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SECTIO N I
INTRODUCTIO N

The objectiv e 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 , frequency 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 value s 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 minicompute r

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.

1
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SECTION U
DESCRIPTION OF SYSTEM

The brassboard demonstration unit consists of a commercial microprocessor develop-
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 Hockland 5100 frequency synthesizer , and a frequency discriminator to aid in observing
the real—time effects on an oscilloscope. Detailed descr iptions of this hardware can be
found in Section IV.

Values f or Doppler shif t are taken from the table directly. Values for hop and MFSK
are picked pseudorandomly 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-
processors.

2



SECTION III
RESULTS

The microprocessor was interfaced with the Rockland 5100 frequency synthesizer

and the DEC PDP-11/20. It successfuUy received tables of Doppler shift , hop, and MFS K

from the PDP— 11/20 , and was able 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 freq uency

hop; that all three new values were added to the nominal carrier frequency and the resulting

frequency was formatted and sent to the frequency synthesizer every 2. 45 milliseconds.

Delay loops were used as necessa ry 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

upgrade 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 aiit has a l(i—bit word length, which could increase speed

both by requiring fewer memory cycles to execute a single instruction , (the 8080 fetches

as many as three bytes p-er instruction) ani 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 fou nd that would

he 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

ai almost daily basis and these units offer further improvements in speed, instruction

set and I/O flexibility over the original 8080 used in th? hrassboard demonstration unit.

Amid all of this, it is also worthy to n-ate that the prices of microprocessor and related

semiconductor products are currently dropping very rapidly. Computer Sciences

3
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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

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.

4
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- 
- Serial interfaces can be purchased , often complete with software suppo rt , 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 ~e considered when attempting to

configure such a system in the most cost~.effec tive manner.

5
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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 Section 5) allows the

operator to build tables of values for frequency hop, MFSK, and Doppler , and transfer

these tables to the microcomputer memory. The interface to the PDP—l 1 is through a

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

MICROCOMPUT ER

The microcomputer in the block diagram is an ~NTELLEC 8/MOD 80 development

system. While a number o~ 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:

• 1 - IMM8-83 CPU Module

• 2 - IMM8—61 I/o Cards

- 

_

; 
- • 1 - IMM8-63 Output Card

• 2 - IMM6-28 Random Access Memory Cards , 4K each

• 3 - IMM6-26 PROM Cards , 4K bytes each

• 1 - IMM6-76 PROM Programmer

• 1 — Front Panel Control Module

The microcomputer is normally supplied with one IMM8—6 1 I/O card and a second

was added to provide a serial interface to the DEC DL 11—C I/O module. An IMM8—63

output card was added to provide output ports to drive the synthesizer.

6
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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.

F 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

F 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 fäc-

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 a ccess 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 interchanged. 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 a ttempt is ma -Ic to rca-i a source tape. The problem goes away when the

two RAM boards 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 recommend ing that the RAM boards be left in the position wherein

no problems were encountered.

L 
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FREQUENCY SYNTHESIZER

The frequency synthesizer is a Hockland 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— 6 1 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. H 2 and C 2 average the output of the one shot. Since

the pulse width is constant , the dc voltage across C2 is proportional to the frequency.

Hence , the output voltage is proportional to the synthesizer output frequency.

CONNECTING CABLE

The values outputted to the synthesizer are transmitted via an IMMS— 63 output

L module. A list of the wiring, from the rear panel of the microcompute r to the synthe-

sizer Input Is shown in Figure 4. A n addit ional, indiv idual wire coming from the

9  
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synthesizer connector carries a software generated load p’.ilse , pin 12, which is used

for troubleshooting, for synchronizing an oscilloscope , or for measuring the rate at

which the synthesizer frequency is being upd a ted on a counter.

POWER SUPPLY CHASSIS

This chassis contains six assemblies , Al through AG (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 Ki , which energizes the teletype 
-

and the three power supplies , A4 , A5 , and A6. AG 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 1/0 boards. If the output board driv ing 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 extern~il power supplies are adequate to

power the computer with all card slots filled.

Assemblies A2 and A3 are the opto—isolato r interface and the frequency to voltage

converter , respectively. Both units have already been discussed.

A4 is a +8 volt pawer supply which is used to power the CA3012 limiter/amplifier

in the frequency to volta ge converter. A schematic diagram of this unit is shown in

Figure 7.

fl
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Figure 7. +8 Volt Power Supply Schematic
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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 MODU LE

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 I.

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 att empting

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 vvith a max i mum size of 61 for MFSK and 128 for

HOP. The Doppler values are built by &uccessive a-kl it ion s of an operator supplied

17
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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 racked 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 DLII 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 benieen 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.

18
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TABLE 1. SYSTEM KEYWORD S

KEYWOR D DESCRIPTION SUBROUTINE

SHO\V Display current values of effect start , end , SHOW
cycle, base frequency, and simulation end.

LOAD Perform system parameter and pattern INTELL
value transfer

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 LBIE

MSTR Input MFSK start time IBIE

DSTR Input DOP start time IBIE

HEND Input HOP end time TB1E

MEND Input MFSK end time IBIE

DEND Input DO? end time IBIE

HCYC Input HOP cycle value STEPS

MCYC Input MFSK cycle value STEPS

— DCYC Input DO? cycle value STEPS

SEND Input simulation end value E NDSIM

19 
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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.

~41
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rsTATIcMoDE~\
~~~~~ MAINLINEJ

W RITE SYSTEM
~~~~~SAG~~~~~~~~~~~~~~

WRITE QUERY1
SYMBOL

r~~iREAD USER
REPLY

PAR MID

IN TE R P RATE
REPLY

WRITE
R EPLY NO UNDEFINED

DEFINED PARAMET ER
MESSAGE

YES

B2 1

21
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B2

SHOW

SHOW YES DISPLAY
C U R R E N T  SET

OF PARAMETERS

NO

A .

INT ELL

YES CHECK
LOAD P A R A M E T E R S

AND LOAD
I N T E L L

NO

E R R O R  YES 
Al

?

NO

WRITE
SIMULATION
UNDERWAY

r A l
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C3

F REQ

FREO YES GET BASE
?

NO

ERROR 
NO

YES

WRITE
INVALID FREQ

MESSAGE

Al

HOPLD

LOAD 
YES 

GET HOP
VALS

NO

- -. Al

MFSKLD

YES GET

NO

_ _  - 
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04

DOPLD
DOP YES BUILD DOP

B U I L D  T A B L E  F R O M
BASE FREQ

PLUS O F F S E T

NO

Al

START YES SET TYPE TO

TIMES START TO GET
START T I M E S

NO
D5

El
IBIE

GET S M A R T
TIME FOR

THIS EFFECT

D6

E R R O R  NO

YES

WRITE
M E S S A G E  THAT

T I M E  IS
INVALID

Al
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)

CYCLE N~YES ~~~~~~~~~~¼~ RATES /~~‘~1 RATE FOR THIS I
I ~~~~JNO

ERROR 
NO

YES

WRITE
MESSAGE THAT

CYCLE RATE
IS INVALID

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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SHOW

DISPLAY
SYSTEM

PARA METERS

‘I!
C END D
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BLOCK DATA

The purpose of tnis 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 ma~dmum and minimum values.

3. TABLES — a 6080 byte area used for pattern value storage in pocked 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 frequency 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 INTE LL

The primary purpose of this routine is to manage the conversion and transmission

of the system parameter values a~id 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 values 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 , an~ 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 pa rameter

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 1AOOHEX .

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

4’
IN IT IA

VARIABLES,
INDEX , ETC

— ASCRLN

CONVERT
START FROM
BCD TO R E A L

MULl REA L
MINUTES BY #
CYCLES/MIN

4,
R L N B I N

CONVERT TO
B I N A R Y

___________

A S C R L N

C O N V E R T  STOP
F R O M  BCD
TO R E A L

4,
M U L TI P L Y  BY
#CYCLES/MIN

4,
RLNBIN

C O N V E R T  TO 
‘

5

BINARY 
:. —

4,
L)
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-.44 -

62

ASCRLN
CONVERT

CYCLE RATE
FROM BCD
TO REAL

NORMALIZE
FOR 1000

BASE EFFECT

R L N B I N

CONVERT TO
B I N A R Y

D0 3  NO
EFFECTS Al

YES

BCD

- 
- CONVERT

BASE FRED
FROM BCD TO
PACKED DECr

- -

ASCRLN

CONVERT SIM
END TIME F ROM

BCD TO REA L

MULTIPLY BY
#CYCLES/MIN

4
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L)~
R L N B I N

CONVERT TO
B I N A R Y

4,
ASCRLN

CONVERT
BASE FRED
FROM BCD
TO REAL

4,
GET SUM OF
BASE (REAL)

AND 3EFFECT
MAX

4,
GET SUM OF
BASE (REAL)

AND 3 EFFECT
MIN VALS

M I N  YES
L E O

7

NO

MAX - - WRITE PAT
GE2 YES INCONSISTENCY

MEGA MESSAGE
7

NO

D4 SET ERROR
FLAG

RETURN
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L~
)

PUT BASE FREQ
PACK DEC

BYTES INTO
PA RAM TAB

4,

[PUT SIM END
(BINFORM) INTO

PARAM TAB

4,

I COMPUTE HOP
I PAT TAB MASK

OF

4,

IPUT HOP MASK
I INTO PARAM[
~ 

TAB

4,

I-

- - 1 COMPUTEMFS K

- 

-
~~~ ,

[
~~T TAB MASK

4,

PUT MFSK MASK
INTO PARAM

TAB

L~
)

36



~1

E5

INITIALIZE
INDICES FOR
START, STOP,

CYCLE PARAM

-

~~~~~~ 6

ENTER 3 BYTE
START TIME IN

- 
- LSB—MSB

ORDER

ENTER 3 BYTE
STOP TIME IN

LSB—MSB
ORD ER

ENTER 2 BYTE
CYCLE RATE
IN

ORDER

BUMP INDICES

DO3 NO
EFFECTS 6

YES

6 
F7

37
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F?

COMMO
SEND 61
BYTE SYS

PARAM TAB

E R R O R  
YES 

G9

NO

COMMO

SEND HOP VAL
TAB IN 32

BYTE BLOCKS

ERROR YES 
G9

NO

COMMO

[ SEND MFSK
VAL TAB IN 32
BYTE BLOCKS

F
ERR:: YES

G8

3~~
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G8

COMMO

SEND DOP VAL
TAB IN 32

BYTE BLOCKS

ERROR YES

7

NO

COMMO

SENDOBL OCK
LENGTH TO

START RT RUN

DATA
ERROR YES TRANSFER

UNSUCCESSFUL

NO

RETUR N
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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 reti.irned 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.
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COMMO

ZERO ERROR
F LAG

DETERM I NE
HIGH, LOW

ADDR BYTES
TO LOAD

DL

SEND ADDR ESS
BYTE

ERROR YES 
C3

NO

DO BOTH NO
BYTES

YES

DL

SEND BLOCK
COUNT

E R R O R  YES 
C3

NO

82
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B2

DL

SEND DATA
‘0 BYTE

ERROR YES 
C3

NO

R ______

NO
RETURN C4

BYTE

YES

FINISH NO
BLOCK 82

YES

RETURN
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L~
) L~

)
I SET ERROR 1

FLAG TO VAL I SET E R R O R

RET FROM DL L 
FLAG TO3

4 __
~I~

ETURN D RETURN

-

I

47

- 
~~~~~~~~ - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ .~~~L —’- —-—-—-’-~-—— - — 

-

______________—‘S. a



ii~~ ii~~~~~ 
—

~~~~~~~~~~~~

ft •
ft ft
5 ft
5 . a
ft 0 0 U
U 5- 3. ft
ft Ia_I ft
ft .4 511 5) ft 5-
U 5- 3. ft 5)
ft 44 5-0 ft 0
ft 5. 5-’ ft Ia_I
5 3. 5 44
ft ft. s o C  ft
ft 0 5. ft 5.

— ft 4 4 4 4  4
ft 44 0510 ft 5.
ft 53 5. ft 0
ft 5. 0 - a _ i  ft
ft 4 5 ) 3 .  ft 0-

Ia_I ft 5) 5- 5
— .0 ft 05, ft 5.

4 U 4 04  5 051 0
5.. 5 Z 5 5, Ia_i

ft 5- 5 . 5 4  ft 0 5. 35
ft 5’. 513 .  S 5. Ia_i 0-
ft 3. Xl .’4 ft 0 5.. 5. 64

44 ft 44 4 4 4  ft 5- Z 53.5 5-
5’ 5 Z 5.5’  5 5. 44 U Z
S ft 4 Z 5. 5 0 ta_I 5. 51 Ia_i
5. 5. 5. 0 S 54 5’ 5— 3. 5)
4 5. 5 3.1 4.1 ft .3 14
5. Ia_I S .2 U .4 .4 Si ~ 5-’0 64 ft 0 III 5 . 0 -  ft la_h -I (.1 5) 0 .4

.5 . • 5.4.1 4 ft 5- III 3.
IV 5 - f t  4 5 ) 3 .  ft 3’ 5. 44 .3 I. ’ 5.

44 5 44 15, —. 5. S 3 5..
O f t  6 4 5 .  .4 U 4 5’- . 44 5-.

ft 5 31 5) ft 3. 5- 0 5. .4 55) 0
5) U la_I 6~~ S- 3. ft .4 4 3.

5’ — S 3. 3. 5 4  5 5. VI III 4
5’ If) S 5 4 6 4 5 )  ft 0 5. 051 5. 5. .3

— 5) ft 5— 3. 74) ft 4 3. 4 5— 5 5 3 .  5— .5
0 5’ 3. ft 3.. ft 0 0 5-’ 55 0- •‘~ 5... .4 55 Ia_i

55 - ft .3 .‘5. 5 .3 4 5 - 1.) 5” 5) 5. a— 5’ 0 5-
— 3 . 5  5 . 3 3 5 -  S a - a )  4 4 4 5 5  5 . 4 40 0  5 . 5 5  0— 3.
55 O ft 0 44  ft 4 4 4 4  0 5’ 5 . 5 . 4 3  0- ~~~~~~~- - 55 4 ft 5) 0 U 44 5. — 44 la_I 4 5- 3. 5. II) — 4

54 ft 54 151.4 ft (0) Z 1 5 . 2  0 .5 ft 5. CS 4 5. 0 3. 3.
. 55  5 . 1  3~~’ ft SI 5) 5. .5.J5”O 3. 5 4 5 . 4 5’  55- 0 6- 5.
0 ft 5 - 5~~13.1 Z ft U 5) 5- I_I I 5.3 Ia_I 5 - 4  (3 (3 — 5. —
3. ft 0- 4 ft 5— Ia_i 55 Ia_I .3 #4 a_Il 5. a- 5. 5. 0 5 4 0 5)  so 3 )Q a -  5. 5. 5. - -
E f t  5 . -4 Z • f t .’s4 5 . 4  17 .3 “ ,. 3 . 0 0 5 4  3 5 ,5 3 )  5. ... ,.. 5 . 5 5 5 4  — 5. --  —
0 ft 0 5454  0 ft 0 .3 3 44 .51 5. s 5. a- 35 1 5) Ia_, 0- 5- III 44 5.
3 5  5’ 4 U • 5 . S .  3 3.) 5’ 0~~~ ~. X 5 . 5 .  5-~~~~~~ • 3 5 45 *  3 5 5 5 .  5. U ‘S 3.

ft Ia_i ‘41 0 5 4 5 - 7  .4 Cli 5 . 1 5 1 4 4  3 . 1 3 . .  .4 0- •3.i  3 . 0 4  Z •  3 ‘S — —F s i f t  f l j r j  a _ S - s I r  40 • . 5 5 .-  ,j~ ‘— ,‘ .1 ‘ 5-- ;? -)’ — a.- a _ J L  S — — - ,
3. ft 5 4 3  5— 5 4 6-’ .0) -) a_I 3.’ — a- ‘a .15 3. -~ ‘ .41 3. 3 5.) — — 4  10)3 ~J 5. 5. 10) 3.
— ft 5, a_i 0 S 5. 44 5. 3. I’4 ..4 a_I 5 .0 5. 6-1 3 . • 3 5 5’  6’S II) ’3 U — 1  a •35  5. (.1 Ia_I ‘S .51
5 - S  5 . 5 - 5 ) 5 ”  5 5 . 5 4 1 7 5 .  6 4 ’ S U  I U t ’.’ T 3 , 5 . 5 . 0 3 5  ,J 5 . 5 .. 3 .. l5*5 .  3 3 . 0 5 .  5 3 . 1  35 .4 • .3
5 . 5  3 5 . 5 4  f t 3 54 4 II1 1 7 . t 5 .0 0 Z . 5_  4 a )  5 . ? 2 . I  0 5 . 0- 9 -  4 3 5  5 . 5 . 2 2 5 5 . 5 . 1 7 5 . 6 4 ?  .4 3.
0 ft 5, ... 5. ft .3 a 5. ‘3 5. ‘U ‘~ — U 5; 5. a_I 3.164 5. 3) 5) ic s- a 9- Ui a_I .‘. 44 ‘3 U 3. 5 3. 4 3
5 . 5  5.4.1 f t 3 ) 3 ) J 5 . 3 . 3 55 * 4 5 * 3 4~~~~~ 5 J U 5 . 5 ) 5 . 3 5 3 5 .Z 0 4 5’ S . U 3 5 .- 4 5~~

.. D . . 1 3 . 5 .3 . Z 3  I_i 6-, - --

~~~s .a_~ .a _ s o o  S . — ,— s— c g 5 . 5 . . 4 z - . x . 4  5 . 2 a _~~~.4 -j 5 * 5 * 3 ._ i 5 4 _ j 5* 5 * 3 .  1 Z 4 J 3 — — - 3. .— Z Z 5 ’ 4 Z 5 . ’O - - -34  2 2 4 .4 S 0 - C . Z 4 1 3 5 4 1 5 3 U 9 3 5~~~~~5 . a ) 3 5 4 t 3 . 43 3 5 3 5 4 ) , 4 4 1 3 X 3 5 4 1 4 ) , 3 . 5 . 3 5 5 4. a _ J 4 1 3 . 3 5 4 1 3 .  74)
5) S 5 - 5 -’ a X l  ft 5) 5 ) .~ 5.’) 6-1 3 S ft 64 45” 03.1 4) 5. 1 4 5 4 # 4 5 4 5 .  5. 1 4 5 46 4 0 4 )  ‘3 3 5 5 )  5.53..564 5,) 5 .5’  — 5. 54 6. 5. 35 3) (0

64 3. 2.
— ft ft ft ft I S S S S .4 0 3.

ft I ft ft ft a a a ft U U 5. 64 1.5
44 S ft ft S U ft 4 . 9 5  ft 35 f t 5 .  5 5 )  5. 5. 0

~ ~ ~ ~ ‘~~~~ U 4) 5 4  ft 0_ i 5.. .4 6-- .
5’ 5 3 5 5 ( 3 5 4 ( 3 5 4 ( 3 5 4  53 U LI U (~1 4.) LI 1.) 5. 3 .3 9-

48 0
a

14, 5

— - - — -
~~~~

-
~~~~~~

--
~~~

-——---- — —
-~~~ .~~~~ —~~~~~



_ _  
--.5

I
) ,

no

Ia_i

44
05.

5)
5-
S
3.
.4

7
4.5k

5.-
0, In

5-
5)

5)
ft 3)~~~~’S5 J.5
—5r ‘4
04.5 5iI I*. IU )V ’4
‘4 5. 5 ) 5 ) 5 )
5) 0
441 530I.5lW5 .~9 3 5 5 0 ) 5 ) 5 )

~ 
,n 1’ 5— —:

S 5 ) 5 ) 5 )

: 4)
In
— 5. > 1 51  I I

Al la_I 5-5 .4
. 4 43 5 . 5 ) 0-
5 4 4 ) 4 4 4 4 .4

‘SI ~ . 4 X ’ O
0 Z Z . 4 3 5

V S ~~ 0 4 4 . 4~~_) Ia_i
.0 3. 5.) (3 15104)
5) 0 ft l&I X L’)

(3 U 0 .43 44

p 49

----- - - .5 ______._._____ _—_-_-_- - 
£~~0~ - - --~~-ft ~~~ ~~~~~~~~~~~~~~~~~~~~~ .5---’- —.5-—-—- - - -——.5- —-5---—’- - - - - -- ---.5 - - - -—.5----- — 55---’— .5—



SUBROUTINE DL

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

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

list. After transmission of the byte to the Intellec, the routine loops checking the receive

status for indication that the byte sent h~s been echoed back. Once the receive indicator

in RCSR becomes true , the echoed byte is moved from RBUF to the callers argument

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

—
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CDLD

SAVE REGS
0— 4 ON

STACK ZERO
ERROR REG

MOVE
CONTENTS RBUF

TO (C LEAR
R E C E I V E  REG )

3
SETUP XMIT

TI MEOUT
LOOP REG

1E—G
GET XMIT
STATUS

XMIT YES 1 1
S, READY 

~~~~~~~~~~~~ 
B2 J

NO

DECREMENT
TIMEOUT REG

RESULT YES MOVE ‘1’ INTO
o ERROR REG

NO

i C5
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MOVE SEND
BVTE TO XBUF
(SEND BYTE
TO INTELL)

4,

LOAD REC
TIMEOUT REG

GET RECEIVE
STATUS

REC Y ES
R E A D Y

7

NO

DECREMENT
REC

TIMEOUT REG

R E S U L T  YES MOVE 12~ INTO
ZERO ERROR REG

$ 1

NO

3 C5

ITJ
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C4

[F
~~~~~~~~~~~~

J

PUT IN
PARAM LIST

C5

MOVE ERROR
VAL INTO

PARAM LIST

RESTORE REGS

RETURN
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SUBROU TINE 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 off set value to be the base frequency value and converting the result to packed

decimal form.
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SUBROUTINE HOPLD

This routine is used to build the HOP table from user input. Each valu e 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 inp’it and conversions , the rou~ine 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 ir~ 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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SUBROUTIN E MFSKLD

This routine is used to build the MFSK pattern valu e table from user input. Each

value input 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 valu3 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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ERROR 
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INFORM USER
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COMMON
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IS POW OF iWO

NO TRUNCATE TOIS POW NEXT LOWER
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C3
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SUBROUTIN E E NDSIM - -

The purpose of this routine is to establish the simulation duration or end time via - -
operator input. The routine queries the user for the simulation end time value , reads

the reply , and converts it to a BCD str ing 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

are a. 
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ENDSIM

ZERO E R R O R
FLAG

GET SIM END
TIME FROM

USER

SEARCH

FIND START!
END OF REPLY

ENTERfD 
~~~~~~~~~~~~~~~~~~~

N U M B E R

CONVERT
REPLY TO BCD

YES
ERROR RETURN

NO

CHECK IF TIME
GT 9999

Bi
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Bi

T I M E  W R I T E
GT YES MESSAGE THAT

9999 TIME ISOUT
? OF RANGE

NO

SAVE BCD
END TIME

IN LAB COM

RETURN
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SUBROUTINE STE PS

This routine is used to obtain effect cycle rate values from the user. The ro’~tine

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 letermine the
j 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.

I
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VERSION OF
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SUBROUTIN E 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 wr ites a message to the system terminal requesting a time value 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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FLAG . 
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GET TIME
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4
NUMBER
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LREPLYTO BCD

~~~~~~~
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CRETURN D
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TIME GT 9999

~~~~~~~~

E YES J WRITE ERROR
MESSAGE

7 RETUR )
~~~~~
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“I I  ~~~~~. i’~N 1- ’ i tI ’ Q

i’ hi~ routine is used to obtain the base frequency value from the user. The rout~~e

\ 1s~~’~~~ 2S -a i ’~~~~C to the system terminal requesting a base frequency value he provided,

- 1 k th.~ ‘c! ’
, ant i  converts it to a BCD string using the NUMBER subroutine. The

- ~~~~~!)  V~~~~~
; 

-
s of the !ase ~i-c~j u~n~’y is then stored in labeled common.

I.--
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“1 AD—A 036 203 COMPUTER SCIENCES CORP FALLS CHURCH VA F/G 9/2 
—

CSEL INTERFACE UPDATE: K BAND MICROPROCESSOR DEMONSTRATION. (U)
DEC 16 D 0 ALWINE, R A GLICKSMAN . R G MURRAY F33615—75—C—1229

UNCLASSIFIED CSC R 3328 1 AFAL —TR —76—169 NL

2 - 2

a

_ _ _  _ _  

miournm
L ND



El FREQ

Z ERO ERR OR
• FLAG

G El BASE F R EQ
FROM USER

4,
SEARCH

GET START/
END OF REPLY

NULL YES
STRING RETURN

NO

NUMBER

CONV ERT
TO BCD

YCS
ERROR RETU RN

NO

SAVE BASE
FR EQIN

BCD FORM IN
LAB COM

RETURN
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SUBROUTIN E 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 inziex value (1—16) of the keyword. If a null string,

carriage return respDnse is found, a valu e 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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Till ~

PAR MID

FIND FIRST
CHAR IN REPLY

EXTRACT
CHARS UNTIL

BLANK
ENCOUNTERED

COMPARE
EXTRACT CHAR

ST RI NG WITH
K EYWORD

TABLE

FIND YES RETURN
MATCH KEYW ORD

TABLE INDEX

NO

CHECK
ALL 16 NO 1

• KEYS

YES

SET KEYWO RD S

INDEX TO 0 FOR
UNDEFINED
KEYWORD

RETURN
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• SUBROUTINE SHOW

The purpose of this routine is to disp’ay the current effe ct 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.

This routine is called only from the static mode mainline program.
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LAB COM FO R
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_ _ _ _ _ _ _  H
OUTPUT SIM
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LAB COM
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SUBROUTIN E 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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BLANK CHAR
FOUN D
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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 an~l 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.

c
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Byte # Contents

• 1 Sign (0 = positive, 1 = negative)
2 io6 value

3 value

4 io~ value
- 

• 
5 i03 value

6 io2 value

7 101 value

8 100 value

9 10~~ value

10 10—2 value

11 io~~ value

12 Not used
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N UMBER

ZERO BCD
STRING

DETERMINE
IF POSOR

NEG SIGN SPEC

POS OR YES SET SIGNIND
NOSIGN TO ZERO

NO

NEG YES SET SIGN
SIGN IND TO 1

NO

SET WHOLE
NUMB DIGIT
COUNT TO

ZERO

Al

CHECK
COMMAS, DEC

PT, VA I DIGITS
FOR EACH

CHAR IN STRING

CHAR YESVALID B3 • -

DIGIT

NO

82
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B2

CHAR = YES
DELPT D8

NO

CHAR = YES
COMMA C4

NO

CHAR = YES
CAR RETN C5

7

NO

CHAR = NO
BLANK Fil

YES

CHANGE CHAR
TO ASCI I ZERO

B3

• BUMP WHOLE
NUMB INDEX

SAVE ASCII
DIG IN WORK

ARRAY

C4
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C4

BUMP STRING
POINTER

FINISH NO
STRING Al

YES

C5

INSERT SIGN
INDICATOR
INTO BCD
STRING

SET INDEX TO
LSB IN WHOLE

NUMBER
PORTION OF
BCD ARRAY

LOAD YES
ALL DIGITS RETURN

• 7

NO

- 

- DETERMINE
BCD EQUIV OF
SAVE D ASCII

DIGIT

• INSERT INTO
• . BCD STRING

D7
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L)~
DECREMENT

• BYTE INDICES
INTO WORK
AR RAY &

BCD STRING

L)~
SET POINTER

TO F R ACT PART
OF BCD ARRAY

• SCAN ASCII
STRING FOR

-
- 

• DIGITS,
CAR RETN

D9

CHAR ’- YES
CAR RETN C5

7

NO

£10 • -
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F

ElO

CHAR ’- YES SET CHAR =
BLANK ASCII ZERO

7

NO

CHAR ’- NO
DIGIT Fli

7

• YES

• DETERMINE
BCD EOUIV
OF CHAR

BUMP POINTER
.~‘J BCD RET

ARRAY FRACT
• PART

INSERT BCD
• 
.
~ - EQUIV

POINTER NO
GT 11 L~:) 

•

YES

C5
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SET ERROR[ FLAG

‘p
~~1

RETUR!)
~~~~~ 

•

F.
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SLJ BItOUTIN E RLNBCD

Th.3 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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EIRETURN 
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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 NUMBE R 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.
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SUBROUTINE RLNBIN

The purpose of this routine Is to determine the integer equivalent of a double

precision number. Division by 166, 16~, 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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- SUBROUTINE BCD

The purpose Ov 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
- subroutine. A description of the packed decimal form is contained in the real—time

- mode section.
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C BCD D

PACK
MI LII H ERT Z
10/U N I T  VAL

INTO INTEGER

PACK
MILLIHERTZ

100 AND HERTZ
UNIT

~1~PACK HERTZ
100 AND

HERTZ 10

PACK KHERTZ
1OAND

KHERTZ UN~
J

L PACK SIGN ,
MEGA , AND
KHERTZ 100

MOVE INT TO
BYTE ARRA Y

( RETURND
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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.

I.
~ 
~
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-
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CASCRLN )

~1~
ZERO DP FP

NUMBER

MULT BCD
DIGIT BY ITS

POW OF 10
AND ADD TO

R U N N I N G  SU M

FINISH NO
10 DIGITS 1

YES

BCD YES NEGATE
STR NEG RU NN I N G SUM

7

NO

R E T U R N
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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 fr equency to the Rockland synthesizer
in real— time. A cycle rate of approximately 2.45 milliseconds has been obta ined and is

maintained in software by delay loops when necessary. Since no internal hardware clock

accessible to sof tware is present in the Intellec , this is the only feasible method of

maintaining a fairly uniform cycle rate.

The system parameter tables and pattern value tables for the HOP , MFSK , and

Doppler effe cts 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

af ter 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

effec t types that are initialized in static mode and updated by their cycle rate each time

a corresponding effect pa ttern valu e is used in computing an output frequency for the

Rockland. During each cycle , all three effect coanters are compared with the value of

the simula tion cou n ter. 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 Rockla nd 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 straightilno repetitive code to minimize the time required for these time consuming

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

required for the subtrac tion process.

12?
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ADR TYPE LENGTH

20 SIMU LATION CURRENT CYCLE BINARY 3
23 BASE FREQUENCY PACKED DEC 5
28 RUNNIN G SUM PACKED DEC 5
2D SIMULATION STOP VALUE BINARY 3
30 HOP CURRENT CYCLE BINARY 3- - 33 RANDO M 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 CYC LE BINARY 3
42 RANDOM NUMBER INDICATOR (FF) BINARY 1
43 MFSK RANDO M NUMBER MASK BINARY 1
44 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 CURR ENT CYCLE BINARY 3
52 DOP TABLE INDEX BINARY 2
55 NOT USED
58 DOP PATTERN TABLE LOC BINARY 2
5A DOP CYC LE RATE BINARY 2
5C DOP STOP VALUE BINARY 3

*Afl fields are in LSB to MSB order

Figure 8. Syste m 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 M FSK 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 M E’SK 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 1AOO HEX , MFSK at location 1000

HEX , and Doppler at location 600 HEX.

Values .ire chosen from the HOP and MF’SK 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

gutten by a misking 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 .

_ _ _ _ _ _ _-- - - A. - - - -- - - -~ - --
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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

p
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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.

132 
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ATM

COMPARE LSB
A0 SIM CL OCK

WITH LSB CUR
EVENT CLOCK

MOVE BASE
F R E O  TO

R U N N I N G  SUM 2

1 SIM KILL .5 MS
GI YES SINCE THIS

INITIALIZE H L CUR EVNT EFFECT NOT
TO ADR OF ? SCHEDULED

EFFECT PARAM
TABLE NO

G 13

SAVE START
ADA OF THIS

E F F E C T  PARAM
LIST

I COMPARE PAT

+ 
MASK MSB

____________ W I T H  FF HEX

COMPARE MSB
SIM CLOCK
WITH MSB
C U R R E N T

EVENT CLOCK

FF HEX 84

MSB YES 2 NO

-
. - INCREMENTNO DOP IN D E X

(= PAT MASK)

COMPARE NMSB

~~

: 

MSB YES

SIM CLOCK
WITH NMSB CUR

EVENT CLOCK 
AN D MSB DOP

INDEX W 1TH
O3H TO

RECYCLE
AT 1024

NMSB YES 2

83

NO

133 

_
~~--~--~-- 

—



L!~
) L~

)

STORE DOP
INDEX IN DOP GET LSB, NLSB

EFFECT PARAM OF RAND NUMB
LIST

I _ _ _

POINT CUR ADR DOUBLE LSB,
AT LSB OF NLSB OF RAND

RAND # NUMBER

I _ _ _

- ADD MSB RN
TO MSB RN

WITH CARRY
FROM DOUB

ADD

CARRY NO

_

DO XOR ON
DOUB LED RN

WITH
800033HEX

4is
STORE NEW

RAND # BACK
IN MEMORY

I
AND LSB RAN D

NUMB WITH
EFFECT MASK

TOGET PAT
TAB INDEX

I
• L~

)
I 34
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C5 ___________

GET BASE ADR 
A DD PAT NLSB

OF PAT TABLE 
TO SUMNLSB

FOR THIS
EFFECT TYPE

ADD I N D E X  
DEC I MAL

TIMES TOGET 
ADJUST

MSB ADR IN 
RESULT

PAT TABLE

ADD O TO MSB 
STORE NEW

OF PAT TO 
NLSB OF SUM

EFFECT _________________

COND I T I ON B I TS

ADD PAT

RESULT YES 
D7 

- NNLSB TO

?

D E C I M A L

DECREMENT 
ADJUST

PAT ADR BY 4 
RESULT

TO GET
LSB ADA

STORE NEW

ADD PAT LSB 
NNLSB OF SUM

TO RUN SUM _____________

LSB

ADD PAT
NMS B TO

DECIMAL SUM NMSB

RESULT

DE CIMAL 1
STORE NEW 

ADJUST

R U N N I NG 
ESULT

SUM

L~)
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AND MSB OF
STORE NEW PAT WITH 7F

NMSB OF SUM HEX TO
E L I M I N A T E

____________ 

SIGN BIT

_ _ _  I
R E G I S T E R  SAVE

ADD PAT MSB MSB OF PAT
TO SUM MSB WITHOUT

SI GN B I T

I I
DECI MAL DEC R E M E N T

ADJUST MSB ADR BY 4
RESULT TO GET PAT

LSB A DR

I _ _ _

STOR E NEW SET C A R R Y  TO
MSB OF SUM IN DICAT E NO

BOR ROW

lI~ _ _ _ _

K ILLS MS F O R
TIME DIFF IN GET 99’S COMP

ADD/SUBTRACT OF PAT LSB

I I
4 F l O

ADD SUM LSB
TO 99 COMP

DECIMAL
ADJUST

THE RESULT

I
STORE NEW ‘

SUM LSB

L)
136

_ _ _  -~~~~~~ -~~~~ -—- --~~~~~~~ -—--~~~~~~~~~ —----



L~E8J

Y _ _

DECIMAL
ADJUST

ADD THE RESULT
CARRY TO 991-I

STORE NEW
SUB PAT NLSB NNLSB OF SUM

TO GET 99
OR 100 _ _ _ _ _ _ _ _ _ _

COMPLIMENT

ADD CARRY
T0 99H

ADD SUM N LSB
TO RESULT 

____________

44 TOGET 99
OR 100

DEC~A A L  COMPLIMENT
RESULT

I
ADD SUM NMSB

TO RESULT
STORE NEW

NLSB OF SUM 
______________

_ _ _  I
DECIMAL
A DJUST

ADD CARRY R E S U L T

T0 99H 
____________

I I
STORE NEW

SUB PAT NNLSB NMSB OF SUM
T O G E T 99

OR IOO 
___________

COMPLIMENT II
ADD CARRY

ADD SUM J T0 991-I
I NNLSB TO LL RESULT

I L~
)
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— SUBTRACT MSB STORE NEW

OF PAT VAL OF CUR
(WITHOUT SIGN) EVENT CLOCK

TO GET 99 OR ___________

100 COMP I
GET MSB OF

ADD SUM MSB 
EFFECT STOP

- 

-~ TO RESULT 
CLOCK

L I I
COMPARE MSB

nEt” 
~
I 

STOP CLOCK
~~ v A L

RESUL 
K

_  

EVENT CLOC

~~~~~
E
F

I
~~~~ 

4<~ZER7~S~2..Ø1~~12

GET NMSB OF

PUT CYCLE 
STOP CLOCK

RAT E THIS ___________

EFF ECT IN B, C

I COMPARE Wi TH
NMSB CUR

ADD CYCLE EVENT CLOCK
RATE TO CUR
EVENT CLOCK

LSB , NLSB

4’ ZERO NO
AD D O W I T H  

RESULT G12

C A R R Y T O MSB
CUR EV ENT

CLOCK 

G i l
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G i l

GET LSB STOP
CLOCK

COMPARE WITH
LSB CUR EVENT

CLOCIC

SET CUR EVENT
YES CLOCK FORC A R R Y  THIS EFFECT

- TO ’FFFFFF ’

NO

DETERMINE
START

ADDRESS OF
NEX T E F F E C T

COMPARE WIT H
* I 5E HEX

[
(TABLE END)
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GET LSB OF ADD TOM ILRUN SUM 10/UNIT BIN(MIL 10/UNIT EQUIVVAL)

USE VAL OF COMPLIMENT
LSB AS INDEX HIGH BYTE VAL

INTO TABLE TO OF BIN EOUIV
GET BIN EOUIV

OUTPUT VIASAVE BIN PORT 9 HIGHEOUIV OF MIL BYTE OF MIL10/UNIT VAL BIN EQUIV

COMPLIMENTGET NLSB OF LOW BYTE VALSUM (HERTZ 
OF MIL BINUNIT/MIL100I - 

EOUIV

OUTPUT VIASAVE NLSB PORT8 LOWFOR H E R T Z  BYTE OF M I LCONVERSION BIN EQUIV

MASK OFF RESTORENLS BHERTZ UNITS OF SUM FROMVAL FROM SAVE REGN LSB

DOUBLE
RESULT TO GET 

UNIT BITS INTOINDEX INTO
2 BYTE/ENTRY
100TABLE

LOAD 2BYTES SAVE HERTZOF MIL100 UNITS VALBIN EOUIV 
*

(15
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LOAD NMSB OFLOAD NNLSB 
SUM--KHERTZOF SUM—HERTZ 

10/UNIT BCD100/lOyAL 
VAL

USE 10/UNITDOU~~LE HERTZ 
VAL FORBCD 100/ 1OVAL 

INDEXINTOTO GET BIN TENS BINEOU I V INDEX 
EOUIV TABLE

I I
LOAD 2 BYTE SAVE BIN
BIN EOUIV OF EQU)V OF- . 
HERTZ100/10 HERTZ BCD

BCD VAL 10/UNIT VAL

I 
- 

I
ADD UNITS VAL LOAD MSB OF

TO GET BIN SUM—MEGA
EQUIVOF VAL/KHERTZ

HERTZ BCD VAL 100

I I
COMPLIMENT SAVE FOR

HIGH BYTE VAL 
CONVERSI ON

4 
_ _ _

OUTPUT H I G H  MASK OFF
BYTE VAL V I A  MEGA BITS

PORT 11

I I
DOUBLE TOCOMPLIMENT GET INDEXLOW BYTE VAL INTO 100 BIN

EOUIV TABLE

_ _  I
[~161OUTPUT LOW

BYTE VAL VIA
PORT 10
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LOAD 2 BYTE
BIN EOUIV OF COMPLIMENT
KHERTZ BCD MEGA BYTE

100 VAL

— ADD BIN OUTPUT MEGA
EQUIVOF I-IERT2’ V IA
10/UNITS PORT 14

COMPLIMENT SEND 0 LOAD
HIGH BYTE PULSE VIA

VAL PORT 15

OUTPUT HIGH SEND 1 LOAD
BYTE VAL VIA PULSE VIA

PORT13 PORT T5

COMP LI MENT LOAD LSB,
LOW BYTE VAL 

~~M CLOCK

BYTE VAL VIA BUMP LSB,

PORT 12

RESTORE MSB D
M
c R

~~
f]

S H I F T  H I G H  4 KI7
MEGA BITS
h~JTO LOW4 BITS
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K 17

STORENEW GET LSB OF
SIMCLOCK SIMSTOP

VAL CLOCK

_ _ _ _  

4 ’ —

GET MSB OF COMPAREWITH
SIM STOP LSB OF SIM

CLOCK CLOCK

_ _ _ _ _ _ _ _ _ _  18

COMPARE WITH
MSB OF SIM

CLOCK
CARRY 

YES 
A0

GET NMSB OF
SIM STOP

CLOCK

COMPARE WITH
NMSB OF SIM

CLOCK

RESULT YES
=
;,
O

NO H

18
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J**** 1~!f~ D M!C1~OP~OC!SSOR S?SY!M P!tL TIME P~ OGRP.M
S
3
I THE FU~~POSE OF TI4IS PRO G~ P.M IS TO OUTP’JT A Pti~1DOM
S PRCQUEW~Y TO THE TOCXLAND SYW?HESI~~ET1 IN REAl.
3. T1’~E. THE F~~E~ UEH CY OUTPUT IS FOI~MED BY ADDiTiON
3 OF lIOP,MFSK~~~ D DOPPLER VALUES TO A BASE FRE Q.
S A FREC~UEN CY IS OUT?UT EVER? 2.45 MLS.  THREE
3 COU~JTEF~S( CNE FOR CtCH EFF~ CT7 a’4~E UAW TA II~BD
3 13D C --I~~C~~ D EACH OUT~ UT CY CLE TO DCTE~t41NE IF ITS
3 CORRESr-OWDIWG VPLUE SflOULD 13Z i~ DED TO A rJNUIIJG
I SUN. IF Th~ EFFECT COUr )Ti~R IS LESS THrN OR EQUAL
3 TO THE VA’.UE OF TIlE t!AST~ R SI~ ULAT1ON COU:ITER
3 TM(~I A VALUE IS C~ OS~~1 ~1D i~DDZD TO TUE ~U~:NING
S SUM. IF NO EFFECTS SATISFY TIllS RECUIREIIEJT, THAN
S ONLY THE CASE r~~:cu Er3 cy IS OUTr’JT. IN ANY CASE EA
3 EFFE~~ COU~flER !PID THI MASTER C3W~TER A~ E U~DATED

EACH OUTPUT P:RIOD. THE E:~FECT CCUNTERS ARE UPDAT- - 3 BY A P~EDEFI~IED V ALU E THAT IS 1~;PUT BY THE USER.
S MASTER COU~ TE~ IS ALWAYS INC1IZ~1F3JTED BY ONE EACH
I OUTPUT PERIOD.
3 DOPPLER VCLUES ARE CHOSZ I OW THE BASIS OF IN INOL
I VALUE TH AT IS c;~~ :E:3TzD BY ONE AFTER EACH SEL.
3 ECT ION AND ~~~~~~~~~~ Ar 3 :2.~i. HO? AND 1~FS~C VALUES
S ARE cI:os~~: 0:1 T::E !~~$LS OF AN 1~:DEX DETE~~-1ZNED
3 ~Y THE OUT PUT OF A fl~~ D~~-I NUWD~R c :-i~ RATOR.
3 ALl. EFFECT VI-LUZS ARE STOT~~D IN P~~ :~ED D C ~~4Al.
3 FOF~1e ULSZI TO rlSr3. S’-(STE:4 P~~~~~~TE~ VtJ..UE.S j~~5
S LI KE W ISE STO~~ED i: LSB 10 HEB 0~~D~ fl tJ T  I~1iE ALL 1

BINARY WITH THE EXECEPT IO.~i OF BASE FF~~Q AND RU 4N I
I SUM.
S BOTH SYSTEM PARAMETER I~’ID EFFECT VALUES ABE INPUT
S FROM THE PDP- l l.

J

G~?Y ~~~~
~~~~~ ~- ‘:~i_’; ~~~~~~~~~~ 

~“
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CW Y ~viqy’~ ~~~ ~~~~ ~~~~~

~~~ ~T ‘H “

rc~~~~1i th .LI  ~~~ - -  ~t;~~- - ‘ ‘~

I***. SYSTEN TABLES-DATA AREA DEP Z~41ITZONSI
8~~~0 ORG 2011
0029 SIMs DS 3 351?ItILATIOM CLOCK
0023 DP REOs DS 5 3DC3E FRZQ
0028 SFRF.~ s VS 5 3RU~N1~)G SUM
002D STOP. OS 3 ISTOP CLOCK FOR SIMULATION

3
S
SYSTBS

0030 VS 3 SHOP CUR EVE~3T CLOCK
0333 VS 2 ShOP PATTE~~I !IPSK0035 VS 3 SHOP Rt.’)D tJUNB SEED
0038 OS 2 SHOP PAT AD~ (1.43O)
003A VS 2 f l 0 P  CYCLE ~~‘~?E
003C OS 3 SHOP STOP TI~~!S
003? VS 3 ~~FSK CUR F’JI~1T CL OCK
0C4 2 VS 2 ,r:~ S:~ P.-YF
0044 VS 3 IU~ S’C )~- ;L-~ ~~‘B 5~tD
0047 DS 2 n:F5-c P- ,T ~~c ~~~~£3049 DS 2 ~~~~~ Cyc’::OCAD VS 3 3~~~SK STOP TI~~E

S
OC~ E VS 3 11.3 1’ C1~ E~’~~(T CLOCK
C~J51 OS 2 fl ’~P F:~T !:; .-:X
0033 OS 3 SI~0T U~~:D ; Ofl ~OP
C~’56 OS 2 51’O.’ P~.T ~~~~~~~~~~~~~~~~
0~~38 OS 2 310P C fC T . .‘:.T E
0’SA VS 3 J OOP STOP ~~~~~
CC3D E::: .~D: VS I
OCSE S~’- ’z VS 2
c~~33 TEl EC’J 03 J l t ! C ~i ~~~~ ‘-~~l OF 1~’/U~i IT  2175 7.~3
0204 HU~J E~ J 04 J7U G~1 ~~~~ :s:~ OF 120/12 BiN TA~;l.S

3
;**** E ST t . !3LIS J I  T7t~::1IuO ~ .7 -S-~”~TUP ,~ r~~~~SES ETC
S

(‘~ 6,1 &1I~!3Z~) ST;P3s L’~I V~~~11’O JLO D 1~Z~t (7 ~— SC F-::0
f l - - a r t n - , r. ’l 9 5 •  •p ~~~~~~~~ ., a ~~~ n —’ -

* n —  ‘ - . . . . v  ,--n..
S.’~~~~.* S~ ~~~~~~~~~~~~~~~ &.•.ö .~~Ø *  • - 6 11. . •. - . ‘,*.‘ 4~~~. s J  ~~~~~

i;::~.c~ C~ 4 t;~’z r.4
~~~

- 

~G CA tIV~~s I~U:.~C 13
C
~~~

-) 77 11.A 5~~ 7 .1~ r-~~~ i - : r ’~ 
-
~~~~ ~~~

c ; - ~~ CC C :;~ -:; :‘ . s L  ~~~~
c- . _ ,’ 2c ~~~~~~~~~~ ~~~~~~~
(I~~”~ C 15 DCP V

JP LNE r:~o~.’: -
- 
II; ‘J ~ ‘;:TE

0070 2l3~ u0 LXI H, 5Y5T3 ;ST~~ J ~;:~ ~;7 Z , 5  T.WL.E

1)5

- -- -~~~~~~~~~~ --



-4

copy ~~
y E  TI) ~~ ~-~-7 ~

p F
~~~~i FULL i’ LL~~- -~ ~~

-

S
J f r~~** !)~ TENWE IF 7fl’.S EFFEc~r W I L L  BE IMCLUDED
I

0073 54 STEPIt ~ro~J V.11
0074 i 0  KOV
0075 225E00 SHLD SAy SSAVE START AVTt OF THIS EFFECT
0078 2C INR L J ADR ~ i~SB CUR ~VT~JT
0079 2C IUR L SAOfl i-~~~ CiR EVr~JT
007A 012230 LXI Ba SIM +2 J A37 t ~~‘3 0~’ S~’1 CLOCK
0O?D DA LDAX B ILUN.~ 

-~~3 S7~1 C7.3C3C
0075 1E C~~P SI 3CCUPAS ~~ WX ~~H 1~$B CUR EV~~JT CLOCK
007? C2BDCO J75Z CIME
£5032 CD OCR C S ADR 577459 SIN CLOCK

— 0033 20 DCR 1. JA~~ 5~ iS3 CUR CLCCK0~-34 OA LDt~X B ILO~~D F.~Sl3 S 1- CLCC C
0083 fl~ C17P H JCO ’:~ s~ t/I~ il 5::4S9 CUR EVENT CLOC
0~~ 6 C~BDO0 JNZ CTPIC
CC.39 CD OCR C s~~DTt L5D OF Z 7t 1  CLOOK
COCA OD OCR L St.’.’lS Lv;; C’J!~ LI/~~~T CLOCK
0~~9 CA LDP.1C B 3LO~ D L3:3 ~I5~ CLOCK
OE~3C EE 

C!P H ;cc:~ ’t~:E t1~~~i{ L~~3 CUR CVrJT CLOCK
008D D29900 CTME: .J~3C STEP2 JUO CA~~SIH GT 

a ~~~ EVE~’1T
S
Js~ ** 11515 EFPTCT WOT !71CLU~~D”ICILL TIl’!E TAK !21 IF EFFEC
S*s** QAS I5;CLUV:D
S

~ 090 3F3C A.60
009 2 3D NOs DCIS A
0~2~3 F29~~CO J P ND
0096 C3A901 ~H4P OK SNO W CHECK IF  TillS WAS LAST UFEC

3
S**** VET! T~1I~-1E IF D0?~~~ T~ EFFECT-IF YES OtT ~OPT~~ER IN
S**** O1~~tI.WI5E GO C’~~ E7L~TE h1i~~D-) N # FO 1~ I5~DZX VAl.
S

0099 SB STEP2v XC9G SS’~~t.t TVtIS c~ c-~-r-T UAS IN 0.5
009A 2C I?R L. J / ’) i !:ISP CU’~ t, -:7
0C99 2C I~~R L S I~~~ 1;/~k3 C’JH H.’ .i
CC9C 2C I~ 7~ t. ~~~ i—~’~-r ~~~~~~

C~ ’~D 45 t :oV C.M SL-O ’-~
) L-!, -3 :.‘t ~~~~

£5I’79~’ 2(~ pin ~~~~~~ ; - r ~i-s P’ -~ ri,~ctç

009? ~ A MDV V,H SL)AJ !7~~ !~‘i ::.
-
~~::~~:

— 0CA~ 78 EOV
C3t~I i. FF ICR! S T .C-~ FO~: rS) 7 ~~~~Ci—~;3T FFH
00A3 C4~L200 ~JZ $Tr.P3 tL~OY ~F:z T~ .I UL’( L. “~~~:i ~ ISJDLX

S
S**** CET DOPLER IU!X~X t~~) UP0r~1E

00A6 03 HIX C z~ ::: r LOP 7 :;~’ :X
COA7 76 ~ OV • P
00~~s t-603 t-::i i~~iL 1 - ~~’fC L~-~ ~ 7 v~; ~ IT H I T S  !C24
C’J .’ 77 50V ;~~~~,‘~~~: 

-
- . ‘ ~.3  

~~~~~ -~~
‘ 17~~ ILX

0 0 3  (.. .~ c- .- : -~~ :~~~‘:
- ~~ 

- -- -c - -
~~~~

OCt.U 2C 1’ P. 1. J.~~- 7 .  ~ , (‘ 7 ~~ - ‘ 1 ~
O~,i~E 20 1. ~ : :. 

- - -  
:. .

flA At* F , fl f i t  I” I a. • 5 f  • -.
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AVA ft A ?~ 1~ • ‘ , I~~ ~ ~~ ‘

~v~ ir FULLY 
~~~~~~~~~~~~~~~~~~~~~~~~~~~

S
S**** R’~!JDOM I IHOEX GEN ERATIO N FOR HOP AND MFSK
S

0082 2C STEP3s IHR L S ADR OF ‘.53 0? SEED
0033 GE NOV E.N SLO~ D &7~~D LSJ3
00134 2C IHR I. St.~~ t~L~~3 SE~D
0~~35 56 513V D.H 3L0. D LI SO OF S7~~D
00~.16 2C ISIR L S ADR M SB OF SEED
0037 7Z L-IOV ~~P1
00~ 8 ED XCI-L G SADR TO D,E-Va~L TO H,L
00~3~ 29 DAD H IDCtJPLE LOD CJD 11LS 3
00)A OF I1DC A SDC’JILLE r :z:, WI TH C r U ~Y FROM DAD
0~ 533 ER XC}IG SVI~1. TO D, -~~ i.l ~ f~C1C TO H,!.
3CJC D2C(/)~ ~JHC STORE flfl C - .~ 1Y TXI.1 5)0 XOR WtED~7D
0O’3F EE3O Xit l i:~~~.3 ~~
0CC ! 47 NOV B,A J 3 ; . J E  5 5 5 T h  IN B
0002 A? XflA A ;1::i~~:) ~~

•

C003 AA XRA 0 s:J:1S13 X~~
00C4 57 1-73V V.A ,5- ; -: ~~H~3 IN 0
COC S 3~ 33 t~V I i~, 33i-s SL1~J ~~
CC C7 AB XRA E SLS 1 XO~
CCCG SF NOV E ,A JS:~’E L~~~ IN £
00C9 73 MOV A.B SHSB DitCK TO A

I
Ss*s* STORE OFF NEW RAIDO II HU S-IBER
S

COCA 77 STOREs 53V M,A SSAV E N SB
OCR 1.

0~ ~C 72 NOV 11, 0 355EV SLISB
OCR L S

OCCE 73 NOV Ma E 351EV LSB
S
J**** GET I13IH~X FnO:1 LSD CF Rf2 -SVO M I US I:S G flASK rr~osi TM
3

CC~F 73 NOV AjE SLS13 STILL. IN E
J~ O A S ti-I A C S~~~~ 5t i~’- S 173 C : - ~~~l STEP 2

CC~D1 4F l- OV C..A I S E T U P  :3, C ; 1T~l z: ;~~ x
00D2 A? XflA A SIUGH I1J[~~C VP.1. IS Z~ z~O
(I~~%)~ 47 !-~0U

S
S a~*** ~‘~r t-’:Tz LOC OF ~ ‘r: 3 !IY r:U T .T c~ r :r -X  ~~~~

‘ S n a  AD
:**ss TO T;n~ ~~~~ r. ’.~ ;SS OF THE , .~ l C JJ .Ld ~ t~1t1:5 T:•~L
S

C’ )-~ 2C ST~~’4~ I:)R I. St’~~ CF ~~~~~~~~~~ OF ~:- .:D
C’..)5 2C IU fl  L S ~~~ 07 s :~ 0/

• C ,~ ,C, ~7C I:7~1 L S~~ - 1 (:~ 1 - ‘ ?  L - C
c ~i vsov t ,u ;L~-:: U :: ~ ‘ - : - - -:: -.

r :~ 3 ~‘C :.~ 
(%j :-~~~~~-~~~

-

r - ~-z~ 5:3 W 0,51 ;‘j 52 0/ . : : - ~~~~~ ‘ :H
C - \ ; ‘ )  ~~~~ 3r ;,~~~ ”j~ 5 ’ 7 . L — ’ .~~r 3R TO D. E

1.1 ;r~ -~ i .  :: - • ~~~~~~~~~ 
i-o c , T  ~c’~’ f.)R

C .  -~ ~~ 1~:D a
c:- • :~ ~.) D.’,D 13

~-a.a~~~. 
,~ ea ..a. D. -. .• .. a a . h;..,.. ~~~~ 

;~,i.
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Ss*** BCD ADDITI ON ROUT IME -SUM+PATT FRN
S

IOEC C30001 JMP CONT SJUMP OVER MONITOR STACK AREACFO-
00E3 ORG 10O~I

COSITs
0100 !r23 MV! E , SFREO S ADR Or II1JNSJING 51354
0102 ~~t MOW ASH JLO:D USR OF P~TTE1~1
1103 C600 AD! 0 SAI FL~C? ~I IC :3  CO;JDITION
0 105 FA3 *31 ,J~I DSUB J S I C 7  BIT SET-SlAVE NEG ?RE Q
01C3 2~ DCX H IGE T LSS OF PATTERN
01439 29 DCX 14
G I O A  213 DCX H
0*013 2B DCX H

S**** ADDITIO N OF LSB Lr~TES
0*CIC IA LDItX V SL, L’~D LS~ OF SU~4
h O D  BE ADC H 3A1 0 L53 OF PAT TO IT
010. 27 D;~A 3900 r~3JU~T
010? 12 STAX V J STGII tJ~ tJ LSB OF SUM

S**** 55LS3 ADDITIO N
0110 *3 flIX D tAfl I~ OF 5’L513 OF SUM
I I I !  23 ISIX H :A5:~ Z2L. S~3 OF PAT
01*2 IA LD~X D LO 5~D 1~L~~3 OF S UN
0113 CE ADC H JA !~L) TO 17 I~~T 1~LSB
0 114 27 DAA SDC~) tSDJU~ T
01*5 *2 STAX D JS~ GT ’~ U~~ £JLSD OF SUM

;s*** UUL. SD A DDITI ON
0*16 13 ISJ X D JA1~~ t:NL SS LYlE
01 17 23 INX H St~~ 1~~ i .Sfl OF Pi~T
0113 IA LDAX D SLCt.7J : . ~LSB
0119 SE ADC H Sf~ D I7~ :::LSS OF PAT
e l lA  27 D1~A 1100 AJJU~~T
0 I *B  52 STAX V JSTO~~E N E~ 5~NL SB OF SUM

t* * * *  5’ .!L 5B At DI T I C: 5
O S I C  13 I1;X V t A ~ R OF !::1 ’LS13 OF SUSI
01*0 23 ISI X H 3A1~~ OF I :::L~~3 Or PAT
011E IA L1~AX 0 SLO~~U : T, SB OF SWi
O I R F  C LOC 54 JI~~ 73 :~0520 27 D!.4 SEC ’) 
t *2 1  12 STAX V SS~’O~ 5!7~’J 5 N!.SD OF SUM

St *ss ~ 111)7)1110:!
0122 13 I !X  V SA!~~ or i~U~ “YT
0123 23 I7SX H 1t~1~~ OF 7- ,’? 7 Cr).
C1~-4 IA LDAX P tL0I~ T- ~.1 ;:(TE
01~~5 8~ ADC PS J . : - D  T~ 7 - ‘~T -

.- -
0126 27 DA4 J L ~C’~ t-.~J~~ T
~~I27 *2 SI AX P SNF. U t~~a OF SUM

I
J:*~~ 1::t.. :::t TC 7~ C rrT~~~l~~ :s: AD S’JO ‘JTI7~~~ •.

S
45J28 3CC6 MV! - .-

0!2~ 3; OCR A
Oj ::i r.~

-
~~’,i JP E -I

0 125 C’Ji .3i IIM P STEFS 
D ~~, , —

~~‘4diI j ~J 4,, f  L t
1-5

~
’i • 

“ 1
~~ 

I ,_,-

~~~~~~~~~~~~~~~~~~~~~~~ —
- 

- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -.
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S**** BCD SUBTRACTION ROUT INE
S
DSUBs

0*31 567F A~1I 07F14 SC~ZT RID OF SICN BIT FRO M PAT

0133 4F NOV C,A ISAV E MSB OF PAT
0134 20 DCX H I CE? ADR OF LSB OF PAT
0135 28 DCX H
0136 28 DCX H
0137 2B DCX 11 51.513 ADR IN 11.!.

S**** 1.33 SU3TflACTION
0138 0699 t ’V 1 a,ocn ;U~ :;D 1 :-S CETT ING 99 OR *00 COMP 1.
Oi3A 37 SIC t I N D I C :~TE rso ~3rU1OW
0133 73 NOV A,B
013C CC00 AC! 0 I SETU P ~Ofl ~‘9 OR IC~ CCIP
013E 96 5133 *4 399 OR 5 3  CC~1P OF PAT
0J3F E3 X~~IG S PAT t~D~ TO C, -S~ :1 Ij OR TO Ha!.
0140 86 ADD N J A D D  rH:1 IC : :~.uL T
0141 27 DAA J!’~~7) E ’ IJUST 1. 313L1
Oj A 2 £3 XCH G J~~~ 1 ~~~~ aO ~~~~~~~~ t~DR TO 14,1..
0143 12 SIAX D ;:3~~ Y 3.0Th 513:1 D I r E

NLS3 SU8TP.ACTICII
0144 *3 17~X V Sf 271  t:L39 Or- PAT
0145 23 I7-?X H S t-JR OF- ?L .3 3 OF PAT
01~~5 73 P~OV A,B ; 9 H  TO A
0147 C~~~3 AC! 0 ;S~~rU? r-’) 7~ ~~ CR I C O  CO:-IPL
01’~9 96 SUE II 399 Ofl I:~~ c:~:iP 07 PAT
CJ~IA 03 XCHG SPAT t~D~l TO 7 , -1,U71 ADR TO H.!.
0149 36 ADD *4 SADD .~X.! 73 R:~’JLT
01’~C 27 DAA If l CD t~~JU5T

xci:~ ;ra .i 12:1 70 a,C-PAT TO 14,1.
0145 12 STAX D :u::W N L . Z D  o~ su~

S**** !~ 3LS3 SUBTRACTIC7014F 13 ISSX V 5:371 OF r~L .c1 OF SU!
0I5~ 23 f iX  H 3 r.D?a OF t1::s~~~3 OF PAT
0151 78 NOV SLOAD A ~!T 7I 9921
0*52 C C ~ AC! C
£~1~ 4 SU3 H ~99 OR ~~ CCHP OF PAT
01~~5 ED XCII G S~~!’,T I .~~~ 

7,  f l . 0 513M ADR TO H.!.
0.156 06 14 S~~2) t~~:1 !~~r.
0157 27 DAA SHO D ( Th ’V~-T
0153 ED XCE G S~ - !.i t-. ?‘~ T). t .PAT (.DR TO 14.1.
0159 12 STAX 0 INEW 1~I~L.STh ~-F SUN

?**~ * r -~SR
*3 !‘-:X fl t~~0R O~ :! ~:; r-I SB

015~3 23 I% X 14 5 . ) ~1 OF Pt ’! 1~ S13
055C 73 NOV A ,B SLOAD A t i~ :
oit;~ c~ cz AC ! 0
OI ~~F 96 SUB 1-1 ;~~‘ OH 1- T f l  c~~:ri . Cr - T~f~T
C 2 C ~3 t ::- XCNG P . - 7 I ‘H ‘i ~~~~~~~~~~ 

- : ~s TO H.!,.
PS ; ‘-  ;~~: H . 7 3

.~~~~ ~f £P l f l  .. - a - ~~~~~~~

-!~~- ,3 7~? ~ .‘:~3 ~~~
. - - - • • - .  ‘

- .  - - •‘  ‘ ~~•‘~~ ‘-~~~ —

0 134 1~ £7A< V ;HH~ I ~~ ~~~.
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3**** *159 SUBTRACTION
116$ 13 fIX V SADR P159 OF SUM
1166 13 fIX H JAD R 5159 OF PAT
0167 78 NOV Aa8 SLOAD A WI TH 99K
0168 CEhI AC! 0
OlGA 91 SUB C SPAT HSB WITHOUT SIGN SAVED IN C
0*69 EB XCIIG SPAT ADR TO D,E.S~J14 £DR TO 0,1,
016C 86 ADD PS I ADD IN SUM BYTE
S.16D 27 DAA 1800 ADJUST
116E ED XC~G 551351 ADR TO DD E-PAT APR TO Hal.
0167 12 STAX V SNEW I1SD OF SUM

S
J **** UPDATE CURRENT EVENT CI.OCK VITO CYCLE VALUE
I

0170 2ASEOh STEPS , LHLD SAW S PUT ADR OF START THIS EFFECT IN
0173 55 MOW 0.1. JSAVE L0V ta.DR ZN P
0174 7D MOW A,1. S
0175 C60A API *0 S ADDIN G C GEl S ABR OF CYCLE RATE
0177 67 HOV L.A SPO !NT 14,1. (:t CY CLC L~TE
0178 6E NOV C,M SLOAD LSD OF CYCL RATE
0179 2C fIR 1. 3t.DR CF fl2:~ OF CYCtE rIATE
OITA 46 NOV B,M ILOAD B U Z 7 ~14 11S~ OF CYCLE RATE
0*78 6A NOV L,D S~ OINT 14,7. AT CU7.~~NT EVE21T CLOCK
017C SE NOV E,M SLO~’tD LSD 0? CUR ::Vi;7JT
0170 2C INR 1. JAPR OF ?~H3B OF CUI CLOCK
017E 56 PlOY D,M SLOAD NN$13 0? CU/ EU7:~T CLOCK
017F 2C 1152 1. St.DR OF M03 OF CUR EV~21T
0130 AP XRA A 315110 A
0161 09 XCHG JADR TO D,r.-LSB,N::SB OF CUR EV TO
0182 09 DAD B SU!kDATE 1.53 t:sD I:;ISB OF CUR EVENT
0183 ED XCHG S ADR 51513 TO i:. t.-V ::. TO D,E
0*84 CE ADC H SatED c7.5-:S8 CJa EV: JT+C.4.~7~Y
0185 77 NOV M,A f lJ ID1~1E ~S7~ OF CUn EVE7IT C1.OCK
0106 2D OCR L SAD R NN S13 07 Ctfl1 EV~~1T
0137 72 NOV M.D SUI’X~E r:-i~~ CUR CVD:ST
01Z18 20 OCR 1. S(Dfl OF LC3
01139 73 NOV M,E SU~’Dt ’f 0 L0) CUR EV’~NT CLOCK
lICA 47 r.oV B.A ;S~:Jj~ ~~~~~ ~j 54 Ev -’sT
0I~ F) 4U NOV C,!. JS JE A’OIl i,~513 CU R DV7~3T

• S
5*•** CC:!PAr.s STO r CLCC:-C SflTlI CU H~~N T EV~~ T CLOC K—IF TI
S**** TO ~ JD T~ lS EF~L.CT sd CIJ H 5T r.VINT CLOCK TO MAX
S

hIEC 350E MVI A, 14 S OFFSET TO ZFF E~ T STOP
OIZIE 05 120 L SI. l!t.S ST? ‘~T TN~S r.7rEcT
0 I i F  61’ P70W L,A SI ~3t ; a f H a!.. li }.1~-’1Ct S iO?~flSD
0190 ‘18 1%OV A. B ~~~~~ i..ti~-~ (- : iL lC s~W~ U Ill ~0191 r C:IP PS SCL1Pt.~E 1L~u CUS~ TO STOP
0192 C~ 9E01 J~-3i d.C
53 1!’5 lfl l~JV SE ~!S ~~~~ OF CUR tV~~’T
01;6 7~D OCR 3. i nn  i::37 - - .~ STc P C!.OC. i~
0197 r: CNP 53 s cc. : : ---n..: :. .;:~ c~~t To sTop
(1I~ s ’  t ’ ’  ,-.,

c’~~
- ::- —

~~ 
:‘  “ ‘ - — - 1  rt f’’’

-~ s . ’ - ~ ..~~~~~~~.
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~
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S
S**** SET CUR EVrIT CL~ C}~ FOR TH I S  EFFEC T T O MAX

01*1 69 NOV L .C S APR L.SB CUR EVEN T CLOCK TO 1.
01A2 3EFF MV! A, OFFH
0 1*4 77 NOV 5l. A 3MM LSF3 BYTE
0 1*5 2C fIR 1. S ADR !HISB CUR EVE2I T
D I M  77 NOV M ,A flAX I3~-!SB
0 1A7 2C INR I. 3 ;.DR N SD OF CUR EVEN T
01*8 77 PlOW M.A SMAX 5158

S
S**** CHECK FOR MORE EFFECTS
3

01*9 3*5500 O KI 1.0* 550 SLO: D LOW BYTE OF START tDR THIS
0.*AC C~~)F (DI *5 SG~ T I’tDR OF ST AHT ?-1 X1 EFFECT
01(5 FESO CPI 5011 51.)21 IS OUT OF E1 FECT TABLE
0180 6F P10W L ,A
0113 1 0,27300 STEP ! SNOT E’~ tJAL TO 5014 T H AN NAVE ANOTH

S
S **** HAVE CO 135ID~ 1tED AL.!. THRt C EFFECTS -CCN VERT V~~ UE I
S**** TO BIN ARY TU3 I;~TE 10H1 OF I~~TELL
S

01134 112800 LX! D, SFREQ ; Ia) B OF LSZ~ OF SUN
0*87 IA J.DAX V tLf l :~D LS~3 C~’ SU:7
0303 2603 MV ! 0,7551 SAD~ OF 1HH3/U::IT CCH VERS I O U TAB
0*13* 67 NOV L .A SW:.!. OF NILt .  io/u :’i’r V~’L IS it ;oEx
013313 45 NOV C,rl SSt)r ni:! H!.JIV 0~’ NIL!. 1C/UflTS0183 I C fIR S 3f ~~R OF ~ L~ J OF SW!
D I ED IA I.DPX P 3LO t~

) H~~T?.. U S I T / H I L L I  100 BYT E
DJBE 47 NOV O,A SSr ~JE 5~LS Th
DIET 5607 (NI 0737 S1ia~SK OFF ~~ riT~ U~7ITS VA!.
O S C I  07 RL C J d3U ::~.E l~~; v:’. TO c~ T Ti~~ OFFSE T
01C2 C69A AD! *54 I(.DD IN E.~-.2  0? I~~:i ~1!U T.H~LE01C4 6? MDV !.,A 3 POZH ~ fl,!. ~1 I~~3 HI~1 F .GJIV
OICS SE t:OV 5,51 51.0*!) LOW Z f l E  OF t i lL !  1.. DIN EQ
OICb 23 fIX H

-- DIC? 56 NOV DaM 50108 VA!. CF NIL!.! I~ 3 BI N ECU IV
01C8 6’~ NOV LC 11.0*8 MILL : !o/ ~3~iITS V A!.
01C9 ~6O0 ?2VI 0.2
0 1GB *9 D~-D I) SMILLZ i~ i- L (J IV 1W Ha L

S•*** )IILL IH ZRT Z OUT~UT
I

01CC 7C NOV A,H 501011 L’YTE VA!.
0.ICD OF C~ A 

- 
-

3ICE 0309 OUT 9 S OUTF U? !!I~~:1 73YT~ VA!.
O1D~ 7~ A,!. 3Lfl’~ 

I O’J f I V  U - ! , • -
~~1D* 97 dMA
0102 0308 OUT S S OUTBU T 1 .0 .  U(TE V cJ.

COPY AYA’t’9EE TO flE?1~ !X~F~ ~UT
f~~~~

l-’*
-’ 

~~~ ~ r ~- ‘ r ~ ~ . - ‘~~~t’Wi
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I

S **** HERTZ CONVERSION
S

0lD~ 78 NOV A aB SHL SR OF SUM St~~~D IN B
0105 17 RItE SSHIFT HIGH 4 BITS TO LOW 4 BITS

— 0106 1? I2 AR
0107 1? RAE
01118 1? RAE

- - 0*09 5607 AN ! 07*1 SMA SH OUT 01011 4 BITS
01013 41’ NOV C,A SS$~JE HERT Z UN ITS Vi,L.
OJO C 512*00 LXI D, SFRZ C-s 2 SAD fl OF HCI1TZ 103/10 BYTE

— 0107 IA LDAX V 51.0*0 HERTZ 1360 100/10 BYTE
0150 67 NOV L,A
DIE! 2600 MV ! 8,0
0153 29 DAD ft SDOU UL.0 *00/ 10 VAL TO GET DIII TAB
01C4 1*0004 LXI 0.040014 Jt~0~ OF 100/IC nIPS LOWlY T*~’7.E
lIE? *9 DAD V SACTUJ I. P.Dfl OF }~E7~TZ 100/10 BIN V
0158 SE NOV E.t1 SLOi’~D LOW !~114 E~?JIV
0159 23 IPIX H S ADR OF HI~ H B~I1 E~UIV
lISA 56 NOV 0,51 JLOAD HIC~ DIN.~~Y EOUIVOIEB 69 113W L,C 51.0*0 HEI.T Z U:aZ TS
DI SC 2600 ISV ! 14.0
lIES 19 DAD D IHERT Z BIN EQU IV IN Ha l.

,**** IIEFTZ OUTPUT
I

DIE ? IC NOV A,)! 30108 BYTE VA!.
0*70 27 CUA
0171 D3OB OUT Ii SOUlFUl HICfl BYTE V i*L

— 0173 70 NOV A.L SLOV BYTE VA!.
01F4 2? C5IA
0*75 030* OUT 10 SOUTPUT LOU BYTE VAL

5**** XILLIHE RT Z CON VERSIO N
S

0177 112B00 LX! D,SFP.EQ+3 JADE OF I-IN SB OF ’ SUM
0*7* IA LDttX V ILO ’D mtEfl?Z 1~’vU:!IT ~0D BYTE
DJFB 2603 JIV I H,TEU J ADR Ti~’3 /U . I T  BIN ECUIV TABLE
0*FD 6? NOV L.A 3~~CD I’;/!.i::I V~i. IS TA~tE I1-2DEX
0115 40 NOV CaM SSrUC ri:i ~ :‘j iv T :z C

L 01FF IC 1-1R S t ’ R  O.~ !~S:~ OF ~~~- . 
02C0 IA LDAX 0 SLOt ~ 1-~H~~!.f Z I ,11EGf ~ BYTE
020 * 4? NOV S,A ISa ’~~ FO~ ~~ r.A CO?VCRS ION
0202 E6CF AN ! CFH 151*514 OFF ::~ Gtt Fs~TS
0264 07 RLC SDCU ~1E T(s CtT 1 0  TAB INDEX
0205 C69A *01 *54 I*DD TI’~ !.E 13*55
O2Ci7 6? !‘IOV L . A
02~;8 50 NOV 0,55 SLOW DIN ECUIV OF ICHERTZ 100
0209 23 fIX N
02~IA 56 PlOY 0,51 501CR SIN ?~UIV
Ø2~ 8 6; i1~ V 3.,C 3LC;.~ ;~~/U ::z T3
G& CC ,.UCD C 1  I!~ C
•2CE 19 0*1) 0 JKHERTZ BIN E~U IV

C~EDY ~~~~ T~ ~~~ . ~ ~~:? ~1T
PE~~~T F~LLi L~~~I.. ~~~~~~~~~~~152
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- I

S**** !C!IERTZ OUTPUT
S

0201’ 70 NOV A.H
0210 27 CPIA
02 1* D3 OD OUT 13 S OUTPU T HIG H BYT E VA!.
0213 70 NOV A.!. JLO*D LOU BYTE VA !,
0214 2? CMA
0215 D3OC OUT *2 S O’UT PUT LO~ BYTE VA!.

I**** MEGA HERTZ CONVERSION $~ID OJTP’JT
S

0217 78 NOV A.B SNEGA BYTE SAVED 133 B
0218 1? RAB SSHIFT TO LOW 4 BITS
0219 IF RAE
021A SF EAR
02 1B 1? RAE
02IC £60? I.~3! Ø~’14 SMAS K OFF HIGH 4 BITS
0215 2F CMA
02$? 1)30! OUT 14 JOUTFU T MEG~ HERTZ

J*s.* SI rJD LOAD PULSE
S

022 1 3EFF MV! A.0?FH SLOW PULSE VA!.
0223 0301’ OUT 15
0225 3EFE MVI A. OFEH 5HI GH PULSE VALa BIN I
0227 1)30? OUT 15

3
$**** UPDATE SHIUL *T Z ON CLOCK —

S
0229 2 *2000 LXI H, SIM S ADR OF SINUL, ATI ON CLOCK
022C SE MDV E,M SLSB OF S1~-I CLOCK
022 1) 2C WE L 3 /tDR OF SNISS
0225 56 NOV D.N SLOAD CNSB
022? 2C !NR L J ADE OF !ISB
0230 *7 XRA A 1ZE~ O A
023 1 ED XCHG 3 ADR TO D, E.VAL TO H,!.
0232 010100 LXI B.1 S~~JT A * I~ ~,C PAIR
0235 09 DAD B J ! L I NP  SIN L S3 I.~D CNSV
0236 ~~ XCHG ~~~~ TO ,~~~ ypj TO D.5
0237 BE ADC N S S I N  tS8.C:J~~Y+ZEflO
0238 77 NOV M ,A JUPDAT E 51:1 N SB
0239 20 OCR L J ADE OF !::~ 39
023* 72 NOV 14, 1) )UPD*TE ?~~S3 OF SIN CLOCK
02313 20 OCR 1. J IIDrP OF 1.S3
023C 73 NOV 51.5 JUPDAT E SIN 1.SB

G~PY AV~ft~~ TO ~~PE~ 1T FULLY LE~~LL ~~~~~
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I
J**** COMPARE Sill CLO CK ViTO SIll STO P FOR END SIMULAT 1O
3

023D 2521’ liv! L,, STOP.2 ILO AD ADE OF STOP CLOCK
023? 55 sliP N JCOHPARE MS8 Of SIN CLOCK TO STO P
0240 C24C02 4HZ CHSTP
0243 20 DCR 1. J ADE OF III’1S8 0? STOP CLOCK
0244 7A NOV A,D SLOAD I::4s13 OF SIll CLOCK
0245 BE ClIP N 3 CCUPARE WITH 5~M SD OF STOP CLOCK
0246 C24C02 4HZ CIISTP
024c 20 OCR I. J ADE LSB OF STOP CLOCK

-: •24A 7! NOV A.E SLOAD LSB OP SIN CLOCK
0248 B! ClIP Ii S COMPA~E WIT H LSB STOP CLOCK
024C 0*6000 CHSTP* JC STEP0 500 r .NOTHER CYCLE
0247 C30000 JHP 0011 IRETUflN TO THE MON ITOR

~- 1
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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

- b~te 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 transfers 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. Dat a is then

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

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

-v



~
i T T

READE IR

IN PUT
I N C R E M E N T

INPUT HIGH ADA REGS

4,
IN PUT

DECREMENT
INPUT LOW BYTE BLOCK
BYTE ADA COUNT

INPUT

INPUT BYTE RESULT YES
BLOCK COUNT ZERO

NO

COUNT YES 2

NO

SETUPADR
REGS

INPU T

2 INPUT DUMMY
BYT E

INPUT ____________

INPUT DATA +
BYTE

JUMP TO - 
- -

RTM START

STORE DATA .1
BYTE V

C
END
D
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~ 

INPUT~~~~~~

OUTPUT VIA
GET INPUT POR T 4 COMP

PORT 4 STATUS VERSION OF
FROM PORT 5 

RECEIVED

RETURN

SAVE
COMPLIMENT
VERSION OF

CHAR

4,
COMPLIMENT

CHAR
RECEIVED AND
SAVE IN D REG

GET OUTPUT
PORT 4 STATUS
FROM PORT S

~~~~~~~~~ ES



S
S
i**.* SYSTEM TAW.ES/PATTF.RN TA~~.ES INPUT ROUTI N E
S
S TflR~ S !flIT!!~’.. R~ ”D5 APE USED TO !D~~1TIFY HIGH BY?
S L .0A )  A*)r~~SS,l.O i rer~ t .Oi”) PDDflE Si~ r iD ~~I~1~ F.R 1)7
S BYTES l~J TY ’ .- i~ FER. F}iE IJ tJ’~~~ R OF BY TES S~~ CI?!~ D A
S Tfl~~I Rr.t~ t:~o ST~~ .~ D *CCOiOi!~G TO BYTE COUN T I~JD
S START ~:::-iOw t r D ~~ SS GI’~:.:~.E~~CH CYTE 1tE~ D TROll TN
S IS ECHOED D. CK FOR VERIFIC!. TION PUIIPOSES.
S
S

0252 ORG 270K
0270 CDGE O2 STs CI~LL IN PU T SINPU T H I G H  LOAD ADE
0213 62 NOV M.D ;!r~~’JT IS IN 0
0274 CD3EO2 CAU.. IUFUT ~~~1. - -~ T LO’J LOAD ADR
0277 6* NOV L,D JH ,L 1 0J  P0111? TO START 1%D R FOR S
0273 CD3CO 2 Ct~L.L INPU T 3Ct ~.T UU~ 3~ R OF EXTE S IN BLOCK
0273 42 NOV B,D IS WILL. D~ LOOP PEG
027C 73 N OV A,S
027D YEO3 CPI 0 S CHEC~ ?O~ E~ D C0 PLO CIC COU~ ?)
027F CAt~502 LO*DX 160 START REj ~L. T1:~E pP.CG P.-~r4

I
S**** INPUT SL.OCK OF BYTES
3

0282 CD3502 CHINS CALL INT~JT 3 !IJPUT LYTE
G2~5 72 NOV H,D I S~ C~~ I !-! ~~~~~~
0266 23 IUX K JU:X? ~l~~ )hY ADR TO LOAD
02~7 05 OCR B io~.c~~~i~~ v l- !.QCK COU JT
02E 8 C2~ 2O2 CHItS 3.’JOT z::~o I ; ~~:i H:1 c  r N Of H EI ~ CHAR
026~ C3?00 2 J~2P ST IGE T U~ X T LO r D Pi~~.ZTC

S
St*** BYTE INPUT AND ECHO R3UTI~1E
S

0005 SPO RT E~’U 5 SSTATUS FO~ T
0~ fJ4 DATAP CC~i 4 SD.’ITA I:~/3UT POET0235 Dr~~5 IlIPUT : Lu SPORT SI :-TPUT S’tr~ US
o~ co cc-oi 0 h z  ;cui c;c I. ;~-uT 7~~f ~EY
0~~ 2 CZ~b~C2 %J -IZ INPU T I D I T  - I T:~~’; I~~r J T  ‘flT T~ICRZ

-
- - C 295 D~ 04 DATAP S x: : :”r  ~~‘1’~ F;’-

~:I T~:E i i
0P97 4F NOV C,A iSc~v~; CC::JPL~~~ ..a~~D V~~~E I O J

2? C~ A 3(  L~~L ~~~~~~~~~~~~~~ O~ 1.~~U T ~~~~~~~~

~2~)St 57 NOV D .A 3L ~YTE I~ :~ .rUr.~ Eu IN u
I
I**$* ECHO BYTE T~ cEzvE D 13:.~I~ TO T HE 11
S

029* D~~ S ECHO S IN SPORT I Cr.? ~11T ST~.~’JS
O~9C P6~1-~ i’~11 0/:11 JC~ EC:C iF fl~~.!)Y
çi~~~r FC~Y) !~~!T ~~~

- ~::2”~~~~T !“ “Y TO ~:o
~‘~I 7~ ;::(~“~ C~-~~~! - ~~~’T~~ ~~~~~~~~~~~~ ~~ ‘1

~~~~ D334 OUT DATAP tt~UT. ~T ?~~ ~~.CK TO I i
0244 C9 ;;

~~~
‘
~~~ j

3**c**  ~~~~~ E f T E  C~~~ If -~~~ ‘ .~~~~~Y~~ G l~~~Z— 3?AXt ET:!
I

C~”5 C?~-~~~’2 LO f . tXl  C~~.L. I~~~ JT ;r ~r .’ ’  .;) ~~~~~- )  ~~~~~~~~~ BYTE
c~~i’~ c~~~;~~i “i ” sT~:r’~ :s-c; :~ ::::-t. ~ Y ;~ ~~~~

• ~ .•,
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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

loader of the real—time run.

159
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C LOADER)~~~~~

4,
I INITIALIZE
I START RAM
I LOCAND

L START ROM

_
I MOVE
I INSTRUCT
I BYTE FROM

L ROM TO RAM

4,
1 I N C R E M E N T
I RAM & ROM

ADR

REACH NO

JUMP TO
I R E A D E R

PROGRAM

160
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3 XBAND REAL. TIME PROGR AM LO ADER
3
5 THE PURPO SE OF THI S PP. OGRPJI IS TO MOVE THE KBAN D
S FRO M ROll TO RAM MD I N I T I A T E THE TABL E RE AD PART
I THE PROG RAM .
S
S

0600 ORG 250014 3R0 ’f ADR FOR THIS PPflG RRM
0270 RDR ECU 27014 S*DR OF TABLE It~PUT ROUTINE
0600 RAM ECU 0 ;STAR1 . ADE 113 R::1 TO LOAD
2C00 RON ECU 2COOH IST ART ADR OF RIP IN RON

3
2503 1)0300 LXI D, R1~!l JOEGIN ADR TO LOAD
2003 21O~2C LXI H.i.OM J ADE IN P.011 70 P.~ GIN LOAD FRON• 2C36 7E lU STs NOV AIM SLO t— D * VITh IuST:~UCT LYTE
2507 12 ST~ X D HIOVZ IN TO Rt-~i
2D~ 3 23 INX H INEX ? R0:-I ABE
20)9 13 INX D JN~~T RI.4 ADhl
2001\ 7A NOV A,D 5LOAD R c 1  HIG H AD~ BYTE
2B~~B FEch6 CPI 06H I F L U I S H E D  LO AD tT C60014
22’iD C2C~52S JNZ IN ST
2BiO C37O.~2 JI4 P RDR I JUM P TO lADLE LO AD ROUTINE
0000 EN D
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