positions of
a user response. The routine first scans the INBUF area of labeled common for a non-
blank character or a carriage return. If a carriage return is found, the routine sets the
start parameter to zero and exits. Otherwise, the routine sets the start parameter to
the character position of the first non-blank character and continues its scan until a
blank or carriage return character is found. The end parameter is then set to the

character position of the blank or carriage return character.

—
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f SEARCH

k DETERMINE
- START OF
STRING

YES RETURN 0
STRING START

NO

SET START TO RETURN
FIRST NON

BLANK CHAR
POSITION

v

FIND END OF
STRING —
NEXT BLANK

!

SETEND TO
LAST NON
BLANK CHAR

FOUND 1

‘ ]
1
V
RETURN
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SUBROUTINE NUMBER

Subroutine NUMBER is called by all subroutines performing operator dialogue.
Its purpose is to scan a response string to verify that it contains a valid numeric response
and to build a BCD equivalent array for use in determining frequencies, values, times,

etc.

The response string scanned by the routine is contained in the INBUF area of
labeled common. The start and end character positions in the string are passed to the
routine. The routine will accept a sign, comma, decimal point, or blank as part of the
input string. Any other non ASCII digit character contained in the string is considered

an error condition.

After determining the sign value of the response, the routine begins extracting the
ASCII digits of the whole number value of the input string. If a decimal point is encoun-
tered, the routine begins extracting the fractional part of the string and converting it to
its BCD equivalent. Conversion of the whole number ASCII digits to their BCD equiva-
lents is performed prior to return to the caller,

The format of the BCD returned array is shown below.




W 00 =N O O A W N =

e
N = o

Contents

Sign (0 = positive, 1 = negative)
106 value
105 value

104 value
103 value
102 value
101 value
100 value
1071
10~2 value
1073 value

value

Not used




ZERO BCD
STRING

!

DETERMINE
IF POS OR
NEG SIGN SPEC

YES SET SIGN IND
TO ZERO
.[NO
YES SET SIGN
INDTO 1
NO
SET WHOLE
NUMB DIGIT
COUNT TO

ZERO

CHECK
COMMAS, DEC
PT, VAL DIGITS

FOR EACH
HAR IN STRING

(@}




CHANGE CHAR
TO ASCII ZERO

BUMP WHOLE
NUMB INDEX

Y

SAVE ASCII
DIG IN WORK
ARRAY
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BUMP STRING
POINTER

@ *
YES

INSERT SIGN

INDICATOR
INTO BCD
STRING

=

SET INDEX TO
LSB IN WHOLE
NUMBER
PORTION OF
BCD ARRAY

LOAD
ALL DIGITS

RETURN

DETERMINE
BCD EQUIV OF
SAVED ASCHI
DIGIT

-

INSERT INTO
BCD STRING




DECREMENT
BYTE INDICES
INTO WORK
ARRAY &
BCD STRING

.

RETURN

SET POINTER
TO FRACT PART
OF BCD ARRAY

v

SCAN ASCII
STRING FOR
DIGITS,
CAR RETN

CHAR =
CAR RETN
?




SET CHAR =
ASCII ZERO

DETERMINE
BCD EQUIV
OF CHAR

v

BUMP POINTER
‘W BCD RET
ARRAY FRACT
PART

¥

INSERT BCD
EQUIV

POINTER
GT 11




SET ERROR
FLAG

RETURN
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SUBROUTINE RLNBCD

The purpose of this routine is to convert a double precision number to packed

decimal format. The RLNASC routine is used to convert the number to a BCD string

and the BCD routine is used to convert the resultant BCD string to packed decimal.

"
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RLNBCD

ZERO ERROR
FLAG

YES SET ERROR
FLAG

RETURN

MAKE POSITIVE

&

NO

YES

&

NO

RLNASC

CONVERT FP #
TO BCD STRING

y

BCD

CONVERT TO
PACKED DEC

!

MOVE PACKED
DECSTR TO
RET ARRAY

RETURN
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SUBROUTINE RLNASC

The purpose of this routine is to convert a double precision number to the BCD
representation described in the description of the NUMBER subroutine. The BCD
string is generated by a series of divisions of the number by powers of 10 and subtrac-
tions of the quotient times the power of 10. Each quotient value, when converted to

integer, represents one of the digits of the BCD representation of the number.




RLNASC

MOVE RLN TO
WORK VAR

DIVIDE WORK
VAR BY POW 10

!

SAVE RESULT
IN BCD RETURN
ARRAY

T

UPDATE WORK
VAR WITH
WORK VAR

MINUS RESULT

TIMES DIVISOR

DO ALL
10 DIGITS
?

RETURN
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SUBROUTINE RLNBIN

The purpose of this routine is to determine the integer equivalent of a double
0
precisivn number. Division by 166, 164, 16 is used to generate integer quotients that
if concatenated as bytes would represent the double word integer equivalent of the double

precision number. The integer quotients are returned in a 4 element integer array.
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T

s g

ol e i

PUT RLN INTO
WORK VAR

DIVIDE FP #
BY POW OF 16

R

SAVE INTEGER
RESULT

!

SUBTRACT
RESULT TIMES
POWER OF 16
FROM WORK

DO 3
DIVIDES
?

YES

RETURN
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SUBROUTINE BCD

The purpose of this routine is to convert a BCD string to five packed decimal
bytes. The format of the BCD string is described with the description of the NUMBER 1
subroutine. A description of the packed decimal form is contained in the real-time

mode section.
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BCD

PACK
MILLIHERTZ
10/UNIT VAL

INTO INTEGER

!

PACK
MILLIHERTZ
100 AND HERTZ
UNIT

T

PACK HERTZ
100 AND
HERTZ 10

!

PACK KHERTZ
10 AND
KHERTZ UNIT

:

PACK SIGN,
MEGA, AND
KHERTZ 100

T

MOVE INT TO
BYTE ARRAY

RETURN
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SUBROUTINE ASCRLN |

The purpose of this routine is to perform BCD to double precision conversion.
The format of the BCD string passed is described in the description of the NUMBER
subroutine. A double precision number is determined by multiplying each BCD digit

by its corresponding power of 10 and adding to a running sum.




ASCRLN

ZERO DP FP
NUMBER

MULT BCD
DIGITBY ITS
POW OF 10

AND ADD TO
RUNNING SUM

NEGATE
RUNNING SUM

RETURN
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T TR T

REAL-TIME MODULE

The real-time module is responsible for loading the main program and reader
routine into RAM, performing the system parameter and pattern value table input from
PDP-11, and executing the real-time mode. The module is composed of a main program
that executes the real-time mode, a reader program that performs the input from the

PDP-11, and a loader program to load the main and reader programs.

Detailed descriptions of each program follow.
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REAL-TIME MAIN

This program is designed to output a random frequency to the Rockland synthesizer
in real-time. A cycle rate of approximately 2. 45 milliseconds has been obtained and is
maintained in software by delay loops when necessary. Since no internal hardware clock
accessible to software is present in the Intellec, this is the only feasible metﬁod of

maintaining a fairly uniform cycle rate.

The system parameter tables and pattern value tables for the HOP, MFSK, and
Noppler effects are obtained from the PDP-11 via a down line load process using the DL11
interface and Intellec serial input/outputs. The format of the system parameter table

is shown in Figure 8.

In order to simulate current time, the program maintains a counter that is updated
after each output to the Rockland frequency synthesizer. This counter is initialized to
zero at the start of the real-time run. There are also three counters for each of the three
effect types that are initialized in static mode and updated by their cycle rate each time
a corresponding effect pattern valuz is used in computing an output frequency for the
Rockland. During each cycle, all three effect counters are compared with the value of
the simulation counter. If the effect counter value is less than or equal to the simulation
counter value, than a value for that effect is used in computing the Rockland frequency.

When no effect types satisfy this requirement, only the base frequency is output.

Both the base frequency and pattern value tables are stored in packed decimal
form. The format of this storage is given in Figure 9. A running sum, also in
packed decimal form, is initialized at the beginning of each cycle period to that of the
base frequency. Effect values are added or subtracted from the current running sum value
using BCD arithmetic. The addition and subtraction routines used have been programmed
using straightline repctitive code to minimize the time required for these time consuming

operations. A delay loop is used with the addition routine to account for the longer time

required for the subtraction process.




ADR TYPE LENGTH

20 SIMULATION CURRENT CYCLE BINARY 3
23 BASE FREQUENCY PACKED DEC 5
28 RUNNING SUM PACKED DEC 5
2D SIMULATION STOP VALUE BINARY 3
30 HOP CURRENT CYCLE BINARY 3
33 RANDOM NUMBER INDICATOR (FF) BINARY 1
34 HOP RANDOM NUMBER MASK BINARY 1
35 HOP RANDOM NUMBER SEED BINARY 3
38 HOP PATTERN TABLE LOC BINARY 2
3A HOP CYCLE RATE BINARY 2
3C HOP STOP VALUE BINARY 3
3F MFSK CURRENT CYCLE BINARY 3
42 RANDOM NUMBER INDICATOR (FF) BINARY 1
43 MFSK RANDOM NUMBER MASK BINARY 1
14 MFSK RANDOM NUMBER SEED BINARY 3
47 MFSK PATTERN TABLE LOC BINARY 2
49 MFSK CYCLE RATE BINARY 2
4B MFSK STOP VALUE BINARY 3
4E DOP CURRENT CYCLE BINARY 3
52 DOP TABLE INDEX BINARY 2
55 NOT USED

58 DOP PATTERN TABLE LOC BINARY 2
5A DOP CYCLE RATE BINARY 2
5C DOP STOP VALUE BINARY 3

*All fields are in LSB to MSB order

Figure 8. System Parameter Table .
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Since the output format required by the Rockland, see Figure 10, is binary, not
packed decimal, a conversion of the running sum value is required before output to the
synthesizer can be performed. The conversion process uses a binary equivalent table
in tens/units, hundreds, and hundreds/tens denominations. For example, byte one of
the running sum containing the millihertz tens/units value is used as an index into the
tens/units tables. Stored at this location is the binary equivalent of the tens/units packed
decimal value specified in byte one. The millihertz hundreds value, stored in the lower
nibble of byte two of the running sum, is used as an index into the hundreds equivalent
table. Since two bytes are generally needed to store a value between 0 and 900, the
millihertz hundreds digit must be doubled to get the correct address of the two byte
binary equivalent. Similar processes must be performed for both hertz and kilohertz.
The conversion process, although time consuming and wasteful of memory, has been
found to be more economical than use of other addition/subtraction algorithms that gen~

erate a running sum more compatible with the Rockland output format.

The size of the HOP and MFSK tables is always a power of two up to a maximum of
128 for HOP and 64 for MFSK. The Doppler table size is always equal to 1024. Allowing
for a fixed five bytes per value, the HOP table may occupy 640 bytes, the MFSK table
320 bytes, and the Doppler table is always 5120 bytes. The starting location for each
table is not variable. HOP always begins at location 1A00 HEX, MFSK at location 1000
HEX, and Doppler at location 600 HEX.

Values are chosen from the HOP and MFSK tables using a pseudorandom number
generator for index selection. The random number generator used, a P-N sequence
based on a primitive polynomial of degree 24, will provide a series of three byte random
numbers that will not repeat for more than 1 hour. The actual table index chosen is
gotten by a masking operation on the LSB of the random number with a mask value one
less than table size. This technique produces a series of random numbers whose values
will range from zero to table size minus one that will be uniform and will repeat each

index with equal probability.
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PORT #
MILLIHERTZ LSB (BINARY) 8
MILLIHERTZ MSB (BINARY) 9
HERTZ LSB (BINARY) 10
HERTZ MSB (BINARY) 11
KILOHERTZ LSB (BINARY) 12
KILOHERTZ MSB (BINARY) 13
MEGAHERTZ 14

**Binary value of 0 output followed by binary value of 1, both to
PORT 15 signals output

Figure 10. Rockland Interface Format
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Values are chosen from the Doppler table using an index value that is merely
incremented after each selection. When the index value exceeds table size, the index

is reset to zero to begin another Doppler cycle.
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T

RTM

MOVE BASE
FREQ TO
RUNNING SUM

'

INITIALIZEH, L
TO ADR OF
EFFECT PARAM
TABLE

e

SAVE START
ADR GF THIS
EFFECT PARAM
LIST

T

COMPARE MSB
SIM CLOCK
WITH MSB
CURRENT

EVENT CLOCK

MsB

NO

\Ag

YES

Rl s £ o i oo

COMPARE NMSB
SIM CLOCK
WITH NMSB CUR
EVENT CLOCK

NO

YES °
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COMPARE LSB
SIM CLOCK
WITH LSB CUR

EVENT CLOCK

KILL .5 MS
SINCE THIS
EFFECT NOT
SCHEDULED

LOAD PAT
MASK THIS
EFFECT

¥

COMPARE PAT
MASK MSB
WITH FF HEX

INCREMENT
DOP INDEX
(= PAT MASK)

'

AND MSB DOP
INDEX WITH
03H TO
RECYCLE
AT 1024

amay

oy NP




STORE DOP
INDEX IN DOP
EFFECT PARAM
LIST

GET LSB, NLSB
OF RAND NUMB

!

‘

POINT CUR ADR
AT LSB OF
RAND #

DOUBLE LSB,
NLSB OF RAND
NUMBER

I

ADD MSB RN
TO MSB RN
WITH CARRY
FROM DOUB
ADD

CARRY
GENERATED
?

DO XOR ON
DOUBLED RN
WITH
8000 33 HEX

NO

STORE NEW
RAND # BACK
IN MEMORY

I

AND LSB RAND
NUMB WITH
EFFECT MASK
TO GET PAT
TAB INDEX




GET BASE ADR
OF PAT TABLE
FOR THIS
EFFECT TYPE

:

ADD INDEX 5
TIMES TO GET
NiSB ADR IN
PAT TABLE

v

ADD 0 TO MSB
OF PAT TO
EFFECT
CONDITION BITS

NO

YES v

DECREMENT
PAT ADR BY 4
TO GET
LSB ADR

v

ADD PAT LSB
TO RUN SUM
LS8

v

DECIMAL
ADJUST
RESULT

;

STORE NEW
RUNNING
SUM LSB

L

ADD PAT NLSB
TO SUM NLSB

)

DECIMAL
ADJUST
RESULT

'

STORE NEW
NLSB OF SUM

!

ADD PAT
NNLSB TO
SUM NNLSB

DECIMAL
ADJUST
RESULT

STORE NEW
NNLSB OF SUM

ADD PAT
NMSB TO
SUM NMSB

DECIMAL
ADJUST
RESULT

Y

@




STORE NEW
NMSB OF SUM

AND MSB OF
PAT WITH 7F
HEX TO
ELIMINATE
SIGN BIT

!

|

ADD PAT MSB
TO SUM MSB

REGISTER SAVE
MSB OF PAT
WITHOUT
SIGN BIT

y

,

DECIMAL
ADJUST
RESULT

DECREMENT
MSB ADR BY 4
TO GET PAT
LSB ADR

v

}

STORE NEW
MSB OF SUM

SET CARRY TO
INDICATE NO
BORROW

R

v

KILLS MS FOR
TIME DIFF IN
ADD/SUBTRACT

GET 99'S COMP
OF PAT LSB

!

ADD SUM LSB
TO 99 COMP

!

DECIMAL
ADJUST
THE RESULT

!

STORE NEW
SUM LSB

v Ay
Bkl he et

L

i.
e

L




ADD THE
CARRY TO 99H

!

SUB PAT NLSB
TO GET 99
OR 100
COMPLIMENT

!

ADD SUM NLSB

R
v

DECIMAL
ADJUST
RESULT

'

STORE NEW
NNLSB OF SUM

!

ADD CARRY
TO 99H

TO RESULT
1 SUB PAT NMSB
TO GET 99
OR 100
DECIMAL
ADIUST COMPLIMENT
RESULT 1
ADD SUM NMSB
TO RESULT
STORE NEW
NLSB OF SUM
T DECIMAL
ADJUST
ADD CARRY RESULT
TO 99H
I STORE NEW
SUB PAT NNLSB NMSB OF SUM
TO GET 99
OR 100
COMPLIMENT 1
ADD CARRY
ADD SUM TO 99H
NNLSB TO
RESULT
F9
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T -

SUBTRACT MSB
OF PAT
(WITHOUT SIGN)
TO GET 99 OR
100 COMP

v

ADD SUM MSB
TO RESULT

!

DECIMAL
ADJUST
RESULT

'

STORE NEW
MSB OF SUM

PUT CYCLE
RATE THIS
EFFECTINB,C

'

ADD CYCLE
RATE TO CUR
EVENT CLOCK

LSB, NLSB

v

ADD OWITH
CARRY TO MSB
CUR EVENT
CLOCK

STORE NEW
VAL OF CUR
EVENT CLOCK

'

GET MSB OF
EFFECT STOP
CLOCK

'

COMPARE MSB
STOP CLOCK
WITH MSB CUR
EVENT CLOCK

YES

GET NMSB OF
STOP CLOCK

!

COMPARE WITH
NMSB CUR
EVENT CLOCK

" @
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GET LSB STOP
CLOCK

!

COMPARE WITH
LSB CUR EVENT

CLOCK
G12 }———
SET CUR EVENT
YES CLOCK FOR
THIS EFFECT
TO ‘FFEFFF’
NO
G13
DETERMINE
START
ADDRESS OF

NEXT EFFECT

Y

COMPARE WITH
5E HEX
(TABLE END)




GET LSB OF
RUN SUM
(MIL 10/UNIT
VAL)

i

'

ADD TO MiL
10/UNIT BIN
EQUIV

USE VAL OF
LSB AS INDEX
INTO TABLE TO
GET BIN EQUIV

!

!

COMPLIMENT
HIGH BYTE VAL
OF BIN EQUIV

SAVE BIN
EQUIV OF MIL
10/UNIT VAL

OUTPUT VIA
PORT 9 HIGH
BYTE OF MIL
BIN EQUIV

r

!

GET NLSB OF
SUM (HERTZ
UNIT/MIL100)

}

COMPLIMENT
LOWBYTE VAL
OF MIL BIN
EQUIV

SAVE NLSB
FOR HERTZ
CONVERSION

y

OUTPUT VIA
PORT 8 LOW
BYTE OF MIL
BIN EQUIV

}

MASK OFF
HERTZ UNITS
VAL FROM
NLSB

v

¢

RESTORE NLSB
OF SUM FROM
SAVE REG

DOUBLE
RESULT TO GET
INDEX INTO
2BYTE/ENTRY
100 TABLE

v

SHIFT HERTZ
UNIT BITS INTO
LOW 4 BITS

-

LOAD 2BYTES
OF MIL 100
BIN EQUIV

B!

SAVE HERTZ
UNITS VAL

fanis
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LOAD NNLSB
OF SUM—HERTZ
100/10 VAL

¢

DOUBLE HERTZ
BCD 100/10 VAL
TO GET BIN
EQUIV INDEX

!

LOAD 2BYTE

BIN EQUIV OF

HERTZ 100/10
BCD VAL

!

ADD UNITS VAL
TO GET BIN
EQUIV OF

HERTZ BCD VAL

Y

COMPLIMENT
HIGH BYTE VAL

!

OUTPUT HIGH
BYTE VAL VIA
PORT 11

¢

COMPLIMENT
LOWBYTE VAL

!

OUTPUT LOW
BYTE VAL VIA
PORT 10
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LOAD NMSB OF
SUM--KHERTZ
10/UNIT BCD
VAL

Y

USE 10/UNIT
VAL FOR
INDEX INTO
TENS BIN
EQUIV TABLE

!

SAVE BIN

EQUIV OF
HERTZ BCD
10/UNIT VAL

!

LOAD MSB OF
SUM-MEGA
VAL/KHERTZ
100

!

SAVE FOR
MEGA
CONVERSION

1

MASK OFF
MEGA BITS

,

DOUBLE TO
GET INDEX

INTO 100 BIN
EQUIV TABLE




mr

Nv.

LOAD 2BYTE

BIN EQUIV OF

KHERTZ BCD
100 VAL

v

'

COMPLIMENT
MEGA BYTE

'

ADD BIN
EQUIV OF
10/UNITS

v

OUTPUT MEGA
HERTZ VIA
PORT 14

COMPLIMENT
HIGH BYTE
VAL

!

SEND 0 LOAD
PULSE VIA
PORT 15

v

OUTPUT HIGH
BYTE VAL VIA
PORT 13

!

SEND 1 LOAD
PULSE VIA
PORT 15

v

COMPLIMENT
LOW BYTE VAL

R

'

LOAD LSB,
NLSB OF
SIM CLOCK

-

OUTPUT LOW
BYTE VAL VIA
PORT 12

1

BUMP LSB,
NLSB

RESTORE MSB
OF SUM

!

ADD CARRY
TO MSB OF
SIM CLOCK

Y

SHIFT HIGH 4
MEGA BITS
INTO LOW

4 BITS




STORE NEW
SIM CLOCK
VAL

v

GET MSB OF
SIM STOP
CLOCK

!

COMPARE WITH
MSB OF SIM
CLOCK

YES

NO

GET NMSB OF
SIM STOP
CLOCK

-

COMPARE WITH
NMSB OF SIM
CLOCK

NO

YES

GET LSB OF
SIM STOP
CLOCK

Rl

COMPARE WITH
LSB OF SIM
CLOCK

NO

g
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sanxxs  KBAD MICROP2OCESSOR SYSYEM REsL TIME PROGRAM

Ve 0 %o B0 e %0 e %o W0 e %0 %0 B T Ve B Ve B0 %o WO %o Ve B0 B W0 W N N0 e % Be B

THE FURPOSE OF THIS PROGRAM 1S TO CQUTFUT A RANDOM
FREQUENCY TO THE DNOCKLAND SYNTHESIZER IN REAL
TIME. THE FREQUENCY OUTPUT 1S FORMED BY ADDITION
OF HOP,MFSK, £ND DOPPLER VALUES TO A BASE FREQ.

A FRECUENCY IS GUTXUT EVZIRY 2.45 MLS. THREE
COUNTERS(CNE FOR LEACH EFFZCT) ARE MAINTAINED

£3D CHECHED EACH CQUTIUT CYCLE TO DETERMINE IF ITS
CORRESFONDING VALUL SHOULD BE ADDED TO A FUNNING
SUMe IF THT EFFECT COUNTZR 1S LESS THsAN OR CGQUAL
TO THE VALUE OF THE MASTLR SIMULATION COUNTER
THIN A VALUZ 1S CHOS'™™ &'/D ADDED TO THE TUNNING
SUM. IF NO EFFECTS SAT!SFY TIHIS REQUIREMENT, THAN
ONLY THE DASE FRZCUENCY IS OUTFUT. 1IN £ANY CASE EA
EFFECT™ COUNTZR 1D THT MASTER COUNTER ARE UPDATED
EACH OUTPUT PSRIODe THE EFFECT CCUNTERS ARE UPDAT
BY A FREDEFINED V/LUE THAT 1S ILFPUT BY THE USER.
MASTER COUNTER IS ALWAYS INCREMFNTED BY ONE EACH
OUTPUT PERICDe

DOPPLER VALUZS ARE CHOSZ! CN THE BASIS OF 4N INDE
VALUE THAT IS IINCHIIIENTED BY CONE 4FTER EACH SELe
ECTIO! £2ID RECYCLLD 4T 124 KHOP 1D MFSK VALUES
ARE CHOSLY Cl TiIEZ BRASIS OF ¢N IUDEX DZTEIMINED

BY TH‘ OUTFUT OF A R/IDJ NUMBER CGHNERATOR.

ALL EFFECT V/LUES ARE STORID I PCKED DICUMAL
FOFM, MNLS3 TC tiS3e SYSTEM PARAMETER V/LUES ARE
LIKEWISE STORED 1 LSB TO IMSB OXDER LJIT ARZ ALL I
BINARY WITH THE EXECEPTION OF BASE FEZ@ AND RUNNI
SuM.

BOTH SYSTEM PARAMETER AND EFFECT VALUES ARE INPUT
FROM THE PDP-11l.

Rl ?":&"~I"t“
PERENT FULLY
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GOPY INLASLE TO 1O EOES HOT
ST FlLY LELELE 00

J*¢xs SYSTEM TABLES~DATA AREA DEFINITIONS

T_—

i}
ecas ORG 2#H
0029 SiMs DS 3 3SIMULATION CLOCK
8023 BFREAQs DS 5 3BASE FREQ
o028 SFREQ: DS s JRUNMING SUM
802D STOP: DS 3 3STOP CLOCK FOR SIMULATION
3
3
SYSTBs
0030 DS 3 3HOP CUR EVENT CLOCK
©333 DS 2 3HOP PATTEIN MaSK
80635 DS 3 3HOP RAND MNUMB SEED
8038 DS 2 SHOP PAT ADRC1A0Y)
g03A DS 2 3:0P CYCLE 240E
¢a3C DS 3 3HOP STOP TINE
3
Ba3F DS 3 3MFSK CUR FUENT CLOCK
gca2 DS 2 SNFSY PAT 1aSK
coas DS 3 $MHSK BD U8 SEED
0047 DS 2 SUFSX PAT ALRCIDSM
gca9 DS 2 JI2HSK CYCLD RATE
¢043 DS 3 3MXSK STOP TINE
3
CCAE DS 3 310P CUR LV7IT CLOCK
i cus ) DS 2 $LAP FAT 11I93X
i 0653 DS 3 SNOT UESD 7OR DOP
00ss DS 2 FL0P2 PAT LOCATISNCESD)
0338 DS 2 3TOP CYCLE DRATE
0I5A DS 3 3DOP STO? 712
€C3D EllbaDs DS 1
OC3E Sis DS 2
0e93 TE ELN 03 INICH BT ADR CF 10O/UNIT Bill Ta3
ccoa HUN ESU (o] 3UIGH LYia &0} OF 158/18 BIN TALL
s :
3
Jxxes  ESTADLISH RULINIING SUM=STTUP LDDRTSSES ETC
3
00670 ©12320 STZPIs LY D, BFRIQ SLOSD £2R GF TASE FTINQ
go6s 2123¢C8 Lt 9, P REQ JLOAD ADR OF RULMNINS SUu
ulod 1004 v Drd
TUG8 CA tIves LUK B
.52 17 oV 1,4 $MOVE RAST INTE TO SUM
C..58 0C LR c FLOT BoRT £ e
fosp g 1R L 5 ADR WOKT | BETE
(.5C 15 DCP D
#753D FL6300 JP LiVE $UOVE SI0TER BYTE 2
0670 213560 LX1 Hs STSTB $ETHUT £ OF SVS TATL i




IE 1D 038 1775 10T

3
srftxx DETEPMIME IF THIS EFFECT WILL BS IMCLUDED
H
2073 SA STEPI: MOV D,H
0474 SD MOV E.L
6375 225ECD SHLD SAV 3SAVE START ADR OF TH1S EFFECT
6078 2C INR L 3 ADR NS5B CYR LvruT
8o79 2C INR L PADR 1S3 CuR EVEIT
607A ©12202 LX1 B, SIM+2 32R 1153 07 SIM CLOCK
©07D 0a LDAX B 3L04D 1S3 5IM CLOCK
CO7E EE cup L | 3CCHPARNE WITH NMSB CUR EVENT CLOCK
687F C28DCO N2 CTME
gGc2 eD DCR Cc 3ADN MMSB SIN CLCCK
0C33 2D DCR L 3ATR LIS CUR CLICK
¢ci8a 0A LDaX B 3LOAD 12513 S CLCCH
6083 D CiiP M $CONPARE WITH 1455 CUR EVENT CLOC
0536 C=8raa JNZ CTME
CC39 0D DCR C 5£DR LSB OF St CLOCK
cEcAa &0 DCR L 3L LS QUR LUIIT CLOCK
ec.B oA LDAX B 3LOAD L3D Sitl CLOCK
0£3C E= citp M JCCLpPANE WITH LS3 CUR LVXNT CLOCK
008D D29909 CTMEs JlC STEP2 M0 CLL=SFM GT = CUR EVENT
’

3edxx  THIS EFFDCT NOT INCLUDID-¥ILL TIME TAK™ 1F EFFEC
Jxxex  VUAS INCLUDID

3

J090 3E3C Ve As 60

escs2 3o NO3 DCR A

93 F23200 J?P NO

8096 C3n901 JuP 0K 3NOV CHECK IF THIS WAS LAST EFFEC
3

Jeess DETERMINE IF COPCLER EFFECT-IF YES CET DOPPLER IN
Sex%xx OTILLVISE GO GIUERATE BsuDIM 6 FOR IUDEX Val

3
2699 EB STEP2t XCIG 3STALT TEIS EFFNCT VAS 1IN DLE
eroa 2C IR L 34"3'? 1S CUR Y T
eceB 2C I1I'R L o 183 CUR EV.OIT
cl9C 2¢C IR L 3L LSD PAT MASH
EL9D 4E 1OV C,.M )LO!) LS3 o7 1iasy
ers= 2¢ MR L 2R AN BAT MASY
@G9F 44 ¥ov BR,M FLODLD MSB PAT HMAZM
oCAD 718 oV H> B
€2n) ETFF Xt CoFit 3CTITCH FOL DOD EFFSCT=20T FFH
AGA2 Cnht2ea JZ STLP3 07 FFH TIo8 GET ROIOCH ¢ 1NDEX
]
Ss¢sx CET DOPLER INDIX £'!D UPDATE
coné 03 X C SREXT DOP INDUX =
COAT 18 1oV Lo B P
eAns K63 £33 (A FRECYCLYE DOD WHEY IT HITS €24 X
eiLns 77 eV lie b 3STOLE LEY iS58 HOP INDEX
C3r3 SO Den (% $2R LAB L0¥ LIREX
gose 14 MoV i.C FETQIS LB o FlibNee
G6ory 2C 1R L Jo o Nt O PIP IVE
CLsx 2¢ mn 1. 2802 BF LS GF SLLP
QAAS CONArA e CmeaeN A @ Vinwe e Thass e ALE p ovesey
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seryY AYAILASIF 10 Bie pore gt

;

PRRRIT FULLY LEGIMLE paoL s

i o
1 hol.t E ivug L4 'V‘;.f:'e
]
3axss  RANDOM ¢ INDEX GENERATION FOR HOP AND MFSK
 §
2682 2C STEP3s INR L 3ADR OF 1.S8 OF SEED
€¢C33 SE 1oV EoM 3L0AD SEZEED LSB
ocB4 2C INR L 3,007 LNLLU3 SETD
po3S S6 1MoV D, 3LO2D L.;i5B OF STED
gUo6 2C {NR L 3ADR MSB OF SEED
6537 72 1oV oM
67z8 EB XCHG 3ADR TO D,E-VaL TO MoL
eonY 29 DAD H 3DCUPLE LS ¢'ID NLSB
@6CA 8F anc A SDCULLE 1153 W17 C/A3RY FROM DAD
@CR3 EB XCHG IVSL TO DaZ=null DACK TO HLL
3 $8C3C D2CAOS JNC STORE 30 CAL0Y TS N0 XOR NEEDED
0O3F CEY0 Xitl 6IH us3 nt‘.l
ecCl a7 13[s)V BsA 3S.JE 1'SB 1 B
GoC2 AF XRA A LS5 UTASK=8
1 LC3 nA XRa D 31SB XoR
e0C4 S7 150V DA 3S°J3 11%B IN D
00CS 3£33 Ve A 33H LS 1iS5K
CCST A3 XRA E JLSD Hox
€cCC8 SF oV E,A IS/VE LS3 I E
occ9 178 Hov A B 31438 BaCK TO0 A
3
3exex STORE OFF NEV RAIDOYM NUNMBER
3
occa 77 STCREs 10V Mo A 3SAVE 1SB
€Ce3 & CCR L
0ccC 72 tiov 11,D SHEV 1141SB
0.00 2 DCR L 3
0ccCE 73 1oV M,E JNEV LSB
3
J#&xw GET INLCEX FROM LSB CF R:/ADOM # USILNG MASK FLOM TH
3
GCCF 7B 1oV HE LSS STILL IN E
¢ooa ai Zida [ $MASK WAS N € FR0M STEP 2
CCD1 4F HOV CsaA JSETUP B,C ViTil RIDEX
pen2 AF XA A JHIGH DL VAL IS ZEROD
cen3 a7 ©oU By
3
$uadk  COT EYTI LOC OF FRTA AY NULT OF INDX &Y 5 /21D AD
gk T0 TiHE DASL ADRISS OF TIHE DOOTICULAA rn;r..- T&BL
H
ccoa 2C STTP4r LUR L 3LTR OF 153 OF SEED
€n.05 2C 1R JATR OF L2 OF SETD
culo 2 i L JABR OF LSO PAT LGG
¢ed1 % 110V Tt JLSD OF Pod 3458 £OR
ch3 20 'R 1. $LOR QOF NGT3 OF £hAR
r.ne L6 .oV Dyl 38D OF &S DASE ADR
.03 3 rOHSG IRSE 2R A0 Pal=tJR ADR TO DLE
€233 €9 2LD B LD 1HDERS 8§ TS T0 GET aG1 208
€LDC Y I...D J
€D £9 D.AD B
Coed o> FoPe o S Bivst W & tiswt SWOW B3 4Dl

T — —— e ———————




3xx%x% RBCD ADDITION ROUTINE-SUM+PATTERN

3
@CEC C3¢891 JMP CONT 3JUMP OVER MONITOR STACK AREACFB-
Jok] ORG 16e:
CONTs
e10a 'reog MVI E,SFREQ SADR OF RUNNING SUM
8102 7€ MOV AM JLOAD MSB OF PATTE™N
@183 c6Co aDl ] BAFFECT SICN COJDITION
01CS FA3101 JM DSUB 3S1C! BIT SET-HAVE NEG FREQ
01C3 23 pcx H 3GET LSS OF PATTERN
0139 2B DCX H
810a 20 DCX H
010D 2B pex K
Sexex (DDITION OF LSB DYTES
e16Cc 1A LDAX D 3L0AD LSS OF SUd
010D 8E ADC M $ADD LS3 OF PAT TO IT
e1ce 27 DaA 3BCD ADJUST :
@10F 12 STaX D 3STCRI NLW LSB OF SUM
k%% NLS3 ADDITION .
o110 13 X D 3ADR OF NLSB OF SUM ﬁ
o1t 23 tx H JALR NLSB OF PAT !
g112 1A LDAX D 3L0.D HLS3 OF Sud |
0113 €2 ADC M 3ADD TO 1Y PAT WLSB |
e11a 27 DaA 3DCH ADJUST |
8115 12 STHX D 3STCRE NIV NLSB OF SUM
sesxx  NILSB ADDITICN
2116 13 1K D 3ADR NNLSB LYTE
€117 23 INX H 34U 1L.SB OF PAT
6113 1A LDAX D 3LOAD 1LILSB
o119 8= ADC N 3AUD 11 1ILSB OF PAT
elln 27 DaA 3ECD ADJUST
o118 12 STAX D 3STONRE NEW KNLSB OF SUM
sex%x 17UILSB ADDITICH
c11Cc 13 1% D $ADR OF KIINLSB OF SUM
011D 23 INX H 3ADR OF 1:INLS3 OF PAT
G11E 1A LDaAX D SLOSD Ui LSE OF SUM ;
CIIF €2 £0C ] $£DD TG AT ;
8120 27 DA SECD ADJUST
€121 12 STax D $ST0RT NEV NNLSD OF SuM
Jeaex  NSD ADDITION
122 13 1x D 3ADR O SUM NYTS _
8123 23 X H 3ADR OF TAT NVTE |
clz4 1A LDAX D PLOZD U INWE & |
0125 8C £0C M 3.5 TO PAT b |
0126 27 Dan BECD LANJSUST > |
2127 12 STAX D SNEU nLSD OF suUM ‘i
;tttt RILL TINE FOR CIFFERDNCE IB 4D SUS nouTinEs il
’ !
@128 3°C6 MV f6 -~
0124 3D CCR A 2 %
€143 F2on0) Jr t-1 D i
@12 C37u3l JMp STEPS faaf}’ Aviran, . :
~ . ¢ -3




3*ss* BCD SUBTRACTION ROUTINE
3
DSUB:s
0131 E67F AL 27FH 3GZT RID OF SICN BIT FROM PAT
E @133 aF MOV C,A 3SAVE MSB OF PAT
9134 2B DCX H 3GET ADR OF LS3 OF PAT
0135 23 pCX H
¥ 6136 28 DCX H
3 2137 28 DCX 9 3LSB ADR IN H,L
3 Ju=assx  LS3 SUBTRACTION
4 8133 €599 MVI 8,961  USSD 1IN CETTING 99 OR 108 COMPL
3 0134 37 STC 31UDICATE 1O CORROW
i 6133 78 1oV A B
] 013C <03 £01 2 3SETUP FOR ©9 OR 100 CCMP
1 @13E 96 Su3 M 399 OR 177 COP OF PAT
' 013F L3 %CiHG 3PAT D% TGO T,T-SUl ADR TO H,L
0140 €6 £DD M 340D SUM TG LISULT
clal 27 DAA 3DCD ADJUST RISULT
0142 E3 XCl 3SU A0 TO D,Z-PAT ADR TO HoLL
0143 12 STaxX D NEVW LS3 SUM DYTE
Jexxx NLS3 SUBTRACTICH
p1aa 13 INX D 34DR BLSB OF PAT
8145 23 X H 3(DR OF NLES OF PAT
6125 73 1OV A B 3001 TO A
; 0147 CZC: ACt 8 3STTUD FOR ¢2 CR 109 COMPL
0149 96 sUs M 399 OR 150 CIP OF PAT
C12A €3 XCHG 3PAT £DA TC D,I-SUM ADR TO HLL
@148 86 ADD ¥ 3ADD SUI TO RISULT
G12C 2 DAA 3DCD ¢DJUST
: 314D E3 XCHG 36U 222 10 D,TePAT TO H,L
14 12 STax D SNV NLED OF SUM
: 3xx%%x !IILSB SUBTRACTICY ]
g1ar 13 NX D $70R OF 1'YLSD OF Sut
0150 23 X K 3LDOR OF INNLSn OF PAT
6151 78 1oV B 3LOAD A VIT:! 991
G152 CZisg £T1 o}
Bi154 95 sUB M 399 OR $£7 CCHP OF PaT
0135 ES XCH6 3PAT (DR Y0 D,C-SUM ADR TO H,L
0156 €6 DD ¥ 40D SUM IITE
E 8157 27 DAA JECD £DIUST
. 6158 EB XCHG BSUNL L0 TH D,E-PAT ADR TO H,L e
0159 12 SToX D SJNEVW NRLSD CF Sun | 4
pasaa  UUST SURTRACTION o
o158 13 1% n 3ADR OF 5SUii 17ISB |
¢ 8153 23 IuX H 3ADR OF PAT !11SB ]
£)5¢C 78 1oV A B SLOAD A V17 99H ]
635D €CSC aC1 o 3
Cl15F 96 SUB 1 399 GR 1CC CCuF, OF PAT
€162 £S xCuG IPAT AR TC Dal-5U2 ALR TO MoL ;
0153 5 DD M $ADD SU 1MSH TO EESULT ]
Live ¢ Va8 Fan e A X
Q53 €8 b AAPRET] F ! G st el P AW Lie e
Gisa 12 STR% D INEN LMSB L7 SUN




e

016S
0166
0167
9168
e16A
o168
pl6cC
016D
0J6E
O16F

8170
8173
0i74
0175
0177
0178
8179
0i7a
8175
817C
817D
617E
017F
8130
01C1
9182
2183
#6184
9185
0136
@167
0138
0189
gica
@13B

ei1ec
BISE
QISF
o190
€191
0192
195
@176
cte7
kel
oy

LG A
e -
9:80

COPY AVAMATIE T 778 ROLS AT

L a2 ] . 3
FLhiddl ruULll]l Liuiuil Vil .'-.i'Jii\iﬂ
Jeses MSB SUBTRACTION
13 INX D $#DR MSB OF SUM
23 INxX H 3ADR MSB OF PAT
78 MOV AB 3LOAD A VITH 99H
CED® ACl "]
91 SUB Cc 3PAT MSB WITHOUT SIGN SAVED IN C
EB XCHG 3PAT £DR TO D,E-SUi4 ADR TO H,L
86 ADD M 3#DD 1IN SUNM BYTE
27 DaA 3BCD ADJUST
EB XCHG 3SUM ADR TO D,E=-PAT ADR TO H,L
12 STaX D SNEV }MSB OF SuUM
3
3sessr UPDATE CURRENT EVENT CLOCK WITH CYCLE VALUE
3
2ASEQ0 STEPSs LHLD sav JPUT ADR OF START TH1S EFFECT IN
SS MOV D,L 3S(VE LOV (DR IN D
)’} MOV AL 3
cé0a AD1 10 3ADDING 8 GETS £DR OF CYCLE RATE
6F MOV LsA 3POINT H,L 4T CYCLZ RATE
4g MOV C,M 3LOAD LSB GF CYCLT RATE
2C INR L 3¢DR CF M33 OF CYCLE nat
46 MoV B.M JLOAD B VU1l%H MNMSB OF CYCLE RATE
6A MOV L,D SPOINT HLoL AT CUILLTNT CVENT CLOCK
SE MOV E,M 3LOAD LSB O0F CUR LVINT
2C INR L JADR OF N33 OF CUR CLOCK
56 MOV D,M JLOAD NMSB QOF CUR EVSNT CLOCK
ec INR L 3£DR OF MS3 OF CUR EVENT
LF XRA A 3ZERD A
LB XCHG JADR TO D, r=LS3,N!iSB OF CUR EV TO
co DAD B SUPFDATE LS 3D t:4SB OF CUR EVENT
EB XCHG 3ADR 1iSB TO H,L-V:/L T0 D,E
CE HADC M S$NADD C+NMSB QIR EVIIT+CARRY
17 MOV M,A JUPDATE 1S} OF CUR EVENT CLOCK
2D DCR L 3ADR INSB OF CUR EVINT
72 MOV M, D SUIDATE 1S3 CUR EVINT
< DCR L 34D OF L33
73 HMov MLE SUSDATE LSS CUR EVENT CLOCK
a7 ®Bov B, A 3S/VE MSB CUR BVERT
4D MOV CsL 3S/JE ADR 1.5 CUR KUTNT
3
$&ste  COUIPARE STOP CLCCK WITIHH CUTNT EVINT CLOCK-IF TI
$eesax TO EID THIS EFFLCT SCT CUL T LVEIT CLOCK TO MaxX
8 !
JEOCE MV1 A 18 JOFFSET TO UFFECT STOP
334 £DD L 3L 1178 ST/UT TUIS LFFLCT
€F | ANY LA 3POLIT Mol £.f EFECE STOXMSB
18 oV A B JuS LUK GLOCUK Saviy 1IN B
£ CiP o4 3CCUPLRE 1o CUR TO STOP
CZ29ED1 Jie CLC
7B 1oV M E 3E HAS N4ED OF CUR EvEnT
oD DCR L JLTR 1ISD o STOP CLOCK
h CHupP 14} 3CC.IPLNG 1,28 CUR TO §TOP
roaoemy K L
i il e o Rl s o B 40 1ol I SR i 0 P B
a2 PRI i 3£7 0 LTS O SBCs Ll
Tl Cur Qs CU T STOP
A v ' ( e

3 JLOti s L.
’ v 4 P

LT SFQ




sxxxa» SET CUR EVFNT CLOCK FOR TH1S EFFECT TO MAX

‘ 1Al 69 MOV Lol 3ADR LSB CUR EVENT CLOCK TO L
] @1A2 3EFF MV A, OFFH
; p1a4 77 MOV M, A 3MAY. LSB BYTE
] @145 2C INR L 3ADR 11SB CUR EVENT
k 6106 77 MOV M,A 3MAX NUSB
91A7 2C INR L ADR MSD OF CUR EVENT
] 81a8 77 MOV M, A 3MAX MSD
)
d sexxx CHECK FOR MORE EFFECTS
3
8149 3ASEGY  OKs LDA SEH 3L0.D LOW BYTS CF START ADR TH1S
01AC C5HOF AD1 15 3G=T ADR OF START MNTXT EFFECT
G14E FESD CF1 SDH 35DH 1S OUT OF EFFECT TABLE
% 018G 6F MOV L,a
G181 €273¢C6 JINZ STEPI SNOT EQUAL TO 5DH THAN HAVE ANOTH
3

J*¢xe HAVE COUISIDSRED ALL THREED EFFECTS-CCUVERT VALUE 1
sxxex TO BINARY TW) LEYTE FOF4 OF IITELL

@1Ba 112300 LXI D, SFREQ 34DR OF LSD OF SuM
ein7 1a LDAX D JLOLD LSB €& SUK
9108 2603 MVI H,TEN  34DR OF To03/UIT CONVERSION TaAB -
@1BA 6F MOV L,A 3V,L OF MILL 1O/UNIT Vel IS IIDEX f
G1EB 4T | 5{s)Y) C,!t 3SsVE BLY LCUIV OF MILL 12/0511TS E
@1DC 1C INR E 3ADR OF NLEJ OF SUY
@1BD 1A LD2X D 3LOAD HEATZ UNIT/MILLT 1€0 BYTE
@JBE 47 MOV B,A 3SCJE BLS3
@1BF EG60F N1 OFH IMASK OFF ¥ oRTZ UNITS VAL
9iC1 G7 RLC JLOUCLE 107 valL, TO CLT TS OFFSET
P1C2 C69aA avl 154 3¢rDD I8 EALZ OF 100 0N T:YLE 3
01CA 6F MOV LA JPOLNT HL,L T 100 LIN ECULIV :
01C5 SE Hov E,M 3LO4D LOV L¢TE OF IiILl 105 BIN EQ
01C6 23 mx H
#1C? S6 MoV D,M 3HICH VAL ©F MILLI 103 PIN EQUIV
01C8 69 MOV L,C SLOAD MILLZ I0/ZUULITS ViL
BICO 2506 Vi K, G
ei1CB 19 DD 1] SMILLI Diid LCUIV IN HoL

ses¢sx NILLIHERTZ OUTIUT

s
01cc 17c MOV AR 3HICH LYTE VAL
01CD 2oF ("]
31CE D2C ou? 9 SOUTHFUT 1110 BYTS VAL .

]h"i 7:‘\ n(_“_) A,L Lo 1OV O \i_v’!_, 3

eInt oF cMa £
81D2 D308 ouT 8 JOUTPUT LOV LYTE V4L -

_ ‘ GOPY AVA'LATE TO n"-f‘ MFS ROT

IPEREIT FUELY LECIPLE PROTICTION

[ -
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3ssesx HERTZ CONVERSION

g giba 78 MOV AsB JNLS® OF SUM SAYED IN B

- @10s 1Ir RAR 3SHIFT HIGH 4 BITS TO LOW & BITS
3 @1ps IF nan
’ 91D7 iF R&R
; o108 IF RAR
; 21D9 E60F aNT OFH SMASK OUT HIGH 4 BITS
‘ @1DB AF MOV C.A 3SEJE KHERTZ UNITS VoL
i 81DC 112A00 LX1 D, SFRZQe¢2 3ADR OF HERTZ 163710 BYTE
k @IDF 1A LDaxX D 3LOAD HERTZ BCD 10G/10 BYTE
GIED 6F MOV L,A
@lE]l 2569 MVI H, 0
B1E3 29 DAD H 3DOUILE 100/10 VAL TO GET BIN TAB
OiCa 110004 LX1 D,CAG6H  3/DR OF 1CO/ 10 BIN ECUIV TAULE
G1E7 19 DAD D 3ACTUAL ADR! OF KENYZ 100710 BIN V
G)E8 SE MOV E,M 3L0SD LOV DIN ECUIV
8I1E9 23 INX H 3ADR OF HICH EIN EQUIV
BI1EA 5§ MOV D, 3LOAD HICH DIN.AY EQUIV
O1EB 69 MOV L,C 3LOAD HERTZ UNITS
O1EC 2600 MV H.e i
@1EE 19 DAD SHERTZ BIN EQUIV IN H,L 1
sssss HERTZ OUTPUT
3
‘ @1EF 7C MoV ot SHIGH BYTE VaL
g @1F0 2F Cl1A
} @iF1 D30B ouT 1 3OUTFUT HICH BYTE VAL
? @iF3 7D MOV AL 3LOV BYTE VaL
i 61F4 2F CMA
| GIFS D30A ouT 10 3O0UTPUT LOVY BYTE VAL
' 3**ss KILLIHERTZ CCNVERSION
3
, 01F7 112B03 Lxt D, SFREQ+3 $ADR OF MMSB OF SUM
| GIFA 1A LDAX D 3LOSD KIUERTZ 10/UN1T 1CD BYTE
@IFB 2603 MV1 H,TEN  3ADR THH/UIT BIN EQUIV TABLE
b _ @1FD 6F MOV L,A 30CD 1U/UIT VAL IS TAZLE IHDEX
§ OITE 4t MOV c,M 3SOVE B1I COUIV tu (¥
B @IFF 1IC 18R E 3L£DR GF 1S OF SW
3 62Cco6 1A LDax D SLOLD KHILTZ 100 ,nnsn BYTE
6201 a7 MOV BsA 3S(JE FOR !'Z6A CQilVCRSIGH
82602 E6CF Al CFH SMASK OF¥ 1I7GA BITS
! 0264 67 RLC 3DCUTLE TU CLT 1{0 TAB INDEX
3 8205 C6%9A #D1 154 3ADD TASLE BASE
0207 6F MOV L,A
g2u8 SZ MGV E.M 3LOV DIN ECUIV OF KHERTZ 180
3 0209 23 INX H
: 029A 56 Mov D,M JHIGH BIN TeU1V
DECD 65 #HoV L,C 3LCis i1S/LHITS DIk coUaY
GeCC 2608 HAA | 1, G
B2¢E 19 DAD D SKHERTZ Bl EQUIV
e ' RN RANroe pn
cn?Y AEA 1“ {.0.'~ et .'.\-' ; 3 I»JT
|4

PER ”- F “. LL!:illuL il&U-u‘.;.i’;&;'
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e2ar
g219
g2l
@213
8214
e21s

8217
8218
9219
e21Aa
021B
g21C
621E
821F

8221
0223
2225
8227

022%
p22C
€22p
822E
022F
9239
9231
p232
0235
€236
0237
0238
6239
g23a
0238
923C

SOUTPUT HIGH BYTE VAL
JLOAD LOW BYTE VAL

3CUTPUT LOW BYTE VaL

MEGA HERTZ CONVERSICN &iID GUTPUT

JMEGA EYTE SAVED IN B
3SHIFT TO LOVW 4 BITS

JMASK OFF HIGH 4 BITS
30UTPUT MECA HERTZ

sLOV PULSE VAL

3HIGH PULSE VaL=BIN |

3ADR OF SINMULATICN CLOCK
3LSB OF S1i1 CLOCK

3 DR OF 1S3

JLOAD LMSB

3ADR OF MSB

3ZER0 A

3ADR TO D,E-VAL TO H,L
3FUT A 1 1 F,C PAIR
JTUMP SIM LE3 /3D IMSB
3ADR TO H,L-VZL TO D,CT
3811 HSD+C/NRY+ZERO
JUPDATE 51! S3B

3ADR OF 114C38

SUPDATE ITIS53 OF SIM CLOCK
3ADR OF LSO

s*%x%x KHERTZ QUTMUT
3
7C nov AR
2F cHMA
D3ed ouT 13
70 MOV AL
er cMA
D306C ouT 12
PR 2 L L]
3
78 MOV A B
IF RAR
IF RAR
1F RAR
IF RAR
E6EeF #N1 OFH
eF cMA
D3CE ouT 14
Jssss SIND LOAD PULSE
3
SEFF MVI As OFFH
D3CF ouT 1S
3EFE MV1 f» OFEH
D3CF ouT 15
3
sexex UPDATE SIMULATION CLOCK
3
212000 LX1 H, SIM
SE MoV E,M
2C INR L
1 MoV D,M
2C INR L
AF XRA A
EB XCHG
o10100 LX1 By 1
69 DAD B
LB XCHG
8E ADC M
77 MOV M, A
2D DCR L
72 Mov M,D
2D DCR L
73 MOV M,E

GOPY AVAILATLE TO DOE PUE3 KU

3UPDATE SIif LSB

i
>
R EOT !

PERAIT FULLY LECIELE riGuulin®s
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823D
023F
6248
2243
9244
0245
0286
0249
g24A
02¢B
@24ac
024F

BE

DAS©20
C33066

CHSTPs

COMPARE SIM CLOCK VITH SIM STOP FOR END SIMULATI10

MV1 L, STOPe2 JLOAD ADR OF STOP CLOCK
cMP M 3COMPARE MSB OF SIM CLOCK TO STOP
JNZ CHSTP
DCR L 3ADR OF NMSB OF STOP CLOCK
MOV AsD 3LOAD 1:14SB OF SIM CLOCK
CHP M 3COMPARE VWITH ISB OF STOP CLOCK
JNZ CHSTP
DCR L $ADR LSB OF STOP CLOCK 1
MOV AE 3L0AD LSB OF SIM CLOCK
CMP M SCOMPARE VITH LSB STOP CLOCK
Je STEPO 300 fNOTHER CYCLE
JMP @0R JRETURN 70 THE MONITOR
]
:
|
o
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READER PROGRAM

This program is used to input and store the system parameter tables and pattern
tables output from the PDP-11. Input is performed by repetitively testing the status of
input port 5 until the status indicates that a byte has been received. The byte sent from
the PDP-11 is then received via input port 4 and stored in memory. To insure that the
byte has been received properly, the program then transmits the byte received back to

the PDP-11 that compares it with what had been sent.

The program uses a predefined sequence of byte trausfers to determine where in
memory to store the data it receives. The high byte address of the starting location is
sent and is immediately followed by the low byte address and a block count. Data is then

input and stored at consecutive memory locations until the byte block count is satisfied.

A zero block count received causes the real-time mode to begin.




READER

INPUT

INPUT HIGH
BYTE ADR

'

INPUT

INPUT LOW
BYTE ADR

!

INPUT

INPUT BYTE
BLOCK COUNT

NO

YES °

SETUP ADR
REGS

!

INPUT

INPUT DATA
BYTE

!

STORE DATA
BYTE

R

INCREMENT
ADR REGS

v

DECREMENT
BYTE BLOCK
COUNT

YES ‘

NO

INPUT

INPUT DUMMY
BYTE

!

JUMP TO
RTM START




‘L
z

e

gt masi o b Bl adi o gl o L gh il L e

INPUT

GET INPUT
PORT 4 STATUS
FROM PORT 5

e diian. s £ o O B oo i gl

CHAR
RECEIVED
?

SAVE
COMPLIMENT
VERSION OF

CHAR

'

COMPLIMENT
CHAR
RECEIVED AND
SAVE IN D REG

GET OUTPUT
PORT 4 STATUS
FROM PORT 5

YES

NO

v

OUTPUT VIA
PORT 4 COMP
VERSION OF
CHAR
RECEIVED

RETURN




g 8252
1 0270
273

€277
0273
0273
027C
6271
627F

1 6282
0235
0256
£237
LR
8255

¢G0S
6504
@238
oesa
gae2
G295
€297
7R
©299

029a
: 029¢C
1 acar
nonay
£a8

G2n4

€229
G20

CDBE&2

cCAn502

CD3EQ2
72
23
gs
C2C232
C37032

DLCS
E¢O1
cz3si02
D204
4F

b=

57

D33
£634
CooaGD
79
D334
9

cp.izle2
C36230

S8

e W0 %0 % % % W W W 00 % S

STs

Ixtxs

CHINS

3
3k ke
H
SPORT
DATAP
1NPUTS

s
3 kel

3
ECHOs

Imiks
3
LOADXs

SYSTEM TABLES/PATTERN TABLES INPUT ROUTINE

THREE INITIA, READS ARE USED TO IDFNTIFY HIGH BYT
LOAD ADDRRSS,L0W EY(TES LOAD ADDRESS, ¢1D IMIMRER OF
BYTES I TN 'J5FFER.THE NWRTR OF BYTES SrZCIFLIZD A
THEN RTAD £1D STOTED ACCONDING TO BYTE COUNT /11D
START !IUMORY (DTDARAESS GIVIN.ZACH SYTE READ FROM TH
1S ECHOLD BACK FOR VERIFICALTION FURPOSES.

ORG 27CH

CaLlL INFUT 3INPUT HIGH LOAD ADR

MOV H,D $INFUT 1S IN D

CaLL INFUT 314-UT LOY LOUAD ADR

MOV L,D 3ii,L 1i0Y POINT TO START ADR FOR B
CeLL INFUT 3C=T NUMZER OF BYTES IN BLCOCK

Hov B,D 3B VILL D LOO? REG

10V B

(24 0 3CHECY FOR ENDC(G PLOCK COUNT)

Jz LOADX 3G0 START REAL TINE PROGRSM

INPUT BLOCK OF BYTES

caLL INPUT JINFUT BYTE

MOV M,D 3STORT 1M NTIORY

ux H SNEXT HEUIRY ADR TO LOAD

DCR B JDECRINMENT FLOCK COUNT

Jiz CHIN 3NCT ZIL0 TIHEN HIVE ANOTHER CHAR
JMP ST 3GLET NEXT LOAD ACRL,ETC

BYTE INPUT 21D ECHO ROUTIMNE

ECU S 3STATUS FOCT

ECY 4 3DATA 1U/0UT PORT

43} SPORT JLUPUT ST ATUS

£31 G1H SCULCIE LiixuT 2ATANY

iz INFUT $DIT (=1 TI70 LNFUT 0T THERE
1 DATAP FINPUT KYTE Fiol THE 1

MoV C,A 35AVE COUPLYIILITED VERSINY

ciia 3CLT ROl VouiolQu 0F 1usUT BY(CE
MOV DsA JLYTE XI5 LLvUNNED IN D

ECHO BYTE RZCEIVED BACK TO THE 11

1 SPORT  3CET XUIT STATUS
~il o4H FCHEGK IF RT DY
amz FCi0 FDIT Tml TINU AT Rmany TO SEND .
WOy AsC SUOMT COUTLTOTITED Uaegy AN ;
ouT DATAP  3CUTIUV LYYE BaCK TO 11 i3
RET FRUTUY g
2309 EYTE COUHT FaCSIVTOeLDADING DONE=S3TAAT RTH R
cuL $UTUT  SLNIUT 0D £73 TNUIY BYTE -+
RO STEPD  $STANT NroL TINE MODE ol
L.oib)
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LOADER PROGRAM

This program is used to load the real-time program into RAM from its location

in ROM. The program when executed will transfer the contents of locations 2C200

through 31FF to RAM beginning at location zero and cause program execution of the

system tables, input routine.

This program is also located in ROM and is intended to act as a bootstrap
3

loader of the real-time run.




LOADER

INITIALIZE
START RAM
LOC AND
START ROM

MOVE
INSTRUCT
BYTE FROM
ROM TO RAM

!

INCREMENT
RAM & ROM
ADR

REACH
LOC 0600 H
?

NO

JUMP TO
READER
PROGRAM

160




s KBAND REAL TIME PROGRAM LOADER
3
3 THE PURPOSE OF THIS PROGRAM 1S TO MOVE THE KBAND
3 FROM ROM TO RAM AND INITIATE THE TABLE READ PART
3 THE PROGRAM.
3
3

0zo0 ORG 2B@OH  SROM ADR FOR THIS PROGRAM

0270 RDR  EQU 270H  3ADR OF TABLE INPUT ROUTINE

L 8620 RAM  EQU a 3START, ADR IN R:M TO LOAD
: 2cce ROM  EQU 2CO0H  3START ADR OF RTP IN ROM

s

2BGC 110070 LX1 D,RAM  3DIGIN ADR TO LOAD

2103 21932C LX1 H,FOM  JADR IN ROM TO RZGIN LGAD FROM

2C36 7E INST: MOV Py 3LOFD A VITH INSTRUCT DYTE

2897 12 STaX D SHOVE INTO Rr

23:3 23 INX 3 SNEXT ROM ADR

2539 13 INX D INZXT RAY ADR

2C3A 7A MOV AsD SLOAD RA HIGHK AUR BYTE

230D FEOS CPI CoH SFINISHED LOAD AT 0680H

2B9D C2052B JNZ INST

2Big £370uz JHP RDR $JUMP TO TABLE LOAD ROUTINE

8009 END
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