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SOFTWARE DELIVERY DOCUMENTATION

This document describes the media and format on which the source code and
object code of the CPCI tilted "Digital Indicator/Recorder Application Program", CPIN
83IM-FMQI13-F001-00A is delivered. Both types of code are delivered on a 525 inch,
double sided, double density floppy disk with a formated capacity of 360K bytes.

The source code resides on one floppy disk. The disk is formated into nine
sectors per track with 40 tracks per side, yielding a total of B0 tracks. Each record is
312 bytes. Source code is accessed by block number using the target compiler disk "
Digital Wind Measuring System Target Compiler", CPIN 83M-FMQ13-F003-00A.

The object code resides one floppy disk. The disk format is nine sectors per track
with 40 tracks per side, yvielding a total of 80 tracks. The record js MS-DOS
compatible. The object code is provided in three different formats in three separate
files. The file "IND-REC.BIN" is a memory image of the program in binary formart.
The file "IND-REC.HEX" provides the object code in Intel Hex Format. The file
"IND-REC.ASC" is an ASCII listing of the object code.

These floppies should be protected from dust and contamination. The floppies
should not be folded or otherwise deformed. Care should be taken to avoid exposure
to intense magnetic fields.




l. INVENTORY

.Thﬁ following table provides a list all items covered by the CPCI number
and version. In addition all utility and/or support computer program reclease
documents which are not part of the released item but which are required to operate
load, or regenerate the released CPCI are listed with the quantity marked as “REF" .

INVENTORY LIST

ITEM QTY DESCRIFTION

1 2 DISK, 5.25" FLOPPY, PROGRAM SOURCE CODE

2 DISK, 5.25" FLOPFY, PROGRAM OBJECT CODE

3 1 LISTING, PAPER COPY, SOURCE CODE

4 1 LISTING, FAFER COPY, OBRJECT CODE

5 3 SPECIFICATION, CPCI

[ 3 DOCUMENT, SOFTWARE DELIVERY

7 3 DOCUMENT, VERSION DESCRIPTION

8 REF COMFPILER, "DIGITAL WIND MEASURING S5YSTEM

TARGET COMPILER" CPIN 83M-FMQ13-F003-00A

9 EEF MANUAL, "polyFORTH 1l REFERENCE MANUAL"
10 REF MANUAL, "INTEL 8086 CPU Supplement to the

polyFORTH Il Reference Manual”

Z., INVYENTORY OF CPCI CONTENTS

The CPCI being released is titled " Digital Indicator/Recorder Application
Program", CPIN 83M-FMQI3-F001-00A, This is the operational program that runs the
ID-2408/FMQ-13(V) Indicator and the RO-588/FMQ-13(V) Recorder. This program
resides in one 128Kbit (16K by 8 bits) EPROM. A description of the program, 50Urce
code and object code listings, and charts of the program are documented in CPCI
specification titled "Computer Program Specification for the AN/FMQ-13(V) Digital
Indicator/Recorder Application Program” supplied with this release.

The object code is provided in three different formats in three scparate Files.
The lile "IND-REC.BIN" is a memory image of the program in binary format. The
file "IND-REC.HEX" provides the object code in Intel Hex Format. The file "IND-

REC.ACS" is an ASCII listing of the object code. A paper copy listing of the Intel
Hex format and the ASCII format is provided with this release,

3. CLASS II CHANGES INSTALLED

This is the initial release of this program. As such it has no class II changes.

4. CLASS I CHANGES INSTALLED

This is the initial release of this program. As such it has no class I changes.




5. ADAPTATION DATA

This program does not require any adaptation data,

6. INSTALLATION INSTRUCTIONS

This is the operational program that runs the ID-2408/FMQ-13(V) Indicator and
the RO-588/FMQ-13(V) Recorder. This program resides in one 128K bit (16K by 8
bits) EPROM. The program is delivered with each indicator and recorder as firmware,
This EPROM reside on a PCBA referred to as the microprocessar board (P/MN
66733A88Y6461-1014), The EPROM s not a Field replaceable item, If required for
depot maintenance a new EPROM may be generated by copying a known good
EPROM (established by the EPROM check sum). An EPROM may alse be generated
by down loading the object code, which is in INTEL HEX loading format, to an
EPROM programer,
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1. SCOPE

This specilication establishes the requirements for complete identification of the
Digital Wind Measuring System Indicator/Recorder Application Program (CPIN 83M-
FMQI13-F001-00A) to be formally accepted by the procuring activity, This CPCI is the
operation program for the 1D-2408/FMQ-13(V) Digital Display Indicator and the RO-
588/FMQ-13(V) Wind Direction and Speed Recorder, referred to hereafter as the
indicator and recorder, respectively. This documentation was prepared in accordance
with Data Item Description DI-E-30145 and MIL-STD-483. The Program was
developed in accordance with MIL-STD-1679 to the extent specified in paragraph
3.3.11 of Engincering Performance Specification MMA-81-025R.

2, APPLICABLE DOCUMENTS
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Other specifications

MMA B1-025B 22 Apr 85
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MIL-STD-130F 21 Apr 82
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Property




MIL-STD-143B 12 Nov 69 Standards and Specifications, Order of
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Configuration Item(s)

3. REQUIREMENTS
3.0 GENERAL DESCRIPTION

The Indicator/Recaorder Application Program provides sequencing, control, and data
processing capabilities to: 1) sample wind speed and dircction values, 2) process the
wind data to obtain desired direction, speed, and gust information, and 3) output the
results on LED displays, or a printer, or over a serial interface or any combination of
output channels. The program also has a number of built-in tests (BITs) to assure
reliable operation. An overview of the system is provided below to describe the
functional relationship between the assemblies which comprise the system. A hlock
diagram is shown in Figure |.

3.0:1 Svystem Assemblies

The wind measuring system is comprised of three assemblics: I} sensor, 2) indicator,
and 3) recorder. A system can be comprised of these assemblies in various
combinations which are specified in MMA 81-25B, paragraph 3.1.1. The sensor
measures the direction and speed of the wind and provides these measurements as 5-
second averages. (The sensor is a solid state wind measuring device and is controlled
by its own microprocessor. The CPCI lor the sensor is described in a separate
specification.) The indicator displays various wind parameters which the application
program computes from the sensor data, The recorder displays and prints wind
parameters computed from the sensor data.

o




3.0.2 Inter-Assemblv Communications

All the assembliés communicate with each other via an inter-assemhbly
communications network consisting of cabling between the separate units over which
serial digital information is transmitted. This network forms a broadcast bus which
means information from one assembly will broadcast to all other assemblics
simultaneously over the same physical link. The protocol, which governs access to the
nctwork, incorporates a master control unit. This master unit, which is switch
selectable and can be either an indicator or recorder, polls the sensors for the latest
data cvery 5 seconds. When a sensor is polled it transmits the latest 5-seccond wind
sample three (3) times. This will give each receiving assembly three (3) chances to
acquire the data. Each assembly processes the data as soon as it is received. If the
master unit does not receive a response or receives a corrupted response it will repoll
the sensor.

3.0.3 Programming Lansuage

The Indicator/Recorder Application Program is written in the programming
language known as FORTH. This particular form of FORETH is called polyFORTH,
One of the attributes of polyFORTH is its multi-tasking capabilities. Multi-tasking
provides a means of supporting several processing tasks concurrently. This is
accomplished by using a round-robin control structure which allows each pProgramming
task an opportunity to process data as the need arises. If a task does not have any
current need to process data, it is by-passed as the round-robin control pProgresses.
Multi-tasking improves the processing elficiency of the system.

31 CPCI STRUCTURAL DESCRIPTION

There are cight (8) major components of the Indicator/Recorder Application
Program. These components are:

1) The Scheduler (which provides lixed timing functions);
2) Inter-Assembly Communications (IAC);

3) Wind Data Processing (WDP);

4) Front Panel Interface (FPI);

3) AWDS Interface (AWDS);

6) Printer Interface (PI):;

7)  Built In Test (BIT) Reoutines; and

8) Start-Up and Recovery Routines (STUR),

An allocation of function matrix is provided by Tahle L



TABLE 1
ALLOCATION OF FUNCTION MATRIX

Inter- Front

Assembly Panel

Comm  Process Display AWDS Printer BIT  Startup
Scheduler Task Task Task Task  Task Task Recovery

Sequence
Control ¥

I/0 Control * ¥ * *

Data
Processing N

Displays *

Operational
Control *

Error
Detection * * * * » *

Real Time
Diagnostics * . . * g

Fault
Recovery "

312 FUNCTIONAL FLOW DIAGRAMS/CHARTS
Functional diagrams of control and data flow are provided in Figures 2 and 3

respectively,

3.2.1 Control Functional Flow Diasgram

Many of the program functions are implemented at [ixed time intervals, Sequencing
control is provided by the Scheduler which set flags that enable other processes at
regular fixed intervals. The Front Panel Interface routine is enabled every 0.5 scconds
to refresh the displays and support [-Hz flash rates. Every 5 seconds AWDS output
and Inter-Assembly Communication processes are commenced. Every 60 seconds
Printer Intcrface output is performed on recorder units. The Wind Data Processing
routine runs asynchronously from the Scheduler and is driven by the Inter-Assembly
routine. Asynchronous interrupt inputs are supported by the Front Panel Interface to
accept command inputs via the front panel switches. The [nter-Assembly
Communication routine can support interrupts from the network input/output (I/0)
port. Figure 2 provides a diagram of the control relations between the various CPCs.




3.22 Data Flow Diaeram

Input data (rom all assemblies are received into an [/0 bulfer and processed by
IAC. If the input is wind data, it is passed to the Wind Data Input buffer for the
particular sensor that produced the input. WDP performs the wind calculations using
the new input along with the stored wind parameters of the past 10 minutes, During
prnccssing WDP updates the Wind History queues and places calculated output results
in the temporary results buffer, Upon completion of processing, all wind data output
values are moved from the temporary buffer to the Result buffer for the sensor
response just processed. (Each sensor response is processed individually as soon as it is
received.) The output routines (Front Pancl Displays, AWDS, and printer) move the
contents of the Result buffers to their respective output buffer at the start of
execution. The AWDS routine copies a buffer for cach sensor that is configured into
the system. The Printer and Front Panel routines copy the buffer of the active SEN50T,
If a momentary sensor select function is initiated, the Front Panel routine will copy
and display the contents of the select sensor’s Result buffer. A diagram depicting
data flow is given in Figure 3.

3.3 INTERFACES
The following paragraphs describe the interfaces of the microprocessor system of
the Indicator/Recorder. This includes the protocol used for interprocessor

communication, herealter referred to as inter-assembly communications,

3.3.1 The Indicator/Recorder Microprocessor System

The Indicator/Recorder Assembly is comprised of an 8088 microprocessor with §
Kbytes of RAM, 16 Kbytes of EPROM, a real time clock (RTC) and five input/output
(I/O) interfaces; (1) Inter-Assembly Communication, (2) Automated Weather
Distribution System (AWDS), (3) Front Panel Display, (4) Miscellaneous Contrel and
Status (MCS), (5)Printer Data Qutput (PDO). An 8274 Multi-Protocol Serial Controller
(MPSC) dual Universal Synchronous Asynchronous Receiver Transmitter (USART) is
used to provide two serial I/0 interfaces, one for inter-assembly communications and
the other for the AWDS interface. Both serial interfaces are set for 1200 baud. The
front panel displays and switches are interfaced by the 8279 Progrommable
Keyboard/Display Interface Circuit. The parallel interface to the printer is provided
by a dedicated design using data latch devices. A programming model of the parallel
port is provided in Section 6 along with data sheets for all the interface devices
mentioned above, Figures 4 and 5 show the memory map and 1/0 device register map,
respectively,

3.3.1.1 Inter-Assembly Communication Interface

The two channels of the 8274 USART are designated as channel A and Channel B.
Channel A is used for inter-assembly communications. The USART is located in the
I/O memory at location 0000. Both channels have separate control/status and data
registers. The channel A control/status is located at 02 and is referenced by the
constant comm/esr. The data register is referenced by the constant comm/data nngl is
located at 00 in the I/O memory. Channel A is initiated by the routine comm.init




{block 610) wh:ich set the channel to use g transmit/receive clock of 16 times the baud
rate, 8 pa:a bits per character, no parity, and onc stop bit. The interrupt Functions
are initialized with external event, transmitter, receiver, and special receive condition
interrupts enabled. Interrupt control is enabled for both channels with B086/88% mode
interrupt acknowledge scquencing for variable vector interrupts, Usc of the 8279
USART as the interrupt controller is described in section 3.4.

33.1.2 AWDS Interface

Channel B is used for the AWDS interface, The channel B control/status is located
at 03 and is referenced by the constant awds/csr. The data register is referenced by
the constant awds/data and is located at 01 in the I/O memory. Channel B is initiated
by the routine awds.init (block 612) which set the channel to use a transmit,/receive
clock of 16 times the baud rate, 7 data bits per character, even parity, and one stop
bit. The interrupt functions are initialized with cxternal event, transmitter, receiver,
and special receive condition interrupts enabled. The vector offset is set on the B
channel for both channels and is set to vector #8 (address 20(H) in RAM). The carrier
detect and clear-to-send functions are enabled and the request-to-send ling is asserted.

3.3.1.3 Front Panel Interface

The interface for the front panel switches and displays is provided by the 8279
Programmable Keyboard/Display Interface intergrated circuit (IC). This IC provides
all data storage, timing and sequencing control, interrupt and status information
required to drive the displays and sense switch closure status, The control register is
located at AI(H) in the I/O memory and is referenced by the constant fpi/esr. The
data register is located at AO(H) and is referenced by the constant fpi/data.

Display storage consist of 16 bytes of RAM (32 4-bit nibbles) which can be accessed
as bytes or nibbles. Two sets of four output lines drive the seven-segment drivers for
the 32 LED displays on the front panel. These two scts of output lines are designated
as the "A" output side (A0-A3) and the "B" output side {(BO-B3). The the display
memory that drive these outputs are divided into A and B sides. Table Il provides a
list mapping the display RAM locations of the 8279 to the individual LED displays as
designated on the schematic of the display PCBA (DWG # 8121-1017). Table 11 also
provides display names.

The 8279 switch interface consists of 8 input lines called return lines (RLO-RLT)
connected to an internal switch debounce circuit and an 8 byte internal RAM section,
These cight return lines can be used in conjunction with three scan lines (SLO-SL2)
and a 3-to-8 decoder to form an 8 X 8 switch matrix. A subset of anly 15 switch
inputs are used for this application. Five of of these switch inputslnre used to sense
configuration jumper scttings for the number of sensors, configuration mode switch :
and indicator/recorder jumper. The remaining ten inputs handle the front panel
switches. One addition switch input is gained with the LAMP TEST swltc_h connected
to the control (CNTL) keyboard input. The 8279 is initinli‘zcd to allow switch closures
to generate and TRQ interrupt and are latched into the interpnal RAM as a number
ranging from 0 to 64 [0-40(H)]. Table IIl provides the hexadecimal valuc
corresponding to the switch/jumper input name,




TABLE I1

DISPLAY MEMORY MAP

MEMORY LOCATION LED % DISPLAY MAME
Al 3 DIRECTION - UNITS
Al 2 DIRECTION - TENS
A2 l DIRECTION - HUNDREDS
A3 ] SPEED - UNITS
Ad 3 SPEED - TENS
A5 4 SPEED - HUNDREDS
Ab 12 DIR. VAER. 1 - UNITS
AT 11 DIR. VAR. | - TEN
Al 10 DIRE. VAR. | - HUNDREDS
ASY 15 DIR. VAR. 2 - UNITS
AlD 14 DIR. YAR. 2 - TENS
All 13 DIR. VAR. 2 - HUNDREDS
AlZ g GUST - UNITS
All 8 GUST - TENS
Ald 1 GUST - HUNDREDS
AlS 32 ACTIVE SENSOR
B0 19 HOURS - UNITS
Bl 18 HOURS - TENS
B2 21 MIMNUTES - UNITS
B3 20 MINUTES - TENS
B4 23 SECONDS - UNITS
B3 22 SECONDS - TENS
Ba 25 MOUTH - UNITS
B7 24 MOUTH - TENS
BE 27 DAY - UNITS
B9 26 DAY - TENS
BID 29 YEAR - UNITS
Bll 28 YEAR - TENS
Bi2 17 GUST SPREAD - UNITS
B13 16 GUST SPREAD - TENS
Bl4 31 STATUS - UNITS

BIS 32 STATUS - TENS




TABLE I11
FRONT PANEL INTERFACE SWITCH VALUES

HEX VALUE SWITCH NAME (IND:REC)
0 SENSOR # |; NORMAN
1 SENSOR # 2. PW-10
2 SENSOR # 3; PW-60
3 SENSOR # 4: PW-24
4 ACTIVE SENSOR; ALARM RESET
5 IND/REC
6 NSNRO
7 NSNR |
8 RUN/SET
10 FIELD SELECT
18 COUNT UP
20 COUNT DOWN
28 STATUS CLEAR
30 MBRO
38 MBR 1
TABLE IY¥

MCS STATUS BITS

BIT# SIGNAL NAME FUNCTION
0 ACK* ACKNOWLEDGE RECIPT OF DATA
1 BUSY PRINTER BUSY
2 PAPMT FAPER OUT
3 SLCT FRINTER ONLINE
4 FAULT* PRINTER FAULT OR ERROR
5 3 5

& = =

7 2/10% 2 0OR 10 MINUTE AYERAGING




 The configuration input labeled "IND/REC" corresponds to the "E@" jumper on the
interconnect PCBA (DWG# §121-1029) establishes the operation conliguration as an
indicator if the jumper is open, or as a recorder if the jumper is installed. The
confliguration inputs labeled "NSNRO0" and "NSNR]" correspond to jumpers E3 and E4
on the interconnect PCBA and establishes for the software the number of wind sensors
in the system. These jumpers form a two bit value ranging from 0 to 3 corresponding
to | to 4 sensors, respectively. The configuration inputs "MBR(C" and "MBRI1"
correspond to the inputs from the CONFIGURATION SWITCH located on the back of
the indicator/recorder assembly. This switch is connected to E20, E21, and E22 on the
interconnect PCBA and forms a two bit value from 0 to 2 corresponding to BACK UP,
REGULAR, and MASTER modes, respectively. These modes invoke different
communication functions. The MASTER mode allows a unit to poll sensors For data,
The REGULAR mode allows a unit only to listen for communications. The BACKUP
mode allows a unit to start polling if the MASTER unit lails to poll within a set
amount ofl time. This protocol is explained in detail in the following scction.

3.3.1.4 Real Time Cleck(RTC) Interface

The RTC interface is provided by the 7170 Real-Time Clock 1.C. The RTC is used
to provide regular interrupts at 0.1 second, one second and one minute intervals as
well as maintaining the time and date for the front panel display. It has a base
address of 0020(H) in 1/O memory. Table IV provides the addresses, functions, and
program constant names used to reference the clock. The clock has an internal RAM
used to store the time and date in a battery backup mode in the eventuality of a
power loss.

3.3.1.5 Miscellaneous Control and Status (MCS) Register

The MCS register is an 8 bit register made from MSI logic devices comprised of U4
and U6 on the Digital Display PCBA (DWG# 8121-1017). This register is located in
[/Q memory at EO(H) and is referenced by the constant mes/reg. Reading this register
provides the status bits from the printer and one the state of "2/10" configuration
jumper. This jumper corresponds to El on the interconnect PCBA. It is used to
establish the averaging period for the wind direction and wind speed routine on the
recorder only. Table V defines the status bits for this register. Writing to this
register controls the printer interface lines, the alarm buzzer on the recorder, and the
four discrete LEDs on the [ront panel. Table VI defines the control bits of the MCS
register. The printer interface is J3 on trhe interconnect PCEBA,

3.3.1.6 Printer Data Qutput Interface

The type of printer interface is known as a Centronix 8-bit parallel interface. It is
comprised of U5 on the Digital Display PCBA (DWG # 8121-1017) and ist located at
CO(H) in I/O memory. Output data to the printer is written to this location. Status
and control of the printer is accomplished by the MCS register described above.

3.3.1.7 Watchdog Timer Interface

The microprocessor PCBA has a watcgdog timer circuit, This T.'{mc}' will reset the
microprocessor if it is allowed to time out. The program resets this timer as part of
the Built-In-Test routines. Il something causes the the program to stop proper
exccution the watchdog timer will not get reset and will time out in upprux:mutc]y 0.5
seconds and reset the microprocessor. The timer is reset by writing to location 40{H).
The timer is referenced by the constant watchdog.




TABLE ¥
MCS CONTROL BITS

BIT= SIGNAL NAME FUNCTION
0 STRB* DATA INPUT STROBE
1 PRM* PRINTER RESET LINE
2 -- (NOT ASSIGNED)
3 ALRM* ALARM
4 L§I - LED 1
5 Ls2 LED 2
LS3 LED 3
7 LS4 LED 4
TABLE VI
REAL-TIME CLOCK ADDRESSES AND FUNCTIONS
LOCATION FUNCTION CONSTANT
20 COUNTER 1/100 SECONDS clock
21 COUNTER-HOURS HOUR
22 COUNTER-MINUTES MINUTE
23 COUNTER-SECONDS SEC
24 COUNTER-MONTH MONTH
25 COUNTER-DATE DAY
26 COUNTER-YEAR YEAR
27 COUNTER-DAY OF WEEK = --
28 RAM- 1/100 SECONDS -
29 RAM-HOURS RAMHOUR
2A RAM-MINUTES RAMMIN
2B RAM-SECONDS RAMSEC
2C RAM-MONTH --
2D RAM-DATE --
2E RAM-YEAR -
2F RAM-DAY OF WEEK -

INTERRUPT STATUS AND MASK

COMMAND REGISTER

clock/intr
clock/csr




3.3.2 Inter-Assembly Communication Protocol

) Inter~a&l5cmb1y communication is accomplished using a shared multi-drop serial data
link r.:_un['xguration. Data transmission is accomplished using Bell 202 compatible FSK
tcchqlqucs, Asynchronous serial data transmissions occur at & 1200 baud rate over a
physical network comprised of a single pair of wires (2 wires) connected to each
aswmbl_:,r. Each character frame consists of | start bit, 1 stop bit, and 8§ data bits with
no parity generation. This signal format is used to transmit messages between the
assemblies. The general protocol uses a central control element to govern the use of
the network. This controller is referred to as the master assembly. The master
assembly has the responsibility of polling the sensors every live (5) seconds. There is
only one MASTER assembly allowed in a system. A polling session starts every 5
s:canqs and commences with a poll request to sensor 1D#-]. {The sensor ID#s are
eslal:_lwheq by jumper setting in the sensor assembly. Sensor ID#s must he assigned
starting with with ID#-1 and running consecutively up to a maximum of Four for
1n{er=as§¢mb1y communications to work properly.) When sensor #1 receives the poll
request it transmits the latest 5-second average X and Y wind values three times. This
poll response and all inter-assembly transmissions are broadcast over the network to
all assemblies to receive. After the master receives the poll response from sensor #1 it
polls sensor #2. This process continues until each sensor in the system is polled. The
"number of sensor® (NSNR) jumpers on the indicator/recorder assembly establish how
many sensors will be polled by the MASTER. There are several negative acknowledge
and redundancy schemes used in the protocel which is described in detail in
paragraph 3.10.2.

3.3.2.1 Inter-Assembly Communication Message Format

The protocol uses message packets to exchange information between assemblics.
Each message is framed by control character pairs (DLE STX and DLE ETX) and has
a 16-bit cyclic redundancy check (CRC) number affixed to the end of the message for
error checking as shown here:

DLE, 5TX, MESSAGE, DLE, ETX, CRC, CRC

3.3.2.1.1 Inter-Assembly Communication Opcode

Each message contains an Opcode as well as data. The Opcode character has eight
bits of which only four are used for the actual operation code. The other four bits
arc used for identification purposes. Two bits are used to indicate the active sensor
number and two bits are used for the sensor ID number. These bit assignments are
provided in Table VII, The format of the Opcode character and a list of the codes are
provided in Table VIIL

332,12 Inter-Assembly Communication Message Data

The information contained in the data [ield of a poll reguest sent by the master
assembly is a2 modulo 16 poll count used by all the assemblies to track the sequence of
poll requests and poll responses between the master and the sensors. Use of the poll
count is described [urther in paragraph 3.10.2.2.4. A sensor response data field
consists of wind data, sensor status, and an echo of the poll count received with the
poll request from the master assembly. Normally, four bytes of wind data are
transmitted. However, il the data value

11




TABLE VII
INTER-ASSEMBLY OPCODE BIT

BIT= DESCRIPTION

OFCODE BIT 0

OPCODE BIT |

OPCODE BIT 2

BACK UP OPCODE BIT
SENSOR ID BIT 0
SENSOR ID BIT |

ACTIVE SENSOR ID BIT 0
ACTIVE SENSOR ID BIT |

e BT N FE R

TABLE VIII
INTER-ASSEMBLY OPCODES

0 « Illegal Code

1 - Poll

2 - Repoll

3 - Poll Response

4 - Repoll Response

5 - (unassigned)

6 - (unassigned)

7 - (unassigned)

8 - (unassigned)

9 - Backup Poll S b
A - Backup Repott T-e /7%

B - Backup Repall

C - Backup Repoll Respaonse
D - (unassigned)

E - {unassigned)

F - Master Take Over

12




15 the same as a DLE, then a second DLE character is sent to indicate that the first
DLErwas a data value and not a control character {c.e. DLE, ETX or DLE, STX). This
provides a "transparency” of a DLE value occurring in the data field. In worst case
this could praduce eight bytes of wind data values.

3.3.2.1.3 Inter-Assembly Communication Message Timing

Qﬂmmunications are carried out using 1200 baud as the transmit and receive rate.
This wqu_s out to be 8.33 milliseconds/character. Using this rate a poll request takes
66.64 milliseconds to send the following cight bytes of information:

DLE, STX, OPCODE, POLLCNT, DLE, ETX, CRC, CRC

The data message in the poll request is the poll count (POLLCNT) which is a modulo
16 count used to track message sequencing.

A poll response from the sensor will neminally require 1083 milliseconds to send
the following message :
. L I
DLE, STX, OPCODE, POLLCNT, WD, WD, WD, WD, STATUS, DLE, ETX, CRC, CRC

WD indicates one byte of wind data. The worst case time which corresponds to eight

bytes of wind data (four extra DLE characters) is equal to 150 milliseconds. Worst
Case Poll Response:

Each wind data field requires a DLE to follow

DLE, ETX, OPCODE, POLLCNT, DATAL.DATAS, STATI, STATZ, DLE, STX, CRC,
CRC

18 Bytes (8.33 ms/byte) = 150 ms
A timing diagram of each component of a poll request and poll response as well as a
complete peoll session for four sensors is shown in figure 51, This timing diagram uses
the worst case time of 150 ms for the poll response and the maximum latency periods
For the carrier detect off-to-on and on-to-of ' transition.

333 AWDS Interface Message and Protocol

he AWDS port is used to interface to an automated data distribution network. THe
interface is confligured as an unbalanced penerator-receiver per MIL-STD-188-114 with
provisions for optional wiring [for the grounding and balancing arrangements
provided. The interface is confipured as a Send Only type which mandates that
Signal Ground (5G), Send Data (SD) Send Common (S5C), Receive Common (RC), Data
Mode (DM), Request to Send (RS), Clear to Send (CS) and Test Mode (TM) lines shall
be present. The RS line i5 always asserted. Data can be transmitted only if CS and
DM are also asserted. Transmission of messapes bepins every five seconds with one
message per sensor.  The message is transmitted in ASCII characters. A list of the
information contained in each [ield of the message, the length of the Tield and the
field position within the message is provided in Table IX. Figure 52 provides the
format of a sample message. -
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34 PROGRAM INTERRUPTS

The following paragraphs deseribe the program interrupts: specifically, the source,
purpose, type, priority, and required response for each interrupt. The presentation
will progress from highest to lowest priority. All interrupts are generated by the 8274
USART which is used as an interrupt controller for the real-time clock and the front
panel interface as well as the communication functions of port A and port B. Table X
provides a list of the interrupt vector number, the RAM location of the vector,
_intcrrupt handler program name, the source of the interrupt and the function of the
interrupt.

34.1 Inter-Assembly Receiver Interrupt

This interrupt is generated when a character is received via the inter-assembly
communication interface., This is an IRQ interrupt for the purpose of processing
received characters and has the highest priority level. This interrupt is serviced by
the Inter-Assembly Interrupt Handler described in Paragraph 3.10.2.3. The interrupt
rate will be once every 8.33 milliseconds during receipt of messages and will
nominally have a 30% duty cycle for a four-sensor system.

3.42 Inter-Assembly Communication Transmitter Interrupt

An TRQ type interrupt occurs each time a character i3 transmitted when the
transmit buffer becomes cmpty. This is serviced by the Inter-Assembly Qutput
Handler which transmits another character if one is available. The interrupt is second
in priority and will occur at a rate of one cach 8.3 milliseconds during poll request
transmission periods, This would accur only in master or backup assemblies. The
frequency of the interrupt will be 120 pps. The duty cycle will range from a low of
1.5% for a one sensor system to a high of 6% for a four sensor system.

3.43 AWDS Reeceiver Interrupt

This interrupt is generated when a character is received via the AWDS interface. It
is enabled only during the AWDS built-in-test which occurs at the beginning of each
AWDS output message. This is an IRQ interrupt and is third in priority. The service
routine is the AWDS Receiver Interrupt Handler which checks the validity of the
received character. The highest interrupt rate would be approximately once each
second for a lour-sensor system.

344 AWDS Transmitter Interrupt

An IRQ type interrupt occurs each time a character is transmitted when Ehe
transmit buffer becomes empty. This is serviced by the AWDS Output Handler which
transmits another character if one is available, The interrupt is

14



TABLE 1X

AWDS OUTPUT FORMAT

| | FIELD | FIELD
FIELD NAME | CONTENT | LENGTH | POSITION
| | |
| |
System Nomenclature | FEMQI3V | (4] I 1
| I I
Sensor Number | 01 -04 | 2 | 7
| | |
Message Count | 00 -99 | 2 | 9
{(Modulo 100} | | |
I | |
¥alid Data Flag | Tor0 | 1 | 11
| [ |
Character Count | 090 | % 12
| | |
Meteorological Data | | |
Date | MM/DD/YY | g | 16
Time | HHMM | S* 25
Wind Diraction | 000-360 | i | 3l
Wind Speed | 000-250 | s | 35
Gust | 000-250 | 3 | 39
Direction Variability | | 000-360 | 3 43
Direction Variability 2 | 000-360 | : S| 47
Gust Spread | 00-99 | 3 51
10 Min. Peak Wind Direction | 000-360 | 3. | 35
10 Min. Peak Speed | 000-250 | g | 59
10 Min. Peak Time | HHMM | 5% 63
60 Min. Peak Wind Direction | 000-360 | 3* | 69
60 Min, Peak Speed | 000-250 | 3* | 73
60 Min. Peak Time | HH:MM | 2y | 7
24 Hour Peak Wind Direction | 000-3860 | B | 83
24 Hour Peak Speed | 000-250 | 3 | 87
24 Hour Peak Time | HH:MM | 5% 91
Std-Dev. of Direction | 000-180 | | 97
| | |
Active Flag | NorA | | 101
| | |
Status | 00-77 | 2 i 103
| |
Message Termination | CR-LF | 2 | 105

* . Field Followed by one Space Character
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Fﬂurihtin priority and will accur at a3 rate of one each 8.3 milliscconds during data
transmission periods which starts once every five seconds. A single message containg
107 ASCII characters. There is one message sent for cach sensor configured in the
iystem. The frequency of this interrupt will be 120 Pps. The duty evele will range
From 18% to 72% depending on the number of sensors configured in the system.

3.4.5 Inter-Assembly External Status Interrupt

This interrupt can be generated by three events: (1) a change of the state of carrier
detect, (2) a real-time clock interrupt, or {3) front panel switch interrupt. These
events arc serviced by the Inter-Assembly Interrupt Handler, the Scheduler, and the
Front Panel Switch Interface Handler, respectively., A change in carrier status is used
to detect the end of the receipt of a message. The real-time clock is used to scquence
scheduled events and requires the determination of the time interval that caused the
interrupt. The Switch Handler interprets the command issucd via the front panel
switches. The real-time clock interrupts once cach 100 milliseconds and is the
prevalent interrupt source of the three. Each on these devices sets a different bit in
the read register 0 (RRO) of channel A of thew 8274 USART; (1) bit 3 for the carrier
detect input, (2) bit 4 for the [ront panel interface interrupt input, (3) bit 5 for the
real-time clock interrupt input.

j4.6 AWDS External/Status Interrupt

This interrupt is gencrated when there is a change in the DM, CS, or TM control
lines of the AWDS RS-449 interface. The status of these lines controls the AWDS
output routine, This is an IRQ interrupt and has the lowest priority. The service
routine records the state of the interface line for use by thc AWDS output task,
Frequency of interrupt is expected to be very low,

347 Bpecial Receive Condition Interrupts

These interrupts are generated by the 8274 USART if a parity error or framing
error or receiver overrun condition is detected. The service routines for these
interrupts reads the register and resets the interrupt flag. No other action is taken on
these conditions. The frequency of these interrupts is unknown.

3.5 TIMING AND SEQUENCING DESCRIPTION

Figure 2 shows the timing and sequencing relations between the CPCs. The Real-
Time Clock (RTC) interrupt is the basis for program timing. The Schcdulf:r services
the interrupts of the RTC and sets Flags to enable various tasks. The _d:sg]uys are
refreshed every 0.5 seconds, Every 5 seconds the Inter-Assembly Camr:numcatmn Task
is enabled along with the AWDS Task. On recorders, the printer task is enabled every
60 scconds. The Watchdog Timer must be reset within 0.5 seconds or it will time out,
causing a reset and startup. Wind data processing is enabled by the Inter-Assembly
task after it has processed any received data.

3.6 SPECIAL CONTROL FEATURES

There are no special control features involved with the operation of this CPCL
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37 STORAGE ALLOCATION

The storage allocation for the Indicator/Recorder assembly is confined to the
microprocessor solid state memory devices (i.e. EPROM and RAM). Figure 6 shows the

memory map of the microprocessor. The RAM is comprised of an 8K x 8 bit static
memory device,

3.7.1 Data Base Definition

Figure 6 gives a graghical representation of the database For the Indicator/Recorder
assembly. The following paragraphs provide a detailed description of the database.
The entire database is contained in RAM.

3.7.1.1 File Description

Each sensor has a file section which contains wind data., This file is comprised of
5-secnn5:1 samples of wind data, 24-hour peak wind data, results of the latest
calculation period, and values used to provide calculated results, These data 1tems are
described in the following paragraphs.

3.7.1.2 Table Description

Much of the information used to produce the calculated wind values is stored in
data queues. A data queue is simply a list of the values organized in a sequence from
oldest to newest value. There are queues for speed data, direction data, and gust data,
all stored as 120 sixteen bit values. There is also a queue for the latest 24 hourly peak
wind data; this queue is used to determine the 24-hour peak wind value of speed,
direction, and time of occurrence. The remaining data structures are buffers of data
items described in the following paragraphs.

3.7.1.3 Ttem Description

The Results buffer contains the most recent calculated values of wind data. This
includes: wind dircction to the nearest degree, wind speed to the nearest knot, gusts to
the nearest knot, direction variability to the nearest degree, gust spread to the nearest
knot, peak wind direction (10 minute, 60 minute, and 24 hour) to the nearest degree,
peak wind speed (10 minute, 60 minute, and 24 hour) to the nearest knot, peak wind
time of occurrence to nearest minute, and standard deviation of wind direction to the
nearest degree. A scratch pad buffer is used to maintain support data such as running
sums of orthogonal values over two- and ten-minute periods.

3.7.1.4 Graphic Table Description
Figure 6 provides a graphical representation of the tables within the database,
3.7.1.5 CPCI Constants

Several constants used to reference device registers were dcitinr:d in the section
cover interfaces. Table XI lists the remaining constants used in this CRCL
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3.7.2 CrC Relationship

Figure 3 provides a graphical depiction of the relationship of the data base to each
CPC that directly accesses the data base.

3.8 OBIJECT CODE CREATION

The programs of this CPCI are written in the FORTH programming language and
are compiled on an IBM PC computer system (or equivalent) with 256 KB of RAM and
dual floppy disks. The specific version of FORTH used it 8086/IBM FPolyFORTH II
by Forth, Inc. The procedures for using this programming language can be found in
the "PolyFORTH II Reference Manual” and the "PolyFORTH 8086 CPU Supplement to
the polyFORTH II Reference Manual®, Program code is created using the "Digital
Wind Measuring System Target Compiler” (SPIN 83IM-FMQ13-F003-00A) supplied with
this CPCI. The target compiler disk provides the FORTH operating system with its
utilities for disk formating and copving, printing and editing. During operation the
target compiler resides in the "A" floppy disk drive of the PC with the "Digital
Indicator/Recorder Application Program" disk in drive "B". Code compilation is
commenced by entering the following instructions: "EMPTY COMPILER LOAD IBM
LOAD" followed by carriage return (CR). The compiler will list the location of reach
word compiler to the monitor screen. Compilation will continue for approximately
five minutes and will compile word in the order define by the load screen commands
defined in block 325 through 328 of the application program listing. The object code
will reside in memory at end of this procedure. The following command will down
load the object code from memory to the COMI serial output port; "REMOTE SEND
HEX 0 C000 4000 RDUMFP (CR)" This command will down load 16384 bytes (4000
hex) starting at RAM location 0 and transcribing it into a load module starting at
address COOO{H).

39 ADAPTATION DATA

There is no required direct data entry for functional adaptation. All adaptatiqn is
a function of hardware configuration links and switch settings. Setting of these links
is described in chapter 2 of the Maintenance Manual TO JIMI-2FMQ13-2.

3.10 DETAIL DESIGN DESCRIPTION

This paragraph contains technical descriptions of the computer program components
identified in paragraph 3.1 of this specification. The charts and instruction listings
which specify the exact configuration of the "Digital Indicator/Recorder Application
Program" are contained in drawing number 8200-1010,

3.10.1 Identification of CPC Mo, !

This section describes the method of sequence control and timing used on the
Indicator/Recorder assemblies. The routine which performs this function is called the
Scheduler and is identified as CPC No. 1. The Scheduler functions are implemented
in the real-time clock interrupt service routine contained in the routine labeled
"<RTC=" listed in blocks 369 through 574,

3.10.L.1 Description of CFC No, |

Flow charts of the Scheduler routine are shown in Figures 7 through 5. T_h::
Scheduler receives interrupts from the real-time clock ER:TC} every 100 ms. The
interrupt register of the RTC has status bits for dillTerent time intervals to indicate
the state of the clock at each interrupt.
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310.LL1 Minute Interrupt

The routine reads the register to determine if a minute interrupt has occurred. If
50, the minute register is tested to see if it is 55 minutes past the hour, in which case
thlc variable 55FLAG is set to be used by Process (CPC No. 3) to produce the 60-
minute and 24-hour peak wind output values. At the 55 minute interrupt a counter is
set whn‘:h‘ 15 used to delay the the printer output for six seconds to allow processing of
the 60 minute and 24 hour peak wind information. Each minute a {lag is set which
causes a new standard deviation of direction to be produced. Another flag is set on

Tﬁl;‘l]rdﬂr assembly to commence printer output and to update the recorder display
values,

3.10.1.1.2 Second Interval Interrupt

_ The secc;:nd interval interrupt indicates the passing of a one-second interval. The
interrupt 15 used to indicate 5- and 60-second intervals. The 60-second interval
counter is used only if a momentary sensory display function has been initiated. The
5ﬁ~5¢cunq interval is the timeout period for this function. The 5-second interval
counter is 1._15ed to enable the AWDS output routine and enable the display update
routine on indicator assemblies. The 5-second interval is also used to enable the
polling process of the Inter-Assembly Communication Task,

3.10.1.1.3 100 MS Interrupt Interval

The 100-ms interrupt interval is used to measure a 500-ms interval used as the
refresh time on the front panel displays. These displays are refreshed every 500-ms.
This refresh interval allows a one second flash rate. The 100-ms interval is also used
to implement a 200-ms timeout interval to support the sensor polling function of the
Inter-Assembly Communication Task (CPC No. 2).

3.10.2 Identification of CPC No, 2

The Inter-Assembly Communication CPC is described in this section. The routines
that implement the the Inter-Assembly Communication functions are the Inter-
Assembly Communication Task listed in blocks 530 through 562 and the inter-assembly
communication interrupt service routines "<INTR4>", "<INTR5>", and <INTR6> listed
in blocks 593 through 597. This CPC performs control and error checking functions to
assure effective and reliable acquisition of wind sensor data by all Indicator/Recorder
assemblies. The basis for reliable communication is established by the form and
protocol used for data transmission described in Section 3.3.2. This is enhanced by the
redundancy and error checking provided by the Inter-Assembly CPC described below.

3.10.2.1 CPC No. 2 Description of Modes of Operation

The Inter-Assembly CPC provides serial 1/0 data processing, sensor polling control,
and message error checking to assure reliable communications., There are three modes
of operation which arc sclected by a switch setting on the back of each assembly.
These modes are referred to as Master, Backup, and Normal. The lunction of each
mode is described in detail in Paragraphs 3.10.2.1.1 through 3.10.2.1.3.

To summarize these functions: An assembly in Master mode polls the sensors for
data every 5 seconds and processes the responses. An assembly in Normal mode
receives all communications and processes wind data. An assembly in Backup mode
will function as if in Normal mode unless the master guits polling, in which case the
backup assembly will start polling. This arrangement provides redundancy of the
system control element.
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3.10.2.1.1 CPC No. 2 Description of Master Mode

Each system will have one and only one assembly designated to operate in Master
mode. TIn this mode the assembly is the primary sensor polling device. No other
assembly can poll the sensors as long as the Master assembly is operating properly.
The polling seguence is described in Faragraph 3.10.2.1.1. The only other unigue
function performed by the Master assembly is its interaction with the designated
Backup assembly which is described in Paragraph 3.10.2.1.3. All the other inter-
assembly communication functions are a part of Normal mode operation described in
Paragraph 3.10.2.1.2.

3.10.2.1.1.1 CPC No. 2 Sensor Polling Sequence

The Master assembly will poll each sensor in the system every 5 seconds. If there is
no response from a sensor or if the response is corrupted, then the Master will repoll
the sensor at fault. A second repoll will be sent il no satisfactory response is received.
If there is still no satisfactory response from the sensor, the Master assembly wil]
indicate an error condition and will proceed with polling the other sensors of the
system. A polling cycle is comprised of a polling session of each sensor in the system.
A polling session consists of a poll of a single sensor and up to two repolls of the same
sensor. If @ sensor fails to satisfactorily respond through two consecutive polling
cycles, the Master assembly will subsequently poll the faulty sensor only once each
cycle until a good response is received. At that point the same repolling strategy will
be used again until two consecutive faulty responses are received over W0 consecutive
polling cycles,

3.10.2.1.2 CPC No. 2 Description of Normal Mode

An assembly in Normal mode listens to all inter-assembly communications, tracking
the pall/response sequence and cxtracting wind data and system status information.
Each inter-assembly message has a poll count number as described in Paragraph 3.3.
This module 16 count is gencrated by the master assembly and is incorporated into the
sensor response. Each assembly uses the count to determine if any messages have been
missed and how many. The count is also used to determine that a retransmitted
message has already been received and processed. If the sequence is broken, an error
code will be displayed. If no messages are reccived over a period of 5 seconds, the
assembly will indicate a timeout error code.

3.10.2.1.3 CPC No. 2 Description of Backup Mode

One and only one assembly in each system should be placed in backup mode. This
assembly will function as a normal assembly until two consecutive 5-second timeout
errors occur. At this point, the backup unit will assume the polling responsibilities of
the master assembly, The Opcodes used by the backup assembly for polling are
different from the Master Opcodes. These codes can be detected by all assemblies,
thereby informing them that the backup assembly 15 operating as master, T:hr:
detection of the backup Opcode causes an error code to be displayed on all operating
assemblies. If the master assembly starts functioning or if another assembly is
enabled to be Master, it will listen for inter-assembly communication. qun detection
of the backup Opcode, the master will wait until the current polling cycle is complete,
at which time a "master takecover" command will be issued. This infarms the backup
unit that a master unit is in control and the backup will halt any further polling and
will revert to standby operation.
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3.10.2.2 Detailed Description of the Inter-Assembly Task

Thr:_lntcrwﬁsscmhiy Task is diagramed in Figures 10 through 15. Each of the
following subparagraphs will describe one figure.

3.10.2.2.1 Deseription of Inter-Assembly Task Figure 10

_ The task starts by initializing a counter used for 5-second timeout detection and
initializing input buffers to receive data. The routine then enters a wait state which
is called a sleep state. This state can be interrupted by the Inter-Assembly 1/0
handler which services the serial interface, or by the scheduler routine. The Scheduler
can set two [lags, the poll flag or the timeout flag. The scheduler will set the poll
flag only on the master assembly or on a backup assembly which is acting as the
system master, If either flag is set, the routine branches to service the separate
conditions. Il neither flag is set, the Inter-Assembly I/0 handler must have
interrupted the wait state and the I/O buffer is processed. The data is checked for
validity. If valid the input message is checked for a change in the active sensor. If
the sensor has been changed, the new sensor number is stored. If the assembly i5 a
recorder, the alarm is activated.

3.10.2.2.2 Description of Inter-Assembly Task Figure 11

Figure 13 describes most of the polling functions. If the poll flag was set by the
scheduler, the program will branch to the point labeled 3. The poll flag is cleared and
two counters are initialized. The I counter tracks the number of poll sessions while
the N counter tracks the number of polls during a session. There is a maximum of
three, one poll and two repolls. The poll message is formatted and transmitted. A
timeout counter is set for 200 ms which is the no-response timeout period. The input
buffer is setup to receive a response and the task again enters a wait state. This state
will again be interrupted by the scheduler or by the I/O handler if a response is
received, If the timeout flag is set, an error condition has occurred. The [ and N
counters arc tested for limits. If the poll session is incomplete, then a repoll message
is sent and the routine loops back to the point labeled B. If the poll session is
complete but the responses were invalid, then the poll fail counter is incremented and
the bad data flag is set in the Process Task input buffer. If any of the responses are
good, then the date is moved to the process input buffer and the fail poll counter is
cleared. After the response is handled appropriately, the 1 poll counter is incremented
and tested against the number of szensors in the system. If more sensors should be
polled, the routine loops back to the point labeled A, I all sensors have been polled,
the routine branches back to the beginning of the program at the point labeled 1 on
Figure 10.

3.10.2.2.3 Description of Inter-Assembly Task Figure 12

If the 5-second timeout flag was set by the scheduler, an entire polling eyele has
been missed. The routine branches to the code segment diagramed in Figure 14. The
first step is to set bad data Mags for the same number of wind data files as there are
sensors in the system. A timeout failure counter is used to keep track of the number
of consecutive failures. The backup assembly tests this counter. If the count equals
two (2), then the backup assembly will setup to start polling sensors. The backup
assembly computes the new pollcount and sects the control [lag which tel!s_ the
Scheduler to set the poll flag. The routine then loops back to the start of the routine.
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3.10.2.2.4 Description of Inter-Assembly Task Figure 13

This code segment is entered from Figure 12 after reccipt of wvalid data. This
diagrams the use of the pollcount number, poll number, and the opcode of the
received message to determine that the proper sequence of messages has been received.,
The poll number is generated by the master assembly. The opcode 15 generated by the
sending assembly, which is either the master or a sensor. The pollcount is maintained
by each assembly. The routine starts by testing the opcode to see if the MEessEge was a
poll request, repoll request, poll response or repoll response. In the case of a poll
request or poll response, the poll number should exceed the current pollcount value by
I, if the assembly has received all messages. In the case of a repoll request or
response, if the assembly is in phase with the message scquence (i.e. received the
original poll request/response) then the poll number will equal the polleount. If the
assembly is in sequence, then the program loops back to the start. If the sequence has
been lost, the timeout failure count is multiplicd by the number of sensors to establish
a8 new pollcount. If the caleculated pollcount equals poll number, then the sequence has
been re-established., IF the pollcount is not correct, the failure counters for the
affected sensors are incremented,

3.10.2.2.5 Description of Inter-Assembly Task Figure |4

This flow chart continues from the flow chart in Figure 13. The program segment
starting at connector label 7 shows the procedure to handle a takeover command. The
backup assembly will clear the control flag and the timeout failure counter. This will
cancel the backup operation. All other assemblies ignore this command. The program
segment starting at connector label 8 shows the procedure for the receipt of a valid
poll response which is in the proper sequence. The response in the I/0 buffer js
placed in the process buffer and the [lag is set to indicate receipt of good data. The
pollcount is incremented. A running master assembly would not normally execute this
program segment because it would have received and processed the résponse to its own
poll message. This program segment is executed by assemblies in normal operating
mode. If the assembly is switched to master mode, then this new master would wait
until the sensor response number equals the number of sensors in the system and
would then transmit the master takeover command,

3.10.2.2.6 Description of Inter-Assembly Task Figure 15

This flow chart is continued from Figure 13 and shows the procedure followed if
the Pollcount sequence is lost during a poll request or repoll request. The program
scgment starts with a calculation of the Pollcount using the timeout failure count and
the number of sensors in the system. This calculation represents the pollcount plus the
number of messages lost. If this calculation agrees with the present Poll number, then
the Pollcount is re-established, the Timeout Failure count is cleared and the routine
loops back to the start of the task. If the calculated Pollcount js not correct then the
Bad Data Flag is set on each Process Buffer for the calculated number of missed
messages. This will indicate to the Process Task that data is missing and will cause a
recovery process to start, and will flash the displavs of the alfected wind parameters.
The routine then re-establishes the Pollcount, clears the Timeout Failure count and
loops to the start of the task,
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3.10.2.3 Ectadiflcd Description of the Inter-Assembly Communication Interrupt
andler

A llow chart of the interrupt handler is provided by Figures 16 and 17. This is the
interrupt service routine for the Inter-Assembly serial interface. This routine receives
the characters which comprise inter-assembly messages and checks for proper framing
of the message (i.e. DLE, STX, DLE, ETX framing). The main branch of this routine
tests the UART Status Request (USR) to determine the cause of the interrupt. The
action taken depends on whether the cause was a carrier detect change, a received

character, or the transmission of a character. Each of these events are described
below,

3.10.2.3.1 Interrupt by Carrier Status Change

An interrupt is generated if the state of the carrier signal changes from on to off or
off to on. If the source of the interrupt is a change of carriers from an to off, then a
test is made to determine if an STX character was received. This would indicate the
receipt of at least part of a legitimate message. If the STX flag is sct, then the 1/0
buffer flag is set and the routine then wakes up the Inter-Assembly Communication
Task (IACT). The I/O buffer flag tells the IACT that a message has been received. If
the STX flag is not set, then the routine wakes up the IACT without setting the 1/0
buffer flag. The IACT will ignore the buffer contents and Setup to receive new data,

3.10.2.3.2 Transmit Buffer Empty Interrupt '

The Transmit Buffer Empty (TBRE) interrupt indicates that the UART is ready for
a new character. The character counter (CTR) is tested to see if it is greater than
zero, which would mean that there are more characters to be transmitted. If CTR is
positive, then a new character is transmitted and CTR is decremented. IT CTR is not
positive, then the UART is tested to sec il the transmission of the last character is
complete. If transmission is complete, then the carrier is turned off and the TACT is
awakened,

3.10.2.3.3 Received Character Interrupt

If a new character is received, the routine resets a 200 ms Timeout counter used by
the master assembly to timeout poll responses. The majority of this portion of the
routine is used to detect the proper sequence at the start of a message. If the STX
flag is clear, then the DLE flag is tested. If this flag is clear, then the character is
tested to see if it is a DLE character. If it is, the DLE flag must be set or the routine
will return from the interrupt. Once the DLE flag is set, the next incoming character
is tested for the receipt of the STX character. If it is not received, then the DLE flag
is reset and the buffer is clear. If it is the STX character, then the STX flag is set.
Aflter this all incoming characters are placed in the 1/0 buffer, the character count is
incremented, and the buffer is tested for any overflow condition. If the buffer
overflows, then the IACT task is awakened.
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3.10.3 Identification of CPC No. 3

This section describes functions performed to process the wind data and produce the
desired output data. The routine which performs this function is called "Process” and
is identified as CPC No. 3. The Process Task include the routines list in blocks 454
through 527. Process reads in the five-second average received from the sensor and
these values are added to the database and used to calculate the wind data output
parameter. This includes mean wind direction, mean wind speed, gust, direction
variability, gust spread, peak wind direction, speed, and time of occurrence for the
most recent 10-minute, 60-minute, and 24-hour periods and the standard deviation of
wind direction over the past 10-minute period,

3.10.3.1 CPC No. 3 Major Loop

Process receives input data from the Inter-Assembly Communication Task via the
Process Input Buffers, one for each sensor. Process is continuously monitoring the
individual input buffer flags which indicate that new data arc available. These flags
are set by the Inter-Assembly Communication Task. The new X and Y values are
checked to verify that they are within a valid range of +250 knots. If the values are
correct they are processed. If the values are invalid this is reported to the BIT
routine by the Bad Data routine. Invalid data causes the FPI to flash the wind data
displays. A counter called Data Counter and referenced by the variable PASSCNT is
used to track the number of consecutive valid input data. If the input is invalid for
less than sixty seconds the 10-minute database is cleared and the database is re-
established over a 10-minute period of consecutive good data reception. If the number
of invalid input exceeds 60 seconds (12 samples) the entire 24 hour data base is
declared invalid and will be reflected in the BIT status as well as the displayed data.
the AWDS data and the printer output data. The sensor status word i5 also received
from the input buffer to be checked by the BIT routines. If the sensor status is not
axcceptible the input data will be considered invalid. Figure 18 depicts the major
loop of Process.

3.10.3.2 CPC No. 3 Wind Data Processing

The various processing tasks are shown in Figure 19. The routine starts out by
testing whether the data is from sensor I, in which case the Time Queue is updated
with the latest time to the nearest minute. The progression to the processing will be
presented in the following paragraphs. The routine concludes by testing the value of
the Data Counter PASSCNT. This counter is used to establish the number of
consecutive valid inputs and is used as follows. If more than 10 minutes of valid data
has been received, then the database is valid and the recovery flag is reset. If only
onc minute of valid data has been received, then only the gust spread value is valid.
After two minutes of valid data reception, the wind direction and speed is valid.
Direction variability, gust, 10-minute peak wind values, and standard deviation of
wind direction all require a full 10-minute database. The new calculations for all the
wind parameters are placed in the Result Buffer for the given sensor to be accessed
by the various output routines,
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3.10.3.2.1 Direction Reference

Figure 20 shows the relation of wind velocity and the orthogonal components of
wind velocity. North is used as the reference axis of rotation and positive rotation is
in the clockwise direction. The arrow on the vector in the figure indicates that
direction is referenced to the source of the wind (i.e. the direction from which the
wind is blowing). Using the delining equations for X and Y given in figure 20 maps
the normal Cartesian coordinate system with positive counterclockwise rotation and 0
degree point on the abscissa or X axis to the meteorological coordinate system with
positive clockwise rotation and the 0 degree point on the positive vertical axis.

3.10.3.2.1.1 Five Second Vectorial Average

The values transmitted by the scnsor are the [ive-second orthogonal values produced
by averaging five one-second orthogonal values of wind data. These values are
converted to polar values of direction and speed. I the speed is less than | Kkt the
direction is set to 0° If the speed is 1 kt or greater and the direction is 0° the
direction is stored as 360° Once these adjustments are made the speed and direction
is saved in their respective data base queucs.

3.10.3.2.1.2 Two and Ten Minute Vectorial Average

The 5 second average speed and direction values are then converted back to
orthogonal components and used to maintain a two minute sum of components and a
ten minute sum. These running summations are then used to compute the two minute
and ten minute average of direction and speed. The equations governing this process
are provide in figure 21. The equations for the optional 10-minute time period on
recorders only are also given. Mean wind speeds greater than | knot of 0° direction
will be displayed as 360°. Winds less than | kt will be displayed as 0° and 0 speed.
The 5-second average conversions along with the two and ten minute average
computations are performed by the routines listed in blocks 454 through 465 of the
program listing,.

3.10.3.2.2 Gust Spread

Figure 22 shows the processing steps for determining the value of gust spread. This
is calculated from the latest one-minute period of five-second samples and is processed
every five scconds. This routine initializes a MAX variable and a MIN variable and
then searches the latest 12 speed inputs for the minimum and maximum value. The
gust spread is then the difference between these two values. The routines used in
caleulating the gust spread are listed on blocks 471 through 473,

3.10.3.2.3 Gusts

Gust are calculated using the latest ten-minute collection of five-second samples of
wind speed. There are two routines, one based on two-minute average speed, the ather
based on a ten-minute average specd. The ten-minute routine can only be executed on
the recorder assembly and than only if the 2/10 jumper is set to select the ten minute
routines. The Gust routines are listed on blocks 485 through 483.

27




3.10.3.2.3.1 Gust Using Two-Minute Average Speed

Figure 23 shows the flow chart of the algorithm to determine the maximum gust
over the past 10-minutes. Every five-seconds the current value of pust is found
testing three condition: I} that the 2-minute average wind speed is greater than zero,
2) that the 10-minute peak wind exceeds the 2-minute average wind speed by 5 knots,
and 3) the gust spread is greater than 10 knots. If any of these conditions is not met,
the value of the five-second gust is set to zero. IT all the conditions are met, the value
of gust is set to the current five-second value of the 10-minute peak wind speed. The
five-second value of gust is placed in a queue which contains the past 10 minutes of
gust value. The gust queue is than searched to see if there have been any gust
conditions over the latest ten minutes (i.e. is there a non-zero entry). If there has been
a gust condition the the latest value for the 10-minute peak wind is displaved as the
gust. Otherwise, the value for gust is zero,

3.10.3.2.3.2 Gust Using Ten-Minute Average Wind Speed

The algorithm used to determine the value of Bust using ten minute wind speed
averages is the same as the algorithm based on two minute average with the exception
of one condition. The requirement that the gust spread be greater than 10 knots has
been dropped. This routine is shown in Figure 24,

3.10.3.2.4 Peak Wind Calculations

Figure 25 provide the chart of the ten-minute peak wind routine. This routine is
listed on blocks 474 through 482. The ten minute value of peak wind (PV) is
determined every 5 seconds by finding the maximum value in the speed data queue
and the corresponding direction and time of occurrence. This new 10 minute value is
compared to the value of the 60 minute peak wind (PYH). (There isa 10 minute wait
period starting at 55 past the hour implemented by a soltware counter CNT, This is
used to keep the the previous 60 minute peak From carrying over to the next hour) If
the 10 minute peak is equal to or greater than the 60 minute peak value, the new 10
minute peak becomes the 60 minute peak value along with its associated direction and
time of occurrence. At 55 minutes past the hour the latest 60 minute peak wind value
i5 output and is also placed in a gqueue containing the past twenty-four 60 minute peak
wind data. The maximum value from this queue is the 24 hour peak wind data
(PVD).

3.10.3.2.5 Directional Variability

Direction Variability (DV) is computed every 5 seconds from the 120 five second
values stored in the direction data queue. The algorithm used to determine DV is
given in Figure 26. This routine tracks the clockwise and counter clockwise rotational
changes from one five second interval to the next [rom an arbitrary starting point,
The starting point used is the latest five second input. The rotational comparison are
made to consecutive live second values proceeding to the oldest value. A correction is
made to any resulting rotation which exceeds 180° between consecutive five sccond
values to allow for crossing the zero pole. The clockwise and counter clockwise
rotational extremes arc used to determine the [inal results. This procedure can track
through 360° If a DV of 360° or greater is detected, the current value of Ehc average
direction will be displayed in both windows. Examples are provided in Figure 27A
and 27B. The listing for the Direction Variability routine is on block 490 through
494,
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3.10.3.2.6 Standard Deviation of Direction

The standard deviation of wind direction is computed and reported each minute and
is based on the previous ten minutes of recorded 5 second sample of wind direction.
The algorithm used computes the angle difference between a 5 second sample and the
ten minute mean direction. This difference is unsigned and is corrected to be less
than 180 degrees to compensate for the zero pole crossing. This produces the deviation
of a 5 second sample of wind direction from the ten minute mean wind direction.
The 5 sccond deviation samples are used to produce two averages (1) the average of
the deviations squared, (2) the square of the average of the deviations. The difference
of these means is the variance of direction. The standard deviation is the SQUATE oot
of the variance. The chart for this routine is provided in Figure 28, Blocks 498
through 500 of the listing provide the program code.

3.10.4 Identification of CPC No, 4

The following paragraphs describe the Front Panel Interface CPC. This CPC
displays wind, time, and system status information on the front panel LED. It also
processes control information entered by front panel switches. Charts for this CPC
are provide in figures 32 through 38. The program code is listed in blocks 430
through 403.

3.104.1 CPC No. 4 Description

There are two lunctions performed by the FPI program. One function is to output
information to the various displays and is performed by the Front Panel Display Task
(FPDT). The other function is to receive commands entered via the front panel
switches. This is controlled by the Front Panel Switch Handler (FPSH). Since the
command entries affect the FPDT, the FPSH will be described first, following a
description of some control flags used by these routines.

3.10.4.1.1 CPC No. 4 Front Panel Display Flags

There are a number of different control and status flags which are used to support
the front panel display task. Some of these flags are simply a single bit assigned at a
memory location (e.g. REFRESH flag and UPDATE flag). Others have more elaborate
bit assignments. The SENSOR#, DATE/TIME, ACKNOWLEDGE, and STATUS flags
are presented in the Following paragraphs,

3.10.4.1.1.1 CPC No. 4 SENSOR# Flag

The bit assignment of this control flag is given in Figure 29. This flag consists of
an 8-bit memory location with two groups of 4 bits, assigned separate (unctions. Onec
group is used to indicate which sensor is the "active” scnsor. The other group has an
assembly dependent function. Tt is used to specify which sensor was sclected for a
"Momentary Sensor Sclection” command on an indicator assembly. It also specifies
which display mode was sclected on a Recorder Assembly., These bits are sct by the
Front Panel Switch Interrupt Handler (FPSIH) and are read by the Front Pancl
Display Task (FPDT).
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3.104.1.1.2 CPC No. 4 CLOCKFLAG Flag

The bit assignment of the CLOCKFLAG flag is shown in Figure 30. Six bits are
assigned to functions for setting the clock/calendar. The Field Select bits are used to
indicate which time/date parameter has been selected for a setting operation. The UP
and DOWN flags indicate whether selected parameters should be incremented ar
decremented, respectively. There is an additional flag which is not unique to the
clock setting function. The FLASH flag is assigned to bit & and is used to support
display flashing functions. The FLASH flag is toggled every 500 ms by the FPDT.
The remaining DATE/TIME (lags are set by the FPSIH and are monitared by FPDT.

3.10.4.1.1.3 CPC No. 4 ACKNOWLEDGE/STATUS Flag

This is a group of paired [lags used to support the status display. The status display
readout reflects the operating conditions of the assembly and the sensors. The
STATUS flag bits are used to report certain conditions. (A detailed description of the
status display and the bits is given in Paragraph 3.10.7.) The ACKNOWLEDGE flags
are used to indicate to the assembly program that the condition has been reported and
acknowledged by operations personnel. When a condition is detected, both the status
bit and the acknowledge bit are set. The status readout will display a condition code
and will flash as long as both bits are set. When the status clear switch is activated,
the acknowledge flag is cleared while the status bit is unchanged. This will stop the
[lashing of the readout, but the condition code will continue to be displayed. These
flag states are depicted in Figure 31. The ACKNOWLEDGE flags are resct by the
FPSIH. The STATUS flag is set and cleared by the BITs.

3.104.1.2 CPC No. 4 Front Panel Switch Handler

Any switch closure will be latched by the switch interface and will generate an
interrupt. The interrupt service routine will read the switch latch and perform the
function designated to the particular switch position. Since the function of the switch
is defined in software, a particular switch can implement one function on an
Indicator Assembly and a different function on a Recorder Aszembly.

3.104.1.2.1 CPC No. 4 Status Clear Switch Function

The routine in Figure 32 starts by checking to scc if the STATUS CLEAR button is
activated. This switch has been assigned two [unctions: 1) to inhibit flashing of the
STATUS display and 2) to initiate or terminate the STATUS DISPLAY MODE (SDM).
If STATUS CLEAR is the only switch detected, then flashing of the front panel
STATUS readout is terminated until a new error is detected. If the LAMP TEST
switch is also activated along with the STATUS CLEAR switch, then the SDM [lag is
toggled. If, after toggling, the SDM flag is set, then the SDM is initiated by setting
the SENSOR SELECT flag to display the status report starting with sensor 1. If the
SDM [flag is clear, then the acrion taken is assembly dependent. An indicator assembly
will revert to displaying the active sensor. A recorder assembly will return to normal
display mode. Whether initiating or terminating the SDM Function, the display
information is changed. This change is indicated to the display routine by setting the
UPDATE DISPLAY flag.
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3.104.1.2.2 CPC No. 4 Sensor/Mode Select Switches

The SENSOR SELECT switches of (Figure 33) the indicator perform active sensor
selections and momentary sensor display functions. The same switch positions are
used for DISPLAY MODE selection on recorder assemblies. When one of these
switches is activated, the routine determines il it is a recorder assembly and il so will
set the display mode according to which of the four switches was pressed. If the
assembly is an indicator, then the switch function is dependent on whether the ESD
mode is active. The ESD mode causes these switches to display the status of the
corresponding sensor. If the ESD flag is clear, then a test of the ACTIVE SENSOR
SELECT switch is conducted and if set the switch number is stored as the active
sensor. If the ACTIVE SENSOR SELECT switch is clear, then MOMENTARY
SENSOR SELECT function is indicated. A test is made to determine if the same
sensor was sclected as the MOMENTARY SENSOR, in which case the MOMENTARY
SENSOR SELECT function is terminated. If a new switch was activated as a
MOMENTARY SELECT function, the switch number is saved and a one-minute
timeout period is initiated. Since all of these functions require that the displays be
updated, the UPDATE DISPLAY flag is set.

3.10.4.1.2.3 CPC No. 4 Clock Control Switches

A set of four (4) switchés are provided for setting and cnabling the Front Panel
clock display (Figure 36). Pressing one of these switches will cause a separate [lag to
be set. These flags are monitored by the display task which performs the sclected
function. Consecutive activation of the SET/RUN switch will toggle between these
two modes by alternately setting and clearing the SET/RUN flag. The other clock
control flags are cleared each time the SET/RUN switch is pressed. Actuating any of
the other three (3) switches--FIELD SELECT, UP, or DOWN--causes the respective flag
to be set. These three flags are cleared by the Display Task when the function is
executed. To describe the switch functions further, assume the clock is in the run
mode (i.e. SET/RUN flag is cleared). Pressing the SET/RUN switch will set the
corresponding flag and clear the other three switch flags. With the FIELD SELECT
pointer cleared, the hours display is selected for a setting function, This will cause
the selected field to flash, Each time the FIELD SELECT switch is pressed, the
pointer is increased as a modulo 6 counter. The selection sequence is hours, minutes,
seconds, month, day, and year. Once a [ield is selected, the UP and DOWN switch can
be used to increment or decrement the displayed value, respectively.

3.10.4.1.3 CPC No. 4 Front Panel Display Task

Figures 35 and 38 provide a detailed diagram of the FPDT program. This program
controls all the functions for the display of wind data, status information, time, and
date information. The time and date information is updated each second. The wind
data and status information is normally updated every five-seconds. Update on
demand occurs in response to commands which request the display of new
information. Some display modes require various readouts to flash at a 1-Hz rate. To
support this flash rate, the displays are refreshed every 500 ms, which means that data
is written to the display at a rate of 2 Hz. The I-Hz [lash rate can then be
implemented by writing data to the display for 500 ms and then writing a blanking
code to the display for the next 500 ms. IT no flashing is required, data is written to
the displays during both 500-ms periods.
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The above has explained the basic function and the timing involved with the FDPT.

The fnlfuwing paragraphs will present wind data, status, and time/date display
functions.

3.10.4.1.3.1 CPC No. 4 Wind Data Display Functions-lndicatar

The task starts out (Figure 35) by testing the REFRESH flag which is set by the
scheduler every 500 ms. IT this flag is set, the UPDATE flag is tested to determine if
new five-(5) second data values should be displayed. Next, the STATUS DISPLAY
flag is tested. The function performed, if the flag is set, is described in the next
paragraph. Assuming that both the STATUS DISPLAY and UPDATE flags are clear,
the next test is to determine if the assembly is a recorder, in which case 3 request for
the latest peak wind data may need to be serviced. Il so, pointers to the peak wind
data are setup. Otherwise, pointers to the regularly displaved wind data are
established. Each value is fetched and tested for validity. (Invalid data has been
stored as a negative value.) If the data is invalid and the FLASH flag is set, then a
code is sent to blank the affected readout. If the FLASH [lag is reset, the value is
displayed. If the value is valid, then it is sent to the readout. This process is repeated
for each output value. If the UPDATE flag is set, the routine clears the flag and tests
the STATUS DISPLAY flag. (Notice that this flag is tested regardless of the path
taken as a result of the UPDATE flag.) Assuming that this flag is clear, the update
function tests the type of assembly. An indicator assembly will read the sensor
number from SENSOR#. If it is a momentary sensor number the corresponding sensor
LED will be turned on. Otherwise the LED will be turned off, A recorder assembly
will read the display mode from SENSOR#. The appropriate data will then be copied
to the display buffer.

3.10.4.1.3.1.1 CPC No. 4 Wind Data Display Functions-Recorder

The recorder assembly display functions differently frem that of the indicator
(Figure 37B). The readouts are updated once each minute instead of onee every five
seconds. There are also four display modes that a recorder can operate: 1) NORMAL,
2) PEAKI10, 3) PEAKGO, and 4) PEAK24. The information displayed in normal mode
is the same as for the indicator. The other modes display peak wind data in which
the direction and speed of the peak wind are displayed in the WIND DIRECTION and
WIND SPEED readouts, respectively, The clock/calendar displays the time of
occurrence, while the standard deviation is displayed in the second DIRECTION
VARIABILITY window. These modes display the latest 10-minute, 60-minute, and 24-
hour peak wind values. Each mode is selected using [ront panel switches which
function as sensor select switches on an indicator assembly,

3.10.4.1.3.2 CPC No. 4 Status Display Function

The status display function (Figures 36A and 36A) is entered by the display task if
the STATUS DISPLAY [lag has been sct by the Front Panel Switch Interrupt Handler.
The UPDATE flag may have been sct by either the scheduler or the Front Panel
switch Interrupt Handler. In ecither case the SENSOR DISPLAY # is read, the
corresponding LED is turned on and the ASSEMBLY STATUS WORD and the selected
SENSOR STATUS WORD arc copicd to the Display Bufler. The assembly status is
displayed in the wind direction and windispm:d window. The sensor status is
displayed in the direction variability window. The status display mode is
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distingufshcr{ from other display modes by blanking the gust and gust spread displays
and b}: F!qshmg all zeros on the clock display. An explanation of the displaved status
words is given in Paragraph 3.10.7 deseribing the BITs.

3.10.4.1.3.3 CPC No. 4 Clock Setting/Display Function

The clock routine (Figure 38) displays the current time and performs the sct
Functions selected via the front panel switches, Six time/date values are displayed:
hours, minutes, seconds, day, month, and year. These values are gencrated by the real-
time clock (RTC). Each value is read from the clock individually. A test is
performed on the SET/RUN flag. If it is clear, the time value is saved as part of the
time stamp and is displayed. If the SET/RUN flag is set, then a comparison of the
FIELD SELECT # and the present time parameter is performed. If there is a match,
the UP and DOWN flags are tested and il set the time value is incremented or
decremented, respectively. The new value is saved and the FLASH flag is tested. If
the flag is set, a blanking code is set to the readout. Otherwise, the new wvalue is
displayed. The procedure is followed for each of the six time/date values.

3.10.5 Identification of CPC Ng, 5

The Automatic Weather Distribution System (AWDS) interface routine is described
in this section. The program code for this CPC is listed on blocks 425 through 431,

3.10.5.1 Deseription of CPC No. 5

The AWDS routine controls the interface and output information as prescribed in
Paragraph 3.10.5 of MMA-85B. Figures 39 and 40 show the operations performed to
support the AWDS, OQutput is commenced cvery 5 seconds with the setting of the
AWDS flag by the Scheduler. The CS and DM interface control Flags are tested for
the set condition. The latest calculated wind parameters are moved to the AWDS
buffer for each sensor in the system. These parameters are then transmitted to the
AWDS using the message [ormat as specified by Table II of MMA-85B. A separate
message is transmitted for each sensor in the system. Figure 52 shows an example
message with cach field in the message identified.

3.10.6 Identification of No. &

This section describes the routines which support the printer interface of the
recorder assemblies. This program listing of this CPC is covered by blocks 413
through 421,

3.10.6.1 Description of CPC No. 6

The printer routine is shown in Figures 41 and 42. The printer routine is enabled
every minute with the setting of PRINTFLAG by the Scheduler. The status register is
checked to verify the printer is on-line. If it is not on-line an error will be reported.
The wind parameters from the active sensors are moved the printer buffer. A header
is printed on every tenth line. The ocutput format is to print the data and time, then
the wind parameters, active sensor number, and system status. Asﬁ cach wm_d
parameter is printed it is tested for validity. If a parameter is invalid, a star is
printed to the right of the invalid value.
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3.10.7 Identification of CPC Ng, 7

The lollowing paragraph describes the Built In Test (BIT) routines. Three BITs are
separate and independent programs which test the CPU, ROM, and RAM. There are
several other BITs which are part of other CPCs. These will be deseribed in this
section and cross referenced to the corresponding CPC, The method of reporting the
status of these tests is also presented, The charts for the BIT routines are provided in

figures 45 through 49, Program code listing for the BIT task is provided in blocks 405
through 411.

3.10.7.1 CPC No. 7 Description

The BITs are a set of self test routines which are designed to moniter assembly
performance and report and detect faults which may degrade performance. These
tests are run continuously as a part of normal assembly opérations. Each test is
repeatedly performed several times each second. If a fault condition is detected the
routine sets a bit in a RAM location and the Indicator/Recorder Status word. Figure
43 shows the organization of this status word. The information from this status word
and a similar one for the sensor are combined to form a byte called the General Status
Byte, This byte determines the value normally displayed by the FPI routine, Figure
44 shows the organization of the status byte. The following paragraph describes the
test routines,

3.10.7.1.1 CPC No. 7 BIT Error Code Display Functions

The results of the BIT are displayed using a two tier reporting scheme. The [irst
level is presented by the two LEDs of the status display. This display gives a general
report of status of the assembly and the system. The error codes [or this display are
given in Tables XII and XIIL The second level of error reporting is accessed by
holding the LAMP TEST switch down and depressing the STATUS CLEAR switch.
This will place the assembly in the Status Display Mode which will report the results
of all the BITs using several of the display LEDs has indicated in the Tables. Theose
display codes in the Status Display Mode are referenced by code group numbers. This
includes the results of the BITs performed on the sensors. The error codes for the
Status Display mode are given in Tables XIV through XXI. Figure 53(A) provides a
view of the front pancl identifying the status codes for the BIT performed on the
Indicator/Recorder and the BIT codes for the the sensor. Figure 53(B) identifics the
location of each code group.

3.10.7.1.1.1 CPC No. 7 Status Display Acknowledge Function

The general status display will normally read out a constant 00 indicating no errors.
When an error is detected, an error code will start flashing in the display. The error
condition can be acknowledged by pressing the status clear switch, This will inhib_It
flashing of the display, but will maintain the value of the error code if the error is
still present.
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TABLE XII

GENERAL STATUS CODES
STATUS DISPLAY-LEFT DIGIT

Displa de mber

35

Indieated Status
Mo Error
Processor Board Fault
Failure of one or more of the
following tests
1) CPU Test
2} ROM Test
3) RAM Test
4) Inter-Assembly Communication Port
Loop Test

Sensor Error-Any error report from
the sensor

Combination of codez | and 2
Loss of Master

Combination of codes 1 and 4
Combination of codes 2'and 4

Combination of codes I, 2, and 4




TABLE XIII

GENERAL STATUS CODES
STATUS DISPLAY-RIGHT DIGIT

Display Code Number

0
1

L= T - N Y
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Indicated Status

No Errors

Printer Error (Recorder Only)
Inter-Assembly Communication Error
1) Communication Timeaut and/or
2) Multiple CPC Error

3) Carrier Timeout Error

4) No Sensor Response Error
Combination of codes 1 and 2
Recovery in Progress

Combination of codes 1 and 4

Combination of codes 2 and 4

Combination of codes |, 2, and 4




TABLE XIV

STATUS DISPLAY MODE CODES FOR
THE INDICATOR/RECORDER STATUS WORD
WIND DIRECTION DISPLAY-LEFT DIGIT (CODE GROUP 1}

Display Code Number Indicated tus
0 Mo Errors

] Inter-Assembly Communication Loap
Test Failure

2 Inter-Assembly Communication Time
Qut Error

3 Combination of code | and 2

4 Inter-Asscmbly Communication Carrier
Timeout Error

5 Combination of Code | and 4

6 '~ Combination of code 2 and 4

7 Combination of code 1, 2, and 4

TABLE XV

STATUS DISPLAY MODE CODE FOR
THE INDICATOR/RECORDER STATUS WORD
WIND DIRECTION DISPLAY-RIGHT DIGIT (CODE GROUP 2)

Display Code Number Indicated Status
4] No Errors
1 CFLI Test Failed
2 ROM Test Failed
i Combination of code 1 and 2
4 RAM Test Failed
5 Combination of Code 1 and 3
£ Combination of Code 2 and 4
7 Combination of Code 1, 2, and 4
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TABLE XVI

STATUS DISPLAY MODE CODES FOR
THE INDICATOR/RECORDER STATUS WORD
WIND SPEED DISPLAY-LEFT DIGIT (CODE GROUP 3)

Display

L= T Y -

Number

Indicated Status

Mo Error

Printer Paper Qut

Printer Off-Line

Combination of codes | and 2
Printer Fault

Combination of codes | and 4
Combination of codes 2 and 4

Combination of codes 1, 2, and 4

TABLE XVII

STATUS DISPLAY MODE CODES FOR
THE INDICATOR/RECORDER STATUS WORD
WIND SPEED DISPLAY-RIGHT DIGIT (CODE GROUP 4)

Display Code Number

0
l

-

o LA
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Indicated Status

No Errors

AWDS Loop Test Failed

N/A (Not Assigned)

MN/A

Loss of Master

Combination of codes 1 and 4
MN/A

N/A




TABLE XVIII

STATUS DISPLAY MODE CODES FOR
THE SENSOR STATUS WORD
DIRECTION VARIABILITY LEFT DISPLAY-LEFT DIGIT (CODE GROUP 4)

Display Code Number Indicated Status
0 No Errors
1 Multiple Resct Error
2 Counter Test Error
3 Combination of code 1 and 2
4 Inter-Assembly Loop Test Error
5 Combination of codes | and 4
6 Combination of codes 2 and 4
) Combination ol codes 1, 2, and

TABLE XIX

STATUS DISPLAY MODE CODES FOR
THE SENSOR STATUS WORD
DIRECTION VARIABILITY LEFT DISPLAY-RIGHT DIGIT (CODE GROUP &)

Displav Code Number Indicated Status
0 Mo Errors
1 CPU Test Failed
2 ROM Test Failed
3 Combination of codes | and 2
4 EAM Test Failed
5 Combination of codes 1 and 4
6 Combination ol codes 2 and 4
7 Combination of codes 1, 2, and 4
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TABLE XX

STATUS DISPLAY MODE CODES FOR
THE SENSOR STATUS WORD
DIRECTION VARIABILITY RIGHT DISPLAY-LEFT DIGIT (CODE GROUP 7)

Displav Code Numbher Indicated Status
0 Mo Errors
1 A/D Test Failed
2 Element Driver Test Failed
3 Combination of codes 1 and 2
4 Temperature Sensor Test Failed
5 Combination of codes 1 and 4
6 Combination of codes 2 and 4
7 Combination of codes 1, 2, and 4
TABLEXXI

STATUS DISPLAY MODE CODES FOR
THE SENSOR STATUS WORD
DIRECTION YARIABILITY RIGHT DISPLAY-RIGHT DIGIT (CODE GROUF 8)

0 MNo Errors

1 Cut of Calibrated Range Error
2 Pressure Sensor Test Error

i Combination of codes | and 2
4 Power Supply Test Error

5 Combination of codes 1 and 4
6 Combination of codes 2 and 4
7 Combination of codes 1, 2, and 4
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TABLE XXII

STATUS DISPLAY MODE CODES FOR
THE SENSOR STATUS WORD
GUST SPREAD DISPLAY-RIGHT DIGIT (CODE GROUP %
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Mo Errors

Long Recovery in Progress
Mo Sensor Response
Combination of codes | and 2
CRC-16 Error

Combination of codes 1 and 4
Combination of codes 2 and 4

Combination of codes 1, 2, and 4




3.10.7.1.2 CPC No. 7 Description of the CPU Test

The CPU test performs a sequence of operations on the four accumulators of the
8088 microprocessor, AX, BX, CX, and DX. The results of these operations are
checked for validity. Detection of any error will be recarded by setting bit 0 of the
Indicatn;;Rcmrdcr Status Word., Figure 45 shows a flow graph of the CPU test.
Hexadecimal constants are loaded into the accumulators. AX and BX are summed to
form FF which is left in AX. The 55 in CX is subtracted from the FF in AX with
the resulting AA being stored in CX. CX and DX are summed to form FF which is
stored in DX. This result is compared with the correct result, thereby testing the
accumulator and the zero lag of the CPU status register. A test is also performed on
the sign flag and carry flag.

3.10.7.1.3 CPC MNo. 7 Description of the EOM Test

The ROM test is accomplished by performing a 16-bit summation of all the locations
of the EPROM to form a checksum, This value is compared with the correct
checksum wvalue which was produced and saved in the EPROM when it was
programmed. The difference between these sums will cause the setting of bit 1 of the
IRSW. Figure 46 shows the flow chart of this routine.

3.10.7.1.4 CPC No. 7 Description of the RAM Test

The RAM test is accomplished by writing a test pattern to a RAM location and
verifying that the same pattern is read back. This test is performed on all RAM
locations, The data in cach location is saved befare testing and restored at the
completion of the test. Interrupts are dizabled to maintain complete control of RAM
access during this test. For this reason only small sections of RAM arc tested during
each iteration. Figure 47 shows a graph of this routine. Two test patterns are used gt
cach location, a 55 pattern and an AA pattern. Both are comprised of alternating ones
and zeros and arc used to detect bit locations which are no longer functioning.

3.10.7.1.5 CPC No. 7 Description of Inter-Assembly Communication Loop Test

The Inter-Assembly Communication Loop Test is performed each time an assembly
sends an inter-assembly message. When the first character of a message is transmitted,
the receive circuitry is enabled in order to read the character back. The received
character is compared to the transmitted character. Bit 4 of the IRSW is set if the
characters are different. Figures 48A and 48B is a [low chart of this test operation,

3.10.7.1.6 CPC Mo. 7 Description of Inter-Assembly Timeout Error

The master assembly normally polls the sensors every five seconds. If there are no
polls or sensor responses over a period greater than five seconds then this will cause a
timeout error. This function is provided by the Inter Assembly Task described in
Paragraph 3.10.2 and shown in Figure Il. Bit 5 of the IRSW is set to indicate a
timecout error.
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3.10.7.1.7 CPC No. 7 Description of Inter-Assembly Multiple CRC Error

All inter-assembly communications are checked for validity through the use of a
CRC-16 number which is appended to the end of each message. The Inter-Assembly
Communication Task verifies the CRC-16 of a message when it is received. Each time
4 message is received with a bad CRC number, a counter is incremented, If the bad

CRC count is equal to or greater than 3, an error is recorded by setting bit 6 of the
IRSW,

3.10.7.1.8 CPC No. 7 Description of AWDS Loop Test

The AWDS Loop Test is performed cach time an AWDS message is sent. The first
character of cach message is looped pack to the receiver. The received character is
compared to the transmitted character, If these are different, bit 8 of the IRSW will
be sct to indicate a test failure. Figure 49A and 49B provides a [low chart of this
test.

3.10.7.1.9 CPC No. 7 Description of Printer Error Routines

The pr_inter BIT is_ performed each time an output to the printer is commenced. The
test consists of reading the printer status register and reporting any error conditions
that are indicated. These errors include printer-offline, paper-out, and printer fault.

3.10.7.2 CPC No. 7 Interfaces

The BITs described above are incorporated in several CPCs and in many cases
functions as general error detection routines. Hence a BIT is often associated with the
CPC function being test. These are listed in Table XXIII below. The three processor
oriented tests are the CPU test, ROM test, and the RAM test and are grouped together
with the watchdog timer routine.

TABLE XXIIT
DISTRIBUTED BUILT IN TESTS

Task Name Associated BIT
Inter Assembly Task Inter Assembly Loop Test
Inter Assembly Task Inter Assembly Timeout Error
Inter Assembly Task Inter Assembly Multiple CRC Error
AWDS Task AWDS Loop Test
Printer Task Printer No Acknowledge
Printer Task Printer Off Line
Printer Task Printer Paper Qut
Front Pancl Task Status Code Display
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3.10.8 Identification of CPC No. 8§

The Start Up and Recovery (STUR) CPC is described in this section. This routine is
the entry program after a power up or reset condition. The chart for this cpc is
provided in figure 50. The program code is listed in blocks 605 through 636.

3.10:8.1 Description of Start Up Modes

There are three starting modes for this program; (1) cold start, (2) warm start, (3)
hot start. The difference between these modes is the extent of the data base
initialization. The program determines the type of start up mode to use based on the
status of the variable POWERFLAG and the difference between the time at start up
and the latest time stamp saved in memory. This time stamp is routinely saved during
normal program exccution, If the battery back-up link is installed as it would be for
normal operation the contents of memory are unchanged after a loss of power and the
real-time clock will continue to keep time. These attributes are used by the STUR
routine as follows:

Cold Start - used for initial power up or after power outages longer than one
minute. The variable POWERFLAG is used to determine if the the memory has been
powered up and initialized at some time in the passed, This variable must contain the
decimal wvalue 12345 il the memory was been initialized and has been made non-
volatile by the battery. If this value is not present the a Cold Start process is
commenced to initialize (zero) all of the RAM starting above the vector tables and
continuing to the top of the RAM space used by the program. The same initialization
is used if the difference between the real-time clock value at power up and the last
recorded time stamp is more than 60 seconds,

Warm Start - used to initialize only the ten minute data base, saving the portion of
the data base containing the 24 hour results. If the difference between the power up
time and the time stamp is less the 60 second but greater than 5 second a warm start is
executed.

Hot Start - used to maintain the data base alter momentary interruptions of power
of less than five seconds.

These different modes are used to preserve the data base and prevent rebuilding the
entire data base after momentary interruptions of power.

3.10.8.2 Deseription of CPC No. 8

The Start up and Recovery routine first step is to initialize the interrupt vccmr_and
the task tables in RAM and proceeding to initialize all the hardware interface devices,
The POWERFLAG variable is tested to determine il a cold start is required. If a cold
start is not indicated by this test the time stamp is compared to the current time of
the RTC. If this comparison indicated a time difference greater than 60 second a cold
start is initiated. If the time difference is less than 60 second but greater than 5
seconds a warm start i3 commenced to initiate the ten minute data base values. IT the
time difference is five seconds or less then normal processing is resumed after
validating the the data base. This is accomplished by checking that the running sums
for the speed and direction queues maintained during ngrmal data processing are the
same as the sum of the queue contents. If the database is invalid a rebuild operation
will commence at the completion of STUR.
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Al’tgr determining the type of start up mode and initializing the data base
accordingly execution of the start up routine progresses through the following steps
for all cases. Variables used as flags are initialized, with the five second counter
variable 5SECCTR being set to 5 ., the POWERFLAG being set to 12345, the display
task flag DISPFLAG being set to | and and all remaining flags being cleared. The
program then reads the configuration status of each jumper and saves the results in
the variable CONFIG. The program then initializes the front panel switch LEDs and
set the variable CONTRLFLAG if the master mode is enabled. The data base of
unused sensors is initialized to display a flashing "55" if selected. The STUR routine

concludes by enabling each task and cnabling the interrupts then calling the Display
Task.

3.11 PROGERAM LISTINGS

Program listings are provided in a separate bound section titled " Program Listings
for the AN/FMQ-13(V) Digital Indicator/Recorder Application Program"

3.11.1 Naming Conventions

Th‘-:: following naming conventions are used throughout the program listing.
Attributes for name differentiation include upper and lower case lettering and
hyphenated names or names containing a period.

FORTH defined words (i.e. those words defined as part of the standard Forth
programming language) use capital letters or symbols (e.g. IF, THEN, ELSE, DO,
LOQOP, =, 0=, |, @). These are defined in the "polyFORTH II Reference Manual™
Forth assembly code language is also represented in upper case letters and may include
duplicate names for some words (e.g. IF, THEN, ELSE, DO, LOOP). These are defined
in the "INTEL 8086 CPU Supplement to the polyFORTH II Reference Manual®,

All variable names are upper case with no hyphens or periods. Application program
words (the names of routines) are upper case and use a period or hyphen in the name
{e.e. GET.TIME, GET.DATE, TIMESTAMP, 72.#5ENSORS). Constants used to reference
hardware device registers are lower case (e.g. clock, clock/csr, comm/data). Assembly
code routine names are lower case with a symbol or a period within the name (e.g.
set.status, clear.status, clocks, >clock).

The one exception to these naming conventions is for the data structure programs
used to access the quceues of the data base. These program names are used as variable
names in the various routines that reference the data base and appear as upper case
variables names (e.g. SPEEDQ, ANGLEQ, GUSTQ). These words are listed on blocks
347 through 351,

3.11.2 CPC Block Numbers

A list of the CPC names and the corresponding listing blocks are provided in Table
AXIV.
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4. QUALITY ASSURANCE

This section provides a review of the test plans and procedures used to qualify
ther CPCI. Qualification was performed on the built-in-test function during the
maintainability demonstration. The remaining functions were gualified during
performance testing.

4.1 TEST PLAN/PROCEDURE CROSS REFERENCE INDEX

Table XXV provides a list of the CPCI functions cross referenced to the test
procedure used for qualification. The table references maintainability testing and
performance testing. The maintainability demonstration was conducted in accordance
with the Maintainability Demonstration Plan document # S9131-1008 (CDRL Item
Q005) the results of which were reported in the Maintainability Demonstration Report
document number WMS-MDR-01 (CDRL Item Q006). The performance test were
conducted in accordance with the test procedure titled "First Article Performance Test
for Wind Measuring Set AN/FMQ-13(V)" document # 9131-1005 (CDRL Item K002).
This test procedure was developed in accordance with the "Equipment Test Plan for
Wind Measuring Set AN/FMQ-13(V), document # WMS-ETP-01-R 1 (CDRL Item K001).
Performance testing of the wind data processing required the use of a simulation
program to provide known inputs to the indicator/recorder program while recording
the output results, The test concept for the use of this simulation is provided below.

4.1.1 Performance Test Simulation Test Concept

An 1BM PC computer, or equivalent (herein referred to as the scnsor simulator) is
used to simulate the sensor assembly while performing the detailed test procedures of
paragraph 6.24. Wind data processing is verified by monitoring the output values
(both the LED displays and AWDS wvalues) to a known input and applving the
definitions for each parameter as given in paragraph 3.2.1.3.6 of the specilication
regarding wind data processing. The expected value of any paramcter can be
calculated and used to verify the recorded output. The sensor simulator produces ten
sets of known wind direction and speed settings. The values are given in the table
below. This produces ninc step changes as inputs to the indicator with each setting
held constant for three minutes. This allows the two-minute average direction and
speed values to converge to the setting for two minutes and remain constant for one
minute. The last setting is held constant until the simulator is turned of [,

A few examples of expected values of various wind parameters Tollow:

(1) At the end of the [lirst three minute input setting period all parameters will
be zero.

(2) At the beginning of thc sccond setting (90° and 9 knots) the gust spread
should be 9 knots and should remain at nine knots for onc minute. Since the
gust spread is below 10 knots the gust value should be zero. The ten minute
peak wind value should be 90° and 9 knots with a time of occurrence of the
present time of the AWDS message. The average speed will be zero on the [irst
reading (1/24%9=0.375 knots which is displayed as zero). On the second output
of the second setting the average speed will 1 knot (2/24*9=0.75 knots which is
rounded to | knot).
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TABLE XXV
FUNCTION VS TEST CROSS INDEX

FUNCTION TEST
SEQUENCE CONTROL PERFORMANCE
I/O CONTROL FERFORMANCE
DATA PROCESSING PERFORMANCE
DISPLAYS PERFORMANCE
OPERATIONAL CONTROL PERFORMANCE
ERROR DETECTION ' MAINTAINABILITY

REAL-TIME DIAGNOSTICS MAINTAINABILITY
FAULT RECOVERY PERFORMANCE
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SENSOR SIMULATOR
DIRECTION AND SPEED SETTING
SETTING # DIRECTION SPEED

1 1] 0
2 90 9
3 180 20
) 270 50
5 300 100
6 330 150
. 7 355 200
B 10 250
9 180 30
10 350 o

5. PREPARATION FOR DELIVERY

Delivery preparation for this CPCI s specified in the CDRL by items EQ02, E0C4,
and EOOD specifying "Software Delivery Documentation”, "Version Description
Document”, and "Computer Software/Computer Program/Computer Data Base
Configuration Item", respectively. The computer program is titled "Digital
Indicator/Recorder Application Program”. Two copies of the source code and one
copy of the object code are provided on 5.25 inch diameter floppy disks wish are MS-
DOS format compatible. One paper copy of the source code and object code are also
specified. The disks and the paper copies will be labeled with the system

nomenclature (FMQ-13(V)), the program title, release revision and the CPIN for the
program.
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SECTION SIX
DATA SHEETS FOR THE
HARDWARE DEVICES







7170
REAL-TIME
CLOCK INTERFACE
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w HARRIS 80C88

CMOS
N i Advance Information 8/16 BIT MICROPROCESSOR

Features Pinout _
= COMPATIBLE WITH NMOS BOSS
® DIRECT SOFTWARE COMPATIBILITY WITH 80CES, BOAS, 0SS it ik
= B BIT DATA BUS INTERFACE MODE |uc||:rE
* 16 BIT INTERNAL ARCHITECTURE S
s COMPLETELY STATIC DESIGN oho [ 4] Ve
b= DC - 5 MHz (B0CBS) ate 2 1 [ Al
P DC — 4 MMz (BOCES-4) a3 )3 a7 awesl
& LOW PﬂwEH OFERATION a1 E i I j AlTisa
P ICCSH = 500 pA MAXIMUM
B ICCOP = 10mAMHz & A [Os &[] AIWES
® 1 MEYTE OF DIRECT MEMORY ADDRESSING CAPABILITY R 3BL] Adsss
® 24 OPERAND ADDRESSING MODES A Or Ml ¥ (HIG H)
= BIT, BYTE, WORD, AND BLOCK MOVE OPERATIONS an [la 1377 MmN
® B AND 15 BIT SIGNEDVUNSIGHED ARITHMETIC AT [Ja 2] 7o
» BUS-HOLD CIRCLATAY ELIMINATES PULL-UP RESISTORS apcas
® SCALED SAJI IV CMOS PROCESS Aot [fa “opy [ wWoLD  (ADACTE)
® SINGLE 5V POWER SUPPLY Ans, [0 laf] Hwoa ATIETT)
* COMMERCIAL, INDUSTRIAL AND MILITARY TEMPERATURE RANGES - Apa [z B[] wWe ILOTK)
An1 [T 2] i iE3)
Description AD2 ] e 27 orR 51}
Scrip api []18 [ ] OER (50
The Harris 80C88 high performance 8/16 bit CMOS CPU is manufactured using a aoo [ 25 ] ALE L=t
self-aligned silicon gate CMOS process (Scaled SAJI V). Two modes af operation, wmt ]z u[J WTL (a5
MINimum for small systems and MAXimum for larger applications such as multi- INTR [ 12 117 TEEY
processing, allow user canfiguration to achieve the highest performance level. Full ek [ 22| Reapy
TTL compalibility and industry-standard cperation allow use of existing NMOS 8088 ono [ 210 Reset
hardware and Harris CMOS 80C88 peripherals. Complele software compatibility
ﬂ with the BOCBS, 8086 and BOB8 microprocessors allows use of existing software in
new designs.
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Pin Description
_The_ rallnwing pin function descriptions are lor 80CE8 syslems descriptions is the direct multiplexed bus intedace connection Q
In gither minimum or maximum mada. The “local bus” in these lo the BOCES (without regard to additional bus butiers).
[ PN ]

SYMBOL | NUMBER | TYPE HAME AND FUNCTION
ADT-ADO 9-16 1 Address Data Bus: These lines constitule tha time multiplexed memoryI0 address (T1) and data (T2. 73, Tw,

and T4) bus. These lines are active HIGH and are held a1 high impedance 1o the last vald logie level during

interrupt acknowledge and local bus “hold acknowledge” ar “grant sequence”.

Alo-A8 2-B, 3% (n] Address Bus: These lines provide address bils 8 through 15 for the entire bus eyela (T1 -T4). Those lines do
naot have to be lalched by ALE |s remain valid, A15-A8 are active HIGH and are held at high impedance fo the
tast valid logic level during interrupt acknowledge and local bus “hold acknowledge” or “grant sequence”.

ATQ/EE, as o Aodress/Status: Curing T1, these are the four mast

A1B/ES, 36 o) significant address lines for memery operations. During

A1Ti54, a7 O 10 operations, these lines are LOW, During memary

A1B/S3 38 0] and 0 operations, stalus information is available on S4 53 | CHARACTERISTICS
these lines during T2, T3, Tw, and T4. S6 iz always low. O[LOW) 0 | Alternate Data
The slatus of the interrupt enable flag bit (55) is updated 0 1 | Stack
at the beginning of each clock eycle, 54 and 53 are 1 (HIEH) 0 | Code or None
encoded as shown. 1 1 Data

e
Thiz inlormation indicates which segment register is I3 120 (LOW) . l
presenily being used for data accessing,
These fines are beld at high impedance 1o the last valid
tegic level during local bus "hold acknowledge™ or
“gramt sequence”,

AD az o Read: Read strobe indicates thal the processor is performing a memory ar KO read eycle, dapending on the
state of the I0/M pin or 52. This signal is used o read devices which reside on the BOCES local bus. AD is
activi LOW during T2, T3 and Tw of any read cycle, and is gquaranieed o remain HIGH in T2 until the A0CAaS
local bus has floated. .
This line is held internally to a high impedance logic one siate during “hold acknowledge™ or “grani
sequence”,

READY 22 I READY: is the acknowledgment lrom the addressed memory or /0 device that il will complete the data
transter. The RDY signal from memery or /0 s synchronized by the B2C84A clack generator to form READY
This signal is active HIGH. The BOCBS READY imput is nat synchionized. Correct operation is nol guzranteed
it the set up and hold times are not mel

INTR 18 I Interrupl Request:is g level Iriggered input which is sampled during the last clock cycle of each instruction to
detarmine if the processor should enter into an interrupt ackrowledge opetatian. A subrautine is voeetorad to
vid an interrupt vector lookup lable located in system memory. It can 1}& mm_rnally_ masked by software
resefting the interrupt enable kit INTR is intemally synchronized. This signal is active HIGH,

TEST 23 | TEST input is examined by the “warl lor test” instruction. If the TES_T input is LOW, execulion continues,
otherwise the processor wails in an “idle” state. This input is synchronized intern ally during each clack cycle
on the leading edge of CLEK,

MMI 17 1 NOM-MASKABLE INTERRUPT is an edge Iriagered npul which causes a type 2 Interrupt, A subroutine is
veclored 10 via an interrupt veclor lookup table Iocated in system memaory, NMI is nat maskable internally by
soltware. A fransition from a LOW to HIGH initiates the interrupt a1 the end of the current instruction, This
inpul i5 internally synchromzed.

RESET 21 I RESET: causes the processor 1o immadialety lerminate its present activity. The signal must ransition LOW 1o
HIGH and remain active HIGH far al least feur clock cycles. |t restarts execution. as described in the
instruction set description, when AESET returns LOW. RESET is internatly synchronized,

_FCLK 19 I Chock: provides the basic iming for the precessor and bus controfler, 1t s asymmetrcwith a 33% duty cyclolo
provide oplimized internal timing,

Vee 40 Vee: is the + 5V = 10% power supply pin.

GND 1,20 GND: are the ground pins (Both pins must be connected 1o system ground), .

MNME a3 I Minimum/Maximurm: indicates the mode in which the processor is to operate. The twa modes are discussed
in the following sechions.
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0 Pin Description (continued)

The fallowing pin descriptions are for the 80C88 system in which are unique to maximum mode are described: all other
maximum mode (i.e., MN/MX = GND). Only the pin functions pin functions are as described above.

PN —
SYMBOL | NUMBER | TYPE HAME AND FUNCTION
525 26-28 o Stalus: is active during clock high ol T4, T1, and T2, and = — e
Ea is retuned to the passive state (1,1,1) during T3 ar | 92 S1 | 80 | CHARACTERISTICS
dufing Tw when READY is HIGH. This status is used by |
the 82C88 bus controler ta generate allmemoryand ko | 0(LOW) | 0| 0 | Interrupt Acknowledge
access control signals. Any change by 52, SYT or50 |0 0 1 | ReadlOport
during T4 is used to inthcate the beginning of a bus |0 1 0 | Wrte O pon
cycle, and the return to the passne stale in T3 or Twis 1] 1 1 | Hatt
used to indicate the end of a bus cycle. 1{HIGH)| 0 0 | Codeaccess
These signals are held internally 1o a high impedance | 1 0 1 | Read memary
logic ane state dunng “grant sequence”. 1 1 0 | Write memory
1 1 | 1 | Passive
AQIGTO, | 30,31 o] Request/Grant: pins are used by olher [ocal bus masters 1o force the processor o release this Iocal bus at the
RLVGTI end of the processar's current bus cycle. Each pin is bidirectional with RQrGTO having higher pricrity than

RO/GT1. RO/GT has internal bus-hold high circuilry and, it unused, may be lelt unconnected. The
request'grant sequence is as lollows (see Figure 5):

1. Apulse ol one CLK wids Iram another local bus masterindicales a local bus request {"hold "} to the 80CAS
{pulse 1),

2. During a T4 or T1 clock cycie, a pulse ane clock wide from the B0CEE 1o the requesting master (pulse 21,
indicates thal the BOCEB has allowed the local bus to lloat and thal i will enter the “grant sequence” state
al ihe next CLK. The CPU's bus interface unit is disconnected logically from the local bus during “grant

. sequence”, The same rules as for HOLDVHOLDA apply as lor when the bus is released.

3. Apulse ane CLK wide fram the requesting master indicales to the 80C88 (puise 3) that the ~hold” request
15 aboul to end and that the BOCAS can reclaim the local bus al the next CLK,. The GFU then enters T4,

Each master-master exchange of the local bus is a sequence ol three pulses, There must be one idle CLK
cycle after each bus exchange, Pulzes are active LOW,

It the request is made while the CPU is perlarming a memary cycle, it will release the local bus during T4 of
the cycle when all the following conditions are met:

1. Request occurs an or belore T2,

2. Current cycle is not the low bit of 2 word,

3. Current cycle is not the first acknowledge of an interrupl acknowledge sequence.
4. A locked instruction is not currently executing,

It fhe local bus |5 idle when the request is made the two possible events will follaw:
1. Local bus will be released during the next clock,

2. A memory cycle will slart within 3 clocks. Now the lour rules for a currently active memaory cycle apply with
condition number 1 already satsfied.

LOCK 29 o LOCK: indicates that other system bus masters are nol 1o gain contral of the system bus while LOCK is active
{LOW), The LOCK signal is activated by the "LOCK™ prefix instruction and remains: active until the
completion of the next nstruction. This signal 15 active LOW, and is heid high inlemally during “grant

saquence”,

051, 24, 25 0 Queue Status: provide stalus 10 allow exlernal tracking 'ES! 050 | CHARACTERISTICS

Q50 al the internal B0CHE insiruchon queue.

DILCW [\ Naoperation
The queue sialus is valid dunng the CLK cycle atter | p 1 Feest byt of opeode Bom quene
which the gueue operation 1s perlormed. Note thal the 1{HIGH) q Emgty the queua
quedsa slalus never goes 1o a high impedance stale i \ g e fom
(floated)
. -— 34 0 P 34 15 always a logic ene in the maximum mode and is internally held at a high impedance logic one during

2 "grani sequenca .
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Pin Description

The_ following pin funclion descriptions are for the BOCAB  which are unigue 1o the minimum mode are descnbed: all O
minimum mode (i.e., MNAMX = Vel Only the pin functions  other pin functions are 4s descrbed above.

PIN
SYMBOL | NUMBER | TYPE HAME AND FUNCTION

Teliy 28 o Stalusg Line: is aninverted maximum mode 52, It is used to distingu:sh a memory acoass from an I.IID access,
I0/M becames valid in the T4 preceding 2 bus cycle and remains valid unlil the final T4 of the cycle (VO -=
HIGH, M = LOW). 1M is held high impedance logic zero intermally during local bus “hald acknowledge”.

" WR 28 0 Writa: strobe indicales that the peocessor is performing a wrile memory o wrile L0 cycle, depending on the
state of the O/M signal, WR is active for T2, T3, and Tw of any write cycle, Itis active LOW. and is held 1o high
impedance logic one internally during focal bus ~haold acknowledge”.

INTA 24 0O INTA: is used as a read strabe for imerrupt acknowledge cycles. | is active LOW duning T2, T3, and Tw ol
each mierrupl acknowledge cycle. Note that INTA is never llaatad, . .

ALE 25 0 Address Latch Enable: is provided by the processar 1o lalch the address into fhe B2CA2/82CH3 address
laich. Wiz a HIGH pulse active during clock low of T1 of any bus cycle, MNote thal ALE is never floated,

OTRA 27 o Data Transmit/Receve: is needed in a minimum system that desires to use an B2CREeE2CHET data bus

transceiver, Itis useda control the direction of data flow thraugh the transcaiver, Logically, DT/ s equivalent *
1o §1in the maximum mode, and its timing is the same as for IO/M (T = HIGH, A = LOW). This signal is held
to @ high impedance legic one intemally dunng local bus "nold acknowledge”,

a
m
=

26 o Data Enable: is provided as an outpul enable for the BZCA6/82CA7 In a minimum system which uses the
transceiver, DEN is active LOW during each memiory and 10 access, and for INTA cycles. Foraread aor INTA
cycle, it is active from the middle of T2 until the middle of T4, while for 2 wrile cycle, it is aclive from the
beginning of T2 until the middiz of T4. DEN is held 1o high impedance logic one internally during lecal bus
“hold acknaowledge™.

e 1L R

HOLD, el | HOLD: indicates that ancther masier is requesting a local bus “hold”. To be ackrawledged, HOLD must be .
HLDA J o active HIGH. The pracessor receiving the "hotd” request will issus HLDA (HIGH] as an acknowledgmeny, in
the middle of a T4 or T1 clock cycle, Simullaneous with the issuance of HLOA the processor will floal the local
bus and control lines. Alter HOLD is delected as being LOW, the processar lowers HLDA, and when the
processor needs 1o run angther cycle, if will again drive the Iocal bus and contral ines,

Hald is nat an asynchronous input. Exlernal synchronizalion should be provided if the syslem cannot
olherwise guaranies the set up time,

S0 34 o Stalus line: is logically equivalent Lu_é_l} in the maximuom om
mode. The combination of S50, IO/, and DT/R allows | 10/M
the system lo complelely decodo the current bus cycle 1 (HIGH)
1

T i i

=
=t
=]

CHARACTERISTICS

Interrupt Acknowledge
Raad 10 port i =
Write 10 pori
Hall

Code access
Read memaory

Write memary
Passiva

status. S50 i3 held to high impedance logic one during
local bus “hald acknowledge”, 1

1
0{LOW)
0

0
0

Ln

i B = B = R = =
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6 Functional Description

Static Operalion

All BOCBB circuitry is stafic in design. Internal registers,
counters and latches are static and require no relresh as with
dynamic circuil design. This eliminates the minimum oper-
ating frequency restriction placed on other microprocessors,
The CMOS 80CB8 can cperale from DO (o the appropriale
upper frequency limit of 5 MHz, The processor clock may be
slopped in either state (high/low) and held there indefinitely,
This type of operation |sespecally uselul for system debug
or power critical applications.

The BOCES can be single stepped using only the CPU clock,
This stale can be maintained as long as is necessary. Single
step clock operation allows simple infarface circuitry 10 pro-
vide critical information for start-up.

Static design also allows very low frequency operation (as low
as DC). Ina power crtical situation, this can provide extremely
low power cperation since BOCES power dissipation is directly
related to operating frequency. As the syslem frequency is
reduced, 50 is the operating power until, at a DC input fre-
quency, the power requirement is the B0CEE standby current.

Internal Architecture

The internal functions of the 80CE8 processor are partitioned
logically into two processing units. The first is the Bus Inter-
face Linil (BIL) and the second is the Execution Unit {EU} as
shown in the CPU block diagram.

These units can interact directly but for the most part perform
as separate asynchronous operational processors. The bus
interface unit provides the functions related 1o instruction
fetching and gueuing, operand letch and slore, and address
relocation. This unit also provides the basic bus control. The
overlap of instruction pre-fetching provided by this unit serves
1o increase processor performance through improved bus
bandwidth utilization. Up to 4 bytes of the instruction stream
can be queued while waiting for decoding and execution.

The instruction stream queuwing mechamsm allows the BIU (o
keep the memary utilized very elficiently. Whenegver there is
space for at least 1 byte in the queue, the BIU will attempt a
byte fetch memory cycle. This greaily reduces “dead lime” on
the memaory bus. The queue acts as a Firsl-In-First-Out (FIFO)
buffer, from which the EU extracts instruction byles as re-
quired. If the queue is empty {lollowing a branch instruction,
far example), the lirst byte inlo the queue immediately be-
comes available to the EU.

The execution unitTeceives pre-tetched instructions from the
BIU gueue and provides un-relocated operand addresses to
the BIU. Memory operands are passed through the BIU for
processing by the EU, which passes results to the BIU lor
storage.

T o
= FFFFFH
£4 KB }CGDE SEGMENT
1 L 1 XXXXOH
| L STACK SEGMENT
= OFFSET
SEGMENT
REGISTER FILE
) WORD L5H OATA SEGMENT
55 BYTE
5
oS ]
£5 - jur i
} EXTAA DATA SEGMENT

Figure 1. Memory Organization

Memory Organization

The processor provides a 20-bil address to memory which
locates the byle being referenced. The memory is organized
as a linear array of up to 1 million bytes, addressed as
Q0000(H) to FFFFF(H). The memary is logically divided into
code, data, extra, and stack segments of up to 64K bytes
each, with each segment falling on 16-byte boundaries. (See
FIGURE 1).

All memory relerences are made relative 10 base addresses
contained in high speed segment registers. The segment
types were chosen based on the addressing needs of pro-
grams. The segmeni register to be selecled is automatically
chosen according fo 1he rules of the following table. Al infor-
mation in one segment type share the same logical attributes
(e.g., code or data). By structunng memaory into relocatable
areas of similar charactenstics and by automatically selecting
segment regislers, programs arg shorter, faster, and morg
structured.

Word (16-bit) operands can be located on even or odd ad-
dress boundaries. For address and data operands, the least
significant byte of the word is stored in the lower valued
address location and the moest sigrnificant byle in the next
higher address location.




Memaory Segment H.b 0
Reference Meed Use) Hinter .-__*':,:,::I:;.,ne

Instructions CQDE [C5) Atomates will aul svalio Tuay gaatt e

Stack STACK (55) Al stack pushes and pops emary reterences (elatve 1o BP
base register excopl data felmd g e

Local Data DATA (D5) Dala relerences when: ridaive 1o srack. destinalion of sting
cperation, or exphicilly ovarnggen

External (Global) Data | EXTRA (ES) Destination of string operations: Exphctly selected using a
seqgment override.

Table 2.

FFFFFH
AESET BOOTSTRAP
PROGRAM JUMP
FFFFOH
b .
. % 1
L]
aFFH
INTERRUPT POINTER
FOR TYPE 255
3IFOH
-]
- _L
L -
-]
INTERRUPT POINTER ™
FOR TYPE 1 aH
INTERRUPT POINTER aH
FOR TYPE 0
oM

Figure 2. Reserved Memory Locations

The BIU will automatically execute two lefich or write cycles for
16-bit operands.

Certain locations in memaory are reserved for specific CPU
operations. (See FIGURE 2). Locations from addresses
FFFFOH through FFFFFH are reserved for operalions in-
cluding a jump to the initial system initialization routine. Fol-
lowing -RESET, the CPU will always begin execution at
location FFFFOH where the jump must be lacated. Locations

00000H through 003FFH are reserved for inlerrupt operations.
Four-byte pointers consisting of 2 16-bil segment address and
a 16-bit olfsel address direct program llow to one of the 256
possible interrupt service routines. The pointer elements are
assumed to have been stored at their respective places in
reserved memory prior to the occurrence of interrupls.

Minimum and Maximum Modes

The requirements for supporting minimum and maximum
BOCBB systams are sufficiently difflerent that they cannot be
done efficiently with 40 uniquely defined pins. Consequently,
the BOCBE is equipped with a strap pin (MN/MX) which defines
the system configuration. The definition of a certain subset of
the pins changes, dependent on the condition of the strap pin.
When the MN/MX pin is strapped to GMD, the BOCAB defines
pins_24 through 31 and 34 in maximum mode. When the
MN/MX pin is strapped to VCC, the BOCHB generates bus
control signals itsell on pins 24 through 31 and 34.

The minimum mode BOCAB can big used with either a mulli-
plexed or demultiplexed bus. This architeclure provides tha
80C38 processing power in a highly integrated form.

The demultiplexed mode requires one lalch (for 64K address-
ability) or two lalches (for a full megabyte of addressing). A
third latch can be used lor buffering if the address bus loading
requires it An B2CBE or 82087 transceiver can also be used il
data bus bullering is required. (See FIGURE 3,) The B0CES8
provides DEN and DT/R to control the transceiver, and ALE to
latch the addresses. This conliguration of the minimum mode
pravides the standard demultiplexed bus structure with heawvy
bus bufiering and refaxed bus timing requirements.

The maximum mode employs the 82C88 bus conlroller (See
FIGURE 4). The B2C88 decodes status lines 50, 51, and 52,
and provides lhe system with all bus control signals. Maoving
the bus control fo the B2C88 provides betier source and sink
current capability to the control lines, and frees the BOCBS pins
for extended large system leatures, Hardware lock, queue
status, and two requestgrant interfaces are provided by the
BOCEB in maximum mode. These features allow co-
processors in local bus and remote bus configurations.
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Bus Operation

The 80C88 address/data bus is braken ino three parts — the
lowar eight address/data bits (ADO-AD7), the middle eight
address bils (AB-A15), and the upper lour address bits
(A16-A19). The address/data bils and the highest four ad-
dress bits are time multiplexed. This technique provides the
maos! efficient use of pins on the processor, permitting the use
of a standard 40 lead package. The middle eight address bits
are not multiplexed, i.e. they remain valid throughout each bus
cycle. In addition, the bus can be demultiplexed at the proc-
essor with a single address lalch if a standard, non-
multiplexed bus is desired for the system.

Each processer bus cycle consists of at least four CLK cycles,
These arereferredtoas T1, T2, T3, and T4. {See FIGURE 5).
The address is emitted from the processor during T1 and data
transier occurs on the bus during T3 and T4, T2 is used
primanly for changing the direction of the bus during read
operations. In the event thal a "NOT READY" indication is
given by the addressed device, “wait” states (Tw) are inserted
between T3 and T4, Each inserted “wait” state is of the same
duration as a CLK cycle. Penods can occur between 80C88
driven bus cycles. These are relerred to 2 "idie” states (Ti), or
Inactive CLK cycles. The processor uses these cycles far
internal housekeeping.
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Figure 5. Basic System Timing
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During T1 of any bus cycle, the ALE (address fatch en-
able) signal is emilted (by either the processor or the
B2CE8 bus controller, depending on the MNMX strap). At
the trailing edge of this pulse, & valid address and certain
stalus information for the cycle may be latched.

Status bits 50, 51, and 52 are used by the bus controller, in
maximum mode, to identify the type of bus transaction
according 1o the following tabla;

o
i

|
-

CHARACTERISTICS

Interrupl Acknowledge
Read 1O

Write 1'C

Halt

Instruchon Felch

Read Data from Memory
Wiite Dala 1o Memory

—o-o-c-o |

Passive {no bus cycla)

Table 3.

Stalus bits Sy through Sg are multiplexed with high order
address bits and are therefore valid during T2 through T4, S,
and 5, indicate which segment register was used for this bus
cycle in forming the address according 1o the following table:

Sa 5, CHARACTERISTICS
0 {LOW) 0 Allernate Data {exira segment)
0 1 Stack
1 {HIGH) 1] Code ar None
1 1 Data
Table 4.

S5 is a reflection of the PSW interrupt enable bit. S; is always
equal 1o 0.

BOMD | EXTERMAL
FAD Fifi

NPT
PROTECTHON
CIACLETRY

Figure 6A. Bus hold circuitry pin 2-16, 35-39,
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'O Addressing

In the BOCAE, /D operations can address up to a maximum af
B4K "0 registers. The 'O address appears in the same farmat
as the memory address on bus lines A15-A0. The address
lings A19-A16 are zero in 'Q operations. The variable /D
instructions, which use register DX as. a pointer, have full
address capability, while the direct /D instructions directly
address one or iwo o the 256 V0 byte locations in page O of
the YD address space. 1O ports are addressed in the same
manner as memory locations,

Designers familiar with the B085 or upgrading an 8085 design
should note that the BOBS address /0 with an 8-bil address on
bath halves of the 16-bil address bus. The 80CE88 uses a full
16-bit address on ils lower 16 address lines.

External Interface
Processor Reset and Initialization

Processar initialization or start up is accomplished with activa-
tion {HIGH) of the RESET pin. The BOCE8 RESET is required
to be HIGH for greater than four clock eycles. The 80C88 will
lerminate operations on the high-going edge of RESET and
will remain dormant as long as RESETis HIGH. The low-qoing
transition of RESET triggers an mternal resel sequence for
approximately 7 clock cycles. After this interval the BOCES
operates normaily, beginning with the instruction in absalute
location FFFFOH [see FIGURE 2). The RESET input is intern-

* ally synchronized fo the processor clock. At initialization, the

HIGH to LOW transition of RESET must occur no sooner than
50 ps after power up, 1o allow complete initialization of the
BOCES.

IFINTR is asserted sooner than nine clock cycles after the end
of RESET, the processor may execule one instruction befare
responding to the intermupt.

Bus Hold Circuitry

To avoid high current conditions caused by fioating inpuls to
CMOS devices and lo eliminate the need for pull-up'down
resistors, "bus-hold” circuitry has been used on BOCES pins
2-16, 26-32 and 34-39 (see FIGURE BA, 6B). These circuits
maintain a valid logic state if no driving source is present {i.e.,

uTAUT L. = BOND LETERMAL
CRIVER FAD i
e ———n
Veel 8 i )
[ |
|
I
1
i NPT
PRAGTECTEON
CIRCUITRY

Figure 6B8. Bus hold circuitry pin 26-32, 34,
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an unconnected pin or a driving source which goes to a high
impedance stata),

To overdnve the "bus hold” circuils, an external driver must be
capable of supplying 400wA minimurm sink or source curren
al valid input voltage levels. Since this “bus hold® circuilry is
active and not a “resistive” type element, the associated
power supply current is negligible. Power dissipation is 5ig-
niticantly reduced when compared to the use of passive
pull-up resistors.

Interrupt Operations

Interrupt operations fall into two classes: software or hardware
initiated. The software initiated interrupts and software as-
pects of hardware interrupls are specified in the instruction sel
description. Hardware interrupts can be classified as non-
maskable or maskabla,

Interrupts result in a transfer of control 10 a new proqram
location. A 256 element table containing addrass pointers to
the interrupl service program locations resides in absolute
locations O through 3FFH (see FIGURE 2). which are re-
served for this purpose. Each element in the table is 4 bytes in
size and corresponds 1o an interruplt “lype.” An inlerrupting
device supplies an B-bit type number, during the inlerup!
acknowledge sequence, which is used to vector through the
appropriate element (o the new interrupt service program
location.

Non-Maskable Interrupt (NMI)

The processor provides a single non-maskable interru pt
{NMI) pin which has higher priority than the maskable intarmu pt
request (INTR) pin. A lypical use would be to activale a power
failure routine. The NMI is edge-triggered on a LOW to HIGH
transition. The activation of this pin causes a type 2 interrupt.

MMIis required to have a duration in the HIGH state of greater
than twa clock cycles, but Is not required to be synchronized 1o
the clock. Any high going transition of NMI is latched on-chip
and will be serviced at the end of the current instruction or
between whole moves (2 bytes in the case of word moves) of a
block type instruction. Worst case response to NMI would be
tor multiply, divide, and variable shilt instructions. There is ha
specitication on the occurrence of the low-going edge; it may

occur before, dunng, or after the servicing of NMI, Another
high-going edae triggers another response if it oeewy rs after the
start of the NMI procedure.

The signal must be free of logical spikes in general and be free
of bounces on the low-going edge o avoid Iriggering extra-
MEOUS Tesponses.

Maskable Interrupt (INTR)

The BOCES provides a single Interrupt request input {INTR)
which can be masked intarnally by software with the res efling
of the interrupt enable (IF) flag bit. The interrupt request signal
i5 level triggered. It is internally synchronized during each
clock cycle on the high-going edge ol CLK,

To be respended to. INTR must be present {HIGH) during the
¢lock period preceding the end of the current instruction orthe
end of a whole move for a black type instruction. INTR may be
removed anytime after the falling edge of the first INTA signal,
During interrupt response seqguence, further inlerrupts are
disabled. The enable bit is reset as part of the response 1o any
interrupt (INTR, NMI, soltware interrupt, or single step). The
FLAGS reqister, which is automatically pushed anto the stack,
reflects the stale of the processor prior 1o the interrupt. The
enable bit will be zero unlil the old FLAGS reqgister is restored,
unless specitically set by an instruction,

Duning the response sequence (see FIGURE 7), the proc-
Bssor execules bwo successive (back to back) interrupt ac-
knowledge cycles. The 80C8B emits the LOCK signal
{maximum maode only) from T2 of the first bus cycle until T2 of
the second. A local bus “hold” request will not be honared until
the end of the second bus cycle. In the second bus cycle, a
byte is fetched from the external interrupt syslem (e.g.,
B2C594 PIC) which identifies the source (type) of the inter-
rupt. This byte is multiphied by lour and used as a pointer into
the interrupt vector lookup tabla, :

An INTR signal left HIGH will be continually responded to
withinthe limitaticns of the enable bit and sample period, INTA
may be removed anylime after the falling edge of the lirst
INTA signal. The interrupt return instruction includes a flags
pop which returns the status of the oniginal interrupt enable bit
when it restores the flags.

Figure 7. Interrupt Acknowledge Sequence
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Halt

When a software HALT instruction is executed, the processor
indicates that it is entering the HALT state in one of twa Ways,
depending upon which mode is strapped. In minimum maode,
the processor issues ALE, delayed by one clock cycle, toallow
the system fo latch the halt status. Halt status is available on
IQ/M, DT/R, and SS0. In maximum mode, the processar
Issuss appropriate HALT status on 52, 5§71, and 50, and the
B2CBE bus controller issues one ALE. The BOCES will not
leave the HALT state when a local bus hold is ertered while in
HALT. In this case, the processor reissues the HALT indicator
atthe end of the local bus hold, Aninterrupt request or RESET
will force the B80CE8 out of the HALT state.

Read/Modify/Write {(Semaphore) Operations Via LOCK

The LOCK status information is provided by the processor
when conseculive bus cycles are required during the ex-
ecution of an instruction. This allows the processar to perform
read/modify‘write operations on memaory (via Ihe “exchange
register with memory” instruction), withou! another system
bus master receiving intervening memaory cycles. This ig
useful in multiprocessor system confiqurations lo accomplish
"test and set lock” operations. The LOCK signal is activated
(LOW) in the clock cycle following decoding of the LOCK
prefix insiruction. It is deactivated at the end of the last bus
cycle of the instruction fallowing the LOCK prefix. While LOGHK
is active, a request on a ROQYGT pin will be recorded, and then
honared at the end of the LOCK.

External Synchronization Via TEST

As an alternative to interrupls, the BOCEA provides a single
software-lestable input pin (TEST). This input is utilized by
executing a WAIT instruction. The single WAIT instruction is
repealedly executed until the TEST input goes active (LOW).
The execulion of WAIT does not consume bus cycles once the
queue is full.

If a local bus request occurs during WAIT execution, the
BOCES 3-slates all output drivers while inputs and 110 pins are
held al valid logic levels by internal bus-hold circuits. If inter-
rupts are enabled, the BOCES will recognize interrupts and
process them. The WAIT instruction is then refetched, and
reexeculed.

Basic System Timing

In minimum mode, the MN/MX pin is strg%peEE Ve and the
processor emits bus control signals (RD, WR, 10/M, etc.)
directly. In maximum mode, the MMN/MX pin is strapped to
GND and the processor emits coded status information which
the B2CBE bus controller uses lo generate MULTIBUS ™ com-
patible bus control signals.

System Timing — Minimum System

The read cycle begins in T1 with the assertion of the address
lalch enable (ALE) signal (See FIGUAE 5). The trailing (low
going) edge of this signal is used 1o falch 1he address inlor-
mation, which is valid on the address/data bus (AD0-AD7) at
this time, into the B2CE2/82CE3 lalch, Address lines AB
ihrcugh A15 do not need to be lalched because they remain
valid throughout the bus cycle. From T1 ta T4 the 10/M signal
indicales a memory or IO operation, At T2 the address is
removed from the address/data bus and the bus is held al the
last valid logic state by internal bus-hold devices. The read
control signal is also asserled al T2, The read (RD) signal
causes the addressed device 1o enableits data bus drivers 1o

MULTIBUS ™ & 3 frademank of Infed Corp.
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the local bus. Some time later, valid data will be avaiiable on
the bus and the addressed device will drive the BEADY line
HIGH. When the processor retums the raad signal to a HIGH
level, the addressed device will again 3-state its bus drivers, If
a transceiver (B2CB6:82CA7) is required to buffer the local
bus. signals DT/R and OEN are provided by the BOCEA.

A wnite cycle also begins with the assertion of ALE and the
emission of the addrass. The 10/M signal is again asserted (o
indicata & memory or /0 write operation. In T2. immediately
lollowing the address emission, the processor emils the data
o be written inta the addressed location. This data remains
valid uniil al least the middle of T4, During T2, T3, and Tw, lhe
processor asserts the wnte control signal, The write (WH)
signal becomes active at the beginning of T2, a= opposed to
the read, which is delayed somewhalt into T2 to provide time
tor output drivers 1o become inactive,

The basic difference between the interrupt acknowledge cycle
and a read cycle is that the inlerrup! acknowledge (INTA)
signal is asserted in place of the read (RD) signal and the
address bus is held at the last valid logic state by internal
bus-hold devices (see FIGLIRE 8). In the second of two
successive INTA cycles, a byte of information is read from the
dala bus, as supplied by the interrupt system logic (ie.,
B2C59A priority interrupt controller), This byte identifies the
source (type) of the interrupt. It is multiplied by four and used
as a pointer inlo the interrupt vecior lookup table, as described
earlier.

Bus Timing — Medium Complexity Systems

For medium complexity systems, the MN/MX pin is connected
to GND and the B2CBE bus controller is added 1o the system,
as well as an B2C82/82C83 latch for latching the system
address, and an B2CBG6/82C87 transceiver o allow for bus
Inading greater than the BOCAS is capable of handiing (see
FIGURE 8). Signals ALE, DEN, and DT.R are generated by
the B2C3B instead of the pracessor in this confiquration,
although their timing remains relatively the same. The 80C88
stalus outputs (52, 51, and S0) provide type of cycle infor-
malion and becomne B2CB8 inputs. This bus cycle information
specifies read (code, data, or /O), write (data or 1O, interrupt
acknowledge, or sofiware hall. The 82C88 thus issues control
signals specifying memory read or write, /0 read or write, or
interrupt acknowledge. The 82CE8 provides two types of wnle
strobes, normal and advanced, 1o be applied as required. The
normal wrile strobes have data valid at the leading edge of
write. The advanced write strobes have the same liming as
read strobes, and hence, data is not valid at the leading edge
of write, The B2CBE/B2C87 transceiver receives the usual T
and CE inpuls from the B2C88 OT/R and DEN outpuls.

The pointer into the interrupt vector table, which is passed
during the second INTA cycle, can derive from an 82C594
located on either the local bus o the System hus. If the master
B2C58A priority interrupt controller is positioned on the local
bus, the B2C86/82C87 fransceiver must be disabled when
reading from the master B2C59A during the interrupt ac-
knowledge sequence and software “pall”.

The 80CE8 Compared To The BOCEG

The BOCES CPU is an 8-bit processor designed argund the
B0BE internal structure. Most internal funclions of the 80CA8
are wentical to the equivalent BOCA6 funclions. The 80CESR
handles the external bus the same way the 80C86 does with
the distinction of handling only B bits at a tme. Sixieen-bit
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operands are fetched or written in hwo consecutive bus cycles,
Both processors will appear identical to the software engineer,
with the exception of execution time. The Internal reqister
structure is identical and all instructions have the same end
resull. Internally, there are three differences between the
BOCBE and the B0CAA. All changes are related to the B-bit bus
interace,

® The queue length is 4 bytes in the BOCB8, whereas the
80C8E queue contains 6 bytes, or three words. The queus
was shortenad lo prevent overuse of the bus by the BIU
when prefelching instructions. This was required because
of the additional time necessary o letch instructions 8 bits
at a tima.

® To further optimize the gqueus, the pretetching algorithm
was changed. The 80C88 BIU will fetch a new instruction to
load into the queue each time there is a 1 byle space
avallable in the queus. The BOCBE waits until a 2-byle
space is available,

® The internal execution time of the instruction set is affiected
by the 8-bit interface. All 16-bit feiches and writes from/lo
memory take an additional four clock cycles. The CPU is
also limited by the speed of instruction fetches. This latter
problem only occurs when a series of simple operations
occur. When the more sophisticated instructions of the
B0OCSEA are being used, the queue has lime to fill and thae
execulion proceeds as fas! as the execution unit will allow,

The 80C88 and BOCEE are completely software com patible by
virtus of theiridentical execution units, Software that is system
dependent may not be completaly transierable, but software
thatl is not system dependent will opearale equally as wallon.an
BOCES8 or an 8GCAB.

The hardware interface of the BOGCEA contains the major
differences between the two CPUs. The pin assignments are
nearly identical, however, with the following functional
changes:

® AB-A15 - These pins are only address outputs on the
BOCSB. These address lines are latched internally and
remain valid throughout & bus cycle in a manner similar to
the BOBS upper address lines,

& BHE has no meaning on the B80CBA and has been
eliminated.

® 550 provides tha S0 status information in the minimuem
mode. This output occurs on pin 34 in minimum mode only,
DT/H, 1O/M, and 550 provide the complele bus status in
minimum mode.

& |O/M has been inverted to be compatible with the 8085 bus
structure,

® ALE is delayed by one clock cycle in the minimum mode
when entering HALT, 10 allow the status to be latched with
ALE.
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Figure 8. Medium Complexity System Timing
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f Specifications
ABSOLUTE MAXIMUM RATINGS
Supply Voltage +B.0 Volts Operating Temperature Range
Operaling Voltage Range +4V o +7V Commercial 0°C o +70°C
Input Violtage Applied GND —2.0V 1o 6.5V Industrial -40°C lo +85°C
Output or 1O Voltage Applied GND — 0.5V 1o VCC +0.5V Military -55*C to +125'C
Storage Temperalure Range -§5"C to +150°C Maximum Package Power Dissipation 1 Watt
CAUTION: Stresses above those listed in the "ABSOLUTE MAXIMUM RATINGS™ may cause permanent damage lo the
device. This is a stress only rating and operation of the device al these or any other conditions above those indicated in the
operational sections of this specification is not implied,

D.C. ELECTRICAL CHARACTERISTICS
VCC = 5.0V =10%; T, = 0°C 1o +70°C (CBOCEB); T, = -40°C to +85°C (IBOCEB); T, = —55°C to +125°C (MBOCES)

SYMBOL [ PARAMETER MM MAK UHITS TEST CONDITIONS
VIH Logical One 2.0 W CEOCER, 180C88
Inpul Voltage 22 v MBOCER
Wik Logical Zero 0.8 ¥
Input Vatlage
VIHC CLK Logieal Ona YCC -o.8v L)
Input Moltage
VILG CLK Logical Zero 0.8 W
Input Yoltage
VOH Output High Valtage 3a v IOH = —2.5mA
VCC -04 v IOH = —100pA
VoL Outpu! Low Vallaga 0.4 v IOL = +2.5mA
(. I Input Leakage -1.0 1.0 o OV=VIN=VCC
Currant
1BHH Igput Current — —40 = 400 fret VIN = 3.0V
Bus Hod High (see Note 1)
IBHL Input Current = 40 400 A VIN = 0.BY
Bus Hold Low (see Note 2)
10 Cutpul Leakage —-10.0 10.0 .} OV=V0=VCC
Current
ICCSRa Standby Power Supply 500 I YCC = 5.5V
Current Sea Nole 3,
ICCoP Operating Power 10 mAMHz Ver = 55V
Supply Current

CAPACITANCE
T. = 25°C; VCC = GND = OV; VIN = +5V or GND

SYMBOL PARAMETER MIN MAX URITS TEST CONDITIONS

Cin® Input Capacitance 5 pt FREQ = 1MHz

Unmeasured mns
returned 1o GHD
couts Output Capacilance 15 pt

clo* /0 Capacilance 20 pl |

e

* Guaranieed and sampled, but not 100%: tested

@ Motz 1: |BHH should be measurad afler raising VIN to VCC and then lawenng fa 3.0V on the following pins: 2-16, 26-32, 34-33.
Nele 2: |BHL should be measured after lawering VIN 1o GND and then raising (o ©.8Y on the [gllawing pins: 2-16, 35-39.
Mote 3 1CCSE tested during clock high time after HALT irstruction execution, VIN = VCCar GND VECC = 5.5V Outputs unlgaded

13 _
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Specifications (continued)

A.C. ELECTRICAL CHARACTERISTICS

VCC = 5V=10%; (CBOCS8: T, = 0°C'to +70°C)
(IBOC88: T, = —40°C to +85°C)
(MBOCEB: Ty = —55°C o +125°C)

MINIMUM COMPLEXITY SYSTEM TIMING REQUIREMENTS

BOCH8-4 BOCES
SYMBOL PARAMETER MIN | MAX [ MIN | MAX UNITS TEST CONDITIONS
TCLCL CLK Cycle Period 250 200 ns
TCLCH CLE Low Tima 151 118 s
TCHCL CLK High Time 85 69 ns
TCH1CH2 CLK Rise Time 10 10 ns From 1.0 10.3.5V
TCL2CLY CLK Fali Time 10 10 ns From 3.5V o 1.0V
TOVCL Data in Setup Time 30 a0 ns
TCLDX Data in Hokd Time 10 10 s
TRIVCL RDY Satup Time intg 35 35 ns
82CB4A (See Motes 1, 2)
TCLR1X ROY Hold Time inta o 1] ns
B2CE44 (See Nates 1,2)
TAYHCH | READY Setup Time 118 118 ns
inlo BDCHA
TCHAYX AEADY Hold Time 30 30 ns
into BOCER
TRYLCL READY Inactive ig -8 -8 ns
CLE (Sea Nole 3)
THVCH HOLD Setup Time a5 35 ns
TINVCH INTR. NMI, TEST 30 30 ns
Selup Tima [Sae
MNate 2)
TILIH Input Rise Time 15 15 ns From 0.8Y ta 2.0V
{Excepl CLK)
TIHIL Input Fall Time 15 13 ns Fram 2.0V to 0.8V
(Except CLK)
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(® ~c.eLecTricAL cHARACTERISTICS (Continued)
MINIMUM COMPLEXITY SYSTEM TIMING RESPONSES

BOCES-4 B0CaE
SYMBOL PARAMETER MIN MaAX MIN MAX UNITS TEST CONDITIONS
TCLAW Address Valid Detay 10 110 10 110 ns
TCLAX Address Hald Time 10 10 ns
TCLAZ Addrass Floal Delay TCLAX aJ TCLAX a0 ns
TCHSZ Status Fioal Detay 80 80 s
TLHLL ALE Widih TCLCH-20 TCLCH-20 ns
TCLLH ALE Active Delay a0 80 ns
TCHLL ALE Inactive Delay BS a5 s
TLLAX Address Held Time TCHCL-10 TCHCL-10 ng
to ALE Inactve i
TCLDV Data Valid Detay 10 110 10 110 ns Cy = 100 pF lor all
TCHDX Data Hold Time 10 10 ns BOCEE Qutputs in
TWHDX Dala Haid Time TCLCH-30 TCLCH-30 ns addition to inleinal loads
Aller WR
TOVCTY Control Active 10 110 10 110 ns
Delay 1
TCHCTV Cantral Active 10 110 10 110 ns
Delay 2
TCVCTX Control Inactive 10 110 10 110 ns
Delay ]
TAZAL Agdress Float to a o ns
READ Active
C TCLAL FD Active Delay 10 165 10 165 ns
TCLAH AD Inaclive Delay 10 150 10 150 ns
TRHAY AD Inactive to Next TCLCL-45 TCLCL-45 ns
Addrass Active
TCLHAY HLDA Vahd Deday 10 160 ] 160 ns
TALRH AD Width 2TCLCL-7S 2TCLEL:7S ns
TWLWH WH width 2TCLCL-60 2TCLCL-6D ns
TAVAL Address Valid 10 TCLCH-60 TCLCH-60 ns
ALE Low
TOLOH Outpul Rise Time 15 15 ns From 0.8V 1a 2,0V
TOHOL Cutput Fall Time 15 15 ns Fram 2.0V 1o 0.8Y

NOTES: 1. Signal at B2CE4A shown for relerence only.
2. Setup requirement for asynchrenaus signal only lo quarantee tecognition al next clack,
3. Applies only 1o T2 state (8 nanoseconds inta T3).
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BUS TIMING — MINIMUM MODE SYSTEM
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Waveforms (Continued)

BUS TIMING—MINIMUM MODE SYSTEM (Continuad)
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A.C. ELECTRICAL CHARACTERISTICS (Continued)
MAX MODE SYSTEM [USING B2CB8a BUS CONTROLLER) TIMING REQUIREMENTS

BOCEG-4 BOCER
SYMBOL PARAMETER MIN MaX MIN MAX UNITS TEST CONDITIONS
TCLCL CLK Cyole Panod 250 200 ns
TCLCH CLK Low Time 151 118 ns
TCHCL CLK High Time B85 69 ns
TCHI1CHZ CLK Rise Time 10 10 ns From 1.0V 10 3.6V
TCL2CL CLK Fall Time 10 10 ns From 3.5V 1o 1.0V
TOVCL Data in Satup Time 30 30 ns
TCLDX Data in Hold Time 10 10 ns
TRIVCL ADY Setup Time inla 35 35 ns
B2CBd (Sea Notes 1, 2)
TCLR1X ROY Hold Time nto o v ns
82084 (See Noles 1, 2§
TAYHCH READY Setup Time 118 118 ns
into BOCB3
TCHRYX READY Hald Time a0 30 ns
into BOCAR
TARYLCL READY Imactive to -8 -B ns
CLK {See Note 3)
TINVCH Setup Time for ao 30 ns
Recognition [INTA,
MK, (See
Mote 2
TGVCH RGGT Setup Time 30 30 ns
TCHGX FO Hald Time into 40 TCHCL 40 TCHCL ns
BOCES (See Note 4)
TILIH Inpul Rise Time 15 15 ns From 0.8Y 1o 2.0V
[Except CLK)
TIHIL Ingut Fall Time 15 1& s From 2.0V (o 0.8V
[Except CLE)
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A.C. CHARACTERISTICS

MAX MODE SYSTEM (USING B2CB8 BUS CONTROLLER) TIMING RESPONSES
0 [
' 80CHE-4 80CES
SYMBOL PARAMETER MIN MAX MIN MAX UNITS TEST CONDITIONS
TCLML Caommand Active 5 35 5 3z ns
Delay {See Nale 1)
TCLMH Command Inactive 5 a5 L 25 s
Delay (Sea Note 1)
TRYHSH AEADY Active 1o Status 110 110 ns
Passive (See Motes 3, 5)
TCHSW Slalus Aclive Delay 10 110 10 110 ns
TCLSH Status Inactive Delay 10 130 10 130 ns
[Zee Mote 5)
TCLAY Address Valid Delay 10 110 10 10 ng
TCLAX Address Hold Time 10 10 ns
TCLAZ Address Fleal Delay ToLAX B0 TCLAX B0 ns
TCHSZ Stalus Float Delay aa BD ns
TSVLH Stalus Valid to ALE 20 20 ns
High {Seg Mote 1)
TSVMCH Status Valid 1o MCE 30 a0 ns
High {See Note 1)
TCLLH CLK Low to ALE Valid 15 15 ns
(See Naote 1)
TCLMCH CLK Low to MCE High 25 25 ns
(See MNate 1)
TCHLL ALE Inactive Delay 4 18 4 18 ns
(See Mota 1)
TCLMCL MCE Inactive Delay 15 15 ns €. = 100 pF for all
{See Note 1) B0CES Culputs in
TCLDV Dala Valid Dalay 10 110 10 1o ne addition 1o internal loadsy
TCHDX Data Hold Time 10 10 ns
TEVNY Coniral Active Delay 5 45 5 45 ns
(See Mote 1)
TCVHNX Caontrol Inactive 10 45 10 45 ns
Dolay (See Note 1)
TAZAL Address Float to o o ns
Road Active
TCLAL AD Active Delay 10 165 10 165 s
TCLAH RO Inactive Delay 10 150 0 150 s
TAHAV RO Inactive 1o Next TCLCL-45 TCLCL-45 ns
Address Active
TCHDTL Direction Controt 50 a0 ns
Actve Delay (See
MNote 1)
TCHDTH Direction Control 30 a0 ns
Inactive Delay
[Sea Nole 1)
TCLGL GT Active Delay 85 85 ns
TCLGH GT Inactive Delay B5 85 s
TALRH RD Width 2TCLOL-TS 2TCLCL:75 ns
TOLOH Qutpul Rise Time 15 15 ns From 0.8V to 2.0
TOHOL Output Fall Time 15 15 ns From 2.0V to 0.8V
NOTES: 1. Signal at B2CB4A shown for refarence anly,

. Setup requirement for asynchronous signal only to guaraniea recognition at next clock,
. Apphes only to T2 state (B nanaseconds tnfa T3).

The BOCEB actively pulls the AD/GT pin 12 a logic one on the following clock low time.

. Status lines retum o their inactive (logic onae) state atter CLK goes low and READY goes high.
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Waveforms (Continued)

BUS TIMING — MAXIMUM
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WRITE CYCLE TELAW { |-— [_E::E:': ;[: — }..EI-EN e RS 4 T E
Al A, X | | X OATA | | | K
TR Tl:l.lll"\:'-| :' | —=  TCume L.__
i

ERCAN QUTRuUTS
SEE MOTES 5, 8 ) AMWC DR AIDWE

WWTE Ot s0we

iMPA CYCLE

by
ISEE MOTES 1 4]

AD-AD,

HICAB DUTPUTS
SEE MOTES 5, 6 ]

| BEw

SOFTWAR AL TR S Tt i il
HALT = |OEH = Vo . BD. MADC, IOAC, UWTL AMWC, T0WE, Zi0wo. iNTa, OF

ADFADy Miy-hy |r

i
MVALID AODAELS
. —_— }}E—-- TELAW

NOTES: 1. ALL SIGNALS SWITCH BETWEEN Vo AND Vo, UNLESS OTHERAWISE SPECIFIED.
2. RDY I5 SAMPLED NEAR THE END OF Ty, Ty, Tue TO DETERMINE IF T, MACHINES

STATES ARE TO BE INSERTED.

. CASCADE ADDRESS IS VALID BETWEEN FIRST AND SECOND INTA CYCLES

. TWO INTA CYCLES AUN BACK-TO-BACK, THE 80088 LOCAL ADDR DATA AUS iS5
FLOATING DURING BOTH INTA CYCLES. CONTROL FOR POINTER ADDRESS |5
SHOWN FOR SECOND INTA CYCLE

. BIGNALS AT B2C34A OR 82083 ARE SHOWN FOR REFERENCE ONLY

. THE ISSUANCE OF THE 82088 COMMAND AND CONTROL SIGNALS (MADG, MwTe
AWWE. IORC, IOWE, ZIOWE, INTA AND GEN) LAGS THE ACTIVE HIGH B2CRE CEN

- ALL TIMING MEASUREMENTS ARE MADE AT 1.8V UNLESS OTHERWISE HOTED,

. STATUS INACTIVE IN STATE JUST PRIDRA T0 T..
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80C88

REQUEST/GRANT SEQUENCE TIMING (MAXIMUM MODE ONLY) —]

J-u-Mf CLKE Cythe O-CLE Dy

cLe
TELGH
——— ﬁ T, TeLEn
. 7 1 1 ’
T 7 PALSE § : PiLsE 1 ]
BCrES0A COSRCCESSON
Prrncen grane By RELEASE
mt.-n. < —
AL, BOCES COPACLESSOR j
i i b
AE. 1o —
n..cn.-n..S.E pam_ L SR | T I B s T4
oy — e e . ':

NOTE: 1. THE COPROCESSOR MAY NOT DRIVE THE BUSSES DUTSIDE
THE REGION SHOWN WITHOUT RISKING CONTENTION

HOLD/HOLD ACKNOWLEDGE TIMING (MINIMUM MODE QORNLY)
21 CLK CYCLE 1 ORI CYOLES
THyeH (SEE NOTE 1) S
HOLD j ‘{
— TELMAY i = TELHaY
3 D |

== 1
By Jrm— s, I B,
SO ) S
Ay S By Sy I e o e s e H foret
AD. Wi, W3, DA, DER, 550 . e e e i e i e =
ASYNCHRONOUS BUS LOCK SIGNAL TIMING
SIGNAL RECOGNITION (MAXIMUM MODE ONLY)
i \ f\ Any CLE E:-.r:l--{ Any CLK c,;l—-[
Hal TINVCH [38a note 1) -
CLX
TR L 4o }
) —= TCLAY = —= TOLAY-—
TE&T — }/—
LOCK
WOTE: 1. SETUP BEQUIBEMENTS FOR ASYHCHADHOUE
SHIMALS OHLY TO GUARANTEE RECOGHITION AT HEXT CLE.

27 !
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80Csas

A.C. Test Circuits

OUTPUT FROM

DEVICE UNDER TEST T TEST POINT
B £

*Includes stray and jig capacitance

—
A.C. Testing Input, Output Waveform
INPUT OUTPUT
VIH + 0.4V VOH
VIL-0.4V VoL

A.C. Testing: All input signals {other than CLK) must swilch between ViL.,, =04V and VIH,.,, +0.4Y.

CLK must swilch between 0.4V and Ve — 0.4V Tr and Ty must be loss than or equal 1o 15ns
CLK Ti and Te must ba less than or equal to 10ns.
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Instruction S&t Summary ‘
HATA TRANEFER
L PRNAIDTE TEANARTAN PMBAREER FRdedELE BIE  Becremes TRLUIRNA PELANF 0N TRNAaTHa Ievatse
Bt iomaey ttam e [0 000 VB0 w [met i rim | Bagunins imgmg y [ \ w4301 v
L L e o FIOEET T o [l Q0 v | radey | Arpiis 31280 ws |
el i i 1811w fata [ S Crasge e m
ey 1 i 1308000 3 g -:nh-,--'
L L e [EETEEE 13 agc mge S| Chmpary
L e A T T REEE R T Bl vy gl e led 11100 almeg g nim
g rgeia wn ngegip ey | 1B 50 |mean R LT T O e |-|_§||uut-|-o.|r| e | ) I srsaiem
e £ UL U LI PN [t RN EE | g ] HIJJEI'
Faza - Fm AL ESEA pdpal b median (LR
L Tt TARF LT [meai i oom | BAE D st v sl s lareivei|
Begiii [ NN WA Uuleply iwrigaris PiTidile ﬂc:'lﬂ--l
e b S R T LLLEL ERE ] B PR By 1gneni PAaad s i e megi il 4=
R e LB ASCE idpant i gy i rptaetegan mia |
B sy Migaar i1 Trpmene e ol ol et | ot LS
M LR L R T e |_|-l|||~l-.. --c-:l---:l-
PR L MAR ANCE il b depdt TYRI@ig e laneq rn s
CIW Comeri Bpir oy mine TEEERY
TINE - §pohange CWE Doonrd amen 1a fasbin mind ETEEITE
B il Sy e e TARAN T T w |mad rpy
Bagriar webh geremuljige L] ¢_-1n iy i
PH=faigd fogem
W part TVLARI G- s
uiabe pay ||.|||;.|||.F
[1ota
OUT = Duwspur 10 Y
Fiomd gt AL T ERE [l ] TV T P ——
Thetkieg pal L1igiiim L6 S s bt 1ot T
TLAT-Traapluie byin in AL NI EEEED U fr g g =T ey
LLE-{igad B8 b rogaynm R N e L ] B Rarges wn w | =m0 s =
e 11888001 [=ed rrp oim P Te— iy e
LEF I b b 5 AR IS L B L T ] R L e I T I T TR S| .
LISF - adl A im g UL S NIE BB Raipg gt £y i [treregsaloeanrs 1= |
RS - Simey B oy Mg (KT RS ]
el Fns Ry lIlllltIE LI
FIFY P g T NN Mg mrwmy snn e el (BB BB [mee i
L T TR S, Ligrta00a [mar1a0 H [ [ timaan]
Lo 3w [_1an VB g | mae 1
TEAT M byt i g b it
AmMTHNETIC Beriter memmiy bod rrgnins
LIS - Law A R A g T ] faaite 1|
By iy we il e (BB BT O TR b LR I e i [Feiwinea T | “““T‘
It i e gy ety T | [T T
g L LT T T T BT | o o
Bay iopmmiy g g it [AO 0BV 03 - |mad g
KB+ il il ey I Ty gt memay 'EBEREA - [maebEs e ara [ zowamr |
T oy ot et gl [RRETRGE [ R R P I P Lt e b
Lanani L IR RETIEE Y S L R-2- N
il 0 AT il }Wﬁ o8 Eaviiies o
Rog cmpmaty sl srpah mpme (BB 11000 e |ma1 g im
L S S RAIT magey (1830000 [meat 1§ om =T T ]
P} 5 S Litiasielrmane im | A B e [passainaf 2y trada b |
i [ | -
B0 500 pdyunl tee gl [N
e Do o it b R [
B - Bt
P imamgey b i (0 T BE1Didme |wad ing iom
e B g gy 1B i | med I e | daudiw | BTRENG MANLMULATION =
——— T ] ] viw Wi e = LU it Ty |
CLL L R T e S RE AN
- B i by CL e by rmimnnd RS IARER |
oy ey e gt iy [ EE 0 VB0 m = o om | 3 P P LR
I e i (———y 1883 ddam |mesd i) iim | [T T D LooE - AL TN |
e e e Tbw T IR e ALik R |
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I-". Instruction Set Summary {eantinuod)

CONTROL TRANSFER

EALL - Tan TRYA3ba® ande3200 TEsSadip TRS43 il Ta%a32)a
gt wilhem Sigmant F‘i EEETE) | £5 23 mugh ‘“’#Ipﬂrx:“m Srigwd ABSaE lﬂ RS LR e
INSatrct mitfun yegmpnr [1rv e i Th [regtte e i -‘-:#“‘;"N Blim v Bintniei tip
= Toedis e
Duiees mieeseg =i I‘_ﬂ pligng el iam IRk JBFUIPE Jump on net g fgar pas [e 1o i
irjige | LEQ Nig JEY Jump an ol gverhiam [arvvianes [T
Inder gt ] tEiLER e [_1 YEERE T [moaptn q--_] ML Somp on ret jagn [IEEET X dug |
——
LERF Loap C imet tTilgaare drig
AJUF - Uscaniiibaal hymg
— LEArIILO0ME toap mmiie prigipguat | 1 1 1 gooan dip
[ T — ECIETE Fizge | dapsgn | LOOPRIADOPEE Losg w hig noi [fetooang fin
Dvect w-mun degrment 12ar) EEFEEEE f i
- ey a g, | I S en £X giva YRR wa |
SR wiDA L PPtirttiJeag i 8g em |
Dol ntersegmpni [Prravare aMsEs ipm l st rgn ] T intereugt
L degrow seg nagh Voot tzerines Lipaavgn | Type I
SR R g l||1n||| mag 100 sis | lyae 3 TR

1810 b=rypi an sepiigs

IFr@gieing

RET  Raturn bwm L4

i IELT danriaisgt sgiyin m
Wik Legmeni Frogaai 7
Wil g 06 immen Lo SF Liddnog oan igw | Batg Sqn
IRl e grmenl Tiga g
trderibgstnd pading immegiaie 5P (1 o001 &g tatanm | TaLE Pigh ] PROCESSOR CORTROL
AL Jumg s egedlifern Gi1iigind dina B1E Ciear cauiy T
ALIFREE Jumg g ieys iman grpem
o Bquad Bivnriog Bep CBE Comaigmind paing 11 ro1gi
"“mq:}::i“ lr34 ar egulingt EEREREY =i SIE Sevtares 1ieiiga
I.I'Jﬂ-lww'm?ﬂ Drins iaal 1%ave AR T g CLA Corat avacrenm WS
mfmn:mn':b!h-tl (1 er) griigng da ] ETR Sel gorpeiinn EEERETT
AR dump s patyiabeay aven [0 108008 | EL ) Elpas i oo ARREERT i
L
B Jamy pe sanitige Brvrvppag geip ] AT S sniwirugi IENEEE I
AE - durg g ign tiictang] | BT s [vivevee
JELLIRE - Jumg gn Aol roudlino) frg }ﬂ Frgag LT WL Wi tTednenny
lh.:.lilwm!mlumu s grrales [8t vy ang THE Excase itg enimingd arensi 19007 s o almess 2 9 -.'ﬂ
le,l‘q!::;:rﬂ b ciiotell o A RO | 2w | LOEL But ik st AT Y e
e —EELAL LR LT R
Fortmata
AL+ B-til accumulator 5 w=01 1hen 16 tils of immedaie data loem the operand
;I * 16l accumutator 5 w11 Ihen an immedate a3 byte s nign exiended In
X = Cownl regestes i oo
o ke LE-Dne and
05 « Data segment 4 ‘-I:Ilhll'l"a M1, w1 then count” i gCL
ES - Extra segment =i count =1, alws ICL)
Abave!below relers 1o unsigned valye 1= don'l care
Greaner « more posdive 15 used for sinng peamadives for comparisan with LF FLAG
Less » less posiive [mare negative) segned values n
WY Ign 10" ey 4 0 then “Trom” ey SEGMENT OVERRIDE PREFIX

i & 8 e waid inatructoon; o woo 0 then By1e structon

shmod « 11 then ¢/m s treated as a REG held REG 15 assigned according 10 the Ieilawing 1able

W med « 00 then ISP « 0°, dusp low and disp-righ are absent

W mod « 07 then QISP » disp-low Sign-exiended Lo 16 bls’ 1% hagn 13 absent &0 jw 1 1] Bhitjw - ) Lrgran
I mod « 40 then DISP - desphigh disp-low oo Ax 00 AL o0 ES
it rim < O0G then EA « (BX) - (I} - DISP o T Lk Al
Faim + 001 then EA « (BX] « [} » DISP gl 8% 018 1 0%
ihalm « 010 then EA = (BP) - (51) - DISP 100 5P 100 Ak

Wedm < 011 then EA - (BP) « (D) « DISP 101 8P 10t CH

Wetm o« 100 fhen EA = (S1) » DI5P 1 S 10 oM

rfm « 101 then EA s (DI} - BISP "o 1 84

Wafe « 190 then EA = |BP} « DISP*

i rfm o« 110 then EA < (BE) » TSP

ISP fallows 2na Byle of ansifschon (belore 0ata o required) Insituctsons whach teference the Hag register 1de 3 3 15-bol abject use
Ihe symbal FLAGS lorepresent ihe fie

‘macent if mod « 00 and rim + 110 Ihen EA - Sisp-righ disp-low FLAGS - X X X X JOF) (OF} (IF} (TF1 (5F) (2F) X (AF) ¥ (PFY X (CF)

Mnemaonics, Intet, 1978
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40 LEAD CERDIP

Packaging

e

40 LEAD PLASTIC

[ . , 3
h_-. i —H
BT [ f FLJ ARRTY Nf %fi = R r?@_h?w]f
il Sz —i =
o ::: il b :}E
-\
:.u |' Fn': = I':'j
NOTE: 1) Dimensions are: MIN. W~ s I
MAX, i i
21 All Dimensians in inches
Ordering Information
M 0 soces B
o iR _|__
TEMPERATURE PACKAGE DASH B PROGRAM
RANGE TYPE MIL-STD-883 .
C -~ Commercial P — Plastic
| — Industrial D - Ceramic
M — Military X — Chip Form FREQUENCY RANGE
X - 25°C A — Leadless Chip Blank DC-5MHz
Carrier PART -4  DC-4MHz
NUMBER
Sales Offices
P.0 BOX 7055 SUITE 705 SUITE 101 SUITE 475 13915 9TH AVE SO0UTH
HUH'FS'u'ILLE, AL, 58407 BE00 CANGGA AVE VTVT EAST 116TH STHEET SRS ERCAD HOLLOW ROAD

(2051 BIT-B48E

SUITE 758

1717 E MORTEN AVE,
PHOENIX, A7 B502D
1602 B70-0080

SUITE 370

1503 50 COAST DAIVE
COSTAMESA CA 52628
{7141 540-2178

EUITE €109

ERISTIERLIM ROAD
MOUNTAIN VIEW, CA_5af4]
14131 BEL-544]

WODDOLAND HILLS, CA. 51367
(2181 952-0686

SUITE 1%

180 W COMMERCIAL HLVO.
FT.LAUODERDALE, FL. 31309
(3051 13%-0016

SUNTE énd

BIS JOHNSON FERAY AD
ATLANTA GA 10342
[A04) 3564000

SUNTE 300
BAODSHAFER COURT
AOSEMONT, IL. BOOYA
1312 6324360

CARMEL. IN 46032
1317) Ra4-A011

SUITE 108

| BUALINGTON WOODOS DR,
BURLINGTOMN, MA_ 11803
1617 273-5042

SUITE 763

JESOMETHD DRIVE
MINNEAPQLIS, MN_ 55420
151.2) B54-3558

PO 80X 31747
RALEIGH, NC. 27812
[919] B47-5984

MELVILLE, NY, 1174}
(5161 249-4500

SUITE 220

300 E.WILSON BAIOGE AD,
WIORTHINGTON, OH, L3085
{614} 885-5367

SUITE 1101

596 OLD EAGLE SCHOOL AD.

WAYNE PA_ 15087
(3151 G&7-6EED

SUITE 18]

17120 DALLAS PARKWAY
DALLAS Tx, 15348

(214] 148-1317

FEDERAL WAY Wa_ 58001
(2061 BI82a78

SUITER

2005 BROADWAY
WANCOUVER 'wa 8BRS
| 206} £98-0043

&
HARRIS

SEMICONDUCTOR DIGITAL PRODUCTS DIVISION
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8274
MULTI-PROTOCOL SERIAL
CONTROLLER
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8274
MULTI-PROTOCOL SERIAL
CONTROLLER (MPSC)

s Asynchronous, Byte Srnnhranuus and = Byte Synchronous: .

Bit Synchronous Operation - she ms + —Character Synchronizaiiun Int.or Exl.
—One or Two Sync Characters
= Two Independent Full Duplex
: — Automatic CAC Generation and

Transmitters and Receivers Checking (CRC-16)
Fully Compatible with B048, 8051, 8085, — IBM Bisync Compatible
8088, BOBG, BO188 and BO1BE CPU's; B257 .
and 8237 DMA Conlrollers; and 8089 /O
Proc.

= Bit Synchronous: e
— SDLC/HDLC Flag Generation and .5 5
Recognition

4 Independent DMA Channels ~ 8 Bit Address Recognition

‘ — Automatic Zero Bit Insertion and
Baud Rate: DC 1o BEOK Baud © Deletion

Asynchronous: — Automatic CRC Generation and

—5-8 Bit Character; Odd, Even, or No * Checking (CCITT-16)

Parity; 1, 1.5 or 2 Stop Bits v -G X253 Compatible
—Error Detection: Framing, Overrun, = Available In EXPRESS

and Parity : . —5Standard Temperature Range

The Intel® 8274 Multi-Protocel Series Controller [MPSC)is designed to interface High Speed Comimunications

Linas using Asynchronous, IBM Bisync, and SDLC/HOLC protocel to Intel microcomputer systems, It can be 3
interfaced with Intel’s MC5-48, -85, -51; iAFPX-586, -88, -188 and -188 rarmhe-s 1ha B237 DMA E.untrulh:_lr or the ECﬂH .
I'0 Processor in polied, interrupt driven, or DMA driven modes of aperannn 4 )

The MPSCG is a 40 pin device fabricated usipng Intel's High Perfermance H_MUS Jechnology.

:»-J—:.n.

E;‘;‘:‘“

CHiuhiL & [
|

i

ROT, AR, ]

o < = |
L]
|
|
S

EpAD
LI bt

TITEN
Ll Ll LT
COnTo A re—— |

s i o RiC

|——=mo,
p— it
Drs— iy
[Fe——TH,
s g UG, AT

| — [ i,

grEESE TH=HEEEEN S AT

A,

|a— o,

MTEARAL DATA B

ATATI 0 WTIAF ALY e RITw DAL MTIAF LDy

Flgurlu 1. Block Dlagram
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8274

Table 1. Pln Description

& oins s &

Pin (5]
Symbol Ma. | Type Merme and Function | Symbod Ho. | Type Hame and Funciion
CLK 1 | Clock: Sygiem chock, TTL compats ROY 1" O | Ready|Chennsd BY Tranemiter DMA
ible TaDACK Reguest {[Channel A): in mode D1h
| AEZET 2 | 1 | Resst A tow sgnal on mis pin will pin is PO and 3 LKd 10 am-
| ftarce he MPSC o andie 3tate Tzl £hronize dals transfers between the
| and Teba are farcea high. The pracessar and tho MPSC (Channe!
madem inter ace output signals an B] in modes 1 and 2 ihis pin is
forced high The MPSS wall remain TeDR O and i3 used by tha Channel
idia unnl the control registers am A transmitler fo request 8 OMA
initialized. Aeset must be lrue lar ona jranster —
l complata CLE eyela, Da7T 12 O | Dals Bus: The Eata Bis lings are -
T 3 ) Carriar Detect [Channet AR This directional hree staie lines which
interince signal 15 suppied by M interlace with the sysiem’s Dxls Bus
modem 10 iedicate thal 8 dats carmer oBs 13
signal has been delecied and that a oas [T}
i vafid data signal s presant on the [RTeT] 5
' BxDu ling, If the awio ersble conlal REe] 16
] i st ine 274 will nol enable the !
serial receiver il Tl has been Doz v
activales (5} | @
- 4 | 1 | Recelvs Clotk (Channel B Tha DEd | 1
i s&rial data are shifted inio ihe Re- GO | 20 Graund. -
| ;;1!:: Eﬂ::ﬁ;.&%:: P nsing . 40 Powern: *5Y Supply
o —— p— CT= 13 ] Clear to Send (Chanfel Al This
| Cha 5 i Carrler Delect (Channel B): This interface signal is supplicd oy _ine |
| Interiace signal /s supplied by the Modem in rasponse Lo an active RTS
| m'lr‘;"lu'nu'u::m‘““‘“ ';l::"'"-"r signal. CTS indicates ihal the data
dignal has Deen cetected and What 4 tenrunallcomputer sguipment is par-
valid data signal is prasent on the miitled b transm data, In addition
AxDy line. I e Buto endble contral \he aulg enatile coniral i3 sel. e
fa_sep the. B37¢ will not enabis. the H274 will nat Lransmil data Lytes unin |
n-:_tal ﬁrSjwr unul S0s has been CT5 has been actvated |
ALLvA 5 3]
-‘E'—rg‘ ! 5 RTE ) Q Request To Sand (Channel Al gen- |
e [ I Clear 1o Sand 1_“""'“"" BE Thia eral purpass tulput commonty Lsed |
Inlgrlace signal is supplied by the 1o signal that Ehanned A i ready 1o |
muﬂelm Il r:sp-:n::m an u::-qH. sond daa !
sigmnal mgsCyIEs that 1he Data
!egrnml-':mnm“en:uipm:hpﬂ- Tzl a7 [&] Transmit Gats {Channed A): This pin |
Fitied ta tranamit data i additon, i bransmits serial gata 1o 1 communi-
the aula enable contred i st the Cataons crannel [Channed A) |
BATH will nof iransmil dana tytas watil Tile 36 ] Transmil Clock {Channei &) The |
| L TS hay besn sotivaled serial data are shifted oul 17om ine |
T T | Transmlt Clock (Channel B): The A Tramsrmil Dals cwput I,T:l.D...'I_nrt.!I‘-z i
se1ial daid are shifted out fram the fJaliing edge of the Tranisrmil Clock, |
Teanamil Dala oulput [Tels] on thi T a5 1 RAecelve Clock [Channel A): The |
farh_n:_g odiga of fhe Transmil Clock, safial Sath are ahifled anlo the Pe-
TxDw B O | Tranemit Date [Channed Bk This pin ceiwe Cata mhpul (Aafh) on thaisng |
transmels sanal data to e communi- adg ol tha Recews Clock
cations channel (Cranned B). Al 34 ] RAecelve Dala [Channel Al This pn
Azl -0 I H.II:I"I'I La [ Chsre] Thi receives monal gata rom ine com-
rewmns:rmlt cata rmm“!r-u :n?n“ municytion: chisrinel {CRnnlA)
minicatigns chasined {Channel 8. EYNOEL | 33 | 1O | Synchronous Delection [Channel A):
STHDET. | 10 | ¥O | Synehroncus Delection [Channel B : Thixpin sihecin e ainenionoin
m This pin is wsed inbyle synchronous FTRRRG. ey - £ W Ay REwAl, | Wy
mode as esther an inlernal sync detect [ouput) or 23 & maans 4
detect (outpull or 83 4 mEana o foroe gxiernal synchronizanon (in-
lorce exietial ':'f'nchrmu:u!lnn fir- put] In SOLC made, this pin 13 an
Pl b SOLE mode, Bus pin Iy an oulpul indicatkng iag delection In
oulpul indicating Flag deiection. In asrmr_"rwm’1 T'E‘:' i ': aﬁ?emmj
asynchronous mode it i gararal ot tbcil o ST
i purpsn g |Channal B) ADY 32 0 | Resdy: In mode @ mas pen s BOY
AxOAC. and s used 1o synchronizo data |
Request to Send [Channed B): Gans iranslérs belween 1he processor
! Bral purpose oulsul, gererally Lied and the MPSC (Channel &) In
to signal that Channed 8 is ready 1o modas 1 and 2 this pin i ReDAD
send data and is used by the channsl Arscemver |
o request a DMA tranates
TNDE Ta or AT 5 sedactan iy dans DTF. n 0 | Dala Terminal Rendy [Channel &) o
by WR2; DT {Charmel 4] Ganeral purposae ganput
S AFS IO
T-2
i
A

-J-



intel

| e e B e oy
Symboi Hu.__]l_rr_p- | . Hame and Function
e =B = T T — Prionty CuyTrsnamiiter

TeDRC, nu.\nequuum.mm_- InMmaodes

Dand 1. this pin i Inlerrupt Prigrity
Out itis uspd 1o Establisha hargwarn
Intertupt prionity scherme wis [T
5 low only it [P g low and |he
Cantnedling Brogessor iy nob senvicing
aninterrupt rom tis MBS |y Moxle
Zitis TaORACy ang 5 Used 1D fequest
& DMA cyele for g transmit eperation
(Channel &),  °

Interrupt Priorify InNRecelver DMA
Request {Channel Bk In modes o
ana 1P is Interrupt Prigvity in
low on 1P meang 1hat Ae highar
Pirornily dewvice is bing smriead by
e Cotirolfing processors Eerrap|
IDMVICE rwrlineg, In mode 2 1his giniis
AxDRCk 8nd I3 used 10 tequmsr g
DMA eycia tor a FECehve oporation
IChannel ). in FHerrupt mods, this
En must ba tied low

nierrupt; The intarrupt sigral ind-
cates thal the highest priority intrenal
intrupk requines sarvice {open eof-
lectar), Prigrity can bo Fesblvind wia
an extemnal infarrung Contrdier or 5
! camy-chain sehemp

RESET

When the 8274 RESET lina s activated, both MPSC
channels enter the idie state. The serial output lines arg
larced 1o tha marking state (high) and the madem
interface signals (TS, 5TH) are forced high. I addi-
tign, the pointars registers are set to zoro,

GENERAL DESCRIPTION

The Intel 8274 Multi-Pratocol Serlal Cantrofler |5 a
microcomputer peripheargl device which SUppons
Asynchronpus, Byle Synchrongus {Monozyne, 1BM
Bisync), and Bt Synchronous {IS0's HOLC, 1805
50LC) protocois, This controlier's flexible architectyra
allows easy implementation of many variztions of thesa
three protocols with [ow software and hardware
overhead,

The Mulli-Pratocol Serial controller (MPSC) Imple-

MEnts two indopendent serial feceiver/iransmitier
channals,

The MPSC SUPpors several micrapracessar interface
options: Folied, Wail, Interrupl driven and DMA driven,

The MPSC s designed o support INTEL'S MC5-85
and iAPX 85 5. 186, 188 families,

Table 1. Pin Deacription

— 9
Name snd Funcifan ]
Interrupe Acknawledge: This Inter-
fupt Ackowledgn 22gnal allows |he
highest priority nlerrupting device
o genarate an WHErrUpE vector Thiy
Pin must ba pulisg hign finactiva) in
POf-veslor Moda.

— ]
Dats Terminal Ready [Channed Bk |-
Thiz is a genaral PUTENE oyl
Address: This ling selecry Channel &
or B during dara S Cammand irang-
e A ow :cal.-.cu_l::h_;nnnf A
Address: This line salecty between
dala or command Infarmation trans-
fer. A low moans gaea
e ]
Chip Seleet: This Eignal selects the
MSPC dnd enables FRaching from o
slingintoita registers |
Read: Aea . conirals a Sata byle or
Salus Dyta ranstar drom the MPSC
L3 ihe CPL A
Wrile: Write cantrals Iranster of data
o Commands o the MPSC E

b i :-
FUNCTIONAL DESCRIPTION )
=Y
Additional informatian on Asynchronous and Sy 3
chronous Communications wilh the B274 is avallable |
respectively in the Agplications Nates AP 134 and AP

145, >

Command, paramater. andstalus infarmation is stored
n 21 registers within (he MPSC (B writzbi registers lor
eachchannel, 2 readakla registers lar Cha nnel Aand3
readabile registers for Channel Bj. j_-- y
In the fallawing discussion, the writabla registars will
be reforred to as weO hrough WRT and the readablo
registers will be roferred to as ARO through AR2,

Iy
This section of the dala sheet describes how the .3
Asynchronous and Synchronous profocels are impla-
mefited in the MPSC. i describy ;
tions, transmit Dperalion, and receive ocperation rl:ur;
Asynchronous,

nous profocols,
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ASYNCHRONOUS OPERATIONS
TRANSMITTER/RECEIVER INITIALIZATION

(Zea Detailed Cammand Description Section for com-
plety information)

Inorder to oparate in asynchranous mede, each MPSO
channel must be initialized with the laliowing infgor-
matron:

L. Transmit/Aeceive Clock Rate. This parameter i
specified by bits 6 and 7 of WH4. Theclack rate may
besettn 1, 16, 32, or 64 times the data-link bit rate, |f
the X1 clock mode is selected, the bit synchroniza-
tion must be Bccomplished externally,

2. Number of Stop Bits, This parameter is spacified by
bits 2and 3 ol WR4. The number al s op bits may be
=lio 1, 11V2 or2,

3. Parity Selection. Parity may be set for odd, even, ar
na parity by bits 0 and 1.0l WR4.

4. Recever Characlor Length. This parameter sets the
lengthof received characters ta 5,6,7 or8bits. This
. parameter is specified by bits § and 7 of WR3

3. Receiver Enable. The sarial-channel FECEIVET Opera-
tion may be enabled or dizabled by selting or
clearing bit 0 of WA3,

B, Transmitier Characler Length, This parameter sets
the length of transmitled characters (o 5.6, 7 orB
bits, This parameter is specified by bits 5 and 6 of
WHRS. Characters of fess than 5 hits in length may be
transmitted by setting the transmitted length to five
bits {set bits 5 and & of WAS (o L1}

The MPSC then datermines the actual number of
hits to ba transmitted from the characler data byta.
The bits to be transmitted must be right justified in
the tata byle, the next three bits must b set o dand
all remaining bits must be set 1o 1. The Toliowing
tably illustrates the data formats for tfransmission of

1 to 5 bits of data: '
[ Number qf

Bits Transmitted |
DY D6 05 D4 03 0Z D7 DO (Character Lengih)
111 1 %6'a 0 ¢ 1
i1 1000 ¢ & 2
1100 0 ¢ e ¢ 3
100 0 € e & ¢ 4
0 D0 &€ ¢ e ¢ & 3

¥ Transmitter Enahle. The sens channol tramsmitor
aperalion may be enablpgd or disabled by tetting ar

clearing bil 3 of WHS

B. Interrupt Made

For data transmission via & modem or RS-232-C
imerface, the following information must alza be

specilied:

T. The Request To Sand (RTS) [WRS: D1} and Data

Terminal Ready (OTR] (WHS; O7) bits must be =ai
along with the Transmit Enable hit (WRS: 04j,

2. Auto Enable may be sef to allow the MFSC o
automatically enable the channal fransmitter whon
the clear-lo-send signal is active aﬂﬂluautnmaiical:y
enable tha receiver whan the carrier-detect signal is
active, However, the Transmit Enabile it (WR3; 03)
and Receiva Enable hil [WR3; D1) must be set in
order to use the Aulo Enable mode. Autd Enabile is
controlied by bit 5 of WR3I.

When lzading Initialization Paramaters into the MP5SC
WHRd infarmation must be written belore the WR1, WRS,
WRS parameters commands.

During initialization, itis desirable to guarantee that the
external/status latches rallect the [atest interface
infarmatign, Since up to two state changes are
internally stored by the MPSC, at least two Resat
External/Status Interrupt cammands must be issued
This procedure s mast easily accomplished by simply
issuing this resat command whenever e pointer
register is 5ot during inftialization.

An MPSC initialization procedure (MPSCERXZINITY
for asynchronous communication iz listed in Intai
Applicaion Note- AP 134,

TRANSMIT

The transmit function begins when the Transmit Enable
bit (WHS; D3) is set. The MPSC automalically adds the
start bit, the programmed parity bit (odd, even or no
parity} and tha programmed number of slop bits {1,1.5
or 2 bits} to the data character being transmitted. 1.5
stap bits option must be used with X156, X32 ar X564
clock options cnly, 3
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The sedial data are shiftad out from the Transmit Data
{TxD} output an the falling adge of the Transmit Clock
(T=C) input at a rale programmable to 1, 1/16th, 1/32n4,
or ¥5dth of the clock rate supplied 1o the TaG input,

The TxD guiput is hald high when the transmitter has
ne data lo send, unless, under program control, the
Send Break (WRS: D4) command i5 issued to hold the
TxD low.

If the External/Status Inta rrupt bit [WR1: DOJ is sat. the
status of O, €T3 and STHOET ara manitared and, if
any changes occurfor a period of time greater than ha
minimum specified pilse width, an interrupt is genar-
ated. CT5 is usually monitared using this interrupt
featura (B.9. Auta Enable option).

The Transmit Bulfer Em ply Bit (RRO; 02} is 58t by tha
MPSC when the data byte from the bulfer is loaded ir
the transmit shift register. Data should be written to the
MPSC only when the Tx bulfer becomes empty fc
present overwriting

Receive

The receive function begins when tha Receive Enable
(WR3; DO) bit is sel If the Aufo Enablg (WR3: D3}
aption is selected, then Carrier Detect (0} must alsa
below. Avalid start hit is detected i a low persists forat
teast 1/2-bit time on the Receive Data {RxD) input.

The data is sampled at mid-bit time, on the rising edge
of RxC, until the entire character je assembled,. The
receiver inserts 1's when a character is less than 8 bits.
Il parity (WH4; D0) is enzbled and the characteris less
than B hits the parity bit is not stiripped from the
character.

Error Heporting

The receiver also stores error status for each of the 3
data characiars in the dala butfer Three error condi-
tions may be encountered du rire} data reception in the
asynchronous mode:

1. Parity. Il parity bits are compuidd and transmitied
with each character and the MPSE is =8t 1o check
parity [bit O in WR4 is sel), a parity errar will oCour
wheanever the number of "17 bits within the charactar
tincluding the parity bit) does not match the
oddfevan setting ol the parity check flag (hit 1 in
WHRE). When a parity errar is detected, the parity
error flag (RA1; D4) is set and remains set until it is
reset by the Emor Resel command {WRD; DS, D4,
D3y, t

2. Framing. A framing errar will occurila stop bitis ot -
detacted immediately following the parity bi™
parity checking is Encthled) orimmediately following
the most-significant data bit (if parity checking i nol
enabled). When a Framing Errar is detecled, thy
Framing Errer bil (RRY; D6} is set, The detection ofa'
Framing Error adds an additional 1/2 bit fime to the
character ime so the Framing Erroris notinterproted
as & new star hif - g

- Overrun. If the CFU fails to read a data charéElIw
while more than three characters Have bean receed
the Receive Chverrun bit (AIRT; D3) is et When this
ccours, tha fourh character assemblad replaces tha
third character in the receive bulfers. Only the
overwritien characler s flagged with the Receive
Owerrun bit. The Receive Chverrun bit {RR1,'D5)
resal by the Error Aeset command (RO 05, D4, 0F).

Extermal/Status Latches

iy e
The MPSC continuously monitors tha state of five
external/status conditions: =

1. CTS — clear-to-send input pin. -

2. CO — carrier-delect jnput pin.
2

em
3. BYNDET — sync-detect input pin. This pin may ba Fis

Used 85 general-purpose inpul in the asynchmm.tls
communicalion moda, N

;g
4, BAEAK — a break condition (series of spacebitzon
the receiver input pin). =

5. Tx UNDERAUN/EOM — Transmitter Underrun/Bnd
of Message. 5

Achange of statein any ol these monitored conditions &
will causs the assoctaled status bit in BRD 10 be laiched &
(and opticnally cause an interrupt). = i
(L b 3 - AT,
Itthe External/Status Interrupt bit (WR1; DO) is enabled,
Break Dolect (AAD; OT) and Carrier Datect [RR;
will causs an interrupt. Resat Exlemal/Status interrupts
(WRO; 05, D4, D3) will clear Break Detect and L‘,amu ¥
Detact bits if they are saf, 1




Asynchronous Mode Register Setup

p7 | D8 D5 D4 D3 D2 o1 Do
00 Rz 5 bichar
WR3 01 Ax 7 biehar AUTO [} a o 1] Ax
10 Ax & bichar ENABLE 3 EMABLE
|- 11 Ax B bichar
00 X1 Clock "
EVEN/
WhRd 01 Xi6 Clock o 1] o1 1 STOP &IT ooo FARITY
10 A2 Clock 10 1% STOPBITS PARITY ENABLE
11 XG4 Clock 11 2 5TOP BITS
DO Tx =5 bichar '
WRS OTR 01 Tx 7 blchar SEND Tx o ATS o
10 T & bichar BREAK EMABLE
11 Tu 8 blghar

sYNCHRONOUS OPERATION—
1ONOSYNC, BISYNC

General

the MPSC must be initialized with the following pa-
rameters: odd of even parity (WR4; 01 00j, X1 clock
rode [WH4; D7, D6), B- or 16-bil sync characier
|W/B4: D5, D4), CAC polynomial (WRS 02}, Trans-
mitter Enable (WRS; D3), interrupl modes [WR1,
WR2), transmil character length {WRS; D6, O5) and
recoive characier langth (WA3; D7, D). WH4 pa-
ramiters must be written before WHR1, WR3, WHRS,

WRE and WRT.

The data is trangmitied on the falling edge af the
Tranemit Clock, (TxC} and is received on the rising
edge ol Receive Clock [AxC). The X1 clock is used
lor both transmit and receive operations for all threg
syne modes: Mono, Bi and External,

Transmit Set-Up—Monosync, Blsync

Transmit data is held bigh atter channel reset, or it
tha transmitier is not enabled. A break may be pro-
grammed to generale & spacing line that begins 48
=pon as the Send Break (WRS; D4] bit is set. Withthe
transmitter fully initialized and enabled, the defaull
condition is continuous transmission of the 8- or
16-bit sync character, :

Using interrupts for data transfer requires that the
Transmit IntgruptOMA Enable Bit (WR1; D1) be seb
Ap interrupt is ganerated each fime the transmit bul-
tar becomes emply. The interrupt can be salisfied

Synchronous Made Register Setup—Monosyne, Bisyne

o7 | Ds D5 D4 D3 b2 o1 Do
00 Ax 5 bichar ENTER EYNG
WAl 01 Bx 7 bichar AUTO HLNT Ax CRC 0 CHAR Rz
10 Ax & Bichar EMABLE MODE EMABLE LOAD EMABLE
11 Ax & blchar INHIBIT
o0 B it Sync EVEN!
WRA o o 01 16 bt Sync il 0 ano PARITY
} 11 Exi Sync PARITY EMABLE
00 T =5 hfchar 1
WwWRS OoTA 01 T= T bichar SEMD Tx [SELECTS ATS Tx CRC
10 Tz 6 bichar BREAK ENABLE CRAC-16) EHABLE
11 Tx 8 'char
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either by writing another characterinta lhe transmit-
I&r or by resetting the Transmitter Interrepl/DadA
Pending latch with a Aesat Transmitter Interrupt/
DMA Pending Command (WA 05, D4, 03). If noth-
ing more is written into the fransmilter, thére can be
na further Transmit Butfar Emply interrupt, but this
Situation dees cause a Transmit Underrun condition
{RAD: Ds).

Data Translers using the ROY signal are lor software
controlied data transiers such as block moves, ADY
12lls the CPU that the MPSC is not ready to accept/
provide data and that the CPU must exlend the
outputiinput cycle. DMA data transfers uyse the
TxDRO A/A signals which indicate that the transmit
bulferis empty, and that the MPSC s feady lo accept
the next data character, | the data character is not
lozded inta the MPSEC by the tima the transmit shifs
reqister is empty, the MPSC enters the Transmit
Undarrun condition.

Tha MPSC has two programmable options for solv-
ing the transmit underrun condition: it can insert
sync characiers, or it can send the CAC characters
generated so far, followed by sync characters. Fal-
lawing a chip or channel reset, the Transmit
Underrun/EOM status bit (REO: D) isin a set condi-
tien allowing the insertion of syng characters when
there is no dala 1o send. The CAG is not caleulated
on these automatically inserted syne characters.
When the CPU datects the and of message, a Resat
Transmil Underrun/EOM command can ba issued.
This allows CRC to be sent when the transmitter has
no dala to send.

In the case of sync insertion, an interrupt is gener-
ated only atter the first automatically inserted sync
charactarhas been lsaded in the Transmit Shift Ragis-
ter. The status registerindicates 1he Tranamit Unaderrun/
EOM bit and the Transmit Bulfer Empty bit are set.

In the case of CRC insertion, the Transmit
Underrun/EOM bit is set and Lhe Transmit Buffer
Emply bil is reset while CAC is being sent. When
CAC has been completely sent, the Teansmil Bufler
Empty statug bil is set and an interrupt is generated
1o indicate to the CPU that another message can
begin (this interrupt occurs because CAC has been
sentand sync has been laadedinto the Tx Shilt Rag-
ister). If no more messages are to be sent, the pro-
gram can terminate transmission by reselting RTS,
and disabling the transmitter (WRS; D3).

Bisyne CRC Generation. Setting the Transmit CAC
enable bit (WRS; D0) inaicates CRC accumulation
when the program sends the lirst data character ta

" status bit set) follewing the Transmit Enable com- A
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the MPSC. Although the MPSC autamatically
transmils upto twa syne characters {16 bit syne). itjs i
wise o send a few more sync characiers ghead of (85
thie message (befora enabling Transmit CAC) to 58
Bnsure synchronization ai the receiving end, 3
. Fi
The Transmit CAC Enable bit can bechanged on the "2
fly any time in the message 1o include gr exclude a 18
particular data character fram CAC accumulation, #EE
The Transmit CAC Enable bit should be in the de- 488
sired stale when the data character is loaded Inte gt -
the transmit shift register. To ensure this bit in the (88
Aroper state, the Transmit CAC Enable bit must be 1§

ssued belore sending the data character o the -
MPSG. : }

4.

1 o ——t s
Transmit Transparent Mode, Transparent mode gl
{Bisync pratocol) aparation is made possible by the ! §
ability te change Transmit CAC Enable anthefiyand ;¢
by the additional capability of inserting 16 bit syne-
characters. Exclusion of DLE characters fram CRC ‘&8
caiculation can be achieved by disabling CRC caley !

lzation immediately preceding the DLE character ' 5§
transler to the MPSC, &y

In the transmit mode, tha transmitter always sandz
the pregrammed number of sync bits (8 or 16) (WR4; . ¥8E
05, D4). When in the Monesyne mode, the transmit- 5 i
ter sends from WRE and the receiver compares &
against WRT, One of two CRC polynomials, CAC 16
ar S0LC, may be used with synchronous modes. In
the transmit initialization process, the CAC

generator is initialized by setting the Reset Transmit |
GRC Generator command (WRO; 07, Og), i

be used ta monitor the status of the G735 input as e
well as the Transmit Underrun/EOM latceh. Optian- i
ally, the Aulo Enable {WR3; D5} feature can bs used L
1a enable the transmitter when G735 is active. Tha {18
first data transfer to the MPSC can begin when the o
External/Status interrupt occurs (CTS (RAD; 0S) !

LN -
The External/Status interrupt (WR1; D0) made can _r &

mand (WAS; 03), e

Receive o

Alter a ehannel resetl, the recaiver (s in the Hunt
phase, during which the MPSC looks for character
Syfichranization. The Hunt begins anly when the re-
ceiver is enabled and data fransfer begins only when
character synchronization has been achioved. If
character synchrenization is lost, the hunt phase
can be re-entered by wriling the Enter Hunt Phase
(WH3; D4) bit. The assembly of recewed data con-
tinues until the MPSC is reset or until the recemvaris

AFMHTRE :
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dizablod (Dy command ar by C0 while in the Aute
Zrables mode) or until the CPU sels the Enter Hunt
#iase bil. Under program contral, all the leading
syns characters of the message can be inhibited
irem Ipading the receive bullars by setling the Syne
Cnaracier Load Inhibit (WR3; D) bit; After character
synchronization is achieved the assembled charac-
ters are transferred to tha receive data FIFOL Alter
recaiving the lirst data charaster, the Syne Character
Load Inhibit bit should be reset to zero so that all
characters are received, including the sync charac-
:ars. This is imporiant because the recemwed CRC
may look like a sync characier and nol get recaived.

[ata may ba translerred with or withoul interrupts,
Transtarring data without inlerrupts 15 used lor a
qurely polled operation or for oli-line conditions,
Thore are three interrupt modes available for data
transter: interrupt on First Character Only, Interrupt
on Every Character, and Special Receive Conditions
Inlerrupt,

taterrupt on First Character Oniy mode is-normally

used to start a polling loop, a block transler sa-

quence using ADY to synchronize the CPU to thein-
coming data rate, or a OMA transiler using the AxDRO

signal. The MPSC interrupts on the first charactar
and thereaftar only interrupts afier a Special Ae-
ceive Condition is detected, This mode can be
seinitialized using the Enable Interrupt On Mext Re-
geive Character (WRO: D5, D4, D3) command which
allows the next eharacter receivad (o generate an
interrupt. Parity Errors do not cause intérrupls, but
End of Frame (SOLC operation) and Receive Over-
run do cause interrupts in this mode. 1 the external
status interrupts (WR1; DO) are enabled an mterrupl
may be generated any time the CO changes state,

Imerrupt On Every Character mode generates an
interrupt whenever a character enters the receive

bufier, Errors and Special Receive Conditions gen-
erate a special vectar if the Status Affects Vectar
(WR18; 02) is selected. Also the Parity Error may be
programmed (WR1; D4, D3] not to generate the spe-
cial vectar while in the Interrupt On Every Character
mada.

The Special Aeceive Condition interrupl can only
goour whilein the Receive Interrupt On First Charac-
ter Only ar the Interrupt On Every Receive Character
modes. The Special Aeceive Condition interrupt is
cavsed by the Receive Overrun (BA1; D5} errar con-
dition. The error status reflects an error in the cur-
rent word in the receive buller, in addilion 1o any
Parity or Overrun errors since the last Error Reset
{WH0; 05, D4, D3). The Receive Overrun and Parity
errar status bits are latched and can only be reset by
the Error Beset (WRO;, D5, D4, D3} command.

Tha CRC check result may be obtained by checking
for CRC bit {RR1; DE). This bit gives the valid CRC
result 16 bit times after the second CRC byle has
baen read from the MPSC. After reading tha second
CARG byle, the user software must read two more
characters [may be sync characters) before check-
ing for CAC result in ART, Also for proper CRC com-
putation by the receivar. the user software must reset
the Receive CAC Chocker WHD; D7, D6) atler receiv-
ing the first valid daia character. The receive CAC
Enable bit (WHR3; D3) may also ba enabled at this
time, r
SYNCHRONOUS OPERATION—SDLC
General

Like the other synchronous operations the SOLC
mode must be initialized with the following parame-

ters; SOLG made (WHA4; 05, D4}, SOLC polynomial
(WRS: D2), Aequest 1o Send, Dala Terminal Aeady,

Synchronous Mode Reglster Setup—5DLCIHDLC

or | Ds o5 o4 D3 D2 o1 ]
00 Az Sbichar ENTER Ax ADDHRESS Ax
WR3 01 Ax Thichar AUTO HUNT CHG SEAACH o ENABLE
10 Fx 6ofchar EMABLES MODE EMABLE MODE
11 Ax Bhichar
o | o 1 o o 0 0 [}
WRa [SELECTS SOLC!
HOLC MODE)
1]
WRS oTh ”gtT: i SEND T {SELECTS | RTS T
in T" Btk BRAEAK ENABLE soLE CRG
T! g i HOLC EMABLE
11 Tx Bbichar CRG)
AP OIS
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1 1 | ———d WA ¥
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Figure 3. Command/Status Reglster Architecture (each serial channel)

Command, parameter, and status infermation s stored
in 21 reglsters within the MPSC (8 writable régisters for
eachchannel, 2 readable registers for Channel Aand 3
readable reqistess for Channal B). They are all acce-
ssed via the command poris.

An internal pointer register selects which of the
cammand or states ragistars will be read ar weitten
during a command/status access ol an MPSC
channal,

Atter resed, the contents ol the pointer registers are
zera. The first write 1o a command register causes
the dala fe be loaded into Write Register O (WRO).
The three Irast significant bits of WRO are loaded
inta the CommandiSiatus Pointer. The next read or
wrile operation accesses the read or write register
selectad by the pointer, The pointer is reset aller tha
read or wrile operalion is complated.
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transmil characrer length (WHRS; D&, D3), interrupt
modes (WR1; WR2), Transmit Enable (WRS, D3),
Receive Enable (WR3; DO), Auto Enable (WR3. D5)
and External/Status Interrupt (WHR1; OO WR4
oarameters musl be written before WR1, WR3,
WRS. WHRE and WRT.

The imterrupl modes for SDLC aoperation are similar
to those discussed previausly in the Synchronous
aperations section,

Transmit

After a channel reset, the MPSC begins sending
SDLC flags.

Following the Tlags in an SOLC operation the B-bit
address lield, control field and information lield may
o2 sent 10 the MPSC by the microprocessor. The
EAPSC transmits the Frame Check Sequence using
tne Transrut Underrun feature, The MPSC automat-
ically inseris a zero alter every seguence ol & con-
seculive 1's except when transmitting Flags or
Aborls.

EOLC—Ilike protocals da nat have provision for Kl
characlers within a message. The MPSC therefore
autamatically termsnates an 30LC frame when the
Iransmit data butfer and cutput shift register have
o more bits 1o send. || does this by sending tha two
bytes af CAC and then one armaore llags. This allows
very high-speed transmissions under DMA or CPU
control wilthout requiring the CPU to respond
guickly 1o the end-ol-message situation,

Afler a reset, the Transmit Underrun/ECKM status il
isin the set state and prevents the inserlion of CRC
characters during the fime there is no data 1o send.
Flag characters are sent, The MPSG begins to sand
the frame when data is writtén inte the transmit buf-
fer. Between the time the first data byte is written,
and the end of the message, the Reset Transmit
Underrun/ECM (WRO; D7, D6) command must be
issued. The Transmit Underrun/EOM status bit (RRO;
0] is in the reset state at the end of the message
which automatically sends tha CRAC characters.

The MPSC may be programmed 1o issue a send
Abort command (WHD: 05, D4, D3). This cammand
causes at least gight 1's but less than fourigen 1's to
be sant pefore the line revarts 1o continuous Hags

T-209

Receive

Alerindialization, the MPSC enters the Hunt phase,
and remans in the Hunt phase until the first Flag s
received, The MPSC never agamn enters the Hunt
phase unlass lhe microprocessor writes the Enter
Hunt command. The MPSC will also detect flags
separated by a single zera. For example, the bit pat-
tlern 0311111011111 10 will be detected as two flags.

The MPSC can be programmed 1o receive all frames
ar it ¢can be programmoed 10 the Address Search
Made. In the Address Search Mode, only frames with
‘addresses thal match the value in WRE ar the global
address {0FFH) are received by the MPSC. Extandad
address recognilion most be dong by the micropro=
cessar soltware.

The control and infarmation fields are recewved as
data.

SOLC/HOLC CRC calculation does not have an 8-bit
dialay, since all characters are included in the calou-
laton, unlike Byte Synchronous Protocols,

Reception of an aborl sequence (7 or more 1°5) will
cause (he Sreakoabort ool (ARG D) to be setand will
cause an Exiernal/Stlatus interrupt, if enabled. Alter
the Resel ExlarnakStatus Interrupts Command has
been issued, a second interrupt will occur at the end
of the abort sequence,

MPSC

Detailed Command/Stalus Description

GENERAL
The MPSC supports an extremely tiexible sel of se-
rial and system interface modes.

The system interface to the GPU consists of B parts
ar bullers:

| Fesd Opsrsngs

=

Witla Operaikan

[2]
1

Cn A Dlatp Agag Lr & Dt vevdn
Cn A Sigiyy Rasd Ch A& Comeand/ P s—aled
Cr B Duaia Praa Ch & Dlala Woie

—oaad
H=o-p|k
L

GR B Staiut Rrs Ch B CommenaFarimater
Hagh i=patipres Hgh i—palisce

Data butfers are addressed by A, = 0, and Command
parts are addressed by A, =1,

L AFRQITIIC
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COMMAND/STATUS DESCRIPTION

The tollowing command and status bytes arp usad
during initialization and execulion phases of cpera-
tion. All Command/Status operalions on the two
channels are tdentical, and independent, excepl
Wwhara notad,

Detailed Register Descri plion

Write Reglster 0 (WRO):

1] L8
F:J“imlmllﬂ'ﬂilﬂﬁiﬂ
1 17y |

[—

COMNARDLAEATUS POINTER
RIGIATER POILTER

L L] L] MULL COBE
(] [ 1 SLHD ABOAT [00LD
' 1 L RUSET DATRTATUS INTERNZFTS
L] 1 1 CHAMETL RELET -
i ] ] EMABLE INTIAALUST GM NEXT s
CrARACTE®
1 a 1 RESET TetwT/DMdd PEMDING
1 1 L] FRADSE RESET
1 1 1 END OF INTERAST
r
£ X

L] ] HiLL CODE

L] 1 BERLCY & COC CHECEER

i L] WESET Ts CAC CEMERATEN

1 i BESET To UHOERALIN EOu LATCH

WRO

D2, 01, D0—Commang/Status Register Pointer bits
determing which wrile-register the next bylaisiobe
Written into, or which read-register the next byteisio
be read fram, After reset, the first byle written into
either channel goes into WRO, Following a read or
wrile |o any register {except WRD) the pointer will
point to WRGO.

i D3, D4, D3—Command bits determing which of tha
= basic seven commands are tg He performad.

Cammand 0

Cammand 1,

Command 2

Command 3

Command 4

Command 5

Command 6

Command 7

D7, D6

(i}

Null—has no effect.

Send Abort—causes the genera.

tion ol eight to (hirteen 1'g when_ 3

in the SOLC mode, '

Resel ExternaliSratus Interrupls—
resets the latched status hips ol
ARD&nd re-enables tham, allowing
interrupls lo oecur again.

Chanrel Resel—rezels the Latch-
ed Stalus bits of ABD. thae
Interrupt prioritization logic and
all control registers for the
channel. Four extra System
clock cycles should be allowed
for MPSC reset lime befara any
additienal commands ar conirols
are writtan inlo the ehannel.

Enable Interrupt on Next Receive

Character—il the Interrupt an
First Receive Character mode fs
selected, this cammand reacti-
vates that mode after each com-
plele. message 15 recoived to
prepare the MPSC for the next

message,

Reset Transmitter Intercupl/OMA
Pending—il The Transmit
Interrupt/OMA Enable mode i5
selected, the MPSC automatically
interrupls or requests DMA data
transter when the transmit buiter
bec omasemply. When there are ng
more characlers to be sent,
155uing this command prevents
further transmittar inerrupts ar
DMA requests until the next

character has been completely
sl

Error Reset—arrar latches, Pari-
ty and Dverrun errors in BAT ar
resat. ¥

End of Interrupl—resets the
interrupt-in-servica tateh of the
hlgnem-ernrih,r internal device
under service

CRC Heset Code
Hull—has na alfact,

Aeset Receive CAC Checker—
resets the CAC checker to 0's. I11in
S0LC mode the CAC checker is
infiatized ta all 1's,

i

P
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AReset Transmit CAGC Generator
—resets the CRC generator to
0's. Il in SOLC mode the CRC
qenerator’s inibialized to all 1's.

Reset Tx Underrun/End ol MEESageI
Latch.

Weite Register 1 (WR1):

iR

Lsa
Iﬂlﬂ!ml[ﬂ{ﬂ‘llﬂl’lﬂliwl

 SE—

EXT IWTERALUFT
EMABLE

Tul TENRUPFTT
Dhld [HARLE

§« VARIABLE
STATLIS AFFECTS YECTOR
WECTLN pEH B OHLT) § RILD
fWULL COOTCH &) NECTON

B "5 FaWNTOMA DISAELE

[} § o MaANT O T CHAR 08 SFECTAL

COMDTION

1 §  IMTOH ALL Ny CHER (PARITY AFTECTS

WEGT oA A SBFTCIAL COMDITIOH

1 T UNT OM ALL Bs CHMARPARITY DOER

AT AFFLCT YECTON O 3FECIalL
COoRpuErih

B o WRIT O B 8 - WRIT 08 Te

WLIST BE FEAD

WAIT CMABLE 7 « EWABLE. 8 « DISAALE

WHR1
oo~

External/Status Interrupt Enable
—allows interrupt 1o occur as the
result ol transitions on the CO,
CTS or SYHDET inpuls. Also
allows interrupts as the resull of &
Break/Abornt detection and termi-
mation, or atthe beginning of CRC,
of sync character (ransmissian
when the Transmit Underrun/EQM
latch becomes sel

D1

02

05

o7

Transmitter Interrupt/DMA Enable
—allows the MPSC {o interrupt or
request a DMA transier when the
tramgsmitter bufler becomes empiy.

Siatus Affects vector—{WR1, D2
active in channel B anly.) If this
bit is nat set, then the fized vectar,
programmed in WR2, is returned
from anm interrupl acknowledge
sequence. If the bit is set then the
vector returned from an interrupl
acknowledge is variable as shown
in the Interrupt Vectar Table

Receive Intesrupt Mode
Aeceive Interrupts/DMA Disabled

Aeceive Intarrupt an First Charag-
ter Only or Special Condition

Intereupt on All Receive Charac-
ters or Special Conditian (Parity
Error is a Special Receive Condi-
tion)

interrupt on All Receive Charac-
ters of Special Condition (Parity
Erfor is nol @ Special Hecaive
Condilion).

Wail on RecewveTransmil—whan
the following conditions are med
the ADY pin is activaled, otherwisa
il is held in the High-Z stale.
(Canditions: Interrupl E\ﬂblad
Mede, Wail Enabled, C5 = 0,
AD = V1, and A1 = D). The RDY
pin is pulled low when the trans-
mitter buffer is full or the receiver
pulfer is ampty and it is driven
High when the transmiller pufler is
emply of the receivar bulleris full.
The RDY, and RAOYy may be
wired OR connected since only
onesignal 15 active at any gne hme
while the ather is in the High Z
state.

Must be Zero

Wait Enable—enables the wail
function
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Channel A D4, 03 interrupt Code—specifies b

behavior of the MPSC when it red
System Configuration—Thesa Ceives an interrupt acknowladgs G
specily the data transfer from sequence from the CPL, (See Intar 8
MPSC ehannels ta the CPU, aither rupt Vectar Mode Tabia), g
Intarrupt or DMA based. 4

Mon-veclored interrupts—ij

Channel A and Ghanne! B bath use tended far use with cxternal DMAT
interrupts CONTROLLER. The Dats Bus ro-3

mains in a high impedence stats &
Channel A uses DMA, Channel B during INTA sequences.

usas inferrupt 3

BOB5 Vector Mode 1—intended for)

Channel A and Channel B both UsE asthe primary MPSG in a daisy B
use DMA chained priority structurs. [See
System Interface section) -

8085 Vector Mode 2—intended §
Priority—this bil spacifies the use a5 any secondary MPSGC in a 8
relative prionities of the internal daisy chained priority structure, -
MPEC interrupl/DMA sourcas [See System Interface section)

legal Code

(Highest) Axs, TeA, AxE, Txd BOBE/AR Vector Moda—intonded | £
ExTA, ExTB (Lawest) tor use as either a primary or 3
secondary in a daisy chained .
{Highest) AxA, AxB, TxA, TeE, priorily structure. {See Systam &
ExTA, ExTH (Lowesl) Interface section) :

Must be zero

Wrile Register 2 (WR2): Channel A 2oro Fin 10 = AT 5
one  Fin 10 = SYNOET,

L ]

pslr_u,rhl Dirbl
I [ |

S

"
BOEH INTTRALRT

A OME B iuT

BOTH DMA

Higcal

| FRIOMTY Bedk ma@ Tak Tall EXTA* €57m"
2 PRIDAITY Bsk Tod Al Tel CETi- EXTR*

Bpa5 HODT W

13RS MOOE 3

BORL R WODE

ILLEGAL

1 WECTOHED 1NTT REUST
B WO VECTOMED ik IE HALPT

HUMT BE TERD

T RWAG SVROES,

o END ATE,

FEXTERWAL RTATUS tWTE Ry,
ML IFEET INTEARLRT Enini g |y e ST

=32
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The following

lable descrives the MPSC's response to an interrupt acknowledge sequence:

! os | Da | 03 | PP MODE INTA Daia Bus
| o7 oo
i} X X X Mon-vectared Any INTA High Impedanca
| I o 1] 1] B5 Modn 1 151 INTA £ P -« S TSI T
| 2nd INTA VT VG VS var w3t w2t vl v
| Ard IMTA 004 8 o oaa
-l 1 1] o 1 BS Moda 1 151 INTA T Qe a1 F BT
1 2nd INTA High Impadances
| Ard INTA High Impadance
|
1 1 o o 85 Mada Tat INTA High Impadance
2nd INTA VT VE VS YA V3 w2 Vitvoe
i ISINTA High Impedance
i 1 0 1 o &5 Moce 2 2nd INTA VT VB WS vt vaEt et v vo
| 3rd INTA 0000 0 0 oo
1 ] 1 1 85 Mode 2 150 INTA High Impedanca
2nd INTA High Impadance
Jrd INTA High Impesanca
1 1 0 i BB Mode TtINTA High Impedance
L 2ndINTA High Impedance

"These Bits are varable Jof tha °

Interrupt/DMA Mode, Pin Functions, and Priority

‘stifus alfngis weclor” mate hay bean Firgrammad, (WR18. 02)

i Int/OMA
Ch. & WR2 Maode Pin Functions FPriarity
ROY,! ADYy! i iFoy
: RDAQ, | TxORQ, | AxDRQ, | TxORO,
0. |0y | Dy (CH.A | CH.B | Pin 32 Pin 11 Pin 29 Fin30 | Highest Lowest
o' | @ INT NT " RuA, TxA, F2B, Tull, EXT,, EXTy
ADY, ROYy A IFO
t o | o | T INT FixA. RxB, Ted, Tal EXT, EXTg
a 1] 1 DA RAzA, Txd [DMA)
TG _ — [ 'reaUnan B £xT, ExTyomm
Rz0RAG, | TeDRD, iPi iP5
! 1] t DA HxA, Tup  [DMaA) )
""" TINT RxA, R, TxB, EXT, EXTg (INT)
i1 1 a A oA RaA TxA, RzB, Taf [DMA)
Axa ' A28 EXT, EXT, (NT)
= = RAxDHG, TaDRGy, RaDRdg TR0 Rxk, FixB, Txh TeB, (OWMAl
1 [ 1 |0 | oma | owms RAek ', A=B ' X7, EXTq [INT)

"Spacial Rscawe Candition

i-i

13
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Interrupt Vector Made Table

8085 Modes v, ¥y V. =1
BOBG/BE Mode ¥y v, L Channel Conditian
Noto 1: Special o o o =] Te Buller Empty
Aeceiva Condition = o a | ExtrStatus Change
Parity Errar, 1] 1 4] Ax Char. Availabla
Rx Overrun Error, o 1 1 Special Rx Canditlan
Framing Error, [Mote 1)
End of Frame (SOLE)
1 0 o A T Bullar Empty
1 kAl 1 Ext/Status Changa
1 1 ] Rx Char, Avaitable
1 1 1 Special Rx Condition
{Mote 1)
Write Register 2 (WR2); Channel B WR2 CHANMNEL B
"I L18 D¥=-Da Inferrupt vector—This register contains
F, TR Pt e s o 2o the value of the interrupt vector placed
| e e E O P S Wi on the data bus during Interrupt ac-
e =
knowledge sequences.
[RIETTTe]
Vtior

Wrile Register 3 (WR3):

LAl Lam

[|
or mlh:lm!n:imimiﬂ!
1

| S

T

L] L ] LER R Tk SullY |

L] i W T RIFLCHAR
el RTECHAR

A B BITLCHAR

M ERABLE
YN CHAR LOAS masImm

ADOR IMCH MODE (30LE)

Fu CAC ERAFLE
ENMTER HUMT WO

AUTOCWABLER
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oo Receiver Enable—A one enables the re-
ceiver ta begin. This bil should be sel only
alter the receiver has been initialized.

[ Syne Character Load Inhibit—A one pre-

venls the receiver Trom loading syne
] characters into the receive bullers. In
SOLC, this bil must be zero.

D2 Address Search Mode—I the SDLE moda
has been selected, the MPSC will ra-
cewve all framas unless this bitisa 1. If this
bitiz a 1. the MPSC will receive only frames
with address bytes that match the globat
address (DFFH) or the value loaded into
WHE, This bit must be zero in non-50LE
modes.:

D3 Receive CRC Enable—A anein this bit

" enables (or re-enables) GAC calculation.

CRC calculation starts with the last charac-

ter placed in the Receiver FIFD. A zero in

this bitl disables, but does not reset, the
Receiver CRC generator.

D4 Enter Hunt Phase—Alter initializatian, tha
MPSC automatically enters the Hunt mode.
It synchronization is lost, the Hunt phase
can be re-entered by writing @ one 1o this
bit.

D5 Auto Enabla—& one written to this bit cauzes
€D to be automatic enable signal for the
receiver and CTS to be an automatic enable
signal far the transmitter. A& Tero written 1o
this bit limits fhe effect of CO and CTS signals
1o setting/resetting their corresponding bits
in the status register (RBRO).

D7, 06 Receive Character length

o a Receive 5 Data bits/characier
o Receive T Data bits/charactar ’
10 Receive @ Data bits/character

1 1 Aeceive B Data bits/character

215

L]

WR3 Write Register 4 {\WWH4):

[ [= Lo [o]o]

(S |
L »

WR4
oo

D1

03, 02

s
LI

| SR C— :
i+ ENABLE FLATTY

B BISABLE PARGTY

1+ EVIS FARITY
&= OO0 PARITY

LI EmaslE Evaf whoes

" 1 ITOR T

i 8 LEITORNTS

11 IETORFWTE

pr—
a " EMTETHCCHAR

[ ] i T BT STMC CHLAR

T8 EDUDHOLE WOOE B TEIFLAG

I EXTERMAL RYNC MO0E

By LGRS
v CLGEH
Lircuiix

Lhd CLOCE

Parity—a one In this bit causes a parity
bil 1o be added to the programmad number
of data bits per character lor both tha
transmitied and received character. If the
MPSC is programmad Lo receive B bits per
character, tha parity bit is not transterred
to the micraprocessar. With alher receiver
character lengths, the parity bit is trans-
ferred to the microprocessar,

Even/Odd Parity—if parity 15 anabled, a
ona in this bit causes the MPSC o transmit
and expect aven parity, and a rero causes
it to send and expecl odd pariy.

Stop bils/sync mode

Arsn TG




Selects synchronous modes, EEV
Tranzmit CRC Enable—a one in this -?rl
Async meda, 1 stop biticharaciar enables the transmitter GRG generatgry
; The CRC calcuiation s done when gt
Async mods, 1-% stop I:uls-"'l:i'l:lr'cln:lllanr"L tharacter is moved from the transmit
Asynec mode, 2 stop bits!character bulter into the shift ragister. A zera in thiy =
bit disables CRC calculatians, |f this bit iz ¥
not sel when a transmitigr underrun g
QCcurs, the CAC will not be Sant, e

Syne mode seleet
& bit synec charactar

TS
16 bit sync character Request 19 Send—a ona in this bit farcea T

the RTS Rin active (low) and zero in this bt 3
SDLC mads (Flag syne) forces the ATS pin inactiva {high}, :

-
Extarnal sync mads CRC Select—a ona in this bit selects the 3
Clock mode—selpets the clockidata rate CARC -18 polomial (K7 + o 1h iy ey 1) g
: I _ and 2 zero in this bit selecs the CCITT-CRC
multipliar for both the receiver and the - ; 15 12 s 5
transmitter. 1x mode must be selected for Relynomisl (" x K12 4 A7+ 1).0n SDL':E.__'..
synchranous mades. If the 1x mode s mode, CCTT-CRE must be salectad, i
selected, bit sync hronization must ba done :
externally, Transmitter Enable—a zero in this bit 5%
forces a marking state on the lransmitier
Clock rate = Datarate x 1 Output. I this bit is set to zarg during data
or sync character transmission, the mark-
Clock rate = Data rale x 16 ing state is entered after the character has
baen sent. It this bt is 58l 1o zero during
Clock rate = Data rate x 32 transmission of g CRC character. SyYnc ar
flag bits are substituled far the remainder
Clock rate = Data rate x 64 of the CRC birs:

5, i
Sand Break—a one in this bit forces the 3§
Wrile Aeglster 5 {WHRS5): = . lransmil data low A Zerd in this bit alipws

normal transmittes cperation,
CRE LEN

o[l Te [o[= o]

Transmit Character fength
[:n:rm.-r Tranamit 1 - § bits/charagior
Lk ] "

Transmil 7 bitsich araclar
SHUTAC M TAE o) s
s EvilpiLE Transmit § bits/cha racter
SEND BREAR

Transmiy & bits/character

TE S BITE OW LIARCHAE

Bits o be sent must ba right justilied least significant
AT bit first, eg:
Tod MTECHAR

D7 DB D5 D& pa 02 D1 po

YN feebrtstan
|———-——.__nrn 0 0 B5 B4 B3 B2 B1 @o

i




Five or less mode allows transmission of one to five bits par

character. The microprocesser must tormat the data in

the fgllowing way-
o7 Ds 05 D4 D3 D2 DI
1 1+ ¢ v 0 0 O

1 1 v 0o o 0 81

1 1 o 0 0 BzZ B

oo

Bo Sends one data bit

BO Sends two data bifs

Bo Sendsihree databits

1 0 0 0 B3 B2 B1 BO Sends four data bits
o o 0 B4 B3 BZ B1 BO Sends five data bits
o7 Data Terminal Ready—when set, this bit

forces the DTR pin active (low). When
resel, this bit forces the DTR pin Inactive

{high}.

Wrile Register 6 (WHS):

WRE

wsn i L8
‘ ;o | ., e, e | I
or B OF D4 o3 oor gL Da
I 1 1 | | 1 1
i

.
Lnu siprhcam

Tyme Byie (hddrere
b SOLCTHDE C el

D7-D0  SynclAddress—this register contains the

transmil sync character in Monosync
mods, the low arder 8 gync bits in Bisyne
mode, or the Address byte in S50LC mode,

Wrile Ragister 7 (WRT):

WRT
Dv-00

CRe ] LEE

urllm-:hi:m:n:}wim:wl

(
L

Wyl Eigniticant
i Eyie jreeil

oe G111 in
SOLEMELE Mede]

Sync/Flag—1this regislar conlains the ré-
ceive sync character in Monosyno maode,
the high order 8 sync bits in Bisync moda,
ar the Flag character (01111110} in S0LT
mode. WR7 is not usad in Exlernal Syne
moda

e e

———




Reagd Register g {RRO};

Hr CHan 4 FhiLam g

Bt PEMDG oy LYy

T Buwren EddrTy

Cinmyg BrTECY

BT

Crz

TATEAMAL graTyy
INTERRLPT wapr

Tr VMDERm e

T

BALAN LmanT

RRO
Do Recaive Char

D4 Srnc.-'Hun:—-rn
52t when fhy

a5ynchromgyg Modes, the
Operation of this bit is similar 1o the CD .
and is reseq when the FIFD ig Emply, status biy, excapg rhatSynn'Hunt showsthe -
state of thp E—Y‘_'M}'EF input, Any High-tg.
D1 lnrermp: Pending'—-—‘.l‘has in!errupl-F‘End- Luwtrans:liun an the SYNDETpfr: Sels thig
ing bit s T85el when an EQj Command ig bit, ang tauses an Exlurl'lar.n'StalLrs intep-
'S5ued ang there is ng olhar interrupt ra. fupt fi:rcnnhlm:l:l. The HeserEmrurnaHS!alus
quist Ponding a4 that time rnlerrunt CoOmmand i Issuag 15 clear thg
intarrupe A Low-m-ngh Iransition tlears
bz Transmi Bultor Emmy-—Thr‘s bit is 5p this bit ang 56l5 tha E:tcrnausiarus inter-
wheneyar the transmy buflar i emply fupl. Whan {he Exmrnar.-'Sla!ua interrupt is
except when CRC characlars are being Selby the change in staieuranvulharinpur
sent in 3 synchranoys mode. This b i5 ar condition, this it shows the nverted
reset when the transmig bulfar i loadeq, state of the SYNDET PN &t lime gp tha
This bit js sel after ap MPSC reser change, This bit must ha read immediataly
I’ﬂrlawing a Regar E:ternaJrSTatus Interrupt
D3 Carriar Demcl—-ThJs bit contains the stalp Eommand fg fead thg Eurrent statg of the °:
of the €D pin at the timg nflhelasrcrrange SYNDET inpyp .
al any af the E;!crnaifsra!us bits (oo B4
Und;rrﬁ:-régn‘;n;ﬁy%ﬁi:;;z-:;le?r r:: In tha Exrerr.n_l Sync made, the Syne/Hunt -:
p-m v:.a;useq ri;eCD bl‘r i be latcheg sl bit Bperates jn 5 fashion Similar 1 the 7
Chuses an Exr;!rn.il.'SJ atus interrypy This bit A&;.-nchmnnus mode, excapt the Enjgr <
indicates currang stn;e of the GO pin P Hent Madu control bit enabtes the externa) |
YN detactinn logie. When the Externa)
Mediate(y following 3 FteaetE:ternaHST.arus Syne Mode ang Enter Hunt Mode bits 2rg
Interrupt Fommand, el (far 2xample, whanp the recelver iz
Bhabled follgwing 5 resetl, the S¥NDET
In vectar made this ni 13 581 al the falling edge of MUt must he heid High by tha axternal
the second RT3 |, an INTA cycle tor an internal fogic until externa) characiar synchroniza.
interrunt M#quest In non Yaolor mods this hir is tion |5 achisved, A High at the SYMDET
' sel at the lalling tdge of A% input after Pointar 2 inaut holds tha aync/Hunt Slatus in 1hg
i5 specified. This bit ig always zarg in Channal g,



When c;:err:.si synchronization s
achigved, SYNOET must be driven Low on
the second rising edge of RxC after the
rising edge of RxC.on which the fast bit of
the sync characier was received. In other
words, after the sync pattern s delecled.
the external logic must wait lor tweo full
Raceive Clack cytles to activate the EYH-
OET inpul. Once SYNDET is forced Low, it
is good practice 10 Keep it Low until the
CPU informs the external sync logic that
synchronization has been lost or 8 new
message is aboul to start, The High-to-Low
transition of the SYNDET culpul sels the
Syne/Hunl bit, which sets the Externall
Status Interrupt. The CPU must clear the
imterrupt by Issuing the Reset Externalf
Stztus Interrupt Cemmand.

When the SYNDET inpul goes High agan,
another External/Status interrupt is genar-
ated that must also be cleared. The Enter
Hunt Mode control bit isset whenewver
character synchronization is lest or the and
ol message is detected. In this case, tha
MPSEC again fooks lor a High-to-Low lransi-
tion on the SYNDET input and the opera-
tion repeats s explained previously This
implies the CPU should also inform the ex-
ternal logic ikat character synchronization
has been lost and that tha MPSGC is wailing
for SYMDET to become acliva.

[m the Monosync and Bisync Receive
modes, the Sync/Hunt status bit is initially
set to 1 by the Enter Hunt Moede bit. The
Syne/Hunt bit is reset when the MPSC es-
{ablishes characier synchronization. The
High-to-Low transition of the Sync/Hunt bit
causes an ExternaliStalus interrupt that
must ba cleared by the CPLU issuing the
Ae=pt ExternaliStatus Inferupt commasnd.
This erables the MPSC to detect tha niext
transition of ather ExlernaliStatus bits.

When the CPU detects the end ol message
ar 1hat characier synchranization is last, it
w15 tha Enter Hunt Mode canfrol bit, which
sets the Sync/Hunt bit to 1. The Low-1o-
High transition of the Syne/Hunt bi selsihe
External/Status Interrupl, which must also
be cleared by the Resel ExternaliStatus
Interrupt Command, Nate that the SYNOET
pin acts as an oulpul in this mode, and
goes low every 1iMa a synd pattern is do-
tectad in tha data stream.

D3

06

D7

in the SDLC mode, the Sync/Hunt bit s
imitially set by the Enter Hunt made bat, or
whan 1he receiver isdisabled. In any case, it
is resel ta 0 when the apening llag of the
first frame |5 detected by the MPSC. The
ExternaliStatus interrupl is also genarated,
and should be handled as discussed
previously -

Unlike the Monosyns and Bisync modes,
anceihe Sync/Hunt bitis reset in the SDLG
maode, |t does nol need 1o be sel when the
end ol message is detected. The MPSC au-
tomatically maintains synchronization,
The only way the SynciHunt bit can be sel
again 15 by the Enter Hunt Mode bit, or by
dizabling the receiver.

Clear to Send—7this _bit conlains the in-
verted state of the CTS pin at the time of the
jast change of any of the External/Status
hits (GO, ©T5. Sync’'Hunt, Break/Abort, or
Tx UnderrunfEQM). Any change of state of
the CTS pin causes the CTS bit to be
fatched and causes an ExternallStatus
imartupt, This bit indicates the inverse of
the current state of the CTS pin im-
mediately following a Aeset External!
Status Interrupt command.

Transmitter Underrun/End of Message—
this bitisin a set condition following aresel
{internal or external). The only command
that can reset this bilis the Reset Transmit
Underrun/ECM Latch command (WHO, Dg
and D). When the Transmit Underrun con-
dition occurs, this bit s set, which causes
the Extarnal/Status Interrupt which must
be reset by issuing a Reset ExternaliStatus
command (WRE, command 2).

Break/Abori—in the Asynchronous Re-
celve mode, this bit is set when a Break
sequence {null characler plus framing
error) i5 detected in the dala stredm. Tha
ExlernaliStatus interrupt, it enabled, 15 sl
when break is detected, Theinterrupt ser-
vice routine must (ssue the Reset
Extornal/Status Interrupt command {(WRD,
Command 2) to the break detechion logic
5o the Break sequance terminatian can be
racogmzed.
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S0LC Residye Code Takia {l Field Bits jn 2 Previays Bytea)

8 bilsichar 7 bitsichar

The Breakiabne bit iz regat when the pap. Co All sent—this it is sot whan all charge. |
minatian ol the Break SeQuenco 'rsde]e:lﬁd ters have been genl, in usynchrnnou: :
in the incoming dag stream. The terming. modes. It is reset when characte ;
tion of the Break SEquence algg Causes tha the fransmilter, in asynchronoys modes,
. In synechronoys madeas, this bil is Always
cammand
Enable tha break detec-
far tha next Break ga.
Quence, 4 single BRETANPA UG pyy)) characler
'S present in the feceiver gitar tha terming.
tion o a break: it shiould bp fead and
discardeg, acier oriented, the residua codes
Provide the capability o receiving
leftovar bits. Residus pitg are right jus-
tified in the 1ast w0 data bytas received,

Inthe SDLo RAeceive mg de, this staiyg it is - Parity Error— parity is enabled, this bjt
sel by the detection al an Abiart Sequenca I5set for re ceived charg clers whose par-
{seven or more 1s), The ExternaliSapys ity does nag

interrapt is han dled the same Wayasin the

case of 3 Break, The Break/Aboe bit is nat

used in the Synehronoys Receive made.
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fiead Reglister 1 (RR1): (Speclal Receive Conditlon Mode)
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PARITY ERnOn

s & ERMROA

CRCFRAMIMG CARDA

e L O FRAME (DL CWDLE WOGE)

o5 Recelve Overrun Errar—this bit indi- ing errar, In synchronous modes, a one
cates thal the receive FIFO has been in this bit indicates that 1he calculated
overloaded by the receiver. The last CAC value doas not match the last two
character in the FiFO is overwritten and bytes received. If can be reset by issuing
flagged with this errar. Once the over- an Error Aeset command.
writlen character is read, this error con-
dition is latched until reset by the Eror
Reset command, i the MPSC is in the g
status alfects vector made, the overrun o7 End of Frame—ihis bit is valid only in
causes a special Receive Condition SDLC moede. A one indicates that a valid
Vector. ending Hag has been received. This bit is

resel either by an Error Resetl command

06 CRAC/Framing Error—Iin async modes, a or upon reception of the first character

onein this bit indicates a recewe fram-

of the next framae.

S WM T e s
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Read Register 2 {RR2):

uin LYW
b T
v iy LAty
Wiecrey hcu-lhd.nl:ﬂ'l'ﬂﬂ
AR2 Channel B

D7-Do Interrupt veclor—caontaing the interrupt
veclor programemed inta WH2. Il the stalus
affects vector mode 15 selected (WRT; D2), it
contains the modified VECION (See WR2). ARz
contains the modifisd vector for the highest
Priosity internspt pending. if na interrums arg

pending, the variable bils in the vector are spt
fo one.

SYSTEM INTERFA CE

General ;
Tha MPEC 10 Microprocessor
beconfiguredin many flexihie
face types are polled, wait, inte
memary access driven,

System interface can
ways. Tha basic inter-
Frupt driver, ardiragy

Polled operation s accomplished by repetitivaly

¥et ready to transmit the new byte, or if reception af
new byta is noy complated,

Interrupt driven opoeratian is accomplished via an
internal or extar

nal interrupt contraller. When the
MPSC requires service, It senids an interrupt requast
stgnal to the microprocessor, which respongs wilh
an inferrupt acknowledge signal. When the internal
or gxternal Interrupt controller fecelves the ac-
knowledge, it vectars the microprocessor (o a ser-
vice routine, in which the transaction OCCUrs,

8274

OMA operation 1z accemplished viaan exlernal D
caniroller. Whan the MPEC neads g dala
request a DMA cycle fram the DM
DOMA controlier

dlmultaneausiy

d08s5 a raad from
write to memaor

¥ OF vice-voresy

The lallowing section describes the many config

urations of these basic types of system Intarfac,
techniques for both serial channals. o

POLLED OPERATION:

In the pallad made, the CPU muss manitor the de:
sired conditions within tha MPSC by reading the ap-
Propriata bits in the read registers. All data available,
status, and errar conditions

neds A and B,

There are twa Ways in which the softwara task of

MPSC has been ra-

duced. One is tha "ORing” of all canditions into thae

Interrupt Pending bit, (RRO; D1 channet A only). This
bit is set when the MPSC requires sorvice, allowing
Ihe CPUta manitor ona bitinstead af four statusreg-
i hen the “statys.

Channel B, the Cpy Can read a
wili indicate that one or mare of group of canditions
has eccurred, narrawing 1he fiald of Passible condi-

tions. See WR2 ang AR2in the Detailed Command
Descriplion seclion b

vector who's value

Software Flow, Polled Operation

U

WHEITE T far

TRAN ERidFr

RECEIVE

LU T n-hn-qulﬂhrmn-.:q.qrnd

RF OF & imnar hulnmare ully when T data T




Hardware Configuration, Polled Qperation
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'WAIT OPERATION:

W Operation is intended to facilitate data trans-
mission or reception using block move operations. If
1 block of data isto be transmitted, for example, the
CPU can execute a String /0 instruction to the
MPSC, After wriling the first byte, the CPU will at-
tempt to write a second byte immediately as is the
cass af black mova, The MPSC forces the ROY
signal low which inserts wait states in the CPLU's
write cycle until the transmit buller is ready to ac-
cept a new byte. Al that timea, the RDY signal is high
allowing the CPU to finish the write cycle. The CPU
then atlempls the third write and the process is
repeatad. .

Similar operation can be programmed for the re-
ceiver, During initizlization, wait on transmit (WH1;
D5 = 0} or wall on receive (WR1, D5 = 1) can be
selected. The wait operation can be enabled/f
disabled by selling/reselling the Wail Enabla Bit
[WA1; D7)

CAUTION: ANY CONDITION THAT CAN CAUSE THE
TAANSMITTER TQ STOP {EG, CTS GOES INAC-
TIVE} OR THE RECEIVER TO STOP (EG, RX DATA
5TOPS) WILL CAUSE THE MPSC TO HANG THE
CPU LIP IM WAIT STATES UNTIL AESET. EXTREME
CARE SHOULD BE TAKEN WHEN USING THIS FEA-
TURE.

INTERRUPT DRIVEN OPERATION:

The MPSC can bo programmed into several inter-
rupt modes: Mon-Vectored, BOBS vectored, and
BOgB/as vectored, In both vectared modes, multiple
MPSC's can be daisy-chained.

In the vectored mode, the MPSC responds to an
Interrupt acknowledge sequence by placing a call

instruction (B0BS mode) and interrupt vector (BOAS
and 8088/86 mode) on the dala bus.

The MPSC can be programmed 1o ¢ause an interrupt
due to up to 14 conditions in each channel, The
status of these interrupt conditions s contained in
Read Registers 0 and 1. These 14 conditions are all
directed to cause 3 different types of internal inter-
rupl request for each channel: receive/interrupts;
fransmit interrupts and external/status interrupts {if
enabled).

This results in up to & internal interrupl request
signals. The priordy ol those signais can be pro-
grammed lo one of iwo fixed modes:

Highest Priarity Lowest Priarity

RzA RxB TeA TxB ExTA ExTB
AxA TxA FAxB TaB ExTA ExTB

The Interrupt priority resolution works differently lar
vectored and non-veclored modes.

PRIORITY RESOLUTION: VECTORED MODE

Any interrupt cendition can be accepted intarnally
to the MPSC at any lime, unless the MPSC s intarnal
INTA signal is active, unless a higher priofily inlgr-
rupt is currently acceptad, or if TPI is inactive (high)

The MPSC's internal INTA is set on the leading (falk-
ing) edge of the first External INTA pulse and reset
on the trailing (rising) edge of the second External
iNTA pulse. Alter an interrupt is accepted intarnally,
an External INT request is generated and the PO
goes inactive. PO and [Pl are used for daisy-
chaining MPSC's logether.

A
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Interrupt Condition Gra uping

IMTEANAL INTERALEY
CONDITION REQUERE
BECEY HARACT W= % (Tl — INTERAUST O ALy
Rk £ BECKPPE CHAMACTERE
RamiTY ERAGH SPICIAL
BECEIVT DWERALN dRnOm 1
FRLMING ERAOR RECEIvE

£ CHEH TH
EMD OF FRAME (530 oMLY — TE AL

FIRET DaTa CHLM.I:TI:I_.—______._
FIRET MOw.87HE CHARLCTES (Rvhe MCNE; —
VALID ADSAESS Brre 158 Oy —_—— .

L0 TRAMSITIDN
CTH TRAKEI Ty EETENma L
LR FEAMTITION
To WWDHARLY £ Ok

STatuys
— ENTEMALRY
BACAK sBONT CEVECT

TRAWESHIT BUFFER EupTy

T EANAL
EMTERRUET LOWTN FRIURITY INTERSUPTS MaT mocERt o
AECEPTED ¥

MTERRUAT
IEETLAMALY

R
FATEANAL

HIGKHE R HIGHT
INTA FREQAYY MO PP EMALETY FRIDAITT
I TERRAL) ':T:T:::-.uﬂrl o.l.:cl:rrl:b INTERRUPTY

ADCRFTED

The MPSC's internal INTA iz setan the leading (fail- an external INT request is goneraled and PO goes
ing) edge of the first external INTA pulse, and resat inactive (high). [FO and [Pl ara used far daisy-
on the lrailing {rising) cdge of the second external chaining MPSC's together,

INTA pulsa. Alter an Intefrupt is accepled internally,

AT s e 3 et
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in-Servica Timing

—

FRTCAMEL INTEANLFT
ACLEPTED

IMTERRUFT
IEENEANALY

IS

1
(EXTERAMALY

WA S
IR EAMALY

"~/

W-SERAVICE
[ueTLAMALY

&7 :

Each of the &ix inlerrupl SOMICEs has an associsted
In-Sarvice lajch. After pricrity has been resolved, the

highest priarily In-58
Sarvice latch is el th

rvice lalch is set. After the In-

o [FIT pin goes inactive (high.
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ECI Command Timing

THTEN LY, T R
ALCUFT{D

i e
BHTERRLL|

Lower priority interrupts are nat accepled internally
while the In-Service lalch is sel. Howaever, higher
priofity interrupts are accepted internally and a new
external INT request is generated. I the CPU re-

sponds with a new INTA sequence, the MPSC will re--

spond as before, suspending the lower priority
interrupt,

.__1.-'

Alter the inlerrupt is serviced, the End-of-Interrupt
{EQI) command should be written to the MPSC. This
command will cause an internal pulse thatis used to
reset the In-Service Latch which allows service for
lawer priority interrupts in the daisy-chain to re-
sume, provided a new INTA sequenca does nal start
for a higher priority interrupt (higher than the high-
est undor sarvice). if thera is nointerrupt pending in-
ternally, the IPQ follows IPL




‘lon-Yectored Interrupt Timing
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PRICAITY RESOLUTION:
HON-VECTORED MODE

In non-vectored mode, the MPSGC does not respand
tn interrupt acknowledge sequences. The INTA input
{pin 27) must be pulled high for proper oparation.
The MPSC should be programmed 1o the Status-
Allecis-Vector mode, and the GPU should read RAZ
(Ch. 8} in ils servica routine (o determing which inter-
rupl requires service.

In this case, the inlernal painter being sel to AR2
pravides tha sama lunction as the internal INTA
signal in the vectored mode. |l inhibits acceplance
of any additional internal interrupts and s leading
edge staris the interrupt priority resolution circunt,
Theinterrupt priority resolution is ended by the lead-
ing edge of lhe read signal used by the CFU 1o
retrieve the modilied veclar, The leading edge of
read sets 1he In-Service latch and forces the external
ifT cutput inactive (high}. The internal pointer is
resel o zero 2iter the tralling edge of the read pulse.

T-227 AFWANTDIC
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HIQHEST FRIDRT T

L

WEsL
LOWEST PArGeTY

Note thatif RA2 54«

pecified but noe read, nointernal
intarrupts, regardi

@55 of priority, are acceptad,

DAISY CHAINING M PSC:

Inthe vectorad inlerry Pt mode. multiple MPSC's can
ba daisy-chained on the same iNT. TNTA signals.
These signals, in conjunction with the iFl and PO
allow a daisy-chain- like interrupt resolution
scheme. This scheme can be configured far elther
BLHS or BOSGE/RE based system

In either mode. the sama hardware canfiguration is

called for, The INT request lines are wire-0f'ed [o-
gether at the input of TTL inverter which drivesthe
INT pin of the CPU. The iNTA signal from the CPU
drives all af the dalsy-chaineg MPS5C's

The MPSC drives iPg
active (high) if P finte
thighl, or if the MP5

(Interrupt Prigrity Qutput) in-
frupt Priority input) is inaclive
G has an interrupt pending.

The iPQ of

the highest pria fity MPSCis connected 1o
tha [F7 arq

he next highast Priority MPSC. and 5000,

1117 is active (low), the MPSC
priority MPSC's have no ing
par of the highasy prigrity
{law} ta ensure thal it alw
rest,

knows that alf higher
BITURIS pending. The IFj
MPSC is sirapped actlive
ays has priority aver the

MPEC's Daisy-chainad on an BOBS/BE CPUshauld ba
Rrogrammed to the BDBAMEE Interrupt mode {(WH2;
D4, 03 (Ch. A), MPSC's Datey-chainpg on an B0AsS
CPU should be Programmed o 8085 interrupt mode
Tilitis the highast Priority MPSC. In this mode, the
highest pricrity MPSC issues the CALL instruction
during the first INTA cycle, and the interrupting
MPEC provides the interrupt vector during the ok
lowing INTA cycles, Lowar Priotity MPSC's should
be programmed 1o 80as interrupt mode 2.

MPSC's used alone jn 8085 5

yslems should ba pro-
grammed to BOBS mode 1 in

terrupt operation,
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OMA OPERATION

Each MEPSG can be programmed (o utilize up to laur
OMA channels: Transmit Channel A, Recaive Chan-
nel A, Transmit Channel B, Receive Channel B. Each
OA Channel has an associated DMA Request line.
Acknowledgement of 2 DMA cycie 1S dane ¥ia nor-
mat data read or wrile cycles. This 5 accomplished
by encoding the DACK signals to generate Ag. Ay,

and G5 signals, 3nimulﬂ|:rl|3:-cing them with the

narmal Ag, Ay, and C5 signals.

PEAMUTATIONS

Channels & and B can ba
interiace modes, In all ca
the MPSEC. Thedoliowing lable shaws 1

used wih dilterent system
ses it I5 impossible (o pall
he poss:nle

tions of interrupt, wait, and OmMA modes far

penmuta
g, af WH2 Ch, A deter-

ehannels A and B, Bits Oy,
mine these permutalions.

Permutation

WRZ Ch. A
Dy Dy Channel & Channel B
Wall Wail
oo Imferrupl Imterrupt
Polled Polted
o [sIEE Intate upt
g e L Follad Polied
10 oMA CMA
Pallod Palled

Ot. 0o = 1, 1isilegal.
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AOGRAMMING HINTS

his saction will describe same uselul programming
‘nits which may be uselul in program developmant.

isynchronous Operation

1112 end of transmission, the CPU must issue "Resot
Transmit interrupl/ DMA Pending” command in WRO 1o
=zat the last transmit empty request which was not
.tisfied, Failing to do so will resuft in the MPSC
geking up in a transmit emply state forever,

Hon-Veclored Mode

in nan-veciored mode, the Interrupt Acknowledge pin
[INTA] on the MPSC must be tied high through a
pull-up resistor, Failing to do sa will result in unpre-
dictable respanse from the G274, =

HOLC/SDLC Mode

Whan receiving datz in SDLC mode, the CRC bytes
must be read by the CPU (or DMA cantroller) just like
any other data field. Failing to do so will result in
recever butler overliow. Alsa, the End of Frame Inter-
rupt indicates that the entire frame has been received,
Al this point, the CRC result {RA1:06) and residue coda
(RA1.03. D2, D1} may be checked. :

Status Register RR2

ARZ containg ihe vector which gets modified toindicate
the source of imerrupt (Sea the section titled MPSC
Modes of Operation). However, the stala of the vector
does not change i no new interrupls are generated.
The conlents of ARZ are only changed when a new
interrupt is generated. In order to get the comec
information, RRZ must ba read only afler an inlerruplis
generated, otherwise il will indicate the previous slate

Initialization Sequence

The MPSC initializaticn routing must issue a channsl
Resst Command at the beginning. WH4 shouid be
delined belare other registers. At the end ol the
initialization sequence, Aeset External/Status and Error
Resel commands should be issued fo ciear any
spurious interrupts. which may have been caused at

pawer up,

Transmil Under-run/EOM Latch

In SOLC/HOLEC, bisync and monosyng mode, Lhe
transmit under-run/EOM must be reset to enable the
CAC check bytes to be appended to the transmit frame
or transmit message. The transmit under-un/EOM
latch can bae resat only atter the first character is lnaded
jma the transmit butfer. \When the transmitler undar-
runs at the end of the lrame, CRAC check byles are
appended fo the frame/message. The lransmit under-
rur/ECM fatch can be reset at any time during the
transmission atter the first character. Howaver, it should
ba reset bafore the transmifter under-runs oinenwise,
both byies of the CRC may nol be appended 1o the
frame/message. In the receive mode in bisync opema-
tiaa, the CPU must read the CAC bytes and twa maore
SYMC characters before checking for valid CRC result
in RAT.

Sync Character Load Inhibit

In bisyno/monasync mode only, it 1S possible 10 prevent
loading sync charzeiers into the receve buffers by
setting the sync character load inhibil kit (WR3:01=1).
Cauticn must be exercised in using this option. ltmay
be possibia to get a CAC character in the received
message which may match the sync chasacter and not
gel transferred to the receive bulfer. However, sync
character load inhibit shauld be enabled during all
pre-lrama syne characlers so the saftware routine does
not have to read inem from the MPSC,

in SDLC/HDLC mode, syne character load inhibat bit
must be reset 1o zero for proper operation.

EOQ) Command

ECI command can only be issued through channel A

irrespective of which channel had generaled ihe
interrupt.

Priarity in DMA Mode

Thére is no priarity in DMA mode betwean the fol-
lowing lour signals; TxORO(CHA), RzDACCHA),
TxDRC{CHE], RxDAQ(CHB). The pricrty between
these four signals must be resolved by the DkA,
eontroliee. At any given time, all four OMA channgls
from the 6274 are capable of going aclive

T7-231 AFMETIIC




ABSOLUTE MAXIMUM RATINGS®

Ambient Temperaturs
Under Blas ..., . Y
Storage Temperature
{Ceramic Packaga) ..., . coo0 —B5'C o +150°C
(Plastic Package) _,.,.... - —40C 1o +125°¢
Voltage On Any Pin With
Respect lo Ground

i 010 +70%C

=05V to +7.0v

'NOTICE: Stresses abovp thase Nsted undar “Absoiute
Mazimum Aatings" may cavse permanent damage ta the s
device. THis is 3 stress rating only and functional operg: -
lian of the device af these gr any olhar conditions above
those indicated in the operational sections of thiz spacify 38
calien fs naf fmpifed, Exposure 1o absolute maximum &
raling conditions for extended paviods may affect dovicy -

relablity, P

D.C. CHARACT ERISTICS (1, - oo 10 70C; Ver = 45V =10%)

T

Symbaol Parameter [ Min.

Max. Test Condltiona

Vie Irput Low Yalage =0.5

+0L8

Vi Input High Volage +2.0

Vee <05

Cutput Low Vallage

Tm =2.0maA

+2.4

Dutput High Val age

I = —200uA

Input Leakage Curreng

Vin = Voo to ov

Quiput Leakage Cusrert

vﬂ,ur = "lrcc te O

oL
lep Ve Supply Cyrrant

CAPACITANCE T = 25°C: Vi = GND = 0v)

Parameter Min,

Test Conditions

Input Capacitance

Oulput Capacitance

I = 1 MHg;

Unmeasurad

Input'Cutpul Capacitance

Pins returied
lo GMD

AFRAVIG




A.C. CHARACTERISTICS (1. =oC1a 70°C Vo,

liro

+5V = 107%)
Symbol Parameter Min Max, Units Test Canditiona
ey CLE Perod 250 4000 s
L CLE Low Tima 105 2000 fig
Ty CLK High Time 105 2000 |_ ng
1 CLE Rise Tire ] ilx] | e
7 CLK Fali Tume 8: | =38 F us
LT AL AT Selup o RO ] | | ns
apy AD, AL tp Data Durlpat Digy | 00 | ns Cy=150 pi
tna AD A1 Hold Alier AD s} I | ny
tap AD : 1a Data Dutpul Dolay 2 | m C, =150 i
lan AD Pulse Widik 250 g
tne Dutpist Fipat Delay 120 ns
Taw €3, AD. A1 Selup 1o WA | s
by E8, AD, A1 Haid atier WA 0 s
e WE Pulse Width 40 ns
oy Data Setup to WH* 150 ny
wo Cata Hald Attar WR o ns
tp TP Setup 1o MTA | a "
tis 1B Mold atter (NTA: 0 s
i INTA Pulse Widin 250 ns
torpn Fi} ta PO Delay LLi k) iy
in ERTA | 0 Duta Output Deay 200 n%
oo AD or WA (o DA 150 ns
tay Flecovery Tima Between Conliokhs 100 ng
Tew c3. Al AT o RDY, or AOYg Dalay T4 nE
1oy Data Clpek Cycle 45 ey
e Data Clotk Low Time 180 ns
tncw DOata Claek High Time 180 L
tro TaC to TxD Cainy ki) ns
T FxD Seiup o FTE o n3
1om Ral Hala alter AxC1 140 na
TaC to iNT 4 &
it Tal 1o :H_F Delay L=
LTS Fal 1o INT I}Izlu.r 7 10 ey
Epy CT5, CO, SYNDET Low Tima 200 ny
Tpy E_TS I'_‘E'l !Ti;'NDE-'I-' Hign Tirme 200 ni
External iNT tom CTS. CO, SYNOET =00 na
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A.C. TESTING INPUT, QUTPUT WAVEFDRM A.C.TESTING LOAD CIRCUIT
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FWT TUTPUT
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CLOCK CYCLE

AEAD CYCLE
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WAVEFORMS (Conlinued)

WRITE CYCLE

INTA CYCLE

L]

LAl

i
Lt

l

DMA CYCLE

» Ll

HOTES: s
1. INTA signat acts as AD signal,
Z 1P g:gnat pcts as CS signal,

7-235
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WAVEFORMS (Continued)

READ/'WRITE CYCLE (SOFTWARE POLLED MODE)
ST =

o ay

TRAMSMIT DATA CYCLE

RECEIVE DATA CYCLE

OTHER TIMING

CTL D, BrmdET
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: . 8279/8279-5 T —
PROGRAMMABLE KEYBOARD/DISPLAY INTERFACE

s Simultaneous Keyboard Display © - ' = Single 16-Character Display
Opaerations Ir

s - = Right or Lefl Entry 16-Byte Display
® Scanned Keyboard Mode RAM

® Scanned Sensor Mods =~ "

® Strobed Input Entry Moda i

® B-Character Keyboard FIFO

= 2-Key Lockout or N-Key Rollover with

s Modes Frugr;mma_hlu from CPﬂ
= Programmable Scan Timing

s Interrupt Output on Key Entry

- ® Available in EXPRESS . -« .
Eonact debounce | . © . —Standard Temperature Range
= Dual 8- or 16-Numerical Display —Extended Temperature Range

Tha Intet® 8279 is a general purpose programmable keyboard and display VO interlace devics designed lor use wilh
Inter® microprocessors. The Keybodrd portion can provide a scanned Interface to a B4-contact key matrix. The
keyboard porlion will also intarface te an array ol sensors or a sirobed interlace keyboard, such as (he hall effect ana
ferrite vasioty, Key depressions can be 2y lockout or N-koy rollover, Keyboard antries ars debounced and strobed in

an Bcharacter FIFD, If more than 8 characters are entered, overrun status is s&1, Koy entries set the intarrupl autpul
line to the CPU. ' |

The display portion provides s scanned display interface lor LED, incandescent, and other popular display
technologies. Both aumeric and alphanumeric segment displays may be used as well as simple indicators. The 8279
has VxR dizplay RAM which can be organized into dual 1654, The FAM can ba Ioaded or interrogated by the CPU. Both
right entry, calculatar and left eniry lypewriter display formats are passible. Bath read and wrile of the display BaM
can be done with auto-incremant of the display AAM address. +

Th—
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Figura 1. Logle Symbaol Figure 2. Pin Conliguratlon
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= HARDWARE DESCRIPTION: -

= g functional description of each pin.
= ELEER i | s

L bl 3

;nw B279 is packaged in a 40 pin DIP. The following is

Yable 1. Pin Descriptions

: fem] . Pin
Ha. Hamas and Function Symbeol Ma. Hame and Function
T 8 | Bigirectionsl dals bus: All data SHIFT 1 | Shin: The shill input stalus a3

and commands batwoen the CPU
. and tha B279 are tranamitted on
these linea.

(3]

Clock: Clock from systom usad 1o
generala inlernal timing.

g
g

Resel: Ahigh signal on thispin e
sats (ha B279. Aftor being resal the
B279 is placed in the Tollowing
rraee

1) 16 B-bit characler display
—ioh entry.

2} Encoded scan keyboard—32
JREL hoy lockoul.

iin;‘- s Absng wiih this the progrem clock
) prascaler is &t to 31

v B,

i1

s
|

ca 1 | Chip Select: A low on this pin e
1L sirlea tho intarfasa functions la
receive or iransmil

ek
._ll:l

stored akong with the key position
on Koy clasum in the Scanned Key-
board modes. It has an actve in-
ternal puflup to keep il hsgh untll m
switch cloturs pults it low.
CHTLSTB 1 | Control’Strobed Inpul Mode: For
kayboard modes this ling is usad
23 & controd inpul and stored (ks
stotua on @ key closura, Tha ling
I niso tha stroba Bne that enters
the data into the FIFD in the
Strobed Ingul moda.

{(Rising Edge). i has 2n active In=
tarnal pasliup 1o keep W high unlil
& swdich closura puils it low

e | g 1 | Bufier Address: A high on Lhiz
-rl:_ 5-'-,.4-' i line indicaies tha signals i or out
1}_: i ara intarprated s 8 command of
e status A bow indicales that iney

are data

2 | inputiOutpul Resd and Wil
Thess signals enabls the data
tuters to slthar send data 1o tha
axternal bua of receliva it from (ha
egximrnal bus,

T

=

OUT Ag—DHUT Ay Cutputa: Thass two pars are The
QUT B,-0UT By 4 | outputs for tha 16:x 4 display m-
Iresh registers. The data lrom
thesa cutputs i synchronzed io
tha scan lines {Sig—Skyl for malti-
plexnd digit displays. The two 4
Bit ports may bo blanksd fnde-
pendanily. Thesa two pans may
piso ba congidered a3 one B-bi
parl

1 |interrupt Reguest: In 8 ksy-
board mode, the interrupt line ia
high when thare is dala in the
FIFOySansor RAM, The misorupt
line goes low with sach FIFO!
Sanaor RAM ropd and relurna
high if thore is =l intormation in
the FAM. In n sanaes mods, the
inlarrupl ling goes high whaneves
& changa in & sansor is detacied.

2 | Ground and powar aupply plna.

BOD t |Blank Display: This cutpul is
used to blank the displey during
digit switching or by & display

planking command.

L) st

Scan Lines: Scan lines which are
wtad (o scan the key swilch or
ssnaor malrix and the display
digits. Thesa lines can be sithar
sncoded (1 of 16} or decoded {1
ol &)

i

b

8 | Asturn Line: Baturn line inpuls
which ara connaciad 10 1ha SCen
lin=s through tha keyd of Sensofl
awitches. Thoy have active intarnal
pullups 1o keap thom high uniil &
switch closure pulks ons law. They
glso ssrve &3 an B0 input in the
Strobed Inpul mode.

FUNCTIONAL DESCRIPTION

Since data input and display are an inlagral parl of many
microprocessor designs, 1he syatem desigrer necds an
interface that can conlrol these funclions wilhoul placing
a large load on the CPU. The @774 providas this funchon
[or B-bitl micfoprocessors.

Tha B279 has Iwo sections: keyboard and display The
keyboard section can inferlaceto regular lypewnter siyle
keyboards or random loggle of thumb swilches The
display seclion drives alphanumens displays ora bank of
indicator lights, Thus the CPU 15 reheved from scanning
the keyboard or relreshing ine aispiay

Tha B279 is designed to dirsclly connecl 1o Iha

microprocessor bus, Tha CPU can program all operaling
modes for the 8279 These modes includa:

TA ]

ks
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Input Modes

* Scanned Keyboard — with encoded (B x B key
kayboard) or decoded (4 x B key keyboard) scan lines.
A key depression genarates a 6-bit encoding of kay
position. Positien and shift and control status are
stored In the FIFQ. Keya are automatically dabounced
with 2-key lockout o N-kay roliovar,

Scanned Sensor Matrix — with encoded (8 x B matrix
swilches) or decoded (4 x 8 matrix switches| scan lines,
Koy stalus (open or closed] storied in RAM addressabla
by CFU.

Strobed Inpul — Data on refurn lines during control
ling strobe is rgnslerrad to FIFO,

Dulput Modes

= Bor 16 character multiplexed displays that can be or-
ganized as dual 4-bit or singlo B-bit (By= Dg, Ay = Dyl

* Right eniry or lefl entry display formats.

Other leatures of the B279 include:
* Mode programming feam tha CPLL
= Clock Prescaler

* Interrupt output 1o signal CPU when thare s keyboard
or sensor dala available.

= An B byle FIFD 1o store keybaard information

* 15 byte internal Display RAM lor display refresh, This
RAM can also be read by the CPU.

PRINCIPLES OF OPERATION

Tha tollowing is a deseription of the major elements of the
8273 Programmahble KeyboardThaptay interface device,
Reter to the block diagram in Figure 3.

U0 Control and Dets Buifers

Tha /O control section uses tha G35, Aa, AD and WH linss
to control data llow to and from the various internal
registers and bullers. All data low to and from the B279ia
enabled by C5. The character of the informatien, given or
desired by the CPU, iz idenfitisd by Ag. A logic one
means the infotmation is 8 command or siatus. & logie
zero means the information is dala. AD and WH determing
the direclion of data flow through the Data Bullers. Tha
Diata Buffers are bi-directional buffers thal connect the
internal bus 10 the external bus. When the chip is ot
selected (TS5 = 1), the devices are in a high impedance
state. The drivers input during WR =S and output during
RO =35

Control and Timing Reglsters and Timing Contral

These registers slore the keyboard and display modes and
other oparating conditions programmed by the CPU. Tha
mades are programmed by presenting the propsr
command on the data lines with Ag = 1 and than sending
a WA, The command is lalched on the rising edge of WE,

ELE  AESET [ N ] LT-B T = S 5
FAFOe R A
.ﬁﬁas 0 COMTROL T
Frarus
IMTERNAL - DATA BUS 101 I 7

I
¥
L] E— :
OuELAY COMTADL AMD el A i

adonaLs Ty fe— | Tisairl FEOSEIRTOA 4 ELvROAmD
RECIATERS el AIGETIRS LED] . Hi-u-h.;-u b

—] &
AN I I_ 0N T RO
Thiditegy =
AR —l
COMTROY,
EILAY f SCAMCOUMTER ! I WL TuRs —l I
AEOATERY. | L :
] L] L[]
IHIFT
OuT dgy CUT By [T Aigy EMTLSTR

Figure 3. Internal Block Diagram
E-404 arnrd
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': The command 5 then decoded and the appropriate
g -function s set. The timing control contains tha basie
B Uming counter chain. The first counterizsa = N presealer
B thal can be programmed to yleld an internal frequency
i ol 100 kHz which gives a 5.1 ms keytoard scan time and

‘a 103 ms debounce time. Tha other counters divida
" down tha basic internal Irequency to provide the proper

koy scan, row scan, keyboard mateis scan, and display
. han.a.n times.

= ,&“ Countar it

The scan counter has two modes. [n the encoded moda,
the counier provides a Diftary count that musi be
exlernally decodad to provide the scan hnes lar the
koyboard and display. In the decodad mode, the scan
_; counter decodes the least significant 2 Bils and provides a
o
firg
7

{+decoded 1 of 4 scan. Note than when the keyboard is in

.. decoded scan, so is the dispiay, This means that only the
first 4 characters in the Dusplay AAM are displayed

In the encoded mode, the scan lines are active high

oulputs. In the decoded mode, the scan lines are active
kow oulpuls.

Return Bulfers and Keyboard Debounca

and Control .
The 8 relurn fines are bullared and latched By Lha Return
Bullers_ In \he keyboard mode, these lines are scanned,
booking for key closures in thal row. Il the debaynce
circust detects a glosed swileh, il wails about 10 mses i
check il the swilch remains clased. 1f does, ihe address
of 1he swilch in the matrix plus the status of SHIET and
CONTROL are transierred 19 the FIFQ. In the scanned
Sentor Matris modes, the confents af the redurn lines g
directly transferred to the cor respanding row af (ha
Sensor RAM (FIFQ} sach key scan time, In Strobed Input
mode, the contents of the return lines are transiesresd =]

fhefi Ak Vi T

"-‘- the FIFOD on the rising edge of the CNTL/STE Lie pulse

i, FIFDISensor RAM and Status

-/

5. This block is a dusl function 8 x B BAM. |n Keyboard or
=, Slrobed Input modes; il is 3 FIFD. Each new entry is
:': willlén into suceessive RAM positions and #ach is then
¥, f8ad in order of entry. FIFQ status keeps frack of the
:; number of characlers in the FIFO and whether it iz lull or
£ emply. Too many reads or whiles will b2 recograred as an
2" errar. The status can be read by an A0 with CF low and
~ Ag high. The status logic alse provides an (RQ signal
I when the FIFO 12 not empty. In Scanned Sersor Matrx
e MEde, Lhe memory 15 @ Sensor AAM, Each row of the
[ Sensor RAM is Ioaded with 1he $tatus of the correspand-
- Ing row ol sensorin the sensar malnix, In this moge, RO is
sx-high ol 8 change i & sensor s delectod
.5 il
. Display Address Registers and Display RAM

& The Display Acdress Registers hold the addrase af (he
" Word currently baing wiitten or read by the CPLU and 1he
¢ W0 4-bit nibbles beEing displayed  The read/wrile
;. 8ddresses are pragrammed by CPU eommand They atso
- B30 be sel 1o auto increment afier each read orweita The

isplay HAM can be directly 18ad by the CPU after tho
. “ERIfeCt mode and a twress s 2el, The addresses lor the A
+- 303 B pinbles are --ulamatcally updated by the 8278 1g

.Malzh data anty by tne CPU. The & and B nibsles can be

Frlerea indepencently or as one word, according Lo the
- Mode that s set by the CPU. Data eniry 10 the display can
b8 et 1o auner feft of nght ontey. See Interlace
. Consideratians tor getails

q

E-405

SOFTWARE OPERATION

B273 commands i

The following commands progeam the B279 operaling
modes. The commands are sent on the Data Bus with G2

low and Ag high and are loaded 1o the 8379 on ihe rising
edge of WA,

Keyboard/Display Mode Sal
M5B B
[ofoJofoTo [k TxTK]

Coade:

Where DD 15 the Dhaplay Mode and KKK 13 the Keyhoard
Mode.

Do

@ 0 B 8-bit character display — Lell enlry

0 1 16 B-bit characier display — Left entry®

1 0 8 B-bil character dasplay — Fight entry

T 1 18 8-bil eharacter display — Right enfry

Far description-ol right and lei entry. see |nlerface
Considerations. MNote that when decoded scan is set in

keyboard mode. the deplay is reduced 1o 4 characters
independent of display mode ss|

KKK .

0 0 0 Encoded Secan Keynoasd — 2 Key Lockout®
o 1 Decoded Scan Keyboard — 2-Key Lockout

0D 1 0O Encoded Scan Keybgard — MN-Key Rollower
0 1 1 Decoded Szan Keyboard — N-Key Roliover
1 0 0 Encoded Scan Sensar Matiix

1 0 1 Decoded Scan Sensor Matrix

1 1 0 Strabed inpul, Encoded Dizplay Scan

T 1T 1 Swobed Inpul. Decoded Display Scan

Program Clack

Goge: [afo[1]r[r]r]r]F]

Al timing and mulliplexing signals for the 8270 are
penerated by an internal prescaler. This prescaler
Qividas the exiernal clock (pin ) by a programmable
integer. Bils PPPPP delermine the valua of this integer
which ranges from 210 31, Choosing a divisor thal yields
100 kHz will give the specifled scan and debounce
times. Forinstance, |f Fin 3 of the 8279 is being clocked
by a 2 MHz signal, PPPPP should be se1 to 10400 1o
divide the clock by 20 to yield the proper 100 kHz operat-
Ing trequency.

Raed FIFO!Sansor RAM

Coda; Iil'l!ﬂ[.ﬁ||x|ﬂ;|.l.|.ﬁ.] X =Don't Care

The CPU sets up the 8279 Tor a read of the FIFOISensar
RAM by first writing this command. In fhe Scan Kay-

"Dalac!l alier reser
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board Mode, the Auto-Incremant llag (Al and the BAM

address bils (A8A} arg Irrelevant. The 8273 will automall-
cally drive the data bus for each subsequent read (Ag=10)
In the same saquence in which the data Tirst enterad the
FIFQ. All subsequent reads will ba fram tha FIFO wntil
another command [ issued.

In tha Sensor Matrix Mode, the RAM address bils AAA
selact one of tho B rows of the Sensor RAM. 1T the Al flag
is aet (Al = 1), each successiva raad will ba from the subs-
saquent row ol the sensor RAM,

Read Dispisy RAM

code: [o]1][1][mala]a]a]

The CPU sets up the B272 for a read of the Display RAM
by first wriling this command. The address bils AAAA
salect ono of the 16 rows of the Display RAM. If the Al
flag Is 38t (Al = 1), this row addrass will ba incrementod
alior each followlng read ar write to the Display RAM,
Since the same counter Is used for both reading and
wriling, this command sets tho next read or write
addresa and the sense of the Auto-lncrement mode far
bath operations.

Wrile Display AAM

code: |[1]ofofa]a[ala]a]

Tha CPU sets up the 8279 for a write to the Display RAKM
by first writing this command. Alter writing the com-
mand with Ag=1, all subsequent wrilas with Agx=0 will
be fo the Display AAM. The addressing and Auto-
Increment lunctions are identical to those for the Read
Display RAM. Howavor, this command doos not alfect
the Source ol subseguent Data Aeads; the CPU will read
from whichever RAM (Dizplay or FIFOWSensor) which
was last specilied. If, indeed, the Display RAM was jast
specified, the Write Display RAM will, novertheless,
change the next Read location.

Dizplay Wrlte InhiblvBlanking

A B A B
1] % |Iw|iw)| BL| BL

Coda: 110

The IW Bits can be used to mask nibble A and nibble B
In applications requiring separale 4-bit display pons. By
setting the IW flag (W = 1) for one of the ports, the pant
becomas marked so thal eniries to the Display RAM
from the CPU do nol alfect that port, Thus, if each nibbie
is Inpul 1o a BCD decodar, the CPU may wnte a digit 1o
the Display AAM withoul allecting the other digit being
displayed. It {5 Important 1o note that bil By corresponds
to bit Dy on the CPU bus, and thal bit Ay corresponds 1o
bit Dy

If the user wishes to blank the display, the BL llags are
availabie lor each nibbie. The last Clear command issued
determines the code 1o be used as a "blank.” This code
dafaults to all zeras after a resel. Mote 1hal bolh BL
Nags must be sel to blank & display formatled with a
single B-bit port, .

5408

Clasr

Code: |_1|rfu[c,icnfnn|c,=fc;—]

The Cg bits are avallable in this command to claar all
rows of the Display AAM to a stlectable blanking cods
as lollows:

ED Cﬂ ED Lt t - et
Lt -
0 X ANl Zeros (X = Don't Care)
T 0 AB = Hex 20 (0010 0000
11 All Onas

Enable clear display when = 1 for by Ca = 1)
Cruring the tima tha Display RAM s being cleared {160 =),
It may not be wrilten to. The most signilicant bit of tha
FIFD status word |% 2et during this timea. Whan the Dis-
Play RAM becomes available again, It automatically

; rasels.

It the Cg bit Is asserted (Ce=1), the FIFO status Is
cleared and the interrupl output |ing is resaf, Also, tha
Sensor RAM poinfer s set to row 0.

Ca, the Clear All bit, has the combined eifect of Cp and
Ci it wses the Cpy clearing code on the Display RAM ang
also clears FIFO stalus. Furthermare, it resynchronizas
ihe internal timing chain.

End IntermupUError Mode Sat

Iii1 1IE KFK xh-:i ¥ = Don't care.

For the sansor malrix modes this command lawers tha
IR} lina and enables further writing inla FLAM, (The IR0
ling would have been raised upan the detaction of a
change in a sensor valua. This would have alss inhibited
further writing into the RAM until reseth.

Code

Faor the M-key roliover moda — |1 the E bitis proprammes
1o 17 the chip will operate in the special Error mode (Fer
furtner delails, see inlerlace Considerations Section |

Status Word

The stalus word contains the FIFQ stalus. error, and
Oisplay unavailable signals. This word is read by the CEU
when &g 2 high and CF and AD are low. Sae Intorface
Consigerations for move datail on sfatus word.

Data Read

Data is read when Ag. C5 and AD are all 1ow, The soures
of ihe data is specilied by the Read FIFO or Aead Dispiay
commands. The trailing edge of AD will cause the adaress
of the RAM being read 1o Be incremented o the Auto-
Inerement lag is se1 FIFD reads always increment (if na
error oCours) indopendent ol Al

Data Write

Data that iz writton with Aas, 5 and WA low is Blwayd
writtén 1o1he Display RAM The address s spegifind by tne
latest Read Display of Wiie Display commana Auld
Incramenting on the fising edge of WH occurs if Al &t by
Ihit latest display command,

e - |

e ———
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& INTERFACE CONSIDERATIONS
Scanned Keyboard Mode, 2-Key Lockout

. Thers are thres possible combinations of conditlons
Ihal can occur during debounce scanning. When a key s
, dapressed, the debounce logic is set, Other dapressed
.'.i.’: keys are locked for during tha next two scans. If nona

are anceuniernd, [l is a single key depression and tha
% koy position is entered into the FIFD along with the
- atatus of CHTL and SHIFT lines. If tha FIFO was empty,
- IAQ will ba sal 1o signal the CPU that there is an antry In
“ tne FIFO. If the FIFD was Tull, tha key will not ba enlared
. -and tha error Hag will be sat, i another closed swilch is
| encountered, no enlry to the FIFO can accur. If all ather
h!r.'i ara refeased batore this one, then it will be entered
" 1o the FIFO. I this key is released belore any other, it
\rIJI be entirely ignored. A key is entered to the FIFQ

7k g A R

1' werg prassed along with it or In what ordes thay ware
retensad. Il two Keys are deprassaed within the debounce
2 cycle, it Is & simultansous depression. Neithar kay will
ba recognized unlil one key remains depressed alonn,

: ‘I'hl last key will be treated as a single kay depression.

Scanned Keyboard Mode, N-Key Rollover
i Wilh N-key Rollover each key depression is treated

: independenily from all others. When a key is depressed,

= the debounce circust waits 2 keyboard scans and then

. checks to see il the key is stll down, 11 it is, the key is

.- entered info the FIFD. Any number of keys can be

= depressed and another can be recogrized and entered

7. inta the FIFQ. Il & simultaneous depréssion occurs, the
“‘.I'!- are recognized and enlered according (o the order
lhe hizyboard scan lound them

Sc.nnmd Feyboard — Spacial Errar Modas

"= For N-key rollover mode the uzer can program a spagial
."q error mode. This is done by the “End InterrupUError Mode
i Gal” command. The debounce cycle and key-validily
i ~check are as in normal N-key made, If during a single
Bebounce cycle, two keys arg found depressed, this 13
- Considered a simullansous multipie depresssan, and sets
“anerror tiag This lag will prevent any further writmg into
3o the FIFO and will satinterrupt (il pot yet set). The arror flag
+ could be tead in (his mode by reading the FIFO STATUS
-g,' wofd. (See "FIFO STATUST for furiher details | The errar
. Mag iz reset by seading the normal CLEAR command with
SR,
'ﬁ?f
. Sangor Malrix Mode
- In Sensor Matnix mode, the debounce logic is inhibited.
The s1stus of the sensor swilch is inpelted directly 1o the
311'!'-!-0# HAM. Inthis way Lhe Sensor RAM keeps animage
al the s1a1m of the switchas in the sensor matne. Although
Bebouncing s mol provided, this mode has the advantage
that the CPU knows how long the sensar was closed and
. When il was releated A keyboard mode can enly indicate
o B validated ciosura. To make 1he software easier, the
-, Besignar showuid functionally greup the sensors by row
BnER this is the farmat in which the CPU will read them.
.. The 18D line goes mgh it any sansor valus change is
. Betactad a1 tha end of & sensar matrix scan, The IRG lina is
CHared by lhe first data read operation if the Auto-

:;_-.

only once per depression, no matter how many keys -

Increment flag is sat 1o zero, or by the End Interrupt
command if the Auto-Incrament flag is =&t 1o one.

Hote: Multiple changes in the matrix Addressed by (Slg.a
= 0 may causs multipla intarrupts. {SLo = 0 in tha Decoded
Modet. Reset may cause the 827910 tea multipla changes.

Dats Formal

In_the Scanned Keyboard moda, the characles entered
Into the FIFQ cormesponds 1o the position of the switch
In tho keyboard plus (he status of the CNTL and SHIFT
lines (non-invarted). CHTL is tha M5B of the character
and SHIFT is the next mast significant bit. Tha next
three bits are from the scan counfer and Indicate tha
row the key was lound in. The last thres bits ara Irom (ha
column counler and indicate to which ratum line the key
was connected,
L=

MEE
i L] T Li
|'ITN1'L!-5HIF|'1 SCAN RETURN —I
A 1 I ]

. SCANNED REYDBOARD DATA FORMAT

In Sensor Matrix mode, the data on the return lines is
entered direclly in the row of the Sensor RAM that
corresponds lo the row in the malrix being scanned.
Therelore, sach swilch postion maps directly to a Sensor
RAM posibion. The SHIFT and CNTL inpuis are ignoredin
this mode, Note that switches are nol necessarily the only
thing thal can be connected 1o the rofum lines in this
mode. Any Iagic thal can be triggered by (he scan lines
can anter data 1o the return line inputs. Eigm multiplezed
inpul pors could be lisd fo 1ne relurm lines l.nd seanned by
the B279

Lo LER

I HL;IM4| RL-;,[HL.[F[L, |R|.1!n1..im,, I

In Strobed Inpul modes, the datais also enlered o the FIFO
from the return lines, The data is entered by the rising
edye of 3 CNTL/STH hne pulse. Dala can come from
anolher encoded kéyboard or simple swalch malniz. The
return lines can also be used as a general purpode strobed
Input.

LhRAT] L5a
[ nL,iu.]m.,]mf'n_q}mziah[nq ]
Display
Lett Enlry

Ledt Entry mode i the simplest display format in that eagh
dizglay position drrectly corr esponds 1o a byle (or nibble}
in the Display AAM. Address 3in the RAM is the laf-most
display character and address 15 {or address 7 a0 8
characier display] 15 the nght mosl display character
Entanng characters feom position zero causes the display
10 Bl frarm the tell, The 1710 (9th) character s entered back
in ine lell most pesihion and lilling agam proceads (rom
there.

RS
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i | Td 15 -=— Display

i RAM
e 1 )
: bl Tt Addiets
o1 415
_ 2l entey 1 'I z | I
oo 15 y
LELTER 1 ] F 15116 I
ot 1415

¥ 171h entry III F; [15 15!
o PRI
18U ey | 17 ||aj |15||5 |
LEFT ENTRY MODE -
IAUTO INCREMEMNTI L,
Right Entry

Aight entry 15 the memod used by most electronic
caleufators. The first entry i3 placed s the nght most
display character. The nesl eniry 15 also placedin the righ
most character alter the display s shilted lell one
character. The leh most character 15 shifted afl the end

and is last.
12 T4 15 D= Diplay
=t FLAM
| [ i I ]
Tet entry e B e
73 5.8 1°

B EEIEY]

14 011

5 ¥d entry l l L-F__|1|J'|J1
g1 = s 13 14 18 _'
tethentry | 1] z[_ o _iH!lﬁhEJ :

1 12 _ 15 o

F ¥t entry 2 !1: : S 15|Iﬁ!1:|’l

3 15 0 1

1Bk entry 1:|i4|:::_||5'|1:[|n]

RHGHT ENTAY MODE
IAUTD INCREMENT)

Moie thal now the display position and regisler address do
nof correspond. Consequenltly, entenng a character ta an
arbilrary posilicn in the Aulo Incremenl mode may have
unezpecied rasulls. Entry stariing al Display RAM address
0 wilh Seguential enley 15 recommendad.

Aulo Increment

in the Left Eniry moda, Aula Incremenling causes ihe
address where ke CPU will neéx! wiile to besncremantad
by one and the charactar appears o lhe nesl loeation.
With nan-Aulo Incrémenimg 1ha entry i3 both to the samié
AAM address and display possbian. Enlry 10 an arkilrary
address i the Aulo Increment mode has no undesirable
side eflects and théa resull & prediciable

0 1 23 & 5 § 7-=—Daplay

wey T TTTTTT] ™M
011345.51.
< ey DELTTITT]
0 1,20 4°5 8 17 .
corens [V[z] [ [ 1]
Erter ratnt a1 Locatsnn S Auto |icrerment
o1 234567 )
it £ E21 1 ) 0 2
g 1.2 3.4 5687
wney 2] ] ] 3[+] ]

LEFT ENTRY MODE

JAUTO INCAEMENT) 3
In the Right Entry mode, Aulo Incrementing and non
Incremanting have the seme eflect as in the Left Enlry
excepl il the address sequence is inlerrupted:

- -2 345 B
I-ﬂml:r-rl]!llil“]

T 0 == Diplay
AAM
Addeeis

dndeny [ 1] RO
.03 & B0 01
comaed [ ] ] 701 IV]2]
1001007 z
Enmer rent #f Locatuen 5§ Auls ingaemend
. R TG O e Y O e
agenry [ 1 (3] 7 10 [2] ]
4568 ¥ -1 2 2
drh enry I !'.r|4| .I".!l 15: 1

MIGHT ENTRY MODE
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8279/8279-5

Eniry eppears to be from the initial entry point,

Wicis » :

1~ "G Characier Display Formals

& I the display mods is set 1o an 8 character display, the on
% duty-cycie s doubla whal 1 would be for a 18 characler
=, dipiny (B.g., 5.1ms scan time for B characlers vs, 10.3ms
%}k{ 16 characters with 100 kHz internal frequency),

'_;hﬂ. FIFD Status

£ FIFO stalus is uzed in the Keyboard and Strobed input

. modes to indicate the number of characters in the EIFO

* gnd 1o Indicale whather an error has occurred. There ars

i:_hw types of ermors possible: overrun and underrun,

=, Overrun occurs when the entry of another character inis a
full FIFD is attempted, Underrun occurs whan the CPU
tries 10 read an smpty FIFO,

7 Tha FIFQ atatus word also has a bit (o indicate that tha
*7 Display RAM wes unavailable because s Glear Display or
2 Cloar All command had not completed its clearing
'_-'ﬁ'.' operation.

1
-

A
B

In & Sansor Matrix mode, a bit is 58l In tha FIFO stalya
word to Indicate that at l=2ast one sensor closure Indica-
tizn is contained In tha Sansor RAM.

In Special Error Moda the S/E bit s showing tha emor
flag and serves as an indication te whathear a simullane-
ous multiple closure amor has occumad.

FIFD STATUS wOAD
*—HFG Full

Lesefofule [n]w]n]

Mamber af
characiery in FIFO
= Erves Urdermun

Erres Dhwerrun

Sevior Closure/Erres Flag for
Slittiphk Cloiaren

Dizplay wnas pisbis

s

n'."-‘-'-‘_l'

BT BEYBIARD
MATRIX

s

T
el BT DaTh BT
-

o
&

*[ka ol drres Uhe vy boar dacoder silf (Fe MESE ol ire sean homg

ADOATELLE
[ilies el i)

i CHARACTEHRY

BrrLar

Figure 4.

System Block Diagram
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ABSOLUTE MAXIMUM RATINGS*

Ambient Tempeatur® ... .0.0.0.,. 0°Cta 70°C
Storage Temperaters . ... ........ -65'Cw 125°C
Valtage on any Pin with

Respectto Ground ..., .0. .. ..... 0.5V o +7V
Power Dissipation . ...ouuiininsnnn e s i 1 Wate

‘NOTICE: Strassas above thosa Nsfed undar “Absolute
Maximum Aatings™ may eause parmanent damags te the
dewice. This is & siress rating anly snd fusctional opars.
tion of the device at (hesa or any other condilions above
those indicaied in the oparational sactions of this specify.
calion 15 fof implled. Exposure fa sbsoiule maximum
rating conditions for extended peripds may aflect davica
reltability,

D.C. CHARACTERISTICS [1, = e o 70°C, ¥eg = OV (NOTEZ)"

Symbaol i Paramater Min, J Mazx. Unit Test Condlians
Vin Input Low Voltage for -0.5 14 v |
Figturn Lines -
ViLe? Input Low Valage for All Others =0.5 0.8 )
Vi Input High Voltage for 4.2 v i
Return Lines
Ving Input High Valtage for All Others Za v
Voo Output Low Valtage a.4s5 Y Hate 1
Vam Qutput High Voltsge on Interrupt 15 Y Hote 2
Lire
Vouz Other Outputs 24 ok = 308 a ;3-,.?3'5_'
TR Ingast Current on Shify, Control and +10 s Vin = Ve |
Return Lines -1040 WA Wipg = OV _J
[ s Input Leakage Current on All Dthers 110 A Vin = Vor 1o OV ]
lagy Qutput Flost Leakage 10 uA YouT = Vee 10045V
[ Pawer Supply Cusrent 120 m, = _J
CAPACITANCE :
Symbeal Parameter Typ- T ™ax Unit Test Condltions
Cim Input Capacitance 5 10 oF fe =1 MHz Unmeasured
CouT Output Capacitance 10 0 of pins returnad to Vg

A.C. CHARACTERISTICS [1, - C 1o 7o°c, Vg5 = OV, (Note 3] *

Buas Paramalers

READ CYCLE
B27a | 82795
Symbel Paramsiler Mirn. Maz. | Min. Max. Unit

tan Address Stabile Bafore AEAD 50 o n |

TRA Addresy Hold Time for READ 5 ‘I:I- A | .

HA AEAD Pulis Width 420 250 ni

tao ¥ Data Oelay fram AEAD 00 | 18 | m ___
| tanl | AddvasinGista vane 450 | 0 |

1nF l m:uﬂah Floating 10 mwa | w0 160 | s

tagy | Aead Cyele Time




B273/8279-5

“'A.C. CHARACTERISTICS (Continue)

WRITE CYCLE
.‘f-' Symbol Paramalor Min i Max. Min. Max, Untt
Eﬁ’ 2 Taw Address Stable Beiore WRITE 50 o ns
e TWA Address Hold Time far WRITE 0 i ™
s [ WRITE Pulie Width 400 250 s
o Tow Data Set Up Time for WRITE 300 150 ns
Twis Data Hold Time lor WRITE 40 0 e
woy Writa Cycla Tima 1 1 | p3 |
GTHEH TIMINGS
8779 B27%5 |
Symbol Parameler Min Max. Min. Max. : Unit
sy Law Clock Pulse Width xx 120 | niec
ey Clock Prriod 500 320 .I'i_ nsec J
Kn‘bﬂurd: Scan Trna ....................... Digit=on TIME . .uieesecranrmararcassanssnss 480 jpsec
xu,-bqar:i Dobounce TIME ..o i Bianking Tima v+ 160 psec
f-_ Koy Scan Time ....ocoiouess erRATCIBG CRIO o s oiin b san 10 psec
¢ Display Scan TIMa ...
-
B HOTES:
ﬂ*., 1, B379, lgq = 1.5mA; BITR-5, ig. = 22mA
SR gy = — 100 A
W s s279, vee = +5V =5%; 82735, Voo = 45V S10%
.M, 8279, CL = 100pF; B279-5, Cy = 150pF.
‘.a";_ B The Prascaler should be programmed ta prowide @ 10 us internal chock cycle.
T Fur Exionded Temperaturs EXPAESS, usa MIZTIA elacirical paramalers.
'@‘"
AC. TESTING INPUT, oUTPUT w.&"-l'EFDFlM A.C. TESTING LOAD CIRCUIT
¥ =l
W OAT LT
= 1

Sy,

TS ARE CRIVER AT 2 4V FOR & LDGAC 1 AMDIR 439 FOS
SR WEABLRE TS ARE WAL AT 7 O FOA & LOGE

€ = 17 pF
Ly ®CLLIDE 3 P CAPACIERMCE
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WAVEFORM

5 (Continued)

| scan
! Fa 2
SRS i 1y i o ol ol B
(SR e A o P e
|
ke B = | L
.l . | | =i
i S
e ine
=W g R e U
| R ¥ ey =] e
| - 1 i || LT
| o . ez oo 108
W

[

)

oA HEE

Ll
WLARE COOL IS DITHER ALY
FaOmagl

|i1.,||M|Ing|FLl|'1-|i|‘-‘1|‘|-['|-r|"h|ll||

CONDITRORAL WRiTE TD
B g BELECTED, LATEHED

=

ROTE sl ol ERCoDD 10AM LEFT EvTay

Wiy | "y I mLy | u.jru..l Bip
A AT &

BBy ARE BOT FHOws BT THEY RAE LIWPLY 3, DONBED &7 1 AhG &

6413

PR e S, g e
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WAVEFORMS

AREAD OPERATION

-.c:')i_

K

tan i

1

tncy
Lam J-.—.,,__..!

TE

o

LLEERERI RO

WRITE OPERATION

Bata mn OATA
I MY CHARGE

= DATA WALID

TATA
SAY CHARGE

s et ] [
e e R A

-

CLOCK INPUT
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Flgure 1

SYSTEM BLOCK DIAGRAM

INTER ASSEMILY KETWORE,

INDICATOR OR - ]
S SENSOR I

SENSOR

INDICATOR OR S
RECORDER

——

SENSOH

INDICATOR OF

RECORDER I———--____————_..

SENSOR

INTER-ASSEMELY

INTERFACE T

CONTROL }[\

PRINTER DATA FROCESSOR
S INTERFACE i
HEHDRY
- ADUS INTERFACE DATA
J
CONTEDL
b, .
FRONT PANEL
INTERFAGE
v
SWITCH
DLSFLAYS kaCin i




Starc-up and
Recovery

Reser

Front Panel
Swicch
Interface

Time Qutc

Watch Dog Timer
RIC Intercupt
0.1 Seconds

Timer Heset

0.5 Seconds 0.5 Seconds i
play Driver
(Mindmum) Scheduler

60 Seconds 3 Seconds
5 Seconds

Inter-Asseably
Sensor Folling

Inpur Buffer
Flag

Input/Curput
Interrupec

Wind Data
Frocessing

Figure 2

CONTROL, FLOW DIAGRAM
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- CRCIE -
Figure 3 |

DATA FLOW DIAGRAM

I/0 BUFFER

INTER-ASSY
SERTAL DATA

WIND DATA
1 z i & INPUT EUFFERS

VIND DATA PROCESSING 1 ;
— 2
| 3
TEMFORARY
RESULT
BUFFER
&

RESULT BUFFER

—
P

el

s

WIND HISTORY
DATA QUEUES

DISFLAY
AWDS BUFFER 1 F! 3

BUFFER

-

FRONT PANEL

PRINTER
BUFFER




XFFFF

XCppp

X@3FFF |

Xp2ppp
X@1FFF

XDooo

EPROM - 16k Bytes |

RAM - Optional
Bk bytes

RAM - Required
Bk bytes

Figure 4

MEMORY MAP




Watchdog Timer
Reset (WDTR)

i
[///A.

FFFFy

/]
ﬂﬁFFH
MC5
Miscellanepus control
= & status
PAERY
FDO
Printer Data Output
PoCy
KDC -=8279
PRady

B4y
RTC - 7170
A28y
MPSC - 8274
eedy
Figure 5
1/0 MAP
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Figure 6

MEMORY ALLOCATION

INTER ASSEMELY oM 50 BYTES
INEUT UFFER !
PROCESSING [
r INFUT BUFFERS 8 BYTES
¥
SPEED DATA GUEDE 240 BYTES
- 1
DIRECTION DATA QUETE 240 DYTES
y
304 BYTES
SENSOR 1 GUST DATA QUEDE 240 BYTES
3
24 HRE, PIAX WIND QUEUE 120 myTES
y
RESULT BUFFER 32 Brres
|
SCRATCH PAD 24 BYTES
J’ A
SENSOR 2 & 904 BYTES
f }
SEXSOR 3 "-Z} 804 BYTES
i 1
SENSDR 4 TN "7\3 904 BYTES
= | 3
TIME DATA QUEUE 250 BYTES
]
TEMPORARY RESULT BUFFER 16 BYTES
¥
r
AWTIS BUFFER SENSOR | 12 BYTES
1
1 L48 BYTES
ANDS BUFFER SENSOR 2 327 BYTES Ex

OUTPUT BUFFERS ¢

AWTS: BUFFER SHESOR 3

32 BYTES

AWDS BUFFER SNESOH 4

11 BYTES

PRINTER BUFFER

33 BYTES

DISFLAY BUFFER

32 BYTES

L114 BYTES

e i T

e e



START

3

CET RTC INTERAUFT
STATES

CET HINUTES

SET 5 SECOND
= DELAY
COUNTER

SET UPDATE HELY +

I?M:I.'t PE WIND FLAC

SET UPDATE 5TOD
DEY FLac

YES SET PRINTER | .|  SET UPDaTE
P FLAG DISPLAY FLAGC
T
i
L
Figure 7
SCHEDULER - Part 1
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TTEDL‘: CTR=0 SET TIMEOUT FLAG '

1
KO
A
AUMNEY INTER-ASSY
COMM. TASK
AV
DEC 500 HSEC CTR -J
500 HSEC GTR=D YES RESET 500 MSEC CTR SET REFRESH DISPLAY

: FLAG
HO

BTI

Figure 9

SCHEDULER - PART 3



SET TIMEDUT
CIR I0 § SEC

i

SETUP TO
RECEIVE TAANSMISSION

AWAKEN BY 3
INTERRUPT
RIH
F
SET TIMEQUT
CIR TD § SEC
HO

a
i

1]

: . ; PFROCESS /P
T BUFFER

STORE NEW
ACTIVE SENSOR #

Figure 10

o .. 4 . INTER-ASSEMBLY COMMUNICATION TASK - PART 1

—— | vi e _-_ 0 Py
Rt i L e

A R e i —




.

FORMAT AND SEND
POLL REGUEST

Cr——

SET TIMEOUT To
200 MSEC

b4

SETUP TO RECEIVE
SENSOR 1 RESPONSE

INTER-ASSEMBLY COMMUNTCATION TasK -

1

H=H-]|

YES

\

INC FALL
POLL C3R 1L

GOon
RESPONSE

FORMAT ANDY SEND
REFOLL REQUEST

e = e S P

PART 2
L
HOYE DATA TO
PROCESSING 3UFFER 1
AND FLAG COOD AT
B =

N/

CLEAR FAIL
POLL cTR 1

IR

W

1 PROCESS BUFFER 1

FLAC BAD DATA

S

M s g fom mie o

L2
OF SENSORS




FLAG BAD DATA
IN PROCESS BUFFER
FOR N SENS0RS

/

INC TIMEOUT
- FAIL. CTR

Figure 12

FOLLENT = FOLLCNT +
(¥ OF SENSORS =
TIMEQUT FAL CTR)

Vi

. SET CONTEOL FLAG

INTER-ASSEMELY COMMUNICATION TASK - PART 3
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Figure 14

INTER-ASSEMBLY COMMUNICATION TASK — PART 35

0 &

TRAMSFER DATA TO
FROCESS BUFFER ARD
FLAG COOD DATA

MASTER ASSY SENSOR RESPONSE #= TRARSHIT MASTER TAXE-
“y { OF SENSORS OVER COMMAND
YES
HASTER TAKE= BACK UP ASSY CLR CONTROL FLAG
OVER COMMAND ?
HO RO W
CILR TIMEOUT FAIL. CTR
N
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v

N o= POLLENT + 1 &
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2
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FLAG BAD DATA [H
PROCESS BUFFER FoR

F SEMSORS
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' W
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— e e e i -CLE TDEouT
1) FAIL CTR

Figure 15
£ INTER-ASSEMBLY COMMUNICATION TASK — PART f
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FIGURE 1B

WIND DATA PROCESSING-MAJOR LOOP

: ENTER '

g

RESET 1

INCREMENT T

REAL IMPUT BEFFER
FLAL FUR Sumspa [

CHECK SEMZOR STATUS

v

CEEAR [NFUT FLAC

I

CHECE SEMSOR STATUS

!

CLEAR INTUT FLAC

Aﬂ.ﬂ_

BAD paTa
FEOLTINE

CLEAR DATA
LI

VALLLS

WIND DATA
PRUCESSINE

CLEAR FATLUEL
CIR




WikD BATA PROCES SIRG

TES

UPDATE TIME QGEUE —[

COMPUTER 5 § g

FIND DIRECT10M
[ | vaRrastiiTe (1o HIN.)

T v

BOVE ¥EW [upiT
DATA TO QUEDE

o

FIsD E & 0
COMPUTE OVER T MIN,
(10 MINUTES GPTIONAL)

FIND STAKDARD
DEVIATION (10 HIm.)

DATA CTRIID MIN.
¥

FIND: #ax v,

HIN ¥, C5

OVER 1 HN.
PERFORM RESET
Y FUNCTION o
= RECOVERY pFrac

FIND PV, @, . L
FIND wu: Fevn Topn

FIND HAX GUsST
OVER [0 MIN.

FIGURE 19

WIND DATA PROCESSING

SET FLAG 0N Ov, 50, FV,G

SET SHORT
RECOVERY FLAG

SET LONG
RECOVERY FLAG

l

DATA CTR»2 MIN.
o

h 4

SET FLAC OM § & B

PERFORN RESET
FUNCTION o¥ Lowc
RECOVERY FLac

A

h 4

UPDATE RESULT BUFFERS

< INCREMENT
DATA Couwrag

DATA CTRYL  HIn,

1

SET FLAG ON C5




FICURE 20

FEAME OF REFERENCE

X + Y COMPONENTS OF WIND VELOCITY

';:/r"\arﬁr
A v
VECTOR VALUES o
V = WIND SPEED
© = WIND DIRECTION N _y East

ORTHOGONAL VALUES
X =Y 5IN (8)
Y =V COS (8)

DIRECTION (©) IS REFERENCED TO THE NORTH AXIS AND INDICATES THE
DIRECTION FROM WHICH THE WIND IS COMING.




FIGURE 21

VECTORIAL AVERAGE ROUTINE

WIND SPEED & DIRECTION - §, §
1) TWO MINUTE VECTORIAL AVERAGE OF FIVE SECOND SAMPLES,
2)  UPDATE EVERY 5 SECONDS
3) 00 OR 3600 < 3400
4) " CALM WIND = g DEGREES & 0 SPEED
QUEUE SEGMENT
X-COMPONENT DATA - X; X, X;... Xa4
Y-COMPONENT DATA - Y| Y, Y5... Y4
EQUATIONS
2 AND 10 MINUTE AVERAGE VALUES

a=z fio

3(_:1 = i Xi/2¢ X, = Z Xi/1eo

2%

Yz :Z X'/zéﬂ %{ﬁij Yr'/.raa

=7

2 AND 10 MINUTE VECTORIAL AVERAGE
S \FTTo S, VT
5.?. XL +>’z 5;; X.M ¥ Ie

2 AND 10 MINUTE AVERAGE DIRECTION

& = ARCTAv ?E“ , For  +¥ +Y

= ARCTAX 17| L 90° | for +X-Y

Qy
I

@
It
=
™
™
o
>
<
-4
e
wy
L)
L
2
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>
+
=L




FIGURE 22 '

CALCULATION OF GUST SPREAD

< GUST SPREAD >

SET MAX V = @
SET MIN v - 250

o=y, 1z

IF V{I}>HAX ¥

THEN MaAX ¥ = ¥(I)

IF W{I) 4 HIN ¥

THEN MIN ¥V = w{I}

LOOP

G5 = MAX ¥V - MINV
SAVE G5

!

(3




FIGURE 23

CALCULATION OF GUST
USING TWO MINUTE AVERACES B =
L] }
ra

cs=lo7 i

W

Gal)

A

CUsT YES
QUEUE = O
1
v
DISPLAY
10 HINUTE PEAE DESPLAY O
WIND SPEED
; [
Y




Y

14

G-FY

I
SAVE G IN QUEUE
TES
]
DISPLAY
10 MINUTE PEAK DISFLAY @
WIND SPEED

FIGURE 24
CALCULATION OF GUST
USING TEN MINUTE AVERAGES




FIGURE 25

PEAK WIND CALCULATIONS

A

FIND 10 MIN,
PEAE (bV)
LT 1% A

FW¥H = PV{V,D.T)

INCREMENT onT ‘ Ez

OUTPUT LATEST PV
PLACE P¥H IN PVD BUFFER
RESET EFVH

v

FIND 24 HOUR
FEAR FROM PVDALY

|

h 4

RESET -CxT

!

OUTEUT VDA
OPDATE TWD LUFFER

EXIT




DIRECTION VARIABILITY - DV

COMPUTE D8 = 8, - g,

IF D8 > + 1309 ﬁl;'.ID 3-.35!}0
COMPUTE DD8 = D8; - D |
IF DD8 > + 1809 ADD + 3600 TO D8
IF D6 IS NEW MAX OR MIN, SAVE
IF MAX - MIN > 3609, THEN DV] = DV2 =8
ELSE DV1 = 8, + MIN

DV1 = 8, + MIN
IF DV1 < 0 ADD 3600
DV2 = 8, + MAX
IF DV2 > 3600 SUBTRACT 3600

Figure 26

DIRECTION VARIABILITY




Figure 27 (4)

DIRECTIONAL VARTIABILITY CALCULATION - EXAMPLE 1

8 Da D6;-Ds; CCW fmin) cw (max) max-min
1 285 0 0 0 0 e
2 350 65 65 ' 0 65 -
3 275 -10 -75 -10 65 -
4 10 85 (-275) 75 -10 85 -
5 120 195 (-165) (-250) -10 195 -
6 21 285 (-75) (-270) g 285 -
7T 295 370 (10) (-275) -10 370 380

S lnltrmcdintc Value




Figure 27(B)

DIRECTIONAL VARTABILITY CALCULATION — EXAMPLE 2

8 Da D8i-Da; 4 CCW (min) cw fmax) max-min
1 .3;4{} : o 0 0 0 --
2 2 40 (-320) 40 0 40 o
3 20 110 (-250) 70 0 70 -
4120 140 (-220) 30 0 140 -
3 185 205 (-155) (-295) ﬂ 205 L 205
6 130 150 (-210) -55 0 205 205

DVI = 8, + MIN = 340

DV2 =8, + MAX = (545) - 360 = |85

( }Intcrmcdiatc Yalues




YES

STANDARD
DEVIATION

CLEAR 5UMS

SET 1L =10

COMPUTE INDIVIDUAL
DEVIATION

bt - [ - g

l

CORRECT TH
IF
% 180 DEGREES

l

ADD DL TO
SQUARE DOF SUMS
SIMATION

SOUARE Di

¥

ADD Di A 0

S5M OF SQUARES
SUMMATION

I =1+

HD

[

COMPUTE MEAN
OF SUMs

a2

=z
e

L

COMPUTE
VARIANCE

van = x% - ?

b 4

COMPUTE
STANDARD
DEVIATION

5.D. =\ VAR

EXIT

Figure 28 - Standard Deviation of Wind

Direction Routine




Figure 29

SENSOR # FLAG BIT MAP

Active

a3

Sensor

Sensor 1
Sensor 2
Sensor 3

Sensor 4

Temporary Sensor
Display Mode

1

2

n

Sensor/Mode
Sensor/Mode
Sensor/Made

Sensor/Mode



Field Select

0 = Hour

[
]

Minute

{ 5
(]

Second

L
1

Month
4 = Day

5 = Year

{Noc Used)

Down

Up

Clock Status

0 = Run

l = Set
Flash Flag

0= g

1 = Blank

Figure 30

CLOCKEFLAG BIT MAP



Status Bit 1

Adcknowledge Bit ol

Ho Error

Flash Display

Error Acknowledged

Figure 31

ACKNOWLEDGE/STATUS BIT COMBINATION
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Figure 34

FRONT PANEL SWITCH HANDLER - PART 3
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Figure 36 A & B

FRONT PANEL DISPLAY TASK - PART 2 A & B
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Figure 37 A & B !
FRONT PANEL DISPLAY TASK — PART 3 A ® B. -~ A
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FIGURE 40
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FIGURE 41
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FIGURE 44
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Sensor Error

Loss of Master
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FIGURE 45

CPU TEST FLOW GRAPH
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ROM TEST FLOW GRAPH




FIGURE 47

RAM TEST FLOW GRAPH
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Figure 50 - Power-Up and Recovery Routine
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321 LIST

G ( INDICATOR/RECORDER MEMORY ALLOCATION )

1

2 HEX 1F1F WIDTH ! ( SOURCE COMRILE W/ 31 CHAR NAME )
R =

PRt RO ST AR P EPROM LFErET—

_5 — — —— — L —_— o —— - — S— ——

& 0000 EQU ORAM 1ST ADDR. OF RAM [OOQOT ) i
7 1FFF EQU TOPRAM { LAST BDDR. OF REM C1IFFFI )

)

9 0000 EQU ZERO ( SEGMENT REGISTERS OFFSET )
10
11 2 DICTIONARY ( SYSTEM TARGET COMPILATION DICT. )
12
13 /PROM 3FFF - WINDOW ( 1ST EPROM COMPIL. ADDR. CCOOGT )
14 40 ALLOT ( IST RAM COMPILATION ADDA. COOOal )
15 .5

ace LIST

0 ( INDICATOR/RECORDER TASKS RAM ALLOCATION )

1

2 HEX

3 TOPRAM 100 - EQU 'OPERATOR ( DISPLAY TASK AREA [1EFF1 )
&

S TOPRAM 200 — EGU *COMM. TASK ( INTER-ASSY TASK AREA C[1DFF1)
=3

7 TOPRAM 300 — EQU * AWDS. TASK ( AWDS TASK RAREA C[1CFFI )

a8

9 TOPRAM 400 — EQU *WDOG ( BYS. TEST TASK AREA C[iBFF] )
10
11 TOPRAM S00 — EQU 'DATA. PROC ( PROCESS TASK AREA [1AFF1 )
12
132 TOFRAM €00 — EQU * PRINT. TASK ( PRINTER TASK AREA [19FF1 )
14

15 .5

-2 LIST

0 ( RELEASE AND CHANGE HISTORY )

1 ¢ INITIAL VERSION RELEASED 11/16/87 )

e ric. op ROUTINE GDDED FOR DEBUGGING )

3 ¢ BLK 421, L7 - SCREEN FORMAT CHANGED FOR READIBILITY )

4 ( BLK 429, L10 - STD. DEV. PRINT FIELD INCREASED FROM 2 TO 3 )
S ¢ BLK 488 — BUST ROUTINE CHANGED TO LIMIT TO 10 MINUTE PERIOD )
& ( BLK 622 — ROUTINE EAD.SUM ADDED )

7 ( BLK 624 - L11 - CHANGED C' TO ! FOR POWERFLAG )

8 ¢ BLK 625, LS — ADDED CALL TO BAD.SUM )

9 ( BLK €26, LS — ADDED CAlLL TO ERD.SUM )

10 ( RELEASED AS VERSION A 6&/2/88 )

11 ( BLK 327, L12 — EXPANDED LOAD TO SCREEN S&9 )

12 ¢ BLK 332, L10 — ADDED VARIABLE &SECCTR )

13 ( BLK 330, L3 — INCREARSED MESSAGE DATA COUNT FROM 89 TO 20 )

14 { BLK 471, L& - CHANGED ROUTINE MAX.VW TO USE WHOULE HKNOTS 3

1S ( BLK 474, L11 - DROPPED SCALE.DOWN FROM PK.WD TO MATCH MAX.V )




224 LIST

G { RELEASE AND CHAMGE HISTORY - CONTIMNUED )

L BLK 481, LO - CHANGED NAME OF WORD FROM MAX.Y TO MaX.P 3
2 ¢ BLK SE9 - ADDED 10 SEC. DELAY ROUTINE FOR PRINTOUT @ S5 PAST)
= ¢ BlK or0y L1l - ADDED VARIARBLE &SECCTR )

L—{— P — S T

S ( RELEASED AS VERSION B 5/10/89 ) .

& ( BLK 473, LY - LIMITED GUSTSPREAQD TO 99 KNOTS )

7 ( RELERSED AS VERSBION C 828/11/89 ) 5

a8

9
10

11
12
13
14
15
25 LIST

O ( McCLELLAN INDICATOR/RECORDER LOAD SCREEN B/8/8E)
1 ( REVISION C B—-11-89 )

2 HEX 1F1F WIDTH ! DECIMAL

3

4 330 351 THRU { VARIABLES & COMNSTANTS)

=

& 352 357 THRU { SYSTEM ROUTINES )

T

8 360 367 THRU { REAL TIME CLOCHK ROUTINES )

9
10 370 403 THRU ( DISPLAY TASK ROUTIMES )
11

12 326 =28 THRU

13

14 .8
15

3eb LIST

0 { McCLELLAN INDICATOR/RECORDER LDOAD SCREEN a/8/86)
1

2 405 411 THRU { SYSTEM TEST & WATCHDOG TASK )

3

4 4132 421 THRU { PRINTER TASK ROUTIMES )

5

& 425 431 THRU { AWDS TASHK ROUTINES )

2

8 441 442 THRU ( WIND DATA — DATAEARSE ROUTINES)

9 E

10 445 450 THRU ( MATH & TRIG ROUTINES}

11

12 454 465 THRU { AVERAGE DIRECTION & SPFPEED ROUTIMES)
13 .5

14

o



327 LISsT

0 { McCLELLAN INDICATOR/RECORDER LOAD SCREEN B/B/BE)
1

2 470 482 THRU { PEAKWIND ROUTINES )

i e —————
¥ e e o THRE I GUOS T ROOLITIES 3

o o L e e — S
& 4390 494 THRU { DIRECTION VARIABILITY FOUTIMES

7

8 4398 527 THRU { BETD. DEV. & FPROCESSING TASK ROUTINES 3
3
10 530 562 THRU { INTER-ASSEMELY TAsk ROUTINES )
11
12 569 574 THRU { RTC INTERRUPT HRNDLER)
12 .5
14
15

328 LISsT

0 { MeCLELLAN INDICATOR/RECORDER LOAD SCREEM 8/8/88)
1

& 576 SB4 THRU { EWITCH INTERRURT HANDLER)

=

4 587 598 THRU { INTERRURT HAMDLERS)

]

& 605 616 THRU { SYSTEM & DEVICE INITIALIZATION)

7

8 619 e21 THRU { TASK INITILIZATION)

9

10 622 B31 THRU { START-UP ROUTINE 3

11

12 635 636 THRU ( POWER-UE ROUTINE )

13 .8

14
15

329 LIST

O ( INTENTIONALLY BLANK SCREEN )

1

2

=

4 A

2

&

T

8

9

10

11

iz

13

1%




=30 LIST

0 ( INDICATOR/RECORDER SYSTEM VARRIABLES T/T/8BE)
1
2 THERE CONSTANT RAMSTART { START OF SYSTEM VARIAELES )
2
O T VERITOHIE SoFTH o SETORNOS _TOURTEE 3
— < CVARIARLE SOOMSCTR . ( S00 _mSEC. COUNTER 3

& CVARIAEBLE SENSOR#
7 CVARIABLE STATBYTE SYSTEM STATUS BYTE)
8 CVARIABLE EXTSTATAFLG UART A EXTERMAL STATUS )

( ACTIVE & MOMENTARY SENSOR # )

{

{
9 CVARIABLE CONFIG ( ASEEMBLY COMFIGURATION FLAG 3

{

(

{

10 CVARIAEBLE LEAP LEAP YEAR FLAG)
11 VARIABLE 1stSTART & ALLOT FLAG TO INDICATE FIRST FPROCESS )
12 VARIABLE POWERFLAG FLAG TO INDICATE FIRST FOWER-UR)

13
14 .5
15
321 LIST

0 ( INDICARTOR/RECORDER BRUILT IN TEST STATUS WORDS 1/2/87 )
1

= VARIAEBLE I/RSTATUS ( IND/S/REC STATUS WORD)

4 VARIABLE SENSTAT 6 ALLOT ( SENSORS 1-4 STATUS WORDS )

4 YARIABLE I/RACK { STATUS ACHMOWLEDGE WORD)

S VARIABLE SEMACK & ALLOT { SENSORS 1-4 STATUS GCK WORDS)

&

7 { #%# DO NOT SEPERATE THE AEBOVE VARIBELES ##%% )

a8

=
10 .S
i1
12
13
14
15

332 LIST

0 {( INDICATOR/RECORDER DISPLAY TASK VARIARBLES S/AE2/89)

i

2 CVARIAELE DISPFLAG { 5 SEC UFDATE DISELAY FLAG )

3 CVARIAELE REFRESHFLAG { 00 mSEC DISPLAY REFRESH FLAG )
4 CVARIABLE LEDSTATE ( FPI DATA ERROR FLAGS!

S CVARIAEBLE STATDISFLAG { STATUS DISPLAY FLAG)

& CVARIAEBLE 1MINCTR ( 1 MIN. MOMENT. DISPLAY CTR )

7 CVARIAEBLE STDFLAG ( 1 MIN STD DEV UPDATE FLAG )

8 CVARIABLE SSFLAG ( HR & DAY PEAK WIND UPDATE FLAG)
9 CVARIABLE CLOCKFLAG ( 8~BITS FLAG FOR CLOCHK & FLASH )
10 CVARIABLE &SECCTR { DELAY CTR FOR S5 MIN. UPDATE )
i1 .5

12

13

14

cn




333 LIST

o
1
=

3 CVORIARLE MESSOGES

( INDICATOR/RECORDER

EVARIABLE AWDSFLAG

AWDS & FRINTER TASK VARIAEBLES

T/7/86)

( 5 SEC AWDS OUTPUT FLAG )
MOB-99 COLUNTER £ABn auns)

L

5

CYHEIHRELE

LIIBRTHET IS

L

0 N 1 0 =Y A M T

CVARIABLE CHARBUFFE
CVARIABLE UARTEERR

CVARIAELE
CVARIABLE

J34 LIST

e}
1
2
=
&
=
&
7
8
=

10
11
iz
13
14
15

{ INDICATOR/RECORDER

CVARIABLE
CVYARIABLE

VARIABRLE COMMBUFF &8 ALLOT

FRINTFLAG
HEADERFLAG

POLLFLAG
TIMEOUT

VARIABLE STXPTR
VARIAELE ETXFPTR

CVARIABLE
CVARIABLE
CVARIAELE
CVARIAEBLE
CVARIABLE

=

335 LIST

RN = RN O O O O Wl

oy

e
£ L N = o

—
L

( INDICATOR/RECORDER

CVMARIAEBLE
CVARIABLE
CWVARIABLE
CVARIAEBLE
CVARIABLE
CVARIAEBLE
CVARIAELE
CVARIAELE

POLLSEN#
XMITFLAG
URRTAFLG
CHRARBUFFA
URARTAERR

CDFLAG
CARTIMER
BCTCTR
RESPFLAG
FOLLENT
CONTRLFLAG
FAILCTR
CRC1E&CNT

VARIAELE BADFOLLS 2 ALLOT

— { TEMP RIFFER FOR LOORBACK CHAR 3y
{ UART B LOOFPBACK ERRDOR CTR ]

{ 1 MIMN PRINTER OUTRUT FLAG ’

( 1 MIN PRINTOUT HERDER FLAG )

INTER-ASSY TASK VARIABLES )

( 5 SEC SENSOR POLLING FLAG )

R T R

T T T T T o T SRR e

COMM. TIMEDOUT TIMER )
COMM. I/0 BUFFER )

STX CHAR FOINTER )

ETX CHAR FOIMTER )
TEMP. FOR SENSOR POLL #

XMITTING FOLL REGUEST FLAG )

TEST UART A LOOPEACK FL

:

AG )

TEMP BUFFER FOR LOOPEBACK CHAR )
UART A LOOPBARACHK ERROR CTR )

INTER-ASSY TASK VARIABLES )

CARRIER DETECT FLAG )
CARRIER TIMEDUT CTR )
CARRIER DETECT COUNTER
EXFPECTING SENSOR RESP.
SENSOR POLLING COUNTER
FOLL CONTROL FLAG )

)
FLAG
]

TIMEOUT FAILURE COUNTER )

CRC—-1& CHKSUM ERROR CTR
FAIL FPOLL COUNTERS [4]

)
)

)




236 LIST

0 ( INDICATOR/RECORDER DEVICE ADDRESSES TLTABE)

b

2 HEX

S 20 CONSTAMT clook CBOSE ADDRESS OF F170 BT

L2 L I 1w T Il O 5 L AOORECSS e TRTEREULTL MACEC 7 EL DS
S 31 CONSTANT clock/csr ( ADDRESS OF CONMTRDOL STATUS RERG) i i N
&

7 00 CONSTANT comm/data { INTER—ASEEMPELY COMMUNICATION FPORT)
8 01 COMSTANT awds/data { AWDS COMMUNICATION PORT )

9 02 CONSTANT comm/csy { INTER—ASSEMBLY COMMUNICATION CONTROL)
10 0ZF CONSTANT awds/cse { AWDS COMMUNICATION CONTROL)

11

12

13 .5

14

13

=27 LIST

o ( INDICATOR/RECORDER DEVICE ADDRESSES TLT/BE)

1

2 HEX

3 40 CONSTANT watchdog

&

o RO CONSTANT fpifdata { FRONT PANEL INTERFACE FORT)

& Al CONSTANT fpi/csr { STATUS CONTROL REGISTER)

=

8 Co CONSTAMT print/reg { FRINTER OQUTFUT FORT)

9 EQ CONSTANT mcs/reg ( PRINTER S5TATUS, SW. LED, & ALARM REG)
10

11 .5

1=
13
14

338 LIST

0 ( INDICATOR/RECORDER DISFLAY TASK CONSTANTS L7/ B6)

1

2 HEX

& A4 COMSTANT ARSIDE ( FFI NIBEBLE B IMHIBIT COMMANMD )

4 A8 COMSTANMT BSICE ¢ FFI NIBEBLE-A INHIBIT COMMAND)

o FFF CONSTANT BLAMKIT ( LED BLANKING CODE)

6 «5

-

a8

9

14

11

i

13




239 LIST

0 { INDICATOR/RECORDER REQL TIME CLOCK CONSTANTS TATABE)Y
1

& HEX

- =il COMSTONT Wous ¢ OEFSETS 1h COUNTERS

S (N TIIN=TONT MINITIE UL CINETONT Cer

o 04 CONSTANT MONTH. 05 COMNSTANT DAY i
E 06 CONSTAMT YEAR

7 03 CONSTANT RAMHOUR

8 O/ CONSTANT RAMMIM OB CONSTANT RAMSEC

3 OC CONSTANT RAMMONTH oD CONSTANT RAMDAY
1 OE CONSTANT RAMYEGH
11 .8

iz

521
14
15

340 LIBT

0 ( INDICATOR/RECORLDER CLOCK HANDLER CONSTANTS T/ 77r86)

1

2 HEX

2 365 4 % 1+ CONSTAMT D&Y ( # OF DAYS IN 4 YEARS )

4

=& CREATE D/M ( NUMBER OF DAYS OF YEAQR RCCORDING TO MONTH )
(1 ¢, 3, 83, 90 ; 120 , 15: ., 181 y 22

7 243 5, BYS ., 300 . Z3& 5

8 .85

9
10
11
1z
13

14
j ]
241 LIST

0 ( WIND DATA VARIBBLES AND COMNSTANTS 24511 786)
1

& 1210 CONSTANT FILESIZE ¢ FILESIZE INCORPORATES ALl RUEUES
= = AMD VARIABLE FOR EACH SEMSOR 3

.q, -

=2 VARIABLE DATABASE FILESIZE 4 ( # OF SENSORS) « ALLOT

&

2

8 ( VARIARBLES WITHIN THE DATABASE ARE DEFINED OM THE MNEXT ELOCH)
9

10

11 73967 WIDTH !

12 .5

e
=

[
]




242 LIST

]
1
3

{ WIND DATR OFFSET CONSTANTS FOR DATA ELOCKS 3/11/88)

( THE SFEED QUEUE HAS AN OFFSET OF O & IS5 240 BYTES LOMG)
240 EDNSTQNT DIHG { DFFEET TO DIRELTIEN EUE =40 BYTES)

& 768 CONSTAMT PVDSPD < OFFSET TO PVYD SPEED DUE, #B,EYTEE) ==
7 816 CONSTANT PVYDTIM  OFFSET TO PVD TIME OUE, 48 BYTES)
B BE4 CONSTANT RESULTEUFFER { OFFSET TO RESULT BUFFER, 322 BYTES )
T B96 CONSTAMNT PEAKMRESULTEUF ( OFFSET TO REAK RESULT EUFFEH, 1& )
I 310 CONMSTANT INEBUF { OFFSET TO INPUT BUFFER, 10 BYTES)

11 920 CONSTANT SCRATCH ( OFFSET TD SCRATCH FAD HREH =8 BYTER)
12 960 CONSTANT TIMEQUE ( OFFSET TO PROCESS TIME HHEH 240 BYTES)

13 { **%x PRESENT FILESIZE 1S 1200 BYTES S5/20/B7 #%xk )

14

15 .5

243 LIST

0 ( WIMD DATA VARIABLES 3/12/86)
1

= YARIABLE #THETAS { # OF MON-ZERD THETAS USED IM STD. DEWV.)

< VARIAELE TEMP ( TEMPORARY STORRGE }

4 VARIABLE MYXVALUE { TEMPORARY VALUE & RESULTANT MAX)

S VARIAEBLE OFFSET ( INDEX POINTER USED TO RETURN DATA)

& VYARIAELE MMNVALUE { TEMPORARY VALUE AND RESULTANT MIN)

R 7 VARIABLE OUTFOINTER { ADDRESS FOINTER USED IN SORTING?

8 VARIABLE THETAO { DIR. -VAR. TEMP STORAGE )

9 VARIABLE DELTADRELTA { DIR. -VAR. TEMP STORAGE )

10 VARIABLE SENSORSTATUS ( TEMFDRY LOCATION FOR NEW STATUS)

11 .5

1=

13
14
15

344 LIST

0 ¢ WIND DATA VARIAEBELES CONTINUED 4/8/86 )

1

2 VARIABLE NEWSPEED { MEW 5 SEC VYALUES)

2 VARIABLE MNEWDIR

4 ZVARIABLE MEWX

S EVARIAEBLE MNEWY

& 2VARIABLE SOUAREDFSUMS ( SUM USED AS SOUARE OF SUMS IM STD DEW)
7 2VARIABLE SUMDFSOUARES ( SUM DF SRUARED DELTA'S )

8 ZVARIAEBLE PEAKOTAILS ( TAIL POINTERS FOR &4 HOUR FEAK WIND )
3 ZVARIARLE TAILS { TAIL POINMTERS FOR QUEUES)

10 ZVARIABLE SAMRPCNT { COUNT SAMFLES FOR FEAK WIND ROUTINE)
11 2VARIABLE PASSCNT ( COUNT OF VWALID DATA PROCESSING CYCLES )
12 ZVARIABLE FRILCNT ( COUNT OF INVALID DATA PROCESSING CYCLES)
13 @VARIABLE VALID { FLAG USED FOR RECOVERY)

VARIABLE FERAKCNT & ALLOT ( VRALID # OF &0 MIN & 24 HR PASSES )

=
m +




245 LIST

© ¢ WIND DATA VARIABLES CONTINUED 4/8/86
1

& EVARIABLE &OVALID ( 24 HR PEAK VALID FLAG)

7

S ( DATA BUFFERS ) =
=

7 VARIABLE TEMPEUF 30 aLLoT { TEMPORARY HOLD EBUFFER)

8 VARIABLE PRINTBUF Z0 ALLOT { PRINTER BUFFER)

3 VARIABLE DISPLAYEUF =0 ALLOT { DISPLAY BUFFER)
10 VARIABLE AWDSBUFFER 126 ALLOT ( AaWDS ouTeuT BUFFERS)
11

12 : AWDSBUF ( n —— a AWDS BUFFER FOR SENSOR n)
13 22 * AWDSEUFFER + ;
15 .8
13
346 LIST

0 ( WIND DATA COMSTANTS 2/12/86)
1

= ( THEEE FERIOD CONSTANTS ARE BASED ON S SEC SAMFLES)

3 12 CONSTANT 1MIN

4 24 CONSTANT 2MIN

9 120 CONSTANT 10MIN

€& & CONSTANT CELL ( INDEX USED FOR 2 BYTE INCREMENTS)

- 3 k s

a8 { LIMIT CONSTANTS USED FOR SETTING INVALID DATA FLAGS)
9 12 CONSTANT IMINLIMIT
10 24 CONSTANT EZMINLIMIT
11 180 CONSTANT 1OMINLIMIT
12 720 CONSTANT EOMINLIMIT
13 17280 CONSTANT 24HRLIMIT
14
IS .8

347 LIST

O ( WIND DATA — DATABASE DATA STRUCTURES 3/11/86)
1

2 ( GIVEN THE SENSOR NUMEER 'n' RETURN AN ADDRESS)

2 ( THE FOLLOWING WORDS DEFINE STORAGE BLOCHS WITH In 8

it SENSOR FILE )

= ¢ SPEEDG ( n -- a) FILESIZE * DATARASE + 5

& ¢ ANGLEQ ( m — a) FILESIZE * DATABASE + DIRGD +

7 : BUSTE ( n —— a) FILESIZE % DATABASE + GUSTOUE + ;

8 : INBUFFER ( n -— a) FILESIZE % DATABASE + INBUF + 5

9 ¢ TIMEQ ( n -- a) FILESIZE * DATABASE + TIMEQUE + ;

10

11 ( DEFINITIONS FOR DATA FIELDS WITHIN THE ARRAYS ARE GIVEM
12 OM THE NEXT FEW EBLOCKS)

13

14 .8




348 LIST

O ( WIND DATA — DATABASE CONT'D S/12/858)

1

2 : SCRATCHFAD ( n == &) FILESIZE # DATARASE + SCRATCH +

=

B T T N O T T T T SLERICHIOT ARRET]

5 ¢ GIVEN A SENSOR # 'n', RETURN AN ADDRESS) il

& : X8UME | mn —— &) SCRATCHFAD 3 (& MIN SUM OF ¥ DATA)
7 ¢ YBUME ( m — a) SCRATCHPAD 4 + H { & MIN SUM OF ¥ DATA)
B : X5UMIO ( w —— a) SCRATCHFAD A + : ( 10 MIN SUMOF X DATA)
3 oz YEUMLIO { n == 3) SCRATCHPRD 12 + 5 ( 10 MIN SUM OF ¥ DATA)
10 ¢ THETAZ ( n == a ) SCRATCHPAD 16 + H ( 2 MIN AVE DIRECTION)
11 : THETRIQO ( n =— a ) SCRATCHPAD 18 + 7 (10 MIN AVE DIRECTION)
12 : PVHEUF ( m — a ) SCRATCHEAD 20 + - ( 60 MIN FEAK WIND DATA)
13 : SPEEDCK ( n —— a } SCRATCHPAD 26 + ; ( SPEED CHECKSUM)
14 : AMGLECK ( n -— a } SCRATCHPAD 20 + 3 { DIRECTION CHECKSUM)
15 ¢ SUMCH ( n —— a ) SCRATCHPAD 324 + ; ( X-¥ CHECHKSUM) .8

349 LIST

0 ( WIND DATA - DATABASE COMNT'D S/1E2/8E)

1

= ( QUEUS FOR 24 HOUR FEAK WIND DATA)Y

& { BIVEM nn RETURN ADDRESS OF DESIRED 24 HOUR FEAH WIND OUE)

4 : PVDEPEED ( n —— a )} FILESIZE # DATABASE + PEVDSPD + ;

S : PVDANGLE { n —— a ) FILESIZE # DATABASE + PEVDDIR + 3

& : PVDTIME ( n — & ) FILESIZE #*# DATABASE + PVDTIM + §

7

a

9

10

11
12
13 .5
14

15

=230 LIST

O { WIND DATA - DATAEBASE CONT'D 3/12/86)

1

2 ( DEFINITION OF CELLS WITHIN THE TEMPORARY RESULT ARERAY)

& { CALLING THE MNAME RETURMS AM ADDRESS)

4

5

& z DIRECTION ¢ -—-— a) TEMPEUF j

7 = SPEED ( -—- a) TEMPBUF 2+ 3

B = BUST ¢ —— a) TEMFPBUF 4 + ;

S : DIRVAR ¢ —— a) TEMPBUF & -+ ;

10 = GUSTSPRD ( =-— a) TEMPBUF 10 + 3

11 = PEAKLIO ( -— @) TEMPEUF 12 + 3

1=

13 .5

14




251 LIST

—

WIND DATA — DATABASE CONT'D S/12/86)

0=

DEFINITION OF CELLS WITHIN THE RESULT ARRAY)
i BESUITRUF (pn == a) FILESTIE » DATARASE + BEOll TRUSEED.

&

=
9 ( THE FIRST 7 CELLS ARE THE SAME AsS TEMPEUF ARRAY)
B : PEAKRESULTS { w —— 2 FILESIZE %= DRATARASE + FPEAHKRESULTEUF + 5
-
8 {( LAST 3 CELLS OF THE RESULT BUFFER FOR SENSOR v )
T : PEAKED ( w — a) FPEAKRESULTS 1
10 : PEAKES4 ( nn —— a) PEPKRESULTS & + z
11 : STDDEVOUT ¢ n == a) PEAKRESULTS 12 + :
iz
12 .5
14
15
52 LIST
0 { INDICATOR/RECORDER SYSTEM ROUTINMNES 3
1
2 : NUM-BER ( a—1 — d, CONVERTS ASCII I/0 aT a T0 dy WILL NOT
3 ABORT IF DOUBLE LENGTH FUNCTUARTION FOUND 3
&4 =10=5 PTR ! DUP 1+ C® 45 = < CHECK & FLAG IF NEGATIVE)
5 DUP ¥R + O O ROT
E BEGIN PAUSE CONVERT DUP C® DUR 43 48 WITHIN
== 7 — T SWAF S8 = + NOT ( NOT DOUBLE LENGTH PUNCT. 7
2] UNTIL DROFP R} { NEGATIVE # 72 )
9 IF DNEGATE THEN ;
10
11 CODE OUTPUT ¢ wn a) = POR O Fop (2 OuUT MEXT
iz
12 : .#E8ENSORS ( —— n s+ RETURNE # OF SEMNSORS DEFINED — 1 3}
14 CONFIG C@ 2 AND 3
IS &5
e LIST
O ( INDICATOR/RECORDER SYSTEM ROUTINES )
1
2 ¢ {(CR) 15 EMIT 10 EMIT 5
2 : (PAGE) 12 EMIT 3
&
= : HEX 1& BRSE ! ¢
& : DECIMAL 10 BASE ! ;
-
8 CODE DIVERR
9 O # O MOV IRET
10
11 = 2+! ( dy 3 — ADD d TO VALUE AT ADDRESS A, DOUBLE LENGTH)
=] CUR }R 26 D+ Ry 2! ;

-
£ Ly

s
n




3594 LIST

0 ( INDICATOR/RECORDER SYSTEM ROUTINES )

1

= ¢t SET ( an — a+tn a ) OVER + SWAP ;

e Sa— R AT E T T TR

2 DUP oy IF © DO ¢ DIGIT EMIT LOOF ELSE DROPF THEN =

&

Vo G0.R { uy, N — + SAME AS U.R EXCERT PADS WITH ZEROS)

B8 SWAP 3I2767 AND © (# #5 #) ROT OVER — .0 TYPE :

9
10y : BET.MSE ( n — SET MSB OF n )
11 32768 0OR j
=

S 1 O/P.TIME ( w —— OUTPUTS TIME IMN hb:mm FORMAT 3
14 O (# # # S8 HOLD # # #) TYPE 5 { O/ TIME )
19 .5
255 LIST

0 ( INDICATOR/RECORDER SYSTEM ROUTINES )

1

2 : ACT.SENSOR? { — n, RETURMS ACTIVE SEMSOR # )

3 SEMSOR# CE 3 AND

FA

S CODE no.op NOP NEXT ( BREAK PT. USED FOR DEBUGGING )

&

i

a8

b= |
10

11
iz

13

14

15

o6 LIST

0 ( INDICATOR/RECORDER SYSTEM ROUTIMES )

1 HEX

= CODE set.status ( my, a —— use mask to set bit in status)
= W FOF 1 FOF { test contents addressed by W
4 W) 1 TEST 0= { iz status bit clear 7)

] IF 1 W » OR ( set status bit )

& 1 A W) OR { set ackrnowledge bit )

Fi THEM NEXT

a

3 CODE clear.status ( m, a —— use mask to clear status bits)
10 W POP 1 POF { "a" iz address of the status)
11 A W) 1 TEST 0= { 1if ackrowledoe bit i1s clear )
iz IF FFFF # 1 XOR { form mashk)

13 1 Wy aNp { clear flag in status word)
14 THEMN ‘NEXT

1985




357 LIST

Lol T b=

( INDICATOR/RECORDER SYSTEM ROUTINES )
HEX
CRERTE FOWER.Z ( POWER OF 2 MASK TABLE

N S L - L 2l 2

)

%

S0 m~ oM

1

[l = i =
R R R

-
LA

258 LIST

4]

i

=
3
&
=]
&
T
a8

ul

1o
11
iz
13
i4
15

359 LIST

-
CUDNDUMELLN- O

{

¢

W RFOF POWER.Z W) 0 MOV B
WPOPF W) O TEST B 0= NOT
IF OF #B O XOR
O W) AND B
ELSE @ o SUBR
THEN O PUSH NEXT

INTEMNTIONALLY BLANHK SCREEN )

INTENTIONALLY BLANK SCREEN )

{
{
(
{

(

CODE flag.settest ( a, 1 —— f test flag at a using powers® n )

get n & setup mask)
is flag set )

form clearing mask)
clear bit)

return flag)




SB0 LIST

0 ( ICM7170 RTC HANDLER —- clock),)clock, ?7INT. CLOCK, CLKINT. STR)
1

= HEX

= DADE ~lopb. latoh clopk IM MEYT  { pEAD 100RDBTHE SEC 3

1T

S EUODE elocky © reg# — n, REARDS IN RT CLOCK REGISTER # CONTENTS)
? 2 POP clock # 2 ADD O # O MOV  (2) IN O FUSH MNEXT
8 CODE Jclock ¢ n reg# —— STORES n TO REGISTER # OF RT CLOCK )
= 2 POR clock # & ADD O POP (@) OUT NEXT

10

11 CODE lelock.ram ( ny a — place n at address a)

12 2 FOF O POR (&) OUT NEXT

12

14 .5

15

351 LIST

0 ( ICM7170 RTC HANDLER —— BCD-DECI, BCD. CONV, DECIM=-ECD 3

1

2 : BCD.CONV ( n =— n, PERFORMS BCD CONVERSIOM 3

3 i /MOD 16 + + 3

&

S : HR.SEC ( s, h, m —— d#, RETURNS TIME IN SECONDS )

& £0 % SWAP 3600 M* ROT M+ ROT M+ ;

-

8 : EDATE.TIME ( a —— RETURNS RAM TIMESTAMP v, m, d OR s, h, m )
9 DUP 3R elock) I 1+ clock)

10 Ry 2+ clock! ROT ROT g3
11
: R
13 .5

14

15

362 LIST

o { ICM7172 REAL TIME CLOCHK HANDLER -— GET.TIME,GET.DATE 3

1

2 : GET.TIME ( — d, RETURMS HR, MIN, & SEC. AS DOUBLE LENGTH # )
3 clock. lateh

& HOUR clock) 10000 U

2 MINUTE clocky 100 *

& SEC elock) + M+ 3

i

8 : BET.PATE ( -- d, RETURNS MOM, DAY, & YR. AS DOUBLE LENGTH # 3
9 clock. latch

1a MONTH clochk? 10000 U

ik DAY clock}) 100 =

iz YEAR olocky + M+ ;3

132

14 .S




<63 LIST

0 ( ICM7170 REAQAL TIME CLOCH HAMDLER —- 'YTIME, 'DATE
1
2 : .DATE ( d —— DISFLAYS DATE IN min/dd /vy FORMAT 3
3 i A7 HOLD # 4 47 Holp gy ) Tupe :
-
=
&5 .8
-
8
9
10
11
1z
13
14
15
SE64 LIST
O ( ICM7170 REAL TIME CLOCHK HANDLER —— 'TIME, 'DATE )
1
£ : BET.STAMP ( — vy, d, My s, 1y h 3
& RAMYEAR clock)
& RAMDAY clook’
S5 RAMMOMNTH clock)
& RBMSEC clock) .
S=——u RAMMIN clocks i
a8 RAMHOUR cloclk)
9
10 z GET.HR/MIN ¢ —— ri, RETURMS HOUR & MINUTE )
11 clock. lateh
1z HOWUR clack) 100 #
13 MINUTE clock) + ;
14 .85
15
3685 LIST
¢ ( ICM7170 REAL TIME CLOCH HAMNDLER —— DISPLAY. CLOCK B/27/B6)
1
2 ¢ BET.CLOCK ( — v, d, my s; m, h
& READ TIME/DATE A5 PREFP FGR DISPLAY)
s clock. latech
5 YEAR clock) Day clock)
& MONTH clock) SEC clock}
7 MINUTE cloch) HOUR clack? FAUSE ;
8
9 : TIME.STAMP ( PLACE CURRENT TIME INM CLOCKE RAM )
10 GET. CLOCHE ( READ PRESENT TIME)
11 clock RAMHOUR + & SBET ( SETUF DO LODOR)
= DO I jcleck.ram PAUSE
13 LOOF
14 .8




266 LIST

o { ICM7170 REAL TIME CLOCK HRNDLER MOD ROUTIMES &/2/87)
e
2 3 Yab ( year —— 17, # of days since 12/31/86)
= ——3907F S MBE—aR—2—— LEnn ot
iy
3 3 MaJuL ( month —— n, Julian day for 1st of menth)
& 1- 2% D/M + @ DUP S8 ¢ LERP C@E AND + 3
-
=
g
10
i1
e
i3
14
IS
367 LIST
0 { ICM7170 REAL TIME CLOCHK HANDLER MOD ROUTINES Z/&2/87)
1
2 1 MOD.DRY { — n, return day # since 12/31/86 for current date)
3 clock. lateh YEABR clock) DUP 87 {( ( YERR ( 1987 7 )
A IF 100 +
S THEN 1900 + ¥2D DAY clock)
& MONTH clock) M28JUL + + ;3
== wchoie AL
8 : MOD.ANYDRY ( vy my d — n, return day # since 12/31/88 date)
o9 Z2*R DUP B7 (¢ { ¥YEAR < 1287 7 )
10 IF 100 +
1l THEN 1300 + YzZ2D 2R} SWAP M2JUL + + j
12
15
14 .85
15
Z68 LIST
O ( INTENTIONALLY ELANK SCREEM 3
1
2
3
&
]
&
7
a8
9
10
11
iz
13
14



3689 LIST

0 ¢ INTENTIOMALLY BLANK SCHEEN )

1

&

iy

5

&

7

2}

3
10
11
13
14
15

270 LIST

O ( INDICATOR/RECORDER STATUS CODE DISPLAY ROUTINES L/15/787)
1

& HEX

3 : DATA.EST? ( —— n, CKS TO SEE IF DATABASES ARE REBUILDING )
4 0 SENSTAT ?.#%#SENSORS 1+ =% SET { SET UrP LODOR)

5 DO I @ ABOO AND { MASK SHORT & LONG RECOVER. EITS)
& OR 2 ( COMEINE RECOVERY RESULTS )

- ~ +L0O0OFP DUR { ANY REBUILDING 2 )

8 IF DROP 4 { FLAG RECOVERY )

5 THEN PAUSE ;
10
11
12 .5
13
14
15

371 LIST

0 ( INDICATOR/RECDRDER STATUS CODE DISPLAY ROUTINES 1/215/87)
1

2 HEX

3 : COMM.ERR? ( —— n, CHK TO SEE IF ANY COMM ERR FLAGS ARE SET)
4 O SENSTAT 7.#SENSORS 1+ &» SET { SET UF LOOP)

5 DO I ® B8 AND { MASK NO RESF. & CRC—-1& BITS)
= OorR & ( COMBINE SENSORS RESULTS )
7 +LO0OE pup ( ANY COMM. ERROR 2 )

2] 1F DROP = { FLAG COMM. ERROR )

9 THEN PAUSE ;
10
11
12 .5
13




a¥2 LIST

G ( INDICATOR/RECORDER STATUS CODE DISFLAY ROUTINES 1/15/87)

1

& HEX

2 1 SFEN.FRROR? ( —— v, CKS IF THERE AR = =

i L ) 0 I 2 O AR 3 Y ) e T e . 2 =1 T CEITNE SEFNSOR STRTS
S DO I & 7777 AND ( MASK SENSOR ERROR BITS )
=3 OR 2 { COMBINE SENSDORS ERRORS )
7 +LOOF DUF { ANY BEMSOR PROELEMS 7}
g IF DROFP Z0O { FLAG SENSOR ERROR )

9 THEM PRUSE ;
10
11
12 .5

13
14
15
=73 LIST

o { INDICATOR/RECORDER STATUS CODE DISPLAY ROUTIMES 1/15/87)

1

& HEX

5 CREATE GSTATMASK. TAE

4 ( MARSK FOR CONVERTING IR STATUS TO STATEYTE)

a FO00 ( ANY PRINTER ERROR

& 080 { CARRIER & 5 SEC TIMEOUT ERRORS )

o ~— 117,  ( CPU, RAM, ROM, AWDS, OR IA COMM ERR)
a CHp00 ( LOSS OF MASTER ERROR )

=

10 CREATE SMASK.TAB ( MASK FOR SETTING BITS IN STATUS BYTE)

11 oL By { PRINTER ERROR )

12 o2 C, { INTER-ASSY COMM. ERROR )

13 10 C, { MICROBD ERROR )

14 40 C, ( LOSS OF MASTER )

iS5 «8

374 LIST

{ INDICATOR/RECORDER STATUS

CODE test.status { tm,

=
flast

FOF 1 FOP

THEN MNEXT

-
oW ODMeWn - O

u

==

i

[

o
[ £

sm == use test

I/RSTATUS 1 TEST 0= NOT
IF & STATBYTE OR B

CODE DISPLAY ROUTINES 1/15/87)
mask on status & set
bit in status byte if they match )
( ERROR PRESENT 2 )

{ FLAG GENERAL STATUS )




273 LIST
0 ( INDICATOR/RECORDER STATUS CODE DISFLAY ROUTINES 1/15/87)
1
2 HEX
i : dE) R 3. =l AT ] 3
Z CSTATEVIE T 43 CLErR e ATl TEE S ——
= DO GSTATMASK.TAE I 2% + @ ¢ GET TEST MASK)
E I SMASK. TAR + C@ ¢ BGET SET BIT )
7 test. status PAUSE ¢ CK FOR ANY ERROR
=} LOORP STATEYTE C@ { BET GEMERAL STATUS )
= SEM. ERROR? OR { RDD SENSOR ERROR CODE )
10 COmMM. ERR? OR { ADD I/A COMM ERR CODE )
i1 DATA.EST? OR ( ABD RECOVERY CODE )
1z DUF STATEBYTE C! ; { BAVE NEW GEN. STAT )
13
14 .5
15
376 LIST
Q0 ( McCLELLAN IND/REC DISFLAY DRIVERS B/22/8E)
1
2 HEX
4 CODE display.b ( n, —--— output n as 2 nibbles to side b)
4 {( B side is DO - D3}
5 0 POP fpi/data OUT { display 1low wibble)
(= o4 # 1 mOv O BHR ¥ ( align upper nibble) -
7 fpi/data OUT T
a8 NEXT
= |
14
11
iz
13 .5
14
15
S77 LIST
0 ( McCLELLAN IND/REC DISPLAY DRIVERS 4/22/88)
1
2 HEX
4 CODE display.a ( n — coutput 1 as I nipples to side @)
4 ( A side is D4 - D7
5 G FOP 04 # 1 MOV O SHL ¥V  ( shift lower nibble upl
& fpi/data 0OUT { display first mibble}
i 0 SHR VM fTpifdata OUT { retreive &nd rmibble & display)
8 0 SHR VW fpi/data OUT | display 3rd rnibble)
9 MEXT
10
11 CODE display.act { n == ocutput single nibble)
e O PdpR C4 # 1 MmOV O SHL VY fpi/data OUT
13 QEC # 0 MOV fpi/esr OUT MNEXT ( set blanking code )
14 .5




<78 LIST

{ McCLELLAN IND/REC FFI SETUF ROUTINE 8/22/86)

(8]
1
& HEX
2 CODE sebup.digplay ¢ =ida  addw 3
T L0 . | S 5 - EEtup displaw RO SddrcesT
S fpifecsr OUT ( auto increment )
E 0 POP fpi/esr OUT
T MEXT
a
3 : HEX.DEC ( h == d, CONVERTS HEX TO DEC, RANGE 0-3ZE7 [999] )
10 oA /MOD SWAP YR { SAVE UNITS!
it oA /MOD 100 * { FIND HUNDREDS)
12 SWAFP 10 % + R} + ;7 ( FIND TENS & RECOMBINE)
13
14 .85
15
arg LIST
0 ( McCLELLAM IND/REC DISPLAY BUFFER ROUTINES 8/&82/86)
1
£ : COMVERT.DISPLAYBUF { m— CONVYERTS CONTENTS OF BUFFER
3 FROM HEX TO DECIMAL, PRESERVING THE SIGN)
&4 DISPLAYBUF 22 SET ¢ SETUFP DD LODP)
S DO I DUP @ DUF Z2767 AOND { FETCH & COMVERT WALUE)
& HEX.DEC SWAP 0! ( TEST FOR VALID DATA)
T IF SET. MGE ( SET MSE ) o
8 THEN
9 SWAF ! PRUSE 2 { BETORE VALUE}
10 +LOOP ;
11
12 .5
13
14
15
380 LIST
0 ( MeCLELLAN IND/REC DISFLAY TASK a/e2/86)
1
2 : SHUFFLE.DISPLAYBUF +{ — ORGANIZE BUFFER TO MATCH DISPLAY )
= DISFLAYBUF 4 + & SET
&4 DO I @ PAUSE & ( .FETCH GUST, DV1, DvV& 3
S +LO0F SWAFP DISPLAYBUF 4 + & SET
& DO I ! PAUSE =2 { STORE AE DVI, DV&, GUST)
7 +LO0P H
8
9
10 .8
11
iz
13
14




81 LIST

0 { McCLELLAN IND/REC TIME/DATA MOD TAELES &/22/86)

1

= @ ©, FLASH { —— RETURN FLASH FLAG) CLOCKFLAG CE 128 AND i

R”: BN = = =g = g b ] I T ) S M = I XV I

o E. FLLASH (¢ FLASH SET 2 )

g IF DUP ©¢ ( IS VALUE ¢ o9 )

7 IF DRORP BLAMKIT

a8 THEM

g THEM Z27&7 AND ; { MASK ANY INVALID FLAG BIT )
10
11
12...5
13
14
15

282 LIST

0 ( McCLELLAN IND/REC DISFLAY TASK 8/22/8E6)

1

2 : GET.STAT.GBS ( —— st, gs FETCHES & CONVERTS STATUS & GUST SPD)
] STAT. BYTE { FETCH GENERAL STATUS BYTE)

& I/RACK @ { GET IND/REC ACKNOW WORD )
5 SEMACK 7. #SENMSORS 1+ 2% SET { TEET ALL ACKNOW. WORDS )
[ DO I @ OR 2 [ . i

7 +L00OF FAUSE { ANY ERRORS NOT ACHNOW. 7 )
a8 IF SET.MSE ?.FLASH t SETUF TO FLASH STATUS CODE}
9 THEN DISPLAYBUF 10 + @ ; { GUST SPRE@D )
10
11 : DISPLAY.ACTIVE ( — n FETCH & DISPLAY ACTIVE SENSOR #
iz ACT. SENSOR? 1+ display.act ;
13
14 .5
19

383 LIST

0 ( McCLELLAN IND/REC DEVEL TIME/DATA MOD TAEBLES A&/=2/86)

1

2 CRERTE MODTABLE ( MODULUS # FOR HR, MIM, SEC, DAY, MON, & YR )
3 &4 C, 60 C, 80 C, 13 C, 3& C, 100 C,

4 -

a9 CREATE DAYTABLE ( MODULUS # FOR # OF DAYS IN EACH MONTH )

& = C, a9 Cy, 32¢C, 31 €, 32 C, 31 C,

7 2 6 32'cy, 31 ., 32 C, =1 B, 32 C,

8

9 : CONF.CODE ( —— v, RETURNS DISFLAY CODE FOR IND/REC CONFIG. )
10 COMFIG CE 1z aND 7DUP { MASTER OR REGULAR 7 )

11 IF 8 = { MASTER 2 )

12 IF 1 ( MASTER CODE ) ELSE 3 ( REGULAR CODE ) THEN
13 ELSE 2 { BACKUP CODE )

14 THEN 4080 OR ; ( BLANK LEFT & DIGITS )




=84 LIST

T { McCLELLAN IND/REC DEVEL TIME/DATA MOD TRELES &/22/86)

£ : FIX.BATE ( n, MOD # -— rmy, SETS TO PROFER DATE )

o OVER 1. ¢ AT R e B .

43 ITF_T— ShIHrr TR L SET T Mo 8 — 1 %

? ELSE MOD DUP 0= ( MOD RESULT = o 7 3

& IF 1+

7 THEN

a THEN 3

9
10
11
1z
13
15
15

85 LIST

o { McCLELLAM IND/REC DEVEL TIME/DATA MOD TABLES A/z2/86)

1

2 + DAY.FIX ( n, FIELD# — n, SETS TO FROFER DAY

3 DROP MONMTH clock: DUP 1- ( GET RTC MONTH )

&4 DAYTAEBLE + CE SWARP & = { MOMNTH = FEEB ?)

b IF YEAR clock) 4 MOD O = { LEAP YEAR 7}

& IF 1+ ( ACCT FOR LEAPR DAY )
= FHER- chal ey
a THEWN FIX.DATE 3;

=
10 ¢+ SET.RTC ( ny, MOD # —— n, SETS TO FROFER TIME OR YEAR )
11 OVER O¢ { NEGRTIVE n 2 )
1= IF 1- SWAF DROP ( SET TD mOD # — 1 }
13 ELSE MOD
14 THEN ;
15

386 LIST

0 ( McCLELLAN IND/REC DISFLAY TASK CLOCK.SET ROUTINE &/27/86)
1

& : CLOCK.SET {( CLOCKFLRG,; wn, U/DFLAG —-- CLOCKFLBAG, w© SET CLOCK)
3 1S AND ( DEC. FIELD DOWN 73
4 IF 1~

S SRR e { INC. FIELD UP)

& THEM CLOCHFLAG DUP C&

7 199 AND SWAP C! { RESBET FLAG)

a OVER 7 ANMD DUP 4 = ( DAY FIELD )

3 IF DAY.FIX { SET DAY )

10 ELSE DUF MODTARELE + C® { GET OTHER MOD. #)
11 SWAF Z = { MONTH FIELD 7 )
1z IF FIXx.DATE { SET MONTH )

13 ELSE SET. RTC { SET TIME/YERR }
14 THEM

w

i B THEM FPAUSE ;3 .




387 LIST

O ( MeCLELLAM IND/REC DISELAY TASK CLOCK.SET ROUTINE 8/87/8E)
1

= : ?CLOCK.SET ( n, CLOCKFLAG —- ry, SET CLOCK/DATA )

o o = 2 Y

= B I | B AL

= DUFP ROT 7 AND

& 1+ Jclack { UPDATE CLOCK REGISTER )
i ELSE SWAP DROP

8 THEN

a
10+ CLOCH.FLASH ¢ my CLOCKFLAG — ny, SET n & FLASH n )
11 ?CLOCH. SET B.FLASH ( GET FLASH FLAG)
ie IF DROF BLANMKIT {( FLASH n)
13 THEN ( SET )
14 .85

15

<88 LIST

0 ( McCLELLAN IND/REC DIPLAY TRSHK B/E22/86)

%

2 : CLOCK.DISP ( WRITES CLOCK DATA TO E-SIDE OF B279 KBDI )

3 GET. CLOCK { GET RTC REGISTERS DATA)
4 BSIDE O setup.display & O { BETUP DISPLAY INTF)
=] DO CLOCKFLAG C@E DUP &4 AND ( RUN/SET FLAG SET 7)
& IF DUP 7 AND I = ( SET THIS FIELD 2}

— 7 IF CLOCK.FLASH { FLRASH OR SET IT )

a ELSE DROF

9 THEM
1 ELSE DROP
11 THEN DUR BLANKIT = NOT ( MOT BLANK CHAR 7 3
iz IF HCD.CONV ( CONMERT TO BCD # 2
13 THEN display. b PAUSE { DISPLAY CLOCK FIELD )
14 LOOP
i5 .5

289 LIST

0 ( McCLELLAN IND/REC DISPLAY TASH 8/27/88)

1

2 : NORM.DISP ( DISPLAY DATA ON NORMAL DATA DISELAY )

Z DISPLAYEBUF 10 SET ASIDE O setup.display

i DO 1 ® ?.FLASH { READ VALUE, TEST FLASH)

9 display.a FAUSE 2

& +L.O0OF

7 DISFPLAY.ACTIVE { DISFLAY ACTIVE SENSOR)

(=] CLOCK.DIEP ( DISPLAY REAL TIME CLOCK 3

9 GET.S5TAT.G5 ?.FLASH { OUTFUT GUST SFREAD}

10 display.b display.b ; { DUTRUT STATUS)

11 .8

12

12




330 LIST

0 { McCLELLAN IND/REC DISPLAY TASK ROUTINE 8/27/88)

1

& HEX

2 CREATE SWMASK EO C, DO C, RO £, 70 ¢ ]

-

o CODE led.hdlr ( n —— ) O FORP mes/reg OUT NEXT

E

7 3 LED.ON ( n — TURNS SWITCH LED n ON )

=] SWMASH + C@ LEDSTATE CE OF AND OR DUP

g LEDSTATE C! led.hdlr ;
10
11 : LED.DFF ( —= TURNM SWITCH LEDS OFF )
12 LEDSTATE CE FO OR DUP LEDSTATE C! led.hdir H
13
14 : DIS.PERK.TIME ( n -— CONVERTS TO ECD & DISFLAYS TIME n )
15 0R /MOD 10 % + display.b 3

291 'LIST

0 ( FRONT PANEL DISPLAY TASK ROUTINE FPEAK WIND DISPLAY 9/16/88)

1

€ : PEAK.OUT 2 O DO ?.FLASH display.a PAUSE LOOP ;

S

)

4 : PERK.DISP ( n # — DISPLAYS n PEAK WIND DATA AT DISPLAYBUF+#)
9 ASIDE O setup.display ( DISPLAY A SIDE)

& DISFLAYBUF + )R { SAVE DISPLAYEBUF ADDR. )

D I 2B I @ { GET SFEED & DIR)
A FEAK. OUT 4095 display.a ( DISFLAY & EBELANK DV WINDOW)
9 DISPLAYBUF 30 + @ PEAK.OUT ¢ DISFLAY STD DEV & DPEAKTYR)
13 DISPLAY.ACTIVE BEIDE O setup.display
11 R} 4 + @ 256 /MOD ( DISPLAY TIME OF OCCURABMCE)
12 DIS. PEAK.TIME display.b 5 0
13 DO 255 display.b FAUSE ( BLONK SEC, DATE & GS )
14 LOOP BET.STAT.GS DROFP display.b ; ( DISFLAY STATUS )
15 .8
332 LIST

0 {( FROMT PAMEL DISPLAY TASHK ROUTINE )

1

c ¢ FPEAK1O0.DISP { RECORDER 10 mMIN FPEAK WIND DISPLAY MODE

& 16 ¢ 10 HEX) 12 PERK.DISF j

4 :

5 : PERKEO.DISF ( RECORDER HOURLY PERK WIND DISPLAY MODE )

& 96 ( &0 HEX) 18 PEAK.DISP ;

-

8 : PERHMZ4.DISF { RECORDER DAILY PEAK WIND DISFLAY MODE )

e 26 { 24 HEX) 24 PEAK.DISP j

10

11

12

13 5

14

e



393 LIST

0O ( FRONT PANEL DISPLAY TASK ROUTINE )

1

€ i LASE.DISP ( w -~ DISFLAYS RECORDER DATA FOR MODE n )
3 DUP 1- LED,ON _{ TURN SW LED ON )
. EASE

5 1 OF NORM.DISF ENDOF

3 & OF PEAK10.DISP ENDOF

7 2 OF PEAKEO.DISP ENDOF

! 4 OF PEAKZ4.DISP ENDOF

9 ENDCASE ;
10
11

12
13 .S
14
15
394 LIST

W ( FRONT FANMEL DISPLAY TASK ROUTINE }

&

g HEX

2 CODE parse.byte ( m -— cl, o2 gererate status mode codes)

& ( take word & form code with middle nibble as a blarnki

=1 O POP 7777 # O AND

& OHI 2 MOV B 4 # 1 MOV 2 SHL V { shift mibble up)
T Foo# 2 @aND 0 HITI MOV B OF % 1 AND  { save 4th & =rd mib)
a & 1 OR FO # 1 OR 1 PUSH { retury rig, Fond )

=) O 2 MOV 4 # 1 MOV 2 SHL v ( repeat for lower byte )
10 FOO # 2 AND OF # O AND { save Ist & &nd nibble )
11 & 0 OR FO # O OR O PUSH { return ne. Fonl)

12 MEXT

13
14 .5
15

3395 LIST

O ( FRONT PAMEL DISFLAY TASHK ROUTIMNE )

i

2 HEX

& EODE test.pattern ( n — display v in all locaticrs )

4 AD #EB O MOV fpi/esr OUT  { setup display ram)
(=] S0 #HB O MY fpifesr DUT | set to auto ime)

E 16 # 1 MOW o Pop

7 BEGIM Tpifdata OUT { Wwrite to all lacationsi
a8 LOOE MEXT

3

10 : ALARM.ON F7 LEDSTATE C@® AND DUF LEDSTATE C' led.hdls H

11

12 : ALARM.OFF 8 LEDSTATE CE OR DUP LEDSTATE C' led.hdlr H

13

14 CREARTE TEST.PAT 32 C, 88 C, 77 C, &6 L, S5 C, 44 C, 33 C; &2 C,
15 ¥l B BOVE; o 5




298 LIST

O { STATUS DISPLAY MODE ROUTIME )

1

2 ¢ LITE.SHOW ( n — DISPLAY n ON COUNT DOWN DISPLAY TEST }

3 DUP TEST. DAT + @ { FETCH TEST RATTEDN )
P —twr\ﬂ L O ) =3 = A ) =
2 DUF 3 AND LED.ON 9 = ( STEP THRU LEDS )

= IF ALARM. ON ( ‘SO0UND ALARM LAST LOOF)
Fi THEN

a BEGIMN PAUSE

3 REFRESHFLLAG C® { WAIT FOR 0.5 SEC )

10 UNTIL O REFRESHFLAG C! 3 ( CLEAR FLAG )
11
12
13
14
15

237 LIST

O ( STATUS DISPLAY MODE ROUTINE

1

2 : TEST.DISFP ( TEST DISFLRY FOR THE STATUS DISFLAY MODE )

3 BEGIN 10 O

& DO I LITE.SHOW ( DISPLAY # )

S CLOCKFLRG Ci& ( GET SET/RUNM STATUS }
& &4 AND 0= ( RUN MODE 2 23

T - IFEERVE

8 THEN FPRUSE

=) LOOFP ALARM. OFF
10 CLOCKFLAG CrE { GET SET/RUNM STATUS )
il &4 AND O= PRUSE ¢ RUN MODE 7 )
iz UNMTIL 3

13

14

15 .5

S968 LIST

0 ( STATUS DISFLAY MODE ROUTINE )

1

& HEX

2 : COMM.DISF ( # —— c, FORMS CODE FOR SENSOR COMM. STAT # )
4 acss AND O { MASHK DESIRED BITS )

5 OVER 80 AND { MULTIFLE CRC—-1& ERROR 7 )
=1 IF 4 OR { FLAG CRC-1& ERROR )

7 THENM OVER & AND { NO RESP. ERROR 2 )

=] IF 2 OR { FLAG NO RESP. ERROR )
=) THEM SWARF 04 { LONG TERM RECOVERY ? )
10 IE 1 BR { FLAG LONG RECOVERY )
11 THEM FO OR 3 ¢ ADD EBELANK E0DE )

la

13

14 .85

s [ ERR




=23 LIST

( 8TATUS DISPLAY MODE ROUTINE )

1
< : STAT.DISPZ ( # ce scl sc& ol of ~— DISP STATUS CODES )
= Fat= ; . —1 =SETURSIpC oy ~
— L O diepl O REL AT ATIE Cores —
5 LODP DISFLAY.ACTIVE ( DISFLAY ACTIVE SENSOR )
& BSIDE O setup.display & 0 ( SETUF SIDE B)
7 DO 22768 ?.FLASH display.b PAUSE ( FLASH 0'S IN CLOCK)
8 LOOF COMM.DISP display.b { DISF ANY COMM ERROR)
3 GET.STAT.GS DROP
10 display.b ;3 ( DISPLAY GENERAL STATUS)
11
12 .5
14
15
400 LIST
¢ ( STATUS DISFLAY MODE ROUTINE )
1
= : BTAT.DISPLAY ( -— DISPLAY I/R & SENSOR STATUS WORDS)
3 CLOCKFLAG C@ &4 AND ( TEST DISPLAY ? )
4 IF TEST.DISP
5 ELSE CONF.CODE ( FORM CONFIGURATION CODE )
& SENSOR# C& 16 / ( GET SELECTED SENSOR # ) —
7 i- DUF LED.ON ( TURN ON SELECTED SENSOR LED)
a 2% SENSTAT + @ ( POINT TO SENSOR STAT)
3 SWAP OVER

401

parse. byte PRUSE

FORM SENSOR CODE )

£

11 I/RETATUS @ { FETCH IND/REC STATUSS

12 parse. byte ( FORM IMD/REC CODE )

13 STAT.DISFZ ( DISFLAY STATUS CODES )

14 THEM ;3

15 .5
LIST

O { FRONT PANEL DISPLAY TASHK ROUTINE )

1

= : REFRESH.DISF | REFRESHES FRONT PAMNEL DATA DISPLAY )

= STATDISFLAG C@ ¢ IN STATUS DISF. MODE 7)
& IF STAT. DISPLAY

b ELSE CONFIG CE 1& AND ¢ INDICATOR ASSY 7 )

= IF MNORM.DISP

Ki ELSE SEMSOR# Ce 16 / ¢ BET REC. DISPLAY MODE )
8 ERSE. DISP ( DISPLAY DATA )

3 THEN

10 THEN CLOCHKFLAG C& 128 XOR

11 CLOCKFLAG E! ( RESET FLASH BIT )

12 TIME. STAMP 3 ¢ BAVE CLOCK REGISTERS )
13

14 .5

P
()]




402 LIST

' ( FRONT PANEL DISFLAY TASH ROUTINE )

]

: MEW.DISPLAY ( PREFPARES DISPLAY DATA FOR NEW 5 SEC UPDATE )

— & QDISOELAR CL STarntesige co oo MO HM-OTFaT_Dros oy
= I _SENSOR 3 CONRIE o1 AND —— B ICATOR oo
5 IF DUF i& s/ ?Dup ( ACT. OR MOMENT. SEN DISELAY 2)
& IF SWAF DROP 1- ( MOMENTARY SENSOR DISELAY )
7 DUF LED. ON { TURN SW. LED ON )
= ELSE LED.OFF { TURN SW. LED OFF )
3 THEN
10 ELSE 7 AND { REC. ASSY ACTIVE SENSOR DISPLAY )
11 THEN RESULTEUF DISPLAYEUF { COPY SENSOR DATA )
12 Z2 CMOVE PAUSE { TO DISPLAY TEMP. BUFFER )
13 CONVERT. DISPLAYBUF SHUFFLE. DISELAYEUE
14 THEN j .5
15

433 LIST
U ( FRONT PANEL DISPLAY TASK ROUTINE )
1
2 : DISF.DATA ( FRONT PANEL DISPLAY TASK HANDLER )
3 10 0O
4 DO I LITE.SHOW PAUSE { PWR-UF COUNT DOWN DISPLAY)
5 LOOP ALARM. OFF
= BEGIN REFRESHFLAG Ce@ ( TIME FOR SO0 mS REFRESH 7 ) D
== 7 - IF O REFRESHFLAG C! { CLEAR FLAG )
1) DISFFLAG CE { TIME FOR S SEC UFDATE 2 )
9 IF NEW.DISFLAY ( COPY DATA FROM DATABASE )
10 THEM REFRESH.DISP { REFRESH DISFLAY )
11 THEN PAUSE { CHANGE ABSY SIMULATOR 7 )
1z AGAIN ;
13
14 .5
15
404 |1ST
O ( INTENTIONALLY BLANK SCREEN )
1
z
=
4
5
&
7
8
=]
10
11

1z
13
14




417 LIST

0 { FRINTER FAGIMNG AMD HEADER ROUTIME 1/15/88)
1
2 s FRIMNT. HERADER ( HEADER FOR RECORDER ) i
2 =1= =y fa = S —
— s Pl .5 L o = 5 2 24 B 2 1 A = ] 755 = =L MEU ﬁEﬁH” En—— =
b ar DATE TIME DIR SPD GST DIR - vAR GSpP o
& a3 0
Fi DO ."™ DIR 8SpD TIME e
&8 LOOP Y 80 AS BT Y CR ’
9
19 = HEADER. TIME? { —— » FRIMT HEADER WHEN HEADERFLAG Ig SET)
11 HEADERFLAG = DUR 29 = { TIME FOR MEW HEADER 9 ¥
1= IF CR FRIMT. HEADER MNOT
13 ELEE 1+
14 THEN HERDERFLAG ! H
15 .5
418 LIST
0 { ROUTINES TO PRINT THE TIME AND DATE 4/8/86)
1
2 ¢ PRINT.DATE { PRINT DATE OF LINE PRINTOUT IN mm/dd!yy FORMAT
e GET.DATE .DATE = SPRCES 5
&
S : PRINT.TIME FRIMT TIME OF LINE PRINTOUT 3
& GET. HR/MIN O/FP. TIME 3 SPACES H ] St P =
—_ Fi et s — .
8 : FPRINT.PKTIME { n =—— FRINTOUT FEAKWIND TIME OF OCCURRENCE )
9 O0/P.TIME 5 SPACES H )
10
i1 : STAT.UNADK? { —— fy CHS IF gnNy SYS ERR ABRE UNQCHNDHLEGDED )
1= I/RACH @ ( BET IND/REC ACHKNOW WORD )
13 SENACHK ?. #5ENSORS 1+ =% SET { TEST ALL ACKMNOW. WORDS )
14 DO I = OR PaUsE 2
15 +LOOF ; -5
413 LIST
O ( PRINTER ROUTINE 1/15/,88)
1
& 5 PRT.FH.WIND ¢ PRINTS 10 MIM, HRLY, & DaiLy FEAK WINMND DATa |
= FPRINTBUF 12 + 3 0 { SETUF PTR FOR FERK WINDS DATAE
&G DO DUF /DATA 3 O.R & #5PACES ( FEAK DIR. )
5 &2+ DUP YDATA 3 OO R 2 *SPRCES ( FEAK SPD )
& 2+ DUR @ PRINT., PETIME &+ PAUSE ( TIME OF QCCUR. )
7 LOOP /DATA 3 O.R £ #SPACES 3 ( PRINT STD DEV)
8
9 : PRT.SYS5.DATA { nn —— FRINTS OUT SYSTEM DATA )
10 l+ 2 0. R & SPACES ( FRINT ACTIVE SENSOR #)
13 SETATEYTE C® HEX & O.R DECIMAL ( PRINT BYS STATUS )
1z STAT. UNACK? { ANY UNACKNOWLEDGE EHR & )
13 IF 4= EMIT { PRINT STAR BFTER STATUS )
14 THEM 13 EMIT S& SPACES CR 3




420 LIST

Ch

{

FRINTER ROUTINE

4/5/8E)

: PRINT.OUT ( PRINTS OUT ACTIVE SENSOR DATA ON PRINTER )

ol s o

Pt To

O T

? B 0, WO i i ORI

He g e T THEY

LEELE

-
ol 0 =8 M0 roo-

El

FRINT.DATE PRINT.TIME
SENSOR# CiE = AND DUR
RESULTEBUF PRINTBUF
22 CMOVE POUSE
PRINTEUF 12 SET
BO I sDATA 3 O.R
2 #*5PACES =2

12 +L.00F & SPACES
i3 FRT.PHR. WIND
14 PRT.SY5. DATA j
15 ..5
421 LIST
O ( PRINTER TASHK ROUTINE 3
1
2 : FPRINTER ( TASK TO PRINT OUT ACT.
3 29 HERADERFLRAG C!
&4 FPRIME. FRINTER 2000 O
5 0O PAUSE LOOP
E BEGIN PRINTER.STATUS? 0=
rd FRINTFLAGE C@
B8 IF O PRINTFLAG C!
9 IF PRINT. OUT
10 THEN
11 ELSE DROP
12 THEM PRUSE
13 RGRAIN j
14 .8
15
4221187
0 ¢ INTENTIOMNALLY BLANK SCREENM 2
1
c
3
i
i
&
Fi
a8
=
10
11
12
13

—

— ] ey

I 100 DRI EENDER T
{ PRINT OUT DATE & TIHME )
( GET ACTIVE SENSUOR # )

( COPY ACT. SENSOR DATA )
{ TO PRINTER TEMP BUFFER}

FRIMNT 15T & DATA VYALUES)
FLAG ANY INVALID DATA )

PRINT OUT FERK WIND DATA )
FRINT OUT SYSTEM DATA |

SENSOR DATA EVERY 1 MINUTE )
( FLAG TO PRINT OUT HEADER )

DELAY AFTER START-UE PRIME}
GET PRINTER STATUS 1}

"TIME TO PRINT OQUT ? )
CLEAR FLAG, STATUS OKAY 7)




423 LIST

i

( INTENTIONALLY BLANK SCREEN )

@~ MO R o

44 LIST

{ INTENTIONALLY ELANK SCREEN )

Do =dmU &L=

¢ McCLELLAN IND/REC AWDS I/0 ROUTINES FrEasBe)

{TYPEY} ( AWDS VECTOR TYPE ROUTINE )
FTR @ C@ 1 PTR +! { BGET FIRST CHARRCTER )
CTR @ 1— CTR !
awds/data OUTPUT STOP ; { O/F LAST CHAR

Ll

CODE o/p.enable? ( — f, CHKS IF CS & DM ARE ACTIVE THRU CTS 1/P3
awds/csr IN 32 # O AND ( MASK CTS BIT )
O PUSH NEXT

e BN B ) [ - OV (VI

-y
]

: SEND.TIME ( PRINT TIME OF LINE PRINTOUT )
GET.HR/MIN O/FP.TIME ;

= b e e
DT e
n

-
Ln




426 LIST
0 { MESSAGE COUMNTER FOR AWDS 471E/788)
i
& : MESSAGE.COUNT ( == p y RETURNM VALUE OF COUNTER MODULO 100
i — 1 ;. Mn nl'l n'-v- o | S 2 = . "
s = = = L= = 1
=4
& : SEND.DATE ( PRINT DATE OF LINE PRINTOUT 1IN mm/dd/yy FORMAT 3
Fi GET.DATE .DATE ;
a8
9 : VALICD.DATA ( a —— 7 y REURN ASCII "?' IF DATA IS INVALID!
10 48 SWAP 22 SET { SETUP DO LDOOR)
11 Do.I @ .0f ( TEST FOR NEGATIVE VALUES)
12 IF DROP &3 LERAVE ( LEAVE * 7' ON STACK IF Of )
13 THEN PAUSE =
14 +LO0OF 3
15 .5
427 LIST
0 { AWDS XMITTER TEST ROUTINE 4/16/86 }
1
& : TEET.URARTE ( TESTS AWDS TRANSMITTER LOOPBRCK )
a3 o6 I/RSTATUS { BETURP STATUS )
4 CHAREBUFFE CEm ( GET 15T CHABR LOORPBACKED!
S Jo = ¢ IS IT *FY CHAR 7 )
[ IF clear.status { FLAG MO XMIT ERR )
7 O URRTBERR C! { CLEAR ERROR CTR )
8 ELSE UARTBERR C@ 1+ ( INC. ERROR CTR )
9 2 MIN DUpP { NO MORE THAM 2 )
10 UARTEERR C! & = ( ERRORE = 2 7 )
11 IF set.status { FLAG XMIT ERROR )
12 ELSE clear.status { FLARE MO XMIT ERR )
13 THEN
14 THEN ©O CHARBUFFB C! j
15 .5
428 LIST
G { AWDS OUTPUT ROUTINE 4/16/86)
i
2 ¢ MOM/ARCT.O/P ¢ n — O/P5 ACTIVE/MONACTIVE CODE & SYSTEM STATUS)
= SEMSOR# Ciz 15 AND OVER = { ACTIVE SENSOR 2 )
&4 IF ‘B3 O/ "/ )
S ELSE 78 ( Os/p "N )
& THEN EMIT SPACE STRATBYTE C®
7 HEX 2 0. R DECIMAL CR { O/P SYSTEM STATUS )
=} Ci= ( FIRST SENSOR 7
= | IF TEST.URRTE FAUSE ( AWDS XMITTER TEST 3
10 THEM 3
11
12
L 5
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423 LIST

431

L]

RN T RSN

-
CUD-dmUA WM e—D

| B
(o I O

{

|

LIST

{ AWDE TASHK

AWDS. OUT

MESSAGE. HEADER

EEGIN
IF O

AWDS OUTFUT ROUTINMNE

£ pli==

DUP AWDSEUF 1#
Lo 1
+LO0OF DUFP AWDSBUF 12 + 3
DO DUP @ 3 0.R SPACE

2+ DUP @ 3

SET

2 5 0.R SPACE PAUSE

. R SPACE

£

(8]

4/16/8E)

OUTFUT DATA IN AWDS BUFFER n )
SEND. DATE SPACE SEND. TIME SPARCE

( DUTPUT DATE & TIME)
{ SETURP DO LOOP)

{ OUTFUT DATA AND A SPACE)
{ SET LOOFP FOR FEAK DATA )

2+ DUP @ O0/P. TIME SPACE 2+ POUSE

LOOFP @ 3 0.R SPACE
NOM/ACT.0/E

AWDE MESSAGE LLEADER

[ s

DUR o=
IF 1 URARTBFLG C!
THEM ." FmM@isy"

DUP 1+ 2 O.R
MESSAGE. COUNT & 0. R

AWDSBEUF VALID.DATA EMIT

90 3 0O.R SPACE

ROUTINE

AWDSFLAG C@

AWDSFLAG C!
o/p.enable?

IF ?.#5ENSORS 1+ DUP
DO I RESULTEUF

AGAIN ;

I AWDEEUF =2 CMOVE PAUSE
LOOR o
DD I MESSAGE. HERDER
I AWDS. OUT PAUSE
LOOF
THEM
THEN PARUSE
« 5

{

{
{
{
{
{

( OUTFUT STD DEWV)
( RCT CODE & STATUS )

4/12/83)

y AWDS MESSEAGE LEADER FOR SNESOR 1)

FIRST SENSOR 7 )

GET 15T LOOFBACK CHAR )
SYSTEM NOMENCLATURE}
SENSOR #)

MODULDO 100 MESSAGE CTR)
PRINT ' 2v OR T01)

FIXED DATA COUNT)

S/S5/88)

OUTFUT DATA FOR ALL CONFIGURED SEMSORS)

TIME FOR OUTEUT 2 )
CLEAR FLAG)

'C5? & 'DM' ACTIVE 2 )
READ # OF SENSORS)
MOVE DATA TO )

aWns O/P BUFFER )

START RWDS OUTRUT)
OUTFUT DATAY




432 LIST

{ INTENTIONALLY ELANK SCREEN )
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433 LIST

0 ( INTENTIONALLY BLANK SCREEN )

424 LIST

{ INTENTIONALLY BLAMK SCREEN )
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{ INTENTIONALLY BLANMK SCREEN )
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4326 LIST

{ INTENTIONALLY BLAMK SCREEM )

0
i
2
3
&
=]
&
7
B

i

10
11
12
13
14
15

437 LIST

o
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438 LIST

{ INTEWNTIONALLY BLANK SCREEN )
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O ( INTENTIONALLY BLANK SCREEN )
1
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3
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440 LIST

{ INTENTIONALLY BLANK SCREEN )
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441 LIST

O { HEAD & TAIL ROUTINES FOR GUELES S/30/86)
1

= ( THESE ROUTINES KEEP TRACK OF THE QUEUE TAIL & HEAD POINTERS )
3

4 @ TAIL ( n == cnt, RETURNS DFFSET TO QUEUE TRIL FOR SENSOR n)
S TAILS + C@ ;

3

7 3 &MIN ( a, n —— a, RETURNS POINTER TO & MINUTE HEAD)

&8 TAIL 192 + 240 MOD + ;

3
10 : 10.MIN ¢ a, n -- a, RETURN FOINTER TO 10 MINUTE HEAD)
11 TAIL 240 MOD + ;

12

13 : UPDATE.G@ ( n ——  INCREMENTS TAIL POINTER OF SENSOR n MOD 240)
14 TAILS + DUP CE 2+ 240 MOD SWAP C'
15 .5

442 LIST

0 (@ OR 10 ? - TEST CONFIBURATION EYTE 4/16/B6)
1

2 1 2.0R.10 ( — f , TEST CONFIGURATION EYTE RETURN TRUE

3 FOR 2 MINUTES)

4 CONFIG C® DUP 32 AND ( COPY & MASK OFF 2/10 BIT )

S SWARP 16 AND OR ; ( MASK I/R BIT , OR THE RESULTS )

E

7

8

9

10

11

12

13

14

15 .S

443 LIST

© ¢ INTENTIONALLY BLANK SCREEN )

1
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444 LIST

( INTENTIONALLY BLANK SCREEN )

1
=y
&4
=
=4
7
a8
9
10
11
1z
13
14
13
445 LIST
0 ( G% QUAD LENGTH MULITPLICATION) HEX
1 CODE @% (dd — g )
< 83 C, ECC, 0B C, BB C, FC C, 8B C, 45 C, CEC, 8B C, 4D C,
08 L, F7 C; E1 C; 89 C; 55 €, 04 C, 89 C, 45 C, 06 C, 31 C,
4C0C, B9C, 45C, 02 C, B5 C, O5C, BE L, 45 Cy ¢C C, F7 E,
5 E1 C, 01 C, 45 C;, 04 C, 11 C, 55 C, 02 L, 83 C, 15 C, oo C,
& 8B C, 4DC, OB C, BB C, 45 C, OE Gy F7V Ey ‘EX £; 01 €. 45 €.
704 C, 11 C, B5C, 02 C, B3 C, 15 C, OO L, BB C, 45 C, OC C,
& F7 Cy EL C, Of C, 45 C, 02 &, 11 c, 15 Cc, FAC, 83 C, C4 C,
310 C, FF C, 75 Cy, 06 C, FFC, 75 C, 04 C, FF C, 75 G, 02 C,
10 FE B, 35 Cy FB C; MEXT
11
12 CODE @+ ( g g - q )
13 8B C, FCC, BB C, 45C, O6 C, 01 C, 45 C, OE C, BB C, 45 C,
14 04 C, 11 C, 45 C, vC C, BE L, 45 C, 02 C, 11 C, 45 C, oA C,
i 8 C, 05 C, 11 C, 45C, 0B L, B3 C, C& C, 0B C, NEXT .5
448 LIST
0 ( 1l4-bit Fisxed-point fractiom arithmetic)
1 ( From Poly—-FORTH level 3 )
3 16384 CONSTAMNT +1
4 .
o COPE *#. (n F = m) o pop 1 FORP 1 ImMUL
& Q0 SHL £ RCL 0 SHL 2 RCL 2 FUsH MNEXT
7
8 CODE 4. ( nn - T 1 POP Z POF .0 SUBR
39 & SAR 0 RCR 2 SAR 0 RCR 1 1D1V 1 PUSH MNEXT
i0
11 CODE U/ ¢ u ow = u ) WFOF O PO 2 2 SUBR W DIV © FPUSH
12
s (i 7

MEXT




447 LIST

W= monf Lo

Ll

{ Trigonometry for l4-bit fractions)
{ From Poly—-FORTH level 3 )

CODE TRIANGLE ( a - ) o ROpP G SHL 0 BHL
o4 IF 0 MNEG THEM +1 # 0O SUB 0 NEG 0 PUSH MEXT

CORE 90— ( a — a) 0 RPOR 4096 # O SUB o PUSH MNEXT

( Hart 3300: 1. 57079 -—.64589 (07943 —.00433)
COs ( a — f) TRIANGLE DUF DUP %. DUF =71 %.
1301 + OVER . —-10582 + *. BIS2 + OVER +*. + FRAUSE  ;

: SIN ( a - +) g0— COg ;

.5

448 LIST

-
CUD~ImMU £ M=

11
iz
13
14
15

{ Arc-tangent!}
{ From Poly—-FORTH level 3 )

CODE !BET PO O ROR C5 NOT 1IF
LDODS THENM R )} REL MEXT

( Hart 4960: .15920 -.0S270 .O02680 .41421)
HERE HEX —-0CO0 , 0400 , 3400 , -3C00 ,
1400 , —-1C0O0 , —2C0O0 , 2400 , DECIMAL

ATAN ( i n = a) DUP 04 )R AES
SWAP DUP O( !SET NEGATE ZDUF ) !'SET SWAR /.
DUP -6768 + SWAP &786 +. +1 + /. PRAUSE
DUP DUP #*. DUF 438 =, —864 + *, 2E0V +
Ry 2# LITERAL + @ + AES PAUSE ;

« 5

443 LIST

L [ v R o - £ B R )

{ Angle conversion & Square Root )
( From Poly-FORTH lewvel 3 )

¢ DEL Aoy = ) 260 /. g
t REV 4 F = ni 0 18000 8132 M/ DRORP ;

CODE SORT ( d = n, RETURNS SOUARE ROOT FOR DOUBLE-LENGTH # )
2 FOP ¢ POR I PUSH W W SUB W I mov 16 # 1 MOV
BEGIMN o SHL 2 RCL I RCL O GHIL 2 REL I REL
W SHL W SHL W OINC W I ChP CS NOT IF
W I SUB W INC THEM W SHR
LOOF I POF W FUSH MEXT




450 LIST

0 { Buad-length Square Root Routine )

1

& HEX CODE GSGRT (g — d )

5 83 C, ECCy 04C, BB C, FCC, 31 C, D2 C, 31 C, CO C, B3
#05G, B3Cy 45C, 02€C, BIC, 80 C, 00 C, DI G, 65 C, oA
DL C, 55.C. 08 C,

&Db1C, 55C, 06C, D1 C, 55C, 04 C, DI C, DO C, D1 C, D2
7DIC, 85C oAC, DI1C, S5C, 08 C, DI C, S5 C, 06 C, DI
855¢C, 04C, D1 C, DOGC, DI C, D2C, DI G, 25 C, DI G, S5
902G, DicC 85C, DI C, S5C, 02 C, 83 C, 05C, Ol C, B3
lo 55 ¢, o2ac, 00 cC, 3BC, S5 C, 02 C, 72 C, 12 C,
11 75C, o4cC, 3BC, O5C, 72C, OCC, BB C, OS5 C, 1B C, 55
lzo2¢C, B83C, 05C, 01 ¢C, B5C, 55€C, 02C, 00 C, DI C, &D
202C, D1C, IDC, E2C, B1C, BEC, OS5C, BE C, 55 C, 0=
14 83 €, C4 C, OC C, SO C, 58 €, NEXT
15 .8

451 LIST

O ( INTENTIONALLY BLANK SCREEN )
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452 LIST

0O ( INTENTIONALLY BLANK SCREEN )
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4353 LIST

L

( INTENTIONALLY BLANK SCREEM )

1

=
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&

>

g

=
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14
15

454 LIST

o { VECTORIAL AVERAGE ROUTIME Z/4/86)
1 ¢ X, ¥ — RESULTANT )

2 : DVEC.RAVE ( 2x, 8y —— 2resultant, R=[x*x + y#*yISORT )

3 'R DABS ZDURP 0% 2R} PAUSE

& DABS ZDUF QG+ O+ GELRT FAUSE ; ( COMPUTE DOUEBLE ROOT)
5

& CODE SCALE.DOWN ( n == n/128 ROUNDED UR )

7 O POP &4 # © ADD { BET n & ADD &4)

8 7 % 1 MOV { SET LOOP )

9 BEGIM O SHR LOOP { DIVIDE BY 128 )
10 O PUSH MNEXT { PUSH RESULTS

il

i2 : 24RND 12288 0 D+ 24576 M/ ;3 ( E#*[16384 + B13&1)
13 .85
14
15

4535 LIST

O { McCLELLAN IND/REC CHECKSUM ROUTINE S/E0/BT)

1

2 3 SUM.SUMS ( n — d ADD RUNMNING SUM AS CHECE SUM)

3 JR O 0 I ¥SuUMz 2EF D+ ( ADD EACH SUM)

& I ¥S5umMa 2@ D+ I X5Umic 2@ D+

=] RY ¥YS5UmMio) 2@ D+ ( LEAVE SUM ON STACH)

&

7 ¢ UPDATE.CHHKSUM ( m —— UPDATE SPEED & DIRECTION CHECHSUMS)
8 'R I SPEEDR I 10.MIN @ { FETCH OLDEST?}

9 O DNEGATE I SFEEDCHK 2+! { SUBTRACT FROM SUM)
10 MEWSPEED @ © I SPEEDCHK 2+! { ADD MEWEST )

i1 I ANGLER I 10.MIN B { REPERT FOR DIRECTION)
2 O DMEGATE I ANGLECH 2+!

15 NEWDIR @ © I ANGLECHK Z+!

14 I SUM.SUMS R} SUMCH 2! ;3 { COMPUTE X-—-Y CHECH)




456 LIST

457

¢ ( RECT. TO POLAR & FOLAR TO RECT. COMVERSION I/2E/8E6)

1

Z : REC.POLRR ( w, y —— m, a )

5 2DURP 2)R }R & M* R} & M= ( SEALE U}

-+ DVEC.BVE 1 © D+ & m/ ( COMPUTE MAGNITUDE)

] 2R SWAP ATANM = { COMPUTE DIRECTION)
=3

7

8 : POLAR.REC ( m, a —— 2y, &k )

H DEG ZDUF COS M# 1 158 M/ 2R { COMPUTE X )
10 SIN M# 1 128 M=/ 2R} H { COMPUTE ¥
L5 |

1z .
12 .5
14
15
LIST

O ¢ SUM.YX10 — COMPUTE 10 MINUTE RUNNING SUM OF X&Y 4/3/788)

1

2 : SUM.XY10 ( n —— n SUBTRACT OLDEST & ADD NEWEST)

2 DUFP R { BAVE n)

i {( COMPUTE RUNMNING SUM FOR Y)

a YSUMLO DUP 2@ { I' I5 THE SENSOR #)

& I SPEEDER I 10.MIN @ { FETCH OLDEST SPEED & ANGLE)

7 I ANGLEQ I 10.MIN @ POLAR.REC 2)R ( COMPUTE X & Y)

a D— NEWY 2@ D+ ROT 2! ( SUBTEACT DLDEST, ADD NEWEST & STORE)
=]

10 { COMPUTE RUNNING SUM FOR X}

11 J XSUMi1Cc DUP 2@ 2R D- ( FETCH SUM & SUEBTRACT OLDEST)
iz MEWX 2@ D+ ROT & { SUBTRACT OLDEST, ADD MEWEST & STORE )
13 R} H { RESTORE STRCES)

14 .5

15
LIST

0 ( SUM.Y¥X2 — COMRUTE 2 MINUTE RUNNING SUM OF X & ¥ 4/3/BE)

1

2 : SUM.XY¥Y2 { n — n SUBTRACT OLDEST & ADD MNEWEST}

k] DUP R { SAVE wn)

4 ( COMPUTE RUNNING SUM FOR Y)

g YSUMz DUP zi= ( I' IS THE SENSOR #)

& I S5PEEDR I 2.MIN = ( FETCH OLDEST SFEED & ANGLE)

7 I ANGLER I 2.MIN 2@ POLAR.REC 2)R ( COMRUTE X & ¥)

a D= NEWY 2= D+ ROT 2! ( SUBTRACT OLDEST, ADD MNEWEST & ST)
o

10 { COMPUTE RUMMNING SUM FOR %)

11 J ¥5UM2 DUFP 2@ ZRY D- ( FETCH SuUM & SUBTRACT OLDEST)
iz MNEWX 2@ D+ ROT 2! { SUBTRACT OLDEST, ADD NEWEST & sSTO)
13 R} H { RESTORE STACHKS)

14 .85




453 LIST

0 ( XY — COMPUTE LATEST Sums 4/3/8BE )
1

= : UPDATE.SDXY ( n -- UPDATE TAIL FOINTER & STORE LATEST DATA)
= *R 1 UPDATE. CHKSUM { UFDATE CHECK Sums)
- MEWSPEED ® I SPEEDR I TRIL + ! { STORE SPEED)

B NEWDIR @ I ANGLER Ry TAIL + ! ; { STORE DIRECTIONM)
&

7o SUM.XY ( no—— sumy, sumx)

= DUrP ¥R

2 SumM. XY10
10 2.0R. 10 { DO WE NEED £ MINUTE SUMS?)
11 IF SUM.XY2 YsSuMz 2@ I XSuUmMz z@
i ELSE YSUMIO 2@ I XSUMIO 2@ ( PLACE Y & X ON STACK)
13 Z2YR 1 5 M%)/ 2R} 1 5 Ma/ ( SCALE BROWMN 3
14 THEN R} UPDATE.SDXY ; ( UFPDATE SFPEED, DIR, X, & Y BGUE)
15 .5

460 LIST

o { CUMPUTE NEW X & Y VALUES AND SUMS 3/1a/88)
1

2 : COMPUTE. XY ( —— COMPUTE X & Y FROM MEWSFEED & NEWDIR )

3 MEWEPEED @ ( FETCH LATEST SPEED)

4 MEWDIR = {( FETCH ANGLE & CONVERT TO RECTAMGULAR)

o FPOLAR. REC MNEWX 2! NEWY 2! ;3 { SAVE RESULTS)

&

7

8

E|
g J5
11
12

13

14

15

461 LIST

o ( AVE.SPEED - VECTORIALLY AVERAGED SPEED S/12/86)
1

2 : AVE.SPEED ( n =-= y COMPUTE THE AVERAGE SFEED FOR SENSOR n)
3 COMPUTE. XY { COMPUTE LATEST X & Y

£ sSumM. XY

3 2}R 1 16 M=/ 2Ry 1 16 Mx/ (| SCALE DOWN SUMS)

& DVEC. AVE ( COMPUTE WECTORIAL AVE, LERVE RESULT 3

7 24RND { SCALE DOWN SPEED)

a8 SPEED ! 3§ ( STORE RESULTS)

9

10

11 .5

-
[

b
L

- =
L+




462 LIST

464

O { BGET X&Y FOR THETABAR 10/22/86 )
1

= ¢ THETAR.XYZ2 ( — %, vy GET & MINUTE X&Y SUMS )
3 I' XSUMs 2@ 2DUP D= { BUM = 0 2)

4 IF DROR { MAKE SINGLE LENGTH )

S ELSE 3000 M/

& THEN I' YSUMZ 2@ ZDUP DO=

7 IF DROPR

=] ELSE Z000 M/

3 THEN 3 ( 2 MINUTE )

10 .8

11

1z

13

14
15
LIST

0 ( THETA. XY10 — GET X&Y FOR THETABAR 10/22/86
1

2 : THETA. XY10 ¢ —— Hy ¥ BGET 10 MINUTE X&Y SUMS)

3 I' X8Sumio 2@ 2pup pos= ¢ SM=0 7 }

4 IF DROP

S5 ELSE 15000 M/

& THEN I' ¥SUM10 2@ ZDUP DO=

! IF DROP

=} ELSE 15000 M/

9 THEN 3 ( 10 MINUTE)

G 8

11

1=

13

14

15
LLIBT

© { COMP.THETA — WIND DIRECTION 2/12/86)
1

2 : COMP.THETA ( x, y —— theta, COMPUTE THE ANGLE )

3 SWAF ATAM ABS REV 50 +

4 100 U/ DUR O= ( ANGLE = 0 7 )

=1 IF DROFP Z&0 { ANGLE = Z80 DEGREES)
& THEN ;

7

=

9

10

11

Ltz

14

1S

]




485 LIST

¢ { THETA.BAR — MIN AVERAGE DIRECTION S/A1E2/8E6)
1

2 : THETA.BRR ( n —— i ¥

& YR BREED R 0= ( SPEED =0 2 )

&4 IF O { CALM WINDS HAVE O DIRECTION)
o ELSE THETA. XY= COMP. THETA I THETAZ !

=8 THETA. X¥10 COMP. THETA I THETALGQ !

7 I 2.0R. 10 ¢ OUTPUT 2 MINUTE WALUE 7)

a8 IF THETAZ @ ( PLACE PROPER YALUE ON STACH)
9 ELSE THETAl1D & ( 10 MINUTE WALLUE )
10 THEM
11 THEN DIRECTIONM ! R)» DROP ; { STORE RESULTS) .5
125458
i3
14
5

466 LIST

o { INTENTIONALLY ELANK SCREEN )

1

=4

3

4

S
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7

a8

9
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11

iz

13
14

15

467 LIST

G.( INTENTIONALLY BLAMNK SCREENM )

1
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468 LIST

{ INTEMTIONALLY BLAMK SCREEN )
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463 LIST

o

{ IMNTENTIONALLY BLANK SCREEN )

-
HOWD MmO bR e

iz
13
14
15
470 LIST

0 ( WRAP ROUTINE FOR MX.V MM.V & MX.MN A/23/88)

1

2 : WRAP? ( o, n == &' WRAP OFFSET BACHKWARDS ARDUND ENMD DF QUE )
3 ( o 1§ OFFSET FROM MAX.V, ETC.)

&4 { TAIL RETRIEVES THE TRIL FOINTER FOR SENSOR )
] TAIL SWAP - —-240 MOD j

&

7 : DOFF.SET { n — o RETURN OFFSET TO MAX)

=) OFFEET @ 2# SWAP WRAR? ;

9

i0 ; O.QUEY ( a =—— f CHECHK FOR ALL ZERO QUE)

11 0 SWAP 240 SET ( LEAVE © FLAG, SETUP DO LOOR )

12 DO I @& o= NOT ( TEST FOR 0 )

13 IF NOT LEAVE ( SET FLAG & LERVE)

14 {( INC. TO NEXT CELL}

-5

—
Ln

THEN &
+LDOP 3




&7

47

1

i

LIST

)

]

]

0 ( MAX.V — FIND MAXVALUE IN GUE & SAVE OFFSET 4/05/88)

1

& ¢ MAX.V ( a, i, 1, n —-- GIVEN G-ADDR., INDEX, & LENGTH

3 FIND MAXIMUM & ITS OFFSET FOR SENSOR n )
4 )R O MXVALUE ! o ( INIT. MXVALUE & SETUP LOOP )
5 DO 2DUF I % J WRARP? + ( COMPUTE ADDRESS)

& @ SCALE. DOWN ( FIND WHOLE KNOTS)

7 DUF MXVALUE @ ) ( COMPARE DATA & MXVALUE)

a IF MXVALUE ! ( SAVE MAXIMUM VALUE)

3 I OFFSET ! { SAVE MAX & OFFSET)
10 ELSE DROF ( CLERAR STACK OF LAST VALUE)
11 THEN PAUSE
1z LOOP EDROP R} DROF ;  ( CLR STACK OF ADD, INDEX , n
13
14 .8
15
LIST

O ( MX.MN — FIND MAX & MIN IN A QUEUE 3/13/86)

1

& ( B-ADDR, INDEX, LENGTH —— )

3 ¢ MX.MN ¢ a, iy 1, n — GIVEN ADDR, INDX & LENGTH,

4 FIND MAX & MIN FOR SENSOR n)

5 YR O MXVALUE ! 32000 MNVALUE ' O ¢ INIT. VALUES )

3 DO 2DUP I % J WRAR? + DUP { CALCULATE ADDRESS)
7 @ DUP MNVALUE & (¢ ( MINIMUM VALUE ? )

8 IF MNVALUE ! ( SAVE MINIMUM )

3 ELSE DROP

10 THEN @ DUP MXVALUE @ ) ( MAXIMUM VALUE 2 )
11 IF MXVALUE ! ( SAVE AS MAXIMUM)

12 ELSE DROP

13 THEN PAUSE

14 LOOP Z2DROF R} DROP

15 .8
LIST

0 ( GUSTSPREAD 8/11/89)

1

2 : BUST.SPREAD ( m —— COMPUTE LATEST GUST SPREAD FOR SENSOR n
3 DUF )R { SAVE SENSOR #)

4 SFEED@ 2 1MIN ( SET STACK AS ADDR., INDEX, LENGTH —-—
5 R) MX.MN { FIND MAX & MIN)

3 MXVALLE @ MNVALUE @ — ( COMPUTE THE GUSTSPEREAD)

7 SCALE.DOWN 33 MIN ( LIMIT TO 99 KNOTS)

8 GUSTSPRD ' ; « PLACE IN RESULT BUFFER)

9

10 : SET.E024VALID? ( w —— GSET 60 MIN & 24 HR VALID FLAGS)

11 DUF )R 2% PEAKCNT + @ DUP ( GET EEAK COUNT)

12 EOMINLIMIT ¢ ( HAS ¢ B0 MIN FASSED ?)
13 IF 1 ELSE O THEN I &OVALID + C!

14 Z4HRLIMIT ¢ { HAS ¢ 24 HRS PASSED ?)

IF 1. ELSE O THEN “R})

S4VALID + T

.5




474 LIST

O ¢ PK.WD — SERRCH SPEED GUELE AND FIND PEAK DATA 3/13/86 )
{

& ¢ CALLED BY FEAK WIND)

4 : PK.WD ( ANGLER, TIMER, SPEEDD, INDX, LENGTH, n ——

5 TIME, DIR, SFEED FOR SENSOR )
& ( MAXV USES TOR 3 ARGUMENTS)

7 MAX. V ( FIND MAX & OFFSET)

a I' OFF.SET DUP { GET OFFSET AND COMPUTE INDEY)
3 ROT + @ { BET ASSOCIATED TIME)
10 SWAF ROT + @ { BET ASSOCIATED DIR)
11 MXVALUE @ ; { BET SFEED )
12
13 .5
14
15

475 LIST

O ( PYHR — DETERMINE HOURLY PEAK WIND DATA 3/13/86)
1

& ( IF THE LASTEST SSEC PEAK WIND DATA IS

32 A NEW.HOURLY PERK FOR SENSOR n, STORE DATA IN EVHEUF)

4

5 : PVH.R ( TIME, DIR, SPEED, n —-- TIME, DIR, SPEED)

& PR 2)R J SWAP R ( SAVE DATA, R-STK = DIR, SFEED, TIME —-)
7 PVHEUF DUP { COMPUTE PVH ADDRESS)

8 4 + 1 SwaAp ! { STORE NEW TIME)

e DUP 2+ J SWAP ! { STORE ASSOCIATED DIRECTION)

10 I' SWAFR ! { STORE ASSOCIATED SEEED)
11 R} 2R)> R) DROP ; ( CLEAR RETURN STACHK)

12
1Z : SAMFCNT.® ( n —— # RETURN COUNT & INCREMENT TO LIMIT)
14 SAMPCNT + DUP C@ DUP 1+ 120 MIN ROT C! ;3

iS58

476 LIST

0O ( PEAK WIND LATEST S SEC VALUE DOF 10 MIN PEAK 3/12/86)

1

2 : PEAH.WIND ( w —— , FIND LATEST S SECOND VALUE OF THE

3 10 MINUTE FPEAK WIND FOR SENSOR n)

4  ( SETUP STACK FOR FK.WD WITH B-ADDRESS FOR DIRECTION,

] TIME, & SPEED ALONG WITH INDEX, LENGTH & SENSOR #)

£

7 DUF )R ANGLER I TIMEG I SPEEDG CELL 1OMIN I

8 FE.WD DUP T PVHEUF @ ¢ NOT ( PK.WD } DR = TO PVH 7 )

g I SAMPCNT.=® 119 > AND  ( AND 10 MIN. PAST SINCE XX:55 2 )
10 IF I PVH.R ( STORE NEW &0 MIN PEAK WIND)
11 THEN SWAP ( REORGANIZE STACK — TIME, DIR, SFEED)
12 FEAKL1O DUR ( COMPUTE ADDR. OF RESULT ARRAY)
13 YR P I 2+ ! ( STORE DIRECTION & SPEED)
14 RY 4 + ! R) DROF ; ( STORE TIME & RETURN n )
15 5




477 LIST

479

o

LTa 0 BRI o R~ Y B

ay
L

Wl~m e

-
o= O

Ll

o
o =

{

LIST

o = R ] - VO R ]

(

UFDATE 24 HOUR FPEAK WIND GUEUES S/3/787)

UFDATE.PVD ( n —-— UFDATE QUES FOR 24 HR PERK WIND DATA )
( THESE CUES ARE 48 BYTES LONG}
FEAKGTAILS + DUP C@ 2+ 48 MOD SWAR C! ;

FPEAKQ. TRIL { mw—— ent, RETURNS DFFSET TO QUE TAIL FOR SENSOR w)
PEAKOGTAILS + C@

FPEAK. WRAR? ( o, n —— o WRAP OFFSET BACHWARDS ARDUND EMD OF QU
FEAKE. TAIL SWAFP — —-48 MOD ;

FEAK.OFFSET { m —— o REURN OFFSET TO MAX FERHKE4 )
OFFSET @ 2# SWAP FEAK.WRAR?

PVYHGET — RETRIEVE LATEST VALUE OF RFVH FOR SENSOR n S/12/786)

PYH.GET ( n —— SPEED, DIRECTION, TIME }
( RETRIEVE THE LATEST &0 MIN FEAK WIND DATA FROM
THE SCATCH PAD AREA OF SEMSOR nl

FYHBUF ( COMPUTE RDDRESS OF PVHBUFFER})
DUP DUP B O ROT ! {( PUT SPEED OM STRCK AND ZERO FV)
SWAaP DUR 2+ @ ( GET DIRECTION}
SWAP 4 + @ ( GET TIME)

CLEAR. SAMPCNT ( n —— CLEAR S5AMLE COUNT OF SENSOR )

SAMPCNT + O SWARP C! j

PVHFUT — PUT PYH DATA INM RESULT & PVD QUE SENSOR n S/12/86)

PVYH. PUT ( SPEED, DIRECTION, TIME, n—— 3
{ PLACE &0 MIMN FPERK WIND DATA IN PYH BUFFER)
TEMP ! {( ETORE n)

'R 2R FLACE DATRH 0OM R-STACH}
TEMF B PEAKED GET BUTRUT EBUFFER PVH ADDRESS)
DuFE 1 sWAR ! STORE DIRECTION)

DUP 2+ I' SWAP ! STORE SFPEED)
4 + J SWAR ! STROE TIME)
{ NOW PLACE DATA IN PVD GUE)
TEME @& DUP FVDANGLE OVER FEAKG. TAIL +
R) SwWap ! ( BET PVDANGLE @ & STORE)
DUP PVDSPEEED OVER PEAKD. TAIL + RY SWAP ! ( STORE SPEED)
DUF PYDTIME SWAP PEAKG. TAIL + R) SWAP ! ; ( STORE TIME)

T i i
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481 LIST
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{
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48z LIST

o
1
e
&
9
&
7
B

ul

10
11
iz
13
14

15

(

FVDOUT - PLACE PVYD DATA IN RESULT HUFFER FOR SENSOR n S/12/86)

FVD STRUCTURE - DIRECTION, SPEED, TIME )

PYD.OUT { »n —= y FLACE 24 HR PEARK WIND DATA IN RESULTBUF )
( COMPUTE ADDRESS OF MAX PVD DATA)
DUR DUFP TEMR | { SAVYE n )

FEAK. OFFSET DUP )R
SWAP PYDTIME + @

I TEMF @ PVDSPEED + @
R} TEMP @ PVYDAMGLE + @

COMPUTE INDEX & SAVE)
FETCH TIME}

FETCH SPEED)

FETCH DIRECTION)

i R

( SETUP FOR RESULT BUFFER )

TEMP @ PEAK24 ( RETURNS PVYD RESULT BUFFER ADDRESS)
DUF >R ! ( SAVE ADDRESS AND STORE DIRECTION DATA)
I 2+ ! { STORE SPEED)
Ry & + ! ( STORE TIME) .5
MAX.P — FIND MAXVALUE IN QUE & SAVE OFFSET 3/13/86)
MAX.P ¢ a, i, 1, n -— GIVEN G-ADDR., INDEX, & LENGTH
FIND MAXIMUM & ITS OFFSET FOR SENSOR n )
YR O MXVALUE ! © ( INIT MXVALUE & SETUP DD LOOF)
DO 2DUP I % J PEOHK.WRAP? + ( COMPUTE ADDRESS)

B DUP MXVALUE @ 3 { COMPARE DATA & MXVALUE)
IF MXVALUE ! { SAVE VALUE)
{
{

1 OFFSET ! SAVE MAX & OFFSET)
ELSE DROP CLEAR S5TACK OF LAST VALUE}
THEM PALSE
LOOF =DROP Ry DRORP 3 { CLR STACK OF ADD, INDEX , n)

HOURSS - FUNCTIONS FERFDORMED AT S5 PASSED THE HOUR 3/12/86)

HOUR.SS ( n — , PERFORM HOURLY TASK AT 55 PAST)
SSFLAG CE@ { FETCH FLAG)
IF DUP SSFLAG SWAP flag.settest ( TEST FLAG)
IF DUP R PYH.GET « PLACE LATEST PVYH IN PVYD QUES 3
1 PVH. PUT { STORE FVH VALUE IN BUFFER & IN PVD QUEUE)
I PVDSPEED 2 24 I ( SET UP FOR MAXV)
MAX.P ( MAX.P FINDS OFFSET TO PEAK & SAVES IN "OFFSET" )
I PVD.OUT ( PVDOUT MOVES PVD DATA FORM GUE TO DUTEUF)
I UPDATE.PVD ( UPDATE TAIL FOINTERS)
1 CLEAR. SAMECNT ( CLEAR SAMPLE COUNTER)
R} SET.E024VALID? ( SET €0 MIN DR &4 HR FLAGS)
ELSE DROP
THEN

ELSE DROFP THEM j; « 5




483 LIST

( INTENTIONALLY BLANK SCREEN )

W=l oL b= o

484 LIST

0 ( INTEMNTIONALLY BLANHK SCREEN )

1

2

3

4

9

&

7

8

9

1a

11

12

13

14
15

485 LIST

O { BUSTE.TEST — 5 SEC GUST USNIG 2 MIN ALGORITHM 3/14/8B6)
1

= ¢ BUST=2.TEST ( BUSTSPRERD, PV, SBAR —- GUST)

3 ( DETERMINE GUST AE GIVEN BELOW USING 5 SEC SAMPLE)
& ¢ IF [SEAR » 01 & [PY —-SBAR Y= 5] & [GS )= 107 5

] THEN GUST = BV, ELSE BUST = o

&

7 2DURE ROT © 3 ( 6s, PV, PV ,5BRAR, SBEAR -- SBAR}O 7}
=]

= ( YES, [{PV — SBAR NOT{ S5 & {65 NOT ¢ 10XINOT 2
10 IF = & {( NOT ROT 10 { NOT AND NOT

11 IF DROP © ( DROP PV & ENTER )

i2 THENM

13 ELSE zZDROF =ZDROR © { SBAR NOT» ©, S0 GUST = 0}

14 THEN j {( STACK HAS GUST VALUE ON IT)




486 LIST

0 BUST10.TEST - 5 SEC GUST USING 10 MIN ALGORITHM S/ 14/86)

1

2 1 BUSTL1O. TEST ( PV, SBAR --— GUST s 10 MIN BGUST ALGORITHM)

= ( DETERMINE GUST AS GIVEN BELOW USING S SEC SAMFLE)
4 ( IF [BBAR » O] & [PV - SBAR )= SI;

S THEN GUST = PV, ELSE BUST = 0O )

&

7 EDUP ROT 0O ) ¢ PV, PV ,SBAR, SBAR -— SBAR ) 0O 7)
=} IF = 5% { YES, L[L{PV — BEAR NOT{ S5¥1 7)

9 IF DROP o { DROF PV & ENTER Q)
10 THEN
11 ELSE ZDROP DROF O { SBAR NOT} O, 50 GBGUST = o)
12 THEN H { STACK NOW HAS BUST YALUE ON ITH

12 .5
14
15
487 LIST

0 ( GUST.MEW SETUP STACK FOR GUSTE. TEST OR BUST1gQ, TEST 4/29/,88)
1

2 ( PLACE RESULTS IN GUST GUEUE FOR PROCESSING RY "GUST.GUSTY")

-

4 ¢ BUST.MNEW ( n —— n , SETUF STACK FOR 2 OR 10 MIN ALGORITHM)

= YR SAVE n)

& FPEAK1O 2+ @ SPEED @ { PV, EPEED — )

7 =« OR. 10 ( 2 MIM ?)

a IF GUSTEPRD ® { &2 MIN, S0 GET GUSTSERERD)

3 ROT ROT BUST=2.TEST ( SETUP STACK & CALL GUST2. TEST)
10 ELSE GUST10. TEST ( 10 MIN, CALL GUSTL10.TEST)

11 THEN I GUSTQ
1z I TRIL . ! R} ; { STORE RESULTS IN GUST GUE}

13 .5

14

15

488 LIST

0 ( GUST.FIND = FIND LATEST § BEC BUST 4710786 )
1

2 & GUST.BUSTY (o — 3 FIND LATEST GUST VYALUE FOR SENSOR n)
& GUST. NEW { COMPUTES GUST USING 2 OR 10 MIN ALGORITHM)
= GUSTE O.QUE? { SETUP STACK FOR o, QUE?)

a IF PERHLIO 2+ @ ( NOT =0, FETCH. 10 MIN FPEAK 3

& ELSE O ( BGUST RUE ALL 0'S, O BUST

Fi THEN GUST ! 3 i PLACE AMSWER IMN RESULTS ARRAY)
a8

9 .8

10

i1

i2

13

14




483 LIST

O ( INTENTIONALLY EBLANE SCREEMN 3

.

-

&

o

&

7

a

9
i
i1
12
14
5

490 LIST

O ( DIRECTIOM VYARIABLITY 1/6/787)
1

2 CODE ».1807? ( #, n — # IF n ¥ +—180 ; —+3Z60 to #)

4 o POP 1 POR ( GET THETA)

& 180 # O CMP 03 (n » 180 )

=1 IF 360 # 1 SuUuB {n=n—- 3680 )

& ELSE —180 # O CHMP O¢ ¢ m { =180 7 )

i IF 360 % 1 ADD {n=mn+ 360 )

=} THEM

) THEM 1 PUSH NEXT

10

11 .S

iz

13

14

15

491 LIST

¢ ( DIRECTION VARIABILITY 1/6/87)
1

2 1 FIND.DYV ( -—-— CETERMINE DIRECTION VARIABILITY WVALLUES)
3 THETRO @ DUP MNVALUE @ + DUE O¢ { DV1I = THETAOD + MIN)
4 IF 360 + ( IF vl ¢ O , AbDh 260 DEGREES)
S THEN 7DUR NOT ( RESULTE = 0 7)

E IF 380 ( SET TO Z80)

I THEM DIRVAR ! ( STORE IN DVl POSITION OF TEMRPBUF)
a MAVALUE @ + DUP Z60 3 ( DV2 = THETRO + MAX, ) S&60 72
3 IF 3Ee0 - { IF YES, SUBTRACT 3640 )

10 THERN TDUF NOT { RESULTS = o 723}

11 IF 80

1z THEN DIRVAR &+ ! 4 ( STORE IN DVZ POSITON )
13

14 .8

13




492 LIST

e S I T S Y Y O S

(= B I I ) O

10
11
iz
13
14

15

{
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494 LIST

Wi~ m Lo

{

DIRECTION VARIGRILITY 1/6/87)
Y. 3607 £ —— T, IS MAX = MIN } 2ZE0 7 SETUF TEST FLAB)
MXVALUE @ MNVALUE & — DUF ¢ COMPUTE DIFFEREMNCE 3
S60 = SWAP 360 } OR ( » OR = TO ZEOQ 7)
MAX. MIMN { n —— DETERMINE IF w IS NEW MAYX OR MIMN}
DUF MNVALUE @ ¢ ¢ TEST MIN VALUE)
IF MNVALUE ! i SAVE MEW MIMIMUM}
ELSE DUF MXVALUE 2 % ( TEST FOR NEW MAX IMUi)
IF MXVALUE ! { SAVE IF NEW MAXImMUbd)
ELSE DROR { ELSE DROPFP )
THEN
THEM 3
DIRECTION YARARIABILITY 1/6/87)
FIMD.EXTREMES ( a,i,l,vn — n SEARCH THRU GQUE FOR EXTREMES)
YR MXVALUE ' O MNVALUE ! 1 {( 5AYE n & SET VARS)
DO 20UP I # J WRAP? + @ 2DUR { FETCH THETA FROM BRUE)
IF THETRC 2 - DUP ( SKIP IF =0, COMPUTE DELTA-THETA )
}. 1807 DuR { CORRECT IF OWER +- 180 )
DELTADELTA @ -— ( COMPUTE DELTRA-DELTA-THETAO )
}. 1807 { CORRECT DELTRA-THETO IF OVER +— 180}
DUP DELTADELTA ! { SAVE AS MEW DELTA-THETA 3}
MAX.MIN }.3607 ( FIND MAX/MIN & TEST IF ¥ Z60 )
IF DIRECTION = DUP DIRVAR 2! ¢ SET DV = AVE. DIR.)
12345 DELTADELTA ! LEAVE ( USE DELTA-DELTA &S FLAG)
THEN
THEN PAUSE
LOOF ZDROFP RY DROFP {( DROP a,1 & n ) .8
DIRECTION. VARIABILITY 1/6/87)
DIR.VAR ( »w —-—  FIND DIRECTION VARIARILITY FOR SENSOR )
R 0 THETAOQ ! 0 DELTARDELTA ! ( SAVE n, INIT. VARIAEBLE)
I ONGLEDR 2 10MIN O { GET THETRAO )
DO 2DUr I * J WRAR? + & 2DUP
IF THETAG ! LEAVE { SAVE FIRST NON-O THETA )
THEM
LOOF EDROFP THETAO @ {( THETHGO NOT= 07)
IF I ANBLED & 10MIN I { BETUF FOR SEARCH)
FIND.EXTREMES DELTARDELTA @ 12345 = NOT ( Z&0 LOOPRP?2)
iF FIND.DV ( NO, S50 FIND DIRECTION VARIABILITY)
THEM
ELSE @ DIRVAR ! & DIRVAR 2+ ! { ALL THETA,S = o)
THEM R} UPDATE.Q j -2 { UPDATE OGUE POINTER }
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( INTENTIONALLY BLANK SCREEN )

496 LIST
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{ INTENTIONALLY BLANK SCREEN )
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498 LIST

© { STANDARD DEVIATION OF DIRECTION 12/8/88)
1

2 : BUM.DELTES ( n — n COMPUTE SUM OF SRUARES & SUM OF DELTAS )
3 ) DUP THETALG @ { FETCH 10 MIN AVE. DIRECTION)
i OVER ANGLER 240 SET ( GET ADDRESS AND SET UP LODRP)
= DO DUP I @  2DUP ( BHIRP IF = 0 )

& iF - ¢ DUP THETR1G & FETCH THETRi )
7 DUR }.1807 ARS { COMPUTE min | delta | )

a8 DUF © SOUAREDOFSUMS 241! { ADD TO Sum?

9 DUP mM#* SUMOFSCQUARES 24! SEUARE & ODD TO SuM )
10 1 #THETRS +! { INC # OF THETAS)
11 ELSE DROP ( DROP EXTRA THETAL1Q)
12 THEM PRUSE & ¢ INC TO MNEXT CELL )
13 +LO0OF DROF 3
14 .5
15

499 LIST

O { STANDARD DEVIATION OF DIRECTION 12/8/88)
1

2 : FIND.STDDEV ( ~—-— std.dev 3

] SUMOFSRUARES 2@ 10000 ( SCALE BY 10000)

& #HTHETAS @ M=/ ¢ DIV SUM OF SGUS BY M)

= SCUAREOFSUMS 2=

& DABS DROF DUP M= { SQUARE SuUmMs )

Fi 10000 #THETAS = DUP = { COMPUTE MN#*M)

a M%/ D— DABS SQRT PAUSE ( COMDUTE STANDARD DEVIATION )

=] S0 + 100 / 3 { ROUND & SCALE DOWM)
10
11
i2
15
14

15

S00 LIST

O ( STRNDARD DEVIATION OF DIRECTION 1e/8/86)
1

2 ¢ 8TD.DEV (. n — )

3 STODFLAG Ci

& IF DUP STDFLAG SWAP flag.settest

=] IF 0 0 SOUAREDOFSUMS 2!

& 0 0 SUMOFSOUARES 2! O #THETAS ! ¢ INIT. VARIAELES)

7 SUM. DELTRAS ¢ COMPUTE DELTAS & SUMS)
a FIMD. STDDEV ( COMPUTE STD. DEW. )

9 SWARP STDDEVOUT ! { STORE IN TEMPEUF)

10 ELSE DROR

11 THEMN

iz ELSE DROP ¢ DROFP

13 THEM 3 .5

14

15




S01 LIST
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0

503 LIST

Wme~y o O LM O

(

ROUIME TO SET PERK WIND DATA OS5 INVALID S/1s5/8E)
BAD. PEAK { lcnt, & -— &, SET MSE OF PEAK WIND SPEED & DIR. )
SWAP O
DO = @
DO 2+ 1 & = NOT { NOT TIME OF OCCURRENCE?)

IF DUP & SET.MSE OVER !
THEM PAUSE

LOOP
LOOP
McCLELLAN  SET. INVALID ROUTINES 1/14/87)
SET.BAD ( a —— FETCH DATA FROM a, SET MSE & STORE)

DUP @ SET.MSE SWAP ! 3

SET. 26GROUP ( SET EPEED & DIRECTION INVALID)
SPEED SET.BRD DIRECTION SET.BAD j

SET.GES ( SET GUST SFPREAD INVALID)
GUSTSFRD SET.EBAD j;

McCLELLAN SET. INVALID ROUTINES 1/14/87)

SET.Z24PEAK ( SET 24 HOUR PEAK WIND DATA INVALID )
1 TEMPEUF 22 + BAD.FEAHK DROP ;

SET. 6OFEAK ( SET &0 MIN PEAK WIND DATA INVALID )
i TEMPEBEUF 1& + BAD.FEAK DROP ;

SET. 10GROURP ( SET 10 MINUTE DARTA INVALID )

GUST SET. BAD ( 5ET GUST & DIR. VARIABILITY INVALID)
DIRVAR DUF SET.BAD &+ SET.EBRD

TEMPEUF 30 + SET.BAD { SET STD. DEV. INVALID)

1 TEMFEUF 10 + BAD.FERAK ( SET 10 MIN FEAK WIND INVALD)
DROF j




S04 | IST

¢ { 1st.PROCESS INITILIALIZE DATABASE ON 1ST FOWER-UP 2/11/87)
1

€ & SET.INVALID ( n f -—— SET DATARASE AS INVALID)

z IF SET.Z24PERK SET.EOPEAK

4 THEN SET.2G6ROUFP SET.GS SET. 10GROUP

S TEMPEUF SWAP RESULTBUF 32 CMOVE PAUSE ;

£

7 & SET.SUMZ ( dy dx n —— INITIALIZES SENSOR n XSUME & YSUM2 )

8 DUF )R XSUmM2 2! R) YsSUMz 2! ;

3

10 = SET.SUM1O ( dy dx n —— INITIALIZES SENSOR n XSUMio & YSUM1O )
11 DUF >R XSUM1O 2! R) YSUM1O 2! ;
12

13
14 .8
15
S05 LIST

0 ( ist.PROCESS INITILIALIZE DATAEASE ON 1ST POWER-UP 2/11/87)
1

€ : INIT.SUMS ( n —-— INITIALIZE RUNNING SUMS )

3 >R COMPUTE. XY

4 NEWX 2@ NEWY 2@ 2.0R.10

S IF 24

& ELSE 120

7 THEN DUP )R 1 M»/ 2SuWAP

8 R} 1 M%/ R) 2.0R.10

3 IF SET.Sumz2

10 ELSE SET.SUMiD

11 THEN ;

12 .8
13
14

15

S06 LIST

0 ( ist.PROCESS INITILIALIZE DATABASE ON 15T POWER-UP 2/11/87)
1

2 ¢ INTQ ¢ #, a —— PLACE # IN EACH WORD OF GQUEUE STARTING AT a )
e 240 SET

4 DO DUFP I ! PARUSE &

5 +LO0P DROP

&

7 : INIT.QUES ( n —— INITIALIZE SPEED & DIR. GUES WITH 1ST VALUE)
8 YR NEWSFEED ® I SPEEDQ INTQ ( INIT SPEED QUEUE )

3 NEWDIR @ I ANGLEQD INTQ ( INIT DIRECTION QUEUE )
10 NEWSFEED @ 120 M# ¢ INIT CHECH SUMS )

11 1 SPEEDCK 2!

12 NEWDIR @ 120 M* I ANGLECK 2!

13 120 RY SAMECNT + C! 3 ( ENABELE 60 MIN PEAK )

,_.
5
L]

n

._.
u




o207 LIST

O ( DATA COUNTER ADDRESS SETUF ROUTINES 1/14/87)
1

2 : PASS.CNT ( n =— a RETURN ADDRESS OF FASEENT FOR SENSOR )
3 PASSCNT + 3

i

o t CLEAR.PASSCNT ( n —= CLEAR PARSS COUNT OF SENSOR » )

=3 FASE.CNT O SWAP C! ;

-

8 : PERK.CNT ( n —— a RETURN ADDRESS OF PERK CNT FOR SENSOR n)
3 2% PEAKCNT +
10
11 : CLEAR.PEAKCNT ( n —=— CLEAR PEARK COUNT OF SEMNSOR w )

= PEAK.CNT O SWAP !

13
14 : CLEAR.FAILCNT ¢ n —— CLEAR FAIL COUNT OF SENSOR n)
13 FAILCNT + O Swap C! ; -5

S08 LIST

0 { McCLELLAN BUILT IN TEST STATUS ROUTINES 1/15/87)

1

2 HEX

3 CREATE FLAG.TAE ( MASK TABLE USED SENSOR. STATUS)

4 i,2, 4, 10, 20, 40 , 100 , 200 , 400 '

S 1000 , 2000 , 4000 ,

&

7

a8

9 .8

10

11

12

13

14

15

509 LIST

0 ( McCLELLAMN BUILT IN TEST STATUS ROUTINES 1/15/87)

1

2 HEX

3 CODE sensor.status ( a,tm — USE MASK twm TO TEST FOR ERROR COND)
4 1 POP W POP

5 SENSORSTATUS 1 TEST 0= { match ?2)

6 IF A W) 1 TEST o= { no match, ack clear ?)
7 IF FFFF # 1 XOR ( yes, form clearing mask)
g 1 W ) AND ( clear bit in status)
9 THEM

10 ELSE W } 1 TEST 0= i matched, status clear 7)
11 IF 1 W3 OR { set ctatus bit)

iz i A WY OR ( set ack bit)

13 THEMN

14 THEM MEXT

15 .8
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=10 LIST

¢ ( McCLELLAM BUILT IN TEST STATUS ROUTINES 1/15/87)

1

2 SENSOR. STATUS ( n —— SETUF SENSOR STATUS WORD FORM NEW INPUT)
3 o#% SENSTAT + { GET SENSOR wn STATUS RLDDR. )
4 FLAG. TAB 24 SET { SETUP FOR LOOP )

=1 DD buP I @ { FETCH TEST MASK )

=S sensor. status ( CK FOR ERROR OR ACK )

7 PAUSE &

8 +L0O0OF DROP ;

3
10
11
i2
13
14 .8
15

o1l LIST

0 ( McCLELLAN BUILT INM TEST STATUSE ROUTINES 1/15/87)

1

2 : CLEAR.BTATUS ( n — CLEARS THE STATUS EBITS SET BY BAD.DATA)

3 Z* SENSTAT + { GET SENSOR STATUS ADD. )
4 8192 OVER clear.status {( CLEAR OUT OF RAaNGE)

S 128 OVER clear.status { CLEAR CRC FLAG)

& B SWAF clear.status j; { CLEAR ND RESF. FLAG)

7

a

9

10 .5

11

12

13
14

15

912 LIST

O { McCLELLAM BUILT IN TEST BTATUE ROUTINES 1/15/87)

1

2 HEX

3 CLEAR. RECOVERY ( n ¥ — CLR SENSOR w LONG OR SHORT RECOVERY )
&4 IF B8O { LONG RECOVERY MASHK )
] ELSE BOO { SHORT RECOVERY MRASK )
(=1 THEM SWAR 2% SENSTAT + ( GET SENSOR STATUS AbD)
7 clear.status ; { CLEAR RECOVERY

a

8 : SET.RECOVERY ( n f —— S5ET SENSUOR v LONG OR SHORT RECOVERY )
10 IF aoan { LONG RECOVERY MRASHK )

11 ELSE 800 { SHORT RECOVERY MASK )
12 THEN SWAP 2« SENSTAT + ( GET SENSOR STATUS ADDR )
13 set.status ; { FLAG RECOVERY )

14




o913 LIST

h

{

MecCLELLAN BUILT IN TEST STATUS ROUTINES 1/15/87)

1

P

3

A

=

&

7

8

9
10
11
12

13
14 .5
15
914 LIST

O ( McCLELLAN  YALID. PEAK? ROUTINE 1/14/87)

1

2 : VALID.PEAK? ( n —- TEST SENSOR v FEAK COUNT FOR VALID DATA)
3 DUP )R PEAK.CNT DUP @ 1+

4 24HRLIMIT MIN DUP ROT ! ( BET COUNT & SAVE)

9 DUP 24HRLIMIT ¢ ( COUNT { 24 HOURS ?)

& I 24VALID + C@ OR ( OR 24VALID SET ?)

Fi IF SET.24FEAK ( 24 HR DATA INVALID)

8 EOMINLIMIT < ( COUNT ¢ 60 MINUTES 7)
9 I e0VALID + CE OR ( OR 6OVALID SET 7}
10 IF SET. EOFPEAK ( SET HRLY DATA INVALID)
11 THEN R} 1 SET.RECOVERY ( SET LONG RECOVERY )
12 ELSE DROF

13 R} 1 CLEAR.RECOVERY  ( CLEAR LONG RECOVERY)
14 THEN ;
15 .8

915 LIST

0 ( McCLELLAN VALID.DATA? ROUTINE 1/14/87)

1

2 : VALID.DATAEASE? ( n -- TEST VALIDITY OF SENSOR r DATABASE )
3 DUP CLEAR. FAILENT ( CLEAR FAIL COUNTER)

4 DUP VALID.FEARK? ( CK HRLY & 24 HR PEAK DATA)
e PUP PASS.CNT DUP CE 1+ 1OMINLIMIT MIN DUP ¢ UFPDATE CNT)
& ROT C! DUP 1OMINLIMIT ( COUNT ¢ 10 MINUTES ? )

7 IF SET. 10GROURP ( SET 10 MIN DATA INVALID)

a8 DUF 2.0R. 10 ( SET @ MIN DATA ON 2 OR 10 MIN)
9 IF ZMINLIMIT ELSE 1OMINLIMIT THEN (¢

10 IF SET.2GROUP ( SET & MINUTE DATA INVALID)
11 THEN IMINLIMIT ¢ ( COUNT ¢ 1 MINUTE ? )

12 IF SET.GS ( SET GUST SPREAD INVALID)

13 THEM O SET.RECOVERY { FLAG SHORT RECOWERY )
14 ELSE DROF O CLEAR.RECOVERY ( CLR SHORT RECOVERY )

15

THEN .5



916 LIST

0 { FPROCESS BAD DATA HAMDLERS S/15/86)

1

& 3 INC.FAILCNT ( mn —— INCREMANT FAIL COUNT OF SEMSOR v TO LIMIT)
& FAILCNT + DUP C® 1+ ( FETCH CAOUNT & IMCREMENT)
4 IOMINLIMIT MIN ¢ LIMIT COUNT TO 120 3

S SWAR C! j { STORE COUNT)

&

7 : S5.8TDCLEAR ( n —-— CLEAR FLABS IF SET)

B JaFLAG Ce ( CHECK SSFLAB)

9 IF DUPF SS5FLAG SWAFR flag.settest DROP
10 THEM GSTDFLAG C@& { STODFLAG )
11 IF STDFLAG SWAP flag.settest DROP
12 ELSE DROP { DROP n)
13 THEM j
14 .8
135

=17 LIST

0 ( PROCESS BAD DATA HAMNDLERS S/15/86)

1

2 : FLAG.DATA ( n — FLAGS DATA FOR SENSOR n AS INVALID DATA )

3 DUP }R INC.FARILCNT ( INC. INYALID DATA CTR)

4 1 RESULTEUF ( GET SENSOR DATA BUFFER ADD. )
3 TEMPBUF 32 CMOVE PAUSE ( COPY RESULTS TO TEMP. BUFF)
& FRILCNT I + C& 12 » ( LONG OR SHORT RECOVERY 7 )

7 I DVER SET. INVALID ( SET MSB OF DATHA TO FLAG INVLD)
a I OVER SET.RECOVERY { FLAG SHORT OR LONG RECOVERY )
3 IF 1 CLEAR.PERKCNT ( DATABASE LONG RECOVERY )
10 THEN I 55.STDCLEAR ( CLERR SS5FLAG & STDFLAG IF SET)
i1 R» CLERR. PASSCNT j { CLEAR DATA COUNTER

12
13
i4 .5
15

218 LIST

O ( PROCESS BAD.DATA ROUTINE S5/15/86)

1

2 : BRD.DATA ( n == FLAGS DATA FOR SENS0OR m AS INVALID DATA )

3 DUFP INBUFFER DUF Ci= { RETRIEVE FLAG & )

4 ¢ ROT C! ?7DUPRP { CLEAR FLAG )

5 IF 2 = { WO RESP. ERROR 73

Fat IF 8 ( FLAG NO RESF. ERROR)

7 ELSE 128 { FLAG CRC ERROR)

a THEM

3 ELSE 40936 { FLAG OVERRANGE ERROR )
10 THENM OVER 2% SENSTAT + ( GET SENSOR n STATUS RADD)
11 set.status ( FLAG SEMSOR STATUS )

12 FLAG. DATA j {( SET SENSOR DATA INVALID)
13

14 .8



919 LIST

@ ( CUMPUTE NEW ¥ & Y VALUES AND SUMS 2/12/86)
1

2 i RANGE.CHECK ( a —-— ¥y ¥y, T TEST INPUT FOR INVALID RAMNGE )

3 DUF 1+ @ ( GET X YALUE )

e SWAap = + @ { GET ¥ VALUE )

a 2DURP AES Z2000 )

6 SWAF ABS ZZ000 ) OR i ( EITHER OUT OF RANGE )

7

a8

9

10
11
iz .5
13
14
is

=20 LIST

O ( 1st.PROCESS INITILIALIZE DATABASE ON iST BOWER-LP 2/11/87)
1

2 : 1st.PROCESS ( n —— INITIBLIZE SEMSOR v DATABASE )

3 *R TEMPEUF 32 ERASE ( CLEAR TEMPDRARY BUFFER)
4 FRUSE MNEWSFEED = { GET SPEED & SCALE DOWM
9 SCALE. DOWN SPEED ! { INITIALIZE SPEED)

& NEWDIR @ DUP ( GET DIRECTION )

Fi DIRECTION ! ( INITIALIZE DIRECTION)

8 DIRVAR 20UR ! 2+ 1 ( INITIALIZE DIR. VARIAHB. )
9 I INIT.QUES { INITIALIZE DATA BUEUES )
10 I INIT.SUMS ( INITILIZE RUNNING SUMS )
11 I 1 SET. INVALID { SET DATAEBASE AS INVALID)
12 I 1 SET. RECOVERY { FLAG LONG RECOVERY )
13 12345 Ry 2% 1stSTART + | 5 { S8ET HAVE DATA FLAG )
14 .5

15

521 LIST

© | PROCESSING TASK PROC. TIME ROUTINE 4/5/78E)

1

Z

&

4

b

&

r S

a

=)

10

11

1c

13




o2 LIST

0 ( PROCESS WIND.DATA ROUTINE 4/5/86)

1

= : WIND.DATA ( n —— CONT. FROCESS OF WIND DATA FOR SEMSOR n )

a3 DUF }R GUST.SPREAD ( GUST SFREAD )

&4 I PERK.WIND ( 10 MIN PEAK WIND )

= I GUST.BUSTY FAUSE { BUSTS

& I HOUR. 55 { HOURLY FEARK WIND )

T 1 DIR.VAR { DIRECTION VARIABILITY }
=] I 5TCD.LDEV {( DIR. STAND. DEVIATION)
3 I PEAKRESULTS
10 TEMPEUF 18 + 14 CMOVE { MOVE PEAK RESULTS)
11 FPAUSE I VALID.DATRAEBASE?
12 TEMPBUF I RESULTBUF 32 CMOVE PARUSE
12 I CLEAR.STATUS { CLR ERROR BITS )
14 O R» VALID + C! 3 ( CLR FLRG FOR FWR RESET )
15 .5

Sed LIST

0 ( PROCESS PROC.DATR ROUTINE 4/5/88)

1

2 : PROC.DATA ( n — PROCESS WIND DATA FOR SENSOR n )

3 JR 128 vALID I + (! { SET FOR PWR RESET )

4 I AVE.SPEED PAUSE { AVERAGE SPEED)

S I THETA.BAR PAUSE { AVERAGE DIRECTION}

& 16 VALID I + C! ( 5ET FOR PWR RESET )

7 R} WIND.DARTA j ( PROCESS MORE WIND DATA )
8

9
io
11 .B
iz
13
14

15

o4 LIST

0 ( PROCESE BSTORE. INPUT ROUTINE 4/35/86)

1

& : STORE.IMPUT { % ¥ nn —— COMNVERTS » & w TO SFPEED & DIRECTION 3
3 GET.HR/MIN { GET TIME OF FPROCESS )
44 OVER TIMER ROT TAIL + ! {( UPDATE TIME QUEUE

5 REC. POLAR { CONVERT TO SPEED & DIR)
& OVER &4 { SPEED ¢ 1/2 HKNOT 2}

7 IF DROP O { DIRECTION = 0O )

& ELSE ABS REV SO +

9 100 U/ DUP NOT ( DIR ANGLE = 0 7 )

ig IF DROFP Z80 ( DIRECTION = Z&0 )

i1 THEN

iz THEM MEWDIR ! MEWSPEED ! j { SAVE NEW INPUTS)
13

14




925 LIST

S26

27

0 ( PROCESSING TASK GET. INFUT ROUTINE 4/5/88)
1
= HEX
3 ¢ GET.INPUT ( n —— 3 fy, GETS SENSOR STATUS & CHS FOR ERRORS )
& BUP >R INBUFFER 0O OVER C! { CLR DATA I/P BUFF FLAG )
=] DUF 5 + @ SENSORSTATUS ! { SAVE STAT)
=] I SENSOR.STATUS ( UPDATE SENMSOR STATUS ¥
7 SENSTAT R) &% + @ { BET SENSOR STATUS )
] E7E7 AND ; ¢ ANY SENSOR PROBLEMS 2 )
9
i0
11
129.5
13
14
15
LIST
O ( PROCESS — THE MAIN WIND DATA PROCESSING WORD 4/3/86)
1
2 : PROCESS ( n —— PROCESS DATA FOR SENSOR n )
3 JR I GET. INPUT { ANY SEMSOR ERRS 7}
4 IF DROF RY FLABG.DATA ( FLAG BAD DATABASE )
(5] ELSE RANGE.CHECHK ( X, Y OUT OF RANGE 2)
= IF Z2DROP R} BAD.DATA ( FLAG DUT OF RANGE )
7 ELSE I STORE. INFUT { CONV & SAVE X,Y VALS)
a I &% 1stSTART + ( BET PROC. DATA FLAG )
9 B 12345 = { ALREADY HAVE DATA 2)
10 IF R} PROC.DATA ( PROC FOR WIND DATA )
11 ELSE I 1st.PROCESS { DATA = 15T VALUE )
12 R} 1 SET.RECOVERY { FLAG LOMNG RECOVERY)
1= THEM
14 THEN
15 THEN ; 5
LTST
0 ( SENSOR DATA PROCESSING TASK 4/5/86)
1
2 : PROCESS.DATA ( CKS IF ANY NEW DATA HAS ARRIVED AND PROCESSES
3 IF ITS VALID OR HANDLES IT AS INVALID DATA)
4 BEGIN ?.#SENSORS 1+ O ( CHECK ONLY THE COMFIRED SNSR)
5 DO I INBUFFER CiB ?DUP ( GET FLAG AT START OF BUFFER)
& IF 1 =
7 IF 1 PROCESS ( SET SENSOR # AND FROCESS)
a ELSE I BAD.DATAH ( FLAG BAD DATA
9 THEM
10 THEM FAUSE
11 LOGR
i2 FEATIM 5
3 a8
14




az28 LIST

( INTENTIONALLY BLANK SCREEN )

v R I o ) T O Y o

o929 LIST

O ( INTENTIONALLY BLANK SCREEN )

1

2

3

&

o9

&

7

8

)
10
11
1z
13
14
13

S30 LIST

¢ { INTER-ASSY COMMUNICATION TASK ROUTINE )

4

2 HEX

3 (TYPE) ( INTER-ASSY WVECTOR TYFE ROUTINE 3

4 PTR 2 CeE 1 FTR +! - ( GET FTRST CHARACTER )
b ETR. @ 1-"ETR ! ( DECREMENT CTR
& comm/data OUTPUT STORP { O/FP CHARR )

-

8 : (EXPECT) ( INTER-ASSY VECTOR EXPECT ROUTIME )

9 STOP 3

10

11 CODE act.carr {( mn — ACTIVATES/DEACTIVATES CARRIER BY RTS O/sF )
12 CLI S5 #B O MOV comm/csr DUT ( POINT TD REG 5 )
13 @ POP comm/csre OUT STI  MNEXT

14

15 .5




531 LIST

{

WE s~ M oed

532 LIST

L=

1
2 HEX
Z : CARR.OFF ( TURNS MODEM CARRIER OFF 1
& = ¢ DO I DROP FARUSE LOOP { SHORT DELAY 1}
5 &8 act.carr ¢ TURN CARRIER OFF )
= Z CARTIMER C! { SET CTR FOR 200 mSECS)
7 BEGIM PRUSE EXTSTATAFLG C@ & AMD O= { NO ED 2 )
a8 CARTIMER C& 0= OR ( OR CARRIER TIMEOUT 7
9 UNTIL CARTIMER DUP ce ¢ ROT C! { 5TOF CARRIER TIMER)
10 40 I/RSTATUS ROT { MO CARRIER TIMEOUT?)
11 IF clear.status { CLEAR CRARRIER ERRORY
12 O RCTCTR C! { CLR CARR TIMEOUT CTR?
13 ELSE ACT.CTR? { CH IF TIMEOUT ERROR 3
14 THEN O XMITFLAG C! 3 { RERADY FOR RECEPTIOM )
5 .8

535 LIST
ot IMTER-REEY COMMUMICATION TASK ROUTINE
1
2 HEX
% : CARR.ON TUBNS OnM MODEM CARRIER IF NO LINE RETIVITY: 3
& 7 CARTIMER C! - { SET CTR FOR 700 mSECS]
= BEGIN FRAUSE EXTSTRTAFLG C& 8 aMND 0= ¢ NO CEB 72 )
& CARTIMER C@ 0= ar { DR CARRIER TIMEDUT 7 1)
7 UMTIL CRARTIMER pup C@ O ROT C! ¢{ 5STOP CARRIER TIMER)
a8 40 I/RSTATUE ROT { NO CRARRIER TIMEDUT?)
3 iF clear.status { CLEAR CARRIER ERROR)
10 o ACTCTR C! ({ CLA CARR TIMEOUT CTR)
11 ELSE ACT.CTR? { CK IF TIMEOUT ERROR
12 THEN 1 YyMITFLAE C! &R act.carr ¢ TURM CARRIER o
13 4 0O { XMIT & SYNC CHARS TO
14 po FF EMIT LODF 3 { AWAlT CARRIER TURNON DELAY )

INTER-ASSY COMMUNICATION TASH ROUTINE )

ACT.CTR?2 ( n —— CK IF CARRIER TIMEOUT HAS OCCURRED BEFORE 1}
ACTCTR C&@ 1+ 3 MIN DUF ( INC CARR TIMEOUT CTR )
ACTCTR C! 3 = ( 3 TIMES IN A ROW ? )
IF set.status { FLAG CARRIER ERROR )
ELSE clear.status ( CLEAR CARRIER ERRDR )
THEM 3

¢t INTER-ASSY COMMUNICATION TASK ROUTINE ?




S534 LIST
{ INTER-ASEY COMMUNICATION TASH ROUTINE )

o

1

2 : TEBT.UARTA ( TESTS INTER-ASSY TRANSMITTER LOOFERACK )

3 16 I/RETATUS { BETUP STATUS )

& CHAREBUFFA CrE { GET 15T CHAR LOORPERCHED)

a 16 = ¢ I5 IT *DLE" CHAR 7'}

=] IF elear.status { FLAG NO XMIT ERR }

7 o UARTAERR C! { CLERAR ERROR CTR !

a ELSE URRTAERR CiE 1+ { INC. ERROR CTR }
{
(
(
{

9 4 MIN DUR NO MORE THABN 3 )

10 UARTRERR C!' 3 = ERRORS = 3 2 )
11 IF set.status FLAG XMIT ERROR )
12 ELSE clear.status FLAG NO XMIT ERR )
13 THEN
14 THEN @ CHAREBUFFA C! 3
15 .S

oo LIST

0 ( INTER-ASSY COMMUNICATION TASK ROUTINE )

1

2 HEX

2 CODE croc—16 ( n a — bee, RETURNS CRC—16 BCC FOR n CHARS AT a )
o WPOFP O # 0 MOV O # 2 MOV

5 BEGIN W ) 2 MOV E 2 PUSH 8 # 1 mOov

& BEGIN 2 PORP 2 PUSH O 2 XOR 1 # 2 AND Q=

K IF O SHR

a8 ELSE # SHR O RCR 2001 # O X0OR

9 THEM & POF 2 SHR B & PUSH

i0 LOOP 2 POP W INC & POP 2 DEC 2 PUSH 0=

11 UNTIL 2 POP O PUSH NEXT { RETURN CRC—15 EBCC )
1z

13 .8

14
15

S36 LIST

0 { INTER—ASSY COMMUNICATION TASHK ROUTINE )

1

2 z CRC—-167? ( —— f, DETER. IF CRC=1& BLCC SENT I5 VALID }

i ETXPTR @ STXPTR @ 2DUP - ( SETUR COUNT & PTR 3
iy SWAF 1+ creo-16 PAUSE - ( CALCULATE CRC=18& )
S SWARP 1+ @ { GET CRC=1& IMN BUFFER )
g = ; ( RETURNS TRUE IF = )
7

8 : ?BUFF.END ( —— a f, DETERMINES IF AT END OF COMMBUFF )

9 ETXPTR @ DUF 2+ SWAP COMMBUFF &8 + U{ NOT ;3

10

i1 = 'CHAR ( a c —— a+l1, STORES CHARAR c AT a )

12 OVER C! 1+ ;

13

14 : FLG.BAD.DAT { f n — FLAGS REC. BRD DR NO RESF FOR SENSOR n )
15 INBUFFER C! j -8




S37 LIST

{ INTER-ASSY COMMUNICATIONM TASK ROUTINE )

¢ COMM. XMIT ( m —— TRANSMIT COMMAND WITH OFCODE n REQUEST
COMMBUFF 1+ 1& 'CHAR STORE DLE CHAR 3
2 !CHAR STORE ST¥X CHar
SWAP !CHAR STORE OPCODE

POLLENT C@ !'CHAR
16 !CHAR 3 !'CHAR
4 COMMEUFF 32 + cre-16

STORE POLL COUNT )
STORE DLE & ETX CHARS )
CALCULATE CRC-16 )

[l o S Y
FUMUNLOWE-MUE LG~

SWAP ! STORE CRC-16 CHKSUM )
CARR. ON TURN CARRIER ON )
COMMBUFF 1+ 8 TYPE SEND POLL REBUEST )
TEST. UARTA I/A XMITTER TEST )
CARR. OFF ; TURN CARRIER OFF )

15 5

S38 LIST

O ( INTER-ASSY COMMUNICATION TASK ROUTINE )

1

2 3 FIND.ETX ( a —— f, FINDS POSITION OF "ETX" CHAR IN COMMBUEF )

3 PAUSE O ETXPTR !

4 COMMBUFF £8 + Swap ( START AT a )

5 DO I Ce 16 = { DLE CHAR ? )

I3 IF I 1+ C@ 3 = { ETX CHAR 2 )

7 IF I 1+ ETXPTR ! { POINT TO ETX CHAR )

a 1 LEAVE ( FOUND ETX CHAR )

3 ELSE 2 ( SKIP NEXT CHAR )

10 THEN

11 ELSE 1 { TRY NEXT CHAR )

12 THEN

13 +LOOP ETXPTR @ PAUSE ; ( RETURN ETX POSITION )

14

15 .8

539 LIST

0 ( INTER-ASSY COMMUNICATION TASK ROUTINE )

1

2 : FIND.STX ( a —— ¥, FINDS POSITION OF "STX" CHAR IN COMMEUEFE )

! PAUSE O STXFTR !

4 COMMBUFF 68 + SWAP : ( START AT a )

5 DO I C& 16 = ( DLE CHAR ? )

6 IF I i+ Cce 2 = ( STX CHAR 7 )

7 I+ T 14 STYXPTR ( POINT TO STX CHAR )

8 1 LEAVE ( FOUND STX CHAR )

g ELSE 2 { SKIP NEXT CHAR )

10 THEN

11 ELSE 1 ( TRY NEXT CHAR )

12 THEN

13 +LOOP STXPTR @ FAUSE ; ( RETURN STX FOSITION )

14




940 LIST

L el T S
FOUM DW= - o

-y
)

0

1
=
&
4
5
[
7
8

u

10
11
1=
13
14

15

({

{

=

942 LIST

Wm~ WMo

{

INTER-ASSY COMMUNICATION TASK ROUTINE )

FIND.MESS ( —— f, LOCATES MESSAGE & CHECKS CRC-1& CHSUM )
COMMBUFF 1+ = 0O
DO FIND.STX ?2DUR ( FIND DLE/STX CHARS 7
IF 1+ FIMD.ETX { FIND DLE/ETX CHARS 7 )
IF CREC-1867 { CRC-16& vALID ? )
IF LEAVE 1 ( FLAG YALID CRC-1& )
ELSE 7BUFF.END ( END OF BUFFER ?
IF LEAVE NOT THEN { FLAG INVALID CRC-16 )
THEN
ELSE LEAVE 0O { FLAG NO DLE/ETX CHARS )
THEM
ELSE LEAVE 0 { FLAG NO DLE/STX CHARS )
THEN PAUSE
LOOF ; =

INTER-ASSY COMMUNICATION TASK ROUTINE )

GOOD. DATA ( n —— BETS SENSOR n RESPONSE DATA FROM COMMEUFF )
INBUFFER 1+ { POINT TO SENSOR FROC BUFF)
STXPTR @ 3 + POINT TO DATA IN MESSAGE )

OVER & BET SET DO-LOOP 3
Do 2 0O GET DATA LSE & MSE )
DO DUP CR 1& = DATA CHAR = DLE 72 )
iF 1+ SKIP DLE CHAR )

THEN DUF C& SWAR 1+
LOOF SWAF 256 % ROT +
I ! PAUSE 2

+L00OP DROP 1-
1 SWaE C! ;

GET DATA FROM COMMBUFFE )
EOMEINE DATA BYTES )
STORE IM SENMSOR PROC BUFF)

Ed

FLAG FROCESS DATA IN EUFF)

INTER-ASEY COMMUNICATION TASK ROUTIME )

IMC. POLLCNT ( INCREMENTS SBENSORS POLL COUNT # )
FOLLCNT Ci= 1+ 16

MOD POLLCNT C! ¢ INC. POLL CTR )

NEXT. POLL#? ( —— f, DETER IF POLL # IS NEXT IN SERUENCE }
STXPTR = 2+ C& { GET POLL # FROM COMMBUFF )
POLLENT Cr 1+ { GET EXISTING POLL COUNT 3
i16& MOD = j ( LEAVEE TRUE IF NEXT COUNT )

SAME. POLL#? ( —— f, DETER. IF SAME POLL # AS EXISTING )
STXPTR & 2+ Cam ( GET POLL # FROM COMMBUFF )
POLLCMT CE = 3 { LEAVES TRUE IF SAME COUMT )




043 LIST

0 ( INTER-ASSY COMMUNICATION TASK ROUTIME 3

i

2 : CLR.CRC16 ( CLEABS CRC—16& ERROR COUNTER )

3 t CRC1ECNT C! B

4

S : CRC.ERR? ( CHKS & FLAGS IF COMMUNICATION HAS CRC-16 ERRORS )

& CRCIBCNT CE 1+ Dup { IMC CRC-1& ERROR CTR)
i CRC1ECNT C! & = ( CRC—16 ERR CTR = & 2
=) IF 2.#SENSDRS 1+ 0 { GET # OF SENSORS

3 DO 2 I FLG.BAD.DAT PAUSE { FLAG CRC—1E& ERROR
10 LOOFP CLR.CRC1& ( CLR CRC-i& ERROR CTR)
11 THEM 3
1z
iz .5
14
15

944 LIST

0 ( INTER-ASSY COMMUNICATION TASK ROUTINE 3}

1

2 : DETER.POLL# ¢ DETER. ACTURL POLL CNT & FLAGS SENSOR BAD DATE )
3 STAPTR & 2+ CE ( GET SENSOR POLL # 3

iy FOLLCNT C@ 1+ OVER 2DUR 3 ¢ POLL CNT » POLL # 2 3
= IF 15 +

& THEN SWAF - ( DETER DIFF IN POLLS 3
7 7. #5ENSORS 1+ ( GET # OF SENSORS )

8 DUP 'R MIN ( DIFF {= # OF SENS. )}
=] STXPTR @ 1+ C@ 48 AND ( GET SENSOR # & )
10 1& / DUFP ROT - { DETER BAD SENSORS )
11 DO 2 I DUP O«
12 IF J +
13 THEN FLG.EBAD, DAT PAUSE 1 { FLAG NOD RESF )
14 +LOop
15 R} DROP 1— POLLCNT Ot z { POLLCNT = POLL # - 13

343 LIST

G ( INTER-ASSY COMMUNICATION TASK ROUTINE ¥

1

2 & AMIT.TAKE ( TRAMNSMITS TAKE OVER COMMAND )

3 ACT. SENSOR? B4 * { ACT. SENSOR # aND )

& 15 OR COMM. XMIT g . { TAKE OVEFR OFCODE 3

b=

& : ?MAST.CONTRL ( SENDS TAKE OVER COMMAND IF MASTER AsSsy )

7 CONMFIG C= 8 AND { MASTER ASSY 2?2 )

a IF STXFPTR & 1+ Ca@ { GET SEM. RESF # )

9 48 AND 15 7 { GET # OF SENSORS )

10 7. #5ENSORS = { SAME SENSOR # 7 3

11 IF INC.POLLCNT XMIT. TAKE

iz ELSE O FPOLLFLAG C! ( DON'T SEND POLL REG.)
13 THEN

14 THEMN 3




S46 LIST

0 { INTER-AESY COMMUNICATION TASK ROUTINE )

£

P SEM. REE { ROUTINE TO HANDLE SENSOR FOLL RESPONSES )

= NEXT. POLL#? NOT ( NOT IN NEXT POLL # SEG 7 3
4 IF DETER.PDOLL# { FLAG MISSING SENSOR DATA )
o THEMN STXFTR @ i+ C@E 48 ( GET SENSOR # IN COMMBUFF )
& AND 16 / GOOD.DATA ( STORE DATA IN FROC BUFF )
7 INC. POLLCNT

8 PMAST. CONTRL ( CH TO S5END TAKEOVER COM. )
9

10 : SEM. RESZ2 ( ROUTINE TO HANDLE SENSOR REPOLL RESPEONSES )

11 SAME. POLL%? NOT { NOT SAME POLL # AS EXISTING 7 )
1z IF SENM. RES ( GET DATA FORM COMMBUFF )
i3 THEN ;
14
19 .5

S47 LIST

G ( INTER-ASEY COMMUNICATION TASK ROUTINE )

1

2 : SEN.POLL ( ROUTIMNE TO HANDLE SENSOR POLL REQUESTS )

3 NEXT. FOLL#? NOT ( NOT NEXT POLL # SERUENCE 72 )

4 IF DETER. POLL# { FLAG MISSING SENSOR DATA )

= THEN COMFIG C&@ 12 AND 0= { BACHKUP ASSY 27 )

& IF O CONTRLFLAG C! { STOP SENSDOR POLLING )

7 0 FRILCTR C! { CLR TIMEOUT FAIL CTR )
a THEN ;

3

10 : SEN.REPOLL { ROUTINE TO HANDLE SENSOR REPOLL REGUESTS )
11 SAME. POLL#7 NOT ( NOT SAME FOLL # AS EXISTING )
12 IF SEN. FOLL { CK IF POLL # NEXT IN SEGQ )

13 THEN j
14
15 .58

548 LIST

O { INTER-ASSY COMMUNICATION TASHK ROUTINE )

1

2 : POLL/RESPONSE ( n —— DETER. IF RECP. SENSOR POLL DR RESPONSE )
3 CASE

4 i OF SEN.FOLL ENDOF ( SENSOR POLL REDUEST )

S 2 OF SEN. REPOLL ENDOF { SENSOR REPOLL REQUEST )

& 3 0OF SEN.RES ENDOF { SENSOR POLL RESPONSE )

7 4 OF SEN. REE2 ENDOF ( SENSOR REPOLL RESPONSE )

8 ENDCARSE j

9

10 MASTER. REC ( PUTS BRCHUF INTO REGULAR MODE )

11 O CONTRLFLAG C! { STOP SENSOR FPOLLING )

CLR TIMEOUT FRIL CTR )}
DEC. POLLENT ¢ € 23

1& MOD »

FOLLCNT = CMNT -1 3 « 3

0 FAILCTR C!
FOLLCNT C& 1- DUP O¢
IF 16 +
THEN POLLCNT C!

e
+ L3 M

s
]




o943 LIST

L]

( INTER-ASSY COMMUNICATION TASK ROUTINE

1

g HEX

= @ BACKUP.CONT? ( n —= pn, CKS IF BACKUP ASSY HAS COMM. CONTROL )
B DUF &8 AnND { BACKUFP OPCODE 9

S 400 I/RSTATUS ROT { SETUP STATUS )

= IF set.status { FLAG NO MASTER

7 ELSE clear.status { FLAG MASTER OKAY 3
=] THEM 3

9
10 : TAKE.OVER ( n —— PUTS BACKUF ASSY INTO NDRMAL MODE )
11 DROFP CONFIG CE OC AaND o= ( BACKUP ASsY 72 )
iz IF MASTER. REC { CLR ERROR CTRS )
13 400 I/RSTATUS clear, status { CLR LOSS OF MRSTER)
14 40 I/RSTATUS clear.status { CLR CARR. TIMEOUT )
15 THEN ; i

S50 LIST

0 ( INTER-ASSY COMMUNICATION TASK ROUTINE 3

1

& HEX

3 © NEW.ACTSEN ( n —— DETER. IF NEW ACTIVE SENSOR FROM OFCODE w )
& 40 / DUP { DPCODE ACT. SENSOR # )
a ACT. SENSOR? = { BAME AS EXISTING SEN #)
& IF DROR

7 ELSE SENSOR# C@ FC AND

a8 OR SENSOR# C! { SBAVE MEW ACTIVE SEN # )
9 CONFIG C@ 10 AND 0= ( RECORDER ASSY 7 )
10 IF ALARM. ON { SOUND RECORDER ALARM )
El THEN 1 DISFFLOG C! { FLAG MEW DISPLAY )
12 THEM ;
13
14 .5
15

551 LIST

O ( INTER-ASSY COMMUNICATION TASK ROUTINE )

1

& : CASE.RECF ( DETERMINES COMM. RECERTION REQUEST VIA OFCODE )

= CLR. CRE1S { CLR CRC-1& ERROR CTR )

4 STXFTH 2 1+ C@ -4 GET OPCODE FROM COMMBUFE )
S DUP MEW.BCTSEN { CK FOR MEW ACTIVE SEM. #
= 15 AND DUP 15 = { MASTER TAKEOVER COMMAND 7 }
7 IF TAHE.OVER

8 ELSE BRACHKUP, CONT? { CK IF BACKUP HAS CONTROL )
9 7 AND ( GET COMMAND REQUEST )
10 FOLL /RESPONSE
11 THEN ;

12

15

=1

H
g

=
Ln

O




e
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oS54

0 {1 INTER-ASSY COMMUNICATION TASK ROUTINE 3

1

£ : ?BACK.UP ( CKS IF BRCKUP ASSY & IF TO START XMITING POLL REQ@ 3
3 CONFIG C2 12 anND o= ( BACKUFP ASSyY 7 )

& IF FRILCTR C@ 1+ DUR ¢ INC. TIMEOUT FARIL CTR )
5 FAILCTR C! & = ( FAILED TWICE AMND )

& IF IMC.FOLLCNT (. POLL CNT = CNT +1 3

7 1 CONTRLFLAG C! ( FLAG BACKUF TO POLL )

8 55 TIMEOUT C! ¢ 8ET FOR 5.5 SEC TIMEOUT)
9 THEM
10 THEN 3
11
12«5
13
14
15
LIST

0 ( INTER-ASSY COMMUNICATION TASK ROUTIMNE )

1

2 : BAD.DATA { FLAGS BRAD DATA FOR ALL SYSTEM SEMSORS )

3 J2 I/RSTATUS set.status ( FLAG S SEC TIMEOUT ERR}
& 7. #SENSORS 1+ DUP 0O ( DETER # OF SENMSORS 3}

5 DO 2 I FLG.EBAD.DAT PAUSE { FLAG MO REEP. ERROR )

& LOOP POLLCNT C@ + ( POLL CNT = POLL CNT + )
7 16 MOD POLLCNT C! { # OF SENSORS )

8 CLR.CRC1g& ( CLR CRC—=15 ERROR CTR )
b= PERCH. UP { CH IF BRACKUFP ASSY )
10 ACTCTR C@ 2 MIN { GET CARR. DETECT CTR )
11 DUF 3 = &4 I/RSTATUS ROT ¢t 3 IN A ROW ? )

iz IF set.status ( FLAG CARR. TIMEOUT ERR)
13 ELSE clear.status { CLR CARR. TIMEOUT ERR )
14 THENM ACTCTR C! j

15 .B
LIST

0 { INTER-ASSY COMMUNICATION TASK ROUTINE

1

= = PROC.RECP ( PROCESS RECEPTION IN COMMBUFF )

= COMMBUFF CE 2 = ( COMM. TIMECQUT % 3}

4 IF EBAD.DATA { FLAG SENSORS BAD DATA)
= ELSE 32 I/RESTATUS

& clear.status ( CLR 9 SEC TIMEDUT ERR )
¥ CHT @& 7 ) { HAVE FPDSSIBLE MESSAGE?)
g IF FIND.MESS { VALID RECPTION 7 3

9 IF CASE. RECP ( DETER. RECF. RERUEST )
10 ELSE CRC.ERR? { DETER. IF ERE-1& ERR.}
11 THEM

12 THEM

13 THEN 3

o
o &+




555 LIST

@ ( INTER-ASSY COMMUNICATION TASK ROUTINE )
1
= * BET-DATA ( GETS SENSOR RESPONSE DATA FROM COMMEUFE )
= 32 I/RSTATUS clear.status ( CLR S5 SEC TIMEOUT ERR 3
4 STXPTR @ 1+ C@® 48 AND { BET SENSOR # FROM OFCODE 3
S 16 / POLLSEN# Ce = ( SAME SENSOR ROLLED ? )
& IF POLLSEN# Ce GOOD.DATA ( GET & STORE SENSOR DATA )
7 0 POLLSEN®# C@
8 BADPOLLS + C! ( CLEAR FAIL POLL CTR )
3 0 ( FLAG RECEPTION PROCESSED )
10 ELSE & ( FLAG NO RESPONSE ERROR )
11 THEN
12
13
14 .5
15
S56 LIST

O ¢ INTER-ASSY COMMUNICATION TASK ROUTIME

1
2 : PROC.RES ( —— f, PROCESSES SENSOR RESPONSE FOR VALID DATA )
3 COMMEUFF C& | = t REC. A RESPONSE 7 )
& IF FIND.MESS { LOCATE RESP IN COMMBUEE ]
S IF BET.DATA { STORE SENSOR RESP. DATA )
& ELSE 3 { FLRG CRC-1& ERROR )
7 THEN
a8 ELSE 2 { FLAG MO RESF. ERROR )
9 THEM ;

i0

11

i2

15 .8

14

15

S57 LIST

0 { INTER-ASSY COMMUNICATION TASK ROUTINE 3
1
£ ¢ BET.RESP ( -- f, AWAITS FOR SENSOR FOLL RESP 3
3 COMMBUFF 70 ERASE { CLEAR COMM. I/FP BUFFER }

-FLAG EXPECTING SENSOR RESP )
SETUP TIMEOUT FOR 200 wmS )
SETUP FOR RESPOMSE )

CLERR EXFPECTING RESP FLAG )
SET TIMEOUT TO 5.5 SEC )
PROCESS SENSOR RESPONSE )

4 1 RESFFLAG C!
5 3 TIMEOUT C!

£ COMMEUFF 1+ £3 EXPECT
7 0 RESFFLAG C!

8 55 TIMEOUT C!

9 FROC. RES ;

B .

10
11
1z
13 .8
14

13




558 LIST

U ( INTER-RSSY COMMUNICATION TASK ROUTINE )

1

2 : FORMAT.CODE ( n —— n, FORMATS SENSOR ROLL OR REFOLL REQ CODE )

3 IF & { REPOLL 1}

& ELSE 1 ¢ POLL )

S THEM POLLSEN# CrE 1& % 0OR { SENSOR ID # )

& ACT. SENSOR? &4 #* OR { ACT. SENSOR # )

i CONFIG C® & AND DUP ( GET COMNF. MODE )

a8 1024 I/RSTATUS ROT { MASTER ASSY 7 )

3 IF clear.status { CLR LOSS OF MASTER )
10 ELSE set.status { FLAG LLOSS OF MASTER )
11 THEMN 8 XOR OR ; { MASTER/BACHKUF CODE)
1z
1378
14
15

oo LIST

O { INTER-ASSY COMMUNICATION TASK ROUTINE )

1
2 : BEMD.POLL ( n —— SENDS SENSOR POLL OR RERDLL REGUEST )

3 FORMAT. CODE { FORMAT REGUEST OPCODE )
i COMM. ¥XMIT 3 { ¥MIT POLL OR REPOLL )
b7

& : POLL.FAIL ( IMCREMENTS FAIL POLL COUNTER FOR BAD SENSOR )

rd POLLSEN# CE BADPOLLS + DUP { GET SENSOR CTR )

a8 E@ 1+ 2 MIN SWAP C! ; ¢ INC. FAIL POLL CTR )

=

10
11
12
13 .5
14
15

Se0 LIST

0 ( INTER-ASSY COMMUNICATION TASK ROUTIME )

1

2 : POLL.RTN {( nn — PFOLLS AND FROCESSES DATA FOR SENSOR w )

3 DUF POLLSEN% C! ( TEMP FOR SENSOR # )

&4 BRDFOLLS + Ce 2 = ( FRILED TWICE BEFORE ? )

S IF 1 ELSE 3 THEN O ( SETUP FOR n POLL TRIES 1}

& DO 1 SEND.FOLL ( XMIT SENSOR POLL REQ )

7 GET. RESP 2DUP ( POLL RESP GOOD 7 )

=} IF I I 1— = ¢ LAST TRY 2 )

9 IF FOLL.FAIL POLLSEM# C@

14 FLG. BAD. DAT { FLAG BRD RESPOMSE
11 ELSE DROP
12 THEM
13 ELSE LERVE { REC. RESPONSE }

14 THEM FRUSE

15 LOOR s i5




o6l LIST

O ( INTER-ASSY COMMUNICATION TASK ROUTINE )
1
2 : POLL.TASK ( POLLS SENSDRS FOR WIND DARTA )
2 ¢ POLLFLAG C! ( CLERR POLL SENSOR FLAG )
4 ?. #S5ENSORS 1+ © { DETER # OF SENSORS )
= DO I POLL.RTN ¢ TO POLL )
& INC. PFOLLCNT PAUSE
7 LOOF 55 TIMEQUT C! ; { RESET FOR 5.5 SEC TIMEOUT)

a8
g9
10

1l...5
12
1=
14
=

b2 LIST

INTER-ASSY COMMUNMICATION TASK ROUTINE )

INTER. ASSY ( HANDLES COMMUNICATION WITH SENEOR )
BEGIN COMMBUFF 70 ERASE

U =R e B B OV VN o
" -

COMMBUFF 1+ 63 EXPECT ( SETUP FOR RECE. )
S5 TIMEDUT C! ( RESET TIME DUT TO S.5 SEC. )
FOLLFLAG C ( TIME FOR SENSOR POLLS 7 )
IF POLL.TASK { START SENSOR DATA FOLLING )
ELSE PROC. RECP ( CHK FOR VALID RECERTION )
THEN PAUSE
10 AGAIN ;
11
12 .8
13
14
15
563 LIST
O ( INTENTIONALLY BLANK SCREEN )
1
2
2
4
b
&
7
a
3
10
11
iz
12
14




oS4 LIST

( INTENTIOMALLY EBLANK SCREEM )

W~ E L)oo

( INTENTIONALLY BLANH SCREEN )

Se6 LIST

( INTENTIONALLY BLRANK SCREEN )

[T 0w« B I T o - 9 8 )

e
e o

-
N 4
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o




o967 LIST

{ INTENTIONALLY BELANK SCREEN )

=
CWmS WO e

11
12
13
14

15

S8 LIST

O ( INTENTIONALLY BLANK SCREEN )

1
2
3
4
9
E
7
8
3
10Q
11
iz
13
14
15
569 LIST
O { REAL TIME CLOCK INTERRUPT TASH 4/28/89 3
i
2 HEX
& LABEL 10sdelay
4 OF #B ESECCTR TEST 0= NOT { & BEEC CTR RCTIVE 7?)
5 IF &5ECCTR DEC E o} NOT ¢ DEC. CTR, = 0 ? }
& O #B PRINTFLAG MmOV { HOLD NEW PRINTOUT 3
T 0 #B DISFFLAG MOV { HOLD DISFLAY UFDATE )
a IF 1 #B PRINTFLAG MOV { PRINT S5 MIN. DATA 3
9 1 #B DISFFLAG MmOV { UPDATE DISFLAY DATA }
10 THEN
11 THEN RET 8
12
13
1%



a70 LIST

a7l

a7ve

O ( REAL TIME CLOCK INTERRUET TASK 4/2B/89 )

1

2 HEX

23 LABEL (RTC) ( REAL TIME CLOCK INTERRUPT HANDLER )

- clock/intr IN { BET INTER. STATUS )

e 10 #B O TEST 0= NOT { MIN. INTER 2 )

[ IF 0 1 MOV clock # 2 MOV (&) IN ( LATCH DATA )

7 MINUTE #B 2 ADD (&) IM { BET MIN. CTR)

8 37 #B O CMP 0= { MINUTE = 55 2)

9 IF OF #B SSFLAG MOV { BET SSFLAG )

10 06 #B ESECCTR MOW ( BET & SEC COUNTER )

11 THEN OF #B STDFLAG MOV { UPDATE STD DEV. )

12 10 #B CONFIG TEST o= ( RECORDER ASSY ? )

13 IF 1 #B PRINTFLAG MOV { PRINT DATA )
14 1 #B DISPFLRAG MOV ( UPDATE DATA DIFLAY )
15 THEN 1 © MOV .5
LIST

G ( REAL TIME CLOCK INTERRUPT TASK 23/NOV/BE )

1

2 HEX

k THEN 08 #B O TEST O= NOT ( SECOND INTERRUPT ? )

ks IF 10 #B CONFIG TEST ©O= NOT { INDICATOR ASSY ? )

5 IF FO #B SENSOR# TEST 0= NOT { MOMENTARY DISP %)

& IF 1 #B STATDISFLAG TEST ©O= ( NOT IN STATUS DISP 2)

7 IF IMINCTR DEC B 0O} NOT { 1 MINUTE TIMER ENDED 7)
8 IF OF #B SENSOR# RAMND { DISABLE MOMENTARY DISPLAY)
9 1 #B DISPFLAG MOV { UPDATE DISFLAY DATA )
10 THEM
11 THEN
12 THEN
13 THEN SSECCTR DEC B ©O) NOT t 5 SEC. TIMER = 0 2 )
1% .8
15
LIST

0 ( REAL TIME CLOCK INTERRUPT TASK 23/NOV/BE )

1

2 HEX

3 IF S #B SSECCTR MOV { RESET 5 SEC. TIMER )
4 1 #B AWDSFLAG MOV { SET O/F THRU AWDS PORT FLAG )
5 10 #B CONFIG TEST ©O= NOT { INDICATOR ASSY 7?7 )
& IF 1 #B DISPFLRAG MOV { UFPDATE DISFLAY DATA )
7 THEN 1 #B COMTRLFLAG TEST O= NOT { COMM CONTROL 2 )
8 IF 8 #B EXTSTATAFLG TEST O= { ND CARRIER ? )
3 IF 1 #B POLLFLAG MOV ( START SENSOR POLLS )
10 WAKE # U ) mowv { WAKE INTER-ASSY TASK )
11 O #B ACTCTR MOV { CLR CD COUNTER )

12

13

14 .5




973 LIST

0 ¢ REAL TIME CLOCK INTERRUPT TASK 4/28/89 )

1

Z HEX '

= ELSE 0OA #B TIMEOUT MOV ( RESET TIME OUT CTR )
4 ACTCTR INC B ( INC. CD COUNTER )
5 THEN

6 THEN

7 THEN  10sdelay CALL { CHECK FOR DELAY )
B

g .5
10
i1
12
13
14
15

574 LIST

0 ( REAL TIME CLOCK INTERRUPT TASHK 23/NOV/BE )

1

2 HEX

3 THEN 04 #E O TEST 0= NOT ( 100 mSEC INTERRUPT 7 )
4 IF SOOMSCTR DEC B o) NOT ( 500 mSEC TIMER FIN. )
5 IF S #B SCOOMSCTR MOV ( RESET 500 mSEC TIMER )
& 1 #B REFRESHFLAG MOV ( REFRESH DISELAY )

7 THEN TIMEOUT DEC B 0> NOT ( COMM. TIMEQUT 2 )

8 IF 2 #B COMMBUFF MOV ( FLAG COMM. TIMEOUT )

9 WAKE # U ) mav ( WAKE INTER-ASSY TASK )
10 THEN FF #B CORTIMER TEST
11 O= NOT ( CARRIER TIMER ON 7)
12 IF CARTIMER DEC E ( DEC. TIMEOUT CTR )
13 THEN
14 THEN RET
15 .5

575 LIST

{ INTENTIONALLY BLANK SCREEN )
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a7&e LIST

0 ( FRONT PAMEL SWITCH SUBRDUTIME HANDLER S3/NOV/BE )

b

2 HEZX

2 LABEL momernt.sw { SUBRTN. TO HANDLE SENSOR/DISFLAY SW. SELECT
4 O INC ©O4 #B 1 MOV O SHL V ( shift to upper nibble )

5 10 #B CONFIG TEST 0= NOT { indicator assembly 7 )

E IF 1 #B STATDISFLAG TEST 0= { not in status mode 7 )
7 IF FO #B 1 MOV SENSOR# 1 AND B

a 0 1 CMP B 0= { disable momentary mode 2 )
3 IF O #B O MOV ( setup for active sen. disp. )
10 ELSE 3B #B IMINCTR MOV { start 1 min momentary ctr )
11 THEN

) THEN

13 THEMN OF #B SENSOR# AND O SENSOR# OR B { rew display )
14 .5

15

S77 LIST

O { FRONT PANEL SWITCH SUBROUTIMNE HANDLER 23/ NOV/BE )

1

2 HEX

3 10 #B CONFIG TEST O= NOT ( indicator assembly ? )
4 IF 1 #B DISPFLAG MOV { flag for mnew display )

o THEN RET

&

F

a

9 45
i0
11
12
i3
14
b 3r)

578 LIST

0 ( FRONT PANEL SWITCH SUEBROUTINE HAMDLER 23/NOV/EE )

1

2 HEX

4 LARBEL ack.error ( SUBRTM. TO HAMDLE CLR. STATUS SW. SELECTION )
i o # I/RACHK mOv { CLEAR IND/REC ACHENOWLEDGE )
5 O # SENACH MOV ( CLEARR S5ENSOR 1 ACENOWLEDGE )
& O # SEMNACK =+ MOV { CLEAR SENSOR 2 ACHKNOWLEDGE )
7 O # SENACK 4 + MOV ( CLEAR SENSOR 2 ACKNOWLEDGE )
a 0 # SENACK & + MOV { CLEARR S5ENSOR 4 ACKNOWLEDGE )
9 RET

10

11 .&5

12

13

H
s

-
)]




=73 LIST
O ( FRONT PANEL SWITCH SUBROUTINE HAMDLER =23/MOMBE )
1
= HEX
3 LABEL clock.switeh ( SUBRTN. TO HANDLE CLOCK SW. SELCTIONS )
4 CB #B O CMP 0= ( set/run switch?) '
S IF 40 #B CLOCKFLAG XOR ¢ toggle set/run )
& LO #B CLOCKFLAG BND ( clear up, down & fField )
7 ELSE DO #B O CHME 0= { field celect switch 7}
a IF CLOCKFLAG INC B { inc field mod & )
=) 07 # 0 MOV CLOCKFLAG O AND B & # 1 MOV 1 DIV B
1G OHI O MOV E FO 0 0R o CLOCKFLAG AND B
11 ELSE DB #B O CMP 0= ¢ up switch 7)
12 .5
13
14
15
S80 LIST
O ( FRONT PANEL SWITCH INTERRUET HAMDLER =23/NOV/BE )
1
2 HEX
3 IF 20 #B CLOCKFLAG OR ( set up flag)
4 ELSE EO #B O CMP O= ( down flag ™)
= IF 10 #B CLOCKFLAG OR ( set down flag)
& THEN
7 THEN
a THEN
g THEN RET
10
11
12
135 .5
14
15
581 LIST
O ( FRONT PANEL SWITCH INTERRUFPT HANDLER S3/NOV/BE )
1
2 HEX
< LABEL (KEYBOARD) ( 8273 KEYBOARD INTERRUBT HANDLER
4 fpi/data IN O t MOV fpi/csr IN 30 #B O TEST 0= NOT
= IF RET ( RETURN FOR UNDER/OVER FLOW CONDITION )
& THEN 1 O MOV EB #B O CMP 0= { status & lamp test 7
7 IF OF #B SENSOR# AND 1 #B STATDISFLAG XOR ¢ toongle bit)
=} 0= NOT { status display mode ?)
=) IF 10 #B SENSOR% OR { no, setup for sensor 1)
10 ELSE 10 #B CONFIG TEST 0= { recorder assembly )
11 IF 10 #B SENSOR# OR ( set recorder to rnormal display)
12 THEM
13 THEN 1 #EB DISPFLAG mMOV { set DISPLAYFLAG )
14 80 #B CLOCHKFLAG AND { CLERR ALL CLOCK FUNCTIONS
¥9+8

d_asutpﬁﬁ“rmwﬂuv”Tnﬂh_H T ; rBREFEA0BA TEM—B Al Sl Oy s 51 i Tan




o8z LIST

0 ( FRONT PANEL SWITCH INTERRUFT HANDLER 2Z3/NOV/BE )

1

& HEX { alarm reset switch selection )

3 ELSE CB #B O CHMP O { sensor/display or alarm reset ?)

B IF 04 #B O TEST 0= NOT { alarm reset ?7)

S IF 10 #B CONFIG TEST 0= { recorder assy 7)

& IF 08 #B LEDSTATE OR LEDSTATE O MOV H

7 mcs/reg OUT { reset recorder alarm )

=) THEN

9 ELSE 40 #B 0 TEST 0= NOT ¢ sensor/display select 7)

10
11
I
13
14
15

583 LIST

0 { FRONT PAMNEL SWITCH INTERRUFT HANDLER Z3/NOV/BE )

L

2 HEX ( sensor/display or active switch selecticn )

3 IF LABEL momentary.sel

4 moment. sw CALL

5 ELSE CONFIG 1 MOV B 18 #B 1 AND ( get system config )
=] 18 #B 1 CmMP Q= ( master ind. assy?)
7 IF 1 #B STATDISFLAG TEST 0= { not in stat. mode?)
a IF OF #B © AND CONFIG 1 MOV H ( get # of sensors )
3 S #B 1 AND 1 O CMP 0O) NOT ( legal sersor # 2 )
10 IF O SEMNSOR# MOV B ( store new active sen.)
11 1 #B DISPFLAG MOV ( show new display )
12 ELSE momentary.sel JMP  ( select sensor status disp)
13 THEM

14 ELSE momerntary.sel JMP ( select sensor status disp)
15 THEN

584 LIST

O ( FRONT PANEL SWITCH INTERRUPT HAMDLER S3/NOV/BE )

1

2 HEX { clear status )

] ELSE momentary.sel JMP ( riot master assy)

4 THEN

S THEM

& THEM

7 ELSE E& #B O CMP 0= ( clear status switch 7)

a IF ack.error CALL { clear & acknowledge sys. errorg )
9 ELSE clock.switech CALL ( ck if clock switch )

10 THEN

i1 THEN

= THEM RET

13

14 .5




3585 LIST

O ( INTENTIONALLY BLANMK SCREEN ]

S86 LIST

¢ INTENTIONALLY ELANK SCREEN )

O
1
=
3
4
S
&
7
=

uJ

10
11
12
13
14
15

587 LIST

O ( SYSTEM ireturr INTERRUPT HAMDLER Z23/N0OV/BE )
HEX
LABEL ireturn ( RETURNS FROM INTERRUFT HANDLER )

28 #B 0 MmOV comm/esr.0UT ¢ END OF INTER. COMMAMD)
u rop 2 pop 1 POP O PORE IRET

-
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288 LIST

0 { AWDE INTERRURT HANDLER 22/NOV/BE )

1

2 HEX .

< LABEL (INTRO} ( URART B TERE INTERRUBT HANDLER )

% O PUSH 1 PUSH & PUSH U PUSH { SAVE REGISTER )
= 'AWDS. TASK # U MOV

= CTR Wy o MOV © O OR Q) ( HAVE ANY CHARS TO XMIT 2 )
7 IF PTR U} I XCHG LODS B PTR W) I XCHE

=t awds/data QUT CTR U) DEC

9 ELSE WAHE # STATUS W) Mov { WAKE TASK ON TC )

10 o8 #B O MOV awds/esy OUT ( RESET ONM LAST TERE)
11 THEN ireturn JMP
12 .5
13
14
15

583 LIST

O { AWDS INTERRUPT HAMDLER 23/NOV/8E )

1

2 HEX

< LABEL (IMTR1} ( UART B EXTERNAL STATUS INTERRUPT HEMNDLER 3

&4 0D FUSH 1 PUSH & PUSH U PUSH

= awds/ecsr IN ( GET EXT. STATUS FROM RRO B
& 10 #B O MOV awds/csyr OUT { RESET EXT/STATUS INTERRUPT)
7 ireturn JMP

a8

2
10
11 .5
12
13
14
b B

590 LIST

O ( AWDS INTERRUPT HAMDLER 23/N0V/8E )

i

2 HEX

3 LABEL {INTR&) {( UART B DATA READY INTERRUPT HANDLER

&4 0 PUSH 1 FUSH & PUSH U PUSH { SAVE REGS )

baT "AWDS. TASK # U MOV awds/data IM . GET CHAR )

& B0 #B CTR U} TEST O ( EXPECTING CHARS ?
7 IF 7F #B O AND ¢ RILL PARITY BIT 3
a8 PTR U} W XCHG 0O W) MOV B

] W INC PTR U) W XCHG { STORE CHAR )
10 ENT U} INC CTR U) INC O= ¢ CTR= O 7 )
+1 IF WAKE # STATUS U) mMawv { AWRKEN AWDS TASHK )
i2 THEN
i1z .8
14




391 LIST

( INTER-ASSEMBLY IMTERRUPT HANDLER 23/NOV/BE )

HEX
ELSE 1 #B UARTEFLG TEST o= MOT
IF 7F #B O AND
O CHRARBUFFE mov ®m
O #B UARTBFLG mMoOw
THEN
THEN ireturn JMD

TEST UART LOOFPBACK 2 }
RILL PARITY BIT )

SAVE LOOPEBACK CHAR )
COMPLETE TEST )

[
b e U =N O o - U I 1

1z

14

=
-l

92 LIST

0 ( AWDS INTERRUFT HAMDLER c3/NOV/BE )

3

2 HEX

3 LABEL (INTR3) ( UART B SPECIAL RECEIVE COND. INTERRUFT HANDLER )

& O PUSH 1 PUSH 2 PUSH U FUSH

= 01 #B O MOV  awds/csr OUT { POINT TOD RR1 B )

& awds/ecsr IN { GET REC. ERROR COND. 3

7 S0 #B O MOV  awds/es- OUT { RESET ERROR COMD. )

=1 ireturn JMP

9

10

1%

12 .5
13
14
1o

993 LIST

0 { INTER-ASSEMELY INTERRUPT HAMDLER 23/NOV/BE )

1

2 HEX

2 LABEL {INTR4} ¢ URRT A TBRE INTERRUET HAMDLER )

&4 O PUSH 1 FUSH & PUSH U PUSH { SAVE REGISTERS )

o 'COMM. TRSK # U mOv

G CTR U} O MY O O OR O ( HAVE ANY CHARS TO XMIT 2
7 IF PTR U) I XCHG LODS B PTR U) I XCHG

a comm/data OUT CTR U) DEC

3 9 #B CTR W CHMP 0= { PASSED EMD CHAR 7 )

10 IF 1 #B UARTAFLE MOV ( FLAG SAVE 15T LOOPBACK CHAarR)
11 THEN

1z ELSE WAKE # STATUS W MOV i AWARHEN I/8 TASK )

13 c8 #B O MOV comm/ess OUT ( RESET XMIT INTERRUET )
14 THEN ireturn JIMP

15 .5




o934 LIST

o995

96

{ INTER-ASSEMELY INTERRUFT HANDLER

23/NOV/BE )

1

2 HEX

3 LABEL (INTRS) ( UART A EXTERNAL STATUS INTERRUDT HANDLER )

4 O PUSH 1 PUSH 2 PUSH U PUSH

5 'COMM. TASK # U MOV comm/csr IN ( GET EXT STAT FROM RRO A)
£ 0 1 MOV 0 EXTSTATEFLG MOV B { SAVE EXT. INTER. STATUS )
7 10 #B O MOV comm/csre OUT { RESET EXT/STATUS INTERRUPT)
8 Q8 #B 1 AND ©O= { CD NOT PRESENT 7 )

= IF OB #B CDFLAG TEST ©= NOT { CARRIER PRESENT EEFORE 2)
10 IF 1 #B COMMEBUFF MOV { FLAG RECEIVED MESSAGE )
11 O # CTR U) mov { CLEAR REC BUFFER COUNTER)
12 WAKE # STATUS U) MOY { AWAKEN I/A TASK )

13 THEM

14

15 .5
LIST

0 { INTER-ASSEMBLY INTERRUFT HANDLER 2I/NOV/EE )

1

2 HEX

3 ELSE 1 #B XMITFLAG TEST 0= NOT ( XMITTING POLL REQ. 7 )
4 IF O #B 1 MOV { RESET CD FLAG TO IGNORE)
5 THEM

= THEN 1 CDFLAG MOV B { SET/RESET CD FLAG )

7 10 #B EXTSTATAFLG TEST oO= { SYNC ACTIVE 7 )

2] IF (KEYBOARD? CALL { SERVICE KEYED INTERRUET )

= THEN 20 #B EXTSTATAFLE TEST

10 O= NOT { CTS ACTIVE 2 )

11 IF {(RTC} CALL { EERVICE RTC INTERRUPT )

iz THEN ireturrn JMP

13

14 .8

15
LIST

0 ( INTER-ASSEMBLY INTERRUPT HANDLER 23/NOV/8E )

1

2 HEY

3 LABEL (INTRE} ( URRT A DATA RERDY INTERRUPT HENDLER )

i O PUSH 1 PUSH 2 PUSH U PUSH { SAVE REGS )

S 'COMM. TASK # U MOV comm/data IN

= B0 #B CTR W TEST O { EXFECTING CHARS 7 )
7 IF 1 #B RESPFLAG TEST 0= NOT { EXPECT. SEN. RESE 2)
a IF 2 #H TIMEQUT MOV { RESET TIMEOUT CTR)

3 THEN PTR U} W ¥CHG © W 3} MOV B

10 W INC PTHE W) W XCHG { STORE CHAR

11 CNT W} INC CTR U} INC O= { CTR = 0 72 )

12 IF 02 #B COMMBUFF MOV { FLAG EAD BUFFER )

13 WEBKE # STATUS W) mMOv { AWAKEN I/A TASK )




=97 LIST

L { INTER-ASSEMBLY INTERRUFPT HMAOMDLER S3/NOV/BE )

1

£ HEX

=2 THEN

& ELSE 1 #B UBRTAFLG TEST 0= NAOT { TEST UART LOOPEACK ? )
= IF O CHARBUFFA MOV E { SAVE LOOPEACK CHAR
& O #B URRTAFLE MOV ¢ FLAG END OF TEST )
7 THEM

a8 THEN iveturrn JMP

9

10 .8

11
i

13
14
15
2398 LIST

U ( INTER-ASSEMBELY INTERRUET HAMDLER ZES/NOV/BE )

1

2 HEX

2 LABEL {INTR7) ¢ URRT A SFECIAL RECEIVE COMD. INTERRUPT HANDLER )
& O PUSH 1 PUSH 2 PUSH U FUSH

S QL #B O MOV comm/esr OUT {( POINT TO RR1 A )

& commsosr IN { BET REC. ERROR COND. )
7 S0 #EB O Moy comm/esr QUT ( RESET ERROR COND. 3

8 ireturm JMP

=
10

il 4B

12
13

14

15

999 LIST

0 ( INTENTIONALLY BLANK SCREEN )

1

b=

3

&4

a9

&

-

8

9

1

11

i

13

14

15




00 LIST

( INTENTIONALLY BLANK SCREEN )

(o R R o = Y Ve

10
11
12
13
14
15

601 LIST

0 ( INTENTIONALLY BLANK SCREEN )

L0 Rn= B B ) - O 1

10
11
12
13
14
135

602 LIST

0O ( INTENTIONALLY BLANK SCREEN )

W~ ML N




G033 LIST

i

( INTENTIONALLY BLANK SCREEN )

WM oo

10
11

=

13
14

=
ot

BG4 LIST

{ INTENTIONALLY BLANK SCREEN )

=
Lo e Ve O v N O o o R O O

(==

-
A T

e |

b
)

E0S5 LIST
( TASK USER VARIABLES INITIALIZATION SO0/RAFPR/BS

HEX
| CREATE OFERATOR *'OFERATOR , ERZE , 'COMM. TASK , ZERQ .
0, V'OPERATOR 61 — , o0A ,

| CREATE COMM.TASK 'COMM.TASK , EAZE , ’WDOG , ZERD ,
O, °COMM.TASK 61 -, OA, ' (TYPE) , ' (EXPECT) ,
* (CR) 4, * (PRGE) , O, O, O,

T = N I o I S VR

10 | CREATE WDOG 'WDDG , ERZE , 'AWDS.TASK , ZERO ,
11 O, 'WDOG 61 -, OA ,




608 LIST

0 ( TASK USER VARIABLES INITIALIZATION 30/APR/B5 )
1
2 HEX :
3 | CREATE AWDS.TASK 'AWDS.TASK , EAZE , 'PRINT.TASK , ZERO ,
4 O , "AWDS.TASK 61 -, ©0A, ' {TYPE} , © , ' (CR) ,
5 " (PAGE) , O, 0, O,
6
7 | CREATE PRINT.TASK 'PRINT.TASK , EAZE , 'DATA.PROC , ZERO ,
8 O, 'PRINT.TASK 61 - , OA , ' (TYFE} , 0, ' (CR) ,
g ' (PAGE) , O, O, O,
10
11 | CREATE DATA.PROC 'DATA.PROC , EAZE , 'OFERATOR , ZERO ,
12 © , T'DATA.PROC 61 - , oA ,
1358
14
15
07 LIST

0 ( McCLELLAN ASSY SYSTEM INITIALIZATION )
1

2 HEX

4 3 INIT.ASSEMBLY ( INIT FOR EITHER INDICATOR OR RECORDER ASSY )

4 FF LEDSTATE C! ( TURN LEDS OFF )

5 CONFIG C@ ( GET CONFIGURATION )
& ACT.SENSOR? { GET ACTIVE SENSOR )
7 OVER 10 AND NOT ( RECORDER ASSY 7 )

8 IF 10 OR { SET FOR NORM. DISP}
b= EF LEDSTRATE C! ¢ TURN ON LED 1 )

10 THEM SENSOR# C! 8 AND ( MASTER CONFIG. 7 3
11 iF 1 { FLAG FOLL SENSOR )
o ELSE 0 { FLAG EAVEDROR )

13 THEM CONTRLFLAG C! 3 { BAVE FLRAG )
14
13 .5

&8 LIST

0 ( McCLELLAN IND/REC ASSEMBELY CONFIGURATION ROUTINE 1/28/87)
1

2 HEX

2 CODE read.config ( — read links to establish configuration)
&4 600 # 1 MOV ( wait for mode change)

5 BEGIM 50 #B O mMOY fpifesr OUT ( read fifo, auto irncrment)
& 1 W XCHG ©8 # 1 MmOV

7 BEGIN fpi/fdata IN { read thru regs)

a LOOP 1 W XCHG EO # ¢ MOV fpi/fesr OUT ( end interrupt )
- LOOF 40 #B O MOV fpifcsr OUT ( set to read location O)
10 fpi/data IN EO #E O AND { read data, clear do-d4 )
11 S #1 MOV ORCLEY CS { rotate d7 & 6 to d1 & O)
iz IF 10 #B O OR ( set bit 5 if indicataor)

13 THEN © 2 MOV B { save results in 2}
14 45 #B O MOV fpi/sesr OUT { s2t to read config swl

i35 fpifdata IN 1 #B O TEST 0= NOT { mbro set 7)




B0 LIST

o ( McCLELLAN IND/REC RASSEMELY CONFIGURATION ROUTINE 1/28/87)
1

2 "HEX

= IF 4 & Z 0OR ( set bit 2, REGULAR mode ]
& THEM 47 #B 0O Moy fpi/fesr OUT ( read mbrl)

S fpi/data IN 1 #B O TEST o= MOT ( mbri set 2 )

& IF B #B 2 OR { set bit 3, MASTEm)
7 THEN O/ #E o Moy fpi/osy OUT { set to keybd mode)
a8 EQO #B O MOV fpi/esr OUT { clear irg)

9 29 #B 0 MOV  fpi/esr OUT ( set divisor)
10 mosdrag IN { read mos/reg reg.)
11 80 #B O TEST 0= NOT (2 minute ave. 2
1= IF 20 #B 2 OR { set bBit 5 3
13 THENM 2 CONFIG mMOv E { save in CONFIG )
14 NEXT
153 .5

&10 LIST

O ( McCLELLAN IND/REC 8274 USART INITIALIZATION 10/21/86)

1

2 HEX

S CODE comm. init ( intialize inter-assembly usart )

& 18 #B 0 MOV  comm/csr OUT  comm/cse OUT ¢ reset twice)

b= Q4 #B O MOV comm/oesye OUT ( point to wr4 ph. A)

=) 44 #B O MOV comm/csr OUT { set 16X B-bits no parity)

7 01 #B O MOV  comm/esr OUT ( point to wrl)

a IF #B O MOV comm/csr OUT { enable intrs )

9 02 #B O MOV  coamm/csr OUT { point to wra)

10 BO #B O MOY comm/esr OUT ( 88 hode, var vector)

11 U2 #B O MOV comm/ocs- OUT ( point to we3 )

12 Cl1 #B O MOV comm/esr OUT { Rx 8 bits, Rx enable )

13 US #B 0O MOV comm/csr OUT ( point to wrS)

14 B8 #B O MOV comm/ocse OUT { Tu B-bits, Tk enable)

iS5 .5

611 LIST

0 { McCLELLAN IND/REC B274 USART IMITIALIZATION 10/21/88)

1

2 HEX

3 00 # O MOV comm/csr OUT 10 # O MOV

4 comm/esy OUT  comm/csr OUT  ( reset external status)

a9 MNEXT

&

7

8

9

10

13

e on

[ S Y
Ln & L




El&

o { MeCLELLAN IND/REC 8274 USART INITIALIZATION

LIST

1d/21/8E)

usart )

awds/csr OUT

(

L T T T T

IND/REC 82874 USART INITIALIZATION

{

{ reset ch B )
point to wrd ch, H)
set for 16X B-bits,
point to wri)
enable intrs )
paint to wra)

set vector offset)
point to wr3 )

Rx 7 bits, aute enable )
point to wrS)

Tx 7—bits, Tx enable,

sver par)

RTE: )

10/81/86)

( point to wro)
reset status vectar)
{ reset status vector)

{ McCLELLAM IND/REC DEVEL DEVICE INITIABLIZATION B/22/BE)

1

& HEX

2 COBE awds. init {( initialize awds
&4 18 #B O MOV awds/osr QUT
5 G4 #B O MOV  awds/ecsr OUT
= 47 #B O MOV  awds/esr OUT
7 01 #B O MOV  awds/csr OUT
a8 1IF #B © MOV awds/csr OUT
9 02 #BH O MOV awds/cse OUT
i0 08 #B O MOV  awds/ese OUT
11 0 #B O MOV  awds/ese OUT
12 &1 #B © MOV awds/csr OUT
13 05 #B O MOV  awds/csy OUT
14 2A #B O pOY  awds/csr OUT
15 =

&13 LIST

0 ( McCLELLAN

1

2 HEX

& o0 #B O MOV awds/ese OUT

4 10 #B O MOV awds/csr OUT

S awds/ocsr OUT

& NEXT

7

a

9

10

11

12 .5

13
14
15

€14 LIST

o

i

2 HEX

4 CODE init.fpi ( —=

4 OC #B 0 MOV fpi/sese OUT
S DF #B O MmOV fpifosr OUT
& DF #B O MOV fpi/csr OUT
7 EQO #B O MOV fpi/fese OUT
8 29 #F O MOV fpifcosr OUT
9 MEXT

10

1L .85

12

13

14

o
Ln

{

setup the 8273 fpi)

setup as sensor matrix mode )
reset the B8273)

reset the B279)

nor—special error mode)

setup divisar as 9)




E15 LIST

E16

E17

Py

L =
Lol o 0 W o N 0 B 3 -3

=
Lo T

-
n &

( McCLELLAN IND/REC DEVEL

HEX
CODE init.rtc ( —

LIST

Wm~mL & WMo

—
o

11

13
14
15

{

HEX

| CREATE INTERRUFPTS (INTRO)

LIST

e
Gl P =l O <] L0 & oS

ek

= i
I

{
HEX

OC #B O MOV clock/csr OUT
oo #B O MOV elock DUT

1C #B 0 MOv clock/inty OUT
clock/csr IN

MNEXT

INTERRUPT VECTORS INITIARLIZATION

{INTR2)

(INTRE)

DEVICE INITIALIZATION 8/22/86)

setup the 7170 ric)

{ disable intr. & clock)
¢ clear 100drths reg )
( setup 0.1 sec interrupt)
{ clear any interrupts )

S0/AFR/BS )

ZERD , (INTR1) , ZERO ,
ZERD , (INTR3) , ZERO ,

1
'

(INTR4} , ZERO , {INTRS) s ZERO
¥

INTERRUPT WECTORS INITIALIZATION

ZERO , (INTR7) , ZEROD ,

SO/APR/BS )




618 LIST

( INTENTIONALLY BLANK SCREEN )

b
E
A
2
&
i
a
9
10
11
12
i3
14
15
619 LIST
Q ¢ INITIARLIZE I1/0 HARDWARE SO/APR/AS )
i
2 HEX
3 CODE start. int
& IC #B O MOV clock/esy OUT { start clock & enable intr)
S STI NEXT
&
7 : IMIT.RAM ( CLERRS SYSTEM RAM )
a8 L THERE 1 LITERAL RAMSTART - { RAM BYTE USUAGE )
9 2/ RAMSTART =DUR
10 UVER ERASE hit.dog { CLEAR 18T HALF )
11 + SWAP ERRSE hit.dog i ( CLEAR LAST HALF 3
12
p Bt T
14
15
620 LIST
0 ( MeCLELLAN INITIALIZATION ROUTINES 1/39/87 )
1
2 : INIT.HARD ( INITIALIZES SYSTEM HARDWARE CONFIGURATION )
3 init. fpi init.rtc comminit
£ awds. init 2585 led.hdlr 5 { TURN LEDs & ALARM OFF )
S
& : ILL.SEN.DATA ( SETUFPS DATABASE FOR UNDEFINED SENSORS )
Fi 3 ( MRX 4 ) 2. #5ENSORS - 2DUP { ANY UNDEFINED SEN 7)
a8 IF 4 DUPF ROT -
9 DO I RESULTBUF 22 SET ( STUFF 555 W/ MSB SET TO )
10 DO 33323 I ' 2 +L0op {( INDICATE INVALID SENSOR )
11 LOOF hit.deog
12 THEMN =
13

-
L+ 0




&a21 LIST

m
o
iy

E2

U MU Lo o

el o T S Sy S
o O

s
n

—

LU TR T T Ty

-
(]
m
—

[~
CUDYOWELN D

e
E ol O B

[
W]

—

e

m

LIST

WE~md Lo

1o

McCLELLAN IND/REC TASK ACTIVATION ROUTINE

B/8/86)

{ START TASHES )
{ RECORDER ASSY 7 )
{ START PRINTER TASK )

1TASK COMM. TASK ACTIVATE INTER. ASSY
ETASK  AWDS. TASK ACTIVATE AWDS
STASK WDOG ACTIVATE TEST. SYSTEM
4TASK DATA. PROC ACTIVATE FROCESS. DATA :
STASK  PRINT. TASK ACTIVATE FRINTER ;
TASKS  1TASK 2TASK 3TASK 4TASK

CONFIG C® 16 AND 0=

IF 5TASK
THEN

INDICATOR/RECORDER START-UFP ROUTINE

SUM.QUE ( & —— d

© O ROT 240 SET (
O I @ M+ 2
+LOOF ;

SETUR

2/8/86)

ADD CONTENTS OF OQUE AT a AS DOUBLE)
LOoR)

{ LEAVE REBULTS ON STRACH)

BAD.SUM ( n —— RESTART 10 MIN. DATABASE OF SENSOR n)

-— )

INITIALIZE SUMS )

DUF DUR { NEED n,n,n,

INIT. QUES ¢ INITIALIZE RUES )
INIT. SUMS {

FLAG. DATA ;

INDICATOR/RECORDER START-UE ROUTINE

{m=—Ff VALIDATES
‘R I SPEEDR SUM.QUE
I SPEEDCHK && D=
I ANGLER SUM. QUE
I AMGLECH 2@® D=
I SumM.sSUmMSs
R} SUMCK 2@ D=
AND AMD NOT 3

CHECHK. CHECKSUMS

{ CLEAR PASS COUNT )

8/8/88)

CHECKSUMS )

SUM SPEEDO)

CHECK STORED SUM)
SUM AMNGLER)

CHECHK STORED SUM3
CHECH RUNMING SUMS)

s T e

¢ ANY NOT £




&24 LIST

0O ( INDICATOR/RECORDER START-UE ROUTINE B/8/8E)
1
2 : INIT.VARS ( INITIALIZES SYSTEM VARIABLES )
3 S DUFP SSECCTR C! SOOMSCTR C!
4 1 DISPFLAG C! O STATDISFLAG C!
5 O IMINCTR C! O CLOCKFLAG C!
& O AWDSFLAG C! O UARTEFLG C!
7 O PRINTFLAG C! O FAILCTR C!
a 0 POLLFLAG C! E0 TIMEOUT C!
9 O ¥MITFLAG C! 0 UARTAFLG C!
10 0 CDFLAG C! 0 RESEFLAG C!
11 12345 POWERFLAG ! ( FLAG 15T STARTUP )
12
13 .8
14
15
625 LIST
0 ( INDICATOR/RECORDER START-UP ROUTINE 8/8/86)
1
2 : VALIDATE.DATABASE ( TEST FLAGS TO CHECK FOR COMPLETE PROCESSE)
3 7. #SENSORS 1+ O ( SET LOOP )
4 DO I CHECK.CHECKSUMS ( TEST CKECKSUMS)
5 IF I BAD.SUM ( IF BAD, RESET SENSOR )
& THEN I VALID C@ ?DUP ( PROCESSING DATA )
7 IF 16 = { FINISHED AVERAGES )
a IF I WIND.DATA ( COMPLETE PROCESSING )
9 ELSE I FLAG.DATA ( REBUILD DATABASE )
10 THEN
11 THEN PAUSE
12 LOOF
13 .8
14
15
626 LIST
O ( INDICATOR/RECORDER START-UP ROUTINE 8/8/86)
1
2 : WARM.START ( PERFORM WARM STARTUR PROCEDURE )
3 7. #SENSORS 1+ © ( GET SENSOR # )
4 DO I CHECK.CHECKSUMS ( TEST CHECK SUMS)
5 IF 1 BAD.SUM ( IF BAD, RESTART)
3 THEN
7 1 FLAG.DATA hit.dog ( FLAG INVALID DATRABASE )
a8 LOOFP ;
g
10
11
12 .5
13
14

15




627 LIST

G ( INDICATOR/RECORDER START-UF ROUTINE B/8/8E6)

1

2 : HOT.COLD? (d d —— DETERMINE TYFE OF RESTART )

3 D— ZDUP &1 o D¢ { TIME DIFERENCE ( B0 SECONDE 3)
4 IF 6 0 D¢ NOT ( GREATER THEN 5 SECONDS 7
= IF WARM.START ( FLAG INVALID DATABASE ]
& ELSE VALIDATE. DATABASE ( CH IF PROCESS FINISH ]
i THERM

(=] ELSE ZDROF INIT. RAM ( INIT. SYSTEM DATABASE )
3 THEN :

10

11
2 &8

13
14
15
628 LIST

¢ ( INDICATOR/RECORDER START-UP ROUTINE a8/8/88)

1

25

3

4

=7

&

-

a

)
1o

11
iz
13
14
15
E29 LIST .

O ( INDICATOR/RECORDER START—-UF ROUTINE a/8/s86)

1

€ : CK.TIME? ( COMPARES RTC TIME W/ TIME STAMP )

3 HOUR EDATE. TIME HR. SEC ( CONVERT TIME TO SECS)

4 RAMHOUR EDATE. TIME HR. SEC ( CONVERT STAMP TO SEC)

=] HOT.COLD? ( DETER. TYPE OF RESTRRT )
(=

7 : CK.TIMEZ2? ( COMPARES RTC TIME W/ TIME STAMP ]

a8 HOUR ®DATE. TIME HR.SEC { CONVERT TIME TO SECS)
9 cO8E4 1 D+ { ADD 1 DAY IN SECS )

10 RAMHOUR EDATE. TIME HR.SEC { CONVERT STAMF TO SEC)
11 HOT. COLD? 3 ( DETER. TYFE OF RESTART )

s T

-

-

M
=
n

-
L



ES0 LIST

U ( INDICATOR/RECORDER START-UP ROUTINE 8/8/66)
1
£ : TEST.TIME ( COMPARE CLOCK TIME WITH TIME STAMP FOR RESTART )
z MOD. DAY ( GET DATE IN MODULUS DAY )
4 RAMMONTH @DATE. TIME MOD.ANYDAY ( GET MOD. TIMESTAME )
5 - DUP 0= ( BAME DAY ? )
& IF DROP CK.TIME? ( COMFARE TIME )
7 ELSE 1 = ¢ OFF BY 1 DAY 2)
a IF RAMHOUR clock) 23 = ( TIMESTAMP = 23 HOUR & )
9 HOUR clock) O= AND ( TIME = 0 HOUR 2 )
10 IF CK.TIMEZ2? ( COMPARE TIME )
11 ELSE INIT.RAM ( NEW START-UP )
12 THEN
13 ELSE INIT. RAM ( NEW START-UPR )
14 THEN
15 THEN ; .S
6321 LIST

O ( INDICATOR/RECORDER START-UP ROUTINE 4/8/88)

L

2 : START-UP ( INDICATOR/RECORDER SYSTEM STARTUP ROUTINE )

3 hit.dog INIT.HARD hit.dag { INITIALIZE HARDWARE)
4 POWERFLAG @ 12345 = { WARM START ? )

= IF TEST.TIME ( COMPARE TIME & TIME STAME)
& ELSE INIT. RAM { PERFORM COLD START)
7 THEN INIT.VARS { INIT. SYSTEM VARIABLES )
=} read.config INIT.ASSEMELY ( SET UP CONFIGURATION)
5 ILL.SEN.DATA hit.dog

10 TASKS start.int DISP.DATA H
11
ig .8
13

14
13
632 LIST

O ( INTENTIONALLY ELANK SCREEN )

1

P

3

&4

3

=

7

g

9

10

11

12

13

14




6332 LIST

¢ ( INTENTIONALLY BLANK SCREEN }

1

3

4

]

&

7

=

2
10
11
iz
13
14
15

B34 LIST

O ( INTENTIONALLY BLANK SCREEN )

1

=

=

4

S

=

7

a8

9
10

11
1z
13
14
15
€35 LIST

0 ( BYSTEM POWER-UFP ROUTINE S0/APR/SBS )

1

2 | : BTART L RECOVER 1

3 hit.dog

& INTERRUPTS [ ORAM 32 + 1 LITERAL 32 MOVE

S 02 ! L' DIVERR J LITERAL O ! ( SET VECT O DIVERR)
E { SETUP RAM)

7 OFERATOR 2+ OPERATOR STATUS HIS DUP &0 ERASE 12 MOVE
8 COMM. TASK 2+ COMM. TASK STATUS HIS DUP 60 ERASE =8 MOVE
g AWDS. TASK 2+ AWDS. TASK STATUS HIS DUP 60 ERASE =8 MOVE
10 WDOG 2+ WDOG STATUS HIS DUP &0 ERASE 12 MOVE

11 DATA. PROC 2+ DATA.FPROC STATUS HIS DUP &0 ERASE 12 MOVE
iz FRINT.TASK &+ PRINT.TASK STATUS HIS DUP E£0 ERASE 28 MOVE
13 START-UP ;

14




B3& LIET
{ SYSTEM POWER-UP ROUTINE SOSEPRBS )

HEX

LABEL POWER-UFP 0O # 0 MOV
0 ES LsG 0. 55 LSG 0 DS LSG
' START &- # I mMov UFERATOR U MOw U rR MoV
OFERATOR ©A + 8 MoV NEXT

HERE /PROM OF - ORG EA C, POWER-UP , ZEROD
ORG

L]

WM~ @mu Lo o

s
o

11 .8
132
14

15

E37 LIST

WD~y WO

E38 LIST

UD~J Lo

e
B < I N

=
L







