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ABSTRACT

A computer program that will operate in minicomputers located at

diamond interchanges along the frontage road of North Central Expressway

in Dallas is described. The minicomputers, referred to in this report

as actuators, will be part of a larger computer control system that

will coordinate the operation of the frontage road signals. This report

describes the actuator program both functionally (i.e., for the traffic

engineer's information) and technically (i.e., for the computer specialist's

information). The program logic, which is shown in detailed flow charts,

may be useful in other computer controlled traffic applications.



DISCLAIMER

The contents of this report reflect the views of the author who is

responsible for the facts and the accuracy of the data presented herein.

The contents do not necessarily reflect the official views or policies

of the Federal Highway Administration. This report does not constitute

a standard, specification or regulation.



1.0 INTRODUCTION

1.1 Background

"Actuator" is the term applied to the minicomputers located in control

cabinets at each frontage road intersection. Each actuator is a general pur­

pose programmable computer known as a Nova 1210 manufactured by Data General

Corporation. The actuators have three broad purposes:

1. To communicate the status of the intersection hardware to

the network control computers.

2. To control the traffic signals as commanded by the network

control computers.

3. To serve as a back-up controller in the event of a communi-

cations failure with the network control computers.

The use of an actuator at an intersection was described by Charles W. Blumentritt

in Reference 6. Many of the concepts used in the current actuator program were

derived from that report.

1.2 Scope of Report

This report describes the computer program for the frontage road actuators.

No attempt is made to cover other parts of the frontage road system. Figure 1.1

shows the relationship of the actuators to other frontage road control system

components. Reference 3 describes each element of the control system in detail.

The actuator program was constructed in a modular fashion that will permit

its use in the future arterial intersection actuators with very minor changes.

These changes will be to various tables that define detector inputs, signal

light outputs, and emergency control logic.
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1.3 Structure of Report

Section 2 is a functional description of the actuator program. That is,

it tells what the program does but does not go into detail about how each

function is accomplished. It is intended for all readers of this report.

Section 3 is a technical description of the actuator program. It is

intended for the computer systems analyst or programmer who is interested in

the details of how each specific task was accomplished.

Section 4 describes the testing procedure that was used to verify the

various program functions.

Section 5 is a detailed description of the program loading and operating

procedure for the actuator once it is installed in the field.
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2.0 FUNCTIONAL DESCRIPTION OF ACTUATOR PROGRAM

Figure 2.1 is a block diagram of the inputs and outputs of the actuator.

It is the function of the actuator program to react in a timely manner to all

the inputs such that the proper outputs are produced. The following para-

graphs describe the various subfunctions of the actuator program.

2.1 Initialization and Restart

When the program is first started or when power is restored after an

electrical power failure, the program must be initialized. This consists of

placing the intersection on flash, synchronizing the communications with the

arterial multiplexer, setting program variables to their initial values, and

initiating the various program tasks.

2.2 Task Control
i

The actuator program consists of several tasks, each with different pri-

orities and execution rates. For example, speed detector processing is a high

priority task that is executed every .01 second, while stop-line detector pro-

cessing executes at a lower priority and less often. It is the job of task

control to schedule each task for execution at the proper time and to oversee

the execution of all tasks. It is the "operating system" for the actuator.

The task controller is also responsible for resetting the stall alarm, a device

that causes the intersection traffic lights to flash if it is not periodicallY

pulsed by the actuator.

2.3 Telemetry Control

The telemetry control section of the actuator program is responsible for

all communication with the arterial multiplexer computer.

Communication 1s over a voice-grade telephone Une with R data set. con-

sisting of a transmitter and receiver, at each end. Transmission and reception
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by the actuator can be simultaneous, since its transmitter and receiver

operate at different frequencies.

All data is transmitted and received in a serial fashion. The timing

and packing/unpacking of each data bit is done under actuator program control.

This allows for complete flexibility in the telemetry message format, size and

speed.

The telemetry messages are sent and received in an asynchronous manner.

Therefore, there must be a way for the receiving computer to distinguish the

start of a message. This is done in the actuator by sending two consecutive

stop bits ("1" bits) at the end of the message, and a start bit ("0" bit) at

the start of the next message. A typical message might be diagrammed thusly:

FIRST LAST 2
DATA DATA STOP
BIT

l 1MSEC.

r
BITS

I I II I
~ "I"

I I I ISERIAL BIT ~
STREAM

~RT BIT'
"0"

V'

9 DATA BITS

Each message is 12 bits in length. Each bit is sent in 7 milliseconds (.007

second) for a message transfer time of 84 milliseconds, or about 12 messages

per second.

The actuator receives telemetry data from the arterial multiplexer con-

tinuous1y. The input data is generally a command directing the actuator to

perform certain functions. The most commonly sent command directs the actuator

to place the traffic signals in one of the permitted configurations. Appendix

D shows the meaning of all input bits.

The actuator sends telemetry data to the arterial multiplexer continuously.

This output data consists of intersection status information, such as traffic
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signal status, detector actuations, etc. Appendix D shows the meaning of all

output bits.

The actuator checks each telemetry input bit for transmission errors, such

as telephone line noise, and informs the network control computers if any are

encountered. Also, each input message has a check or parity bit that should

make the total number of one bits in the message an odd number. If the number

of one bits is even, the entire message is ignored. For security purposes, the

actuator will not act upon a command from the network control computers until

two identical commands are received consecutively.

2.4 Detector Processing

As Figure 2.2 shows, there are three types of detectors used in the front­

age road system. The method of processing each type is given in the following

paragraphs.

2.4.1 Magnetometers

These detectors are located about 300 feet back from the intersection stop­

line in each approach lane. Each time a vehicle activates one of these detectors,

a volume bit is set in the telemetry output word for that detector. The time

that the detector is occupied by each vehicle is used to update an average speed

for each approach to the intersection. This new average speed is also sent via

telemetry, but only if it is different from the previously sent average speed

for that approach.

2.4.2 Loops

These detectors are located at the stop-lines for each approach to the

intersection and in left-turn bays if present. A volume bit is set in the

telemetry output word whenever a vehicle enters the loop. An occupancy counter

is incremented every .05 seconds that the vehicle is in the loop. Whenever this
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occupancy counter overflows (currently every 5 seconds), an occupancy bit is

set for telemetry output.

2.4.3 Pedestrian Pushbuttons

Pedestrian pushbuttons are located on each corner of the frontage road

intersection. Whenever a pedestrian activates the pushbutton, a volume bit

is set in the telemetry output.

2.5 Signal Light Processing

This is the most critical task of the actuator program, since it directly

affects the safety of both vehicular and pedestrian traffic. For this reason,

much effort was expended in making this portion of the program extremely flex­

ible and self-checking.

2.5.1 Signal Hardware

The signal hardware consists of:

1. Red, green and amber lights.

2. Walk and don't walk lights.

3. Solid state switches that permit the actuator to switch

AC power to the traffic lights.

4. Flash circuitry that allows the actuator to place the

signals in flash mode.

5. Sensor circuits that allow the actuator to sense the

on/off status of the switches that control the traffic

lights.

2.5.2 "Phase" Versus "Movement Approach"

There are two generally used methods for describing the configuration of

the traffic signals at an intersection. Assume a simple intersection that has

traffic signals for the following traffic movements:
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J ,- .. :4 ~ t
I. LEFT TURN 2. LEFT TURN 3. EASTBOUND 4. WESTBOUND 5. SOUTHBOUND 6. NORTHBOUND

EAST BOUND WEST BOUND

In the "phase" method, the intersection might be described as 5-phase

because the following five signal configurations are allowed:

J¥"" 4 ~
:4 •.. JI. 2. 3. 4.

In the '~movement" method, the intersection would be described as 6-move-

ment since signals exist for six separate traffic movements as shown above.

However, the following configurations would be allowed:

J :4 • ~, ..4 ,,- 4-

+fF .. , ....
I 2 3 4 5 6 7 8 9 10 II

That is, the five valid phases as well as each separate movement alone would

be allowed.

The network control computers must communicate to the actuator the desired

state of the traffic signals. If the "phase" method were used, the commands

might appear as follows:
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Time (Sec.)

o

1

10

14

Connnand Desired Configuration,

Phase 1 -",
Phase 1 ~r

Phase 1 --',-
Phase 4 Ambers

Phase 4 Ambers

Phase 4 .---...
The rules for the actuator to use under this "phase" method would be:

1. Remain in commanded phase as long as that phase

number is being received.

2. When a different phase number is received, display

the appropriate ambers for a preset time. Then

display the greens for the new phase. Ignore new

connnands during amber display, since each phase must

be retained for a minimum time period.

If the "movement" method were used the connnands would be:

Time (Sec. ) Connnand Desired Configuration

0 Movements 1 and 2 -',
1 Movements 1 and 2 -',

Movements 1 and 2 --#,-
10 Movements 3 and 4 Ambers

Movements 3 and 4 Ambers

14 Movements 3 and 4 ---~

The rules for the actuator to use under this "movement" method would be:

1. Display the green movements given in the connnand

unless they conflict.
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2. When a different command is received, display ambers for

the movements that existed in the old command but are not

in the new command. Display green movements in the new

command unless they conflict with the ambers.

The "movement" approach is by far the more flexible of the two methods,

since it allows each possible green movement to be displayed separately or

in conjunction with other valid green movements. The following example in

Table 2.1 illustrates this flexibility. In the example, the movement method

allowed the main street greens to be displayed 3 seconds earlier than the

phase method. This is due to the fact that the phase method does not allow

each movement to be controlled individually, and thus the amber required to

go from phase 1 to phase 3 had to "time-out" before a new command could be

accepted.

The "movement" method was therefore used in the actuator for the fol­

lowing reasons:

1. Each movement can be controlled independently of all

others.

2. Each movement may have its own times - minimum, maximum,

extension, amber.

3. The intersection may be allowed to "rest" in all red. Then

only a movement with demand may be displayed. This feature

might be used during periods of light traffic.

2.5.3 Signal Light Confirm Checking

Hardware to allow the actuator to sense the on/off state of the solid

state switches that control the traffic signals is a standard part of each

intersection. This allows the actuator program to determine if the signal
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'"0
III

0Cl
ltl

I--'
W

TABLE 2.1

EXAMPLE: At t = 0, movements 1 and 2 are displayed. When demand ends on movement 1, it is desired
to begin movement 4. When demand ends on movement 2, it is desired to begin movement 3.
Assume 4 second ambers.

Time (Sec.) Situation Movement Method Phase Method

0 Demand on Command movements 1 & 2 Command phase 1

movements 1 & 2 ~r ~,

1 Demand ends Command movement 2 Command phase 3

on movement 1 .MBER(2) r .MBER0'
2 Demand ends Command no movements Amber in progress

on movement 2 'MBER~~'MBEA Cannot accept new command

"
5 - Command movement 4 Command phase 4

4- 4-

0'MBER eJ'MBER
6 - Command movements 3 & 4 Amber in progress

4----.

"9 - Command movements 3 & 4 Command phase 4
4- 4---. --.



lights are operating as commanded. The state of all signal lights is sampled

every 0.1 second and the following action is taken if any error persists for

two consecutive samples:

1. If any green is on when it should be off, put intersection

on flash.

2. If any green is off when it should be on, send error

indication via telemetry.

3. If any red is on when it should be off, send error

indication via telemetry.

4. If any red is off when it should be on, put intersection

on flash.

5. If any amber is on when it should be off, put intersection

on flash.

6. If any amber is off when it should be on, send error

indication via telemetry.

That is, any error that might lead a driver to believe he has the right-of­

way when he doesn't will cause the intersection to flash.

2.5.4 Command Decoding and Changing Signals

The portion of the actuator program responsible for actually controlling

the signal lights can accept commands from two sources. Under normal circum­

stances, commands are received from the telemetry input stream. These command

codes are decoded according to the chart in Appendix D. However, under abnormal

circumstances such as when communications via the telemetry link are inter­

rupted or after an electrical power failure, signal commands are accepted from

the emergency control section of the actuator program.
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In either case, the commands are checked for validity. Any attempt to

terminate a green movement before an absolute minimum time expires is invalid.

Any attempt to turn on conflicting greens if of course invalid. After the

command is checked, the signals are changed according to the rules given for

the "movement" method described in 2.5.2. That is, ambers are displayed for

a set time for each terminating green movement, and new greens are displayed

as soon as possible without causing conflicts. Whenever a new green is dis­

played, the pedestrian WALK light controlled by that green is displayed for

a set time.

Before any change is made to the signal lights, the following checks

are made on the new outputs:

1. Will the outputs cause a valid (i.e., nonconflicting)

green configuration to be displayed?

2. Will the outputs light one and only one color per

traffic movement?

If either test is negative, the actuator program performs an abort, which

causes the intersection signals to flash.

2.5.5 Other Functions of ?igna1 Control

The signal control section of the actuator program is also responsible

for:

1. Placing the intersection on flash if so commanded via

telemetry input or by a manual flash switch on the

intersection cabinet door.

2. Sending the intersection status to the network control

computers via telemetry (i.e., green configuration,

flash status).
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3. Sending the status of various switches via telemetry

(i.e., police-panel switches, cabinet door ajar, inter­

connect functions).

4. Informing the network control computers if the last

command received was accepted or rejected.

5. Turning all signal lights dark if the signal shutdown

switch on the police-panel is set.

2.6 Emergency Control

This section of the actuator program drives the signal control section

in emergencies, i.e., when telemetry input commands are invalid or non­

existent.

2.6.1 Flash Control

When the intersection is placed on flash for any reason, a flash timer

is initialized to time-out the flash. Emergency control is responsible for

counting-down this timer and terminating the flash mode at the proper time.

The various ways that intersection flash is initiated are:

1. Restart after a power failure. Flash is terminated

after the restart flash time expires.

2. Signal confirm error. Flash is terminated after a

minimum flash time expires. However, if such errors

occur too frequently, the intersection will be placed

on "permanent" flash until the program is reinitia1ized.

3. Manual flash switch in the cabinet is set. Intersection

will flash for a minimum time, and then remain flashing

until the switch is reset.
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4. Telemetry input flash command. Flash will stay on for

a minimum time, and then continue until telemetry input

command indicates "no-flash."

After the flash is terminated, the emergency signal control mode is initiated.

2.6.2 Emergency Control Patch Panel

Located on the front panel of the actuator is a "patch panel" or "pin

matrix" that can be read by the actuator. By inserting or removing pins from

the panel, one can change the various times used by the emergency control sec­

tion. Appendix C shows the bit assignments of the panel and Section 5 gives

detailed instructions on how to use the panel. Briefly, the pin matrix allows

the operator to vary the maximum, minimum and extension times for each phase

used by emergency control. In addition, the actuator console data switches

are used to change the amber times for each movement.

2.6.3 Emergency Control Logic and Phasing

The emergency control logic for the actuator is very simple for two

reasons:

1. The actuator memory size is very small (2048 words) and a

more sophisticated control algorithm would require more

memory.

2. There was no need for a more sophisticated technique, since

the emergency control logic will only be used as a back-up

controller when the network computer communication link is

broken.

The signal phasing selected was basically that described in Reference

2, and is commonly known as "TTl Phasing. I' In the actuator program, the

phases are numbered as shown in Figure 2.3.
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PHASE WEST SIDE EAST SIDE
NO. ("A" SIDE) ("B" SIDE)

1 J~ ---71
[>

J <J
2

[>

<l <J *3

~ [>

<]

1*
4

~

<J r5
[>

<J ---?6

* [> l>

~ -Y
7

l>l>

FIGURE 2.3 EMERGENCY CONTROL PHASING
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Phase 7 is used at only one intersection, Forest Lane, which has a two

way frontage road on the west side. The rules used by the actuator in ef­

fecting emergency control are:

1. Whenever it is necessary to begin emergency control, begin

with phase 1 if the intersection is on flash. Otherwise,

begin with the phase that includes all movements that are

currently green at the intersection. If no such phase

exists, enter flash mode for the minimum time period.

2. The maximum, minimum, extension and amber times will be

selected from the computer front panel. However, phases

2 and 5 will have maximum = minimum time with no extension

allowed. The times for phase 7 at Forest Lane will be

stored in the actuator.

3. Each phase will be displayed for the minimum time. There­

after, each actuation of the appropriate stop-line loop

detector (marked with an asterisk in the phasing diagrams)

for that phase will cause the phase to be displayed for

one extension interval from the instant of actuation.

However, if after the minimum time has expired no actu­

ation occurs during an extension interval, that phase will

be terminated. The clearance interval will be displayed,

after which the next sequential phase will begin.

4. As mentioned in Section 2.5.4, walk light processing is

handled in the signal processing section. The emergency

control section simply commands the signal control section

to display the appropriate green lights for each phase.
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Emergency control is invoked under the following circumstances:

1. After flash mode is terminated for any reason.

2. If a new valid telemetry command is not received for a

60 second period.

3. A command is received via telemetry to begin emergency

control.

Emergency control will continue in effect until neither event listed

in items 2 and 3 above is present and the current emergency control phase

has reached termination.
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3.0 TECHNICAL DESCRIPTION OF ACTUATOR PROGRAM

The flow charts in Appendix A have been carefully constructed to be an

accurate description of the actuator program for frontage road control.

Scattered throughout the flow charts are narrative comments that explain the

function of a group of boxes. These comments can be perused for a general

understanding of the program flow. This section should be used along with

the flow charts and program listing in Appendix F to obtain detailed knowl­

edge about the internal structure of the actuator program. It should be

noted that the program logic described in this section and in the flow charts

could be applied to any computer used for traffic control, not necessarily

Nova computers.

3.1 Actuator Computer Hardware Description

The specifications for the actuator and related I/O equipment are given

in Reference 3. The computer hardware characteristics are listed here for

convenience.

1. The actuator is a general purpose minicomputer manufactured

by Data General Corporation. It is commonly referred to as

a Nova 1210 and is described in Reference 1.

2. The CPU has a general instruction set common to all of the

Nova computers.

3. It is equipped with a l6-bit word, 2K (2048 words) read/

write core memory.

4. The memory cycle time is 1.2 microseconds. Arithmetic,

logical and branch instructions require 1.35 microseconds,

memory reference with accumulator 2.55 microseconds, memory
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increment and decrement 3.15 microseconds, and I/O instruc­

tions either 2.55 or 3.15 microseconds.

5. A real-time clock is provided that is capable of generating

interrupts at any of the following program selectable fre­

quencies: AC line frequency (60 Hz), 10 Hz, 100 Hz, or

1000 Hz.

6. Power failure protection is provided. This insures that

an electrical power failure does not affect memory. It

also causes a processor interrupt when power begins failing,

and causes an automatic restart at location 0 when power is

restored.

7. Four l6-bit accumulators are provided. They are referred

to as ACO, AC1, AC2 and AC3. The last two, AC2 and AC3,

can also be used as index registers.

8. Page 0, which is the first 256 words of memory, can be

directly addressed from anywhere in memory. There are

three other direct addressing modes that allow an instruc­

tion to address 256 locations relative to 1) the program

counter, 2) AC2 or 3) AC3.

9. Any memory location can be indirectly addressed from any­

where in memory.

10. Each actuator has a standard front console. This console

contains data entry and function switches that permit manual

operation of the computer. Also provided is an automatic

program load switch which is used to initially load a boot­

strap loader.
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11. A plug is provided for connecting a portable paper tape

reader, which is used to load programs into the actuator.

in conjunction with the front console.

12. An 8x8 "pin matrix" is located on the actuator front panel.

Grounding pins can be inserted into any of the 64 slots for

external parameter programming. The actuator program can

input the matrix as four 16-bit words. They are used to

select signal light timing values.

13. Digital input/output registers are provided as shown in

Appendix C. They are used to interface the actuator with

the intersection hardware.

14. A telecommunications interface is provided between the

actuator and a voice-grade telephone line. This allows

a 1-bit input and 1-bit output for the actuator to communi­

cate with the network control computers.

15. A stall alarm is provided that must be pulsed periodically,

or the intersection flasher in the cabinet will be acti­

vated and any outputs by the actuator to the signal lights

will be ignored. The actuator resets this alarm by doing

an output to address 578 • Once the stall alarm is activated,

a manual reset must be done before the actuator can operate

the signals.

3.2 Programming Problems, Constraints and Notes

The main problem in programming the actuator was that only 2K words of

memory were available. However, since the processor speed was much faster
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than necessary, it 'was possible to make extensive use of subroutines and pro­

gram loops to conserve core. This allowed the program to contain all the

required functions for communicating with the network control computers, as

well as a traffic responsive emergency (back-up) traffic control section.

Currently the program uses all but 128 words of memory. Timing tests have

shown that only about one-third of the available time (i.e., CPU speed) is

required under the most extreme conditions.

Another constraint was the the program should be flexible enough for

use at many types of intersections with a minimum amount of alteration.

This necessitated the "task" method that is described later. Each separate

program function, such as telecommunications, speed detector processing,

emergency control, etc., was coded independently from other tasks. Also,

all detector bit assignments, emergency control phasing, and other inter­

section-related data were defined in tables. Thus, for conversion to

another type intersection, such as an a-phase, all that is required is to

change these tables and the intersection-dependent tasks.

A problem arose as the result of having a Nova 1200 computer with an

ASR 33 teletypewriter as the only program preparation and checkout device

available. With its low speed (10 characters/second) paper tape reader,

punch and printer, the ASR 33 was not suited for long input tapes. It was,

therefore, necessary to break the actuator program up into several different

segments that could be updated and assembled independently. The program

segments are shown in Appendix E. The Data General Nova Paper Tape Editor

program was used to prepare and later make changes to the tapes and punch

new tapes. The Data General Nova Extended Assembler was used to assemble

the individual tape segments after editing. Both of these programs are
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described in Reference 4. All programming described in this report was done

in Nova Assembly Language.

3.3 Program Segments 0 and 8, Common Definitions

Program segment 0, as seen in the listings, defines all "common" data

and variables, most of which are in page O. Generally, this is data that

is referenced by more than one task or program segment. In some cases, it

is an array that must be indexed using AC2 or AC3. Every element defined

in this segment is listed as an entry point. All other program segments

are prefixed during assembly by segment 8 which defines all the "common"

data as externals. Thus, all program segments have access to the "common"

data in segment O. Appendix B describes all "common" data in alphabetical

order. Program segment 8 also contains the definitions of input/output de­

vice codes used by the various tasks.

There are various parameters located throughout the actuator program

that might be described as system configuration parameters. These define

such things as the number of tasks, the number of bits in a telemetry message,

the minimum intersection flash time, etc. These parameters as well as their

location in the program are described in Appendix G should it ever be necessary

to alter them.

3.4 Program Segment 1, Common Subroutines

These are useful subroutines that can be called indirectly through a trans­

fer vector in page O. The method of call, calling arguments and register usage,

are given in the program listings. The function of each subroutine is described

in detail. Many of these subroutines are reentrant, which means that multiple

tasks can use them independently.

3.5 Program Segment 2, Initialization, Interrupt, Task Control
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3.5.1 Initialization Section

The initialization section, entry point INITR, is entered after an initial

program load or when power is restored after an electrical power failure. This

section is responsible for assuring that the restart is carried out in an orderly

manner. First a 5 second delay loop is entered to allow the real time clock to

stabilize. During this loop the signals are placed on flash. All tasks are

initialized to start at their original addresses, the telemetry section is

initialized, and the real-time clock is restarted at 1000 Hz. A wait loop is

then entered until the first real-time clock interrupt occurs.

3.5.2 Interrupt Section
; ,

The interrupt section, entry point INTRP, is entered whenever any inter-

rupt occurs since its address is stored in location 1. The hardware stores

the contents of the program counter (PC) in location 0 when an interrupt

occurs. The interrupt routine tests the device flags to determine what type

of interrupt occurred and takes action as follows:

1. Power failure interrupt - A jump to the restart routine

(INITR) is placed in location O. The intersection signals

are placed on flash. Then a CPU halt is executed to await

the power failure.

2. Undefined interrupt - If the interrupt is not caused by power

failure or the real-time clock, the device code on the inter-

rupt line is read and inserted into an instruction that clears

that device's busy/done flags. Interrupt is enabled and the

return is made to the interrupted PC.

3. Real-time clock interrupt - This section is executed every

millisecond when the done flag is set for the real-time clock.
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Two main functions are handled in this routine, telemetry

processing and task control.

a. Telemetry processing - There is a one bit input and one

bit output for two way communication with the network

control computers. These bits operate the data set

receiver and transmitter which are connected to a two

wire telephone line. Full duplex operation, i.e.,

simultaneous transmission/reception, is accomplished

by using separate frequencies for transmitting and

receiving. This one data bit interface means that all

communication must be in a serial fashion. The actuator

software is responsible for formatting the serial data

bits into a meaningful message.

(1) Telemetry format - Both input and output use the

same message size and bit rate. A typical message

is shown in Figure 3.1. A message is continuously

sent and received at the bit rate shown (7 milli­

seconds) such that a new message occurs every 84

milliseconds. The timing is handled by the actuator

software. The various messages that can be sent are

shown in Appendix D. Since the telemetry input/out­

put is done in a serial fashion under software control,

independently of telemetry hardware, it is possible

to alter the message size, format and rate simply by

changing the program. Currently the telemetry messages

consist of 3 synchronizing bits and 9 data bits. Nine
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bits were needed in order to send all of the inter­

section status information upstream to the network

computers. If in the future it is decided that less

status information will suffice, it will be possible

to revert to the more standard 8-data bit format by

altering the program.

(2) Telemetry input - This section is entered upon each

real-time clock interrupt (1 millisecond). The pro­

cessing proceeds as follows:

(a) When a start bit (space) is received (i.e., a

1 to 0 transition in the bit stream) check the

next five millisecond samples. If any 1 bits

occur, set an error flag.

(b) Sample the third millisecond of each data bit.

Then test the 4th and 5th millisecond samples.

If either is different from the 3rd, set error

flag.

(c) For each data bit that is "1", complement the

parity cell. After the last data bit check the

parity cell. If it is not "1". set the parity

error bit in telemetry output and set error flag.

(d) Check the 2 through 12 millisecond samples of the

stop bits. If any discrepancy occurs (Le., "0"

bits), set a resync. flag and set the command

reject bit in telemetry output.
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(e) After the last stop bit sample, check the error

flag. If set, set the command reject bit in

telemetry output. If not set, compare the cur­

rent input word to the previously received input

word. If they are equal, store the full telemetry

message in the telemetry input buffer and proceed

to (f). If they are unequal, skip steps (f) and

(g).

(f) If the input word requests an abort/stall, call

subroutine ABORT.

(g) If the input word requests a telemetry resync.,

set the resync. flag.

(3) Telemetry output - This section is entered every 7th

time (i.e., 7 milliseconds) through the real-time

clock interrupt routine. The processing proceeds as

follows:

(a) If the resync. flag is set, output a continuous

"1".

(b) If any bit is set in the priority output word

(Output Format 15), send the word and clear the

bit.

(c) If output buffer (TOBUF) is not empty, remove

and send first word from it. Otherwise send

Output Formats 0, 1 and 2 sequentially.

(4) Telemetry Input/Output Buffering - The events that

the actuator program is responsible for communicating
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to the network control computers will occur in a

random, asynchronous fashion. Many such events will

occur simultaneously or in a very short time span.

An example would be that several vehicles might

activate various detectors simultaneously. Since a

new telemetry word can be sent only every 84 milli­

seconds, some means must be provided for queueing

or stacking messages to be sent. The same argument

also applies to telemetry input, since messages might

be received faster than they can be processed. For

these reasons, a technique referred to as "circular

buffering" was used for queueing telemetry messages.

A circular buffer can be diagrammed as shown in

Figure 3.2. Two subroutines are provided in segment

1 for adding or removing words from the buffer.

(Note: (A) = contents of A).

(a) Subroutine PUT - Puts words into buffer as

follows:

(a-1) Set w = (IN) + 1. If w = FIRST,

w = (FIRST).

(a-2)

(a-3)

(a-4)

If w = (OUT), buffer is full.

Store word into (IN).

Set IN F w.

(b) Subroutine GET - Fetches word from the buffer

as follows:

(a-1) If (IN) = (OUT), buffer is empty.
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(a-2)

(a-2)

Load word from (OUT).

Set OUT ~ (OUT) + 1. If (OUT) • FIRST,

OUT = (FIRST).

This circular buffering technique allows each

task that places words into a buffer and the task

that removes words from the buffer to act independ­

ently of each other, since each task manipulates its

own pointer (IN or OUT). The subroutines PUT and GET

are totally reentrant which means that they can be

called from multiple tasks independently. Very little

overhead is involved in buffering since PUT requires

only 12 words and GET requires 11 words.

b. Task Control Processing - There are five separate tasks in

the actuator program, TASKO, TASKl, TASK2, TASKJ and IDLE.

TASKO has the highest priority, IDLE the lowest. All of

the tasks except IDLE are executed on a timed basis. For

example, TASKO is executed every 10 milliseconds. IDLE is

actually a "background job" that uses any excess CPU time

that the other tasks do not need. It was used only for

checkout purposes (see 3.10) and is not a part of the

operational program.

(1) Task description - A task is a section of code that

has an entry point, or starting address, performs

a repetitive function every time frame, and termi-
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nates with a call to a task scheduler. A task might

be diagrammed as follows:

USKn:

LOOPn:

INITIALIZATION

REPETITIVE CODE

JSR @ZWAIT

~ LOOPn

Initially, the task will be entered at TASKn. This

portion of code can be used to initialize task vari­

ables. The code beginning at LOOPn will be executed

every time the task is activated (i.e., at the task

repetition rate). The instruction JSR @ZWAIT indi­

cates to the task scheduler that the task is complete

for the current frame. The ~ LOOPn will be the

first instruction executed at the beginning of the

next time frame, and simply defines the task loop

that is to be repeated. An example of a task is the

section of code that processes the vehicle magnetometer

detectors (TASKO). It is entered every 10 milliseconds

to scan these detectors and to compare their current

status to their status during the previous scan, and

to take appropriate action when any change occurs.

Then the task is terminated until the next 10 milli­

second frame.
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(2) Task control parameters - There is a group of

variables in page 0 used for task control storage.

These variables are described generally in Appen­

dix B.

(a) Executing task index or priority (XEQPR) ­

This is a one word variable that contains

the index of the currently executing task.

During task control processing it is loaded

into AC2 for the purpose of indexing the task

control arrays described below.

XEQPR: 1 2 3 4 5 6 7 I 8 I 9 I 10 I 11 I

TASK INDEX

14 I

The values are:

TASKO = -4, TASKl = -3, TASK2 = -2

TASK3 = -1, IDLE = 0 (checkout only).

(b) Task state (STATE) - This is a four element array

that gives the current status of each task.

151413121110987654321o I I I I I I I I I I I I I I I
STATE OF TASKO

STATE OF TASKI

STATE OF TASK2

STATE OF TASK3

STATE:
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The values are:

= 0: Task is dormant. Used for checkout only.

= 1: Task is waiting for timer overflow.

= 2: Task timer has expired. Task is either

pending or in execution.

= n (greater than 2): Timer for the task over-

flowed n ~ 2 times without the task

calling the scheduler (JSR @ZWAIT).

That is, n - 2 interrupts were missed.

NOTE: IDLE is always assumed to be in STATE = 2

and therefore has no STATE entry.

(c) Task timer - A four element array that contains

a software timer for each task. Each timer is

decremented every millisecond. When a timer

reaches 0, the task STATE is incremented and

the timer is recycled to the repetition time

(see CYCLE) for the task.

151413121110987654321o I I I I I I I I I I I I I I I

TIMER FOR TASKO

THiER FOR TASK1

TIMER FOR TASK2

TIMER FOR TASK3

TIMER:

The values represent the number of milliseconds

remaining in the current frame for each task.
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NOTE: IDLE does not require a task timer.

(d) Task repetition time (CYCLE) - A four element

array that contains the number of milliseconds

in a time frame for each task. This value is

loaded into TIMER whenever the TIMER value

reaches O.

151411 12 13108 96 734521o , , I , , I I , I I I
0,

I I I

REPETITION TIME FOR TASKO

REPETITION TIME FOR TASK1

REPETITION TIME FOR TASK2

REPETITION TIME FOR TASK3

CYCLE:

Values can range from 65,535 down to 1 millisecond.

NOTE: No CYCLE value is required for IDLE.

(e) Task execution address and carry state (PCSAV) -

A five element array that contains the current

program counter value as well as the state of the

carry bit for each task.

14 15131211108 97653 421o I I I I I I , , , I I I I I
PC FOR TASKO Co

PC FOR TASK1 C1

PC FOR TASK2 C2

PC FOR TASK3 C3

PCSAV:

,
I
L-

PC FOR IDLE (CHECKOUT ONLY)
I I
I CIDLE ,

--1. ..::.:.:.J

Cn = carry bit for TASKn.
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(f) Accumulator save area (AOSAV - A3SAV) - A

group of four five element arrays that con-

tain the accumulator register values for each

task.

151413121110987654321o I • I I I I I I I I I I I I I

ACn FOR TASKO

ACn FOR TASK1

ACn FOR TASK2

ACn FOR TASK3

AOSAV ­
A3SAV

ACn FOR IDLE (CHECKOUT ONLY)
I,,

---'

n = 0 + 3.

(3) Task interrupt processing - When the real-time clock

interrupt occurs (every millisecond), a scheduler

flag, SCEDF, is first tested. If it is non-zero

the task scheduler was interrupted, so no registers

are saved since the scheduler will be reentered at

the end of interrupt processing anyway. However, if

SCEDF = 0, all registers are saved in the task control

arrays PCSAV + A3SAV indexed by (XEQPR), which always

contains the index of the currently executing task.

After telemetry processing, all entries in the array
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TIMER are decremented. If any TIMER entry is

0, it is recycled to the frame time and the

corresponding STATE entry is incremented to

indicate that the task is awaiting execution.

(4) Task scheduling and execution - The scheduler

flag, SCEDF, is then set and interrupt is

enabled. The task scheduler is entered. It

simply searches the STATE array from top to

bottom until an entry >1 is found, indicating

a task awaiting execution. The index of that

task is placed in XEQPR, the registers are

loaded from that task's entries in the AOSAV ­

A3SAV arrays, carry is loaded from PCSAV bit 15,

and the execution is begun at the address in

PCSAV bits 0-14 after SCEDF has been cleared.

If no STATE entry >1 is found, one of two alter­

natives is selected. In checkout mode, XEQPR is

set to 0 and the above logic is followed, thus

causing IDLE to be executed wherever it left off.

In operational mode, a single instruction JMP .

is executed, which simply waits for the next 1

millisecond interrupt. The scheduler flag (SCEDF)

is left set so that registers will not have to be

saved when the interrupt occurs.

(5) Task completion - After a task completes pro­

cessing for each time frame, it calls subroutine

WAIT (JSR @ZWAIT). This subroutine disables
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interrupt and stores the address of the call +1

(which is in AC3) and the carry bit into the PCSAV

array entry for the calling task. No other registers

are saved at this point. Therefore, when the TIMER

for the task expires, indicating the start of a new

time frame, execution of the task will begin at the

instruction following the JSR @ZWAIT. In the current

actuator tasks, this instruction is always a branch

back to the repetitive portion of the task, although

it does not have to be. For example, a task could

be set up as follows:

TASKn:

000:

INITIALIZATION

PROCESSING FOR ODD FRAMES

JSR @ZWAIT

PROCESSING FOR EVEN FRAMES

JSR @ZWAIT

JMP ODD

It should be noted that the accumulators ACO - AC3

cannot be expected to have the same values after

the call to WAIT that they had before the call,

since WAIT does not save these registers.
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After saving PC, subroutine WAIT decrements

the task's STATE entry, which indicates that the

task has completed the current time frame's pro­

cessing and is awaiting the next frame. The task

scheduler is then entered as described in (4)

above. This allows the next highest priority

task that is awaiting execution to be serviced.

3.6 Program Segment 3, Magnetometer Processing (TASKO)

This task is executed every 10 milliseconds. It is responsible for reading

the current status of input Z and comparing it bit by bit to the value read in

the previous 10 millisecond period. Two conditions are tested for each bit:

1. A 1 to 0 transition - This indicates that a vehicle just

left the detector's area of influence. A bit is set in

the common word "VOLUM" to indicate the passage of a

vehicle. This word will be processed later in TASKI

(see 3.7). Also, the vehicle occupancy time is moved

from the array SPCEL to the corresponding entry in the

array SPTAB. The SPTAB array will also be processed in

TASKI. The entry in SPCEL is zeroed in preparation for

the next vehicle.

2. A continuing 1 bit - This indicates that a vehicle is

currently over the detector. The SPCEL entry for this

detector is incremented by 1, thus accumulating occupancy

in 10 millisecond units.
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The question might arise as to why some of the magnetometer processing

is deferred to TASKI. The reasons are twofold:

1. The telemetry output detector volume bits are more easily

assembled and buffered from one task. Since TASKI has to

process Z + 1 and Z + 2 volumes, it is the logical place

to handle the Z volumes.

2. The average speed calculations require a multiplication

for each detector occupancy. The actuator does not have

a hardware multiply instruction, so a subroutine is used

for this purpose. Several magnetometer actuations in the

same time frame might cause such calculations to extend

beyond the end of the TASKO frame, especially if the time

frame were lowered from its present value. Therefore, the

average speed calculations are handled in TASKI which

operates less frequently and at a lower priority.

3.7 Program Segment 4, Detector Processing (TASKl)

This task is executed every 50 milliseconds. Its functions are:

1. To set telemetry output volume bits in array OVOL when a

o to 1 transition occurs on any detector bit for input

Z + 1.

2. To increment an occupancy counter for each continuing 1

bit for the loop detectors in input Z + 1.

3. To set telemetry output occupancy bits in word OOCUP when

any of the occupancy counters for input Z + 1 overflow,

and to reset these counters to their initial values.
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4. To set telemetry output volume bits in array OVOL when a

o to 1 transition occurs on any pedestrian pushbutton bit

for input Z + 2.

5. To set telemetry output volume bits in array OVOL for all bits

that are set in the common word "VOLUM." These bits were

set by TASKO for 1 to 0 transitions over the input Z

detectors.

6. To calculate average speeds for the four approaches to the

diamond intersection. The process is as follows:

a. A bit set in VOLUM indicates that a vehicle just left

the speed detector. Therefore, TASKO has also placed

the occupancy time of that vehicle in the proper entry

in the array SPTAB. The occupancy, or trap time, repre­

sents the time in .01 second units that the vehicle

occupied the detector. If the vehicle length were

known, an exact speed could be computed, but for our

purposes an average vehicle length of 18 feet has been

assumed.

b. Let t = occupancy time from SPTAB. A test is made to

see if 20 s t s 1800, which represent a range of 1 to 90

feet/second. If t is outside this range, it is ignored.

c. Let v - current average trap time (occupancy time) for

the approach direction of this detector. If (v + 30) < t,

set t = (v + 15). This produces a dampening affect that

prevents one slow vehicle from drastically altering the

average speed if it is slower by more than .3 seconds

over the average.
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d. If t > 128, set A = 128. Otherwise set A = t.

e. Calculate the new average trap time v = v + A (t - v).
128

The multiplication is done by a subroutine and the division

by shifting.

f. This method of computing average trap times was developed

for use in the Dallas North Central Expressway Ramp Control

Program. It is described in detail in Reference 5.

7. After all average trap times have been computed, a table look

up is done using the table SPCOD to translate each of the four

average trap times into 4-bit speed codes.that can be sent via

telemetry. However, a new speed code is sent only if it differs

from the previously sent value for the approach, as given in the

array TOUTW.

8. The array OVOL and the word OOCUP are then placed in the telemetry

output buffer in four bit groups. The format of these words is

shown in Figures 3.3 - 3.5. After each 4-bit group is placed in

the buffer, the four bits are zeroed in preparation for the next

frame. Should the telemetry output buffer be full, these bits

will not be zeroed and thus they will remain set until a sub-

sequent frame occurs when the buffer is not full. See the listings

for subroutine PTMDT.

3.8 Program Segment 5, Signal Light Processing (TASK2)

This task is executed every 100 milliseconds. Its main purpose is to act

as a software interface between other parts of the actuator program and the

traffic signal lights. The specific functions accomplished are:
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1. To form the logical "OR" of the current loop detector input

word (Z + 1) with the common word LOOP. The word LOOP will

be processed by TASK3.

2. To read the current status of the AC sensors for all signal

lights. These bits are then compared to the last output word

bits for each of the three outputs (red, amber, green). Errors

are processed as described in 2.5.3. A "serious" error, such

as an illegal green light on, causes the intersection to be

placed on flash for the minimum time if the error persists

for two consecutive samples. Any type of signal confirm error

causes the flag CNFER to be set. Also, if either of the police­

panel switches "signal shutdown" or "manual flash" is set, the

subroutine STFLS is called to set up the signal output words

to their flash configuration.

3. To decrement a timer (STMR) for each green light or walk light

that is on. This is an "absolute minimum" timer that is set

whenever the green is first turned on. The green is not allowed

to be turned off until its timer decrements to O. Whenever the

timer for a walk light decrements to 0, the walk light bit is

immediately turned off and the "don't walk" light turned on.

4. To decrement a timer (STMR) for each amber light that is on.

This amber time is set whenever a green light is first turned

off and the corresponding amber is turned on. When the amber

timer reacher 0, the amber light is turned off and the corre­

sponding red light is turned on.
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5. To decrement the telemetry input error timer (ERTIM). If this

timer ever reaches 0, it is reset to 1 and a telemetry input

error flag (TMERF) is set to 1. As long as new valid telemetry

input commands are being received at least every 60 seconds,

this error flag will not be set.

6. To encode the status of the current green AC sensors into the

codes shown in Appendix D for future telemetry output.

7. To remove a word from the telemetry input buffer and process

it. The processing proceeds as follows:

a. If the input word is input format 0 (i.e., input bit 3 = 0),

the "on-line request" bit is first tested. If it is set and

the intersection is currently in flash mode, a command reject

flag (CMRJF) is set and the entire command is ignored. If

the input "actuator flash" bit is set, then subroutine STFLS

is called to place the intersection on flash.

b. If the input word is input format 1 (i.e., input bit 3 = 1),

the mode is tested. If the intersection is on flash or under

emergency control, the command reject flag (CMRJF) is set.

The codes for the "A" and "B" intersections are then decoded

into a green movement command, as shown in Appendix D. An

illegal code results in CMRJF being set. The movement that

each bit of this decoded command controls (as well as the bits

of the signal output words) is shown in Figure 3.6. The de­

coded signal command is stored into COMCD.

8. If the intersection flash bit is set, skip to #13 below. If the

emergency control mode is set, the emergency command in ECOMC is
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BIT NO. MOVEMENT

0 "A" ~
1 "A" -t>
2 "A" <}--

3 "A"
~

~4 "B"

5 "B" <l-

6 "BI'~

7 "B"-.?
8 "A" ~ (FOREST LANE ONLY)

9 "A" ~
(PED WEST SIDE)

10 "A" <J----t> (PED SOUTH SIDE)

11 "A" <l----t> (PED NORTH SIDE)

12 UNUSED

"B" ~13 (PED EAST SIDE)

14 II BII<J-----t:>- (PED NORTH SIDE)

15 "BI' <:t---t:>- (PED SOUTH SIDE)

FIGURE 3.6 SIGNAL OUTPUT BIT ASSIGNMENTS
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placed into COMCD, thus replacing any telemetry input command

that might have been received.

9. If any bit set in COMCD (which contains the desired green move­

ment bits) corresponds to a bit set in the current amber light

status word (ASTA), the entire COMCD is ignored and a command

reject flag (CMRJF) is set.

10. The desired green bits in COMCD are compared to the current

green bits in GSTA. Any 1 to 0 transitions between GSTA and

COMCD are stored into NAMS, indicating new amber bits. For

each bit in NAMS, the corresponding green timer STMR is tested

to see if the green has been on for the required minimum time.

If any bit in NAMS fails to pass this test, the command reject

flag is set and the entire COMCD is ignored.

11. For each bit in NAMS, the amber time for that movement (AMTM)

is stored into the corresponding signal timer (STMR). Then

NAMS is OR'ed with ASTA and the result stored in ASTA. The

complement of NAMS is AND'ed with GSTA and the result stored

into GSTA. Thus, the terminating greens are removed from GSTA

and the new ambers are included in ASTA.

12. Any 0 to 1 transitions between GSTA and COMCD are stored into

NGRN, indicating new green bits. Subroutine TVALD is then

called twice, once to process the green bits for the "A"

intersection and once for the "B" intersection. This sub­

routine picks off each bit of NGRN and tests to see if it

could be turned on in GSTA without causing any conflicts
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with the current-green and amber lights at the intersection.

This is accomplished by searching a table of valid greens for

each side of the intersection. Any invalid bit is ignored,

but this does not invalidate the entire command. Instead,

each bit in NGRN is tested separately and whenever a valid

one is found, it is set in GSTA and reset in RSTA (red light

status). Also, whenever a new green bit is set in GSTA, the

corresponding "~a1k" light bit is also set in GSTA. The "don't

walk" bit in RSTA is cleared if the corresponding walk bit is

set. The pedestrian minimum time (PDMNT) for the new green

movement is stored into the proper signal timer (STMR) and

pedestrian timer (PTMR).

13. The new signal status words, RSTA, ASTA and GSTA are then

moved to the signal output words ROUTP, AOUTP and GOUTP. The

exception is when the signal shutdown switch on the police-panel

is set in which case AOUTP is zeroed. RSTA and GSTA will have

previously been zeroed by subroutine STFLS in this case.

14. If any telemetry input was received during this time frame, the

command reject flag (CMRJF) is tested. If it is set, the current

input word is compared to the last input word of the same format

type that was rejected. If they are the same, no action is taken.

Otherwise. the command reject bit is set for telemetry output.

The same procedure is followed for a valid command that was

received, i.e., a command acknowledge bit will be sent via telem­

etry output if the command is not the same as the previously

acknowledged one of the same format type.
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15. If more words are in the telemetry input buffer, go back to

#7 above. Otherwise, the signal output words AOUTP, GOUTP

and ROUTP are checked for validity as follows:

a. GOUTP is compared to a table of valid green bits (VALGN).

There must be at least one entry in VALGN that has a l-bit

wherever GOUTP has a l-bit.

b. Unless flash mode is set, each bit position of AOUTP, GOUTP

and ROUTP must contain exactly one bit that is set. This

insures that one and only one light will be on per signal

head.

c. Any failure of tests a or b will cause an internal program

abort, which will cause the signals to flash.

d. If tests a and b are successful, the words ROUTP, AOUTP

and GOUTP will be output to the signal light digital out­

put registers V, V + 1 and V +2 respectively.

16. The following telemetry data is then assembled into the proper

output format and stored into the output buffer if a change

has occurred:

a. The current signal light status codes as shown in Appendix D.

b. Signal confirm error bit.

c. Cabinet door ajar switch.

d. Emergency control mode status.

e. Intersection flash status.

f. Status of the temperature, signal shutdown, manual flash,

and manual cabinet switches.
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g. The four interconnect function switches for Haskell and

Fitzhugh.

h. The status of the telemetry output buffer overflow flag.

i. The status of the abort/stall input bit.

3.9 Program Segment 6, Emergency Control (TASK3)

This task is executed every .5 second. Its main purpose is to take over

control of the signal lights under abnormal circumstances. The specific func­

tions are:

1. Read the four pin matrix words on the actuator front panel. If

bit 15 of the first word (input Z + 8) is 0, skip to #4 below.

2. Unpack each pin matrix word by calling subroutine UNPKM. This

subroutine shifts out each phase time, adds an appropriate base

value to it and stores the result in the proper timing array

for maximum (MAXT), minimum (MINT), or extension (EXTT) times

in .5 second units.

3. The amber times for movement numbers 0-8 in .5 second units

are read from the console data switches. Each amber time is

computed by shifting out two bits, adding a base value, multi­

plying by 5 to obtain .1 second units, and storing the result

in the amber time array (AMTM).

4. Determine if more than the permissible number of serious signal

confirm errors have occurred by comparing CNFLS to MAXCF (see

Appendix G). If so, a "permanent flash flag" (PERFL) is set.

5. A confirm error timer (CNERT) is decremented. If it is 0, the

number of serious confirm errors in CNFLS is cleared and CNERT

is recycled to its initial value (see CNFTM in Appendix G).
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6. If the permanent flash flag (PERFL) is set, subroutine STFLS

is called to enter or retain flash mode and TASK3 is exited.

7. The flash timer FLTIM is decremented. If it is non-zero,

subroutine STFLS is called and TASKJ is exited.

8. The flash status bit (bit 15 of common word ASTA) is tested.

If it is 0, skip to #9 below. If it is 1, indicating flash

is in progress, a determination must be made whether or not

to terminate flash. The logic used is:

a. If the last input format a telemetry command had the

actuator flash request bit set, leave the flash bit alone

and exit TASK3.

b. Otherwise, clear the flash bit in ASTA. Set all red bits

in RSTA, set the emergency command ECOMC to 0, indicating

all red, and set the emergency mode flag EMMOD. Set the

emergency phase number EPHSN to 1 and begin emergency con­

trol (#15 below). Note that if the flash mode was caused

by the police-panel flash switch, the above action will be

negated by TASK2 when it reads the status of the switches.

9. If the actuator is not in flash mode, the telemetry input error

flag (TMERF) and the emergency control request bit in the latest

telemetry input format a are tested. If neither is set, skip to

#10 below. Otherwise, the emergency mode flag (EMMOD) is tested.

If it indicates that emergency control is already in progress,

skip to #11 below. If emergency mode is not in effect, the

emergency command (ECOMC) is set to the current status of the

signal lights (GSTA). A search is then made of a phase table
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(PHAST) to determine if any emergency phase has all of the green

bits set that are currently on. If so, the phase number for that

phase is stored into EPHSN and emergency control is begun (see

#15 below). If not, flash mode is entered by calling subroutine

STFLS and TASK3 is exited.

10. If there is no request present to begin emergency control, the

emergency control flag (EMMOD) is tested to determine if emer­

gency mode is currently in progress. If not, TASK3 is exited.

11. If emergency mode is in progress, the current red light status

in RSTA is compared to the complement of the desired green bits

in ECOMC. If they are not the same, TASK3 is exited.

12. Whenever the green lights are in the commanded emergency control

state, a phase timer PTIM is incremented. If PTIM is not greater

than the minimum time for the current phase (EPHSN), TASK3 is

exited. Otherwise, PTIM is compared to the maximum phase time.

If the maximum time has been reached, skip to #14 below.

13. If the phase timer PTIM is somewhere between the minimum and

maximum phase times, the decision whether or not to extend the

phase is made. This is done by testing the status of the appro­

priate loop detector bit for this phase in the common word LOOPS.

(As stated in the TASK2 description, the status of the loop detec­

tors is "OR'ed" with LOOPS every 100 milliseconds). If the bit

in LOOPS is set, it is cleared and the phase is extended by

skipping to #16 below. Otherwise, a green extension timer GRTO

is decremented. If the timer has not reached 0, TASK3 is exited.
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14. If the phase is due for termination because the maximum time

has expired or because an extension interval has passed with

no loop detector actuations, a test is made to determine if

emergency control should continue. If either the telemetry

error flag or the telemetry input emergency control request

bit indicates that emergency control is no longer necessary,

the emergency mode flag (EMMOD) is cleared and TASK3 is exited.

Otherwise, the phase number in EPHSN is incremented to the

next phase, or recycled to phase 1 if the last phase is being

terminated.

15. When a new emergency phase is initiated, the phase timer PTIM

is cleared and the green bits for the new phase are stored in­

to the emergency command word ECOMC.

16. When a phase extension is desired or a new phase is begun,

the extension interval time is stored into the green exten­

sion timer GRTO. TASK3 is then exited.

3.10 Program Segment 7, IDLE TASK

This task is used only during program checkout. It can operate in either

of two modes:

1. As a background task that uses any available time while the

other actuator tasks are active. This mode 1s in effect when­

ever the actuator program is started at entry point INITR.

2. As a stand-alone job that uses all of the CPU time. This mode

is initiated by starting the CPU at entry point IDLE. It is

generally used in this fashion to make program patches and
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initialize checkout variables before starting the actuator

program.

IDLE is basically an interactive teletype program that requires 200
8

words.

The program operation is as follows:

1. When the program is initially entered an "*" is output to the

teletype printer. This is a cue to the user that the program

is waiting for teletype input.

2. Each character from the keyboard is checked as it is typed. The

expected input format is:

a. The first five characters represent an octal memory address.

A non-octal character in any of these positions is illegal.

Exception: A "." as the first character is interpreted as

"the last address + 1."

b. If the next character after the address field is a carriage

return (CR), the contents of the octal memory address will

be monitored for change. Each change will cause the con­

tents to be printed as six octal digits followed by a (CR) ,

line feed (LF). This monitor sequence can be terminated

by initiating another keyboard input sequence.

c. If the character following the address field is a space

(blank), then the next six characters are expected to be

an octal value that will replace the contents of the octal

memory address. The entire input must terminate with a

(CR). If the input is valid, the new value will be loaded

into the memory address and the contents of the memory
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address will be monitored for change as described in b

above.

d. Any illegal character that occurs during the input will

cause the sequence (CR) , (LF) , "*" to be output and a

new input sequence to be initiated.

3. Examples:

a. 01234(CR) - Monitor the contents of location 012348 ,

b. 00002b177775(CR) - Load -3 into location 2.

c. 00600bOOOOOO(CR) - Load 0 into location 6008 ,

.b000001(CR) - Load 1 into location 6018 ,

.b177777(CR) - Load - 1 into location 6028 ,

• (CR) - Monitor location 6038 ,

d. 008 - Input will be terminated here since an illegal

character was read.

e. 01234bOOOOO(CR) ~ Input will be ignored since only five

characters of the new value were provided.
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4.0 PROGRAM TESTING

4.1 Program Configuration

Since the programming of the actuators was done before any actuators were

installed at the intersections, it was necessary to perform the checkout on a

leased Nova 1200 computer with 8K of memory and an ASR 33 teletype. The check­

out version of the program was identical to the operational version, except that

it was assembled with the system configuration parameter "DEBUG" equal to 1.

This causes the program to behave differently in the following respects:

1. All instructions to read digital input registers into

accumulators were replaced with instructions to load the

accumulator with the contents of memory locations desig­

nated as "debug input registers." For instance, instead of

using a DIA instruction to read input Z, there is a LDA

instruction from location "ZODBG" in TASKO.

2. The task IDLE was run as a background job to allow for

teletype interaction during checkout.

3. The clock frequency was changed to 10 Hz. This allowed events

to occur slowly enough that they could be observed by monitoring

the proper words on the teletype.

4. The instructions to write digital output registers were not

executed.

5. A simulated tel~ty input word (STMIN) was provided in memory

that could be changed using the teletype. Every telemetry frame

time, this word was loaded into a simulated input shift register

(TMINW). Every bit time, a bit was shifted from TMINW to simu­

late the serial input bit stream.

Page 60



6. A simulated telemetry output word (STMOT) was also provided

that could be monitored on the teletype. It was updated

every telemetry frame time with the current telemetry out­

put word.

7. Code was assembled in the task control logic for timing the

various tasks. Error checking was incorporated to "halt" if

any task ever exceeded its allotted time frame.

4.2 Program Checkout Variables

The variables that were monitored or altered during checkout were:

1. ZODBG - Simulated input register Z (magnetometers). Program

segment 3.

2. ZlDBG - Simulated input register Z + 1 (loops). Program

segment 4.

3. Z2DBG - Simulated input register Z + 2 (pedestrian buttons).

Program segment 4.

4. Z3DBG - Simulated input register Z + 3 (cabinet switches).

Program segment 5.

5. DBGAN - "Debug" green AND word. This word is "AND'ed" with

the previous green light output word to produce a simulated

AC sensor input V + 2. A "0" in any bit position will simu­

late a failure for a green light to turn on.

6. DBGOR - "Debug" green OR word. This word is "OR'ed" with the

previous green light output word to produce a simulated AC

sensor input Z + 6. A "1" in any bit position will simulate

a failure for a green light to go off.
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7. DBRAN - "Debug" red AND word.

8. DBROR - "Debug" red OR word.

9. DBAAN - "Debug" amber AND word.

10. DBAOR - "Debug" amber OR word. All of the above are in

program segment 5.

11. Z8DBG - Simulated input register Z + 8 (pin matrix word 1).

Program segment 6.

12. Z9DBG - Simulated input register Z + 9 (pin matrix word 2).

Program segment 6.

13. ZlODB - Simulated input register Z + 10 (pin matrix word 3).

Program segment 6.

14. ZllDB - Simulated input register Z + 11 (pin matrix word 4).

Program segment 6.

15. STMIN - Simulated telemetry input word. Program segment 2.

16. SIMOT - Simulated telemetry output word. Program segment 2.

17. TETIM - A four element array that contains the task completion

time for each task. Subroutine WAIT stores the value of

timer + n into TETIM + n when TASKn completes each frame.

18. CLOKF - The real-time clock frequency code. 0 = 16 Hz,

1 = 10 Hz, 2 = 100 Hz, 3 = 1000 Hz.

4.3 Checkout Procedure,

The checkout was carried out in three distinct phases:

1. Phase 1 - This phase was basically a test of the interrupt

and task control logic, although it was also necessary for

the tasks themselves to operate for timing purposes. The

test procedure was:

Page 62



a. Set CLOKF for 1000 Hz.

b. Set all simulated input variables to the values that

require the most time consuming processing. For

instance, the speed detector bits in ZODBG were all

set to ones, as were the loop detector bits in ZlDBG.

This caused the occupancy counter logic to be entered

every cycle.

c. Set STMIN to an input format 1 command. This caused

TASK2 to have to read, decode, and process the command

every cycle.

d. The program was started and the task completion times

in TETIM were monitored. Any excessive times in TETIM

would have indicated a task was taking too long to com­

plete. Some errors were uncovered and corrected during

this test. The test was successfully completed with the

result that the lowest priority task (TASK3) was always

completed in less than 10 milliseconds of its allotted

500 millisecond time frame. The telemetry output word

STMOT was also monitored for the proper configuration.

e. The IDLE job was then replaced with a loop that incre­

mented a double word counter. The actuator program was

started as before and allowed to run for 15 minutes.

The double word counter was then used along with the

execution time of the loop to compute the CPU time

available during the actuator program execution. The

result was that 10 minutes, or two~thirds of the total

time, was available.
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2. Phase 2 - This was a test of the performance of the actuator

when no telemetry input was being received. The test proce­

dure was:

a. Set CLOKF to 100 Hz.

b. Set STMIN to all ones, thus simulating a dead telemetry

input line.

c. Monitor the telemetry output word STMOT. The result

should be:

(1) Two frames of all ones (resync.).

(2) Output format 0 with the restart bit set.

(3) Output formats 1 and 2 with signal codes = O.

(4) Output format 0 with the actuator flash bit set.

(5) After relative 15 seconds of flash, output format

a with emergency control bit set.

(6) Output formats 0 and 1 should be sent with the

signal codes indicating that the emergency phases

1 through 6 are cycling. Each phase should last

the minimum time with 4 second ambers. Also, monitor

the output words ROUTP, AOUTP, GOUTP to insure that

the proper signal light bits are being output.

d. Set ZlDBG = all ones. All phases except 2 and 5 should

increase to the maximum time. Occupancy bits should be

output every 50 seconds.

e. Set Z2DBG = all ones. Proper walk lights should come on at

beginning of phases and last for 5 seconds. Check ROUTP,

AOUTP, and GOUTP for proper output bits.
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f. Reset ZlDBG and Z2DBG to zero. Phases should return to

minimum times and walk lights should stay off.

g. Set the manual flash bit in Z3DBG. Check proper TM

output and proper signal outputs.

h. Set CLOKF = 10 Hz. Set ZODBG = all ones, then all zeros.

Check telemetry output. Should get speed and volume bits

for all magnetometer detectors.

i. Repeat above for ZlDBG and Z2DBG. Check telemetry volume

bit outputs.

j. Set individual bits in Z3DBG and check proper output

telemetry bits.

k. Simulate signal confirm errors by setting various bits

in DBGAN, DBGOR, etc. Check for proper telemetry and

signal outputs.

1. Set each detector input bit individually in ZODBG, ZlDBG

and Z2DBG and test for proper telemetry volume, speed,

occupancy, or pedestrian outputs.

m. Set the occupancy counters to overflow in one count, set

all loop detector bits in ZlDBG, and check for the buffer

overflow bit in telemetry output.

3. Phase 3 - This phase was a test of the actuator program during

communication with the network computers. The procedure was:

a. Set CLOKF to 10 Hz. Set STMIN to all ones to simulate a

resync. condition.

b. Set STMIN with stop bits = 0 and test for telemetry output

resync.

Page 65



c. Set STMIN with incorrect parity and test for proper

telemetry output.

d. Send abort/stall bit in STMIN. CPU should halt. Reset

ASTLF.

e. Set CLOKF = 100 Hz and restart.

f. Set perform resync. bit in STMIN. Test telemetry output

for resync. mode.

g. Set actuator flash bit in STMIN. Test for actuator going

to flash mode.

h. Send all red command in STMIN. Should get command reject

in STMOT.

i. Send "no-flash" command in STMIN. Should go into emergency

control mode.

j. Send "on-line" bit in STMIN, followed by all red command.

Should get command acknowledge.

k. Send all combinations of signal codes in STMIN. Check

reactions of signals and telemetry output.

1. Set CLOKF = 10 Hz. Restart.

m. Bring up various combinations of greens by sending commands

in STMIN. Attempt to end some greens too soon. Should get

command reject.

n. Attempt to turn on some greens while corresponding amber is

on. Should get command reject.

o. Attempt to bring up some greens that would conflict with

current greens. Command should be ignored until current

greens have been on for their minimum time.
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p. Attempt to send illegal command codes in STMIN. Should

get command reject.

q. Repeat k - p with all pedestrian pushbutton bits set

in Z2DBG.

r. Change the pin matrix settings in words Z8DBG, Z9DBG,

ZIODB, ZllDB, and the console data switches. Check for

proper signal timings.

s. Change CLOKF • 1000 Hz. Check for proper signal operation

during both emergency and on-line modes.

t. Alternate between on-line and emergency modes by the various

means available (i.e., dead telemetry, on-line request bit)

and check for smooth transitions.

u. Unplug the CPU with the console switch in the LOCK position.

Plug it back in and check for proper restart of the actuator

program.

Of course, many other less formal tests were performed during

the debug phases of actuator programming. However, it was felt

that the tests described here showed that all required functions

of the actuator were operational.
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5.0 PROGRAM LOADING AND OPERATION

5.1 ~ogram Preparation

This procedure is accomplished on any off-line Nova. Each of the program

segments 0 through 6 is assembled using the extended assembler to produce

relocatable object tapes. These tapes are then loaded and linked using the

Relocatable Loader (see Reference 7) as follows:

1. Respond with carriage return to SAFE =.

2. Set the address of the word RRFLG + 1 (see listing of

program segment 0) into the console data switches. Select

loader mode 3.

3. Successively load each object tape in the paper tape reader

and select loader mode 1 (teletype reader) or 2 (high speed

reader).

4. After the last tape has been loaded, select loader mode 6 to

produce a loader map listing.

5. Select loader mode 8 to terminate the loading process.

6. Load the high core binary format punch program (see

Reference 8) using the binary loader, and use it to

punch memory from address 0 through NMAX as printed on

the loader map. Punch location 3 as the starting address

on the tape.

7. Splice a copy of the Nova 800/1200 program load tape on the

first of the absolute actuator tape just punched.

5.2 Loading the Actuator

The tape produced in the above steps will be loaded into each actuator.

The procedure is:
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1. Move the switch inside the computer cabinet from "NORMAL" to

"FLASH." Place the police-panel SIGNAL FLASH and SIGNAL SHUT­

DOWN switches down.

2. Move the pin from position F-7 to position B-7 of the pin

matrix.

3. Connect the paper tape reader. Turn computer key to "ON"

position. Place appropriate intersection tape in reader,

move reader switch to "RUN."

4. Set the console data switches to 128 (switches 12 & 14).

Press "RESET" and "PROGRAM LOAD" switches.

5. Binary loader will be read and computer will halt with 121
8

displayed in the "ADDRESS" lights (Bits 9, 11, 15). Set

data switch 0 and press "CONTINUE."

6. After the tape is read, the computer should reset the "STALL

ALARM" and turn all display board lights dark. At this time

place the amber times in the console data switches as shown

in Figure 5.2.

7. Remove the pin from pin matrix position B-7 and place it in

F-7. Turn the computer key to "LOCK." Disconnect the paper

tape reader.

8. Monitor the display board for proper phasing and timing. If

all is well, place the police panel FLASH switch up and the

computer cabinet switch to NORMAL. The signals should continue

to flash and the display board should go dark.

9. When traffic subsides place the police-panel FLASH switch down.

There will be a 1-10 second delay before the flash terminates.
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10. Walk around the intersection to check for proper signal

operation.

11. Be sure the computer key is in the LOCK position before

leaving the intersection.

5.3 Pin Matrix Operation

The grounding pin matrix on the actuator front panel is used in conjunc­

tion with the computer console to select various times associated with the

signal light operation. A pin inserted in a slot produces a binary "1" input

to the actuator, and the absence of a pin in a slot produces a binary "0".

Figure 5.1 shows the layout of the pin matrix and the assignment of each group

of pin slots. The definitions are:

1. MAX(n) = Maximum phase time in seconds for phase n.

2. MIN(n) = Minimum initial interval in seconds for phase n.

3. EXT(n) = Extension time in seconds for phase n.

4. TIM(n) = Total phase time in seconds for phase n. This is

used only for the two overlap phases 2 and 5 which have no

extensions.

5. READ MATRIX (Position B-7) = Remove pin from here when

changing pin matrix values. Insert pin here to cause

actuator to use new values in pin matrix and data switches.

The pin should be left in for about 1 second and then removed.

The amber times for each traffic movement are selected by using the console

data switches as shown in Figure 5.2. These times are in .5 second units.

Each of the timing parameters will have a base value added to it as it

is read from the pin matrix and data switches. These base values and param-
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2 5 24 23 22 21 2° 23 22

MIN (3) MIN(3) EXT (3) EXT(3) EXT(3) TIM(2) TIM(2) TIM(2)
21 2° il- 21 2° 22 2 1 2°

MAX(4) MAX (4) MAX(4) MAX(4) MAX(4) MAX(4) MIN(4) MIN(4)
2 5 24 23 22 21 2° 23 22

F
MIN(4)

21'
EXT(4)

21
EXT(4)

2°

G

H

MAX(6) MAX (6) MAX (6) MAX (6) MAX (6) MAX(6) MIN(6) MIN(6)
2 5 24 23 22 21 2° 23 22

MIN(6) MIN(6) EXT(6) EXT (6) EXT(6) TIM(S) TIM(S) TIM(S)
21 2° 22 21 2° 2?- 21 2°

FIGURE 5.1 PIN MATRIX LAYOUT
n ."
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t> [>

"A" "A" "A" "A" "B" "B" "B" "B"

'-l
N

'"d
III

OQ
(0

FIGURE 5.2 DATA SWITCH ASSIGNMENTS FOR A}ffiER TI~S



emeter ranges are shown below:

Parameter Base Value Parameter Range

MAX 1 second 1 - 64 seconds

MIN 1 second 1 - 16 seconds

EXT 1 second 1 - 8 seconds

TIM (Phases 2 & 5) 1 second 1 - 8 seconds

AMBER 3.0 seconds 3.0 - 4.5 seconds

Therefore, if all pins for the parameters are removed and all data switches

are set to 0, the parameters will assume the base values shown above when a

pin is placed in position (B-7).

At Forest Lane, the MAX, MIN and EXT times for phase 7 must be stored or

assembled into the MAXT, MINT and EXTT arrays respectively in program segment

6. The amber time for movement 8 must also be stored or assembled into

AMTM + 8 in segment o.

5.4 Clearing a "Stall Alarm" Condition

An actuator hardware problem may cause the stall alarm light in the

cabinet to come on. If so, it will be necessary to perform some manual oper­

ations before restarting the actuator.

1. Turn the mode key to the ON position.

2. Press the RESET switch.

3. Examine the contents of memory location ASTLF (see the

loader map). Record the value.

4. Deposit zeroes in ASTLF.

5. Turn the mode key to the LOCK position.
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6. Restart the actuator at location 3.

7. Reset the stall alarm.

The recorded value of ASTLF may make it possible to track down the cause of

the failure.
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1. The symbol 8
~An

2. The symbol V
located on page n.

NOTES ON THE FLOW CHARTS

indicates a connector on the same page with label A.

indicates an off-page connector with label A

3. Program loops are shown enclosed within a broken line box.
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PROGRAM SEGMENT 1

A-2



SUBROUTINE

STPRI

FORM LOGICAL OR

OF CALLING

ARGUMENT WITH
PRIORITY OUTPUT
WORD

STORE RESULT

IN TELEMETRY

PRIORITY OUTPUT

WORD

SET BITt IN TELEMETItY

TOP- PRIORITY OUTPUT WORD.

CALL WITH AR.UMINT _WE
IN ACCUMULATOR O.

A-3



YES

SUBROUTINE

PUT

SET
Na IN+ I

[

SET N TO NEXTj
INPUT LOCATION
IN BUFFER

STORE CALLING

ARGUMENT DATA

WORD INTO

(IN)

SET
INa N

(NEXT INPUT

SLOT IN BUFFER)

A-4

PUT DATA WOItD IN CIRCULAR BUFFER.
CALLINt ARlUllENT8 INCLUDE POINTER
TO FIRaT OF IUFFER. AND WORD TO BE
STORED IN10 "'1"111.

YES

N" ADDRESS

OF FIRST OF

BUFFER



SET

N. ADDRESS OF

FIRST OF

BUFFER

YES

YEI

SET ACCUMULATOR

O. (OUT)

(FETCH NEXT

OUTPUT WORD)

SET
N =OUT +1

(NEXT OUTPUT

LOCATION)

SET

OUT • IN

(NEXT OUTPUT
LOCATION)

A-5

FETCH DATA WORD FROM CI~LAR

IlPRR. CALL.... AMU_NT IS A
POlNT£R-TO FIRST OF BUFFER. R£TUftNS
DATA WORD IN .AOGUMULATOR



SET DESIRED FLASH

TIME' MINIMUM

FLASH TIME

(10 SEC.)

CLEAR GREEN

AND RED OUTPUT

STATUS WORDS

(GSTA a RSTA)

SET FLASH BIT
IN AMBER OUTPUT

STATUS WORD

(ASTA =I)

A-6

SET-UP ACTUATOR fLASH MODE.
CALL WITH FLASH TIME IN ACCUMULATOR O.



SUBROUTINE

ABORT

SET ABORT/STALL

FLAG TO ADDRESS

OF CALL t I

(ASTLF = AC3)

ACTIYATI AIOItT/ITALL MODI IV
IITTINI AIORT 'LAt AND 'III'ORMIH HALT.

A-7



SUBROUTINE

PTSUB

POSITION 4 DATA

BITS, OR WITH

FORMAT BITS AND

STORE IN POTWD

SET LAST

OUTPUT VALUE

OF THIS FORMAT

= POTWD

PLACE DATA WORD IN TELEMETRY OUTPUT
BUI"JIEIt. CALLlN8 MeUIENTS INCWDE
TIlE 4 TELEMETRY DATA IITS TO IE PLACED
IN euFIIb. AND THE ADDlES. ~ TIlE TELEMETRY
OUTPUT I"OItMAT WORD. ACCUMULATOR 0.0
INDtOATh TIIAT THE WORD II TO IE PLACED
IN IUPPlR IF DATA BITS ARE NON-ZERO. ACCUMULATOR
o • -I INDICATES THAT THE WORD " TO BE PLAOED
IN auFFER IF CHAN8EO FIIOM LAST OUTPUT VAWE.

INCREMENT

BUFFER OVERFlOW

FLAG

(BOFLG)

4 BITS OF

DATA WORD

RETURN



PROGRAM SEGMENT 2
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HALT

YES

INITIALIZATION
AND

RESTART

INHIBIT ALL

INTIRRUPTI
EXCEPT
POWER
MIL

DELAY FOR

15 SIC. TO ALLOW

REALTIME CLOCK

TO STABILIZE

EMPTY TELEMETRY

INPUT /OUTPUT

BUFFERS

lET STATE
OF EACH TASK
• ACTIVE

THIS SECTION 19 EXECUTED AFTER A RELOAD

OR AFTER A POWER FAILURE

.T TAlK

ADDRESSES TO

8TART OF

EACH TAlK

~ TASK

T_R8 TO

OYOLI VALUIS

CLEAR TELEMETRY

INPUT MODI

ITNODE·O)

IENTER lMK SCHEDULER)



INTERRUPT
PROCESSING

THIS .IOTION .8 IE.lCEC~DWHt:N
ANY INTERRUPT OCCURS.

CLEAR BUSY AND

DONE FLAGS POR

DEVICE CAUSING

INTERRUPT

YES

NO

YES

SET LOC.O =
BRANCH TO

INITIALIZATION
AND RESTART
ROUTINE

ENABLE

INTERRUPT8

A-ll



CLEAR DONE AND

SET BUSY FLAG

FOR REAL-TIME
CLOCK

SAVE REGISTERS

IN TASK CONTROL

BLOCK OF

EXECUTING TASK

ENABLE

POWER FAIL

INTERRUPT

(RIAL.TINE OLOCK INTDRUPT)
THII KOTION IXECUTIS IACH
MILLI_COftD •

A-12



TELEMETRY INPUT PROClCS8lNl

DECREMENT

INPUT TIMERl

TMINT • TMINT-I

8

20
--"I...--.,

o

_ ......""4

A-13



SET RESTART

FLA' (R"fL')

SET EXTERNAL
RESYNe FLA'
(URIY)

MODE 0

INITIALIZE TELEMETRY

lIT IONT" TO
NU""R Of CON­
IICUTIVI INPUT
COMMANDS RlQUIIlED
(MCCOM)

TMODI -,

A-14



TMINT =
BITTM -2

TMODE =2

IGNOR =0

YES

NO

_ .........2

A-IS

MOOE I
WAITING FOR START BIT



IGNOR= I

NO

YES

MODE 2
Dl.fUNG START BIT

NOTE : N BITS = I OF DATA BITS

TINPT =0
CPARY= 0
TMODE=3

TMINT =5

N=NBITS

A-16

NO



NO

TMINT =
BITTM -5

VALU =
CURRENT
INPUT BIT

TMODE =
4

A-17

MODE 3
FIRST SAMPLE OF DATA BIT

NOTE: BITTM = BIT TIME



CPARY =
CPARY ~ VALU

SHIFT BIT

FROM VALU
INTO TINPT

TMODE = :3

TMINT = 5

NO

YES

YES

A-18

MODE 4

DURING DATA BIT

SET PARITY
BIT IN
TELEMETRY
OUTPUT

TMODE =5

TMINT =:3

YES



NO

TMODE = 6

TMINT =

2*BITTM-3

A-19

MODE 5

PREPARE FOR STOP BITS



NO

L1NPT • TINPT

___-r
1

MODE 8

DURlN8 STOP BITS

R£SYNC FLAG = I

TMODE. I

SET COMMAND

ltE"ECT lIT IN

TELEMETRY OUTPUT

ICNT" • ICNTR-I

A-20



SET THE
EXTERNAL

RESYNC FLAG

CALL ABORT------
SET THE ABORT.
STALL FLAG
(ASTLF) AND

HALT

ICNTR : NCCOM

NO

YES
SET COMMAND
REJECT BIT
IN TELEMETRY
OUTPUT

SET
TMODE=·I

A-21



RESYNC FLAG

=0

YES

TMOUNT =
TMOUNT -I

TELEMETRY OUTPUT PROCESSING

EXTERNAL

RESYNC FLAG=O

BIT N=2,

OUTWD = ALL I'S
STFLG =0
TMOUT=RESYNC

=0
OUTPUT BIT 0

OF OUTWD,
SHIFT LEFT

AND RESTORE

A-22

__....6



OUTWD =
PRIORITY

OUTPUT WORD

PRIORITY
OUTPUT WORD:: 0

NO

A-23

__...4



OUTPUT BUFFER EMPTY

STFLG =STFLG~I

OUTWD=
TELEMETRY

OUTPUT WORD 2

=3

=2

OUTWD =

TELEMETRY
OUTPUT WORD I

25

8

NO

=I

OUTWD=

TELEMETRY

OUTPUt WORD 0

CLEAR RESTA
FLAG, SET

RESTART BIT
IN OUTWD

STFLG =I

A-24



INTERNAL RESYNC REQUESTED

RESYNC

FLAG =0

OUTWD=
TELEMETRY

OUTPUT WORD 0
WITH RESYNC
BIT SET

ADD START AND
STOP BITS TO
OUTWD AND
POSITION FOR
o T U

A-25



TASK TIMER CONTROL

N=O

(TASK INDEX)

T1MER(N) =
T1MER(N) =-I

TIMER(N) =
CYCLE(N)

(RECYCLE TIMER

STATE(N) =
STATE (N) + I
(INDICATE TASK

PENDIN8 EXECU­
TION)

N=N-I-I

(INCREMENT

TASK INDEX)

A-26

NO

YES



SET SCHEDULER
'LAG
(SCED' .1)

ENABLE
ALL
INTERRUPTS

N·O

(TASK INDEX)

ENTER SCHEDULER

N·Notl
(INCR£NENT
TASK INDEX) SIT IXiCUTINi

TASK•• N
(XEQPR .N)

EXICUTI H"WEST PRIORITY TASK

RESTORE ALL
,.IISTERS
t=RON TASK
CONTROL
BLOCK (N)

CLEAR
SCHEDULER
,.LA.

(SCED,..O)

A-27



SUBROUTINE
WAIT

DISABLE
INTIRRUPT

SET N - EXECUTING
TAlK #

(N- XEQPR)

SAVE CALL +1
( GIVIN IV ACS)
IN PC WORD 0'
TAIl( CONTROL

ILOCI( (N)

DICREMINT
TAIl( -.n'1
lTATECH) •
8.1 (H)-I

A-28

(TASK COMPLETION SUBROUTINE)

CALLED BY EACH TASK
AT COMPLETION 0' EACH
TIME FRAME's PROCESSING



PROGRAM SEGMENT 3
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CLEAR SPEED
COUNTERS.
CLEAR VOLUME
WORD
(VOLUM-O)

8ET PREVIOU8

INPUT Z- 0

FOR EACH I BIT IN
INPUT Z,
INCMMENT
CORRESPONDINI
SPEED COUNTIR

(
PROCESS UPSTREAM )
DETECTORS - 10 NIEC RATE

INITIALIZATION

COMPARI THE
CURRENT INPUT Z
TO THE PREVIOUS
INPUTZ, AND
PROCEED AS
FOLLOWS

FOR IACH I TO 0
TItAJISITION, lET
THI COitRISPONDlN8
VOLUME BIT.
(VOlUM)

FOR IACH I TO 0
TRANSITION, MOVE
THE COItltllPOND-
INI SPIED COUNT­
lit TO THE SPEED
TABLE. CLEAR
THE SPEED
COUNTER.

lIT PREVIOUS
INPUT Z­
CURRENT
INPUT Z

---,

I

A-30

STORE OCCUPANCY TIMES IN

TABLE FOR SPEED DETICTOItS



PROGRAM SEGMENT 4
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CLEAR ,... 'OLLOW­
lHe, PREVIOUS Z+ I
INPUT (PRZPI>!
OUTPUT OCOUMNCY
WORD (OOCuph
OUTPUT VOLUME
WORDS (CJVOL. OVOL,+
PREVIOUS Z+2
INPUT (PRZP 2 )

SET ALL
OCCUMNCY CELLS
(OCCUP) •
II SEC. OVERFLOW
VALUE.

SET ALL
AVlRAeE TRAP
TIME (AVTRP)
CELLI W eo MPH

(
DlTECTOIt PROCII8IN. lND )
TELEMITRY OUTPUT IUFFIRIN.­
eo MIlO RATE

INITIALIZATION

I
I

NO

PROCESS INPUT Z+ I

,....:fOR=I=ACH~I~.=IT=:..., I
IN Z+ I INPUT.
INCRIIENT THE

CORRESPOND.... I
OCCUMNCY COUIfTIR
(OCOUP)

SET THE

I CORRESPONDING I
OCCUPANCY BIT
IN OOCUP fOR
FUTURE TELEMETRY

L_L• ...:::OU:T:P:UT.r-----J~

A-32



RUDCUMENT
ITATE OF

INPUTZ+2

(~~)

A-33

PROCESS
INPUT Z-+2



liT M- VO~UMI
BITS fROM TASK 0

(VO~UMI

C~EAR VO~UM

PIRIIORM THI
I'OLLOWINI POI'
rACH liT SIT
IN N I

lET THE COIt..I·
PONDINI VOW.
lIT IN OVOL POR
PUTURE
TELIMETRY
OUTPUT

liT TPTIM­
COMUPONDINI
ENTRY ...NID
TAILE POI' THIS

liT

CA~CU~~TI AVIRA.I SPEEDS OVIR
UPITRIAN DETECTORS IV UIINI
DYNAMIC ~AMIDA A'ilRAtINI
TECHNIQUr ON THI OCCUPANOY
TIMII STORID IV TASK 0

L AVTRP. AVTRP. (T- AVTRP) •LAM'
128

NOfE I ~VTRP IS THE AVERAIE
TRAP TIME I'OR 2 OR 1

ADoIACENT LANE
MAINITOMETrR.



r PER'ORM THI
'OLLOWINI 'Olt
IACH 0' THI 4
AVIItAI. TItAPn. WORD.
(NTIt')!

_TN-Ill
(IPIID CODl)

PLACE VOLUME AND OCCUPANCY

BITS IN TELEMETRY OUTPUT

BU,"'ER.

CONVERT AVERAGE TO 4

liT CODES AND PLACE IN

TELEMETRY OUTPUT BU"ER.
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NO

SUI"OUTINI
PTIIDT

liT N. NUIIII"
0' 4 liT ."OUPI
TO II STOItID

RIIHT "UITI,Y
NIXT 4 liT'
.ROUP IN DATA

WORD

CALL PTaUI
'LAOI .. IlTa

'N TILIIiITRY
OUTPUT tU'PER

'N ,,,O'IR
n"IIAT

".TURN

A-37

TAlK I IUBROUTINE TO
PLACI DATA IITI IN
TELEIIETRY OUTPUT
IU"ER



lUUOUTINIE
IVOLI

COMPARIE THIE
CURRIEIIT DIETIEOTO
If(flUT TO THIE

PREVIOUS INPUT

'OR IAOH 0 TO I
TRANllTION liT

liT THIE OOIMII_
I" VOLUMIE lIT II
O'iOL OR OVOL + I

liT PRIVIOUS
I,.;PUT VALUE.
CURRIENT INPUT

RITURN

A-38

TASK I SUBROUTINE 'OR

STORING VOLUME 81T8



PROGRAM SEGMENT 5

A-39



TASK 2 PROCESS TRAFfiC lieNAL LleHT. - 100 IlSEC RATE

INITIALIZATION

CLEAR THE FOLLOWING VARIABLES I

LOOPS (LOOP DETECTOI' CALLS)
IOUTP MST IRIIN AND)
ROUTP \RED OUTPUT IIT8

LAICCO (LAST ACKNOWLEDGED FORMAT 0 TELEMETRY INPUT)

LAKeI (LAST ACKNOWLEDGED FORMAT I TELEMETRY INPUT)

EMNOD (EMERIENCY CONTROL MODE FLAI )

LRJCO (LAST REoIECTED FORMAT 0 TELINITRY INPUT)
LRJCI (LAST RloIECTID 'OfIMAT I TELEMETRV INPUT)
CONeo (SIINAL COMMAND WORD)

CMFER (SIINAL CONFIRM IRROR FLAt)

CNFLS (NUN.R OF 9....AL CONFIRM SERIOUS IRRORS)
LPRIO (LAST PRIORITY TELEMETRY OUTPUT \lAWI)
PRAD (AMBR I.OR lin)
....... (RID IRROR IITt)

PRIIR (IMIN IRROR IITI )
LUIR (LAST AMID ERROR IIT8)

LIRER (LAST RID IRItOR liT. )

LSIIR (LAST IREEN ERROR lin)

SET LAST AMBER

OUTPUT - FLASH BIT

AOUTP-I

SIT TELl_TRY

INPUr ERROR

TIMER - I

(ERTIM)

A-40



LOGICALLY OR
THE LOOP
D£TECTORINPUT
BITS WITH
LOOPS

READ INPUT
~a AND
8TORE INTO

,enA
CsteNAL STATUS)

UPDATE LOOP DETECTOR BIT8
!fOR EMERGENCY CONTROL

RIAD lltNAL OON'IRM

INPUTI CAO ...IORI)

READ lIeNAL 'TATUI
INPUT cz-tS)

TEST MANUAL SleMAL

SWITCHES



UPDI'TE LSAiR.

LSIER , t.8RER

CHICK AMIIRS

SET CONFIRM

IRROR FlAe

(CNFER-I)

SET CONFIRM
IRROR F'lAG

(CNl"ER -I)

YES

CHECK IREENa

CHECK REDS

CHECK lieNAL COIII'IRM INPUTS

UPDATE PRAlR,
PRIER, PMER,
LBAER, LlSER,
lSRER WITH ERROR
BITS

A-42

YEI

YES

SET CONl"IRM

ERROR FlA8

(CNFER all



TINE OUT .RIENI THRU
AIIOLUTI MINIMUII TIMES

FOR EACH liT H
lET IN CURRENT
IItIIN ITATUI
(IITA) DIOII_NT
'TMR (HI

lIT liT N 1ft HTA
(DONT .LIC) AND
CLIAR liT II III
IITA (_LIe).

TERMINATE WALK LI.HTI
AFTER FIXED TIME.

L~__.
I

-.-
FOR EACH liT N
lET IN CURRENT
AMBER STATUS
(ASTA) DECRE_NT
STMR (N)

TIME·OUT
AMIERS.

L

YES

RESET BIT N IN
ASTA AND SET
lilT H IN RSTA
(RED ITATUSI



DECREMENT
TELEMET..YINPUT
E....ORTIMER
(ERTIM - ERTIM-I)

ENCODE "A" SIDI
0' IRIIN OUTPUT
INTO I liT CODI
AND ITORE IN
AICOD

INCODE •I· IIDI
01' IRIIN OUTPUT
INTO I liT CODE
AND 1T0ItI IN
llCOD

CLIAR TELEMETRY
INPUT 'LAI C1NP'L)
CLEAR COMMAND
RE"ECT 'LA8
(eMIt"')

'-------ta-------1rNO

SET TEUMETRY
INPUT FLAe
(lNPFL) . SAVE
INPUT WORD IN
SAVCI.

/,>-44

SET ERROR FLAI I' TOO LONe
IETWEEN TELEMETRY INPUT
COMMANDS

SET TELEMETRY
IIiPUT TIME- OUT
FLAt (TMIR'-I)
SET IRTIM-I

ENCODE SIINAL OUTPUTS INTO;' liT

CODES 'OR 'UTURE TILEMETRY
OUTPUT

PROCESS TELEMETRY

INPUT COMMAND.

47r--........,
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D£TERMIHE TYPE OF TIM INPUT

PROCESS TYPE 0



T / M INPUT TYPE I PROCESSING

DECODE NA" SIDE

OF INPUT COMMAND

INTO MOVEMENT

BIT8

llECODI ... SID!

C# INPUT COMMAND

INTO MOVININT
BITS

8£T COMMAND

COOl (CONCD).

COIIIINED NA•
AND •••

NOYIMENT 81TI

'I'll

IITCOMIIAND
RloIICT I'LAI

(CY"""

NO

.A-46

r--......,47

SET TELEMETRY

INPUT ERROR

TIMER

(ERTIM. ICERT)



COMPUTI NEW
AMlUI·
NANI-~n
IITA

[

MOT. (DESIRED]
....).ANO.
ClMHIIT
IUEN8

A-47

VIS

YES

NO

KT I ..MAL
COIIMANO­
EMU'ENCY
COIIMANO
(COIICO- ICOIIO)

PROCEIS I.INAL
COIIIIAND



L

fOR EACH
BIT H SET
IN NAMS.
PERFORM THE
FOLLOWING \

FO" EACH BIT
N SET IN NAMS
lET STMR (N) •
~M.R TIME (N)
lAMTM (N)]

SET ASTA.
UTA U NAMS

(

AM.R STATUS .)
All." STATUI
.I".NEW AlillERI

lET .ITa •
.STA n 11Ift

~
."EIN STATUI]
."EN STATUI
.AItO. C. NOT. NIW
AIIIOI)

A-48

TURN ON AMIERS

TURN OFF GREENS

MAKE SURE ENDING GREENS

HAVE BEEN ON FOR THE

REQUIRED AISOUTE

II,"IMUM TIME.



8ET NeRN.

r
=~::::· j(dtOTA RINT
_EN:D.DI­
*"'ED lltElNS

Tift. 18TA u
AlTA U 111(N)

~
OR I_TiNe IItIINS]
AND AMllRI WITH
NEW MIEN

DETERMINE NEW eREENS

I
TURN ON ANY

GREENS THAT
ARE LEGAL AT

THIS POINT.

8£T eSTA • eSTA U BIT (N) UPED BIT(N)

~
GMDI STATU8. OR OF EXISTINe e..IINS WITHJ
MEW tMIIN lIT AND COItR£SPONDINI PED
BIT (WALl( WeHT)

CLIAR 81T (It)
AND PED 81T (N)
fROM RED STATUS
(RITA)

'I TURN ON LEeAL
WALK LleHTS TOO.

TURN OFF REDS.

L

SET PTMR(N)­
WALK TIME eN);
8IIT STMR (N).
PTMR (N)-+ ••

A-49

INITIALIZE

LIGHT TIMERS.



SET COMMAND
.oIECT FLAt
(CM"JF)

NO

MOVE UTA,
RS1a , ASTA, TO
GOUTP, ROUTP,
AOUTP RESPECTIV

A-50

PROCESS SleNAL
SHUTDOWN SWITCH

CLEA" FLASH
liT IIAM." OUTPUT
(AOUTP. 0)

TEST FO" ANY
TELblTRY INPUT
THIS MSS



liT lie 0
., III'UT WAI
TYPI 0,
OTMIIWIII •
lIal.

liT
LAICOO +11 a
CUM.IIT

"''''T

~IOOI" COMMAND
AOICIIOWL.IDII, 11.lIOT

VIS

II a II +1

COIIMIII CUIIIIIIIT TO
PIIIVIOUI INPUT 0'
.AIII TV".

A-51

52



YES

CLEAJI COMMAND
...CT 'Ut
(CMRoI'-O)

A-52

CHECK MORE TELEMETRY
YlPUT

MAKE SURE OUTPUTS TO

SIINALI ARE O.K.

YES

CALL ABORT
SET THE
ABORT I STALL
FLAG AND
HALT



A-53

fORMAT AND KND VARIOUS

ITATU8 1111 VIA TELEMETRY



CLUI IUPPIIt
OVERPLOW PLA.
(IOFU- 0)

A-54

YEI



PROGRAM SEGMENT 6

A-55



TASK
a

CLIAR PERMANENT
FLASH FLAt

(PIRfL-O)

lIT CONfiRM
IRIIOR TIMIR
·IOIEC

(CMlIIT. 120.)

UNMCK PIN
MATRIX BITS, ADD
IlASES, AND STORE
MAX, NIN, AND
EXTEND TIMES FOR
EACH PHASE

UNPACK DATA
SWITCH BITS,
ADD BIASES AND
STORE AM8£R TIM£S
FOR EACH
MovEMENT

,......:L....,57

"A-56

1IIIItIENCY CONTROL - .5 IIC RATI

INITIALIZATION

READ PHA81 TIII18
fltOM PATCH PANEL



DETERMINE 11"+ OF SERIOUS SleNAL
CONfIRM ERRORS EXCEEDS 6 PER MINUTE

DIORINIMT
COM'II'M IRROR
TIMIR.

(CNIRT- CMIRT.I)

FLASH MODE PROCESSINe

YES

SET PERMANENT
FLASH FLAe

(PERrL)

OllAR CON"RM
IRROR COUNTER
(C,,'U-O)

"lIlT CON'IRM
nRO" TIMER TO
eo SIC
(OMIRT-IIO)

DlCRalENT
~ASH TlMrR
('LTl... 'LTIM.!)

NO



CLIAR AII.R
IT.UI (ASTA)

[

THII CLEARI ~
'LAIH OUTPUT
liT

lET ALL BITS
IN RED STATUS
(RSTA)

[
THIS TURNS ALL1
RED LleH,.. ONJ

a:T EIIER.ENCY
COMMAND- 0

rCONC )

ALL RED
COIIIIANDJ

SET EIIER.ENCY
MODE FLA.

(EMIIOD - -I )

A-58

TIRIlINATI 'LAIH IIODI

I' IIQUIRID

VEl



YES

HT IMIR.NOY
MODE FLAI·
(EMMOoal)

lET IMlRtDICY
COIIIIAHD aCUMDlT
..... STATUI.
(IOOIIC a UTA)

elAftCH PHAS.
TABLE FOR PHAII
WITH SAMI _IN
MOVE_NTS AI
CUMINT lREINa
tlTA

...--.....,,62

YEe

62
r--L....r

A-59

TEST FOR EMERleNCY
CONTROL MODE



MAXIMUM
TIME
LIMIT
..ACHED

INOMMINT TOI'AL

PHASI TlMIR

(PTIM. PTIM+ I )

CLEM LOOP on­
ECTOR CALL IITS
FOIl IIOVDEITS

• PttAH N

1\-60

ACTUAL EMER8ENCY

CONTROL L08IC

IlUItINt MINIMUM
INTDYAL

.62
_.I--..

INTIItVAL TIMER

'tRTOa tRTO-1)



TilT '011 TIIIMINATION0' ........crt OOIITIlOL

OL.lAII TlL.lMITIlY
IIlUT IllI.OR
'LAt
(TIlIR'aO)

liT 'HMI
NUMUlla'
(Nal)

YII

NO

...OIlI.NT
1IHAII NUMIIII

(N. It 4' I)

A-61



CALUTW
SIT-UP ~AIH

MODI t 'LAIH
TIMI- 0

aTORE PHAaE
NUMBER
(IPHIH. N)

alT TOTAL
PHASE TIMI. 0
(PTIM - 0)

t
.T I_R_HCY
COMIIIAND (ICOMC)
-GRIIN MOVEMENT
liT. '0" PHAII
N

lIT IRIIN
INTERVAL TIMI­
IXTENlfOll TIMr

IRTO - IXTT(N)

gL.b..W!!.L
_IT 'OR NEXT
100 MIIC
TIME PRAM£

56

A-62

a'lllRT HIW EMIRIENCY
CONTROL PHAIr
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IDLE

CLEAR THE
TTY INPUT BUn
AND DONE
'UII

Ca.IAR THI
INPUT MCKINI
WORD INPTO.

lET CHARACTER

COUNnR
CHCNT ••

lIT INPUT
IIODE 'UI
IMODE • I

A-64

TELITYPI INTERACTION
"CMIWI. IDOUnD AS
A IACKIROUND TAlK IN
DilUI 11001 ONa.Y.

INITIALIZI TQ PRIPARI

'OR TTY INPUT



OCITPUT
CARRIA.E
HTURN.
LINlnlD

ON TTY
PRINTER

lET 'IRIT
CHARACTER
'LA••
'IRIT. I

OLaAR TTY
INPUT .un
AIID DOllE
,~..

1'.-65

RiAD AIID 10HO

A CHARACTER ON

TELETYPE



I"IRST· FIRST - I

SET
INPTO • (IIADDR)

+1

SET
CHONT·

TEST I"OR FIRST INPUT

CHARACTER

II" 'IRIT OHAMOTER II

A PERIOD. RT THI

MOICIO 1..-uT WORD TO

THI LAST VALID ADD." +'

lET NUIIBER 01" REIIAININ'
CHARAOTERS TO I

67

A-66'1



NO

saT
CHCNT •
CHCNT -I

CONWRT INPUT
TO I IIT_R
AND M1" lITO
1.-rG

A-67

COUNT DOWN CHARACTER
COUNTER

TEIT 'OR LAIT
CIWtACTIR 0' 'IILD

,......---r4

MOIC OUTPUT DI.IT
INTO IJUIUT WORD

_IT POR NIXT TTY
INPUT CHARACTIR



Ili00E •

INOH·I

KT
IADDIt •
IIIPTO

~II LUT OIIMAOTEIt
OF All IIlPUT PIIrLD

TE'T POIt ADD....
oa VAUIIr PIIrLD

••D 0' AlHlIl PIirLD

Tift IIOIUTO'It O. UPiATIr



lET
CHCNTa 1

CLEAR THE
INPU'I' PACKIN.

WORD INPTO

r--~67

ITO.. <IN"O)
INTO ADIRESS
&IVEN IN
IADD"

70--.......

A-69

INITIALIZI CHARAOTIR
OOUNTIR 'OR UPDATI
VALUI

ITORE ~P'ATE VALUE
INTO UPDATE ADDRESS



MOVE ADDRESS
IN IADDR TO

"ADDR

lET
LAST V.
tARIAIl

8ET" UP MONITOR
ADDUII

INITIALIZE PREVIOUS

VALUE TO UNLIKELY
WORD

LAST V.
CONTEMTI OF
ADMIII IN

MADM

OONVDT (LAST V)
TO AtolT AND
OUT'UT ON
TTY 'RINTO

A-70

COIIMRE CURRENT
10 PREViOUS VALWE
OF MONITOR WORD

OUTPUT CURRENT
VALUE



APPENDIX B

ACTUATOR PROGRAM "COMMON" DEFINITIONS



• NAME: --=A;:.:I::.:N..:;c:l _ SIZE: 1

Bit Number 0 ••• •• 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 .
i i

AUTO~INCREMENTING CELL #1

DESCRIPTION: AUTOMATIC INCREMENTING CELL 111 USED BY TASK 1.

t:P
1......

• NAME: AINC2------------- SIZE: 1
-~----

Bit Number .....O..... 1 ..... 2 ..... 3 ..... 4 ..... 5 ..... 6 ..... 7 ..... 8 ..... 9 .... 10 .... 11 .... 12 .... 13 .... 14 .... 15 ...

AUTO~INCREMENTINGCELL #2

DESCRIPTION: AUTOMATIC INCREMENTING CELL #2 USED BY TASK 1.



• NAME: ---!A~I£!N~C3L- _ SIZE: -.:!1'-- _

Bit Number O 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 .

AUTO-INCREMENTING CELL #3

DESCRIPTION: AUTOMATIC INCREMENTING CELL #3 USED BY TASK 2.

t:l:l
I

N

• NAME: AINC4------------- SIZE: -..L' _

Bit Number ..... 0 ..... 1 ..... 2 ..... 3 ..... 4 .... ".5 ••••• 6 ••••• 7 ••••• 8., •••• 9 •• •• 10 .... 11 .... 12 .... 13 .... 14 .... 15 ...

AUTO-INCREMENTING CELL #4

DESCRIPTION: AUTOMATIC INCREMENTING CELL #4 USED BY TASK 2.



• NAME: AINC5-----------'" SIZE: 1--::;;.-----

t:d
I

W

Bit Number 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 .
i i

AUTO-INCREMENTING CELL #5

DESCRIPTION: AUTOMATIC INCREMENTING CELL #5 USED BY TASK 3.

• NAME: AMTM SIZE: -:..9 _

Bit Number .....O..... 1 ..... 2 ..•.. 3 ..... 4 ..... 5 ..... 6 ..... 7 ..•.. 8 ..... 9 .... 10 .... 11 .... 12 .... 13 .... 14 .... 15 ...
•

AMBER TIMES (.1 SEC)

DESCRIPTION: AMBER TIMES FOR EACH MOVEMENT IN .1 SECOND UNITS. USED IN TASKS 2 AND 3. AM1M+O IS THE
TIME FOR AMBER BIT 0 (SEE APPENDIX C, OUTPUT V+l) , AMTM+l FOR AMBER BIT 1, ETC.



• NAME: -.-:;A:::::O.::SA~V.:...- _ SIZE: --'%.4 _

~
I
~

Bit Number .... _.0 ••• •• 1 ..... 2 ..... 3 ..... 4 ..... 5 ..... 6 ..... 7 ..... 8 ..... 9 .... 10 .... 11 .... 12 .... 13 .... 14 .... 15 ...
i I

VALUE OF ACCUMULATOR 0 FOR TASK UN

DESCRIPTION: WHEN TASK #N IS INTERRUPTED THE CURRENT VALUE OF ACCUMULATOR 0 IS SAVED IN THIS ARRAY.
WHEN TASK #N IS TO BE EXECUTED. THE VALUE FOR ACO IS OBTAINED FROM HERE.

• NAME: AISAV------------ SIZE: _4~ _

Bit Number .....O..... 1 ..... 2 ..... 3 ..... 4 ..... 5 ..... 6 ..... 7 ..... 8 ..... 9 .... 10 .... 11 .... 12 .... 13 .... 14 .... 15 ...
I

VALUE OF ACCUMULATOR 1 FOR TASK #N

DESCRIPTION: SAVED ACI. SEE AOSAV.



• NAME: --4:lA~2~SA~V!:.- _ SIZE: .....:t.4 _

Bit Number O 1 2-.•..• 3 .•.•• 4 ••••• 5 ••••• 6 ••••• 7 ••••• 8 ••••• 9 •• •• 10 11 12 13 14 15 .
i ,

VALUE OF ACCUMULATOR 2 FOR TASK UN

DESCRIPTION: SAVED AC2. SEE AOSAV.

o:l
1
VI

• NAME: ~A~3S~A~V~ _ SIZE: _::t..4 _

Bit Number .....O..... 1 ..•.. 2 ..... 3..... 4 ..... s ..... 6 ..... 7 ..... 8 ..... 9 .. ".10 .... 11 .... 12 .... 13 .... 14 .... 15 ...

VALUE OF ACCUMULATOR 3 FOR TASK UN

DESCRIPTION: SAVED AC3. SEE AOSAV.



NAME: APDMT SIZE: ....;1=-- _

O;j
I

0\

Bit Number 0 ••• •• 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 .
i i

POINTER TO PEDESTRIAN TIMES

DESCRIPTION: ADDRESS OF PDMNT, WHICH CONTAINS "WALK" TIMES. USED BY TASK 2.

NAME: ASTA------------- SIZE: _1=-- _

Bit Number ..... 0 ..... 1 ..... 2 ..... 3..... 4 ..... 5 ..... 6 ..... 7 ..... 8 ..... 9 .... 10 .... 11 .... 12 .... 13 .... 14 .... 15 ...

::z::::z::
woo

~~
DESIRED AMBER OUTPUT BITS I ~ I P:: II

o
H..-t

~~
Ul=Q

<

DESCRIPTION: DESIRED VALUE OF AMBERS FOR EACH MOVEMENT. 1 = AMBER LIGHT ON, 0 = AMBER LIGHT OFF.
BIT 15 CONTROLS THE ACTUATOR FLASH RELAY. USED BY TASKS 2 AND 3 AND SUBROUTINE STFLS.



NAME: ASTLF SIZE: -=.1 _

b:l
I

'-J

Bit Number 0 1 2 3 4 ....• 5 6 7 8., 9 •• •• 10 11 12 13 14 15 .
I I

ABORT/STALL FLAG

DESCRIPTION: CONTAINS ADDRESS +1 OF CALL TO SUBROUTINE ABORT IF A FATAL ERROR OR TELEMETRY ABORT IS
REQUESTED. NORMALLY IS ZERO. CHECKED BY INTERRUPT ROUTINE AND RESTART.

• NAME: ASTWR SIZE: -::.1 _

Bit Number ..... 0 ..... 1 ..... 2 ..... 3 ..... 4 ..... 5 ..... 6 ..... 7 ..... 8 ..... 9 .... 10 .... 11 .... 12 .... 13 .... 14 .... 15 ...
f I

POINTER TO TELEMETRY OUTPUT STATUS WORDS

DESCRIPTION: ADDRESS -1 OF FIRST TELEMETRY OUTPUT STATUS WORD (STWRD-1). USED BY TELEMETRY OUTPUT.



• NAME: -=-B~IT=-- _ SIZE: ....:1::...:6=-- _

b:l
1
00

Bit Number 0 1 2 3 4 5 6 7 8 .•... 9 10 11 12 13 14 15 .
i I

BIT TABLE

.DESCRIPTION: A BIT TABLE WITH THE FIRST WORD CONTAINING ONLY BIT 0 SET, THE SECOND WORD ONLY BIT 1
SET, ETC. VARIOUS NUMERIC CONSTANTS AND BIT DEFINITIONS ARE EQUATED TO ENTRIES IN BIT.
USED BY ALL ACTUATOR PROGRAM SEGMENTS.

• NAME: ....:B~I!:.:TN!:E!- _ SIZE: -:1L- _

Bit Number .....O..... 1 ..... 2 ..... 3 ..... 4 ..... 5 ..... 6 ..... 7 ..... 8 ..... 9 .... 10 .... 11 .... 12 .... 13 .... 14 .... 15 ...

TELEMETRY OUTPUT BIT COUNTER

DESCRIPTION: A COUNTER USED BY TELEMETRY OUTPUT TO COUNT THE TELEMETRY OUTPUT BITS PER WORD.



• NAME: BOFLG--=------------ SIZE: _1=-- _

b:l
I

\0

Bit Number 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 .., .

TELEMETRY OUTPUT BUFFER OVERFLOW FLAG

.DESCRIPTION: SET WHENEVER A TASK ATTEMPTS TO PLACE A WORD IN THE TELEMETRY OUTPUT BUFFER USING
SUBROUTINE PUT AND mE BUFFER IS FULL. USED BY TASKS 1 AND 2.

• NAME: ...::..C7=-- _ SIZE: -,1~ _

Bit Number ......... O......... 1 ........ 2 ......... 3 ........ 4 ......... 5 ......... 6 .......... 7 .......... 8 ........ 9 ....... 10 ....... 11 ...... 12 ....... 13 ...... 14·...... 15 ......

o 0

DESCRIPTION: CONSTANT 7 USED BY SEVERAL PROGRAM SEGMENTS.

1 1 1



NAME: CNFLS SIZE: 1------

tJ;:I
1......
o

Bit Number .....O..... 1 ..... 2 ..... 3 ..... 4 ..... 5 ..... 6 ..... 7 ..... 8 ..... 9 .... 10 .... 11 .... 12 .... 13'.... 14 .... 15 ...
i i

CONFIRM ERROR FLASH COUNTER

DESCRIPTION: INCREMENTED BY TASK 2 WHENEVER A SERIOUS SIGNAL CONFIRM ERROR CAUSES THE INTERSECTION
TO BE PLACED ON FLASH. CHECKED BY TASK 3 TO DETERMINE IF SUCH ERRORS ARE OCCURRING
FREQUENTLY ENOUGH TO JUSTIFY PERMANENT FLASH.

NAME: CYCLE SIZE: _4::.-.- _

Bit Number .....O..... 1 ..... 2 ..... 3 ..... 4 ..... 5 ..... 6 ..... 7 ..... 8 ..... 9 .... 10 .... 11 .... 12 .... 13 .... 14 .... 15 ...

TASK REPETITION TIME IN MILLISECONDS

DESCRIPTION: THE NUMBER OF MILLISECONDS BETWEEN TASK EXECUTIONS FOR EACH TASK. USED BY RESTART
AND TASK CONTROL.



• NAME: DATAM---------- SIZE: _1=-- _

Bit Number 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 .
I I

o o o o o o 1 1 1 1 o o o o o o

.DESCRIPTION: CONSTANT FOR MASKING TELEMETRY OUTPUT DATA BITS. USED IN TELEMETRY OUTPUT SECTION.

b:l
I

l-'
l-'

• NAME: ~EC~O~M~C:!-- _ SIZE: _1L-.- _

Bit Number .....O..... 1 ..... 2 ..... 3 ..... 4 ..... 5 ..... 6 ..... 7 ..... 8 ..... 9 .... 10 .... 11 .... 12 .... 13 .... 14 .... 15 ...

EMERGENCY COMMAND CODE

DESCRIPTION: THE SIGNAL COMMAND WORD GENERATED BY THE EMERGENCY CONTROL TASK (TASK 3). USED BY TASK 2
WHENEVER THE ACTUATOR IS UNDER BACKUP (EMERGENCY) CONTROL. THE BITS REPRESENT THE COMMANDED
GREEN LIGHT STATUS FOR EACH MOVEMENT.



NAME: EMMQU SIZE: _ll-.... _

b:l
I.....
tv

Bit Number •••••0 ..•.. 1 ••.•• 2 ....• 3 .•••• 4 •.... 5 ..... 6 ...~ .. 7..... 8 .•.•. 9 ..•. 10 .... 11 .... 12 ••.. 13 .... 14 .... 15 ...
j 1

EMERGENCY MODE FLAG

DESCRIPTION: ZERO = BACKUP (EMERGENCY) CONTROL NOT ACTIVE. NONZERO = BACKUP (EMERGENCY) CONTROL ACTIVE.
SET BY TASK 3. USED BY TASK 2 TO DETERMINE WHETHER TO USE EMERGENCY CONTROL SIGNAL COMMAND
(ECOMC) OR TELEMETRY SIGNAL COMMAND.

NAME: FLTIM SIZE: ....:l!:.- _

Bit Number ..... o..... 1 .•... 2 ••••. 3•••.. 4..... 5 ...•. 6 ..•.• 7•.... 8 .•••• 9 .... 10 .... 11 ...• 12 •... 13 .•.. 14 .... 15 ...
.. I

FLASH TIMER IN 500 MSEC. UNITS

DESCRIPTION: A COUNTER THAT GIVES THE TIME TO REMAIN IN ACTUATOR FLASH MODE. SET BY SUBROUTINE STFLS.
DECREMENTED EVERY 1/2 SECOND BY TASK 3.



NAME: FORMM SIZE: ---010.1 _

Bit Number 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 .
i I

o 1 1 1 1 1 o o o o o o o o o o

DESCRIPTION: CONSTANT FOR MASKING TELEMETRY OUTPUT FORMAT BITS. USED BY SUBROUTINE PTSUB.

b::I
I......

W

• NAME: --"G~SuT.J'A~ _ SIZE: 1 _

Bit Number ..... 0 ..... 1 ..... 2 ..... 3 ..... 4 ..... 5 ..... 6 ..... 7 ....._8 ..... 9 .... 10 .... 11 .... 12 .... 13 .... 14 .... 15 ...

DESIRED GREEN LIGHT OUTPUT BITS DESIRED "WALK" LIGHT OUTPUT BITS

DESCRIPTION: DESIRED VALUE OF GREENS AND WALK LIGHTS FOR EACH MOVEMENT. 1 = GREEN/WALK LIGHT ON,
o = GREEN/WALK LIGHT OFF. USED BY TASKS 2 AND 3 AND SUBROUTINE STFLS.



NAME: lMASK-- SIZE: 1

Bit Number ..... ,0 ..... 1 ..... 2 ..... 3..... 4 ..... 5 ..... 6 ..... 7 ..... 8 ..... 9 .... 10 .... 11 .... 12 .... 13 .... 14 .... 15 ...
i i

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

tp
1
~
+:-

DESCRIPTION: CONSTANT USED TO MASK (INHIBIT) INTERRUPTS FROM ALL DEVICES. IT IS USED IN INTERRUPT
ROUTINE AND RESTART TO INHIBIT ALL INTERRUPTS EXCEPT FOR POWER FAIL.

NAME: LAKCO SIZE: 1

Bit Number ••.•. O....• 1 ••••• 2 ••••• 3••••. 4 ..... 5 .•.•. 6 ••••• 7 ••••• 8 ••••• 9 ••.• 10 .••• 11 •••• 12 •••• 13 .•.. 14 .••. 15 •••

X o o X X X X X X

DESCRIPTION: THE LAST TELEMETRY INPUT WORD WITH BIT 9 = 0 THAT WAS ACKNOWLEDGED. SEE APPENDIX D
FOR DESCRIPTION OF EACH BIT (INPUT FORMAT 0). USED BY TASKS 2 and 3.



NAME: LAKC1 SIZE: ---..1 _

Bit Number .... _,0 ••• •• 1 ..... 2 ..... 3 ..... 4 ..... 5 ..... 6 ..... 7 ..... 8 ..... 9 .... 10 .... 11 .... 12 .... 13 .... 14 .... 15 ...
r<::: ::::>i

x o 1 x x x x x x

b:l
I

t-'
VI

DESCRIPTION: THE LAST TELEMETRY INPUT WORD WITH BIT 9 = 1 THAT WAS ACKNOWLEDGED. SEE APPENDIX D
FOR DESCRIPTION OF EACH BIT (INPUT FORMAT 1). USED BY TASK 2.

NAME: LBYTE-- SIZE: 1

Bit Number ..... 0 ..... 1 ..... 2 ..... 3 .... ". 4••••• 5 •••• ;. 6 ••••• 7 ••••• 8••••• 9 •• •• 10 .... 11 .... 12 .... 13 .... 1"4 .... 15 ...

o o o o o o o o 1 1 1 1 1 1 1 1.

DESCRIPTION: CONSTANT USED TO MASK THE LOWER BYTE (8 BITS) OF A DATA WORD. USED BY
VARIOUS TASKS.



NAME: LOOPS SIZE: --±1 _

tl:I
1
I-'
(j\

Bit Number .....O..... 1 ..... 2 ..... 3..... 4 ..... 5 ..... 6 ..... 7 ..... 8 ..... 9 .... 10 .... 11 .... 12 .... 13 .... 14 .... 15 ...
i I

LOOP DETECTOR CALL BITS

DESCRIPTION: LOOP DETECTOR ACTUATIONS THAT HAVE NOT BEEN ACKNOWLEDGED BY TASK 3 (EMERGENCY CONTROL).
SEE APPENDIX C (INPUT Z+l) FOR BIT ASSIGNMENTS. SET BY TASK 2. USED BY TASK 3 TO
DETERMINE PHASE EXTENSION DURING EMERGENCY CONTROL.

NAME: LOW4M SIZE: -=.1 _

Bit Number •••.• O....• 1 ••••• 2 ••••• 3•••.. 4 •.... 5 •..•. 6 ..••• 7 ••.•• 8 ••••• 9 ..•• 10 •..• 11 •.•• 12 •••• 13 .••• 14 .••. 15 ..•

o 0 1 1 1 1

DESCRIPTION: CONSTANT USED TO MASK LOWER 4 BITS OF A DATA WORD. USED IN SUBROUTINE PTSUB.



NAME: LRJCO SIZE: ~1 _

xxxxxxoox

Bit Number ..... ,0 ..... 1 ..... 2 ..... 3..... 4..... 5 ..... 6 ..... 7..... 8 ..... 9 ..... 10 ...... 11 ..... 12 .... 13 .... 14 .... 15 ...
K :::;:>t I

DESCRIPTION: THE LAST TELEMETRY INPUT WORD WITH BIT 9 == 0 THAT WAS REJECTED. SEE APPENDIX D
FOR DESCRIPTION OF EACH BIT (INPUT FORMAT 0). USED BY TASK 2.

t:J:j
I.....
"

• NAME: _L;::.;RJ=...:C:;.::l:...-- _ SIZE: ~11o-- _

XXXXXX1oX

Bit Number ....... o..... 1..... 2..... 3 ..... 4 ..... 5 ...... 6 ..... 7 ...... 8 ...... 9 .... 10 ........ 11 ...... 12 ........ 13 ....... 14 ....... 15 ......
K :A I

DESCRIPTION: THE LAST TELEMETRY INPUT WORD WITH BIT 9 == 1 THAT WAS REJECTED. SEE APPENDIX D
FOR DESCRIPTION OF EACH BIT (INPUT FORMAT 1). USED BY TASK 2.



NAME: MAMTM SIZE:

tx:l
1

I--'
00

Bit Number 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 .
i I

AMTM - 1

DESCRIPTION: ADDRESS -1 OF AMBER TIME TABLE (SEE AMTM). USED BY TASKS 2 AND 3.

NAME: MHTSK------------- SIZE: 1

Bit Numb er. . . . . 0 . . . •. 1. . . •. 2 •••.. 3. . • . . 4. . . . . 5 . • .•. 6. • •.• 7 • . . . . 8. • . . . 9 . . . . 10. . . . 11. . • •12 . . •. 13. • . •14. . . . 15. . •

-4

DESCRIPTION: CONSTANT USED BY TASK CONTROL AND RESTART AS A LOOP COUNTER WHEN ADDRESSING THE
VARIOUS TASK CONTROL BLOCKS (TIMER, STATE, ETC.) .



NAME: OWRDM SIZE:

Bit Number .... _.0 ••• •• 1 ..... 2 ..... 3 ..... 4 ..... 5 ..... 6 ..... 7 ..... 8 ..... 9 .... 10 .... 11 .... 12 .... 13 .... 14 .... 15 ...
i i

o 1 1 1 1 1 1 1 1 1 o o o o o o

b:l
I

I-'
\0

DESCRIPTION: CONSTANT USED TO MASK 9 DATA BITS OF THE TELEMETRY OUTPUT WORDS.
USED IN TELEMETRY OUTPUT SECTION.

NAME: PCINT SIZE: 1------
Bit Number ..... 0 ..... 1 ..... 2 ..... 3..... 4 ..... 5 ..... 6 ..... 7 ..... 8 ..... 9 .... 10 .... 11 .... 12 .... 13 .... 14 .... 15 ...

PC AT TIME OF INTERRUPT

DESCRIPTION: ABSOLUTE LOCATION O. CONTAINS THE VALUE OF THE PROGRAM COUNTER AFTER AN
INTERRUPT. USED BY INTERRUPT ROUTINE TO DETERMINE ADDRESS TO CONTINUE
INTERRUPTED PROGRAM. USED BY POWER FAIL INTERRUPT TO STORE FIRST
INSTRUCTION AFTER A RESTART.



NAME: PCSAV SIZE: 4

Bit Number 0 •• ••• 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 .
I r i

f::1;j
I

N
o

EXECUTION ADDRESS FOR TASK #N

DESCRIPTION: WHEN TASK lIN IS INTERRUPTED THE CURRENT VALUE OF THE PROGRAM COUNTER IS RETRIEVED
FROM PCINT (LOC 0), SHIFTED LEFT TO OBTAIN THE CARRY BIT, AND STORED IN THE PCSAV
ARRAY. WHEN TASK #N IS MADE READY FOR EXECUTION, THE PC AND CARRY VALUES ARE
OBTAINED FROM PCSAV.

~~
::.::

~U)o..::x:
H

~p:j
HO
..::x:~
:>

NAME: PDMNT SIZE: -29:..-.- _

Bit Number ..... 0 ..... 1 ..... 2 ..... 3 ..... 4 ..... 5 ..... 6 ..... 7 ..... 8 ..... 9 .... 10 .... 11 .... 12 .... 13 .... 14 .... 15 ...

PEDESTRIAN "WALK" TIMES IN 100 MSEC. UNITS.

DESCRIPTION: WALK TIMES FOR EACH PEDESTRIAN MOVEMENT IN .1 SECOND UNITS. USED IN TASKS 2 AND 3.
PDMNT+O IS THE TIME FOR THE PEDESTRIAN MOVEMENT ASSOCIATED WITH GREEN BIT 0 (SEE
APPENDIX C, OUTPUT V+2) , PDMNT+1 FOR GREEN BIT 1, ETC.



NAME: PRZPl-- SIZE: 1

b:l
1

N
I--'

Bit Number .... . ,0 ••• •• 1 ..... 2 ..... 3 ..... 4 ..... 5 ..... 6 ..... 7•.... 8 ..... 9' . . .. 10 .... 11 .... 12 .... 13 .... 14 .... 15 ...
i i

PREVIOUS INPUT Z+l (LOOP DETECTORS)

DESCRIPTION: THE LAST VALUE READ FOR INPUT WORD Z+l. USED TO COMPARE CURRENT WITH PREVIOUS
DETECTOR STATES. USED BY TASKS 1 AND 2.

NAME: PRZP2-- SIZE: 1

Bit Number .....O..... 1 ..... 2 ..... 3 ..... 4 ..... 5 ..... 6 ..... 7 ..... 8 ..... 9 .... 10 .... 11 .... 12 .... 13 .... 14 .... 15 ...
I

PREVIOUS INPUT Z+2 (PEDESTRIAN BUTTONS)

DESCRIPTION: THE LAST VALUE READ FOR INPUT WORD Z+2. USED TO COMPARE CURRENT WITH PREVIOUS
PEDESTRIAN BUTTON STATES. USED BY TASK 1 AND 2.



NAME: PTMR SIZE: 9---=------

td
I

N
N

Bit Number 0 ••• •• 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 ., ,

PEDESTRIAN TIMERS

DESCRIPTION: COUNTERS USED TO TIME-OUT MINIMUM PEDESTRIAN WALK TIMES. USED IN TASK 2.
INITIALIZED WITH THE VALUE FROM THE PDMNT ARRAY WHEN A "WALK" LIGHT IS
TURNED ON. MUST IMMEDIATELY FOLLOW THE STMR ARRAY.

NAME: RRFLG SIZE: --=.1 _

Bit N1.1ID.ber .....O..... 1 ..... 2 ..... 3..... 4 ..... 5 ..... 6 ..... 7 ..... 8 ..... 9 .... 10 .... 11 .... 12 .... 13 .... 14 .... 15 ..•

RESTART FLAG

DESCRIPTION: SET BY RESTART ROUTINE WHENEVER A RESTART OCCURS. USED BY TELEMETRY OUTPUT TO SET
THE RESTART BIT IN TELEMETRY OUTPUT WORD.



NAME: RSFLG SIZE: 1

to
1
N
Lv

Bit Number .. "".O"""" .1. "" ""2",, "".3. """ .4" """.5" """.6" """" 7" """,,8. """"9,, "".10" "".11. "".12" "".13. "".14. "" .15" ""
i •

TELEMETRY RESYNC FLAG

DESCRIPTION: AN INTERNAL FLAG USED BY TELEMETRY OUTPUT SECTION FOR TELEMETRY RESYNC PURPOSES.
o = NO RESYNC. 1 = SEND RESYNC REQUEST VIA TELEMETRY, 2 = SEND CONTINUOUS MARK
(1 BIT).

NAME: ~R::..ST:::A~ _ SIZE: 1------
Bit Number ••••. O•..•. 1 ••••• 2 ••••• 3 ••••• 4 ••••. 5 .•••• 6 ••••• 7 ••••• 8 ••••• 9 ...• 10 ..•• 11 •••• 12 •••• 13 •••• 14 •••• 15 •••

DESIRED RED LIGHT OUTPUT BITS DESIRED "DON'T WALK" LIGHT OUTPUT BITS

DESCRIPTION: DESIRED VALUE OF RED AND DON'T WALK LIGHTS FOR EACH MOVEMENT. 1 = RED/DON'T WALK LIGHT ON,
o = RED/DON'T WALK LIGHT OFF. USED BY TASK 2 AND SUBROUTINE STFLS.



NAME: SCEDF SIZE: 1------
Bit Number .... _.0 • •••• 1 ..... 2 ..... 3 ..... 4 ..... 5 ..... 6 ..... 7..... 8 ..... 9 .... 10 .... 11 .... 12 .... 13 .... 14 .... 15 ...

i i

TASK SCHEDULER FLAG

DESCRIPTION: A FLAG THAT IS SET WHENEVER THE TASK SCHEDULER IS ENTERED AND CLEARED WHEN A TASK IS
EXECUTING. CHECKED BY INTERRUPT ROUTINE TO DETERMINE IF REGISTERS NEED TO BE SAVED.

b;l
1

N
-l:'-

NAME: SGSTA SIZE: 1------
Bit Number ..... O..... 1 ..... 2 ..... 3..... 4 ..... 5 ..... 6 ..... 7 ..... 8 ..... 9 .... 10 .... 11 .... 12 .... 13 .... 14 .. ~ .15 ...

CURRENT VALUE OF INPUT Z+3 (STATUS SWITCHES)

DESCRIPTION: VALUE THAT WAS READ FROM INPUT WORD Z+3. USED BY TASK 2.



NAME: SPCEL SIZE: 14

b:l
I

N
Ln

Bit Number .....O..... 1 ..... 2 ..... 3 ..... 4 ..... 5 ..... 6 ..... 7 ..... 8 ..... 9 .... 10 .... 11 .... 12 .... 13 .... 14 .... 15 ...
i i

DETECTOR OCCUPANCY COUNTER (.01 SEC. UNITS)

DESCRIPTION: A COUNTER USED BY TASK 0 TO ACCUMULATE AN INDIVIDUAL VEHICLE OCCUPANCY TIME OVER EACH
SPEED DETECTOR (I1~UT Z). INCREMENTED EVERY .01 SEC. WHEN THE DETECTOR IS OCCUPIED,
TRANSFERRED TO SPIAB ARRAY AND ZEROED WHEN THE DETECTOR BECOMES UNOCCUPIED.

NAME: SPTAB SIZE: 14

Bit Numb er. . . • . 0 ....• 1•..•• 2• . . . . 3. • • . •4 • • • •• 5 . . . • . 6. • ••• 7 • • • • •8. • • • . 9 • . . . 10 . . . . 11. . .• 12 • . •• 13. . . . 14. . • . 15 ..•

DETECTOR OCCUPANCY TIME (.01 SEC. UNITS)

DESCRIPTION: THE TIME IN .01 SEC. UNITS THAT THE SPEED DETECTOR WAS OCCUPIED BY THE PREVIOUS
VEHICLE. SET BY TASK O. USED BY TASK 1 TO COMPUTE THE.AVERAGE SPEED OVER A
GROUP OF ADJACENT SPEED DETECTORS.



NAME: .s.IA.U. SIZE: ~4~ _

b:l
I
tv
()\

Bit Number ...... O......... 1 ........ 2 ......... 3 ........ 4 ......... 5 ......... 6 .......... 7 ......... 8 ...... 9 •••. 10 ....... 11 ...... 12 ....... 13 ...... 14 ...... 15 .....
i i

THE STATE OF TASK liN

DESCRIPTION: ~1 INDICATES TASK IS SUSPENDED (I.E. WAITING FOR TASK TIMER TO EXPIRE). >1 INDICATES
TASK IS PENDING EXECUTION. INCREMENTED BY TIMER CONTROL WHEN TASK TIMER EXPIRES,
DECREMENTED BY SUBROUTINE WAIT WHEN CALLED BY A TASK FOR COMPLETION.

NAME: STBTS SIZE: --::1:.-- _

Bit Number ..... O..... 1 ..... 2 ..... 3 ..... 4 ..... 5 ..... 6 ..... 7 ..... 8 ..... 9 .... 10. ~ .. 11 .... 12 ..... 13 .... 14 .... 15 ...

o o o o o o o o o o 1 1 1 o o o

DESCRIPTION: CONSTANT CONTAINING TELEMETRY OUTPUT START/STOP BITS. USED IN TELEMETRY OUTPUT SECTION.



NAME: s.:IL.QI SIZE: 1 _

td
1

N
"--J

Bit Number .... e,O ••••• 1 ..... 2 ..... 3 ..... 4 ..... 5 ..... 6 ..... 7 ..... 8 ..... 9 .... 10 .... 11 .... 12 .... 13 .... 14 .... 15 ...
i I

STALL ALAfu~ OUTPUT WORD

DESCRIPTION: OUTPUT WORD USED IN INTERRUPT AND RESTART ROUTINES TO PULSE THE STALL ALARM.

USED IN CHECKOUT ONLY.

NAME: STMR SIZE: ~9:...-- _

Bit Number ••...o..... 1 •••.. 2 •.••. 3 •. " •. 4 •..•. 5 .•••• 6 ..••• 7 ••.•• 8 •••.. 9 .... 10 .... 11 •••• 12 •.•. 13 •••• 14 •.•• 15 •••
) ,

SIGNAL LIGHT TIMERS

DESCRIPTION: COUNTERS USED TO TIME-OUT ABSOLUTE MINIMUM GREEN TIMES AND AMBER TIMES. USED IN
TASK 2. INITIALIZED WITH A MINIMUM GREEN TIME WHEN A GREEN LIGHT IS TURNED ON.
INITIALIZED WITH AN AMBER TIME FROM AMTM WHENEVER A GREEN LIGHT IS TURNED OFF.



NAME: TIBUF SIZE: 3

Bit Number O 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 .
i i

TELEMETRY INPUT BUFFER

DESCRIPTION: CIRCULAR BUFFER USED TO HOLD TELEMETRY INPUT WORDS. ENTRIES ARE ADDED BY TELEMETRY
INPUT SECTION AND REMOVED BY TASK 2.

tJj

I
N
00

NAME: TIFIR SIZE: 1------
Bit Number .....O..... 1 ..... 2 ..... 3 ..... 4 ..... 5 ..... 6 ..... 7 ..... 8 ..... 9 .... 10 .... 11 .... 12 .... 13 .... 14 .... 15 ...

ADDRESS OF TIBUF

DESCRIPTION: POINTER ~O FIRST WORD OF TELEMETRY INPUT BUFFER. USED TO RECYCLE TIIN AND TIOUT
POINTERS BY SUBROUTINES PUT AND GET.



NAME: TUN SIZE: -...,;;;1;....-. _

b:l
I

N
I.D

Bit Number .....O..... 1 ..... 2 ..... 3 ..... 4 ..... 5 ..... 6 ..... 7..... 8 ..... 9 .... 10 .... 11 .... 12 .... 13 .... 14 .... 15 ...
i i

IN POINTER FOR TELEMETRY INPUT BUFFER (TIBUF)

DESCRIPTION: ADDRESS OF NEXT AVAILABLE SLOT IN TIBUF FOR STORING TELEMETRY INPUT WORD.
INCREMENTED EVERY TIME A NEW INPUT WORD IS STORED IN TIBUF BY SUBROUTINE
PUT WHEN CALLED FROM TELEMETRY INPUT SECTION.

NAME: TIMER SIZE: --=4~ _

Bit Numb er. . . • . 0 . • . .• 1 ••••• 2 • • • . . 3. . • • . 4. . . . . 5 . . ••• 6. . ••• 7 • • • • •8. • . • . 9 . . . . 10. . . •11. . . •12 • • .. 13. • •• 14. • •. 15 •••

TIMER FOR TASK UN

DESCRIPTION: A COUNTER THAT IS DECREMENTED EVERY MILLISECOND BY TASK TIMER CONTROL.
WHEN IT COUNTS DOWN TO ZERO, IT IS RESET TO THE VALUE IN CYCLE AND THE
TASK STATE IS INCREMENTED, MARKING TASK UN READY FOR EXECUTION.



NAME: TIOUT-- SIZE: -.;1=-. _

tl:l
1
W
o

Bit Number 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 .
i I

OUT POINTER FOR TELEMETRY INPUT BUFFER (TIBUF)

DESCRIPTION: ADDRESS OF NEXT WORD TO BE REMOVED FROM TELEMETRY INPUT BUFFER. INCREMENTED EVERY
TIME A WORD IS REMOVED FROM BUFFER BY SUBROUTINE GET WHEN CALLED FROM TASK 2.

NAME: TMERF-- SIZE: -=..1 _

Bit Number ...•. O••••• 1 ••••• 2 •••.• 3•.••. 4 ••••• 5 •••.. 6 ..•.• 7 •••.• 8 .•••. 9 ...• 10 ...• 11 .•.• 12 •..• 13 •••• 14 •••. 15 ...

TELEMETRY INPUT TIME-OUT ERROR FLAG

DESCRIPTION: AN ERROR FLAG SET BY TASK 2 IF A VALID INPUT FORMAT 1 WORD IS NOT RECEIVED FROM
TELEMETRY INPUT IN ANY 2 SECOND PERIOD. USED BY TASK 3 TO DETERMINE IF EMERGENCY
CONTROL SHOULD BE USED.



• NAME : TMINT-_.:.-..._---------- SIZE: -=1 _

tid
I

W
f-'

Bit Number 0 ••. •. 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 .

TELEMETRY INPUT TIMER

DESCRIPTION: A COUNTER USED BY TELEMETRY INPUT ROUTINE TO TIME-OUT INTERVALS BETWEEN BITS,
COUNT # OF SAMPLES OF INPUT BITS, ETC.

NAME: TMOUT-- SIZE: 1
---~--

Bit Number ..... 0 .•.•• 1 •.••• 2 ••••• 3 .•••. 4 •..•• 5 •..•• 6 .••.• 7 ..•.• 8 ••••• 9 •..• 10 •.•. 11 •••• 12 •••• 13 •••• 14 .••• 15 ...

TELEMETRY OUTPUT TIMER

DESCRIPTION: A COUNTER USED BY TELEMETRY OUTPUT ROUTINE TO TIME OUT INTERVALS BETWEEN SUCCESSIVE
OUTPUT BITS. IT IS SET TO 7 BEFORE EACH OUTPllrBIT AND COUNTED DOWN EVERY MILLISECOND.



NAME: TOBUF SIZE: _J......7'-- _

b:l
1

W
N

Bit Number 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 .
i i

TELEMETRY OUTPUT BUFFER

DESCRIPTION: CIRCULAR BUFFER USED TO HOLD THE QUEUE OF TELEMETRY OUTPUT WORDS. ENTRIES ARE
ADDED BY TASKS 1 AND 2 WHEN THEY CALL SUBROUTINE PTSUB. TELEMETRY OUTPUT ROUTINE
REMOVES WORDS FROM BUFFER.

NAME: TOFIR SIZE: ~1 _

Bit Numb er ..... 0 .•••• 1 ••••• 2 ••••• 3 ••••• 4 ••.•• 5 ..••• 6 ..•.• 7•.•.• 8 .•••• 9 .••• 10 .•.. 11 •.•• 12 .••. 13 ••.• 14 •.•. 15 ...

ADDRESS OF TOBUF

DESCRIPTION: POINTER TO FIRST WORD OF TELEMETRY OUTPUT BUFFER. USED TO RECYCLE TOIN AND TOOUT
POINTERS BY SUBROUTINES PUT AND GET.



NAME: --=T:..;;O~I:;.:.N _ SIZE: 1------

b:l
I

W
W

Bit Number .... _.0 •• ••• 1 ..... 2 ..... 3 ..... 4 ..... 5 ..... 6 ..... 7 ..... 8 ..... 9 .... 10 .... 11 .... 12 .... 13 .... 14 .... 15 ...
i I

IN POINTER FOR TELEMETRY OUTPUT BUFFER (TOBUF)

DESCRIPTION: ADDRESS OF NEXT AVAILABLE SLOT IN TOBUF FOR STORING TELEMETRY OUTPUT WORD.
INCREMENTED EVERY TIME A NEW OUTPUT WORD IS STORED IN TOBUF BY SUBROUTINE
PUT WHEN CALLED FROM TASKS 1 OR 2.

NAME: TOOUT SIZE: -=1:-- _

Bit Number ..... O...•. 1 ••.•. 2 •••.• 3 •••.• 4 •.••• 5 ••.•• 6 •••.• 7 ..•.• 8 .••.. 9 .... 10 .... 11 •..• 12 ..•• 13 •••• 14 •••. 15 ...
r I

OUT POINTER FOR TELEMETRY OUTPUT BUFFER (TOBUF)

DESCRIPTION: ADDRESS OF NEXT WORD TO BE REMOVED FROM TELEMETRY OUTPUT BUFFER. INCREMENTED
EVERY TIME A WORD IS REMOVED FROM BUFFER BY SUBROUTINE GET WHEN CALLED BY
TELEMETRY OUTPUT SECTION.



• NAME: TOUTW----------- SIZE: -=:.;18:::...- _

Bit Number .....O..... 1 ..... 2 ..... 3 ...•. 4 ..... 5 ..... 6 ..... 7 ..... 8 ..... 9 ....10 .... 11 .... 12 .... 13 .... 14 .... 15 ...
i • i K:: :::;>t

o
TELEMETRY OUTPUT

FORMAT BITS
TELEMETRY OUTPUT

DATA BITS

tx:l
I

W
.po

DESCRIPTION: TELEMETRY OUTPUT FORMAT TABLE. BITS 1-5 ARE THE ACTUAL FORMAT BITS.
BITS 6-9 ARE USED TO HOLD THE LAST DATA BITS THAT WERE OUTPUT FOR EACH
FORMAT. USED BY TASKS 1 AND 2 (SUBROUTINE PTSUB) AND BY TELEMETRY
OUTPUT ROUTINE.

• NAME: UMASK
-..:..:..:....~--------

SIZE: -"1!:.-. _

Bit Number .....O..... 1 ..... 2 ..... 3..... 4 ..... 5 ..... 6 ..... 7 ..... 8 ..... 9 .... 10 .... 11 .... 12 .... 13 .... 14 .... 15 ...

1 1 1 1 1 1 1 1 1 1 1 1 o 1 1 1

DESCRIPTION: CONSTANT USED TO UNMASK THE REAL-TIME CLOCK INTERRUPT AND ~~SK ALL OTHER DEVICES.
IT IS USED IN TASK SCHEDULER TO ALLOW REAL-TIME CLOCK INTERRUPT DURING TASK EXECUTIO~.



NAME: VOLUM SIZE: -=-1 _

Bit Number •.••• 0 .•••. 1 ••... 2 ..... 3..... 4•.... 5 •...• 6 ..... 7 ..•.. 8 .••.• 9 .... 10 ••.• 11 ••.. 12 .•.. 13 .•.. 14 .•.. 15 •..
I ~ A

~JLL~ BITS FOR MAGNETOMETER DETECTORS (INPUT Z)

b:l
I

W
Ul

DESCRIPTION: A VOLUME BIT IS LOGIC\LLY OR'ED INTO THIS WORD FOR EACH 1 TO 0 TRANSITION OVER EACH
MAGNETOMETER DETECICR IN INPUT GROUP Z BY TASK O. IT IS USED BY TASK 1 TO SEND VOLUME
BITS VIA TELEMETRY ~~ TO DETERMINE WHEN TO UPDATE AVERAGE SPEEDS.

NAME: XEQPR SIZE: ...=.1 _

Bit Number .•...O.•.•• 1 •••.• 2 •.•.• 3 ..••. 4 •..•. 5 .•.•• 6 .••.• 7 .•••• 8 .••.. 9 ••.• 10 ••.• 11 •••• 12 •••• 13 •••• 14 ..•. 15 ...

THE PRIORITY (OR NUMBER) OF THE TASK CURRENTLY EXECUTING

DESCRIPTION: AN INDEX VALUE USED BY TASK CONTROL TO ADDRESS TASK CONTROL BLOCKS. WHENEVER A TASK
IS EXECUTING ITS I~uFX WILL BE IN THIS WORD. THE VALUES ARE: TASK 0 = -4, TASK 1 = -3,
TASK 2 = -2, TASK 3 = -1, IDLE JOB = O.



• NAME: __,..Z....,.AB,..,.R .... T..__ _________ _ SIZE: 1 -=------
Bit Number . ... .. 0 . ... . 1 . .... 2 . .... 3 . .... 4. ~~ ... 5 . .... 6 ..... 7 . .... 8 . .... 9 . .. . 10 . ... 11 . ... 12 ••• • 13 . .. . 14 . .. . 15. "' e 

ABORT 

.DESCRIPTION: ADDRESS OF SUBROUTINE ABORT. ALL OF TilE FOLLOWING BEGIN WITH 11 Z11 AND ARE TRANSFER 
VECTORS TO COMMON SUBROUTINES. SUBROUTINE ABORT IS CALLED WHENEVER A FATAL ERROR 
IS DETECTED. 

• NAME: __..z ... A,...L"'S __________ _ SIZE: _..__ ___ _ 

Bit Number ..... 0 ... "' .1 ..... 2 ..... 3 ..... 4 ..... 5 ..... 6 ..... 7 ..... 8 ..... 9 .. e .10 .... 11 .... 12 .... 13 .... 14 .... 15 ... 

ALS 

DESCRIPTION: ADDRESS OF SUBROUTINE ALS. PERFORM CIRCULAR LEFT SHIFT ON WORD IN ACO. 
SHIFT COUNT IN AC2. 



NAME: ZBITN SIZE: 1 -------
Bit Number e 0 Ill e •. 0. G •• • 1 .. 0 • 0 2. e 0 •• 3 . .... 4 e • 0 0 • 5 tl ••• Ill 6 0 •••• 7 e •• 0 • 8. 0 ••• 9 It • 8 .10 .. 0 .11 .. 0 012 0 •• • 13 . .. . 14 e 0 • 0 15 u e • 

BITNM 

.DESCRIPTION: POINTER TO SUBROUTINE BITNM. SHIFT AGO LEFT UNTIL THE FIRST "1" BIT IS REMOVED. 

NAME: ZCLER 

ADD THE NUMBER OF SHIFTS REQUIRED TO ACCOMPLISH THIS TO AC2. THIS EFFECTIVELY 
GIVES THE BIT NUMBER OF THE LEFTMOST BIT SET IN AGO. 

SIZE: 1 -------
Bit NtJm.ber .. 0 • 0 0 . .... . 1 . .... 2 . .. 0 • 3 . . 1!1 • 0 4. 0 " 0 • 5 . . II 0 II 6 . .... 7 0 8 0 0 0 8 0 0 ••• 9 0 • II) .10. G • G 11. 0 • 0 12 . .. . 13 0 Ill 0 e 14. 0 G 0 15 ... II 11 

CLEAR 

DESCRIPTION: POINTER TO SUBROUTINE CLEAR. CLEAR A GROUP OF VARIABLES WHOSE ADDRESSES APPEAR IN 
A LIST POINTED TO BY THE CALLING ARGUMENT. THE LIST IS TE~MINATED BY A ZERO WORD. 



• NAME: __;;;;Z;..::.G.:;;.ET~---------- SIZE: 1 ------

b:f 
I 

w 
00 

Bit Number ...... 0 ..... 1 ..... 2 ..... 3 ..... 4 ..... 5 ..... 6 ..... 7 ..... 8 ..... 9 .. e ~~10 .... 11 ..... 12 .... 13 .... 14 ... . 15 ••• 

GET 

DESCRIPTION: POINTER TO SUBROUTINE GET. FETCH A WORD FROM A CIRCULAR BUFFER POINTED TO BY 
CALLING ARGUMENT. RETURN WORD IN ACO. TAKE ABNORMAL RETURN IF BUFFER EMPTY. 

• NAME: ZIJMP 
~~~-------------------

SIZE: 1 --=-----
Bit Num.ber. e •• • 0 ..... 1 ..... 2 ..... 3 ..... 4 ..... 5 ..... 6 ..... 7 ..... 8 ..... 9 .... 10 .... lle ... 12 .... 13 .... 14 ... . 15" .. 

I JUMP 

DESCRIPTION: POINTER TO SUBROUTINE IJUMP. PERFORM AN INDEXED JUMP USING AC2 ON THE LIST OF 
ADDRESSES IMMEDIATELY FOLLOWING THE CALL. 



----------------- ----

SIZE: 1 -------

OR 
1:' 

.DESCRIPTION: POINTER TO SUBROUTINE OR. 'FORM' LOGICAL OR OF QUANTITIES .IN ACO AND ACl. 
_ LEAVE __ RESULT IN ACl. COMPLEMENT ORIGINAL ACO. 

NAME: ZPTSB 

~ 0 ~- '. ' ·, - : ' • • -· - .... ' • -

B:it··:·Nt.imbe:r~f)-·0 "e eo·-~ '0 •.• ~ .. ,-1. 0 e-~ ... 2· •.• G'·0~,-.3.\.--~-':o •. -.• 4\ •• e .... ·5-f) .-• • -~"6:~:--~ 0._ .. :· •. 7,. ~ ·-~~/.8- ... -- .• ·i"~:'··ll:_9c II ~-~-.l~Oo"·e:e n-ll··e' ~ c,o12_·-,_~..,_~~;~:·13. e •• 14. c G .l5o <!I ... 

DESCRIPTION: 

PTSUB 

POINTER TO SUBROUTINE PTSUB• MERGE 4 DATA BITS AND FORMAT BITS AND PLACE RESULT.-· 
IN TELEMETRY OUTPUT BUFFER EITHER UNCONDITIONALLY (ACO = 0) OR ONLY IF CllANGED 
FROM LAST OUTPlJT.(ACO = -1). 



• NAME: ZPUT 
--~~------------~-------

SIZE: 1 -=-----

Bit Number .. . ... 0 ..... 1 ..... 2 ..... 3 o •••• 4 ..... 5 . . ... 6 . . ... 7 . . ... 8 ..... 9 .... 10 . . .. 11 . . . . 12 .... 13 . . . . 14 . ~~ . . 15 . o • 

PUT 

.DESCRIPTION: POINTER TO SUBROUTINE PUT. PLACE WORD GIVEN BY SECOND ARGUMENT INTO CIRCULAR 
BUFFER POINTED TO BY FIRST ARGUMENT. TAKE ABNORMAL RETURN IF BUFFER FULL. 

• NAME: --=Z.=.:R=-ST::.:R:.:.._ _________ _ SIZE: 1 -=------
Bit Number ..... 0 ..... 1 ..... 2 ..... 3 ..... 4 ..... 5 ..... 6 ..... 7 ..... 8 ..... 9 .... 10 .... 11 .... 12 .... 13 .... 14 .... 15 ... 

INITR 

DESCRIPTION: POINTER TO INITIALIZATION AND RESTART ROUTINE. USED BY POWER FAIL ROUTINE 
TO INITIALIZE LOCATION 0 FOR A RESTART. 



• NAME: __;;:;.ZS;;;.:MU=L=-------------- SIZE: 1 -------
Bit Number e 0 G •• 0 .... . 1 . 0 ••• 2 ...... 3 ..... 4 . .... 5 ..... 6 ..... 7 . .... 8 .. 0 ·• • 9 ... G 10 ... . 11 e e ID .12 . 0 e .13 e Co • "14. I!! (I 4il 15 e Q (l 

SMUL 

DESCRIPTION: POINTER TO SUBROUTINE SMUL. PERFORM A SIGNED MULTIPLY ON QUANTITITES IN AC1 AND AC2. 
PLACE DOUBLE LENGTH PRODUCT IN ACO, AC1. 

NAME: ZSTFL SIZE: 1 -------
Bit Num.b er. e •• 0 0. (0) •• • 1 ~ 0 • It • 2. e e II • 3 . . " 0 • 4 . .... 5. e • e • 6 . .... 7 . .... 8. 0 •• e 9. e • & 10 e 0 •• 11 . .. ~ 12 .. 0 .13 e •• • 14. Iii c G 15. "' . 

STFLS 

DESCRIPTION: POINTER TO SUBROUTINE STFLS. SETUP FLASH MODE. DESIRED FLASH TIME IN .5 SEC. 
UNITS IN ACO. SIGNAL OUTPUTS WILL BE INITIALIZED TO FLASH CONFIGURATION. 



e NAME: ZSTPR ---------------------------- SIZE: 1 
-=--~---

Bit Number. 0 •• •. 0 . ... . 1. 0 ••• 2 . ..•. 3 . ... ~ 4 . ..•. 5 • •... 6 . .... 7 .. 1111 •• 8 . •... 9 e • e 11:110" . (il 0 1]~. e • • 12 . .. . 13 . .. . 14 e 0 • • 15. G • 

STPRI 

.DESCRIPTION: POINTER TO SUBROUTINE STPRI. FORM LOGICAL "OR" OF ACO AND TELEMETRY OUTPUT 
PRIORITY WORD (OUTPUT FORMAT 15), AND STORE THE RESULT FOR IMMEDIATE OUTPUT. 

• NAME: ZWAIT SIZE: 1 ---------------------------- -------
Bit Number . . " .. 0 . ... . 1 . .... 2 . .... 3 . .... 4 . .... 5 . .... 6 . .... 7 .. e • 0 8 Ill II • Ill • 9 ... 0 10 .. 0 • 11 . . " G 12 .... 13 . ... 14. 0 •• 15 .. e 

WAIT 

DESCRIPTION: POINTER TO SUBROUTINE WAIT. SAVE ADDRESS OF CALL+l IN PCSAV AREA FOR THE 
EXECUTING TASK. DECREMENT THE STATE OF THE EXECUTING TASK AND ENTER THE 
TASK SCHEDULER. CALLED BY EACH TASK UPON COMPLETION OF EACH FRAME. 



APPENDIX C 

INPUT/OUTPUT BIT ASSIGNMENTS 



151312111098765432o

~ ~ J ~ ~ ~v ~~

~--- - - - -- ...-- r-----

PUT "A" "A" "A" "A" "..A_,. "A" "B" "B" "B" "B" "B" "B" HASK'L HASK'L
Z SB SB SB EB 13 EB NB NB ~m tvB \<IB WB "A" EB "A" EB
NE- RIGHT CENTER LEFT RIGHT CF2~=P. LEFT RIGHT CENTER LEFT RIGHT CENTER . LEFT RIGHT LEFT
TERS LANE LANE LANE LANE USE LA..\"E LANE LANE L.A.NE LANE LANE LANE LANE LANE

PUT "A" M'BIRI "A" M'BIRD "B" "B" "B" M'BIRD "A" "A"
+1 SB Iu-TURN EB "A" EB EB LT NB WB "B" WB t.m LT EB LT
S & LOOP MAG. LOOP RT LOOP LOOP LOOP RT LOOP LOOP
C, MAG. '\~' BIRr M'BIRD
TORS ~G. MAG.

PUT "A" "A" "A" "B" "B" "B"
+2 WEST SOUTH NORTH EAST NORTH SOUTH
ED SIDE SIDE SIDE SIDE SIDE SIDE
TONS

PUT CAB. SIGNAL JIANUAl. AUXIL- FLASH DIAL 2 DIAL 3 RESET~
~ ~

~SIGNAL CAB.
+3 STALL TEMP. SHUT- FLASH \ llWITCH IARY DOOR INTER- INTER- INTER- INTER- t><HES ALARM IsWITCH DOWN SWITCH FLASH A.QR CON- CON- CaN- CON-

~ ~~HITCH STATUS S1-HTCH NECT NECT NECT NECT
~ ~RELAY RELAY RELAY RELAY

PUT "A" "A" "A" "A" "B" "B" "B" "A" "A" "A" "A" "B" "B" "B" "B"
+4 EB l"rEST SOUTH NORTH EAST NORTH SOUTH SB EB l\TB WB NB 1m EB EB
C LT SIDE SIDE SIDE SIDE SIDE SIDE RED RED RED LT RED RED RED LT
SORS RED DON'T DON'T DON'T DON'T DON'T DON'T RED RED

WALK loJALK WALK WALK WALK WALK

"A" ----r----- L----"~ "A" "A" "A" "A" "B" "B" "B" "B"PUT INTElt~

+5 EB t:>~< SEC- SB EB WB WE NB WB EB EB
C TION AMBER LTLT AMBER A..1-ffiER AMBER LT AMBER AMBER
SORS AMBER ~ l---- FLASH AMBER AMBERi____ r----

"A" "A" "A" "A" "B" "B" "B" "A" "A" "A" "A" "B" "B" "B" "B"
EB 1-1EST SOUTH NORTH EAST NORTH SOUTH SB EB WE WB NB HB EB EB
LT SIDE SIDE SIDE SIDE SIDE SIDE GREEN GREEN GREEN LT GREEN . GREEN GREEN LT

GREEN WALK WALK WALK WALK WALK WALK GREEN GREEN

- - .

INP
Z
A

SEN

MAG
TOME

IN
Z
A

SEN

IN
Z
A

SEN

IN

IN
Z
P

BUT

")
I
-'

IN
Z

LOOP
MIS

DETEC

IN
Z

Sl-1ITC

SB = SOUTHBOUND
EB = EASTBOUND

1.m = HESTBOUND
NB = NORTHBOU1TD

"A" = WEST SIDE OF DIAMOND
"B" = EAST SIDE OF DIA'10ND

:1AG. c: MAGNETOMETER
LT = LEFT TURN

RT RIGHT TUFN

ACTUATOR DIGITAL INPUTS



o 1 2 3 4 5 6 7
BIT I!

8 9 10 11 12 13 14 15

TLM
PUT RECVR
7 MARK!
EM- SPACE 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

n STATUS

lPUT ./ PH ~SE 1 M. bclMUM IME ........ ./ .
~RASE 1 MINIMill P~S E 1 EXl ENS ION V 1=

....... ........ READ~8
,

;7 .. ~ ./ '-. ;I'

)IN -1 ECOND' rIME -1' SECOND TIM E -1 SE ~OND

~
PIN

~RIX) MATRIX

[PUT PH !'I.SE 3 MJ lXIMUM ' IME RASE 3 MINIMm PRAS ~ 3 EXT~NSION PHASE
-9 ./ "-. ./ "-. ./ ....... ./ ........
lIN ........ '" ........ ./ ........ ;I' ........ ,

~1 ECOND IME -1 SECOND TIM ~ -1 SE ~OND TIM -1 SE OND
~RIXJ

-
PUT

PH i\.SE 4 M.i J{IMUM ~ P~ 4 EXT NSI~
~><

V
10 ./ IME ....... ./

HASE 4 MINIMffiI .........
IN ..........

~1 ~ ECOND:
./ ~ " .......... ;I'

RIX) IME -1 rsECOND TIM ...1 SE OND ,/ ~
PUT

PH '\SE 6 M.i J{IMUM ' RASE 6 ~INIMffiI P~S ~ 6 EXT ~N~ON11 ./ IME ....... ./ ....... ./ HASE 5 .....
IN ........ '" ........... , ;I' ........ " '- ./

RIX) ...1 ~ ECOND', IME -1 SECOND . TIM ~ -1 SE OND TIMJ -1 SE< OND

OLE "B I EB"j " WB
CHES "A" SB "A' EB "A 'WE LE T TURN "B" :m ......... "B' WE liB' EB LEF' TURN

./ ....... ./ ........ ./ ....... ./ ......... ./ ./ ..... ./ ......... ./ ........T ~ " " " " ./ " " '- ;I' " " ........ /" '- ,
R AMBER TIME AMBE TIME AMBE TIME AMBEE TIME AMBER TIME AMBE TIME AMBEE TIME AMBEF TIME
S)

NO' E: ALL AMBER fOIMES Al~ IN .5 SECOND UNITS. THEY ILL HA E A
BAS VALUE OF 3.0 SECONDS ADDED 1'0 THEM

IN
Z+
(p

MAT

CONS
DATA
SWIT
INPU

(AMBE
TIME

I
Z
(

MA'

I
Z

(TE
ETR

I
Z
(

MA

VJ
VJ

~ I
~ Z+
E-< (

~MA
z
H

(")
I

N

SB = SOUTH-BOUND
EB = EAST-BOUND

WE = WEST-BOUND
NB = NORTH-BOUND

"A" = WEST SIDE OF DIAMOND
"B" = EAST SIDE· Olh})!.AMOND

ACTUATOR DIGITAL INPUTS



BTT II

) .L '- , 4 ~ -' .LV -'--'- -'-~ -'- -'-""T -'-

"A" "B" "A" "A" "A" "A" "B" "B" "B"
UT "A" "A" "A" WE "B" "B" "B" EB EB \.ffiST SOUTH NORTH EAST NORTH SOUTH

SB EB WE LEFT NB WE EB LEFT LEFT SIDE SIDE SIDE SIDE SIDE SIDE
AL RED RED RED TURN RED RED RED TURN TUR.1i DON'T DON'T DON'T DON'T DON'T DON'T
TS) RED RED RED WALK \<TALK WALK WALK WALK WALK

~r---- L-----
V--

UT "A" "A" "A" "A" "B" "B" "B" "B" "A" INTER-
SB EB WE WE NB WE EB EB EB [::> ---- SEC-

NAL AMBER AMBER AMBER LEFT AMBER AMBER AMBER LEFT LEFT
~

~ TION
HTS TURN TURN TURN

----- r---- FLASH
AMBER AMBER A..'1BER r---.

"A" "B" "A" "A" "A" "A" "B" "B" "B"
UT "A" "A" "A" WE "B" "B" "B" EB EB \-,l£ST SOUTH NORTH EAST NORTH SOUTH

SB EB WE LEFT NB WE EB LEFT LEFT SIDE SIDE SIDE SIDE SIDE SIDE
AL GREEN GREEN GREEN TURN GREEN GREEN GREEN TURN TURN WALK WALK WALK WALK WALK WALK
TS) GREEN GREEN GREEN

T1M
PUT

XMT~
3

~t -LEM-- mcrE
RY) STATUS

OUT
V+

(TE
ET

OUTP
V+

(SIG
LIG

OUTP
V

(SIGN
LTG

OUTP
V+

(SIGN
LIGH

J

SB = SOUTH-BOUND
EB = EAST-BOUND

WB =
NB

\.JEST-BOUND
NORTHBOUND

"A"
"B"

\.JEST SIDE OF DIAMOND
EAST SIDE OF DIA..~OND

ACTUATOR DIGITAL OUTPUTS
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t:J
I

I-'

o I 1 I 2 I .3 I 4 t; I 6 7 I 8 9 I Ie I 11 I
BIT II

( 'J..n..., ) {STOP'-
INPUT 1 0 ODD PARITY 0 1 C,. WHTT\ CODE CC~D CODE 1 1

INn ~SECTION* 'AI' INTE IRSECTION* 'B"

.

c><: t><INPUT 0 0 ODD PARIT' 0 0 l=ONLINE l=ACTUATOR l=RESYNC l=ABORT/ 1 1
9"EMER6. FLASH O=NORMAL STALL

CONTROL O=NORMAL O=NORMAL

OUTPUT 0 0 0 0 0 0 0 l=EMERG. l=RESTART l!:=ACTUA'OOll l=PERFORM 1 1
CONTROL O=NORJ'f.AL FLASH RESYNC.

O=NORMAL O=NORMAL O=NORMAL

OUTPUT 1 0 0 0 0 0 1 l=SIGNAL
~RSECTIONCONFIRM INT 'A" 1 1

ERROR G~EEN STATU

- O=NORMAL

OUTPUT 2 0 0 0 0 1 0 1=CAB , INT RSECTION ' B" 1 1
DOOR G EEN STATU
AJAR

l\,...Nn~MA.T

OUTPUT 3 0 0 0 0 1 1 "A" INTE SECTION EJ ST-
BOUND AR ERIAL AVEF. AGE 1 1

S~!EDFRQM " PSTREAM 1H TECTORS

OUTPUT 4 0 0 0 1 0 0 'A I' INTERS. C'r'ION soU'1~UND . 1 1
FRONTAGE ROAD AVER!' GE

SPEED FROM l PSTREAM DE TECTORS

OUTPUT 5 0 0 0 1 0 1 'B II INTERSI CTION WES'I BOUND 1 1
ARTERIAL ~VERAGE Sf EED
FROM UPS'] REAM DETEC TORS

OUTPUT 6 0 0 0 1 1 0 'B" INTERSE CTlON NORl HBOUND 1 1
bRONTAGE RC lAD AVERAGE SPEED

FROM UPS1 !REAM DETEC !rORS

* See Page D~4

"A" = WEST SIDE OF DIAMOND
"B" =EAst SIDE OF DIAMOND

ACTUATOR TELEMETRY FO~~T



t:I
I

N

BIT II 0 1 2 3 4 5 6 7 8 9 10 11
(TAR P) STOP;

OUTPUT 7 0 0 0 1 1 1 OCCUP "A" OCCUP "A" OCCUP "A" OCCUP "A' 1 1
EB LOOP LTEB LOOP SB LOOP LTWB Lom

OUTPUT 8 0 0 1 0 0 0 OCCUP "B'I ex: OCCUP "B" OCCUP "B' 1 1
WE LOOP NB LOOP LTEB Lom

OUTPUT 9 0 0 1 0 0 1 VOL 1 VOL 2 VOL 3 VOL 4 1 1

OUTPUT 10 0 0 1 0 1 0 VOL 5 VOL 6 VOL 7 VOL 8 1 1

OUTPUT 11 0 0 1 0 1 1 VOL 9 VOL 10 VOL 11 VOL 12 1 1

OUTPUT 12 0 0 1 1 0 0 VOL 13 VOL 14 VOL 15 VOL 16 1 1

l=COMMAND PED.CKT.. PED.CKT.

OUTPUT 13 0 0 1 1 ACKNOt.J- #1 - 112 1 1
0 1 VOL 17 LEDGE "B" NORTH "B" EAST

O=NORMAL SIDE SIDE

PED.CKT. PED.CKT. PED.CKT. PED.CKT.
fl3 114 115 116 1 1

OUTPUT 14 0 0 1 1 1 0 liB" SOUTH "A" SOUTH "A" WEST "A" NORTH
SIDE SIDE SIDE SIDE

OUTPUT 15 0 0 1 1 1 1 I=ABORT/ I=BUFFER I::;:COMMAND I=PARITY 1 1
STALL BIT OVERFLOW REJECT ERROR

SB = SOUTH-BOUND WE = WEST-BOUND "A" = WEST SIDE OF DI&'1011)
EB = EAST-BOUND NB = NORTHBOUND "B" = EAST SIDE OF DIM10ND
LT = LEFT TURN

ACTCATOR TELEMETRY FORMAT



t1

w

, I I I I I I
11 I 2 I 7 9 Ie u

STAR T) (STOP

OUTPUT 16 0 1 0 0 0 0 TEMP. SIG. SHUT MANUAL MANUAL 1 1
SWITCH DOWN S\\1. FLASH SWITCH

sw :H

OUTPUT 17 0 1 0 0 0 1 FLASH DIAL 2 DIAL 3 RESET 1 1
INTERCON. INTERCON. INTERCON. INTERCON.

I

ACTUATOR TELEMETRY FORMAT



ACTUATOR INTERSECTION
COMMAND CODES

A-CODE DECODED GREEN B-CODE DECODED GREEN
(OCTAL) VALUE (BINARY) MOVEMENTS (OCTAL) VALUE (BINARY) MOVEMENTS

a 0000 ALL RED a 0000 ALL RED

1 1000 t 1 1000 ,
2 0100 • 2 Q100 4-

3 0010 3 0010 --.
4 0001 r 4 0001 .JI
5 0110 4- 5 0110 4-

~ --.
~6 0011 6 0011 / -4

7* 000OBBBB1* .-A 7* 0100BBBB1* .4

* 7 CODE IS USED AT FOREST LANE ONLY

ACODE = 7, BCODE = B

BCODE = 7, ACODE = B

D-4
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SEGMENT II

o (COMMON)

1 (SUBROUTINES)

2 (INTERRUPT)

3 (TASK 0)

4 (TASK 1)

5 (TASK 2)

6 (TASK 3)

7 (IDLE)

8 (SYSTEM DEFINITIONS)

TAPE II

1

2

1

2

1

2

3

1

1

2

3

4

1

2

3

4

1

2

1

1

ACTUATOR PROGRAM SEGMENTS

DESCRIPTION

PAGE 0 < 200

PAGE 0 -< 400

COMMON SUBROUTINES

COMMON SUBROUTINES

INITIALIZATION, RESTART, INTERRUPT PROCESSING

TELEMETRY INPUT

TELEMETRY OUTPUT, TASK MONITOR

SPEED DETECTOR PROCESSING (INPUT Z)

INITIALIZATION, INPUT Z+l, Z+2 PROCESSING

SPEED CALCULATION, TELEMETRY DETECTOR OUTPUT

TASK 1 SUBROUTINES

TASK 1 PARAMETER DEFINITIONS

INITIALIZATION, LOOP DETECTOR PROCESSING,
SIGNAL CONFIRM TESTING

TIME GREENS AND AMBERS, DECODE COMMANDS

PROCESS SIGNAL COMMANDS

TASK 2 TELEMETRY OUTPUTS, SIGNAL OUTPUTS

INITIALIZATION, SUBROUTINES, PIN MATRIX
PROCESSING

FLASH PROCESSING, EMERGENCY CONTROL

TELETYPE INTERACTION BACKGROUND JOB

DEFINES "COMMON" PARAMETERS. MUST PREFIX
ALL OTHER SEGMENTS EXCEPT 110.

E-1
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PROGRAM LISTING

TABLE OF CONTENTS

PAGE NO.

lo PROGRAM SEGMENT 0 (COMMON) · · · F-l

2. PROGRAM SEGMENT 1 (SUBROUTINES) F-ll

3. PROGRAM SEGMENT 2 (INTERRUPT) F-20

4. PROGRAM SEGMENT 3 (TASKO) . · · · F-36

5. PROGRAM SEGMENT 4 (TASK1) F-41

6. PROGRAM SEGMENT 5 (TASK2) · · · · · · . · · . . F-55

7. PROGRAM SEGMENT 6 (TASK3) · · · · · · . . . · · · · F-75

8. PROGRAM SEGMENT 7 (IDLE) · · . . F-87

9. PROGRAM SEGMENT 8 (SYSTEM DEFINITIONS) · · · · F-94

10. LOADER MAP • . . . . . . . · · · · · · F-96



PROGRAM SEGMENT 0
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.TITL
;

THIS SEcn ),\,1 C,)\JTAINS ALL "CI)'1,'''llN'' DEF"I'NITI')NS j:;")r~

THE ACTUAT1R PR0GRAM
·,

E:N TRY Pl I \IT S
.£\IT
.ENT
.E'\JT
.ENT
.ENT
.E\1T
.E'\IT
• Ei\JT"
.EI\]T
.ENT
.ENT
.E\lT
.Ei\JT
• E'NT
.E'\IT
.EI\IT
.E\lT
.E\lT
.E'NT
• E'\IT .
.ENT
.E'\IT
.EI\]T
.E'\IT
.£\IT

J EXTER\JALS
.EXTN
.EXTN

·•

PCINT,SPCEL.AINC1,AINC2,AINC3.AI\lC4
AI\lC5,STMR,PT~R,CYCLE.STATE,PCSAV.A0SAV

AlSAV,A2SAV,A3SAV,TI'1ER,TETIM,SPTAR
LA-<CI.', LAi{C 1, LRJC ....', U<..JC 1
RIT,C32.CI6,CR,C4,C?"Cl
ESPCE,ECYCL,ESTAT,EPCSA,EA0SA,EA1SA
EA2SA,EA3SA,ETIME,ETETI
RR1TB,PE1TR,IFRIT,IABTB,IRSYR,CR1TR
0RSYB,I1\1LR,IAF"LR,1CAi{R.SCERR,1AFLR
lE'1RB,0ASTR,OR0F"B,nCDAB,CDART,SSDi\JR
TIBUF",TIF"IR,TII\I,TlnUT,T0BUF",TOF"IR,T1I\I
TonUT,MHTSio(,XEQPR,SCEDF,DATAM,1WRDM
LOW4'1,F0R'1M,LBYTE,STBTS
lPUT,lGET.tnR,lSTPk,lSTFL,~WAIT,lRSTR

cIJMP,~ALS,cRITN,eABRT,tS'1UL.cCLER,~PTSB

I MASK, UM ASK • AS TLF" , ;;- LTI M, k SF" LG, TM1LJ T
TMINT,BITN,GSTA,ASTA,RSTA
V1LUf-1, ?RlP 1, PRi: P2, L)i)P S, B:1FLG, SGST A
T~ERF,EM'1nD,EC)MC,CNFLS,C7,MAMT~

~PD'1T,TQUTW,RSWRD,?RIWR,STWRD,ASTWR

T1Wl,T1W2.T1W3,T0W7,T1W9,T0WI3,T0WI6
T1WI7,PDMT1,PDMT2,PD'1T5,PD~T6,PDMT4

RRFLG,PRRER,PRAER,PRGER,CLO~F

RLMSK,ALMSK,GLMSK,AXFLB,INTCD
PDM\lT,AMTM

INTRP,?UT,GET,OR,STPRI,STFLS,WAIT,I'\IITR
IJUMP,ALS,BIT'\I'1,AB1RT,SMUL,CLEAR,PTSUB

· EQUIVALENCE DEFINED Cl\lFIGURATIO\l PARAMETERS,
;
; TASK CO'\lTROL

0vH;,)0~4 HITSK = 4 ; '\lUMBER )F TASio( S
~0~003 I BFSt = 3 INPUT BUF"FER SItE
000021 ')BFSc = 17. · )U1PUT BUF"F"ER SIlE•

; DEF"I'\lE PAGE cER·l L1CA1I·1NS
; DEF"I'JE VALUES BELOW L·1C 200

vH10IJ0;;l .L'lC 0 ;

0'/h1~1C1 0~0000 PCI\lT: 0 · INTERRUPTED PC,
\1 ;;L1\1 1 177777 INTRP I\lTERRUPT R'lUTINE ADDRESS
J0C102 000 1IJ03 CL1KF": 3 · RTC F"REQ C:)DE,
/10003 \10 22 3i~ JMP @cRSTR · KESTART•

; TASK CYCLE TI7VlES
(,MvHi} 4 000012 CYCLE: 10. ; TASK 0
/10005 0(;1)0062 50. · TASK 1,
0000~ 000144 100. · TAS\.( 2•
0(tJi.107 ~00764 500. ; TASK 3
00010 ~00V'lV'l0 PRRER: (.i) RED ERR')R BITS
~;1V'lII ('1\"000~ PRAER:

'" · A.M BER ERR'lR BITS,
00012 000000 ?RGER: ~ ; GREE'\l ERR'1R BI TS

· LAST 1M SIG\JAL I'\IPUT C1DES. RETAIN ORDER FOR I'NDEXPJG•
00013 000000 LAKC0: 0 LAST C'1DE 0 ACK
00014 000030 LAKC 1: 0 LAST CODE 1 ACK
00015 ~00000 LRJC0: 0 · LAST CODE 0 REJ•

F-2



Pl(il01f> (il(M1'100 LRJC 1: 0 LAST C,)DE 1 HEoJ
;10002()} .LOC 20 ; DEFI\JE AUTf) I!\JCR LOCS

0002;1 3[10000 AI I\lC 1: 0 ; USED 8Y TAS\{ 1
13[1'121 000000 AI\JC2: ° · USF.:D RY TASK 1,
O\1022 000000 AII\lC3: 0 USED RY TASK 2
0'1(123 00~"(100 AI\JC4: 0 USF:D RY TASO< 2
00024 0(10000 A1\JC5: 0 ; USED BY TASK 3

000011 STMR: .ALK 9. ; SIG\JAL TIMERS
013001 1 PTMR: • 8LK 9 • ; PED TI"'1EI-<S

·,
; STI)RAGE Wi)RDS
·,
; TASK C!),\JTW)L

(100004 STATE: .ALK HITSK ; TASK STATE.
0\1(1004 ?CSAV: .RLK HITSK+DE8UG PC A\JD CARRY
00i7lv.H14 AeSAV: .BLK HITSK+DEBUG . AC0,
000't.l04 A1SAV: .BLK HITSK+DEBUG . ACI,
0000134 A2SAV: .BU< HITSK+DEBUG ; AC2
000Vl04 A3SAV: .BLK HITSK+DEBUG ; AC3
00'11304 TIMER: .RLK HI TSK ; TASK TINIER.
000000 TETIM:

.r F"1\l DEBUG ; *****

.ALK HITSK ; TAS\{ COMPLET I '1\J TIMES

.ENDC ; *****· SPEED CELLS,
000016 "lS?RT = 14 • J II i)F" SPEED BITS
'100'116 SPCEL: .BLK \JSPBT ; SPEED CELLS
00001fl SPTAB: .BLK I\lSPBT J SPEED TABLE

; BIT DEFI NI TI !)NS
00137 100Vl00 BIT: lRVl
0014(1 04(il00Vl 1R1 ·,
00141 020000 lR2 ;
00142 o 1r~(iH10 183 ;

00143 014000 184
00144 002000 185 ·,
" 11/:5 O01(1)00 18fl ;
nil 1lIt) 000400 187 ·,
vH1147 :'1::'1(12(1)0 188
00150 ~!j (ih~ 1\1'~ IB9
0(i) 151 v:M0040 C32: IB10 ;
3(1)152 000020 Clf>: 1B1 1
00153 030010 C8: IB12 ·,
021154 000004 C4: IB13
(1)0155 0000132 C2: 1B14
1313156 00013131 C1: IBIS ;

030146 RROTB = BIT+7 J RESTART I')UTPUT 8IT
0031513 PE,)TB = B1T+9. · PARI TY ERRI')R :)UT,
000150 IF"BIT = BIT+9. ; I\JPUT F'1R"'1AT
;;1(10155 IA8TB = RIT+14. ; I\JPUT A8()RT
0013154 I RSYB = BIT+13. ; I"JPUT RESY'\JC
0013147 CR'lTB = 8IT+8. · C1M REJ i)UT,
130\1150 ·lRSYB = 8IT+9. :~ESY\JC OUT
:100151 I'l"JLB = BIT+10. ; '1\JLI"JE I"JPUT
0~0152 IAF"LB = 8IT+l1. ; F"LASH INPUT
000154 OCAKB = BIT+13. · C'1'-1 ACK OUT +6,
0:?J(il153 SCERB = RIT+12. ; C')'\J F"I R"'1 ERR 'lUT + 6
000155 OAF"LB = BIT+14. ; F"LASH )UTPUT + 6
000153 ,)EMRB = 81T+12. ; E"'1ER CTL ,JUTPUT + 6
0013145 ')ASTB = 8IT+6 ; A8T/STL aUT

F-3



'l.J"-..J1tJ .. L.fQ '.Jt}'Jrd = H 1 1 +"/ ; 111)"-1-- )FL') 'JUT
~V'l~'153 0CDAB = B1T+12. . CAB D11R 0UT + (,I

0vH-1145 CDAST = 81T+6 CAB f)l'lR INPUT
000141 SSD'\J8 = BIT+2 . SIG SHUTDf1W\J SI·) INPUTI

'1'1'1144 AXFLB = 8IT+5 AUX FL INPUT BIT. DEFINE E'\JD ,1F TASK C'1NTR0L ARRAY S F'0R I''\JDEXI'JGI

V'lvH1121 ESPCE = SPCEL+NSPBT
000~10 ECYCL = CYCLE+HITSK
030053 ESTAT = STATE+I-{ITSK
000057 EPCSA = PCSAV+HITSI{
0000 (,3 EA0SA = A0SAV+HITSI{
0~0067 EA1SA = AlSAV+HITSI{
~00073 EA2SA = A2SAV+HITSi(
000077 EA3SA = A3SAV+HITSK
000103 ETIME = TIMER+HITSI{
000107 ETETI = TETIM+HITSK

;
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1 t 1

; PARAMETERS BEL1W L1C 400
;

00~C103

02J1A200 11.?157
00163 vH~0157

2J1~ 164 (1l~(11 57
000021

(~ (ij 20 A ?l0 (~ 165
00207 0~71165

(~~210 000165

00211 177774
021212 2100000
00213 000(100

; TELE'''1ETRY 1/'1
TIRUF: .BLK
TIF'tR:
T I IN:
TI1UT:
T'1BU F: • BLK
T1FI R:
TnI'\I:
T'l'1UT:
; TASK CONTR()L
MHTSK:
XEQPR:
SCEDF:

I BF St
TIBUF
TIRUF
TIBUF
lBFSc
T'1BUI="
T'lBUF
T1BUI="

VALUES
-HITSK
o
o

; INPUT BUFFER
; FIRST (C'1NSTA'\IT)-MUST F1LL0W II
; PJ P')I'\lTER
; OUT P'lINTER

i)UTPUT BUFFER
; FIRST (Cf)'\lSTA'\IT)-MUST FOLLOW '1m
; I i\l

'lUT

; -HIGHEST TASK NO.
; EXECUTING TASK PRI1RITY (OR II
; SCHEDULER M0DE FLAG

; OUTPUT DATA BITS MASK
; 1UTPUT CODE+DATA BITS MASK

L'1WER 4 BI T MASK
; 1UTPUT F1RMAT ~ASK

; LOWER BYTE MASK
START-STnp BITS F0R OUTPUTS.

00214 001700
00215 (;)77700
0021A :-100017
0(1217 07 60v.H1
00220 000377
eH1221 000070

CiHil222 177777
\tH1223 177777
00224 177777
7!';}225 177777
~1022~ 177777
(1)0227 177777
(10230 177777
0/J231 177777
0.il232 177777
(10233 177777
:.il0234 177777
0VJ235 177777
00236 177777
00237 177777

021240 167000
;10241 167000
00242 177400
00243 000000

00244 177777
00245 177767

; '1THER TELEMETRY DATA

DATAM: 17R9
1WRDM: 777B9
LOW4M: 17
F1RI"1M: 37B5
LBYTE: 377
STRTS: 7B12
; SUBROUTINE ADDRESSES
lPUT: PUT PUT ~·.Ji')RD II'lT:) CIRCULAR BUFFEr~.

~GET: GET; GET WORD FR1M CIRCULAR BUFFER.
l0R: OR; LOGICAL Ii\lCLUSIVE 0R
lSTPR: STPRI STrlRE PRI1RITY OUTPUT W0RD.
lSTFL: STFLS SETUP FLASH M0DE.
tWAIT: WAIT; TASK C'1MPLETI0N DELAY.
lRSTR: INITi'<; RESTART
lIJMP: IJUMP I'\lDEX 2 TABLE JU"1P SUBR.
lALS: ALS; CIRCULAR LEFT SHIFT SUBR
~ B I T\J: BI T'\JM ; 8 IT #
cASRT: A81RT AB'1RT
lSMUL: SMUL; SIGNED MULTIPLY
cCLER: CLEAR; CLEAR LIST 0P VARIABLES
lPTSR: PTSUB; PUT WORD IN TM 1UTPUT BUFR
; THE FnLL1WING FOUR PARAMETERS ARE I'\lTERSECTION
; DEPENDENT. REF0RE PU'\ICHING THE ACTUATOR LOAD
; TAPES THEY MUST BE ALTERED TO REFLECT THE

SIGNAL CO'\lFIGURATION AT EACH INTERSECTIO'\l •.
RUvlSK: 167000 ; RED LIGHT "1ASK
ALMSJ<: 167000 ; AMR LIGHT MASK
GLMSK: 177il00 ; GRN LIGHT MASK
INICD: 0 ; INTERSECTI0N C1DE.0='\l1RMAL,2=FOR,
; ; il=MOC,6=NlCC.
; INTERRUPT VALUES
IMASK: 177777 ; MASK ALL DEVICES
UVlASK: 177767 U\J'''1ASK REAL TIME C1.I)CK
;

; MISCELLA\JEOUS FLAGS, TEM? STORAGE. ETC.
~ :1241) 'i? VI (:OM:1;~ ASTL F: 0 . ABf1RT STALL FLAG,
\11\1247 00(10~'3 FLTIM: 0 ; FLASH TIMk
il)1125L1 0\:' 00(1'" HSFLG: 21 HESY\JC FLAG
/),'1251 0~;10(iji" TM)UT: (1 ; TELE"lETRY ,)UTPUT TIMEr<
v.M252 L1r.1W100 TNlINT: 0 . TELE:"1ETRY I!\IPUT TIMER,
00253 000000 RITN: 0 ; OUTPUT BIT COU'\JTER - TM

F-S



k:Li125Li (;1"'(~::10~J

00255 0vH~00~

r1(~ 2 56 00vH10,/)
1:1l:l257 00l:l000
00260 0eh~000

00261 0:.3~300

0\~262 000030
'1'3263 0~L11?l00

0026Li 0000(10
00265 00030'-'
00266 00000'"
00267 000;j0~

00270 003000
00271 300007
03272 000010'
00273 000000'

GSTA:
ASIA:
RSTA:
VOLUM:
~RtP1:

PRcP2:
L·ll? S:
R1 FLG:
SGSTA:
TMERF:
E,"1'''1()D:
EC'lMC:
C1\,J FLS:
C7 :
MA~TM:

APDMT:

'"o
'"o
o
o
o
o
'£1
o
o
o
o
7
A'''1T'''1-1
?DW-JT

GREE~ OUTPUT STATUS
; A"18E~ lUTPUT STATUS

kED ·1UTPUT STATUS
; t+0 VOLUME BITS
; PREVIOUS c+l I~PUT

; PREVIOUS c+2 11\,JPUT
; L00P DET I~PUT F0R EMER CTL
; BUFFER 1FLO FLAG
; SIG~AL STATUS W1RD (I~PUT t+3)
; TM INPUT ERR FLAG
; E"1 ER CTL M')DE
;EMER CTL COMMA~D

; Cl~FIRM FLASH FLAG
; 7
; ADDR-1 OF A'''1BER TII"1ES
; ADDR OF PED TIMES

;

;
; OUTPUT FORMAT 0

· 1,
· 2,
; 3

· 4,
; 5

· 6,
· 7,

8
9

; 10

· 1 1,
· 12,
; 13
; 14

15
; STATUS OUTPUTS.

· 16,
; 17

· ADDR- 1 OF STATUS WORDS,
; RESTART FLAG

085
IB5
2B5
385
485
5A5
6B5
7B5
1085
l1R5
12B5
13B5
14B5
1585
1685
17B5
FlUTW
2085
2185
STWRD-l
o

=

ASTWR:
RRFLG:

PRI WR:
STWRD

; TELEMETRY OUTPUT WORDS
TOUTW:
RSWRD:

000~00

0027 Li 00C·HJ0(1
00275 002000
00276 004000
lHJ277 lMJ6000
00300 010vH10
003k31 012000
0031"12 0141000
0'0303 016000
0(130 4 ?J20l~00

033(15 02200'1
00306 024000
'M1307 026000
003H1 0321000
0031 1 032000
00312 i~3Li000

':10313 036000·
'10027Li

v.l(131 Li 0Li0000
003150Li2000
00316 0002,73
00317 000000

;

.NREL
; THE FOLL'l~JI NG MUST BE IN COMM1N SUT "lOT
; "JECESSARILY BEL!) ...J L0C 400
; PED MIN TIMES ( • 1 SEC>

00000'000120 PDMNT: 80. · AIT 0,
0(1001 '000120 80. · 1,
00;;'02'000120 80. ; 2
C-?00 13 3 •0000 62 50. · 3,
(/H?004 ' 000120 8(3. · Li,
o 1:3 [-?0 5' 000120 80. · 5,
00006' [100120 80. ; 6
013007' ;1000 62 50. ; 7
130010'01301362, 513 • ; 8

; AllljSER TIMES ( • 1 SEC>
~~H~H11 1 '000050 ' AMTM: Li0. ,; BIT 0
00012'0130050 413 • · 1,
00013'1300050 40. ; 2
0001 Li' 00QH150 40. ; 3
00015'1300050 40. ; 4

,F-6



0(1(7) 16' (iHHWl50 Ll0 • ; 5
00017'000050 Ll0. 6
0002~'000050 Ll0. .; 7
00021 '0000Ll3 35. ; 8.,

000275 T0W1 = TOUTW+ 1
000276 TOW2 = TOUH!+2
00~277 T01,o/3 = TOUIW+3
000303 TI)\lJ7 = T0UTW+7
000305 TI)W9 = TOUT\lJ+9.
(1';;'031 1 T0\-.'13 = TOUTW+13.
00031Ll T1W16 = T0UTW+16.
'100315 T0 \111 7 = TOUTW+17..,
00(i}001 ' PDMT1 = PDMNT+1
(i}00(102, PDMT2 = PDM'JT+2
00000Ll' PDMT4 = PDI\1NT+4
000005' PDMT5 = PD''4'JT + 5
000006' PDMT6 = PDM"JT+6

.END .; E"JD COMMON
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AeJSAV 07107157
AISAV eJ':1"H163
A2SAV 0~0>167

A3SAV '1)00073
AB(}r<T (1(10234 X
AI\1CI ;;'00020
APJC2 000021
Af\JC3 000022
AINC4 000023
AI\JC5 0(i:H1024
AL"1SK 1300241
ALS 000232 X
A"1TNl 7100011 •
APD,"1T 000273
ASTA -:100255
ASTLF' 000246
ASHJr< 030316
AXFLR 0\"30144
BIT 030137
RIT\J 000253
BIT\1M 000233 X
R0FLG 0710263
C1 000156
C16 000152
C2 0100155
C32 00v.1151
C4 00~154

C7 000271
C8 0\10153
CDABT 000145
CLEAi~ 0[10236 X
CL0>{F 000002
CNF'LS r'H0270
CK'HR (100147
CYCLE "0000/
DATM1 :} 1 °14
Ef~VJ SA 000063
EA1SA 000067
EA2SA ';1\')0073
EA3SA 0001177
EC'}"1C 000267
r.:CYCL (100010
E\1"10D 000266
EPCSA 00(i},i}57

fSPCE v}vJ0121
ESTAT 000053
ETETI "1(10107
ETIME 000103
FLTIM 7100247
FnRiviM 0;?J0217
GET 000223 X
GLiViSK 1000242
GSTA 000254
HITSK 000004
lABTR (100155
IArLR 000152
I RF' SC 000003
IFRIT 000150
IJU:vlP 000231 X
IMASK 000244 F-8



l\lITR 000230 X
INTCo (100243
1"-.) TkP 000001 X
I,)\lLH 00(~ 151
Ir<SYR 1.100154
LAI<C0 00iiJ013
LAKCl 000014
LHYTE 000220
LO'JPS 000262
L() t,.J4r.l\ 0(10211;
LkJC0 000015
LkJC1 000016
MA~TM 000272
\1HTSK (1)1/10211
\l SP 8T 000016
ilAFLR 000155
0ASTB 000145
'1RF St 0vH1021
OR0FR 000141,
0CAKB (1)00154
()CDAR 000153
f)EM i(B 0(16153
11R 000224 X
Di<SYB '10015'1
ilit} ROM 000215
PCI\lT 0'00000
PCSAV 01')0053
PDN1\lT 000000'
PDMTI 000001 '
poMT2 000002'
PoMT4 000004'
PoMT5 000005'
?oMT6 000006'
PEilTB 00015'1
P r<AEk (1)0;10011
PkGER 000012
Pi~I ioJR 000313
PrmER 0002110
PReP 1 000260
P f\;~ P2 000261
PTNlk 000036
PTSLJR 000237 X
PUT 000222 X
RLNl 5K 00 \12 40
kkFLG 000317
RR0TB 000146
K5FLG (100250
RSTA '100251;

RSI,,:RD 000274
SCEDF 000213'
SCERB 000153
SGSTA 000264
SMUL C!':'10235 x
SPCEL 000103
SPTAB 0(10121
SSD\lB 0(1)0141
STATE '100'147
STRTS 000221
STFLS 000226 X
ST...,k 000025 F-9



STPKI (~('H~ 225 X
ST'..IRD Vl~10274

TETU"i (~0\.'l103
TIBUF (WhH 57
TIFIR ;1'iH111>2
TIIN or1~ 1 1>3
T I t'1F.J< ~H10'1 7 7
T I 'WI' 0~'116Lj

1:"1 Et"iF (,-:1'10265
T'''1 I\) T 0(,HJ252
T"1 nUT 000251
T')BUF 0'10165

TOFIi~ 000206
'fI)IN 0002'17
T1·JUT 00'1210
10UTVi r~I:10274

T (1'~! 1 000275
T ,1

'
/) 13 0'10311

T'l \'!1 6 000314
T)t.!l 7 1.10(1315
T)1IJ2 000276
T') 1,<)3 0110277
T1\o!7 000303
Ti) '/)9 00(,1305
U"", ASK (1011'245
VI)LU~ 0(iJC1257
'..iAI T 011'0227 X
XEOPR 11'011'212
:':ABRT 11'11'11'234
,:::ALS 000232
tal I,\) (1~JC1233

ZCLER 000236
1":(;ET 0(i}0223
f-IJMP 030231
cl)k 000224
2:PTSB 000237
,~PUT '1'10222
ci~SIR 000230
cS"1UL 0(10235
?:STFL 000226
cSTPR 0011'225
t \oJAI T 0'10227

F-IO



PROGRAM SEGMENT 1
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• TITL SEGM1
; COMMON SUBROUTINES

.; ENTRY POINTS
.ENT
.ENT

OR~STPRI~PUT~GET~STFLS~IJUMP~ALS~BITNM

ABORTISMULICLEAR~PTSUB

OR SUBROUTINE
LDA 0~WRDI

LDA 1~ ~']RD2

JSR @;:OR
LOGICAL SUM OF AC0 AND ACI WILL BE RETURNED IN AC1 •
AC0 WILL BE COMPLEMENTED. REENTRANT.

00(100' 100000
00001'107400
Qi00(iJ2' 106000
00003'001400

;
; 1.
;
.;
.;
.;

·:I·:I
OR: COM

AND
ADC
JMP

0~0

011
0~ 1
013

.; NOTCAC0>

.; RESET BITS THAT ARE l'S IN BOD

.; NOW ADDITION PERFORMS OR.
; RETURN.

·:I
.; 2 •

·:I
.;
.;

·:I

SET BIT IN PRIORITY TELEMETRY OUTPUT WORD.
LDA 01BIT
JSR @;:STPR

BIT WILL BE OR'D INTO PRIORITY WORD •
NOT REENTRANT. ACel WILL BE COMPLEMENTED. ACl=UPDATD

;
00004'024174$ STPRI: LDA 1~ PRHJR · AC1=PRIORITY. WORD.:I

00005'100000 COM 010 ; PERFORM OR AS ABOVE
0(ij006' 107400 AND 011 .;
(i)0G(i)7' 106000 ADC 01 1 J
00010'044174$ STA 11 ?RIVJR · UPDATE PRIORITY t-.DRD.:I

00011'001400 JMP 013 · RETURN:I

PLACE WORD IN CIRCULAR BUFFER.
JSR @EPUT .; CALL PUT.

BPTRS .; ADDRESS OF BUrrER POINTERS CE
t-JORD .; ACTUAL DATA TO. BE STO-RED •

JMP rULL .; BUrrER ~JAS rULL RETURN.
J NORMAL RETURN

USES ALL REGISTERS. AC1=WORD STORED UNLESS BUrrER ~

REENTRANT •

vJ(iJC) 12' 031 LI00
00013'021001
WFil L:' 025002
o('J(J 15' 1014(10
00016' 1LI2432
(ij!/)VJ17'02HJ00
flj0020 ' 106415
[')(1021 '001Lj02
00rJ?8'025Li01
00(iJ23 ' 0Lj7001
0002Lj'041001
00025'001403

J

· 3.:I

;
.;
.;

J

·:I
J
.;
.;
PUT: LDA 2~ 013 .; AC2 = AODR Or BUFrER

LDA 01112 · AC0 = IN POINTER:I

LOA 11212 .; AC1 = OUT PO INTER
INC 010 J IN+l
.SGT 210 J TEST IN+1 = LIMIT
LDA 0~ 0~2 J YES~ IN+1 = rIRST
.SNE 12l~ 1 .; TEST IN+1 = OUT
JMP 2~ 3 .; YESI BUFrER rULL •
LDA 1~ 1~ 3 .; AC1 = ~']ORD TO STORE •
STA 1~@1~2 .; STORE INTO ORIGINAL
STA 0 .. l~ 2 .; UPDATE IN •
JMP 3.. 3 .; NORMAL RETURN

POINTERSIIl

IN LOCATW

·:I·:I

·:I

4. rETCH vl0RD FROM CIRCULAR BUFFER
JSR @r;GET .; CALL GET

BPTRS .; ADDRESS Or BUrrER POINTERS em
JMP EMPTY . BUrFER EMPTY RETURN.:I

- .; NORMAL RETURN WITH ~JORD IN AQ
USES ALL REGISTERS. ti'_1?



; REENTRANT.
;

00026' 031 LJ(iJ0 GET: LDA 2,,0,,3 ; AC2 = ADOR OF' BUFFER POINTERSIt
00(1)27 ' (~21001 LOA 0" 1" 2 ; ACO .. IN POINTER
01/)~j30' 025002 LDA 1,,2,,2 ; AC1 = OUT POINTER
0QJ(~31 ' 106(115 • SNE 0" 1 ; TEST IN=OLJ"
00032'G(i)1401 JMP 1" 3 · YES" BUFFER EMPTY."000.)33' (323002 LOA 0" @2" 2 · GET HORD FROM OllT."
0003LI'125L/00 INC 1" 1 ; OUT+1
(ij(1j(ij35 , 146LI32 • SGT 2" 1 ; IS OUT+1 = LIMIT •
0003()' ~)25000 LDA 1" 0" 2 · YES" o lIT+ 1 = FIRST'"
00037' 0 LI5002 STA 1" 2" 2 ; UPDATE OUT.
000L!0'001402 JMP 2" 3 ; NORMAL RETURN.

·'"
;

;

·:J
·:J
; 5. SETUP OUTPUTS FOR FLASH MODE

JSR @~STFL ; CALL STFLS
FLASH TIME IN .5 SEC UNITS MUST BE IN

ACO. IF 0" USES MINIMUM FLASH TIME.
NOT REENTRANT

·:J
000LI1 '101004 STFLS: .SZ::R 0" (0 · TEST TIME=0:J

0(;:H~LI2 '000405 JMP FLSN~ · NO:J

GC0 /13' 024153$ LOA 1" ASTA ; YES" TEST FL~.SH

CJC10L~L:'125212 MOVR# 1" 1" S~C ; BIT ALREADY SET
000 LiS' 001400 JMP 0,,3 · YES" RETURN:J -
('J ef') /: 6' vJ2 (1 412 LOA 0.. F'LM IN ; MIN TIME FOR FLASH
(0vj(~)1;7' 02LI1 L15$ FLSNc: LOA 1" FL TI M ; CURRENT ,FLASH TIMER
()(~Ci50'122432 .SGT 1" 0 ; TEST NE~J< CURRENT
00051 '0LI0 145$ STA 0" FL TIM ; NO" USE NEW
Onf152' 102460 .Z::AC 0,,0 ;
{lHj G53 ' (1') Lj (I) 152 S; STA 0.. GSTA J CLEAR GREEN AND
Ocrj5Lj' 04(1154$ STA 0" RSTA J RED OUTPUTS.
(i)0C55' 102520 • GPl 0.. 0 J
00056' 0LJ(iJ153$ STA 0"ASTA 'J SET FLASH BIT IN AMBER OUTPUT
00057'001400 JMP 0.. 3 ; RETURN
00060'000024 FLMIN: 20. J MIN FLASH TIME <.5 SEC UNITS)

J
J 6. INDEXED JUMP USING AC2
· JSR @~IJMP

. CALL IJUMP:J :J

· ADDR0 ; JUMP ADDRESS FOR AC2 = 0:J

; ADDRl J JUMP ADDRESS FOR AC2 = 1
;
; -
J ADDR# J JUMP ADDRESS FOR AC2 = /I

· DESTROYS AC3:J

J REENTRANT
.'

00061 '157000 IJUMP: ADD 2" 3 J INDEX TO JUMP ADDRESS
00062'003LJ00 JMP @0,,3 · PERFORM INDEXED JUMP"·..

.EOT
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:;

:;
:;

·,

:; 7. SUBROUTINE TO PERFORM CIRCLLAR LEFT SHIFT ON ACO. m
COUNT IN AC2. REENTRANT.
JSR @lALS:; CALL SUBR

:; NORMAL RETURN WITH SHIFTED VAm
:;

(JVJ0G3' 15vJ Ll0Qj ALS: NEG 2 .. 2 :; -SHIFT COllNT
r~"'JvJ6/1'101122 ALSLP: MOVcL 0 .. 0 .. SeC :; B0 TO CRY.. cERO TO B15
00065' 1fj 1Lj00 INC Q')" (0 :; B15 = 1 IF CRY SET.
rj~j066'151404 INC 2.. 2.. S~R :; INCR SHIFT COUNT
(/]0067'000775 JMP ALSLP :; LOOP SHIrT COUNT TIMES
00070'001400 JMP ~", 3 :; EXIT ItIlTH SHIFTED VALUE IN ACO

:;
:; 8.
:;
:;
:;
:;
:;

SUBROUTINE TO PLACE BIT # OF LEFTMOST BIT SET IN AO
INTO AC2.. AND LEFT-SHIFT AC0 UNTIL THAT BIT IS ~

AC2 MUST = -1 ON INITIAL CALL. REENTRANT
JSR @3BITN; CALL SUBR

; RETURN HERE IF NO BITS SET IN0
; NORMAL RETURN

;
00071'101005 BITNM: MOV 0.. 0.. SNR :; TEST NO BITS SET
[~r10 72' 001400 JMP 0.. 3 ; RETURN TO CALL+1
00073'151400 INC 2.. 2 · INCR BIT II,
(~0rn 4' 101123 MOVcL 0 .. 0.. SNC · TEST ONE BIT,
0~)075' 000776 JMP .-2 ; NO .. LOOP TILL ONE BIT FOUND
00076'001401 JMP 1.. 3 · YES.. RETURN TO CALL+2,

·,

.
3.. ASTLF ; SET. ABORT STALL FLAG = CALL+1

; STOP

:;

·,·
,

; 9. SUBROUTINE TO SET ABORT/STALL FLAG AND HALT. NORMAE
FOR INTERNALLY DETECTED ERRORS
JSR @~ABRT

G0077'05LjI44$ ABORT: STA
00100'063077 HALT

;10. SIGNED
; AC2
; JSR

:; SIGNED MULTIPLY ENTRY. AC0=0
N1 NEGATIVE

; YES.. CORRECT N2'
N2 NEGATIVE

:; YES .. CORRECT N1
:; SAVE CORR FAC
:; ENTRY FOR UNSIGNED MlLTIPLY

ENTRY FOR AC0 .. ACl=AC0+AC1*AC2m
; GET STEP COUNT

CHECK NEXT MULTIPLIER BIT
0,SHIFT

,; 1~ADD MULTIPLICAND AND SHIFT
COUNT STEP.. COMPL CRY ON LAST m

,; I TERATF. LOOP
:; SHIFT IN LAST LO\'! BITe \')HICH b'B
:; CORR FAe
,; CORRECT HIGH ORDER
,; BY FINAL COUNT> AND RESTORE C~

:; RETURN ADDR
:; 16 STEPS

0 .. 0
1~ 1.. Si::C :;
2 .. 0
2 .. 2 .. Sz:C :;
1.. 0
0.. CFAC
0.. 0
3.. MLRET ,;
3 .. M16
1.. 1.. SNC :;
Ql~ 0, SKP ,;
2 .. (1
3 .. 3, SeR :;
MULO?
1.. 1
3 .. CFAC
3 .. 0
@MLRET
o
-16.

~ .,

MULTIPLY SUBROUTINE. AC0 .. AC1 = SIGNED PRODUa
IS LEFT INTACT. ALL OTHER REGISTERS ARE CHA&

@3SMUL :; CALL SUBR
; RETURN

SEE NOVA MANUAL FOR DESCRIPTION

.cAC
MOVL#
ADD
t-10VL#
ADD
STA
.eAC
STA
LDA
MOVR
MOVR
ADDeR
INC
JMP
MOVCR
LDA'
SUB
JMP

·,

;

;
;

00101 '102460 SMUL:
0/J102'125112
(;;01 CJ3' 143000
D'-j1fjL:'151112
~/'j 1 :J5' 12300(1
,1 (j 1 :;j 6 ' (j LIO Lj 1 7
::yj l()7' 102460 UMUL:
80110'054413 MPY:
0e111 '034 L113
00112'125203 MULO?:
(iCH18'101201
Dr) 11 Li' 1LI3220
(/)115 '175L:04
(Yl 1 1 (, ' rj nrn 7 4
C'(;117 '125260
(Jell ?C'J ' 03 L!/ID5

0j0121 ' 162LIO(j
(,]0122'1302LI01
00123'000000 MLRET:
00124'177760 M16:



001~5'G00000 CFAC: o ; CORR FAC

REENTRANT. USES
LOA 2,0.. 3
• ~AC (ih 0
LDA 1.. 0 .. 2
.SN2: 1~ 1
JMP 1,3
STA 0~@0 .. 2
INC 2.. 2
JMP CLRLP

CLEAR:

CLRLP:

; 11. SUBROUTINE TO CLEAR LOCATIONS GIVEN IN A LIST
JSR @~CLER; CALL SUBR

LIST ; ADDR OF LIST CONTAINING ADDRES
; OF LOCS TO BE CLEARED~ TERMINB
ALL REGS.
; ADDR OF FIRST OF LIST
; CLEAR AC0
J GET AOOR FROM LIST
; TEST END OF LIST
; YES,RETlJRN
; CLEAR LOC
; NEXT LIST ADDR
; LOOP

YJr:J12(,'031 L10\'?l

OD1 ~7' 1 (1)2 Li60

(;)01 ~ (J 'O~5~J00

()\ill 3 1 ' 12 5~) v) 5
()(jl ~J,2' 001401
00133' OL130013
011134'1514(".10
00135'1000773

·..
·..·..

; 12. SUBR TO PLACE WORD IN TM OUTPUT BUFFER
AC13=0 PLACE ~]ORD IN BUFFER UNLESS ~ERO .. CLEAR B$

AC13=-l PLACE WORD IN BUFFER IF CHANGED FROM LASm
JSR @~PTSB

ARG13 J ADDR OF OUTPUT WORDCLAST 4 81$
ARG1 J OUTPUT FORMAT ADDR

J USES ALL REGS. NON-REENTRANT
·..

; SAVE NTRY FLG
J OUTPUT ~~RD TO ACO
J. LOv.' LI 8ITS
J KEEP LOW 4 .. PUT IN UPPER BYTE
J POSITION FOR OUTPUT

J OUTPUT FORMAT WORD TO AC1
FORMAT MASK

J FORMAT BITS
J FORM FORMAT+ DATA BITS IN AC2

STORE NEW OUTPUT WORD
J TEST ENTRY FLAG
J NO COMPARE
J COMPARE CURRENT=LAST OUTPUT
J SAME, RETURN
; DIFFERENT~ OUTPUT
; TEST DATA BITS=0
J YES~ RETURN

SAVE CALL+1
; PUT WORD IN
; TM OUTPUT BllFR
; OUTPUT t,·.lORD
.; BUFR FULL

NORMAL RETN~ GET CALL+1
; NOTE, STORED WORD IN ACI
; UPDATE LAST OUTPUT VALUE
; TEST ENTRY FLAG
J COMPARE~ EXI T
J DATA WORD

1~@1~3

ENFLG
2 .. 3
0~ @0~;3

1~LOt,'J4M J
1~1 J .NOT. LOW A 8ITS
1.. 0 .; CLEAR LOv.' 4 BITS AND
0~ ~0 .. 3 J RESTORE DATA WORD
2~ 3 ; RETURN
3~PTRET ; IF BUFFER FULL..
BOFLG J INCR BUFR OFLO FLAG

'r.'I , ~

10, ENFLG
0 .. @0 .. ;3
1.. LO v14M
1, (1

0 .. 0
0~0

1~@1~3

2.. FORMM J
1,2
0.. 2
2~POn'1D J

ENFLG
PTUNC
1,2
2~ 3
PTOUT
0 .. 0
2~3

3~PTRET J
@~PUT

TOFIR
o
aFRET
3~ PTRET ;

STA
DSi;
JMP
LOA
LDA
COM
AND
STA
JMP
LOA
IS~

JMP
LDA

STA
LDA
LDA
ANDS
MOVeR
MOV~R

LOA
LDA
AND
ADD
STA
I S~
JMP
.SNE
JMP
JMP
.SN~

JMP
STA
JSR

.;
f;0166'047!J01
00167'014!J13
00170'001!J02
00171'023400
00172' (iJ2.LI120$
0r;:J173' 12 LI000
~HH 7L:' 123!J00
00175'043!Jf1eJ
00176' 0(:) 1 LleJ2
00177'034404 BFRET:
00?00'010161$

00136'040444 PTSUB:
v.i8137 '(;)2340(1
(jr11 LI0'02412(iJ$
(101L:1 '1237100
OVJ 1 L!~ , HJ1220
vj~~ 1 / :3 ' 1(11220
0D14 LI'027413.1
G0J1 L15' 030121 $
001 L:6' 13341010
081 L17' 113000
0015D'050413
(d (31 51 ' (11 0 fl31
00152' 00(1404
('jG153'132f115
(ij01 5L;' 001 402
~2J2i 155' 000403
00156'101005 PTUNC:
(7](;)157' 001408
08160'054423 PTOUT:
00161 '(106124$
(/j0162'000110$
00163'000000 POTWD:
8(116 /1' 000413
00165'034416



0(iJ20 1 '0CiJ! 402 JMP 2 .. 3 ; RETURN
O(i)208' 000000 f:NFLG: 0 ,; ENTRY FLAG
00203'000000 PTRET: 0 ; RETURN ADDR

.END ; END OF' COMMON AREA
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PJi.JS/\ V 0;~001 5SX
/\lSfJ.V 000016s>X
A2SAV 000017 SX
,6.3SP,V 000020SX
ABORT 000077'
AINCI 0G0003$X
AINC2 00000LjSX
AINC3 (100005$X
l\INCLj 000006$X
IUNCS 000007 $X
PLS CJ0GG63'
('.LSLP 00(')064'
/\1'18 0(!JIIJ041
!\:·1Trvi 177777 X
f\I:>DMT 000171$X
/\STA 000153$X
f\STLF 0(~01 LjLj$X
I\S TI'JR 000176$X
BFRET 000177'
BIT 000052$X
RlTN 000151$X
3ITNM 000071'
BOF"LG 000161SX
Cl 000060$X
C16 000054$X
C? 000057 $X
C32 000053$X
eLl 000056$X
C7 800167$X
C8 000055$X
COADT 000101$X
CFAC 000125'
CLEAR 000126'
CLRLP (/)00130'
CNFLS 000166$X
CROTS 000066$X
CYCLE 000012$X
D[\TMIJ (j0vJ 11 6$X
DEBUG 000000
EArjS,~ 000030SX
EAl SA 000031$X
EA2Si\ 00C1032SX
EA3S/\ 000033SX
r-=co~"c G00165SX
ECYCL 000025$X
l?i'~t'10 D 000164SX
ENF"LG 000202'
EPCSA G00027$X
ESPCE 0CJorj24$X
ESTAT 00(j026$X
ETETl 000035SX
ETIME 000034$X
FU-1lN 000060'
Fl.SNr; 000047'
FL TIM 000145$X
FORMM 000121$X
GET 000086' F-17
GRN 0000Ll2
GSTA 000152$X
l-:ITS1< 0r10004



IABTB 000rj64SX
IAFLB 00v)071 SlX
IFSIT 000063$X "

I.JUt'1P 000061 ,
IMI\SK CJ00142$X
IONLll (iJOltJvl70$X
I;~~~YB ~Jon065S;X

Lf'.;<C(~ (i) (100 !16 $X
U\KC 1 0C1(i)0~7 SX
LBYTE 00f1J122£X
LOOPS 0Vl0160SX
LO\'!Llt'1 O(l)0120$X
L:::JCr1 OOD050!X
LRJC1 0(;:;0051 $X
t·H6 00018.1'1'
t<MIJH1 Ci (l01 70$X
l'~l':TSK [j00113SX
i<U~ET 000123'
'f'':')'' v)OQ11 10 '• I. 10

(t,IILOF' 00)(01 12 '
NSPBT G(tj!2iG 16
O/\F"LB 0(-,) (;J vn 4$X
OASTB 000076$X
O!30FB OOG077$X
OCAKB 00(i)072$X
OCDAB r100100£X
OF.MRB 000075$X
OF: 000000'
ORSYR 000067$X
OT,J["DrI, 0~1011 7$X
rCINT 0000Gl$X
PCSA If 0v;f2j(i) 1 LI$X
P[l~NT 177777 X
PDrv:T1 177777 X
PDWf8 177777 X
POMTL! 177777 X
?D1/T5 177777 X
PDMT6 177777 X
PEOTB 000062$X
PO TI-,lD 00(11 63'
PRI \.JR 000174$X
PF2:P1 CJ00156$X
FJR7~P2 000157$X
PTi'1R 000011$X
PTOtl!' vJ00160'
PTRET (2.100203 '
PTSU8 0100136'
PTUNC 000156'
PUT 000012'
RED 0000LI0
Rl~FLG 000177$X
Rf~OT8 0G0061$X
RSFLG (100146$X
RSTA (.:10015Lj$X
;-::sl::rw 0001 73S.~X

SCE:DF' G00115SX
SCHm 000073SX F-18
SGSTA 0G0162SX
S~'ilIL 00(j101 ,
SPCEL 000002$X



SPTf'l.R
SSDND
STATE
S'TBTS
STFLS
STL
STlo'jr;~

STPRI
STurm
TE'TIM
T1 [lUF
TIFIR
'TIIN
TIMER
TIN
TIOUT
Tt~ERF

TMINT
TI'IOUT
TOf3UF
TOFIR
TOIN
ToaUT
TOUT
TOUTt·)
TOt',ll
TOl.i 13
TO\'.'16
TO 1;.'1 7
TOt'.12
TO h':::;
TO '.. :7
TOI':9
UMASK
\i;I;UL
VGLUtt,
vau'T
XEOPR
::-:I'\O[.:T
;:Y\LS
ZBITN
2:CLER
:;GET
:::IJMP
2IN
cOR
~-;~")TSB

;,:PUT
lRSTR
i::St-1UL
i;STFL
::;STPR
2:\'JA IT

(,;00023SX
000102$X
000013S?X
000123$X
000041'
000(1)57
000010$X
(100004 '
C100175$X
000022$X
000103$X
00010Lj$X
0vJOHJ5SX
0(j0021 $X
000027
00G106SX
000163$X
00015(iJSX
000147SX
GCJ0107SX
000110$X
000111 $X
000112SiX
000043
000172$X
O(i)0036S:;X
000043SX
00QJ044$X
0000Lj5$X
00K1037 $X
0000L;0SX
0000LJ1$X
00001.l2$X
or:)(j 1 43SX
0rJ01VJ7 '
00f.?lSS$X
000040
00011 LjSX
000136$X
OG0134$X
00013S$X
0001 Lj0$X
00012S$X
000133SX
000020
0C10186$X

'000141$X
000124SX
000132$X
000137$X
000130$X
000127$X
000131$X
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.TITL SEGM2
• EX TN TASK0~TASKl~TASK2~TASK3~IDLE

.ENT INITR~INTRP~WAIT

ARTC = RTC+I-DEBUG ; DEFINE ACTUATOR RTC
; INITIALIZATION AND RESTART
INITR: IORST ; RESTE ALL 10

LDA 0~IMASK ; INHIBIT ALL INTERRUPTS
DOBS 0~CPU ; EXCEPT POWER FAIL
LDA 0,ASTLF ; ABORT STALL FLAG
.SZR 0,0 ; SKIP IF NO ABORT
HALT ; STOP.
• GM 1 1, 1 ; AC 1 = - 1
.GPI 3~3 ; AC3 = +1

; DELAY TO LET RTC STABILIZE
LDA 2,CI6; 16 OUTER LOOPS
el FN DEBUG ; *****
LDA 2,C32; 32 IN DEBUG MODE
.ENDC; *****

; STARTING ADDRESS (PC)
CL EAR CARRY ~

STORE (FIRST) FOR TELEMETRY IS
INTO IN AND
OUT.
SM1E FOR TELEMETRY OUTPUT BUFE

PARAMETERS
ADDR-l OF TASK ADDRS
STORE IN AUTO INCR LaC 2
AC2 =-HIGHEST TASK #

INITIALIZE STATE~

*
*

*

*****

*****

*****

*****

TIME

RUNS

.
~

;
; PLACE CYCLE
; IN TIMER

TASK INDEX
FOR NEXT TASK.

INCR
BACK

DEBUG MODE
RESET STALL ALARM

CLEAR
TLM INPUT MODE.
GO TO SCHEDULER

PLACE ADDR OF IDLE
JOB IN PC SAVE IN
DEBUG MODE

NO OUTPUT FOR DEBUG
ALL GREENS OFF
FLASH ON
ALL REDS OFF

65K INNER LOOPS

;

DECREMENT AC2.
; LOOP.

·~
DEBUG ·~
3, STL ·~·~
0,0, SZR ·~
RDLOP ·~
DEBUG ·~
0,GRN ;
3,AMB ·~
0,RED ·~

0,0 ;
0" @ATMOD;
@ZGSCD ;
DEBUG ;
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1,2, SZ R ;
RDLOP

BUFFERS
0, TI FI R ;
0, TlIN ;
0, TI OUT ;
0, TOFI R ;
0, TOIN ;
0, TOOUT ;

TASK CONTROL
0~AIADD ;
0~AINC2 ;
2,MHTSK ;
0,0 ;
0,ESTAT,2
0~@AINC2

010 ;
0,EPCSA~2

0, ECYCL, 2
0, ETIMEI 2
2,21 SZR ;
ILOOP ;
DEBUG ;
0, ZIDLE ;
010 ;
01 EPCSA ;

RDLOP:
elFE
DOA
• ENDC
INC
JMP
eIFE
DOA
DOA
DOA
• ENDC
ADD
JMP

; EMPTY I/O
LDA
STA
STA
LDA
STA
STA

; INITIALIZE
LDA
STA
LDA

ILOOP: .GPI
STA
LDA
MOVZL
STA
LDA
STA
INC
JMP
eIFN
LDA
MOVZL
STA
• ENDC
.ZAC
STA
JMP
eIFN

000015

00043'102460
00044'042403
00045'002401

00027'020421
00030'040004$
00031'030113$
00032'102520
010033'041026$
001034'022004$
00035' 101120
00036'041027$
00037'1021025$
00040'041034$
00041' 151404
00042'000770

000000
0100000

100011'075057

00010'030054$

00'021'020104$
001022'040105$
00023'040106$
00024'020110$
00025'040111$
0'01026'040112$

00012'1101404
00013'000776

000000
00014'061042
00015'075041
00016'061040

00000'11'62677
100001 '020142'$
00002'062177
010003'020144$
1001004'101004
010005'063077
000106' 1261000
00007' 176520

001017'133004
00020'000771



00046'000453'
00047'000256'
013050'000050'

00051' 177777
00052' 177777
00053'177777
0012154'177777

ZIDLE: IDLE ;
.ENDC .

~

ZGSCD: GSCED ;
ATMOD: TMODE ;
AIADD: I ADDR-l ;
; TASK INITIAL VALUES
; STARTING LOCS
IADDR: TASX0 .

~

TASKI ;
TASX2 ;
TASK3 ;

ADl-:lR. OF I DL E

*****ADDR OF SCHEDULER
ADDR OF TLM MODE.
ADDR-l OF IADDR

.
~

;
; TELEMETRY VALUES

00001217 IBTTM = 7 ; BIT TIME IN CLOCK PULSES
130012114 I TNBT = 12. ; TOTAL NO. OF BITS IN TLM FRAME
12100005 IBDLA = 5 ; INTER-BI T DELAY
000124 IFRTM = I BTTM*I TNBT; FRAME TIME

; INTERRUPT PROCESSING

*

*

SAVE AC3
NIOC 0 INSTRUCTION

; GET INTERRUPT DEVICE CODE
; FORM CLEAR DONE AND BUSY FLAGS
; INSTRUCTION AND STORE FOR NEX~

; CLEAR DEVI CE.
RESTORE ACZ
AND AC3.

; ENABLE INTERRUPT
; RETURN TO INTERRUPTED PC.
; A2 INTERRUPT SAVE
; A3 INTERRUPT SAVE
; NIOC FOR CLEARING UNDEFINED DE

PLACE JMP TO RESTART ROUTINE
IN LOC 0.

; CLEAR ACO •
; AC 1 = + 1
; DEBUG MODE
; TUPN OFF GREEN S
; FLASH ON.
; ALL REDS OFF •
;

@PCINT
o
o
o

; RESET ALL IO
; HALT FOR POWER SHUTDOWN

@ZRSTR ; NO, PERFORM RESTART.

INTERRUPT
0,JRSTR ;
0, PCINT ;
0,0
1, 1
DEBUG
0, GRN
1, AMB
0., RED

INTERRUPT
3., A3RSV ;
3., .NIOC ;
2
2,3
3, • + 1
o
2, A2RSV ;
3, A3RSV ;

NIOC

FAIL
LDA
STA
• ZAC
.GPI
-IFE
DOA
DOA
DOA
• ENDC
IORST
HALT
JMP

A2RSV:
A3RSV:
.NIOC:

; UNDEFINED
UNINT: STA

LDA
INTA
ADD
STA
NIOC
LDA
LDA
INTEN
JMP

;

;

00064'062677
03065'063077
00066'002132$ JRSTR:

; PO\JER
00055'020411 PFINT:
00056'040001$
~H0057' 102460
00060' 126520

000000
00061'06112142
00062'065041
130063'061040

001367'054413
00070'034413
00371'071477
00072'157000
00073'054401
00074'06102010
00075'0304104
010076'0344104
00077'0610177
00100'01021001$
00101'1000000
013102'10010000
00103'060200

;
; INTERRUPT ENTRY POINT

001104'063777
00105'0010750
00106'050773
001107'030144$
08110'151004
120111'063077
00112'063615
00113'0010754

;
INTRP:

;

SKPDZ
JMP
STA
LDA
• SZR
HALT
SKPDN
JMP

CPU
PFINT
2,A2RSV
2,ASTLF
2,2

ARTC
UNINT

; TEST POWER FAILURE.
; YES.
; NO, SAVE AC2.
; IS ABORT/STALL FLAG SET.
;
; YES, ABORT.
; TEST RT CLOCK
; NO, UNDEFINED DEVICE

F-22



; REAL TIME CLOCK INTERRUPT
;

0011~'el6el115 NIOS ARTC ; SET BUSY" CLEAR DONE FOR RTC.
00115'03'21115$ LDA 2" SCEDF ; SCHEDULER FLAG
00116' 15100~ • SZR 2" 2 ; TEST SCHEDULER MODE
00117'0elel~12 JMP NOSAV ; DON'T SAVE REGS.
00120'12l3elll~$ LDA 2"XEQPR ; AC2 = TASK INDEX
00121'041030$ STA 0"EA0SA,,2 ; SAVE REGISTERS IN TASK
00122'045031$ STA 1" EAl SA" 2 ; CONTROL AREA.
00123'02'21756 LDA 0" A2RSV ;
00124''2141'2132$ STA 0"EA2SA,,2 ;
012125''2155033$ STA 3"EA3SA,,2 .,
00126'020'2101$ LDA 0"PCINT ; SAVE PC ANI) CARRY.
00127' 101100 MOVL 0" 0 ;
:00130'el~1027$ STA '21" EPCSA" 2 ;
~0131'020142$ NOSAV: LDA 0" IMASK ; MASK FOR RTC AND LOWER PRI OHI 'T
e0132'062177 DOBS 0" CPU · ENABLE HIGHER PRIORITY INTERRl1"0000'210 dFE DEBUG · DEBUG MODE *"00133'061'2157 DOA 0" STL · RESET STALL ALARM"• ENDC ; *.,
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T T T

; TELEMETRY INPUT SECTION
;

*
*

*

-2)

INPUT MODE
APPROPRIATE INPUT Re

;

·"

·"
;

;

;

·"

;

TEST START BIT
; NO" KEEP WAITING

SET TMINT TO # OF START
SAMPLES TO CHECK CBIT TIME

; AC 1=0.
CLEAR IGNORE FLAG

; GO OUTPUT

SET RESTART
FLAG.
SET # OF CONSECUTIVE
COMMANDS TO REQUIRE.
SET EXTN RESYNC FLAG.

; GO OUTPUT

TELEMETRY
BRANCH TO

; MODE 0
1
2
3
4
5
6

; NOT DEBUG MODE
; INPUT TELEMETRY BIT

; DEBUG MODE
; SIMULATED TELEMETRY INPUT

; TEST START BIT
; SET IGNORE FLAG IF NOT START ~

; IS THIS LAST START BIT SAMPLE.
; NO" GO OUTPUT.
; YES" ACl=0.
; CLEAR INPUT WORD.
; CLEAR COMPUTED PARITY WORD.
; SET TIME OUT WORD TO
; INTER-BIT DELAY TIME.
; INITIALIZE BITS REMAINING
; TO # OF DATA BITS.
; GO OUTPUT.

DATA BIT
; TIME TO SAMPLE.
; NO. GO OUTPUT
; YES" STORE # OF SAMPLES
; INTO TIME-OUT WORD.
; SAVE FIRST SAMPLE.
; GO OUTPUT

DEBUG
0" SINPT

DEBUG
0" TIN

2" TMODE ;
@ZIJMP ;
I NTLl1
WSTAR
DSTAR
FDATA
DDATA
PSTOP
DSTOP

VALUES
IBTTM-2 ; # OF START SAMPLES TO CHECK.
IEDLA ; INTER-EIT DELAY.
ITNBT-3 ; # OF DATA BITS.
IBTTM-IBDLA; # OF DATA SAMPLES
3 ; STOP BIT DELAY
IBTTM*2-3 ; # OF STOP BIT SAMPLES

TLM
0" RROTB ;
0" RRFLG ;
0"NCCOM ;
0" I CNTR ;
0" EXRSY ;
IOTPT

START BIT
0" 0" SZC ;
OUTPT
I" SSTAR ;
I"TMINT;
1" 1
1" I GNOR ;
IOTPT

BIT
0" 0" SZC
IGNORE
TMINT
OUTPT
1" 1
1" TINPT
1" CPARY
1" BDLAY
I"TMINT
l"NBI TS
I" BI TRM
IOTPT

OF EACH
TMINT
OUTPT
l"SDATA
I" TMINT
0" DVALU
IOTPT
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oIFE
DIA
• ENDC
oIFN
LDA
• ENDC
LDA
JSR

; TELEMETRY
SSTAR:
BDLAY:
NBI TS:
SDATA:
STPDL:
SSTOP:
; INITIALIZE
INTLM: LOA

STA
LOA
STA
STA
JMP

; WAI TING FOR
WSTAR: MOVLI

JMP
LDA
STA
.ZAC
STA
JMP.

; DURING START
DSTAR: MOVLI

I SZ
DSZ
JMP
.ZAC
STA
STA
LDA
STA
LDA
STA
JMP

; FI RST SAt1PLE
FDATA: DSZ

JMP
. LDA

STA
STA
JMP

0r~162' 101112
012'163' 01ZH?J555
010164'024762
021165'044150$
100166' 126460
100167'044470
00170'000461

0(-J171'101112
08172'010465
10(2173'014150$
00174'000544
o G175 ' 126460
2:0176'044520
00177'044461
00200'024747
012'201'044150$
60212'2'024746
00203'044456
00204'000445

00154'020061$
00155'040177$
00156'020510
00157'040510
00160'040503
00161'000470

00135'030521
00136'006133£
00137'000154'
00140'000162'
00141'000171'
00142'000205'
00143'000213'
00144'000245'
00145'000271'

00205'014150$
00206'000532
00207'024742
00210'044150$
00211'040451
00212'000437

000000
00134'060427

00146'000005
010147'000005
0(z'150'0010011
00151'000002
00152'000003
00153'000013



*

SAMPLE.

OF
TIME*2i

;

.
"

RESYNC DELAY TIME
; TOTAL # OF BITS IN OUTPUT FRAH
; BIT TIME
; TELEMETRY INPUT MODE

TEST STOP BIT.
; STOP BIT OK
; STOP BIT ERROR

SET RESYNC FLAG
SET COMD REJ

; BIT IN TLM OUTPUT
; SET TMODE= 1.

*****
; SIMULATED TELEMETRY INPUT

*****
; IGNORE TELEMETRY INPUT FLAG
; COMPUTED PARITY-TM INPUT
; # OF REMAINING INPUT BITS
; DATA INPUT VALUE - 'I'M
; EXTERNAL RESYNC FLAG
; OUTPUT WORD - 'I'M
; STATUS SEND FLAG
; # OF CONSEC COMDS-l
; CON SEC COMD CNTR
; LAST COMMAND INPUT

I S CURRENT INPUT
; VALUE = FIRST SAMPLE OF DATA E
; NO" SET IGNORE FLAG.
; IS THIS LAST SAMPLE OF DATA Br
; NO. GO OUTPUT.

YES" UPDATE COMPUTED
; PARI TY FOR

THI S vJORD.
; MOVE DATA BIT TO CARRY.

LOAD CURRENT INPUT WORD.
; SHIFT NEW DATA BIT TO BIT 15.

UPDATE INPUT WORD.
; IS THIS THE LAST DATA BIT IN n
; NO.
; YES" TEST COMPUTED PARITY •
; IF NON-ZERO" OK.

BAD PARITY. SET PARITY ERROR
; BIT IN PRIORITY OUTPUT WORD.
; SET I GN ORE FLAG.

SET TH1E- OUT TO
STOP BIT DELAY TIME.

; GO OUTPUT.
; SET TMODE = 3.

SET TIME-OUT TO
INTER-BIT DELAY TIME.

; GO OUTPUT.

; TIME TO BEGIN STOP BIT
; NO" GO OUTPUT.

SET TIME-OUT TO NUMBER
STOP BIT SAMPLES. CBIT

; INCR MODE
; GO OUTPUT

o
o
o
o
o
o
10
1
1
-9.

BITS
0" 0" SZ C ;
STPOK
1" 1
I" RSFLG ;
0" CROTB ;
@ZSTPR
SMODl
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BIT
I" DVALU ;
0" 1
IGNOR
TMINT
OUTPT
I" CPARY ;
0" 1
I" CPARY ;
0" 0
0" 1'1 NPT ;
0" 0
121" 1'1 NPT ;
BITRt1
NXBIT
1" 1
PAROK
0" PEOTB ;
@ZSTPR
IGNOR
1" STPDL ;
l"TMINT;
IOTPT
TMODE
I" BDLAY ;
1" TMINT ;
OUTPT

STOP BITS
TMINT
OUTPT
1" SSTOP ;
1" TMINT ;
1110 DE
OUTPT

VALUES
3*1 FRTM ;
13.
I BTTM
o
DEBUG
o

• I FN

• ENDC
SI NPT:

I GN OR:
CPARY:
BITRM:
DVALU:
EXRSY:
ounlO:
STFLG:
NCCOM:
I CNTR:
LINPT:
; DURI NG STOP
DSTOP: MOVL#

JMP
.GPI
STA
LDA
JSR
JMP

; DURING DATA
DDATA: LDA

• SEQ
I SZ
DSZ
JMP
LDA
ADD
STA
MOVL
LDA
MOVL
STA
DSZ
JMP
• SZR
Jr1P
LDA
JSR
I SZ

PAROK: LDA
STA
JMP

NXBIT: DSZ
LDA
STA
JMP

; PREPARE FOR
PSTOP: DSZ

JMP
LDA
STA

IOTPT: I SZ
JMP

; TELEMETRY
RSTH1 :
NBTSO:
BITTM:
TMODE:

00271'101112
00272'000406
00273'126520
00274'044146$
00275'020066$
00276'006127$
0121277'01210437

0121257'000000
0026121'000000
00261'000000
0121262'0001000
00263'000000
00264'000000
00265'000000
0121266'000001
021267'000001
013270'177767

00253'000374
00254'000015
0121255'000007
00256'00001210

00213'024447
00214'106414
00215'010442
00216'014150$
00217'01210521
0;;;220' 024440
00221'107000
00222'044436
00223' 11011100
00224'020472
00225' 11211 110121
00226'040470
00227'014432
00230'1000411
00231'125004
00232'000404
00233'0210062$
00234'1006127$
0121235'10110422
0121236'1024714
00237'10441510$
00240'01210411
00241'014415
00242'0247105
00243'044150$
00244'100121474

0121245'014150$
0121246'000472
1210247'024704
002510'044150$
00251'010405
0121252'12100466



101000010 STPOK:
'210300'01415121$ DSZ 'I'M I NT ; YES. LAST SAMPLE OF STOP BIT.
'213301'010121437 JMP OUTPT ; NO.
0133132'024755 LDA 1.,1 GNOR ; YES" \I1AS THERE A\I ERROR IN THE
00303'12501214 • SZR 1" 1 ·"013304'101010426 JMP BAmlD · YES" IGNORE INPUT WORD."00305'1020411 LDA 0" TINPT ; INPUT r..,TORD
12'0306'12124762 LDA 1" LINPT ; LAST INPUT WORD
0213107'10410761 STA 0"LINPT ; UPDATE LAST WITH CURRENT
003110' 106414 • SEQ 0" 1 ; TEST SAME
00311'000423 JMP RCCOM · NO" IGNORE"02312'1014755 DSZ I CNTR · DECR CONSEC COMD CNTR"00313'0121121423 JMP SMODI · NOT EXPI RED" IGNORE.1

~)O314'006124$ JSR @ZPUT ; PLACE WORD INTO INPUT BUFFER.
100315'12100104$ TIFIR ; BUFFER POINTER LOCATION.
00316'00190121121 TI NPT: 0 · INPUT WORD..1

00317'0121121413 JMP BADWD ; BUFFER FULL RETURN.
00320'12120063$ LDA 0" I FBI 'I' · INPUT FOP.MAT BI T..1

00321'12341214 AND 1" 0" SZR · TEST FORMAT BIT = 0 OR 1 •"00322'121019412 JMP RCCOM · = 1•"1210323'020064$ LDA 0"IABTB · =0."eIFN DEBUG · *****.1

JMP TSRSY ·.1
• ENDC · *****"

(~0324' 12341214 AND 1"0,,SZR ; TEST ABORT BIT.
019325'006136$ JSR @ZABRT ; ABORT
010326'020065$ TSRSY: LDA 0" I RSYB ; TEST INPUT RESYNC BIT.
0121327'123404 AND 1" 0" SZR ;
00330'010733 I SZ EXRSY ; SET. SET EXTERNAL RESYNC FLAG.
00331'000403 JMP RCCOM · GO SET MODE."00332'020066$ BADWD: LOA 0"CROTB ; BAD INPUT. SET COMMAND
00333'006127$ JSR @ZSTPR · REJECT BIT FOR 'I'M OUTPUT..1

00334'020732 RCCOM: LOA 0"NCCOM ; RESTART CON SEC COMD
00335'040732 STA 0" I CNTR ; CNTR.
00336' 126520 SMODl: .GPI 1" 1 ; ACl= 1
00337'044717 SMODE: STA 1" 'I'M0 DE ; SET TMODE.

"
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; TELEMETRY OUTPUT SECTION

*
*

*.
.I

.
" *; SHIFT NEXT OUTPUT BIT TO BIT ~

; RESTORE OUTPUT WORD.
; DECREMENT OUTPUT BIT COUNT.
; MORE BITS" CONTINUE.
; NO MORE BITS IN THIS WORD. SEID
; COUNT TO TOTAL # OF OUTPUT BIi
; RESYNC FLAG.
; TEST FOR RESYNC NEEDED
; NO

; EXTERNAL RESYNC FLAG.
; TEST SET.
; NO.
; ACO=i21
; AC 1=2
; CLEAR EXTERNAL RESYNC FLAG.
; CLEAR INTERNAL RESYNC FLAG.
; SET OUTPUT BIT # = 2.
; AC1=-1
; SET OUTPUT WORD = ALL I'S.
; CLR STATUS SEND FL
; SET TIME OUT=RESYNC TIME
; GO SET TIME-OUT
; TEST OUTPUT TIMER.
; NOT TIME FOR OUTPUT.
; MOVE BIT TIME TO
; OUTPUT TI MER.
; OUTPUT WORD.
; NOT DEBUG
; OUTPUT BI T 0.

; CLEAR
; RESYNC FLAG
; RESYNC OUTPUT WORD.
; RESYNC OUTPUT BIT.
; SET RESYNC BI T.
; GO STORE RESYNC OUTPUT WORD.

N0R.lI1AL OUTPUT

DEBUG ; DEBUG
1,,1 ; SET BIT 0 MASK.
2"TMINW ; 1M PARALLEL INPUT
2,,1 ; PICK OFF BIT 0
2,,2 ; POSITION NEXT BIT
2"TMINW ; AND RESTORE
I"SINPT; STORE AS SIMULATED INPUT.

0" 0
0"OUTWD
BITN
TIMRS
1" NBTSO
1" BI TN
2" RSFLG
2" 2
NORSY
1
0" 0
0" RSFLG
1" RSt.JRD
0" ORSYB
@ZOR
sounv
o

1.1 EXRSY
1.1 1
NOEXR
0.10
0" 1
0" EXRSY
0"RSFLG
1" BI TN
1" 1
I"OUTWD
0"STFLG
I"RSTIM
STIMO
TMOUT
TIMRS
1" BI TTM
1" TMOUT
0"OUTWD
DEBUG
0"TOUT

.
.I

OUTPT: LDA
• SNZ
JMP
.ZAC
INCZL
STA
STA
STA
.GMI
STA
STA
LDA
JMP

NOEXR: DSZ
JMP
LDA

STIMO: STA
LDA
eIFE
DOA
• ENDC
• I FN
SUBZR
LDA
AND
MOVZL
STA
STA
.ENDC
MOVZL
STA
OSZ
JMP
LOA
STA
LOA
• SNZ
JMP

; RESYNC FLAG =
ORSYW: • ZAC

STA
LDA
LDA
JSR
JMP

; RESYN C FLAG =
NORSY:000000

00374' 102460
00375'1040146$
1010376'024173$
00377'1020067$
004iZ0'006126$
004101'01010435

00340'024723
00341 t 125005
00342'000413
010343'102460
00344'105520
00345'040716
00346'040146$
00347'044151$
00350'126000
00351'044713
00352'2140713
00353'024700
00354'000404
00355'014147$
00356'000465
00357'024676
00360'044147$
00361' 020703

000000
00362'061043

00363'101120
00364'040700
00365'014151$
010366'000455
00367'024665
00370'044151$
00371 '030146$
100372'151005
010373'000407

; GET WORD FROM OUTPUT BUFFER

OUTPUT WORD.
CHECK DATA BI TS

; GO OUTPUT PRIORITY WORD

; CHECK PRIORITY OUTPUT WORD.
; DATA BI TS MASK.

iZGET
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1" PRIWR
0"DATAM
0.12
1" 2
2" PRIWR ;
1" 0" SZR ;
SOUTW

TPRIO: LDA
LDA
COM
AND
STA
AND
JMP

; NORMAL OUTPUT
NOPRF: JSR

.
.I

00411'006125$

00402'024174$
00403'020116$
00404'110000
00405'133400
00406'050174$
00407'123404
00410'000426



*****

UPDATE SIM OUTPUT
MOVE SIM INPUT
to TM INPUT WORD
GO DO TIMERS
TM INPUT WORD
SIM TM INPUT
SI M TM OUTPUT

TEST ST "tvRD 1
NO
OR RESTART STATUS
BIT WITH STATUS WORD
CLEAR RESTART
STATUS WORD
OUTPUT 'vORD MASK
KEEP VALID BITS.
START-STOP BITS
FORM FULL 0UTPUT •
STORE NEW OUTPUT WORD.

*****

;

TOFIR ; BUFFER POINTERS
OBFEM ; BUFFER EMPTY RETURN.
011 ; PLACE
SOUTW ; WORD IN ACI.
; LAST STATUS WORD #.

2ISTFLG; GET STATUS SEND INDEX
212 ; Pu'JD ADVANCE IT
IIMXSTT ; LAST FILLER FRAME
112 ; SENT?
212 ; YESI RECYCLE STATUS INDEX
21STFLG ; UPDATE STATUS INDEX.
31 ASTWR; ACI = STATUS WORD.
213 ;
11013 ;
212.. SZR ;
SOUTW ;
0 .. RRFLG ;
@ZOR ;
0 .. 0 ;
0 .. RRFLG ;
0 .. OWRDM ;
0 .. 1 ;
0 .. STBTS ;
0 .. 1 ;
1.. OUTWD ;
DEBUG ;
1.. STMOT ;
21 STMIN ;
2 .. TMINW ;
TIMRS ;
o ;
-1 ;
o ;

• ENDC

JMP
MOV
JMP
3
LDA
INC
LDA
• SGE
.GPI
STA
LDA
ADD
LDA
MOVZR#
JMP
LDA
JSR
.ZAC
STA
LDA
AND
LDA
ADD
STA
• I FN
STA
LDA
STA
JMP

TMINW:
STMIN:
S1110T:

·1

00412'000110$
00/413' 000404
00/.. 14' 11350013
00415'1300421
00416'000003 MXSTT:
00417'030646 OBFEM:
·004219' 151400
00421'024775
00422'132032
00423'152520
00424'050641
00425'034176$ OUTST:
00426' 157000
00427'025400
0(ij430' 151234
00431'000405
00432'020177$
00433'006126$
0(2434' 102460
00435 t 0L10177 $

00436'020117$ SOUTW:
00437'107400
00440'020123$
00441'107000
00442'044622 STOUT:

; TASK TIMER CONTROL
;

00443'030113$ TIMRS: LOA
00013013 TMRI..P:

*

*

*

*

NO .. DECREMENT TASK TIMER.
TIMER STILL COUNTING.

; tIMER COUNTED DOWN.
; SET TIMER TO INITIAL ~

INCREMENT TASK STATE.
INCREMENT TASK INDEX
LOOP FOR ALL TASKS.

; IS THIS TASK DORMANT
STATE=0 MEANS DORMANT.
YESI IGNORE THIS TASK.

; STATE OF TASK
TEST > 1

; YESI HALT IF MISSED INTERRUPT.
1

11 ECYCL .. 2
1.. ETIMEI2
ESTAT.. 2 ;
212.. SZR;
TMRLP ;

.
1

21MHTSK ; -HIGHEST TASK #
; TIMERI..OOP

ETIME.. 2 ;
NEXTS ;
DEBUG ;
0 .. ESTATI 2
010 .. SZR;

DEBUG ;
0 .. ESTATI 2
0 .. 121 ;
NEXTS ;

• I FN
LDA
.SNZ
JMP
• ENDC
DSZ
JMP
• I FN
LOA
MOVZR#
HALT
• ENDC
LOA
STA
I SZ
INC
JMP

·..

00444'015034$
00445'0100404

"00446'025025$
00447'045034$
00450'1311026$
00451 r 1514104 NEXTS:
00452'000772

·1
; ENTER SCHEDULER
; F-28



GJ L; ::5 S f J 2;2) 1L. 3 £

~0456'062177

LDA
DOBS

1.1 -:.' •
0" 'Lh,"ASX ; r:"T~R?,UPT UN;·;t\.S;·:
0"CPU ; UNMASK ALL" ENABLE RUPTS

;
; TASK SCHEDULER

00457'030113$
00460'021026$
00461' 101234
00462'000414
00463'151404
00464'0013774

00465'020407
00466'040407
00467'014406
00470'000777
00ll71'020203$
00472'061115
00473'000772
00474'000674
00475'0131313130

SCHED: LOA 2"MHTSK ; AC2 = -HIGHEST TASK U.
SCLOP: LOA 0" ESTAT" 2 ; STATE OF TASK.

MOVZRH 0"0,,SZR; TEST >1.
JMP XEQTS; YES" EXECUTE TASK.
INC 2" 2" SZR ; NO" INCR TASK INDEX
JMP SCLOP; LOOP FOR ALL TASKS.

; NOTICE THAT IF NO TASK IS ACTIVE" THE HIGHEST NUMBERED
; TASK (IDLE JOB) IS EXECUTED OR AN IDLE LOOP IS ENTERE~

• I FN DEBUG ; *****
JMP XEQTS; EXECUTE IDLE JOB
.ENDC; *****

IDLOP: LDA 0"CLKCT ; SET DELAY TIME
STA 13"RTDYC ; TO ALLOW RTC RUPT.
DSZ RTDYC j ALLOW RTC PLENTY OF
JMP .-1 ; TIME TO INTERRUPT.
LOA 0"CLOKF ; NO" ENABLE RTC
DOAS 0"ARTC; AT 10013 HZ
JMP IDLOP; IDLE.

CLKCT: 444. ; 2 MSEC DELAY.
RTDYC: 0 ; DELAY COUNTER•.
"
; EXECUTE TASK WHOSE INDEX IS IN AC2.

2"XEQPR; SET EXECUTING TASK INDEX.
0" EA2SA" 2 ; PLACE A2 IN TEMP
0" A2TEM ; LOCN
0"EA0SA,,2 ; RESTORE REGS FROM
1, EAl SA" 2 ; TASK CONTROL AREA.
3,EA3SA,2 ;
2" EPCSA, 2 ;
2" 2 ; RESTORE CARRY.
2,RETRN ; SAVE PC.
2" 2 ; AC2= 0, PRESERVE CARRY •

; DISABLE INTERRUPT DURING DISME
2,SCEDF ; CLEAR SCHEDULER FLAG.
2,A2TEM ; RESTORE AC2.

; B~ABLE INTERRUPT AND
; BEGIN TASK EXECUTION.
; INTERRUPT RETURN ADDRESS.
; A2 SAVE.

SUBROUTINE -- CALLED BY JSR@ ZWAIT

STA
LOA
STA
LOA
LOA
LOA
LOA
110VZR
STA
• ZAC
INTDS
STA
LOA
INTEN
JMP @RETRN

o
o

COMPLETION

BEGXQ:

;
XEQTS:

RETRN:
A2TEM:
; TASK

00476'050114$
00477'021032$
00500'040416
00501'021030$
00502'025031$
0G563'035033$
0051754' 031027 $
0051755'151220
00506'050407
00507' 152460
00510'060277
013511'050115$
00512'030404
00513'060177
00514'002401
00515'000000
00516'000000

; ENTER SCHEDULER

.
"

*****
; MOVE TIMER TO TASK CO~

; TI MER I N DEBUG
*****

DECREMENT TASK STATE.

; 01 SABLE RUPT
AC2 = EXECUTING TASK INDEX.
SAVE PC AND CARRY.

GSCED

F-29

2"XEQPR ;
3" 3 ;
3" EPCSA" 2
ESTAT,2 ;
DEBUG ;
13" ETIME" 2
10, ETETI, 2

INTDS
LOA
MOVL
STA
DSZ
• I FN
LOA
STA
• ENDC
JMP

.
"

;
013524'1300727

00517'060277 WAIT:
00520'030114$
00521'175100
00522'055027$
00523'0151026$



.END ; END INTERRUPT SECTION
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ADS{'.')
Al SAV
A2RSV
A2SI:;'V
A2TEM
A3RSV
A3SAV
AlADD
AlNC 1
APJC2
AlNC3
AINCL.!
AINC5
ALl-1SK
Ai."1 B
AI1T:1
APDr-1T
ARTC
ASTA
ASTLF
ASTVJR
ATt10D
AXFLB
BADHD
BDLAY
BEGXQ
BIT
BrTN
BI TRr1
BITTM
BOFLG
Cl
C16
C2
C32
CLo
C7
CS
CDABT
CLKCT
CLOKF
CN?LS
CPARY
CROTB
CYCLE
DATAt'!
DDATA
DSTP,R
DSTOP
DVALU
EA0SA
EAl SA
E.!\2SA
EA3SA
ECOi'1C
ECYCL
El"MOD
E?CSA
ESPCE
ESTAT

000015$X
000016$X
000101'
000017 SiX
0010516'
000102'
000020SX
000050'
000003$X
0l2l000L.!$X
0l2l0005SX
000006$X
000007$X
000205SX
0000L.!1
177777 X
000171$X
12100015
000153$X
0001L.!L.!$X
000176SiX
0000L.!7'
000207SX
000332'
0001L.!7'
000513'
000052$X
000151SiX
000261'
000255'
000161SiX
00121060SiX
00005L.!SiX
000057$X
000053$X
000056SX
0eJI2l167SiX
000055$X
0eJeJ101$X
000L.!7L.!'
12l12l0212l3SiX
000166SiX
000260'
000066SiX
000012$X
000116SiX
000213'
000171'
000271'
000262'
000030$X
000031SiX
000032$X
12100033SiX
000165$X
00002SSiX
00121164$X
000027 SiX
000024$X
eJ00026$X
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ETETI 000035$X
ETIl1E 00003Lt£X
EXRSY 000263'
FDATA 000205'
FLTIM 0001q5S>X
FORl-iM 000121SX
GU1SX 000206$X
Gr.:,] 000042
G~;CED 000453'
GSTA 000152$X
HITSX 00000Lt
I t-IBTB 000064$X
LctDDR 000051 '
IAFLB 000071$X
IDDLA 000005
I BTTr1 000007
ICNTR 000267'
IDLE 177777 X
IDLOP 000q65'
IFEIT 000063$X
I F'RT;1 000124
I GI'J OR 000257'
ILOOP 000032'
IMASi{ 0001Lt2$X
Ii'J I TR 000000'
INTCD 000210$X
INTLi1 000154'
INTj~P 000104'
I or~LB 000070$X
IOTPT 000251'
IRSYB 000065$X
ITNBT 000014
JRSTR 000066'
LAKC0 000046$X
LAi{C 1 000047$X
LBYTE 000122$X
LI l\iPT 000270'
LOOPS 000160$X
LOH4f1 000120$X
LRJC0 000050$X
LRJCl 000051$X
MA11TM 000170$X
l'll-IT SI( 000113$X
r·f;{ STT 000416'
I'JBI TS 000150'
N3TSO 000254'
:-.JCCOr1 000266 ,.
NS'(T S 000451'
NOEXR 000355'
NOPRF 0010411'
NORSY 000402'
NOSAV 000131 '
NSPBT 0001016
NXBIT 000241 '
OAFLB 000074$X
OASTB 000076$X
OBFE~1 000417'
030FB 000077$X
OCP.:-<B 000072$X F-32
OCDAB 0f2l12110f2l$X



OEr1RB 00007S$X
ORSYB 000067$X
ORSY1:J 000374'
OUTPT 000340 '
OUTST 000425'
OunlO 000264 '
Q!:JRDi"J 000117$X
PARO!( 000236'
PCINT 000001$X
PCSAV 000014$X
PD;1NT 177777 X
PDf1Tl 177777 X
PDr1T2 177777 X
PDMT4 177777 X
PDr1T5 177777 X
PDMT6 177777 X
PEOTB 000062$X
PFINT 000055'
PRAJ:::R 000201$X
PRGER 000202$X
PHI i,Ii1 000174$X
PHRER 000200$X
PRZPl 000156$X
PRZP2 000157$X
PSTOP 000245'
PTl'1R 000011 £X
RCC0i1 000334'
RDLOP 000011'
RED 000040
RETlU\J 000515'
RU1SK 0'10204$X
RRFLG 000177$X
RROTB 000061$X
RSFLG 000146$X
RSTA 000154$X
RSTIl1 00'1253'
RS1..JRD 000173SX
RTDYC 000475'
SCEDF 000115£X
SCEnE 000073$X
SCHED 000457'
SCLOP 000460'
SDATA 000151'
SG STJ\ 000162$X
SINPT 000000U
SMODI 000336'
SMODE 000337'
SOUHJ 000436'
SPCEL 000002$X
SPTAB 000023$X
SSDNB 000102$X
SSTAR 000146'
SSTOP 000153'
STATE 000013$X
STBTS 000123$X
STFLG 000265 '
STIMO 000360'
STL 000057

F-33STr1 I N 000000U
STNOT 000000U



ST.,jR 000010£X
STOUT 000442'
STPDL 000152'
STPOK 000300'
STHRD 000175SX
TASK0 000051 'X
TASK1 000052'X
TASK2 000053'X
TA5I<3 000054'X
TETH1 000022$X
TIBUF 000103SX
TIFIR 000104$X
TIIN 000105$X
TINER 000021$X
TUmS 000443'
TIN 000027
TINPT 000316'
TI OUT 000106$X
TMERF 000163$X
TI\lINT 000150$X
T:-II NU 000000U
Tr-WDE 000256'
TI10UT 000147$X
TI'jRLP 000444'
TOBUF 000107$X
TOFIR 000110$X
TOIN 000111$X
TOOUT 000112$X
TOUT 000043
TOUT~" 0100172$X
TO\oJ 1 000036$X
TOliJ 13 0010043$X
T01:116 00101044$X
TOH17 101010045$X
TO\o12 10100037$X
TOH3 1000040$X
TO\-17 000041$X
TOVJ9 1000042$X
TPRIO 0010402'
TSRSY 000326'
UMASI{ 000143$X
UNINT 000067'
VOLUt1 000155$X
VOUT 0000410
HAlT 01210517'
HSTAR 000162'
XEQPR 000114$X
XEQTS 000476'
ZABRT 0121121136$X
ZALS 12100134$X
ZEI TN 1211210135$X
ZCLER 000140$X
ZGET 000125$X
ZGSCD 000046'
ZIDLE 01210000t1
ZIJM? 000133$X
ZIN 000020
ZOR 000126$X
ZPTSB 0010141$X F-34
ZPUT 000124$X



ZHSTR
ZSNUL
ZSTFL
ZSTPR
ZWAIT
.Nloe

000132$X
000137$X
000130£X
000127$X
000131$X
000103'
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.TITL SEGM3
. -

; TASK 0 - PROCESS INPUT ~ DETECTORS FOR SPEEDS AND VOLS

.ENT TASKO
(] r; (j (j(?J 0

("jGGOO' 034L:52
00001' 126460
00002'045424$
(ij(iJ003 , 175404
0000LJ'000776
00005'044155$

000000

TASK0:
SPDET: LDA 3~MNSPB ;INIT SECTION. AC3 =-# OF SPEE~

.~AC 1,1 ; ACI = 0
T0INL: STA 1~E.SPCE~3 ; CLEAR SPEED COUNTERS.

INC 3~3~S~R ; END OF LOOP.
JMP T0INL; NO~ CLEAR ALL CELLS.
STA l~VOLUM ; CLEAR VOLUME CELLS.

; NOTE -- ACI MUST BE 0 AT THIS POINT SINCE IT CONTAINsm
,; VALUE OF INPUT ~.

SPLOP: ; TASK 0 LOOP

*

AC0

SPEED 8ITS MASK FOR INPUT ~

PREVIOUS INPUT i:
-# OF SPEED BITS.

; MOVE NEW SPEED VALUE
J INTO SPEED TABLE
SPEED CELL ENTRY TO PREB
J FOR NEXT ACTUATION.

LOOP FOR ALL 1-0 BITS.
WAIT FOR NEXT TASK TIME FRAME.
PREVIOUS INPUT ~ TO AC1
LOOP FOR NEW TIME FRAME

~+0 DEBUG \'}ORD
; SKI P INPUT
J ~+0 DEBUG WORD

*J CURRENT DETECTOR STATUS TO ACO
SPEED AITS MASK
MASK SPEED DETECTOR BITS AND m

J NONE.
SAVE SPEED BITS.

; AC2 = INITIAL BIT #
FIND NEXT ONE BIT IN AC0~PUT m

; NO MORE ONE BITS.
INCR SPEED COUNTER FOR ONE BIT

J OK IF NON-~ERO. LOOP
DONT ALLO \.) 0 VERFLO \.}

J LOOP FOR ALL ONE BITS.
RESTORE CURRENT INPUT TO Ace

DEBUG
0~~0DBG J
.+3
o

0~~IN

2~cSPMS J

210 .. SNR ;
NOT11
0,PR~IN J

2~2

@i::BITN J

ENDll
SPCEL~ 2 J
T1 TO 1
SPCEL~2 ;
Tl TO 1
0~ PR~IN J
.+2
0,PR~IN ; SAVE SPEED BIS
0~0 J .NOT. SPEED BITS TO AC0
1~0~SNR J PLACE 1-0 TRANSITIONS IN
NOT10 J NQ 1-0 TRANSITIONS
3~VOLUM ;AC3 = INPUT ~ VOLUME BITS
0~2 J OR 1-0 TRANSITIONS
2~3 J WITH EXISTING
2~3 ; VOLUMES.
3~VOLUM ; UPDATE VOLUME BITS
2~2 ; SET AC2 TO INITIAL BIT #
@~BITN ; FIND NEXT 1-0 BIT IN AC0.
NOT10 ; NONE
3~ SPCEL~ 2
3~SPTAB~2

3~ 3 ; CLEAR
3~SPCEL~2

T1 TO(j ;
@eHAI T ;
1 ~ PR?S IN J

SPLOP ;
PARAMETERS

177774 ;
o ;
-NSPBT ;

,F-37.END

• I FN
LDA
JMP

• ENDC
DIA
LOA
AND
JMP
STA
• GM 1
JSR
JMP
ISz::
JMP
DS~

JMP
LDA
JMP
STA
COM
AND
J(\1P
LDA
COM
AND
ADC
STA
• GM 1
JSR
JMP
LDA
STA
.TEAC
STA
Jt"1P
JSR
LOA
JMP

o LOCAL

~0DBG:

NOT10 :

Tl T00:

NOT11 :

ENOl 1 :

T1 TO 1 :

; TASK
~SPMS:

PR~IN:

MNSPB:

(j (:i (j 5 rl ' 17 7 7 7 4
{iIC rj51 '000C.100
(ij(~C')52' 177762

1;00 fH% ' (1160 LJ8Ci)

o(iJv) W1 '0301.141
(1 WH (j , 1 434(15
CjOr,ll 1 'rJ001il3
(2)01? '0 L10 43 7
0(;)(') 13' 152000
CFj(J14'G06135$
(JW) 15' 000LJ05
CjCJ016' 9.1119.102$
(jCJG 1 7 ' 000775
(,}(,)r.i20 ' 01 5Qj(i) 2$
OUr')21 '(J(iJ0773
(;)(lJD?2' 020427
0G()?3' 009.1 LI02
DOr:i? L1' (1L10425
0(j(j25 ' 100)G00
0CHj?6' 123L:05
[jGflj:>7 '000L116
(:H;;030' 034155$
O[j031 ' 11 (JO(i)0
::/);:;32' 157400
UC7i33' 1560rJ0
Cjr',i'~)3Lj' 05L1155$
[I) (j Ci 3 5 ' 15 2 (J (7) 0
0('i(l36 ' {i)06135$
(,,///3 7 ' () 0 C.i L; (7j (,

OJ Wi /: (1 ' (j 3 5002 S
DO C,j /: 1 '0 5 5023 $

:'J U(j /12 ' 176460
QI;J('J /:3 ' f/j 5 5(102 $
r)Dr;L;Li' 000772
(0UGLj5' WJ6.131 $
00(0/16' 02 I,L103
0(1)OLI7' 0130737



.I\,()~, (\ v
(\ 1 ::iAV
A2'SP, V
A3SP,V
!\ 1:') r: 1
f\ PJC2
fHNC3
{\1NC~

l\1NC5
(1:,';1]

{\:-"IT~~

/\;:> [1[1; T
tSTA
f\~TLF

r\~:;nm

:";1T

r::1FLG
r,1
(;16
C2
C32

C7

C Df.,ST
CNFLS
C;~OT8
CYCLE
Of". T{\M
DF:8! IG
FPGSA
EAl Sf",
i:~A2.Sf\

E,I\, 3Sf\
F:Cm--;C
ECYCL
[\,1['10[1

EN D1 1
EPCSl\

ES Tf'. T
ETET1
ETIt'1E
FLTH'J
F)RMM
G~N

GSTA
HI TS:<
IASTD
IAFLB
IF8IT

IONLB
I F~S YF3
LP,KC(;;

LAr<C 1
LBY7E
LOOPS
LOt,: ill'"

(1(,1(3fij 1 5SX
(.)()I/JI,j 1 6$X
(j(,J(j01 7 SX
(,) (/) ((I ~j2 0 SX
(ij r:j (;) (j r~J 3 5: )(
(/) ('j (-) (j (ij 'I SX
(~O (13 (Ij 5SX
(:j(j0Gf] 6 SX
(JG0007 $X
(j r,j U(:i Lll

177777 X
(J 0j (,)1 71 SX
c;rj(:J 1 53£X
GOG I/jLl£X

0(j01 76S:X
(jC)0052SX

00°)1 51 £X
('J:J (lJ 1 6 1 SX
(ijVJ006rJSX
O(Jej05LISX
01 (I) (j (1 57 $X
CJCJ(~VJ 53 SX
FJ0)00 56£X
0'.)0167 S;X
()00f15SSX
0(9)1 (iJI $X
000166SX
(.~00066$X

v.J(1[)(7J 12SX
000116SX
000000
0(1003(iJSX
000031$X
(iJ0(~032$X

000033$X
000165$X
OG(iJ0:?SSX
00016~SX

000022'
000027SX
OrJ0024SX
000026$X
(:.J00035SX
OC'10034$X
0001 LI5$X
000121$X
000:":.ILI2
(,)00152$X
(ij00004
00006 LI$X
0GJvJ071 $X
0c;J0063SX
f1001.112$X
000070$X
(J (10(1655iX
000046$X
000047SX
0001~2SX

000160$X
000120$X
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LrucCJ GD0050SX
U~JCl ('j;-:J0051 $X
L'!,l\t\1TM 0vJ017C1$X
MHTS:< CJ00113$X
~'~\\!SPB 00(2)052 '
NOTl fj 00Gl~LJ5 '
NO l' 1 1 00002 L1'

NSPOT (iW0Cl16
0f-IFL8 00('107 LJSJX
OA~;TR FlOOO76$X
or:~OF:1 000077$X
OCAl<8 (iJ(,J lim 72 5) X
OCDN'! 000100SX
OFilJRR DCi0075$X
O;-:SYB 00(1)067 SX
ol:lnmlJ 00(IJ117SX
peHH y)(iJ0WH SX
PCSf-I,V 000(,) 1 LJ$X
PDM~~T 177777 X
PD~t,T1 177777 X
pm,H2 177777 x
PDt'-lTLI 177777 X
eml.T5 177777 x
PDt'-lT6 177777 X
:'EOT8 (~(iJ0062$X

P)~ I l'iR DOO17LJSX
Pt::;:; IN 000051 ,
P?~'~P 1 00f)156SX
r)R/~P2 000157$X
?Tf'iR Cl000.11 $X
;:~E: D (~O(J0/Ir:j

:\r:~FL G 000177$X
j::F~OTD r~~Kj061 $X
?~;FLG (I)001 / 16SX
I\~;TA 00015LjSX
I-:S~.'lRD 000173SX
;:CE:D;;- (:)(:)0115$X
SC: EFm 000073SJX
,SGSTA OG0162SX
SPCEL 000PJ02$X
SPDET 000000'
SPLOP 000006'
~:.pTA8 WJ0023SX
SSD0JB 00(1102$X
STP.TE OC:)(j013SX
ST8TS 0G0123$X
STL (j00057
snm 0(iJ0010$X
~.',TT:}R0 000175$X
TOINL 0[j(~002 '
T1 T00 000036'
T1 Tal 00001LJ'
T/\SKvj 00{iJ000 '
TETH~ VJ(:J0[j22$X
TIBUF l/.i(2j0103$X
TIFIR IIJ0010L/$X
TIIN 0(cJ01r15SX F-39
TIMER 000021SX
TIN 000027
TIOUT 000106$X



T~"1Er~F' 000163$X
TMINT (ilQJ0150SX
T~~OUT 0)(ij0147 $X
TOBUF' 0(10107 £X
T,)FIR 000110SX
TOIN G00111SX
TOOUT 00(:) 1 12$X
'j'OUT 0000LI3
TOUTt-.l 00(11 72$X
TO 1;'1 (;J(i)(.j036SX
TO l;~ 13 (1,,0(1)(1 LI3$X

T() i','l 6 ('J00j vi ii il $X
TO;':17 0000i:5$X
1'0\'12 000037SX
TO 1.13 000040$X
TO in OG00L!1 $X
TOi}9 OQ)00 42 SiX
ut,jAS:-< Ci)OOl Lj3$X
VOLU~J 000155S>X
VOUT 0vJ0040
;<r~: ~': PR 00011 LjSX
:~(jD8G 000000lJ
~.1\8r~T 000136$X
;:;/-\L5 000134$X
;·c3ITN fJ0(i)135$X
(:8L F:R C100140$X
::GET (i)00125$X
;f;IJMP 00(11 33$X
dN ~)vJ0020

::':OR O(l)0126$X
i;i::JTSB {li001 Lll$X
~-:PUT 0(10124$X
':;~STF~ 00(~132$X
[;St,~UL 000137SX
::::S?i'-IS 000050'
?:STFL 000130$X
::STPR ('./00187$X
Zi·JAI T 000131SX
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., • TITL SEGMLJ

; TASK 1 - DETECTOR PROCESSING AND TM OUTPUT RllFFFRING
;

.ENDC
DIA
JSR

; c+l OCCllPANCY
lDA
LDA
AND
JMP
lDA

DITOl: JSR
JMP
ISe
JMP

.ENT TASK1,c1VB5
000000

(QV.l O(ljv) , 1CJ2 L.i 60
0GCH/J 1 '0,tW)1 56$
00Qll~)2' (1L.i0L.i52
O(l)vJ03 '(140447
(?j00(:)LJ' 0 /10447
0(::lW15' 0LJ01 57$
00006' (;12L:L133
(.W)(i)07' 0LJL1003$
v)0('1l (;)' 0~043?
O(/jOl1'03LJil27
W?j012' (7)560(iJ~$
r'J0(;j 13' 1514(14
(I) Vi 0 1 Ii ' 0 (1 (51 7 6
WI) 111 5 ' (I) ~ L: 112 6
011 111 (,'05/;426
(J W') 17 ' 11511/12 (-,
;j(iH)2rJ' (1)5/1/126
L)(J (,l? 1 '.0 5 LI Li2 6
00022' 000LI3LI

003015
00(1LI(1' 17763il
0(~0/j1 '{ij(ijvH:i22'
000/:2' 177763
f/j00LJ3' (/)00050

000(10LJ
(J(i)(!l50'113130
1.)0(ij51 '(ij003 63
rlVH152 '000000
v)0vJ5~ '000000
(111(15L,' 000000
00055'000264'

000000

00'156'06LJ421
(1j0(j57 ' 006776
00GJ60 , 000370'
0(1(161'157170
000(-,2'000156$

0r;)('~63 '030765
00064'020156$
(1I.1(j65' 1L.i3 /105
0(1066' 0(10Li21
(10067' 030752
00(1)70'006135$
0(1(1)71 '(100416
0(11)72' 0110130
00073'000775

TASK 1:
OETPR:

; SOME
OCCIJP:
OCINI:
MOCUP:
MNOCU:
ATINI:
AVTRP:
eP10M:
Acl0B:
OVOL:

OOCUP:
ASVL8:
; TASK
DTLOP:

elDBG:

.cAC
STA
STA
STA
STA
STA
LOA
STA
LDA
LCA
STA
INC
.JMP
LOA
STA
STA
STA
STA
JMP

LOCAL
.BLK

.BLK

1 LOOP

• I F'N
LDA
JMP

0,0 ; INIT. CLFAR AC0
0,PRePI ; CLF'AR PRFVIOllS INPUT e+1
0,OOCUP ; OUTPUT OCCUP,
eh OVOL ; OllTPUT VOL
0,OVOl+l; WORDS,
0, PR;z.P2 ; PREVIOUS INPUT l:+?
I,MOCUP ; AC1 = AODR(OCCUP-l)
1,AINC1 ; STORE IN AUTO INCR LOC 1
2,MNOCU ; AC2 = -II OF nccup CELLS
3,OCINI ; AC3 = INITIAL ocrup Vt\U1F"
3,@AINCl; INIT OCCUP CELL AND INCR TO Nit
2,2,ScR ; INCR OCCllP CELL cnUNT
.-2 ; LOOP FOR ALL
3,ATINI ; INIT VALUE FOR AVFR TRAP TIMF:
3,AVTRP ; INIT ALL AVER TRAP CELLS
3,AVTRP+1;
3,AVTRP+2;
3,AVTRP+3;
DTLOP ; START TASKI

TASK 1 PARAMETERS
13. ; OCCllPANCY COUNTERS
-1013. ; INITIAL OCCUP VALlIE (5 SEC)
OCClJP-l ; ADDR-l OF OCClJP
-13. ,; -# Or OCClJP CELLS
L.i0. ; INIT VALUE F'OR AVTRP (Li5 FPS)
4 J AVER TRAP TIMF CELLS
113130 ; l:+1 OCCUP BIT MASK
cl0BT-OCCUP ; ADDR OF ~10BT

o ; OUTPUT VOL v,lORD 1
o ; OUTPllT VOL \'JORO 2
o ; OllTPUT OCCUP
SVOlB ; ADDR OF' SVOlR
PROCESS c+l VOLUMES

DEBUG .
*,

I, e 1DBG ; SET CURRENT INPUT = DEBUG \'JOR
.+3 ; SKIP INPUT
0 .

*,
1,cIN+l ; READ INPUT ~+1 INTO ACI
@ASVl8 ; GO STORE VOMlJME 81 TS
elVBT-l ; c+l VOL BIT TABLE
157170 ; c+l VOL MASK
PR2Pl ; PREVIOUS 3+1
PROCESSING
2,cPI0M ; OCCUPANCY BITS MASK
0" PReP 1 ; CURRENT e+ 1 INPUT
2,0,SNR ; KEEP VALID OCCUPANCY BITS. TF~

DNOll ; NONE
2,MOCUP ; ADDR OF OCClJP-l
@cBITN ; FIND NEXT 1 BIT IN ACO, PUT 11m

DNOll ; NO MORE 1 BITS.
0,2 ; INCR OCCUP COUNTER F'OR EACH 1$
01TOl ; NO OF'lO

F-42



f10fiJ7.1.' 03.1055 LDA 3,A~10B .; OFLO. INDEX c10RT.
00(-)75' 1570'10 ADD 2,3
C10076'035Li0() LDA 3, a, 3 .; GET OCCllP OUTPUT BIT
v,0077' 0?L1755 LDA 1,OOCUP · GETOUTPUT OCCUP "',lORD,
(i)010(3'17Li(i)00 COM 3,3 .; OR NEvJ OCCUP BIT
(,)0101 '167Li00 AND 3, 1 ·,
001 (,)2' 1660(10 ADC 3, 1 .;

001(13'0LiL1751 STA I,OOCLJP .; RESTORE occup OUTPUT \-IORD
1/)01 (1.11' 0?L173/J LOA 1,OCINI .; INIT OCCUP COUNTER
00105'0Li5000 STA 1,(1),2 .; INIT VALUE TO OCCLJP COUNTER
010106''100762 JMP DITOI · LOOP fOR ALL OCCUP BITS,

0000010 DNO 11 : J.,
J PROCESS DETECTOR INPUT c+2 VOLUMES

• I fN DEBUG .; *
LDA l,c2DBG .; DEBUG INPUT c+2 TO AC1
JMP .+3 .; SKIP INPUT

c2DBG: 10 .;

• ENDC · *,
('l0107' 06 LiLi22 DIA 1,~IN+2 J READ CURRENT c+2 STATllS
00110'0067Li5 JSR @ASVLB J GO STORE VOL BITS
00 111 '13 00 Li2 2 ' c2VBT-l J c+2 VOL BIT TABLE
00112'05Li5Li0 10545LiIO .; c+::? VOL MASK
00113'0100157$ PRZ3P2 · PREVIOUS Z3+2,

.EOT
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; PROCESS INPUT ~ VOLS AND SPEEDS

ENT~

r,r.T TF:LEM OllTPtJT VOL BIT
TM 0 UTPUT VOL \"0 RD
SET VOL AIT
RESTORE OUTPUT \-JORD

; J_OA D SPEED Bl'FF'ER
MINIMUM OCCUP TIME
MAXIMUM OCCUP TIME
TEST OCClJP TIME
IN LIMITS.
NO~IGNORF.

INDEX AVTRA

;

; AC0=CURRENT AVER TRAP TIME
; AVTRP=AVTRP+(TPTIM-AVTRP)*LAMm
; RESTORE UPDATED AVER TRAP TIME

RESTORE VOL BITS TO AC0.
; LOOP FOR ALL VOL AITS

CURRENT AVER TRAP TIME
SAVE BIT #
AC3-ALLOWARLP- VARIATION OVER a
AVTRP+IVART
TEST TPTIM IN RANGE OF AVER.
YES. AC1=TPTIM
NOI SFT TPTIM TO
AVTRP+IVARA. PUT IN ACt
AC2=MAXIMl~ LAMADA
TEST TPTIM<MAX LAMRDA
NOI USE MAX LAMBDA
TPTIM-AVTRP TO ACt
SET ACvhAC1=ACl.AC2=(TPTIM-AVB
PERFORM ARS OF 7 BY SHIFTING m
S\,JAPPING HALVES OF L.S. \',10RO.
MOVE CARRY TO LSB OF MOST SIGB
MASK FOR LOWER BYTE
MASK LOWER AYTE AND MOVE TO US
MASK LOWER BYTE OF L.S. WORD.
MERGE ROTH BYTES. THE RESULT m

; A TRUE DOUBLE SHIFT OF 71 OR B
; RESTORE RITO TO AC~

; INDEX AVTRA

; CLEAR AC2
; DONT ALLOW TASK 0

0~VOLUM ; GET INPUT ~ VOL BITS
2~VOLUM ; CLEAR VOL BITS

; ALLO W TASK 0
212 ; AC2=INITIAL BIT #
@~BITN ;GET # OF NEXT VOL BIT IN AC2
SNOMO ; NO MORE RITS SET.
01TEMII ; SAVE REMAINING VOL RITS
3IA~0VB ; INDEX r.0VBT
213 ;
1~'ih3 ;
~h OVOL ;
O~OR ;
1~OVOL ;
1~SPTABI2

0~ MINTP ;
31MAXTP ;
01 1 ;
31 1 ;
SKSPO ;
~h AAVTR ;
2~ 3 ;
0~@Cih3 ;
21TEM12 ;
31IVART ;
lch3 ;
113 ;
TPTOK ;
11 I VARA ;
011 ;
21MXLAM ;
1.2 J
1.. ? J
(ih 1 ;
@i3SMUL ;
1~ 1 ;
11 1 ;
0~ 0 ;
21LBYTE ;
2" 0 ;
2~ 1 ;
011 ;

2~TEM1P.

3~AAVTR

2~3

01@013
1 ~ 0
01 @01 3
01TEMII ;
SCLOP

LDA
LDA
ADD
LDA
ADD
STA
LOA
JMP

.~AC

INTDS
LOA
STA
INTEN
• GMI
JSR
JMP
STA
LDA
ADD
LOA
LOA
JSR
STA
LOA
LOA
LOA
.SGT
.SGE
JMP
LDA
ADD
LDA
STA
LOA
ADD
.SGE
JMP
LDA
ADD
LDA
.SGT
MOV
SUB
JSR
MOVL
MOVS
MOVL
LDA
ANDS
AND
ADD

;

;

;

CJ0167'030i111
0vi17vJ'03i1IJ14
00171 '157000
00172'(J23400
001 7':{' 1230(10
0017i1'043400
00175'020402 SKSPD:
00176'00072Ll

0~)11 Ll' 152460
0(iJ11 5' 06(1)277
O()} 16' 02(1} 55$
00117'050155$
0Vi120'060177
(i)01 21 ' 152000
00122'006135$ SCLOP:
0(1123' 000465
(9v)l211' 040 / :53
00125'03IJ L15IJ
(,Hj126' 157000
(I)vjI 27' 025 /100
0vJ 130' 020722
(I) (/) 1 3 1 ' 0 0 6 12 6 $
(i]0132'0/,/1720
(i)0j133'025023$
(1)(1134' (120 IJ/j6
VJD135'03IJIJIJ6
CJ0136'106IJ32
QHin 37 ' 166032
(I)(:) 1 L:0' (lJ (/) (I} Ll35
(101 L:1 '034IJ43
001 L,2' 157(100
(I)(i) 1IJ3' (1j231J00
(lJ (1)1 /.1.11 ' (15 0 Ll 3 IJ
001 IJ5'(i)3 Ll4IJ0
001 L16' 117000
0(111 IJ7' 136032
(/) () 1 5(1) , 000 LJ03
V)v.l151 '02LIIJ35
OC'i 1 52' 1 (17 (1(1)0
~0153'030LJ3Lj TPTOK:
(j (11 ') Li ' 132 LI3 2
rHH55'131000
(10156' 106Ll00
00157'006137$
vj (7) 1 6 (1 ' 125 100
D0161 '125300
(:; (1)1 62 ' 101 100
(i)!-)163 '030122$
(1016/.:' 1113700
O"j 165' 1Ll7 Ll00
00166'107000

; MORE TASKI LOCAL PARAMETERS

00177'800000 TEM11:
00200'000000 TEMI2:
00201'000353' A~0VB:

o ; TEMP
(3 ; TEMP
l0VBT ; ADDR OF ~0VBT
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(1)(1202. 00{i}O? L;

00203' (j03410
0(12r1Li' 000Li36'
00205'00'1036
00206'000017
00207'000200

MINTP:
MAXTP:
AAVTR:
IVART:
IVARA:
MXLAM:
;

20.
1800.
AVTRA
30.
15.
128.

; MIN TRAP TIME (90 FPS)
; MAX TRAP TIME (1 FPS)
; ADDR OF AVTRA
; TRAP TIME ALLOWABLE VARIATIONS
; AVER TRAP TIME INCR IF VARIATW
; MAX LAMBDA

000000 SNOMO:
;

; PLACE DETECTOR DATA IN TM OUTPUT BUFFER

(ij021VJ'00LI511
0(1)211'00(,1052'
v) vJ 2 1 2 ' r~j(10 0 (?) L,

(1)0213' 0000/J2$
0021Li'00Li505
00215'000053'
00216'000002
00217'0000Lj3$
0022(tJ' 00 Li501
00221 '000054'
0r-1222 ' 00(-:) (i) 02
00223' 0(1)0041 $
vH1?2 LI ' 020627
0(122 5' 1 0 1 30 0
v)(W26 , (tJ Ll0625
0(-)227' 020625
0(-)23(1'101300
0(j231 '040623

;

JSR

JSR

I ~ •

JSR

LDA
MOVS
STA
LDA
MOVS
STA

PTMDT ; PLACE DET VOLS IN TM OUTPUT RIil
OVaL ; GROllP '.-.'ILL RE PUT IN RUFFER Uil
4 ; Il GROUPS
TOW9 ; OUTPUT FORMAT 9
PTMDT ; SAME FOR PED INPUTS. GROUP WIB
OVOL+l ; z::EROED IF PUT IN BUFFER.
2 ; 2 GROUPS
TO\-11311 ; OUTPUT FORMtl,T .13
PTMDT ; SAME FOR OCCUP BITS. IF BUFFEID
OOCUP ; GROUP WILL NOT BE ~EROED.

_2 ; 2 GROUPS
TOW7 ; OUTPUT FORMAT 7
0,OVOL+1; MOVE PED BITS TO
0,0 ; UPPER BYTE
0,OVOL+ 1;
0,OOCUP ; MOVE OCCUP RITS
0,0 ; TO UPPER BYTE
0 .. OOCl.~p i

; ENCODE AVERAGE TRAP TIMES TO 4 BIT CODES AND PLACE
; IN TM OUTPUT BUFFER IF CHANGED

(,j(,) 232 'Qj20'~56$

00233' (/)4f17 Ll Ll

rj(~23 LI' (j2(j513
Qj()235' 0Li0003$
(10236'020512
00237' vJ401l16
002"«1' (7120511
00?LJI '040737
002 Li?' 020510
002 / 13' 01l0001l$
W12LJI, ' 022003$
oc)? .115' vJ2 6004$
002"<6'122Lj32
002 117' (?001l03
W1258' 0111730
00251'000774
00252'1(,)2000
WJ253'00611l1$
0(1J2 S4' (i)00200 '
v)(j255 ' (1001 72$
00256'010777
00257' 01 L1720
(i)026(Q'i(100760

(lj(j?61'vH'j6131$
0~)? M~ , G) 02 N11
00263'000056'

.,
LOA
STA
LDA
STA
LOA
STA

AVTLP: LDA
STA
LOA
STA
LDA

ASCLP: LOA
• SGT
JMP
DSc
JMP

FOUNS: .GMl
JSR

SOFMN:
ISc
OSt;
JMP

; END OF FRAME
JSR
JMP

0,C4 ; STORE # OF AVER TRAP
0,TEM11 ; TIME CELLS IN COUNTER
0,AAVRT ; PUT ADOR OF AVTRP-l
0,AINCI ; IN AUTO-INCR LOC 1
0,ATMSO ; STORE FIRST SPEED CODE
0,SOFMN ; OUTPUT FORMAT ADOR
0,FOTCD ; PLACE FIRST OUTPUT CODE #
0,TEM12 ; IN COUNTER.
0,ASPDC ; PUT ADDR OF SPEED CODE TARLE-1
0,AINC2 ; IN AUTO:INCR LOC 2.
0,@AINC1; AVER TP TIME TO AC0. INCR TO ~

1,@AINC2; TRAP TIME THRESHOLD Tn ACI. 1m
1,0 ; TEST TRAP TIME> THRESHOLD •
FOUNS ; YES, FOlINO SPEED CODE
TEM12 ; DECR SPEED CODE n. IF=0,USE 0.
ASCLP ; IF NOT 0 KEEP SEARCHING
0,0 ; SET COMPARE FLAG
@cPTSB ; PLACE spn CODE IN OUTPUT BUFFi
TEM 12 ; lir FF FRO~.'J LAST OUTPUT.
Toun-.' ; OUTPUT FORMAT ADDR
SOFMN ; INCR OUTPUT FORMAT ADDR
TEMl1 ; DEeR AVER SPEED CELL COUNT.
AVTLP ; LOOP FOR ALL CELLS.

@~'.-!AIT ; WAIT FOR NEXT TASK 1 FRAME
@.+1 ; LOOP FOR NEW FRAME
DTLO? ; ADDR OF START OF LOOP
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,;

,; SUBROUTINE TO STORE VOLUME BITS INTO OVOL F"OR F"UTl'lS
,; TM OUTPUT. CALL WITH VOLUME BITS IN AC1.
,;

.; JSR SVOLB,; CALL SUBR
,; BITBL-l ,; ADDRESS OF" BIT TABLE-1
,; MASK ,; MASK TO BE APPLIF.D TO VOL BITS
,; PREV ,; PREVIO US VOL R I TS
,; ,; RETURN
; 81 T TABLE CONTAINS THE OlJTPtJT 81 T rOR EACH AI T IN I)

,; IS SET IN ADDITION TO ANOTHER BIT~ THE OTHER BIT ~~

,; INTO OVOL+l. DESTROYS ALL REGISTERS.

,;

.; RESTORE OVOL
RESTORE REMAINING VOL BITS.

,; LOOP.
RETURN TO

,; CALL+LJ
,; RETURN ADDR
,; TEMP SAVE F"OR AC0
; ADDR OF" OUTPUT VOL WORD.

,; GET PREVIOUS VOL BITS
,; VOL MASK
; KEF? VOL BITS
,; UPDATE PRF.VIOllS VALUE
,; NOT PREVIOUS
,; F"IND 0-1 TRANSITIONS
,; NOI\IE~ RETURN
; STORE RETURN ADDR.
,; ADDR-1 OF" BIT TARLE
,; INCR AC2 BY # OF" NEXT BIT SETm
,; NONE SET~ RETURN.
; SAVE REMAINING VOL BITS.
,; AC3 = ADDR OF" OVaL
,; AC0 = ENTRY F"ROM BIT TABLE.
,; BIT 15 TO CARRY. TEST BIT 15 m
,; YES" SET AC3 = OVOL+l. CLEAR R
J REPOSITION BIT TABLE ENTRY.
,; OVOL
,; OR BIT TABLE ENTRY

0,,@2~3

2" 1,,3
2~ 1
1~@2~3

(1" ({)
I"O"SNR
3,,3
3,SSRET
2" 0" 3
@cBITN
SVOUT
0~SSAV0

3~AOVOL

({)~ 0~2

0~ 0~ SEt:
3~3

0,,0
1" O~ 3
0~0

l?h 1

0" 1
1, r1~ 3
(-1~ SSAV0 ,;
SVLLP
3~ SSRET ,;
3~3

o
o
OVOL

LDA
LDA
AND
STA
COM
AND
J~-1P

STA
LDA
JSR
JMP
STA
LDA
LOA
MOVt:R
INCt:
MOVL
LOA
COM
AND
ADC
STA
LDA
JMP
LDA
JMP

,;

SVOLB:

SVOUT:

SSRET:
SSAV0:
AOVOL:

SVLLP:

r::H~2 6LI' 0~ 3 402
(j(i)2 (, 5' 0314(11
l?!(i)2()(,' 1 L1740(3
(iHlj?, 67 ' (/) Li 7 L~ (i)?
0027(:)' 10000(i)
(i'0~71 ' 123L~0 5
o0 2 7 ~ , (I)(i) 1 LiVJ 3
(,)[1)273' 054423
(I) (1 ~ 7 Lj , (j 3 140 0
1/) CJ 2 7 5 ' (I) ,/) 6 13 5 $
Wj27 ()' 000LI16
(;10277' 040420
(Ji/i3(iJ()' (iJ34420
Cj(;J 3 (i) 1 'rj21 0(1)0

(I)(12,r:)2' 101226
0(')303' 175420
003(')'//' 101100
003(J5'025400
0liJ306' 1vJD000
00307' 1(17 400
0031 (j , 106000
(H') 31 1 '045 LI0 0
00312' 020LI05
(10313 '000762
C~(,131 ./1' 03 44r12
(10315' 001403
00316' (100000
(1)0317' 000000
00320'000052'

,;

00321'0?1401
(10322' 040LI23
00323'021402
0032/1'0.110413
(10325' 021 4(10
0(1)326' 040LJ10
00327' 05LjLJl 7
0v)330' (1'22406
00331'030056$
00332'006134$

,; SUBROUTINE
,; JSR
,;
,;

,;.,
PTMDT: LDA

STA
LOA
STA
LDA
STA
STA

PTMLP: LOA
LDA
JSR

TO PLACE DATA BITS IN TM OUTPUT RUF"F"F.R.
PTMDT ,; CALL SUBR
ARGO ,; LOCATION CONTAINING DATA BITsm
ARG1 ,; # OF" 4 BIT GROUPS OF" DATA RIT~

ARG2 ,; ADDR OF" OUTPUT F"ORMAT F"OR LEF"m
,; RETURN

0~1~3 ,; STORE # OF" GROUPS.
0"PTMC ,;
0,,2~3 ,; STORE STARTING OUTPUT F"ORMAT a
0~PTF"MN ,;
0,,0,,3 ,; STORE LOCATION OF DATA BITS
0~ PTLCN ,;
3"PTDRT ,; SAVE RETURN ADDR.
0~@PTLCN,; AC0 = DATA WORD
2~CLJ ,; AC2 = SHIF"T COUNT
@~ALS ,; CIRCULAR LEFT SHIFT DATA WORDa
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\?lD333' 042403 STA 0.. @PTLCN,; STORE SHIFTED DATA v.'ORD.
0)vj33Lj'102460 .Z::AC 0 .. 0 ,; SET NO-COMPARE FLAG
0(1)335'(106141$ JSR @~PTSB. ,; GO STORE 4 BITS·
(i)(iJ336 ' 000000 PTLCN: 0 ,; DATA V:ORD LOCN.
~j(iJ33 7' 0001300 PTFMN: 0 ,; OUTPUT FORMAT ADDR
riJC'j3L:0' (11 0777 IS~ PTFMN ,; INCR OUTPUT FORMAT ADDR
003Ljl '(1} LILJ0L! DSe PTMC ,; DEeR GROll? COUNT.
(ljD3 4? ' vJ00 7 6 6 JMP PTMLP ,; LOOP FOR ALL GROUPS.
003 Ll3 ' 03 44(i)3 LDA 3 .. PTDRT ,; RETURN LOC.
V"J03 L;L!' 001403 JMP 3 .. 3 ,; RETURN.
(1J03L6' (100000 PTMC: 0 . GROUP COUNTE'R...
003 Lj6' 000000 PTDRT: I2l ,; RETURN LOC.

,;

.EOT
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,;

*

-,
/

r ~

PJ\RAMETERS
AVTRP-l ,; ADDR OF AVTRP-l
T(HJ3 ; AD1iR OF FIRST SPEED TM OUTPllTm
15. ,; FIRST SPEED OUTPUT CODE
SPCOD-1 ,; ADDR OF SPEED CODE TA8LE-l
180' \ ,; l+0 VOLUME 8IT TABLE 8IT 0
188 II ,; 1
181 .. ,; 2
182: ,; 3
189 I:, ,; 4

183 ,; 5
184 ,; 6
1810:" ,; 7
185 ,; 8
186 ,; 9
1811 1; ,; 10
1B 7 ':) ,; 11
189 I' ,; 12 HASKELL
1811:, ; 13 HASKELL
1812\*\' '; c+l VOLUME 8IT TA8LE BIT 0
o ,; 1
o ; 2
1813 ,; 3
o ,; 4
1810/'1 ,; 5 \-..'l..NT. (MOCK"F'ORS=1811)
181Ll ,; 6
o ; 7
o ; 8
1815 ; 9
0.;~ ; 10
180+1815; 11 FORS" ~JLNT"ROYL" MOCK.
188'11 ; 12 F'ORS
1B2 _') ; 2:+ 1 OCCUP 81 T TABLE BI T 0
o ; 1
o ; 2
1BIO i ; 3
o ,; 4
18T i,' ; 5 FORS" WLNT" MOCK
186 'j ; 6
o ; 7
o ; 8
184(. ,; 9
o ; 10
183 ; 11 FORS"v~NT"ROYL"MOCK

181 ,; 12 FORS
o Ii .; c+2 VOL BIT TABLE BIT '1
186+ 1B15; 1
o (f ; 2
18~t1815'; 3
187+1815; Ll
o ; 5
o . 6
IB~+1815; 7
o I{ ,; 8
182:,"1815; 9
1BLl+ 18 1 5; 10
AVTRP+1 ; AVER TRAP POINTER BIT 0
AVTRP+1 ; 1
AVTRP+1 ,; 2
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TASK 1

e1V8T:

e2V8T:

; MORE
AAVRT:
ATMSO:
FOTCD:
ASPDC:
e0V8T:

e108T:

e1VB5:

AVTRA:

002.L;7' (/)rlV)vjLj3'
(ij(j2.50' 00(:)040$
(1)0351 ' (:)(/jC)(/j 1 7
FH135?' 000L15LI'
11)(1353' 100000
0(a354' (1(-10200
0(/J355 , 0400(10
(ij(iJ356 ' 0200100
00357'000100
(;')(7)368' 010000
(1(:J361 '00LI000
00362'000040
(30363' 00200Qj
(i)0364' e)(-11000
010365'00101020
00366' OCi)0401O
(/)02(,7' 00(21100
(1(7)370' 000020
00~71'0(,j0010

w<n2' 0000100
0V)~7~~ '00(7j(HJ0
(,j(:'37 LI ' 000010 Ll
08375' (i)000~10
(9)376' rW0(1) LI0
0(1)377' 00vj(iJ(~)2
(0 (3 #1 0 ' 0 v)(iJ (I) 0 0
G0LI(iJ 1 '(1)00000
0(7JLi\12' Vi00(~01
00 Ll03 '00(')(/J00
00LI04' 1(10001
00Ll05' r~(i)0200
WjL106' 020000
00LI(17 , (i)(il(i)000
80Ll l (;)' 000000
OvjL,11 '1 v.H1000
"Jr.; Ll 12' 0001000
00 LI 13' 000Ll00
00 Lll LI' (-101 0010
O(l1L'15' 000000
(3(1LI16' 0(/)00100
(1(!) Lll 7 ' 004000
00L:?r.' (i)0(/J000
0(1)1121 '0101000
v)(ij LI22 '01;0000
(i)ri.1L,23' 0(3(i)(~00
00 L:2 Li' (i)v)l001
00L!25' v)80000
80L'26' 002001
00LI27'000401
00LI30' 000000
00L:31 '0001000
o(iJ L; 3 2 ' 0 100 0 1
r10 433' 000000
(1(1 L;3 LJ' 02rj001
0(:1 L:35 ' 00 Ll001
CH1 L136'000045'
0'~437'00QJ0Li5'
0044(0' 10000 Ll5 '



O(1LJLI1 '!/j(10f~.Ijo4'

('JV) .Ill!:?' 000(~LjLI'

r;,\0LIL;8' (1000044'
00 LII.I II , 000047'
00 Li LI 5' 0(~00 L:7 '

(j(j.l11.!6' 0000047'
00/:047' 0000 LI6 '

0(')LI5(1) , 000046'
(i)\0/J51 '0000il6'
o(i) IJ 5::' ' r;)(ij l/j 04 5 LI '

001.153' (,)O(;j 045 04 ,
00h5~'000000 DUMMY:
000455'000631 SPCOD:
Of1 .1156' v)(1031 5
000457' 00E1210
(ij(ij LI6(iJ' 00(11 LI6

CJ(i)1:61 '000122
00 /162' r1C"1C:J104
00.1;63' 0013072
0(; 046 Ij , 0(2) v)0 63
G0 1.1 6 5 ' :100 (3 5 5
vJ(~ .116 6' (i)00G 51
00L167' (j00~'JLj5
(Y1/:7(;) ' CJ00042
000471 '000037
(i)(~Lj72'000035
000473'000033

;
;
J
J

• END

AVTRP ; 3
AVTRP ; LI

AVTRP ; 5
AVTRP+3 ; 6
AVTRP+3 ; 7
AVTRP+3 · 8~

AVTRP+2 · 9~

AVTRP+2 · 10~

AVTRP+2 ; 1 1
DUMMY ; 12
DUMMY ; 13
0 · DUMMY AVER SPEED~

409. ; SPEED OUTPUT CODE 15 SPEED<3.B
205. ; 1 04" <6.0
136. · 13" <9.0~

102. ; 12" <12.0
82. · 1 1 " <15.0"
68. · 10" <18.0"
58. · 9 " <21.1~

51. · 8 <204.0~ "45. ; 7 " <27.2
41. ; 6 " <29.9
37. · 5 " <33.1~

34. · 4 " <36.1"
31. · 3 " <39.5"
29. ; 2 " <LI2.2

27. · 1 " <45.3"
J 0 " >45.3

; END TASK 1

F-SO



flvJSAV (10V)015$X
AlSAV (1)00016$X
{\?SAV 000017SX
A'JSP.V 00(:)020 S'.x
N\Wn (iJ (1 v) 'J Li? '
!\f\ VTI, (I) (1 (-:l 2 (1 /1 '

f\INr:l W-:l (1j(1 (I) 3 'j' X
AINC? o ('H1(,)0 L/£X
AINC3 (H:J(1005£X
!\INCL! (il(10 (j v) 6 $X
1''.1 NC5 000007$X
f'J,jR O(fJ00Li 1
I'\~"TM 177777 X
AOllOL (1)00320 '
APDMT 000171S,X
A;;r:1- P vj('j (12 Lj 5 '
ASpnr: (i)(iJ0352 '
ASTA 0G0153$X
{\STU' 0001 LjL/$X
ASn.'R 0(j01 76$X
A;jVLR (iJOli)(155 '

ATIN! 0vJeiJ0L13 '
/\TrVlSO 00Hil350 '
AVTLP (1(1)02/10 '
flVTRA 00'1/136 '
AVTRP (/)000 /44'
I\~(·'JVB 000201 '
Ai'; lOB 0(1J0051 I

nIT (i)00052S::X
RITN 0(J0151SX
ROFLG 000161SX
r:1 0i;50060$X
C16 000'15/j$X
(;? (lJO(J057 $X
r:82 O(.JJC1053SX
r: L1 000(::J56$X
C7 000167S;X
r:f: O(i}0055~X

r:nt\8T 000101SX
(;NFLS 0(10166SX
r:r;:o T8 000066SX
r:YCLE 000012$X
01T01 0(!}0070'
DATt\.M 000116£X
DFRUG (1000(10
nETPR (;)00000 '
DNO 11 000107'
DTl-OF' 000056'
DUt'lrVIY 000Ll 5Li '
EA0St\. 000030$X
EA 1 ;:;A 0(10031 SX
EA2SA 000G32SX
F.A3SA [j00033SX
EC:m·1C 0(iJ0165SX
[CYCL 000025SX
r·=~·wo D 00016LiSX
EPCSA (100027 SX

F-51
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F.TIME
FL TIM
FORi'-1M
FOTCO
FOPNS
GF~N

G.STA
HITSI<
IARTl)
IAFLB
IFRIT
H~I\SK

I()[\)LG
Ips'{n
IVf\.?1\
IVA?T
LA:<CO
LAKC1
LRYTE
LOO p~

LO\-JI,M
L;::,)CO
Lr~JC1

MAMTM
Mf\}(TP
i'.'JHT~:)-<

>1INTP
~I;;\JOCU

il1:)CIIP
iV1){LM'1

·lA FL P
OASTR
OBn FE
OCAKR
()CC\'P
ncnAIl
OCINI
OEivi]"\R
nOCllp
oF:,c; YR
!JVOL
o\.JRIWj
rCINT
pr;s/\ V
POMNT
pp~'1T1

PDMT2
?Di"1T II

rmns
rDt·H6
PEOTR
P;-;I \','/<
?R;":P1
?r·~?:P?

PTOPT
PTFMN
PTLCN
PTMe
PTMOT

D0(i)()34$X
00014550X
00QJ121 SX
v)r:J(I.J351 '
(uGHi)? 52 '
(iJGr~0 Ll2
00r:J152S::X
00(1)004
GG0rJ 64£X
OOOQJ71 $X
000063XX
(.)9j(iJ 1 il2$X
(j(,1007DSX
(-i0C1Ci65SX
DO(iJ2D6 '
0002(;;5 '
0001(j/16$X
vi00(i)il7S>X
Q)0(/j122XX
000160SX
o(i) (7) 120SX
rW005f1XX
000(151 $X
000170$X
(100203 '
00r1113:I:X
(I)002F12 '
(1{?v)0 Lj2 '
(j0f10il1 '
(0)0207 '
(iJVJ(j(J 1 6
(I) v) (iJ 0 7 4 $X
000076$X
CWO(t} 77.r-X
(I)(i.JV)072$X
O{~C')rj23 •
OD010QJSX
000040'
(JF1rH175$X
o[i) (7J() 5 II '

000067$X
000052 '
(1(";10117$X
r](.j00rH SX
GG(~G 1 Ll$X
177777 X
177777 X
177777 X
177777 X
177777 X
177777 X
0f,"10062S?X
C1:?J017Lj$X

000156$X
000157$X
(i)(,J(-13il6 '
(i)00337 •
000336'
r1(i)vJ345 ,
000321'
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?T~I;LP 00D3~0'

PTt"iR 000011SX
j;En 00(104\;J
RR FL. G CWJ(H 77SX
RROTrj (J00(1)61 SX
PSFLG DF3 G1 LI6 SX
RSTI\ W,.H3154SX
RSr,'.'RD 000173fX
SCF.OF 000115SX
SCER;>, vj(10073SX
:-;CLO P (!.)fi)01 P.2 '
~:G~; 10. ~)r1rj 1 62SX
~,Kspn (:)00175'
SNor·~o 00(121G'
SOFMN (100255'
~~PCEL {~f'J(ij (i)vJ2 SX
SPCOD (il 0 li:l 455 '
SPTAF; (-:i e-J o r/)P.3 SX
.sSA \10 (1)00317'
.s~; DN)': (ij(~(;j1 fJ2SX
S~;RFT 0C?l(1316 '
.';TATF: I'J r10 (I) 1 3SX
~;TFns O(10123$X
STL 00(1(1)57
STMR 00 (JliJ 10SX
SHirO 80(.) 175SX

SVLLr 800275'
SVOI._R 0(1)0264 '
SVOUT 00031LI'
TI\S!{ 1 0000(6(1'
T[1\111 000177'
TE:M1P. 00(1200) ,
TF:TIM 000022SX
TIRI'F G00103SX
TIFIR i/J00104$X
TIIN 00(1105$X
TIMER (/)(30021 $X
TIN 000027
tlOUT 000106$X
T~'IF:RF 000163$X
TMINT O(iJ0150$X
Ti'1011T 00(iJ) 47 SX
TORllF 00(1107 SX
TO FI R 00011 C)$X
TO I N (10(11 ] lSX
TO)(IT (;j001 ]2$X
TOlfT 000043
TOllni i'JrJ0172S:X
TO l'~l (!lv'0036SX
TO 1..1] 3 000043$X
TO i',' 1 (, 80CJ044SX
TO i'il 7 000045£X
TO i'!'2 000037$X
TOt',13 0(10040SX
TO i'! 7 000041S,X
TO \')9 W:100 LI2 $X
TPTO:-< (100153 '
l!MASK 0001 Ll3$X F-53
Vi)LLJM 00C?J15SSX
'lOUT 0001040



xr.(:\l'~

;';'1 \lFl T
i,; 1 DBG
l:10RT
l:lVFl5
?lVRT
??DRG
??\}}IT
;;:r-,'lrT
?ALS
;~ 'iT Ti\J
;:~CL ER
?GFT
7'; I JMP
?:IN
,';!')R

;::;:>1 OM
;;:PTSR
l:PllT
;::RSTR
;';;:-,i'11!L
t';STFL
cSTPR
t: t'jA IT

00011L15;X
000353'
f-1000 ('.l0U
Gr;J (lj L1(1) 6 '
0(:10376'
0(10371 '
(ij00(100U
(-l00/::'.3 '
(,)0(1136SX
c)C)(tJ 1 3 Ll~X

O(ij(1135$X
("jO(lJ1 il0SX
(tVcJ0125$X
(/J()(11 33 $X
080020
0001?6SX
0~)0050 '
WJOI Lll SOX
00012LJ$X,
oriJC'13?SX
000137$X
00013C1SX
000127$X
0'30131 $X
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PROGRAM SEGMENT 5
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·~
.TITL SEGM5

; TASK 2 - PROCESS SIGNAL LIGHTS
·~

.DJT TASK21ATABL I ATBL5
000000 TASK2:

100000'020410 LITES: LDA 01 RFLTM · RESTART FLASH TIME~

000211'006130$ JSR @i!:STFL ; GO SET-UP FLASH MODE
021002'006140$ JSR @1!CLER · CLEAR TASK 2 VARIABLES~

00003'000012' T2CLS · CLEAR LIST~

00004' 126520 .GPI 1" 1
00005' 046471 STA 11 @AAOUT; SET FLASH OUTPUTS
0101006'046403 STA 1" fMERTI . SET TLl1 INPUT ERR TIMER~

·~

; TASK 2 PROCESS SIGNAL LIGHTS

1601307' 000426
00010'000036
00011' 000327 '

00012'000160$
00013'0013535'
001014'000534'
00015'000046$
00016'000047$
00017'000164$
00020'0016050$
001321' 000325'
0C'Je22' 000051$
00023'000667'
00~J24' 000670'
00025'000166$
016026'000200$
001227' 1600201 $
100030'01616202$
00031' 000072'
00eJ32' 16001131'
00033'000063'

0012134'130130130

RFLTN:
AERTI:
; LIST
T2CLS:

·~
;

;

·~·~

JMP LITLP
30.
ERTIM

OF VARIABLES TO
LOOPS
GOUTP
ROUTP
LAKC0
LAKCl
D1MOD
LRJCeJ
CO~1CD

LRJCl
CNFER
LPRIO
CNFLS
PRRER
PRAER
PRGER
LSRER
LSAER
LSGER

; BEG IN TASK 2
; RESTART FLASH TIME (.5 SEC>
·~

BE CLEARED
; LOOP INPUTS FOR EMER CTL
; GRN OUTPUT
; RED OUTPUT
; LAST INPUT CODE 0
; LAST INPUT CODE 1
; EMER MODE
; LAST CODE 10 REJECT
; COMMA'J D HORD
; LAST CODE 1 REJECT
; SIG CNF ERR
; LAST OUTPUT PRIORITY WORD
; CON F I R.'1 ERRO R FLASH FLAG
; RED ERROR BITS
; AMBER ERROR BITS
; GREEN ERROR BI TS
; LAST RED ERRORS
; LAST A~BER ERRORS
; LAST GREEN ERRORS

; END OF LIST

*

2101035'024156$
00036'1020160$
100037' 006126$
100040'044160$

; PACK LOOP DETECTOR INPUT BITS INTO PROPER POSITIONS
; FOR EMERGENCY CO~~TROL PROCESS ING
LITLP: LDA l"PRlPl ; PREVIOUS ~+1 INPUT

LDA 01LOOPS ; UPDATE EMER CTL LOOP
JSR @~OR ; INPUT WORD BY ORING
STA l l LOOPS ; IN THE NET.v BITS.

·I
;
; PROCESS SIGNAL CONFIRMS

.IFN DEBUG ;
LDA 11 @AGOUT; IN DEBUG MODE PERFORM
LOA 01 DBGAN ; ANDIOR WITH DEBUG WORDS
Ai'JD 01 1 ;
LDA 13ID3GOR ;
JSR @eOR ;
MOVS 11 1 ; ST.'TAPPED DEBUG CONF'IR.~

JMP .+4 ; SKIP PAST INPUT
1'-56

*



*

*

*

*****

INPUT e+3 TO AC 1
STORE IN SIG STATUS WORD
SIG SHUTDOWN + FLASH BITS
TEST EITHER CONDITION
YES.. PROCESS FLASH

*****

GRN CNF
PERFORM CHECK
PREV GR."J 0UTPUT
GRN MASK
GRN ERRORS
LAST GP.1\J ERRORS
PREV RED OUTPUT
POSITION
PERFOR."1 CHECK
RED CN F \IlORD
RED MASK
RED ERRORS
LAST RED ERRO RS
AMBER CNF
POSITION

;

;

;...

IN DEBUG MODE" USE
; DEBUG i!+3 INPUT

; READ AMBER CONFIRMS

;

...

177777 ; DEBUG GREEN AND ~·TORD

121 ; DEBUG GREEN OR WORD

1.. ~IN+6 ; READ GREEN CONFIR.I\1S
1" GCIN ;
DEBUG ;
l .. @AROUT; PREVIOUS RED OUTPUT
0.. DBRAN ; IN DEBUG MODE PERFORM
0.. 1 ; AND"OR 'WITH DEBUG l,.JORDS
0 .. DEROR ;
@i!OR ;
1" 10 ; S'.JAPPED DEBUG CON FIRM
• +4 ; SX I P IN PUT.
177777 ; DEBUG RED AND WORD
10 ; DEBUG RED OR WORD

1.. t: IN +5
1.. 2
2"ACIN
e+3
DEBUG
1.. e3DBG ;
.+3
o

0.. eIN+4 ; READ RED CONFIRMS
0.. 10 ; Sl;1APPED RED CON FIRM S
0.. RCIN ; STORE RED CONFIRMS
DEBUG ;
1.. @AAOUT; IN DEBUG MODE PERFORM
i21 .. DBAAN ; AND.. OR WITH DEBUG WORDS
0" 1 ;
10 .. DBAOR ;
f)~OR ;
1.. 1 ; SWAPPED DEBUG CONFIRM
.+4 ; SKIP PAST INPUT
177777 ; DEBUG AMBER AND WORD
10 ; DEBUG AMBER OR WORD

LDA
MOVS
JSR

LDA
MOVS

• ENDC ;
DIA 1.,~I~J+3 ;
STA 1" SGSTA ;
LDA 2.. SDSFB ;
Af\J D 1" 2 .. SeR ;
JMP STUPF;

FOR CONFIru1 ERRORS
LDA I .. GCIN;
JSR CNFCK;

GOUTP ;
GLMSK ;
PRGER ;
10 ;
1.. @AROUT;
1.. 1 ;
CNFCl{ ;
RCIN ;
RLMSK ;
PRRER ;
10 ;
1.. AC IN ;
1.. 1 ;
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• E..l\J DC
DIA
ST/\
.IFN
LDA
LDA
AND
LDA
JSR
MOVS
JMP

• ENDC
DIA
r10VS
STA
.IFN
LDA
LDA
A."J D
LDA
JSR
MOVS
JMP

DBGA'J :
DBGOR:

i33DBG:

DBRA."J :
DBROR:

• ENDC
DIA
MOVS
STA

; PROCESS INPUT
• IFN
LDA
JMP

DBAAN :
DBAOR:

; TEST

12)(1;051' 12164423
00052' 04/·d62$
001353'121310431
:MJ054 ' 13341214
00055'00121451

000/~3' 0610424
001044' 1101300
1001045'0405104

e'0041' 064426
00042'044505

0004.6'1064425
02;047' 1313010
0101050'0512151010

00056'024471
0;~057' 1210/~426

0~060'01210535' AGOUT:
1001061'1000206$
'013062'0100202$
001363'010001210 LSGER:
001664'1026417
0C065' 125300
0;)066 i 004417
02)1067'10100151'
100070'10002104$
002171' 100102100$
0Z072'000000 LSRER:
1213073' 024455
0121374' 12531010



; PERFORM CHECK
; PREVIOUS AMBER OUTPUT
; AMB MASH:
; AMB ERRORS
; LAST AMB ERRORS
; GO TO LITE PROCESSING
;

00075'101044110 JSR
001076'1000533' AAOUT:
0101077'101002105£
10011010'00102101$
10101101'10101010100 LSAER:
100102'101010450 JMP
010103'101010534' AROUT:
10101104'10310101010- SDSFB:

CNFCK
AOUTP
ALMSK
PRAER
10
DLTIM
ROUTP
1B2+ 1B3 ; SIG SHUTDWN + SIG FLASH

;
;

·..
TO HANDLE 51 GNAL

J SR CNFCK
ARG!21
ARG 1
ARG2
ARG3

; SUBR
;
;

·..·..·..
;
;

·..·..
;
;

LIGHT CONFIRM ERROR CHECKING
; CALL SUBR
; FIRST COMPARE VALUE ADDR. OTHE
; ADDR OF MASK OF VALID BITS.
; ADDR TO STORE SERIOUS ERRS
; LAST ERROR BITS
; NORMAL RETURN. IF FATAL ERRORE

THE HALVES OF AC1 WILL BE SWAPPED AND BITS
WILL BE COMPARED. ANY BITS ON IN AC1 THAT ARE B

IN ARG!21 CAUSE FATAL ERROR. ANY BIT OFF IN ACI T~

ON IN ARGO CAUSE CONFIRM ERROR FLAG TO BE SET
ONLY BITS SET IN ARG1 WILL BE CHECKED.

0.. @!21 .. 3 ; FIRST COMPARE VALUE = X
2.. @1 .. 3 ; MASK TO AC2
1.. 1 ; POSI TI ON AND COMPo SECOND VAL'Z
2 .. 10 ; KEEP VALl D BI TS
1~0~SZR ; X.AND.(.NOT.Y)
@ACNFR ; INCR ERROR FLAG.
0"O J .NOT. X
1.. 1 ; Y
2.. 0 ; KEEP VALl D BI TS
1" 0 J .NOT.X .AND.Y
1.. 3.. 3 ; PREV ERR BITS
10 .. 3.. 3 ; UPDATE PREVo
1.. 0 .. SNR; TEST CONSEC ERRS
4.. 3 ; NO.. RETURN.
0.. @2.. 3 ; YES.. SAVE SERIOUS ERRS.
@ACNFR ; INCR ERR FLAG
CNFLS ; SET CONFI RM FLASH FLAG
0.. 0 ; ACI2I = MINIMUM FLASH TIME
@ZSTFL ; GO SET-UP FLASH MODE
EDECR ; SKIP PAST DECR LOGIC
CNFER ; CONFIRM ERROR FLAG ADDR
BIT IN ONE WORD AND CLEAR SAME BIT IN AB
STRSB ; CALL WITH BIT # IN AC2
ADDR1 ; ADDR OF SET WORD
ADDR2 ; ADDR OF CLEAR WORD

OF BIT WILL BE RETURNED IN ACI.
2.. SVA2 ; SAVE BIT #
1.. BI T.. 2 ; EI T TO AC 1
1.. 1 ; .NOT. BIT
2.. @1.. 3 ; CLEAR vlORD.
1.. 2 ; CLEAR EI T.
2.. @1 .. 3 ; RESTORE CLEAR WORD.
2,,@12I .. 3 ; SET WORD.
1,,2 ; OR BIT
1.. 2 ;
2.. &0 .. 3 ; RESTORE SET WORD

LDA
LDA
COMS
AND
ANDI
ISZ
COM
COM
AND
AND
LDA
STA
AND
JMP
STA
ISZ
ISZ
.ZAC
JSR
JMP

STUPF:

;

CNFCK:

·..

ACNFR:
; SUBR TO SET A
; JSR

; COMPLEMENT
STRSB: STA

LDA
COM
LDA
AND
STA
LDA
AND
ADC
STA

·..

010132'1050414
010133'"10251052$
100134'1241010121
010135'"10334101
010136' 13341010
010137'10534101
10101410'103341010
010141'13341010
1010142'13210100
100143'053400

10101105'102341010
0101106'10334101
10101107'124300
1001110'14341010
10101 11 '°123414
1010112'1012417
1010113'101010100
010114'12401010
1010115' 14341010
010116' 12341010
00117'10254103
00120'10414103
1010121'1234105
00122'121014104
00123'1214341212
00124'101241215
1210125'121110166$
00126' 10246121
010127'121121613121$
101211310'"101210455
0121131'"10100667'
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010144'030402 LDA 2"SVA2 ·.I
001 L~5' 1301402 JMP 2" 3 ·.I
010146'1000000 SVA2: 0 ·.'. SOME MIse_ VARIABLES.I

00147'000000 GCIN: 0 · GRN CNF INPUT.I

20150-0000021 ACIN: 0 · S'..JAPPED Ar1B CNF INPUT.I

00151'000000 RCIN: 0 · SWAPPED RED CNF INPUT";
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T T T

; DECREMJ:1'JT LITE TIMERS A'JD PROCESS Ar'1BER TIME-OUT

ENCODE a-SIDE OF
GREEN CONFIRM
SAVE a-CODE
ENCODE A SIDE OF
GREEN CONFIRr-1

;
; LOOP FOR ALL GSTA BITS
; Ar'1BER LIGHT STATUS
; INIT BIT #
; GET NEXT BIT II SET IN ASTA
; NO HORE.
; DECR STMRCN)
; NOT EXPIRED
; EXPIRED.
; SET RED BIT.
; CLEAR AMBER BIT.
; LOOP FOR ALL AMBER BITS.
; E'JD DECR SECTION.
; DECR TM INPUT ERROR TIMER
; 01< I F NOT ~ ERO
; IF 13" SET
; TIMER TO EXPIRE NEXT FRA!'lE
J SET TM INPUT ERROR FLAG

;~1BER OUTPUT WORD
; TEST BIT 15 (FLASH)
; YES" SKIP DECR LOGIC
; GREEN LIGHT STATUS
; IN IT 81 T II
; GET BIT # OF BIT SET I~ GSTA
; NO MORE BITS SET.
; DECR STH R CN )
; LOOP FOR ALL GSTA BITS.
; DONT i\LLml NEGAT IVE STr-::1
; IF STI1RCN) = 0" TEST FOR PED
; L1GHT.
; NO.
; YES. SET RED BIT" CLEAR GREEN
; BIT FOP. PED LIGHTS.

ERT 1I1
ETHOK
3,,3
3" ERT 1M
3" TMERF

0"ASTA
0" 0" SeC
EDECR
l?J"GSTA
2,,2
@eBITN
T.A1'13R
STl-m" 2
GTLOP
STMR" 2
3" C8
2" 3
GTLOP
STRSB
RSTA
GSTA
GTLOP
0"ASTA
2" 2
~cBITN

EDECR
STI-1R" 2
ATLOP
STRSB
RSTA
ASTA
ATLOP

JMP
1St:
STA
LDA
~'JD

STA
JSR

JSR

JHP

JMP
LDA
• Gt'11
JSR
JMP
DS2:
JMP
JSR

DS~

J~P

.GPl
STA
STA

LDA
t'1OVR
JI-1P
LDA
.GHl
JSR
JMP
DSl
JNP
IS~

LDA
• SGT
JNP
JSR

ENCOD ;
BHASX ;
1" BECOD ;
ENCOD ;
AIvIASK ;

LDA 2~C7 ;
LDA eJ"BECOD ; B-CODE TO ACeJ
• SGT 1., 2 ; TEST A-CODE=8
JMP .+3 ; NO
STA 2"BECOD ; YES" SET B-CODE=7
MOV O,,1 ; 5~T A-CODE=B-CODE
STA l"AECOD ; STORE A-CODE

AND PROCESS TM INPUT
• c.AC 0" 0 ; CLEAR
STA 0" INPFL ; TM INPUT FLAG
STA 13" CHRJF ; .AND COM REJ FLAG
JSR @~GET; GET WORD FROM

TIFIR ; TM INPUT BUFFER
NOWP ; BUFFER EMPTY
IN PFL ; SET IN PUT FLAG
eJ"SAVC1 ; SAVE INPUT CODE
3"IFBIT; TM INPUT FORMAT BIT
0"3,,S~R ; TEST FORMAT 1

J'-60

; READ
00226' 11024610
00227'0405101
0~230'040501

iZ0231' ~le6125$
00232'000104$
C!)3233' 0130534
00234'010474 TSINP:
100235'0413531
010236'034063$
010237' 117404

00152'1020153$ DLTIM:
00153' 101202
3015'.' 1610'1431
00155'0216152$
00156' 152000
130157'0'16135$ GTLOP:
2::J 160' 0 to 0413
00161' 015010$
00 16 2' (0 (3 137 7 5
0C163'011131(O$
O;Jl61.. ' 10341055$
00165' 156432
0"'Jl66' 010077 1
00167' 0047 /.. 3
0("~ 17 0' 10010154$
00171'000152£
30172' 1000765
00173'13213153$ TAMBR:
00 17 ,~, 152013 13
00175'006135$ ATLOP:
~)8176' 01310 /,137
021177' 13150110$
10 02 13 C' to 10 07 7 5
1002131'0104731
1010202'1300154$
0132133'10130153$
1302104' 0131377 1

10131313130 EDECR:
0l'.20S'014522
002106'01013404
002137' 176520
002113'1354517
00211'054163$

01013000 ETMOK:
0C212' 160/.520
130213' 130113313'
0021L~' 0/-14506
~10215' 0104515
00216' 0101015'
0C217'030167$
03220'0210502
00221' 132432
00222'0013403
00223'0513477
010224' 113501313
00225'044474



00240'0010417
00241' 02/.07 1$

100242' 107415
002L,3' 0304103
021244' 11212460
0iZ2L:5' 006130$
00246'024070$
00247'~20517

002510' 107415
00251'000445
00252'03412163$
00253'024445
130254'167414
O~3255' 000436
100256'000440
iZ,i.J257 ' 02L~ 153$
00260'125202
00261'010450
100262'024164$
00263' 125004
00264'010445

00265'024436
00266' 131120
00267'107400
00270' 1012100
00271' 10121010
00272' 1/-13620
00273'1030167$
00274' 132414
00275'000403
100276' 11050100
02;277' 14141010
0(~300' 00'~455

~0301'001031'

010302'044422'
v]!Z·303' 10513013
1003104'004451
00305"0011016'
00306'13213416
003107' 123000
100310'1340415
100311'1320455
00312'024406
00313'0313413
0031/..:' 1216414
00315'050412
00316' 0412J/!02
00317'1000450

Jt1P
LDA
PNDIJ
JHP
.~AC

JSR
TSONL: LDA

LDA
A"J DII
JMP
LDA
LDA
A.T\J DII
JMP
JMP

CODE1: LDA
MOVR
IS~

LDA
.SeR
ISe

J CONVERT CODE
LDA
MOVeL
AND
110VR
MOVR
ANDcR
LDA
• SEQ
JMP
MOV
INC

CODOK: JSR

STA
l10V
JSR

LDA
ADD
STA
LDA
LDA

TCCOM: LDA
• SEQ
STA

NOTOL: STA
JMP.,

CODEl ; YES
I~IAFLB ; ACT FLS INPUT BIT
0~ 1lSNR ; TEST FLASH REQUEST
TSONL ; NO
0~i21 ; YES~ SET MIN FLASH TIt1E
@~STFL ; SET FLASH MODE
1" IONLB ; SEE IF
0~SAVCl ; ONLINE
0 1 1., SNR ; REQUEST
NOTOL ; NO.
3"IFBIT; YES. TEST LAST
I~LCOMC ; COMM~JD TYPE.
3~ l~ScR; IF TYPE 1 RESTE
TCCOM ; ERR TIMER.
NOTOL ; IF ~OT" LEAVE ALONE.
l~ASTA ; TEST FLASH
1~ 1~ ScC ; MODE
CMRJF ; REJECT
1~ EMNOD ; TEST EMER CTL
l~ 1 ; MODE IN PROGRESS.
CMRJF ; REJECT

TO INTERi."JAL REPRESENTAT ION
I~CODMS ; CODE MASK
1,,2 ; SHIFT MASK LEFT 1 IN AC2
0~1 ; B CODE TO ACI
0,,0 J SHIFT A CODE RIGHT
i21~ 13 ; 2 PLACES
2~0 ; MASK AND SHIFT A CODE RIGHT 1.
2"C7 ; TEST B CODE =7
1~ 2 ;
CODOK ; NO.
10" 1 ; YES~ MOVE A CODE TO B
2" 10 ; A\lD SET A CODE =8
DECOD ; DECODE B SIDE
BTABL ; B DECODE TABLE
l~1'ECOD ; SAVE B COMMAND
10,,1 J A CODE TO ACI
DECOD ; DECODE A SIDE
ATABL ; A DECODE TABLE
0~TECOD ; B COMMAND
1" Ql J ADD A COt1t-1AL'J D
0"COMCD ; STORE FULL COMMAND
0~SAVCl ; INPUT WORD
l~LCOMC J RESET INPUT ERROR
2~ ICERT ; TIMER IF NET.., SIGNAL
13" 1 ; COMD OR ONL INE
2~ERTIM ; COMD RECEIVED IN
0~LCOMC J TIMEOUT RANGECICERT).
NOINP ; CONTINUE

1003213'1310131130113
00321'001010100
03322'10101210010
:30323'1000007
160324'01210012113
00325'00012100
00326'0131130
00327'101000100
00330'000000

.,
LC011C:
AECOD:
BECOD:
CODMS:
TECOD:
COI1CD:
ICER!:
ERTIM:
INPFL:

13
o
10
7
10
{Ij

6100.
o
o
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; LAST COMMAND RECEIVED
; A-CODE
; B- CODE
; CODE MASK
; TEMP CODE SAVE
; COMMAND CODE
; INPUT COMD ERR TIME (. 1 SEC> *
; INPUT COMMA"JD ERR TIMER
J TM INPUT FLAG



100331'01300013 CMRJF: ; COM REJ FLAG

ACl

; ADDR OF MASK TO AC2
; TABLE COUNT TO AC0

SAVE D OF ENTRIES
; MASI{ TO AC 0

; GR.'J OUTPUT
MASK BITS FOR EACH SIDE
AC2 = ADDR-l OF TABLE
STORE IN AUTO INCR LOCN
CLEAR CODE HORD
GET VALID COt-Il-1:1'7D BITS
TEST Vr~LID GRN CN?"
YES" RETUPN 1-1ITH CODE IN
NO" INCH CODE
DECR ENTRY COUNT
LOOP.
IF NOT FOUND"
RETUP..'IJ CO DE 13
ADDR OF GP~ OUTPUT
E:-JCOD TEHP

STATUS FOR OUTPUT TO TELEMETRY
; CALL SUBR. GREEN C:-JF nr GOUT?
; ADDR OF MASK PRECEEDING CODE E

OUTPUT
ENCOD
Xt-1ASK

IN AC 1
2" 13" 3
0" 1" 2
0" ECNT ;
0" 13" 2
1,,@BGOUT
11 0 ;
2 .. 2 ;
2"AINC3 ;
1" 1 ;
2" @AINC3;
0" 2 ;
1" 3 ;
1" 1 ;
ECNT ;
ENCLP ;
1" 1 ;
1.. 3 ;
GOUTP ;
o ;

;

BGOUT:
ECNT:

.
~

;

; RETURNS CODE
ENCOD: LDA

LDA
STA
LDA
LDA
At'JD
INC
STA
.~AC

ENCLP: LDA
• SNE
JMP
INC
DS~

JMP
.lAC
JMP

; ENCOD GREEN
JSR

00332'031400
00333'0210131
CW334' 0lilo420
0~1335' 02113013
QHj336' 026415
00337' 123400
003LH?i'151400
Q;(13L~ I' 0500'2;5£
l2iG3'~2' 126460
00343'0320135$
'-~'34/~' 112415
0(iJ3L~5' 001401
1303 146' 1254013
003 Ln' 13144135
08350 1 e00773
013351' 126460
00352'001401
00353'1300535'
00354'1300000-- .

~

Cj(1355' 13334130
r!Ji:~356' 146432
100357' 000/-l135
00360'1331400
08361' 133000
00362'12125001
00363'13131401
00364' 0 10745
013365'1300402
1313366'0001300

; SUBR TO DECODE INTERSECTION TM SIG~AL CO~Mh'JDS

; JSR DECOD; CALL SUBR WITH CODE IN ACl.
; ARGel ; ADDR OF DECOD TABLE
; RETURL'JS DECODED VALUE IN ACI. IF INVALID INPUT" SETS n
; REJECT BIT Ai\1D TREATS AS NO INPUT.
DECOD: LDA 2,,@((J,,3; # OF VALID ENTRIES

.SGT 2,,1 ; TEST FOR VALID CODE
JMP BADCM; NO.
LOA 2,,0,,3; YES" AC2=TAELE ADDR
ADD 1,,2 ; INDEX DO~m IN TABLE
LDA 1~1,2; LOAD DECODED VALUE
JMP 1" 3 ; RETURN

EADCM: IS2 CMRJF; SET COMMA'JD REJECT FLAG
JMP NO IN P ; TREAT AS NO IN PUT

SAVC 1: 0
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1010367'1024153$ NOINP:
100370' 1252102
130371' 01010463
1010372'1024164$
100373' 125005
1010374'1010104103
1010375'10210165$
1010376' 10413727
1010377'1024153$ NOEMM:
1004100'1020725
100L.01'lI074134
(3 0L~e2' 101010451
1204103'024152$
200410.4'030524
010405' 1474010
001.106' 11010101010
eJ0lHiJ7' 1234105
1010410'0100431
00411' 104105213
100412' 1520010
100413'10106135$ GELOP:
iZ0Li 14' 10010405
00L~15' 0250110$
0DLd 6' 125224
010417' eJeJeJi.34
1210420' 1000773
013421'1020510 ENAMl:
130422'15210013
010423'1006135$ SATLP:
010'.. 2'.' 0013L.136
fH2J /.25 , 133'.1713$
00426' 15710010
01M127' 1325401
1013430' 0L15eJl13$
010431' 101013772
00432'10210477 ENAM2:
100433'1024153$
0~1434' 10106126$
00435' 04'~153$
eJkV~36' 1324152$
00437 ' 11074013
001..LW' 044152$
00 /.41'020664 GNGRN:
00L•L.2' 1241300
0e4L!3' 107405
00L~44' 01010410
103445'044465
010446'004472
010 /..47' 001015'
100450' 01344710'
00451'010110310'
126452'10004102­
010453'10110656 CIGNR:
00/.. 54'13210154$ ENOIN:
0'i.)1!55' 10410457
00456'1020153$
~)0457' 12124162$
00'.610' 030102$
k-.i0461 , 133404

LOA
NOVR
JM?
LDA
• SNi:
JMP
LOA
STA
LOA
LOA
A"J 0
Ji'1P
LDA
LOA
ANO
COM
AND
JMP
STA
.GMI
JSR
JMP
LOA
NOVi:R
JMP
JMP
LOA
.GMI
JSR
JMP
LOA
ADD
LOA
STA
JMP
LDA
LDA
JSR
STA
LDA
ANO
STA
LDA
COM
A"JD
JMP
STA
JSR

JSR

Jr-1P
lSi:
LDA
ST..;
LDA
LDA
LOA
AND

I~ASTA ; TEST FLASH
1"I"Si:C; MODE
u\l D IN ; YES
I"EMMOD ; TEST £MER CTL
1,,1 ; MODE
NO£MM ; NO
0~ ECOMC ; MOVE £MER CTL COMMAlI.JO
eJ"COMCD ; TO COMMAND WORD
l~ASTA ; AMBER BITS
0"COMCD ; COMMAlI.JD CODECDESIRED GREENS)
0"1,,Si:R; TEST DUPLICATE ~1BERS AND
CIGNR ; DESIRED GREENS. IGNORE IF SO
I~GSTA ; CURRENT GREEN STATUS
2"LMASK ; SIGNAL LIGHT MASK
2,,1 ; KEEP SIGNAL BITS
0,,10 ; NOTCDESIRED GREENS)
l"eJ"SNR; GET ENDING GREENS
GNG RN ; NON E.
eJ"NAMS ; STORE AS NE\v AMBERS
2,,2 ; INIT BIT #
@2:BITN ; GET NEU Al'1BER BIT II
ENAH 1 ; NO MORE
I"STMR,,2; TEST MINIMUM TIME EXPIRED.
l~l"Si:R ; =1 MEA~S EXPIRED
CIGNR ; NOT EXPIRED~ IGNORE COMHAI\JD.
GELO? ; LOOP
0"NAl'1S ; NE1,i/ AMBERS
2,,2 ; INIT BIT #
@~BITN ; BIT # OF NEtJ AMBER
EN AM 2 ; NO NORE
3"MAMTM ; ADDR-l OF AMTM
2" 3 ; AM TM eN )
1~ l~ 3 ; GET AMBER TIME
1"STMR~2; STORE ~1BER TIME IN ST~'1CN)

St\TLP ; LOOP
0"NAMS ; NElv At1BERS
1" ASTA ; 0 R N E\v HITH
6i?:OR ; OLD AMBERS.
l"ASTA ; UPDATE AMBER STATUS
I"GSTA ; REMOVE NEi.J AMBERS
10" 1 ; FROM GREEN STATUS
l"GSTA ; UPDATE GREEN STATUS
0"COMCD ; COMMAND WORD
1,,1 ; .NOT. GREEN STATUS
0" 1" SNR ; FO?.M NETll DESIRED GREENS
ENDIN ;. NONE
I"NGR.\i ; NET,.] GREENS
TVALD ; TEST A SIDE VALID" SET AND/OR B
A~ASK ; PROPER STATUS BITS.
TVALD ; SAME FOR B SIDE.
B~'1ASK ;
ENDIN ; CONTINUE
CMRJF ; REJECT COMMAND
0"RSTA ; NOW MOVE RED"
0" ROUT? ;
0" ASTA ; At'lBER~

1~ SGSTA ; TEST SIGNAL SHUTD01.oJN SloJ!TCH
2"SS~~B ; SET. IF SO" FLASH MODE HAS
1"2,,ScR ; BEEN SET UPCGSTA=RSTA=0). SO

'F-6~



.
I

.
I

; 11 OF VALID GREEN CONFIGS
- (I OF VALID GREEN CONFIGS
ADDR-l OF VALID GRE~~ TABLE
SIGNAL LIGHT MASK

; NE\\' AM BERS
; NEW GREENS
; SIGNAL OUTPUTS

=

JMP
JMP

·I

; SOME
NVALG
MNVLG:
AVALG:
LMASK:
NAl'1S:
NGBN:
AOUT?:
ROUTP:
GOUTP,

• eAC 0" 0 ; SET AOUTP= 0.
STA 0"Arl7TP ;
LDA 0"GSTA; ~~D GREEN STATUS
STA (2J"GOUTP ; TO ACTUAL OUTPUT WORDS.

; PROCESS COMMAND ACK" COMMA~D REJ
LDA 3" IN PFL ; '11-1 m PUT FLAG
• SN:C 3" 3 ; TEST TN INPUT
Jt1P NXINP; NO" S}{1P
LOA 3"IFBIT; YES" GET TYPE
LDA I"SAVCl ; OF INPUT
AND 1"3,,S~R ; IN AC3
.GPI 3,,3 ; AC3=0 FOR CODE 0" 1 FOR CODE
LDA 0"C2 ; NOU DETER>1INE IF COMMA:."JD
LDA 2"CMRJF ; WAS REJECTED. IF SO
.S~R 2,,2 ; ADD 2 TO CODE IN
ADD 0" 3 ; AC3
LDA 0"LAKC0,,3 ; GET LAST ACK OR REJ
• SN E 0" 1 ; \010 ED AN D COMPARE TO THI S
JMP NXINP; SA:'1E" IGNORE
STA I"LAKC0,,3 ; UPDATE LAST VALUE
.S~R 2,,2 ; TEST FOR REJECT OF ACK
JMP COMRJ; REJECT
LDA I"OCAKB J PLACE COM ACK
JSR PTUN2; BIT IN 1M OUTPUT

rov 13 ; BUFFER" FORMAT 13
NXIN? J CONTINUE
0" CROTB ; SET COMMA."J D

; REJECT BIT
@eSTPR ; IN TEL~1ETRY PRIORITY

; OUTPUT t.,rORD
0,,0 ; CLEAR COM REJ
0" Ct·1RJF J FLAG

~toRE TM INPUT
~eGET ; GET ~'10RD FROM TM INPUT BUFFER
TIFIR ; BUFFER POINTER
SGOUT ; BUFFER EMPTY
@.+1 ; GOT WORD. PROCESS INPUT
TS INP ;

TASK 2 PARAMETERS
15.
-NVALG J
VALGN- 1 ;
177600 ;
o
o
o
o
o

JMP
COMRJs LDA

INTDS
JSR
INTEN

NXINP: • cAC
STA

CHECK FOR
JSR00521'006125$

00522'000104$
30523'000531
00524'002401
00525'000234'

000017
00526' 177761
0;:;527' 0101040'
005313' 177600'
00531'000000
120532'000000
100533'0000010
013534'000000
00535'000000

02462' 102460
00463'040450
00464'020152£
00465'040450

!Z(JLJ66' 034642
:Jil;!!67'1750C35
00470' 000427
3~j4.7 1 ' 03/~063$
00 l 172' 024674
00L173' 13740Ll

oeLa L~' 17 6 5 2 0
'1J~;Ll7 S' 020057 $

00L~7 6' 030633
CC Ll77' 151004
00580' 117000
00501'0214/~6$

00502' 106415
005C,3'00041 /-l
0050Ll' 045446$
(3(]S05' 1511004
00506'000405
00507" 024072$
00510'004426
00511'900043$
0e512'000405
00513'0210066$
00514" 060277
00515'006127$
00516 f 060177
00517' 102460
00520'040611

·I
; SUBR TO PLACE HORD UNCONDITIONALLY IN T!1 OUTPUT BUFFE~

; JSR PTUN2 J CALL SUBR WITH OUTPUT BITS IN~

; ARG0 ; ADOR OF TM OUTPUT FOr~"1AT \JORD
J BUFFER OFLO BIT HILL BE SET IF BUFFER IS FULL

~e536'102460 PTUN2: .cAC 0,,0 ; SET NO-COMPARE FLAG
00S37~000S00 JMP PTCM2+1 ; GO TO COMMON SUBR

·I
; SUBR TO TEST EACH DESIRED NEW GREEN BIT AND INITIATE m
; GREEN IF VALID. UPDATES GSTA A~D RSTA. ALSO INITIATESS
; IF NECESSARY.
J JSR TVALD; CALL SUBR. NEW GREENS IN NGRN
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; ; BIT MASK FOR THIS SIDE OF CONG

; RETN ADDR

PDMN eN)
STORE PDMN eN) IN PED T H1ER
STORE PED TIME + 1 AS
MIN IMUM GREEN TIr1E.
RESTORE NE\v GREEN BITS
CHECK N EXT BIT.
RETURN ADDR.
RETURN TO CALL+2.

SAVE RETURN
ADDR OF MASK
N EH GREEN S
MASK
i~EEP NEW GREENS FOR THIS SIDE.
EXIT IF NONE.
SAVE: MASK
ADDR OF TABLE- 1
SAVE TABLE START
# OF TABLE ENTRIES
SAVE: fOR LATER.
STARTING BIT II
GET BIT /I OF NEXT NE~.] GREEN.
NO !10RE.
MOVE TABLE ADDR-l
TO AUTO INCR Loe
MOVE # OF TABLE ENTRIES
TO COUNTER
SAVE REMAIN ING NGRN BITS.
FORi."1 ORCGSTA"ASTA"BITCN»=
CURR~~T GRE&~S+CURRENT A"1BERS+
NE~" GREEN BIT.
GET EITCN)
RESULT IN AC1 •• NOT. BIT IN AO
KEEP ONLY EITS
FO R TH ISS I DE.
GET VALlO TABLE ENTRY A\TD INcm
TEST VALID CONFIG
YES.
DECR TABLE COUNT.
LOOP FOR WHOLE TEL
NOT VALID. TRY NEXT BIT.
S~t}'AP HALVES OF GREEN BIT COM?~

POSITION GREEN BIT TO CORRESPD
; TO PED BIT AND COMPL•

PED BITS.
KEEP PED BIT IF CALL FOR
.NOT. PED BIT.
.NOT. PED BIT + GREEN BIT
CURRENT GREEN STATUS
OR NE~'1 GREEN A"J D
NEW PED BIT WITH GSTA
UPDATE GSTA
RED STATUS
CLEAR NEW GREEN +
N Ei:l PED BI TS FROM RSTA.
ADDR OF PED TIMES

3"TVRET ;
2" 0" 3 ;
0"NGRN ;
1" 13" 2 ;
1"0,, SNR ;
1" 3 ;
1, TMASI< ;
2" 2 ;
2" TBLAD ;
1,,0,,2 ;
1" TBL."JM ;
2 .. 2 ;
f!cBITN ;
EXTVL ;
1" TBLAD ;
I"AINC3 ;
1... TBLl'JM ;.
I"DIND ;
0"TVSV0 ;
0"ASTA ;
l"GSTA ;.
@eOR ;
O" BIT" 2 ;
@eOR ;
3, TI1ASK ;
3" 1 ;
3,6AINC3;,
3" 1 ;
GOTVL ;
DIND ;
MOTAB ;
TRNXB ;
0., 3 ;.
3" 3 ;

LDA 1,PEDBT ;
AND 1,,3 ;
COM 3,,3 ;
AND 3,0 ;
LDA l"GSTA;
AN D (21" 1 ;
ADC 0,,1 ;
STA l"GSTA;
LOA l"RSTA;
AND 0" 1 ;
STA I,RSTA;
LOA 3"APDMT ;
ADD a~3 J.

LDA 0" 0" 3 ;
STA (2I"PTMR,,2;
INC 0,,13 ;
STA 0" STMR" 2;
LDA (2l"TVSV0 ;
JHP NVLBT;
LOA 3"TVRET ;
J!1P 1" 3 ;
PARA1'1ETERS

o
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STA
LDA
LDA
LDA
AND
JMP
STA
INC
STA
LDA
STA
• GM 1
JSR
J~1?

LDA
STA
LDA
STA
STA
LDA
LOA
JSR
LDA
JSR
LDA
l\~D

LDA
• SNE
JMP
DSe
JHP
JMP
C011S
MOVeR

.
"

.
"013602' 0211433

013603'13741313
00604'1740130
00605' 1634013
00606'024152$
00607'107400
0c:.1610' 11360013
013611'044152$
00612'024154$
00613' 1074013
100614'044154$
021615'034171$
00616' 1570013
120617'021400
00620;1341011$
00621'11314130
00622'041010$
00623' 020411 TRN XE:
0(%24' 000730
e0625" 034402 EXTVL:
00626'001401

; TVALO
00627'0001300 TVRET:

005413'1354467 TVALO:
005111' 13314130
00542" 13207713
e135/~3' 025131313
005L!4' 123405
005/.5' 13 014131
03546'044462
005117' 1514130
1)05513'1350461
00551'0250013
00552'0444613
130553" 1521300
00554'006135$ NVLST:
00555'000450
08556'1324453
00557'0441305$
03560'024452
00561'044452
00562'040452
00563'1320153$
005611' 024152$
00565'006126$
00566'021052$
00567'1306126$
00570' 034 L14eJ
0057 1" 1C\ 74 13 13
00572'0360~5$ MOTAE.
00573' 166L115
Cj 857 L~' 13013404
130575'014436
0057 6' 0 (0 137 74
130577 f 1300424
00600'1143130 GOTVL:
130601' 175220



00630'000000 Tr1ASK: 0 ; VALID CONFIG MASK
00631'000000 TBLAD: 0 ; VALID TABLE ADDR
08632;0210000 TBLNM: 0 · # OF TABLE ENTRIES,I

00633'2100000 DIND: 0 ; TABLE COUNTER
210634'000000 TVSV13: 0 · SAVE AC0,I.

013635'000167 PEDBT: 167 · PED BITS,I
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; DI SALLOv1 RUPT
; CALL 'I'M PUT SUBR
; DATA \·TORD
; FOR.'1AT ADDR
; DJABLE RUPT
; RETURN
; RETURN ADDR
; DATA BITS

'I'M OUTPUT BUFFER IF CHA~GED

; CALL SUBR \JITH OUTPUT BITS IN;'
; ADDR OF Tt1 OUTPUT FORMAT \-lORD
; AC0=COMPARE FLAG
; STORE OUTPUT BITS
; GET FOR~AT ADDR
; A"JD STORE
; SET UP RETURN

@PT2RT
o
o

@ePTSB
PT20T
o

\WRD IN
PTCH2
ARG0
0" 0
1" PT20T
1,,0,,3
1" PT2AD
3" 3
3" PT2RT ;

INTEN
JMP

PT2AD:

;

PT2RT:
PT20T:

;
PTCM2: .GMI

STA
LDA
STA
INC
STA
INTDS
JSR

; SUBR TO PLACE
JSR

00636' 1020013
00637' 04441L~
00640'025400
00641' 0/44406
00642' 175400
1006'..13' 054407
006 L14' 060277
00645'006141$
00646'000653'
o0 61.~ 7 ' 000000 ­
0121650'060177
010651' 002LHH
00652'000000
100653'000000

00654'020653
00655" 040005$
00656'034650
00657'020656
00660'0261305$
NJ661 i 124000
o;:) 6 6 2' 107 405
lZ0663'000406
00664' 17 51~04

100665' 000773
00666(006136$
00667'0013'2100
D(;67 0' 0000013
00671'024153$
00672'125212
00673'000414
00674'030640
0067 5' 107 4 15
00676'113414
00677(006136$
00700' 133414
00701' 0136136$
007 ;:)2' 006126$
0?J7 03' 141000
0Z7 04' 006126$
00705' 124014
00706' 006136$
00707'02121625
08710" 024623
00711' 030624'

12100000
00712'061040
00713'0651341
1007 14" 07101.~2

·~
; CHECK
SGOUT:

CKGOT:

CNFER:
LPRIO;
GROOK:

OOOUT:

•
"

SIGNAL
LDA
STA
LDA
LDA
LDA
C0I1
A.lI.JD
Jt1P
INC
JMP
JSR

LDA
l·lOVR#
Jl-1P
LDA
ANDn
.ANDI
JSR
AND"
JSR
JSR
MOV
JSR
• SM 1
JSR
LDA
LDA
LDA
.IFE
DOA
DOA
DOA
• £NDC

OUTPUTS FOR VALIDITY
I2I"AVALG ; ADDR-l OF VALID GREEN TABLE
0"AINC3 ; STORE IN AUTO-INCR LOC
3"Z.1NVLG; -,'1 OF VALID GRNS
0"GOUT? ; PROPOSED G~~ OUTPUT
1" @AINC3; VALID GRN CONFIG
1" 1 ; MAl{E VALID BITS ~ERO

0" 1" SNR ; TEST FOR VALID GREENS
GROOK ; ALL GREEN S OK
3~3~S=R ; COUNT H OF VALID G~JS

CKGOT ; LOOP FOR ALL TABLE ENTRIES
@eABRT ; ABORT IF NOT VALID GRNS
o ; CONFIRM ERROR FLAG
o ; LAST PRIO OUTPUT
I"ASTA ; ACl=PROPOSED AMBER OUTPUT
1"I"SeC J TEST FLASH BIT
DOOUT ; YES
2"ROUTP ; AC2=PROPOSED RED OUTPUT
0"I"SNR; TEST FOR DUPL GRNS AND AMBS
0" 2" SeR ; TEST DUPL GRN S A~D REDS
@eABRT ; YES"ABORT
1"2,,ScR ; TEST DUPL AMB.ERS A~D REDS
@cABRT ; YES" ABORT
@~OR ; OR(GREEN"AMBER"RED)
2" 0 ;
@cOR ;
1,,1 ; RESULT SHOULD BE ALL BITS
@~ABRT ; ABORT IF NOT.
0"ROUTP ; LOAD OUTPUTS
1" AOUTP ;
2.;,GOUTP ;
DEBUG ;
0" RED ; OUTPUT RED
l"AMB ; OUTPUT AMB
2"G~ ; OUTPUT GRN.

~ *

*

; FORMAT A~D SEND STATUS BITS TO 'I'M OUTPUT
00715'026477 LDA 1,,0AAECD;, A-CODE
1210716 t 152460 .cAe 2,,2 ; AC2 = 121
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STATUS

;

.
~

RELOAD Ce+ 3 )
TEST ABORT/STALL

; YES" SET BIT
LAST PRIORITY OUTPUT

; COMPARE TO CURRENT
; SAME" DONT SEND

UPDATE LAST
; DISP.BLE RUPT
; STORE PRIORITY OUTPUT
; EN ABL ERUPT
; lilAIT FOR NEXT TASK2 FRAME
; LOOP FOR NEXT FRAME
; TASK 2 LOOP ADDR

; CLEAR ACl
TEST Er1ER MODE.

@t:STPR

3"BOFLG
0 1 BOFLG

3" 3
0"OBOFB
2"OASTB ;
1" SGSTA ;
1" 1" SeC ;
2 1 0
2" LPRIO ;
0 1 2
SKPRO
0" LPRIO ;

@e\·lAIT
@. + 1
LITLP

0" CN FER ; CON F I PJ·l ERRO R FLAG
2"CNFER ; CLEAR IT
0,,0 ; TEST NOT CNF ERR
2"SCERB ; SET C~F ERR BIT
2" 1 ;. FORI1 TM OUTPUT BITS
PTCM2 ; GO STORE TM OUTPUT
TOW1 ; FON~AT 1.
l~@ABECO ; GET B-CODE
0"SGSTA ; SIGNAL STATUS WORD
21 CDABT ; CAB DOOR BIT
0"2,,SeR ; TEST CAB DOOR AJAR
2"OCDAB ; YES" GET OUTPUT BIT
2,,1 ; FON~ B-CODE + CAB DOOR
PTCM2 ; STORE OUTPUT FORMAT 2
TO\v2
11 1
0" El1MOD ;
0" 0
l"OEMRB ; YES"SET ~~ER CTL OUTPUT BIT
0"SGSTA ; SIG STATUSCe+3)
2"AXFLB ; AUX FLASH BIT.
0,,2IS~R ; TEST AUX FLASH.
2"OAFLB ; YES" GET OUTPUT BIT
2,,1 ;, YES" SET OUTPUT BIT
PTCt-12 ;. GO STORE TM OUTPUT
TOUTW ; FOR~AT 0
l"SGSTA ; GET SIG STATUS Ct:+3)
1,,1 ; POSITION TEMP SW
1,,1 ; SIG SHUT DO~m SW
1,,1 ; FLASH SW
1" 1 ; A'J D MANUAL St.,
PTCM2 ; PUT OUTPUT FORMAT 16 WORD
TOW16 ; IN TM OUT BUFR
11 SGSTA ; RESTORE INPUT ~+3

111 ; SHIFT LEFT 3
1,,1 ; POSITION INTERCONNECT BITS
1,,1 ; MOVE 4 BITS TO LOWER BYTE
PTCM2 ; PUT OUTPUT FORMAT 17 WORD
TOW17 ; IN TM OUTPUT BUFR
0,,0 ; Ace = 0

; DISABLE RUPT
; GET BUFF OFLO FLAG
; CLEAR IT
; ALLOY RUPT
; TEST BUFF OFLO
; YES" SET BIT

LOA
ADD~L

MOVL
MOVS
JSR

• eAC
INTOS
LOA
STA
INTEN
.SeR
LOA
LDA
LDA
MOVLI
ADD
LDA
• SNE
JMP
STA
INTDS .
JSR
INTEN
JSR
JMP

LDA
LDA
LDA
Ar-JD
LDA
ADD
JSR

LDA
MOVR
MOVR
r-1OVR
MOVS
JSR

.?:AC
LDA
.SeR
LDA
LDA
LDA
AND
LDA
ADD
JSR

LDA
STA
.St:R
LDA
ADD
JSR

1607 17' 020750
00720' 0507/.7
00721'101004
130722' 030073£
00723' 1'-.:7000
0fJ724' 004712
0(3725' 000036$
00726'026465
G07 27 " 02 (3 162£
00730'03'1'101$
00731'113/.. 04
013732" 030100$
00733' 147000
007 3L!' !H347 02
00735'000'1'37$
(I) 07 36' 126/.60
00737'020164$
e~740' 101004
007 Ill' 024075$
00742'1220162$
00743'03'1'2'1'7$
2) 217 4 L4' 113404
0l:17 45' 030'1'74$
08746'1470'1'0
08747' 120 L4667
00750''1'00172$
00751'024162$
00752'1252010
00753' 1252'1'0
00754'125200
00755'125300
00756'004660
00757' 0'1'0044$
08760'1324162$
00761 ' 127 120
0;Q762'125100
C0763'125300
007 6L~' 004652
00765'000'1'45$
0G766'102460
00767' 060277
00770'034161$
00771'040161$
e21772'060177
01077 3' 17 5004
0077IL'020077$
00775' 030076£
08776'024162$
03777'125112
o1013 13' 11. 3 0 0 0
1'31'2101' 133'1'667
011002' 112/.115
~j 1003' 00'1'4'1'5
o10I.;L,' OLH3664
01005'060277
01006'006127$
01007'10610177
01010''1'06131$ SKPROa
011011'002401
'1'1012"000035'



01013'0100322' ABECD:
101014(10100321' MECD:

·1
.:
.:
·1

BECOD
AECOD

.: B-CODE
; A-CODE

01015'1702100
01016'010010107
01017'10101010010
011020' 10100100
1011021'10401000
01022'02101000
01323"0100010
01021.' 0600010
011025'10300010
011026' 00r2C0
011027'040200

01011024'
0112130' 007L1I;31O
01031'1010101007
01032'100010010
01033'01041000
1011034'1002000
01035'01011000
01036'000400
01037'10031000
01040'100141010

.: INTERSECT ION
AMASK:
ATA8La

ATBL5 =
BMASK;
BTABL:

.:

COMMAND DECODE TABLES
17B3+ IB8 ,
7 • II OF ENTRIES (9. FOR FOREST) lie1

10 .: CODE 10
IBeJ · 1.I

IBI .: 2
IB2 · 3.I

IB3 ;., 4
181+1B2 ; 5
IB2+1B3 ; 6
ID8 .:, 7
IB1+IB8 · 8I,

ATABL+6 · CODE 61

17B7
7 · ,'1 OF ENTRIES.I

10 ; CODE "IB4 .: 1
IB5 ; 2
ID6 .: 3
IB7 ; 4
185+1D6 · 51

IB6+1B7 • 6.I

.RDX 2 ; USE BINARY FOR CLARITY
1010010000110001100; VALID SIMULTANEOUS GREENS ENTB
1101001011010101010011.: 1
110100101011101101001001; 2
0110101000101101100; 3
011101011010101101011; 4
10110010111001110001; 5
1010111000000110100.: 6
001110111001001101011; 7
00111010111001010001:, 8 END OF NORMAL VALID GREENS
101101011010101101101011010; 9 REMAINDER ARE FOR FOREST L~

0101211011101131100011; 10
010101001111011010121101; 11
012101100011012112101010; 12
12112112110110100121012111.: 13
100101010111000012101; 14
.RDX 8 ; BACK TO OCTAL

01010002
1011041' 1104104 VALGN:
101 IO L12 , 1103103
01043'1101501
~ 110'1',' 0641064
010 L15" 063063
01046'1061461
01047'0341024
01050" 10331023
01051'031421
01052'1044244
01053' 0'.3243
31054'1041641
01055'014204
01056" 1013203
101057'1011601

-0001010

·,
.END
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A!JSi~V 000015SX
f-dSNJ 000016$X
A2SAV 000017$X
A3Sf'...V 000020SiX
MECD 001014'
f.if.OUT 01210076 f

ADEGD 001013'
[-I.C 1:'J 000150'
.~CNF'R 01010131'
AECOD 000321'
AEllT I 000011'
AGOGT 000060'
AL0 C1 000003$X
f-\IN C2 121000(M$X
AINC3 000005$X
AI:-.JG'1 000006$X
t.WC5 000007$X
i\Li·l SI\ 000205$X
f'"!l·jASK 001015'
AND 000041 -,
glTr,j 177777 X
AQUTP 000533'
APD;·jT 000171SX
{-I.:--'.OUT 000103'
t.ST 14. 1000153$X
f\STLF 00014lUX
.P.ST~JR 000176$X
ATASL 1001016'
iWDL5 001024'
ATLOP 000175'
AVALG 0013527 '
A;~fL3 000207$X
;j{-I.DC;'-j 000364'
m:;COD 000322'
2GOUT 000353'
BIT 0013052$X
3ITN 000151$X
D>lASI< 001030'
DOFLG 000161$X
3TABL 001031'
Cl 000060$X
C16 00005/..L$X
G2 000057$X
C32 000053$X
GLI 000056S>X
C7 000167SX
Go 000055SiX
CDl.DT 000101SiX
GIGNE 000453'
CKG 01' 000660'
CLOI-~F' 000203$X
CMl1JF 000331 '
CHFCK 000105'
Cl'J FER 000667'
CNfLS 000166$X
CODEl 000257 '
COD:';S 000323 ,. F-70
CO DOi( 000300'
Gor-1CD 000325'
COMHJ -000513'



CROTB la1a1a1a66$X
CYCLE 0013012$X
DAT!-lr·1 la00116$X
DBAA:'J la0000laU
DBf-iOn la00000U
DBG t-I:'J 00001OIOU
D3GOl1 01010000U
DBf:U'J 00101000U
DB~OR 01OrolO00U
DECOD 000355'
DIND 0100633'
DL T IiI 0210152'
DOOUT 000707 '
EA0SA 000la3la$X
EtdSA 000031$X
EA2SA 000032SX
E.I.\3SA 000033$X
ECiJT 000354'
EcmIC rola0165$X
ECYCL 0100025$X
EDECH 01302105'
£'lNOD 1000164$X
1::'3 '<\111 1300421 '
ElJAi'12 13013432'
I:l'J CL P 000343'
ENCOD 000332'
ENDIN 00045Ll'
EPCSA 000027$X
EHTH1 1000327'
ESPC£ 000024$X
ESTAT 000026$X
ETETI 01OQJ035$X
ET I:-1E 000034$X
£TH01\ 0010212'
EXTVL 0010625'
FLTIN 0100145$X
FOHI..l~1 000121$X
Gcm 0010147'
GELOP 000413'
GU1SK 01.310206$X
GNGnN 000441 '
GOTVL 000600'
GOUTP 000535 ,.
GE;J 000042 "
GHOOK 000671'
GSTA 000152$X
GTLOP 000157'
HITSl\ 000004"
!liSTB 00006LUX
IAFLB 000071$X
ICEHT 000326'
IFBIT 000la63$X
INAS:\ 000142$X
INPFL 000330'
mTCD 000210$X
IONLB 000071O$X
IRSY~ ro00065$X F-71
LAKC0 000046$X
LAKC1 0010047 $X
LBYTE 0010122$X



LCO;';C 10100320'
LITES 000000'
LITLP 000035'
UHl.SI( 000530'
LOOPS 000160$X
LO'.: Ltt-! 000120$X
LPJ1IO 000670'
LilJC0 000050$X
LEJCl 000051$X
LStll::n 000101'
LSG ;;,:R 00012163'
LSP.E:i"~ 0100072 i

....~ "",~ "1"" ... 0C0170SX;o~J, ,,·J.i,:l ~ ..'"!

HiLT SI~ 000113$X
t'i;'} VLG 000526'
:10T1'..B 0100572'
NN/,S 000531'
NGr:IJ 000532"
:JO EU;'I 000377'
NO Wy 000367 "
NOTOL 0010316'
~J SP3T 12:00016"
NVl\LG 000017
NVLDT 000554'
NXINP 000517'
O:-~FLB 000074$X
OASTD 000076$X
O:JOFB 000077 $X
OCA:{B 000072$X
OCDAB 000100$X
OE:,jJm 000075$X
OJ'~SYB 000067$X
o',r;mt,! 000117SX
PCWT 000001$X
PCSAV 000014$X
PD;·1:1T 177777 X
PD:·!T 1 177777 X
PDl·IT2 177777 X
PUNT/! 177777 X
PD:·jT5 177777 X
PDI,;T6 177777 X
FEDDT 01010635'
PEOTB 000062$X
PRi\EH 000201$X
Pi1G ER 000202SX
Pr: 1'IR 000174SX
PHR;::;R 000200$X
PR2:Pl 000156$X
PH~P2 1000157$X
PT2AD 000647'
PT20T 000653'
p'l"2Frr 0100652'
PTCL:j2 000636'
PTll:l 000011$X
?TUN2 1000536'
Hem 00015If

J!-72nED 1000040-
:1FLTt1 000010'
PJ..NSK 000204$X
'rl"""'~'1"""'\ ".1,.,,..r- "" ~.•



RHFLG 000177$X
mWTB 000061JiX
nSFLG 000146$X
RST f-~ 01010154$X
RS'.1:m 1000173$X
SATL? 080/123'
SAVC1 01210366'
SCEDF 0010115$X
SCERD 000073$X
SDSFB 0210104'
SGOUT 00121654-
SGSTA 000162$X
S!{?~~O 0011010'
SPCi::L 000002$X
SPT{~B 000023$X
ssmm 000102SX
ST.c,TE 000013$X
ST;~TS 000123$X
STL 000057
ST!'JR 000010$X
STLSB 1£'010132'
STU?F 01£'0126'
SnmD 000175$X
SVA2 000146'
T2CLS 000012'
'I'f'.!;:1JJH 000173'
TAS;<2 010101000'
TDLl\D 000631 '
TBUji'-i 1£'010632'
Teeo;-} 000313"
TECOD 000324'
TETUI 000022$X
TI3UF 000103SX
TIFIE. 0eJ01eJ4$X
T1 IN 000105$X
TH'lER 01210021$X
TIN 000027
TIOUT i000106$X
T:"U~SK 1000630'
TNEEF 000163$X
T~1 INT 000150$X
'i.'10UT 000147$X
TOBUF 000107SX
TOF II\ 1000111O$X
TO 1:'J 000111$X
TOOUT 000112$X
TOUT 1000043
TOUTH 000172$X
TOT,~ 1 1000036$X
TOTl13 000043$X
TOI,' 16 10001044$X
TOUl7 000045$X
TO\12 000037$X
TO'\} 3 000040$X
TOH7 000041$X
TOi19 000042$X F-73
Tl-:"\,JXB 0013623'
TSHJP 000234"
~rSONL 000246"
TVALD 000540"



Tvr~ET 000627'
TVS\l0 000634'
U''l[\,SK 000143$X
VALGN 001041'
VOLU!'1 000155$X
VQUT 000040
;~E(~pn 000114$X
~3D:JG 000000U
ZtiIJ:1T 000136£X
t~i;':LS 021013Ll$X
2::J I'i'N 00vJ135SiX
ZGLI::.~~ 000140$X
~~G ET 300125~X

CIJi'lP 000133$X
I.; II; 000020
Z;C r: 000126$X
2:rTSB 0001 111$X
cPUT 000124$X
2:n5T;\' 000132$X
l51'lUL 000137$X
lS'i'?L 000130$X
cSTPl1 000127$X
c~liHT 000131$X
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00043'177770
00044''1000'10
00045'000VJ00
00046'000170
00047'000006

00050'000024
00051'000024
00052'000024
00053'000024
00054'000024
00055'000024
00056'000036
00057'000024
00060'000024
00061'000024
00062'000024
00063'000024
00064'000024
l-H1065' 000006
00066'000001
00067'000001
00070'000001
00071'000001
00072'000001
00073'000001
00074'000004

Ma:
CNERT:
PERF'L:
CNF'TM:
MAXCr:
,; PHASE TIMES
MAXT:

MINT:

EXTT:

,;

20.
20.
20.
20.
20.
20.
30.
20.
20.
20.
20.
20.
20.
6
1
1
1
1
1
1
4

CQNSTA'\JT -8
,; C\lF' ERR TIMER
,; PERM F'LASH F'LAG
J CNF' ERR TIME PERIOD (.5 SEC>
J ~AX # OF' CNF' ERRS ALLOWED

J MAX PHASE 1
J 2
J 3
J 4
,; 5
,; 6
J 7
,; MIN PHASE 1
,; 2
J 3
,; 4
,; 5
J 6
J 7
J EXT PHASE 1
,; 2
,; 3
,; 4
,; 5
J 6
J 7

J START TASK 3 lOOP
J PROCESS PIN MATRIX

000000 EMERll J EMER CTl lOOP
.IF'N DEBUG J
lDA 0~!8DBG J ~+8 DEBUG
JMP .+3 J

a8DBGI 0 J

0~cIN+9.'; READ PIN 2
U\lPKM J UNPACK
MAXT+2 J PHASE 3 TIMES
MINT+2 J

EXTT+2 J

MAXT+l J PHASE 2 TIMES
I#MINT+l'; SET MIN=MAX F'OR PHASE 2
DEBUG ,; *****
0#c10DB J c+10. DEBUG
.+3 J

o J
F-n

00075'060430
00076'101213
00077'000447
00100'004721
00101 '00'1050'
00102'000051'
00103'000066'
00104'000052'

00105'060431
00106'004113
00101'000052'
00110 '000061'
001 1 1 '000070 '
00112'000051'
00113'044745

19DBG:

!10DBI

.ENDC
DIA
MOVR#
JMP
JSR

• I F'N
LDA
JMP

.ENDC
DIA
JSR

STA
.r F'N
lDA
JMP

,;
0~cIN+8.J READ F'IRST PIN WORD
0~0~SNC J TEST B15
SKPMT J 0=IGNORE MATRIX
U\lPKM J UNPACK WORD 1
MAXT J PHASE 1 TIMES
MINT ,;
EXTT J
MAXT+2 J DUMMY
DEBUG J
0~c9DBG J c+9 DEBUG
.+3 ,;
o J.

~

*****

*****

*****

*****



0"cIN+l1d READ PIN 4
UNPKM ; U\JPACK
MAXT+5 ; PHASE 6 TIMES
MII\JT+5 ;
EXTT+5 ;
MAXT+4 ; PHASE 5.
I"MINT+4; SET MIN=MAX F'OR P5
o ; READ AMBERS
I"MAMTM ; ADDR-l OF' AMBER TIMES
1 .. AII\JC5 ; TO AUTO-INCR CELL.
2 .. M8 ;:8 = AMBER COUNT
PICKB ; GET 2 AMBER
-2 ; BITS.
6 ; BIAS OF' 3 SEC (IN .5 SEC UNITS)
1.. 3 ;.5 SEC UNITS TO AC3
1.. 1 ; MULTIPLY .5 UNITS BY 4.
3 .. 1 ; ADD.5 UNITS=.l SEC UNITS.
1.. @AINC5; STORE AMBER TIME
2 .. 2 .. Si:R ; COUNT AMBERS
AMLOP ; LOOP

*****

*****

*****
READ PIN 3
U~PACK

PHASE 4 TIMES

.
I

;

;

0"cIN+10d
UNPKM ;
MAXT+3 ;
MINT+3 ;
EXTT+3 ;
MAXT+5 ; DUMMY
DEBUG ;
0 .. cllDB; 2:+11. DEBUG
.+3
o

eI F'N
LOA
JMP

.ENOC
OIA
JSR

MOVeR
MOVi:L
ADD
STA
I~C

JMP

STA
READS
LOA
STA
LDA
JSR

.ENDC
OIA
JSR

1:11DB:

00114'060432
'10115'004704
00116'000'153'
0'1117'000062'
00120''100071'
00121'000055'

00122'060433
00123'0(14676
00124'000055'
00125'00'1'164'
00126'000073'
00127'0'1'1054'
00130'044733
00131'060477
00132'024170$
00133'044'107$
00134''13'1707
00135'004650 AMLOP:
0'1136'177776
00137'0'1'1006
00 14 (1 , 135221£'
00141'125120
00142'167000
00143'046007$
'11£'144'151404
00145'000770 .

I

; SET VARIABLE PARAMETERS F'OR MCCM .. MKBD .. F'ORS BY
; PROCESSI~G BITS 13.. 14 OF' I\JTCD.
SKPMTI

INTR)

000000
'1'1146'020210$
00147'024054$
00150'030543
00151'034540
00152'163625
00153''100411
00154'101237
00155'000410
00156'020556
00157'040552
00160'020555
00161'040551
00162' 102460
00163'041006

000000
00164'125120
00165'030055$
00166'101222
00167'175401
0017Vl'171000
00171'151400
00172'046520
00173'052520
00174'054524

NOTS?:

LOA
LOA
LOA
LDA
ANDeR
JMP
MI)VeR#
JMP
LDA
STA
LOA
STA
.cAC
STA

MOVcL
LDA
MOVcR
INC
M')V
II\JC
STA
STA
STA

0 .. INTCD ; INTERSECTION COOE WORD
1.. C16 ; AC 1 = 1B1 1
2 .. AATAB ; AC2 = ADDR OF' ATABL
3 .. C6 ; AC3 = 6
3 .. '" .. S\J R J TEST BIT S = 00 ( NORM AL
NOTSP J YES .. NOT SPECIAL
0"0,,SBN J NO .. TEST BITS = 11(MCCM)
NOTSP+l ; NO .. F'0RS OR MKBD
0 .. MCSPH J AT MCCOMMAS CHANGE
0 .. PHAST+4 ; PHASES 5&6 TO ALL RED
0"MCSPH+ 1 J ON "A" SI DE .. THEN
0 .. PHAST+5 J EAST-BOUND ONLY
0 .. 0 J CLEAR INDICATORS
0 .. 6 .. 2; DISALLOW CODE 5 F'ROM TLM

1,,1 ; YES" ACI = IB10
2 .. C8 ; AC2= 8.
0"0,,S2:C J TEST B14 = 1 (F'OREST)
3"3,,SKP ; YES .. AC3 = 7.. AC2 = 9
3,,2 ; NO .. AC2 = 7
2 .. 2 ;
1.. @AclV5; STORE e+l VOL BIT 5
2 .. @AATAB; STORE # OF' A-CODES
3 .. NPHAS ; STORE # OF' EMER PHASES.
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t t t

; FLASH PROCESSING

TABLE

TM INPUT ERROR F'LAG
I F SET,

; START EMER CTL
TEST EMER CTL
REQUEST FROM TM
INPUT
NO
TEST EMER MODE

IN PROGRESS, CONTINUE
J DI SABLE RUPT
; SET EMER MODE F'LAG
; CURRENT GREEN STATUS
; SIGNAL GREEN BITS
; KEEP SIGNAL BITS
;. TO EMER COMMAND
; ALLOW RUPT

ADDR-l OF' PHASE TABLE
TO AUT!) INCR LOC
PHASE COUNTER
# OF PHASES TO AC3
MAKE NEG
GREEN CONFIG FROM PHASE
MAKE eEROES ONES
TEST F'OR SAME GREENS
YES

I,MAPHS }
1,AINCS ;
2,2 J
3,,~PHAS J
3,3 ;
1,@AINCS;
1, 1 J
0,1, SNR ;
SNWPS ;

.F-RO

EMMOD
0,GSTA
3,GRBTS
3,0
0,ECOMC

2,,2 ; CLEAR AC2
0"CNF'LS J GET # OF' CONFIRM
I"MAXCF' ; F'LASH ERRORS IN LAST PE~IOD

1,0 ; AND COMPARE TO MAX ALLOWED
0,PERFL ; GREATER, SET PERMANENT FLASH
CNERT J DECR CONFIRM ERR TIMER
Ci'JF'OK ; STILL OK
2,CNF'LS ; CLEAR CONF'IRM ERROR COUNT
0,CNF'TM ; RESTART THE
0"CNERT ; CONF'IRM ERROR TIMER
0"PERF'L ; TEST PERMANENT
0,0 ; F'LASH FLAG SET. SKIP IF' sa
F'LTIM ; NO, HAS FLASH TIME EXPIRED
CKAF'L ; NO, C1NTINUE F'LASH
FLTIM ; YES, RESET TIMER
0"ASTA ; TEST FLASH
0,0,SNC ; BIT SET
NOFLS ; "J()
0,IAF'LB ; TM INPUT F'LASH BIT

; DONT ALLOW TASK 2
I,LAKC0 ; LAST CODE 0 TM INPUT
0,I,S~R ; TEST F'LASH REQUEST FROM TM
TMAFL ; YES, LEAVE F'LASH ALO"JE
2,ASTA ; CLEAR AMBER STATUS (F'LASH)
0,0 ; ALL ONES
0,RSTA J SET ALL RED BITS
2,ECOMC ; CLEAR EMER COMMAND = ALL RED
0,EMMOD ; SET EMER MODE = -1

; ENABLE RUPTS
J GO START NEW PHASESTPSl

Mr"lDE
0, TMERF' J
0,0 J

SEMRC
0,LAKC0 J
I,IONLB J

0,1, SC R J
CEMRM J
0,EMMOD J
0,0 J

CEMRC J

.tAC
LDA
LDA
• SGE
STA
DS~

JMP
STA
LDA
STA

C''JFOK: LDA
• SNe
DS?
JMP
I S~
LDA
MOVR
JMP
LDA
INTDS
LDA
A\lD
JMP
STA
• GM 1
STA
STA
STA
INTEN
JMP

J NOT IN FLASH
NOF'LS: LOA

• SaR
JMP
LOA
LOA
AND
JMP

SEMRC: LOA
• ScR
JMP
INTDS
I SC
LDA
LDA
AND
STA
INTEN
LDA
STA
.GPI
LDA
NEG

CPSLP: LOA
COM
ANON
JMP

00233'020163$
00234' H'J 1'104
00235'000405
00236'020046$
(iJ'1231 '024010$
00240' 101404
00241 '000434
091242'020164$
00243' 101004
00244'000434
00245'060217
00246'010164$
00241'020152$
0'1250'034451
910251'163400
00252'040165$
00253'060177
00254'024443
12'0255'044007$
00256'152520
00257'034441
00260' 174400
00261'026007$
00262' 124000
00263'101415
00264'000524

00175'152460
(.HH76'020166$
00177'024650
00200' 122032
00201 '0491644
00202'014642
00203'000404
00204'050166$
00205'020641
00206 '040636
(10207' 020636
(t)" 2 1'1 ' 10 1005
00211 '014145"
oW? 1~ , i"1 (1 ;14 5 6
'101:'213'010145$
'10214'020153$
00215' 11)1203
0~~216'000415

'10217' 020'1.171 5
QH1220' 12160277
0(1)221' '324046$
00222' 101404
(11)223'000450
0'1224'050153$
00225' 102'112'0
00226'040154$
0'1221'050165$
00230''140164$
00231'060171
00232'000555



(1(·'265' 1514~H" I"JC 2 .. 2 I\lCI'< PHASE COUNT
.H126 f, ' 17 5 Lj 04 INC 3 .. 3 .. SlR ; t\lO .. INCR PHASE #

vlC1267 'vH1(1772 JMP C?SLP ; TEST ALL PHASES
vH127.1' 1Vl 24 6'~ CKAFL: .tAC 0 .. 0 · t'\J()NE Ft1U'\lD,
v}0271 ' (11')(1277 INTDS ; DISABLE /-<LJPTS
0(1)272'006130$ JSR @lSTFL ; SET UP i'Jl I \I I MUM FLASH MODE
00273'060177 TMAFL: INTEN ; ENABLE kUPTS
00274'vH10527 JMP ENDT3 ; C·:)\JTINUE

;
"10275'(:\20164$ CEMkM: LDA 0 .. EMMOD ; TEST EMER
D02.,(" HH0""5 • SNc Vl .. 0 ; MODE I\J PHt)GRESS
iY1J277 'C1"'~0524 JMP ENDT3 · ,\l () .. Ct1NTINUE,
oU 3~'H1 ' (,12(" 154$ CEMRC: LDA 0 .. RSTA ; CUkKE\lT kED STATUS
o\13 VJ 1 ' (1 2 4 16 5 $ LOA 1.. ECOMC ; EMER COM~Ar..JD

003i,2' \134417 LDA 3 .. GRBTS ; KD-1 aVE PED
'1 "130 3' 163 Ll0 0 AND 3 .. 0 ; BITS
(1 (-) 3>1 /1 ' 12 4(('~' (.1 C1M 1.. 1 ; N()T DESIRED GREENS
0~)3V15' 1674'1~" AND 3 .. 1 kEM'1VE PED BITS
(1~13C1()'106414 .SEQ 0 .. 1 ; TEST CURRENT t1UTPUT
"~I (.1 3WI ' VI 0 III 5 14 JMP E\lDT3 ; NOT SAME
(10310''100426 JMP INEMR ; SAME AS COMMANDED

;
:;";1 .'3 1 1 ' vHI) '(1 0 (.1 6 C6: 6 ; C'1\1 ST (,

00312'177777 A-:IV5: tlVB5 ; ADDI< ()F t 1VBT+5 CTASK 1 )
',1;11313'177777 AATAB: ATAAL ; ADDI\ ()F ATABL (TASK 2)
Vl031 Ll'(.1Vl(.1'100 Gino: 0 · GREEN TIMEt<,
I·H' .'3 1 ') , (10 ~1 (')1;10 EPHSr..J: 0 · PHASE II,
00:-116'00v)'1'10 PTIM: 0 ; PHASE TlHAL TIME
(1 '(1 3 1 ., , r-? 1"10324 ' MAPHS: PHAST- 1 ; ADDH-l OF PHASE TABLE
';:)(132"" 00'10'"6 NPHAS: 6 ; # OF PHASES *****Vl;iJ321' 177600 GRBTS: 177600 ; GREEN BIT MASK
(1 (I} 322 ' 000 \1 47 ' MAMAX: :v1AXT-l ; ADDR-l OF MAX TIMES
00323' (1000 65' MAEXT: EXTT-l · ADDR-l OF EXT TIMES..
vJ0324'000056' MAMIN: MINT-l J ADDR-l OF MIN TIMES

;
BITS FOR EACH PHASE

BINARY fOR CLARITY
; PHASE 1
; 2
; 3
; 4

5
6
7 CF1REST ONLY)

; PHASE TABLE - GREEN
• RDX 2

?HAST: 10000011088
100001100B8
001101100B8
00111'100088
011010000B8
01100011088 ;
:11000011188 ;

; MCCOMMAS SPECIAL PHASES
MCSPH: 000010000B~ ; PHASE 5

01000011~R8 ; PHASE 6
• I(nx 8

J'~334'004000

00335'041Ll00
0013010

00"l002
00325'101400
0032(,' 103(1(10
(10327 '033000
00330' (13Ll000
'IJ0331 '0640vH1
Vl033?,',]61400
Vi)' 333' 041 6v}v'

;

00336' 01;~ 7 60
(10337' 030756
0034(1' 034764
'"~1:141 • 157vH~0
(1(13/12' 02543'"
11 ,,' :-j /j J ' v12l~ 7 53
~)03/~4' H16432
~H'J3 I~ 5 ' ~~ (1 0 4 5 6
30346'(134754
00347'1571300

; ACTUAL E~ERGENCY CONTROL SECTIO~

INEMR: I SC PTIM ; INCR T()TAL PHASE TIME
LOA 2 .. EPHSN ; PHASE # T() AC2
LOA 3 .. MAMIN ; GET MINIMUM INTERVAL
ADD 2 .. 3 ; FOR THIS
LDA 1.. 0 ..3; PHASE
LOA 0 .. PTIM; T1TAL ELAPSED PHASE TIME
.SGT 0 .. 1 ; TEST FOR MI~IMUM INTERVAL
JMP E\lOT3; DUrn NG MI ;\JIMUM
LOA 3 .. MAMAX ; AFTER ~INI~UM

ADD 2 .. 3 ; GET MAXIMUM PHASE
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3# LOOPS
310
0#LOOPS

110 # 3
11 (,3

TSE·~D

31MLPBT
2# 3
1#0# 3
1 # Vi

(')(1350 ''125400
0'1351 ' 122432
00352'000416
0'~353 '034462
00354'157000
00355' 02 54{)0
(~0356' 120000
'1'1357'06C1277
'1036'1'03416'1$
00361'1(,3400
00362' 040160$
(iJ0363'060177
00364'167404
00365'000432
00366'014726
00367'000434
00370'020163$
00371 ' 101004
0'1372'000410
00373''120046$
00374'024070$
'10375'123405
00376'000406
00377'1'12460
00400'0401645
00401 '000422
00402' 102460
00403'0401(,3$
00404' 151400
00405'020713
0040(,'112032
004'17'152520
00410'050705
00411'102460
'10412'040704
00413'034704
00414'157000
00415'021400
0041(,'040165$
'~0417 '034704
00420' 157000
00421 '021400
00422'040672
00423'006131$
00424'002401
00425'000075'

TSEND:

MADVP:

ADVNP:

STPS 1:
SNWPS:
NEWPS:

STEXT:

ENDT3:

J

LOA
• SGT
JMP
LOA
ADD
LOA
CI1M
INTDS
LOA
AND
STA
INTEN
A"lD
JMP
DSc
JMP
LOA
.S?:R
JMP
LDA
LDA
AND
JMP
.cAC
STA
JMP
.i!AC
STA
INC
LOA
.SGE
.GPI
STA
.lAC
STA
LOA
ADD
LDA
STA
LOA
ADD
LOA
STA
JSR
JMP

; TIME
J TEST FOR MAXIMUM EXPIRED
; YES
; GET LI10P
; BITS F'QR
; THI S PHASE
; COMPLEME~T LOQP BITS
; DONT ALLOW LOOP UPDATE
; LaOp DETECTOR STATUS
J CLEAR CALLS FOR
; THIS PHASE AND RESTORE
J ALLOW RUPTS

3111ScR; TEST F'OR ANY CALLS
STEXT ; YESI EXTEND THIS PHASE
GRTO J NOI DECR GREEN INTERVAL
ENDT3 J DURING EXTEND INTERVAL
0ITMERF' J TEST TM EMER
010 ; CTL FLAG
MADVP J SETI GO ADVANCE PHASE
0#LAKC0 ; TEST EMER CTL
I#IONLB J REQUEST FROM
110 1 SNR J TM II\JPUT
ADVNP J SETI GO ADVANCE PHASE
010 J NO EMER CTL REQUEST PRESENT
01EMMOD J CLEAR EMER MODE
ENDT3 J CONTINUE
010 J CLEAR THE
01TMERF J TM ERR FLAG
212 J INCR PHASE #
0#NPHAS J # OF' PHASES
0#2 J TEST LAST PHASE
2#2 ; YESI RESET TO 1
2#EPHSN ; STORE PHASE #
0# 0 J CLEAR TOTAL
0#PTIM ; PHASE TIME
31MAPHS J COMPUTE AOOR IN
2# 3 J PHASE TABLE
0#013 J GREEN CONF'IG F'OR THIS PHASE
01ECOMC ; STORE GREEN COMMAND
3#MAEXT J NOW STORE
213 J EXTENSION
010#3 ; INTERVAL TIME
0#GRTO ; IN GREEN TIMER
@cWAIT J WAIT FOR NEXT TIME FRAME
@.+l J LOOP
EMERL J ADDR OF EMER CTL LOOP.

00426'100000
00427'000000
'~0 430' 000100
00431'001000
00432'000000
00433'010000
"H1434' 000010
00435'000425'

; LOOP BITS FOR EACH PHASE
LPBTS: IB0; PHASE 1

Vi J 2
1B9 ; 3
IB6 ; 4
o J 5
1 B3 ; 6
IB12 ; 7

MLPBT: LPBTS-l J TABLE ADDR
J

.END
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f\(!) SAV
AiSAV
A2Sf\V
A3SAV
1\1\ T 1\ f)
(,f) V\l r)
1\[\lCI
f\I\JC~~

AI\lCj
r.r ,\J C4
AI\JC5
I\L"l SK
N'1H
/\:"1 L I) t>
1\"11 M
/\(iD"l T
r\.'~TA

/\STLF
f\ ':j n'j r<
ATARL
A;<YLR
AtlV5
8IT
8IT\J
f111FLG

CI6
C2

C32
C4
Cf)

C7
c:-.s
C))!\HT
C[,''1f<C
CF.·"1I<'''l
CKAFL
CL(1KF
C1\JEI<T
C\J FL S
C\J FOr<
C\lrH'1
Ct>SLP
Cr<'lTR
CYCLE
DATf\M
EM1SA
F.A1SA
EA2SA
EA3SA
fcrWIC
ECYCL
E,'oI) E riC
EN) F.r<L
EMYiOD
[:\lDT3

FYCSA
EPH S:\l
ESPCE
ESTAT

Otj(;'(;) 15S;X
v100016SX
(:1(·h~ l!) 17 f. X
W;;')()) 0 2()) SX

(1("0 J 13'
~H1(1, /10 Lj ,

(1 vl (1('1(13 S;X
(/~('l (11'10 4 C;;X

vH) Ii ,~ (I) 5 SX

0"HH1(16SX
(J)'...H10 07 £X

:h·)(12(15 SX
(1('J(.W'~ 1
000135'
177777 X
vM;1171~X

rH'»1153$X
(,:)(1 (.1 14 4SX
(tlvh~ 176'JiX
('1~j(1313'X
C1'10207SX
0;10312'
eJ:1MJ52SX
vH10151SX
0~0 161$X
C)(.J 0060 SX

'10 (:J 054 $X
(7)(110 (iJ 5 7 SX

v)OCJ053s>X
V'lv10056S;X
000311'
())(.J0167SX

(,1")(1(155 'llX
v~(.1(·ll '" 1 'JiX
(0)(,1(13[1(1'

0(10275 '
elcHi) 270 '
(1(~HJ20 3SX
C10Cl044 '
\10~~ 166SX
v1%H1207 '
000046'
~)vh1261'

00C)11665X
00vH112$X
0Wl0116SX
00v'H130SX

0"'''H':)31 SX
(.,(.)8032SX

\')(,hh1 33S X

000165SX
000025$X
(10C10rH1 '
('I1H1075 '
(i)CH1164$X
v]Ch3 423'
000027~X

'100315'
0vH1024$X
000026$X
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ETET! 000035"X
F.TIME r,>,-' '1 (~ 31lSX

F:XTT 0Qll13 66'
FLTIM 031~ 11l5SX
F() j->"1'1 0\10121$X

GLMSK 0~02'16$X

GR8TS 00',1321 '
GI-<"I 00(1'142
GRTt) 000314'
G:.:>TA 000152$X
HITSK ")(10004
IARTS 0D0064$X
IAFLB (100071 $X
I FfH T 01.H1063$X
H1ASK 00~11 425X
I'\JEM K 0(10336 '
PHCD 000210$X
I 111'~U3 (1'2)(:1070 $X
II'~SYB 000\165$X
LA'<C0 '1'';)0046SX
LAKCl vH100 47 SX
LHYTE 00(1122$X
L()(WS 00016f1$X
L() ',14M 000120$X
LPBTS 000426'
U<JCI1 000050$X
Lr<JC 1 030051$X
MR '100043'
MAfWP 000402'
MAEXT 1100323'
MAMAX 000322'
MAMIN 000324'
MAMTM 000170$X
MM)HS 0~'0317'

MAXCF 000047 '
MAXT '100050'
MCSPH '1'10334'
MHTSI{ Wi}01 13SX
MINT '100057'
MLPBT '10'~ 435'
NE\'JP S 000411'
Nf)FLS 000233'
NOTS? 000164'
NF)HAS 000320 '
NSPST 00'1016
OAFLB 011-'0074$X
()ASTB 000076$X
iJBOFB 000077$X
OCAI{ 8 030072$X
OCDAB 0001'10$X
OEMRB 000075$X
O,<SY B 0iJ0067$X
01,,' RDM 0021117$X
PCINT 000001$X
PCSAV vHH'l014$X
PDMN r 177777 X
PDVlTl 177777 X F-84PDMT2 177777 X
PDMT4 177777 X
PDMT5 177777 X



l'I)MT6
PElTR
IJfo~I\FL

PHA~}-j

PICKFl
r>,\l~~~:\

(J \ G::: ,-;
r> ;\ I 1..1..-.:

j) j~ Kr~:~

?<·::?1
p:-\,~e2

1<,vA2
)JT I 1"1
P 'j,"1 i~

/<E D
i<LM SK

r\l<fo-U-;
r<K:){f3

i\~.iFLr,

i,;;-;TA
i<~; ';,1 J\ [)

Sf-F.DF
SCfim

Sr.~,''lI<C

;~r,STA

SKPMT
S\l (',Ip S

SPCEL
SPTAB

SSD\lH
::;TATE
snns
~)i'f.~;(T

SIL
J'fi'll<
SlPSl
S 1 (.) f<[)

'i'ASK3
TEl It...,
T I f1UF
T [ F I i<
TII\l
T I MEf{

II\l
n ,JUT
'ji'l,AFL

'j,Y, fo~ i\F
Tiv1I,\lT
'ji"1 ')UT
TI') MIJF'

TOF'Ik
'Ii) I ,\l
Ti)i)UT
IOU'j
'[I) UTI,-J
Ti) ',.: 1
TC) 1..113

TO \'i 16
TOW 17
TO\lJ2

177777 X
()v'D~)1S25;(

\1 ':1;1 (J Ll 5 '

~1vH1325 '
n(1';}i105 '
.) U 2,j 15;(
.~".\2,l2SX

:)..),JI7'-<5;(

," :1 ,~) 2 ~1.3 5 X

:J~)01 56$X

0';11~157SX

l'h') '.10 2 () ,

(-100316'
i/H1001 1~X
(iL100 Ll0
(lJI;) Vl 20 Ll S X

(0) (.oj Vl 1 7 7 5 ;(
(1V100('1 $X

11 (.) (1 1 Ll IS 5 X

(1(1';'11 S/1SX
0(10 1 73et;X

,)CH) 1 1 Ss>X
(i1()"M73$X

t)() (j 2 Ll2'
0001(,2$X
(Ij~1'1:l1Ll6'

();)(ljLl10'

c,)m:l:ll2J2SX
i1() '10 23$X

(i1001(')25X
,,) I) 0v) 135X
(1(1() 123$X

v.HH1LlI7,

()(;)v.l057

(M1 (-1 (j 1 VI $ X

'll (iC'! LlQ.l7 '

0C)I/ll 7 SSX

0'.1 () ~~ C) 0 '
Vlv)('H) 22$X
() W.1 1rl 3 $ X
01,1() 1(1 LlSX
v)00105$X
r1~)0V121 $X

(o'lCH1() 27
(1)(1 V1 H1 h $X
v1(il~273'

00U163SX
VlVlVl150$X

lQl101 Ll7$X
000107$)(

v) (1 (11 10 SX

V10C:ll11SX
~1(ijC11125X

0~1(i}V143
(1C:l0172£X
V:l~~0 (13 6£X
(1 (1 :..1Vl Ll 3 ~ X

v)~'l00LlLlSX

00;.-l0LlS£X

000e37$X
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TOv!3
TI)'-IJ7

TO 1,,19
TSEND
UMASK
U:\lPKM
V:)LUM

V01.JT
XEOPR
tHWB
r.:: 1 1DR
t; 1VR 5
cR nRG
t:9DBG
tARI<T
tALS
cHIT!\J
cCLEk
cGET
r.IJMP
c1"J

tOR
cPTSB
cPUT
lkSTK
t..SMUL
cSTFL
i;STPR
i::WAIT

'100040$X
000041$X
000042$X
'1'10370'
000143$X
00(iH121 '
000155$X
'100040
000114$X
000000U
110';'000 U
000312'X
000000U

000000U
0l10136$X
000134$X
~~00135$X

vH1014'1SX
til0'1125$X
000133$X
000020
000126$X
VJ03141$X
00",'124$X
000132$X
0~0137$X

000130$X
000127$X
000131$X
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PROGRAM SEGMENT 7
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• TITI- SEGM7
;

NOTFR:

; IDLE JOB FOR DEBUG PURPOSES. THIS JOB RUNS IN B~

; IT CONTROLS THE TTY FOR MONITOR AND UPDATE FUNC~

; AAAAACR = MONITOR. AAAAA VVVVVVCR = UPDATE.
; • SUBSTITUTED FOR AAAAA INDICATES
; PREVIOUS AAAAA+l.
; ILLEGAL CHAR = IGNORE.

• ENT IDLE

MOVE ADDR TO
MONITOR ADDR
SET LAST VALUE OF VARIABLE 8E~

MONITORED TO SOMETHING RIDICl~

CURRENT VALUE OF MONITORED \',IOD
PREVIOUS VALUE
UPDATE PREVIOUS
TEST FOR CHANGE
YES.. CONVERT TO OCT AND OUTPU~

CHECK FOR TTY INPUT

;

1.. IADDR ;
1.. MADDR ;
1... - 1 ;
I .. LASTV ;
1.. @MADDR;
0~ LASTV ;
l"LASTV ;
0.. 1 ;
BNOCT ;
CHNCH ;

'F-88

CHCNT ; DECREMENT CHAR. COUNTER.
CHOCT ; CONVERT OCT TO BIN.
IMODE ; LAST CHAR. DECR MODE COUNTER.
ENVAL ; END OF UPDATE,VALUE.

INPUT. CHECK MONITOR OR UPDATE.
1.. INPT0 ; MOVE INPUT VALUE
l .. IADDR ; TO ADDR LOCN.
(()" 0 ; TEST CR
MONIT ; YES.. MONITOR.
1.. SPCH ; NO CHECK LAST CHAR = SPACE.
0 .. 1 ;
REINI ; NO.. ILLEGAL.

UPDATE
'?J..NVLCH ; II OF' UPDATE VALUE CHARACTERS
0 .. CHCNT ; TO CHAR COUNTER.
0 .. 0
0~INPT0 ; CLEAR INPUT LOCN
~NCHR ; GO GET NEXT CHAR.

.i?:AC 0 .. 0 ; Ol.JTPUT A
JSR PUTC ; CR .. LF
LDA 0 .. ASTER ; OUTPUT AN
JSR PUTC ; *NIOC TTl · CLEAR TTY INPUT..
SKPDN TTl ; P.NY TTY INPUT.
JMP MONTR ; NO .. tljON I TOR.
JSR TINIT · YES. INITIALIcE TO KILL MONITQ..
JSR GETC ; READ TTY CHAR. INTO AC0
DSt: FIRST ; CHECK F'IRST CHAR
Jt"1P NOTFR · NO..
LOA bPEROD ; YES
.SEQ 0.. 1 · CHECK FIRST CHAR=...
JMP NOTFR ; NO
LDA 1.. MADDR ; YES .. GET LAST ADDR.
INC 1.. 1 · ADDR+l..
STA 1.. INPT0 · STORE NE\oJ ADDR..
• GPl 1.. 1 · SET REMAINING..
STA 1.. CHCNT ; CHARS=1
JMP '.'.JNCHR · GET NEXT CHAR..

NXCHR:

CHNCH:

IDLE:
REIN I:

DSt:
Jl'1P
DSc
JMP

J END OF' ADDR
LDA
STA
.SNc
JMP
LDA
.SEQ
JMP

J PREPARE F'OR
LOA
STA
.cAC
STA
JMP

; BEGIN MONITOR
MONI T: LDA

STA
LDA
STA

MONTR: LOA
LDA
STA
.SEQ
JSR
JMP

OCiJ037' 020471
or;J ~j /1 (iJ ' (14 0 it 6 it
0G()Lll '102LJ60
0001'12' 040LJ78
000LI3 '00043LJ

c;JQj04Lj' 02LJ467
0(/)(/)/15' 0 LJ4LJ7 3
000LJ6'024777
G(iJ(ij47 , 0 LI4LJ63
0(105()j' 026470
00G51'020LJ61
00052' 0LjL;Ll60
00053' 1 [j6414
:10(/)5LI' 004470
00055'000730

000000
00000' 102 LI60
OO(~)OI '00LJ562
00002'020537
OOrJ03' 0r1LJ560
OrJ0GLJ' 06(,)210
0(1)005' 06361 (ij

00006'000LJ42
00007' ("5(iJ LI 473
r)0~j 1(1' (C)O LJ5 03
OOD 11 '01 LI532
orw 12' 000LI12
0VH013' 02LI527
f')(i)r:) 1 LI' 1 ("16111 4
0()j~j} 5' (10(i)LJ07

0001 6' 02 LI522
0(iJ01 7' 125 /400
00(:)20' 04LJ51 LI

00021' 126520
0(1022' 0 LILI502
00(1123' 000LJ5LJ

000000
00(/12 LJ' 01 Ll5CiJ0
(iJ(;J025' 000436
IfJ0026' 01 I~477

(1)0027' 000427

0003vJ' 02LJ504
0011J31 'r14LJ502
(1(/J032' 101005
(il(iJ033'0l1J0LJl1
0003 LI' 024473
00035'106LJ14
00036' 00rn LJ2



TTY

IN UPDATE .~DDK

v,lORD
LOGICAL

INPUT LOCN
STORE If OF ADDR CHARS
IN CHARACTER COUNTf.R

.; S/\VF RF.:TtJ!?N

; .

.,

.,

SFT MODF=1
SFT FIR~T CHAR FLAG.

,; RETIIRN

,;

,; FIRST CHAR FLAG

; NO, IL.L.FGf\L
; Y~S, CONVERT TO BINARY

,; IS INPUT CHAR >= OCTAL 0 CHAR

,; MONITOR

,; TEST CR
; YES, OUTPUT CR,LF
; NO, EGHO INPUT ON
,; RETURN

,; CHP.R COUNTER
.; INPUT MODE
; CR
,; SPACE
,; /1 OF VALUE CHARS
; If OF ADDR CHARS
,; PREVIOUS MONITOR VALUE
,; INPlJT ADD~

; OCTAL INPUT
,; OCT 0 CHAR
,; RETURN.FROM SEVERAL SU8RS
; LOWER 7 AITS MASK
; MONITOR ADDR

.; ADD IN NE~ OCTAL BITS
"pnA TF: INPUT \·.oRD

; Uf',! T FOR
,; NEXT CHAR
,; GO (,;FT IT

SAVF RF.:TN
,; BRING IN GHAR FROM TTY RUFFER
.; LONER 7 BIT~ MASK
; KEEP LOWER 7 BITS OF CHAR

,; I SIN P liT < = 7
; Nr), II~J_F:G/\L

CURrFNT I NPtlT
.; SHIFT LEFT 3,

INPUT
; TEST CR
,; NO, ILLEG~,L

,; lJPDATE VAL l.IE
,; STORE

• -1
NXCHR

o
o
15
L,0
7
6
o
(.)

o
60
(1

177
LASTV
5?
56
o

:',DSRF.T
(i), (.)

vJ, I NPTO ,;
0, NADCH ,;
(-), CHCNT ,;
0, (1
0,IMOOr:: ;
('),FIf1ST ,;
QDSF~ET

AND ECHO
3"DSRET ;
(1, TTl
1, LO \'17
1, (,)
1, CRCH
0, 1
0,0
PIlTC
GDSRET

JtljP

Jt'-1P
LDA
STA

.SGT
JMP
LOA
I'·DD~L

MOVlL

OCTAL
LDA
.SGE
.Jf-1P
SUB
LI!A

.SNE
• t:AC
JSR
JMP

,; PARAMETERS
r,HCNT:
H>1() flE:
CRCH:
SPCH:
~)VLCH:

NADCH:
LAST V:
IADDR:
INPTG:
OCTO:
DSRET:
lJl\'f7:
MADDR:
ASTER:
?EROD:
FIRST:

f\ DD
STA

hfi\JCHR: SI<PDN
Ji''1P
Jt'-lP

; IN J T I AI.... I 1: E
TINIT: STA

.7':AC
STA
LOA
ST~.

.GP1
STA
STA
Jf";P

; GET TTY CHAR
GETC: STA

DIAC
LDA
AND
LOA

,; CHECK
CHOCT:

,; END OF IIPDATE VALUE
EN VAL : • S2:R (·1,0

REINI
0,INPT0
0,@IADDR
MONIT

NUt·mER
1,OCT0
(), 1
REINI
1, ~l

1, C8
1,0
f~EIN I
1,INPT0 ;
1, 1
1, 1
C), 1
1,INPT0 ;
TTl

v..i(III (,~' 02/j / lS2
(!()f) (,I; , 1C16032
ne'n (,5' (j(Jn 713
(j C) (j (, G ' 1 ? 2 II r:l [1

(;r,jr"(,7' rj2/10S5S

rjfF-,7n' 122/;32
(111 (; 7 1 ' (Yi! i 70 7
r,(llii"I?'· rj?/I/j/~2

(j,jf',7'?' I? 7120
C, fi r;"7 /, ' 1 ~") ~ 1 ? (.)
',i f ,7';' 1 ()7 f j()O

('il~J-I /,' (.)/:/1/136

(j '1fJ 77 ' ri «i () 10
"('j 1' i (" , (/0 Ci 7 7 7
or) 1(J! 'D(1()707

\,1)11:-:'(15/j/123

IJ'111/,'i](,f)(,10

(j() 1 1 ") , O:? II .II??
(jr} 1 1 ()' 1~)3/'n()

~Cii' 1 1 7' (/2/1/1(')7

I'll) 12:j' 10(,.1115
WJ121 '102 / :0(,)
li('! 1?2 ' nD LiL1Li 1
(irj}?~' OCi?Li 13

(;('1} ':;?" fJS/!/13/1

re;(; 1 r,:-:, , 1 ri2/JOC)
(, ,j 1 I, I, , I:, /: (,j 1,3 n
;) (j 1 ',~) , (.12 () II? II

(JI'! 1 (jf, , (jL)I)/11 6
C:if,j 1rn' } (J?52

'
j

(;i (J 1 1 ('j , (j NJ /[ 1 5
('J (j 1 1 1 ' (.'J /!fiji: 2, 2
('If j II? ' ;:) r'l2 LI? Ll

I'l Ie) r; ~:; (, , 1(:i 1 r) 0 LI

()(jOS7 'UD~j721

(i~)(,j(,f'j'D?G/!5Lj
CJ f) n(, 1 'FJ Ii? 1152
vj(j U(,2' fi)(18 762

Ii 10 Ii' (jlj[jC)CJ0

:; 1() ~') , (7) r) (7; r.J n(j

I; i~; 1 2 (, , (/) (j ()) 5

.) Cj 1? 7 ' r:<i CJ f) /iCj
(, f'j 1 ~,'J ' (,(j(') (j vJ 7
(, (, 1 ::; 1 'Cj ;:i rJ () cJ 6
1-)(11:'12' O(,jOOOO
o"I 1 ~:< ' Vi nI;j Ii) (') 0
(j() 1 :-:- I: ' ('Jr1O vJ ::; (1

ry~ 1 :-0,5' 800'7160
001;', ()' ri0(/)(Yi0
Ii ~i 1;:. 7 ' (-) 0 (11 7 7
(j(J l/i(1 '(j(ji/'/l 82'
01 (J 1 I: 1 '() (,) fei 115?
e,v) II;?,' 00S056
GO } 1:3 ' 000000

,;
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; CONVERT 16 BIT WORD TO OCTAL AND OUTPUT ON TTY
C-WJ 1LlLj' 05.11772 8NOC't: STA 3#DSRET ; SAVE RETN
001 LIS' 1 52620 - SUBlR 2#2 ; AC2=100000
0(11.1,6'020767 BNOL?: LOA 0"OCT0 ; AC0=ASCII i::ERO
001 Li7 '1 .116443 SUGO 2" I" SNC ; STILL + IF" NO CRY
0(.0150'101.1101 INC 0" 0"SKP ; INC ASCII OUTPUT CHAR
(130 151 '1.117001 ADD 2"1,, SKP ; TOO MllCH- ADD BACK
00152'OQJ0775 JMP .-3 ;
00153' (i) 0 .1141 0 JSR PUTC ; OUTPUT OCTAL CHAR
0(115.11' 151220 MOVeR 212 ;
('1r1155'151220 MOVeR 2,,2 · SHIF"T RIGHT 3..
00156'15122.1j MOVeR 2,,2#ScR · LAST DIGIT..
(:' 0 1 57 ' 0 lim 7 67 JMP BNOLP ; !'lO" LOOP
("01 6() , 1vJ8 .460 .ZAC 0" (iJ · OUTPUT A..
0(1) 161 '0(')4402 JSR PUTC ; CR"LF"
C1vH62' 002754 JMP @DSRET · YES" RETURN... OUTPUT CHAR ON TTY. NULL PRODUCES CR" LF"..
("(~163'li)63511 PUTC: SKPBe TTO ; \JJAI T UNTIL NOT BUSY
0C)1 (..1,'000777 JMP .-1 ·..
00165'(161111 DOAS 0"TTO · OUTPUT CHAR..
00166'Ul1V'1f-}/, • ScR 0# 0 ; SKIP IF' NULL CHAR
00167'001 / 1130 JMP 0,,3 ; RETURN
VJ(iH 70' 054/107 STA 3"SPUT ; SAVE RETN
(lJC)l 71 '[1)20735 LOA It)., CRCH · CR..
(:1vJ172'004771 JSR PUTC ; OUTPUT CR
00173' (iJ20405 LDA 0"LF"CH 'LF"
0017.1l'004767 JSR PUTC , OUTPUT LF"
0PJ175' 1(iJ2Lj60 .cAC 0" 0 , RESTORE NULL CHAR
0F:l176'002401 JMP @SPUT · RETURN..
0111 77' 000000 SPUT: 0 ; PUTC RETN
00200'000012 LF'CH: 12 , LF"

J

• END
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(v) SA \!
A1 ;_~A V
f\? ~;f', \j

A2.S!\V
A1(\IC1
AIi': C?
l\INC2.
f\I>JC/;
(\Ii\JC5

(',ilj Ti'1
(\PDiI,T
(\,;') 'fA
A,c; T F.),\

(\.S TL F
/\:-; Tl;J~

iHI
nITN
nNOCT
l':'-!()LP

nO FL G
C1
C16
C?
C2.?
r; /:
r,7
r;;
(~fv\nl

r:l:r,NT
C!{i\)CH
rl;OCT
r:NF"_S
Cl(CH
r:i,")Tr
r,YCL E
D(\.I'(\ r<
DFF!lIG
nS:\ET
Ff\:OJ SA
f/\ I Sf':
F(\;) SA
F(\,? ,(;(\
)7(":1) ,\1 C

17CiCL
i::;v,i,iOD
F\! VAL
17?C;;f\
ESper::
E.C; TA T
ETf.:T I
f'=T I i''i F.
FE?ST
rLTH~

(:i-::T(~

Gi\N
G~~ "fA
IiI TS~<

rABTD

(flOOD 15SX
rH}(i'016!.X
\::)0 or) 1 7SX
OU(!)G20SX
OvlOfiJ03 S-:X
(.) Cj 0(')(1) 4~X

(j r.'I("jF) 05 $X
(J(J(.i0rJ6rx
GO(ijIJrJ7SX
(lOOGLj}

177777 X
rAJO 171 SX
OD0153SX
('J (j (j i L, 1 '
on:Oi1 L;L! SX
\-JUGI76SX
o DOl,) 52 S;X
()C';0151SX
800144'
Ci ;,) (IlL! 6 I

(I(J0161 SX
rJfJ \:Ir,; 6GSi~
CJ0C)054SX
(-.lor) ~'J 57 SX
(1~J(O)053'f.X

('11'1\1;~ 56 SX
('j(.) (iil 67 SX
CiWl(155SX
(;)I'V) 1 () 1 SX
()rHH?/j'

(.) ('J () 1:1 0 5 I

(H)OD6~'

000166S?X
fjC)U126'
(j r,) (,j (J 6 6 S:X
0000I?SX
0\1(J 11 6SX
(1.1 U(J 0 r;J (;)

000136'
D0UvJ3QJ'f,X
C}I:I(jG31 SX
O()0032SX
f-)(ij(I033SX
(Jlj('j 1 65S-X
OOW125SX
1;1(JOI6 / tS-X
v)(') (,; (i) 5 6 I

nrJ()(J?7 SX
rJ0(/.lG24SX
O()()O?6~X

O(/)Vj035SX
0000345;X
0001/:3'
00Dl /15$X
n00121SX
W00113'
On();"jL,2

00 01152XX
00080LI
0(iJ0064$X
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IAOOR
IAFLD
IOLE
IFBIT
H'iASK
1['-10 DE
INPT0
10NLB
11"\SYB
LAKC0
LAI(C 1
LASTV
LRYTE
LFCH
LOOPS
LO \'!IiM
LOIn
LRJC(1
LRJCl
r·1A DOR
iI,AMTr-i
tliHTSK
('.jON I T
~iONTR

NADCl-!
NOTFR
NSPflT
N\!LCH
NXCHR
O/\FLB
OASTB
OOOFS
OC/\KR
OCDAB
OCT0
OF.MI~n

or~SYF3

O~JRm'1

PCINT
PCSAV
PDMNT
PDMTI
PDMT2
PDM T il
POtliT5
PDfY1T6
Pf;:OTB
PEP.OD
PRI\'JF(
PR7.;P1
PF7:P2
pTi-m
PUTC
RED
f\E I NI
RRFLG
Fr.OTG
j;;SFLG
RSTA
RSvJRD

000133'
(()00071 $X
0vJ0000 '
0G0063SX
0001il2$X
000125'
00013il'
000070$X
000065SX
C?000LJ6S>X
0000il7SX
r~00132'

000122$X
0002(~0 '
(ij00160SX
000120SJX
0(10137 '
00005(,1$X
000051SX
0001il0'
(i)0017(iJ$X
000113SX
000v)ilil'
(100050 '
000131'
(iI0002il'
000016
000130'
000010'
IIJ(JjeJ07 Lj$X
000076SX
000077$X
000072$X
000100SlX
f:H10135'
00007SSX
000067$X
(I)00117SX
000001$X
00001LJ$X
177777 X
177777 X
177777 X
177777 X
177777 X
177777 X
00f1(j62SX
0001 L12'
00017ilSX
000156$X
000157 SX
000011$X
00(:11 63 '
000(jL'0
000000'
000177$X
000061$X
0001il6$X
00015il$X
000173$X
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SG.C,1(\

;',;-'n:L

Sj' ]'(1, P,

Sf'I.IT
S~; DNR
;;1'(\ TF.

;;T8TS
;;TL
;"i ,\,.~ r~

;~TI;.'r~D
'jTTli'~

TTr-:l:F
TT f;I j:

TT IN
'j' T>~ F ::~

TIN
'di'JIT
TIOUT

T:·1I NT
T;/;OliT
Toni IF
'(OFI R
TOlN
T()OIIT
TilllT

'IOIl'it-.'
'I n ':: I

TO L't ~
'1'1) i< t ()
TO'.; 1'1
TO \.,~)

TO\·I~\

TO \'.'7
1'0\','9
Ilt,'J/.... ~,I<
VOLlli'~

\/0 ITT

',':-0CI'!F
Y[CpP
-r,nicT

~-;(IL ~:

::8ITN
;:CLFP
':GFT
~;L.JMP

~; I N
;or~

Y':PTsn
;; F' iiT

7;S [''JIlL
:;ST:<L
~:STPR

Z\H), I j'

()() vi 1 1 5 SX
C1D0073SX
rjriei 1 62SX
(1 v)OO r-:'2 SX
Ur'J(jI27,
(jrjOCi?3f-X
C;C!(i] 1 77 '
t,j(.jrjI0?5~X

(j(,;(jOI3::;X
orj()I ~3SX

rJrj (oj 0 57
(ir.1 ('In to:i'X

C·l (') r; 1 7 5 SX
[)(j(·,u~?5'X

( , (j () ] (0) T;-j~

nU(11 () I, sx
UCjC! 1 (I) 5 ~i<

(jfJ()O?] S::X
(J(j('j(·j27

or.)VJ 1 vl? '
(if]0106SX
fJ(H;:iI63$X
OG(1150SX
W'W'l L'7$X
\1 (I (j 1 (7) 75:X
(ojO(,jl1 (I$X

(1001 1 1 SX
0J(iJOl1?S'X
(oj fi (,) (j 113

:1J()(71172SX
r·jfiJ(Jf')2,6SX
(H)r'IO/,3SX
[ifF] () Ii Ii Si\
(]()GrJ /;5 SX

:j ()r)C) 37 SX
(i/(J() 0 110 ~X

O;,iV.J0LJl SX
00 f1GL,2SX
E.!G011.13£X
(;JvJCl1 55SX
OGO(11.10
r')00077 '
nCG 11 LrSoX
(j (;.i G1 3 6 $X
c;) rOil 3 LJ.TX
Or)0135SX
GCJ01/10SX
UC(iJ125SX
00G1335?X
(i0002G
0001261X
FJC;C)ILllS;X
(ij(i(J12LISX

000132SX
910(7i137SX
(i) v.; 01 305:X
0i!j0127$X
000131$X
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; SYSTD1 EQUS FOR ACTUATOR PROGRAl'1 SEGMENTS. ~"lUST PRE? I::
; EACH PROGRA'1 SEGMENT •.
~

; EXT ER"J AL S
• EXTD PC INT ~ SPCEL" AIN C 1" AlN C2" AnJ C3" AlN eLj

• EXTD AlNC5"STMR"PTM~"CYCLE"STATE"PCSAV"A0SAV

• EXTD Al SAU" A2SP.V" {i.3St.".V" T nlER" TET I~':" SPT{\D
• EXTD ESPCE"ECYCL"ESTAT"EPCSA"EA0SA~EAlSA

• EXTD El\2SA" E1'\3S.'\" E'r HIE" ETET I
• EXTD TOWl"TOW2"TOY3"TOW7"TOW9"TOW13"TOW16
• E;:TD TOH 17" LA;\C0" Lf\;(C 1" LRJC0" LRJC 1
.EXTD BlT"C32"C16"C8"C4"C2"Cl
.E~TD RROTD"P~OTB"IFGIT~lAJTD~I~SYD~C~OT~

• EXTD ORSYB"IONLB"IAFLE~OCAKD~SCEEB~OAFLD

• EXTD 0 ti-H\s" OASTL3" 0 DO F3" 0 CDAD" CDP.DT" S SI);'J 13
.1::;:7D T lBUF" T IFIR" T I IN" T lOUT" TOBUF" TOF I n~ TO DJ
• E;:TD TOOUT" MHTS;{" XEQPR" SCEDF" DATAi1" OiH\Dt-1
• EXTD L01:]ll~1" FOr?Nt"l" LEYTE" STBTS
• EXTD lPUT"~GET"~OR,,lSTPR,,~STFL,,lWAIT,,~RSTn

• EXTD lIJMP"lALS,,~BITN,,~ADRT,,~SMUL,,~CLER,,~PTSG

• EXTD Ii>1ASK" m·1AS;(" ASTLF" FLT H1" RSFLG" Tt10UT
• EXTD T~lINT"Bl TN" GSTA" ASTA" nSTA
• EXTD VOLUM" PRi:P 1" PP.~P2"LOOPS" DOFLG" SGSTA
• EXTD THERF" Et'lMOD" ECOMC" C~JFLS" C7"MAHTM
• EXTD APDNT" TOUT':)'" Rs~·mD" PRI~'!R" sT\\T!m" ASTioJR
• EXTD RRFLG" P:1RER" PRAE~" PRGER" CLOJ(F
.EXTD RL:1S1{"t,UlSl(" GLr15!(" AXFLB" I~TCD

• EXT~J pm1~J T" N'1T~:

• EXTN PD:1T 1" PDt-1T2" PDMT/1" PDNTS" PDNT6
; EQUIVALE1-JCE DEFINED CONFIGURATION PARAMETERS
;. TASK CONTROL"000004 HITSK = 4 · NUt1BER OF TASKS~

;
000020 lIN = 20 ; INPUT ~ ADDl\
0000/10 VOUT = 40 ; OUTPUT V ADDR
0006/12 GR.\; = VOUT+2 ; GREEN OUTPUT ADDR
0000 /o! 1 Ai'1B = VOUT+I · A!1l3ER OUTPUT ADDRI

1000040 RED = VOUT · RED OUTPUT ADDR1

000027 TIN = lm+7 · TELENETRY INPUT ADDR1

001010/13 TOUT = VOUT+3 · TEL EI1 ETRY OUTPUT ADDRI.

001Oe57 STL = 57 ; STALL OUTPUT ADDR *
000(016 NSPDT = 14. · /I OF SPEED BITS1

.NREL

• EOT
. END SYSTEM EQUS"
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LOADER MAP
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[~>;i\:': vl0356'j
;~i'l[i;': (1;(.;(1050

,'~ 1.) [i \,' 00 r:: ('; 63
l'2:~,\V 0~j\)J67

,'.3 :3 {.V ,~ 0 (~I en 3
£'1.L.O;;; 000'i41
:\I,,; G1 200.020
(,LJG2 000021
hUG3 (j00022
/\i~Cl.. 000023
idU G5 00002/.
{.L:j ~;\ ~; (/) 02Lll
t.LS 080/.25
(,1;';:; 00J0331
!IT'ui,jT D00273
(.:~Tl\ .10(,255
{\S'.'Lf 0002/.6
[ •. ;1"1:; 80031 G
,\If\:JL '~030G0

i,'j';.;L5 ::.::)3066
J.:~j"L3 [-1C0111 /1
,)1';- U0VJ137
",I'I"lJ vH)0253

J~OFLG 021(1)263
C 1 ,;j 1::lVJ 15 G
G16 :21 88152
C2 0012155
G32 000151
Gil

C7
c c;
CDi\LT

CLO!(F
C:\ FL S
C:.OT:::;
CYCLZ
0,\'1'1'd
~i\O:ti.

:..'.{':.l S{~

,:"'/ \J :j ,~~

'~CO:jC

LG':GL
~~; ;::0 D

::"':;;PCi.::.
L.J';j\T
::':~T ET I
;~'j 1;'/ i:
fLTHl

31::T
'3 Uj Sl(
GSTA

00015/~

000271
330153
00131115
vJ80 Ll70
000302
00027 (3

82,01/n
00000/.. ".
;) ;;)0'21 /1
cHH:H363
[:)i0067
0('0073
JGCm7
(;00267
000010
8(~02G6

1300057
C80121
O(H?H~53

0(10107
00e,103
ofJ f6 2 /17
0e~)217

2100370
000242
0100254

F-97



IA3T13 0100155
If-\FLB 0100152

U IDLE 177777
If'0IT ~j001510

IJUr'lP 000/-!23
Ii'1f~.sK 0010244
IN ITR 0005/.6
LIT CD 0e12l2L.3
INTi\.P 10100652
IONL3 000151
IESYB 000154
LA1<CO 01001013
LAKCl 000014
LBYTE 012102210
LOOPS 000262
LO~'l I-li-1 000216
LHJCe 000815
L:1JCl 0001016
1·j/\nTi1 10010272
illlTS1{ 000211
OI\FLB 000155
OASTB 0100145
OlJOFil 00i211l~6

OCAKlJ 000154
OCDAB 000153
o Ei'1HB 0100153
OR 0010342
OnSYD 000150
o'::'wn 000215
PCINT 010101000
PCSl\V 1000053
?Di'INT 000320
PDNTI 000321
?D:'lT2 131010382
PDMT/. r(i'032 Li

PDNT5 1000325
PD;·1T6 101010326
:-:>EOTB 000150
PF:AI:;R 10010011
PRG £:~n 000012
pnI~..;R 000313,'"
PHREn 0010010
Pi1.t;P 1 0002610
PI1;::P2 0100261
PTNR 0010036
PTSUB 0010500
PUT 000354
HLNS1{ 0010240
r.:n.FLG 1000317
iC:OTB 1000146
::-~SFLG IOIOC250
nSTA 10100256
ES1}HD 0100274
SGEDF 1000213
SCEHB 01310153
SGSTA 00026/..
Si1UL 10100/.. 43
SPGEL 000103
S?Tl\B 000121 F....98
SSDNB 000141



.-~ ,. ... ~.'" c-
o.) 1 !' L ....>

.... "," ~ _,"f ::­

..J "'''.I''''
~T?;.1

:..3T:,:rm

....-.,' f·· .. ,.·'1
• i. ~.){"v

':' I UU j;'

''; lj; I H
T I 1:1
'1' I;'ji:T:
.;' .iCJ \j I'

T,l EoJ T
'/:lOUT
'jO:3UF
TOFIH
TO LJ
'[QOUT
TOU';",'1
','0;,: 1
'j'O',: 13
'j' O'.! 16
TO:..J 17
TO'..J2
'fOl,-.T3
'1'0',,'7

'j'G',j 9

'.jGLJi'l
..'[dT

.;; 1ViJ5
i:':,(\BHT
>~t~LS

• ,.... T ..~ W_,
I:':LJ~.L....\.

.-.,.,..... -.,.....
::..:u .1.',.

,.: I J;-j i'

"c:'TSD
~j-UJ:

-...., ("-.-..
--:~, ~ '• ....;.. l ~'"

.~ S:; GL
;~::>T;;L

;:j00'~/J7

0y~0221

'3 (} '-VI e3
0vJvj0~~5

G(J 03/16
00i327 L~

001273
13013/.6
D22 ClL~2

f"H;3122
0Z,0lV13
/.J001S7
00C162
(iJ\0elG3
880077
000164
0~\0265

0021252
080251
0DkH 65
800206
000207
000210
(1 [j327 4
000275
000311
{21 13 8 31 II

000315
ov.H;:, 27 6
0V',G277
~H?"~ 3 {~3

0e:;;3W::;
0C02/~5

0CG257
0e1265
iZv}0212
o(j 17 il/~

0C0234
0;)0232
Z0J233"
00'~'236
0QH~223

0D(i231
G~J022Ll

f:J00237
,2)80222
:]00230
3(30235
0v)21226
e00225

c;;..!{-\I T 000227
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APPENDIX G

SYSTEM CONFIGURATION PARAMETERS



o
I

I-'

PARAMETER
NAME

AMASK

AMB

ATABL

AVTRA

BMASK

BTABL

CDABT

CLOKF

CNFTM

CROTB

CYCLE+O

CYCLE+l

CYCLE+2

CYCLE+3

DATAM

DES CRIPT ION

Mask for selecting the movement bits for the
"A" intersection.

Amber light output device code.

A table for decoding signal commands for the "A"
intersection as received from telemetry.

A table of addresses that defines the average trap
cell that each speed detector bit affects.

Mask for selecting the movement bits for the
"B" intersection.

A table for decoding signal commands for the "B"
intersection as received from telemetry.

Cabinet door ajar input bit location in input
word Z+3.

Real-time clock frequency selection bits.

Time period for counting signal confirm errors. If
the number of confirm errors in this time period
exceeds MAXCF, go to permanent flash.

Command reject bit in telemetry output word.

Frame time for TASK O.

Frame time for TASK 1.

Frame time for TASK 2.

Frame time for TASK 3.

Telemetry output data bits mask.

UNITS

. 5 seconds

msec.

msec.

msec.

msec.

CURRENT
VALUE

1702008

41 8

See
Listing

See
Listing

007400 8

See
Listing

Bit+6

3

120 .

Bit+8

10.

50.

100.

500.

0017008

(SEGMENT, TAPE)
LOCATION

(5, 4)

(8, 1)

(5, 4)

(4, 4)

(5, 4)

(5, 4)

(0, 1)

(0, 1)

(6, 1)

(0, 1)

(0, 1)

(0, 1)

(0, 1)

(0, 1)

(0, 2)



Minimum intersection flash time.

Telemetry output format bits mask.

Mask to select the green light movement bits
from the output word.

PARAMETER
NAME

DEBUG

FLMIN

FORMM

GRBTS

o
1

DESCRIPTION

assemble operational code.
assemble checkout code.

UNITS

.5 seconds

CURRENT
VALUE

o

20.

0760008

1776008

(SEGMENT, TAPE)
LOCATION

(0, 1)
(8, 1)

(1, 1)

(0, 2)

(6, 2)

?
N

GRN

HITSK

IABTB

IADDR+O

IADDR+l

IADDR+2

IADDR+3

IAFLB

IBDLA

IBFSZ

IBTTM

Green light output device code.

Number of tasks.

Telemetry input abort bit.

Starting address for TASK O.

Starting address for TASK 1.

Starting address for TASK 2.

Starting address for TASK 3.

Telemetry input actuator flash bit.

Delay between the last sample of a telemetry
input data bit and the first sample of the next
data bit.

Telemetry input buffer size. Capacity of buffer
is IBFSZ-l,

Telemetry bit time, i.e., the length of each
serial bit.

msec.

words

msec.

42 8

4

Bit+14

TASK 0

TASK 1

TASK 2

TASK 3

Bit+ll

5

3

7

(8, 1)

(0, 1)
(8, 1)

(0, 1)

(2, 1)

(2, 1)

(2, 1)

(2, 1)

(0, 1)

(2, 1)

(0, 1)

(2, 1)



t;)
I

W

PARAMETER
NAME

ICERT

IFBIT

IONLB

IRSYB

ITNBT

IVARA

IVART

LMASK

LPBTS

MAXCF

MAXTP

MINTP

MNOCU

DESCRIPTION

Telemetry input command error time. If a valid
signal command is not received in this length of
time the emergency controller will be activated.

Telemetry input format bit mask. This bit determines
whether the input is type 0 or 1.

Telemetry input "on-line" bit mask.

Telemtry input "request resync" bit mask.

Total number of bits in a telemetry frame (message).

Increment to average trap time if measured trap
time - average trap time> IVART.

Allowable variation of measured trap time over
average trap time.

Mask to select green signal light movement bits
from green output word.

A table containing masks to select the proper loop
detector bits for each emergency phase.

The maximum number of signal confirm errors allm-7ed
in time period CNFTM before permanent flash is
invoked.

The maximum measured trap time that will contribute
to average speed calculations.

The minimum measured trap time that will contribute
to average speed calculations.

- number of occupancy cells. This must be the
negative of the highest numbered bit +1 in input
Z+l that is used for occupancy measurements.

UNITS

.1 seconds

.01 seconds

.01 seconds

.01 seconds

.01 seconds

CURRENT
VALUE

600

Bit+9

Bit+lO

Bit+13

12.

15.

30.

l77600 S

See
Listing

6

lSOO.
(1 FPS)

20.
(90. FPS)

-13.

(SEGMENT, TAPE)
LOCATION

(5, 2)

(0, 1)

(0, 1)

(0, 1)

(2, 1)

(4, 2)

(4, 2)

(5, 3)

(6, 2)

(6, 1)

(4, 2)

(4, 2)

(4, 1)
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PARAMETER
NAME

MXLAM

NBITS

NPHAS

NSPBT

NVALG

OAFLB

OASTB

OBFSZ

OBOFB

OCAKB

OCDAB

OCINI

DESCRIPTION

The maximum "lambda" value permissible in the
average speed calculation.

Number of telemetry data bits. It is the total
number of bits - the number of start, stop bits.

Number of emergency control phases.

The number of the highest bit +1 in input Z that
contains a magnetometer input.

The number of entries in the valid green output
table (VALGN).

Telemetry output actuator flash bit shifted
right 6.

Telemetry output abort/stall bit.

Telemetry output buffer size. Capacity of buffer
is OBFSZ-l.

Telemetry output buffer overflow bit.

Telemetry output command acknowledge bit,
shifted right 6.

Telemetry output cabinet door ajar bit,
shifted right 6.

- occupancy counter overflow time. Total
occupancy time over a loop detector of this
amount will cause a telemetry output occupancy
bit to be sent.

UNITS

.01 seconds

words

.05 seconds

CURRENT
VALUE--

128.

9.

6
(7 for
Forest)

14.

15.

Bit+14

Bit+6

17.

Bit+7

Bit+13

Bit+12

-100.

(SEGMENT, TAPE)
LOCATION

(4, 2)

(2, 2)

(6, 2)

(0, 1)
(8, 1)

(5, 3)

(0, 1)

(0, 1)

(0, 1)

(0, 1)

(0, 1)

(0, 1)

(4, 1)



PARAMETER
NAME

OEMRB

ORSYB

OWRDM

PEOTB

PHAST

RED

RFLTM

4)
I

LI1 RROTB

RSTIM

SCERB

SDATA

SDSFB

SSDNB

SSTAR

DESCRIPTION

Telemetry output emergency control bit,
shifted right 6.

Telemtry output "resync request" bit.

Mask for telemetry output code and output
data bits.

Telemetry output "parity error" bit.

Emergency control phase table. Contains the
green movement output bits for each phase.

Red light output device code.

Restart flash time. The time period that the
intersection will flash after a restart.

Telemetry output "restart performed" bit.

The time period that the actuator will remain
in resync mode once it is entered.

Telemetry output "signal confirm error" bit,
shifted right 6.

Number of samples of each telemetry input bit
to be compared to the first sample.

Mask to select signal shutdown and signal flash
input bits from input Z+3.

Signal shutdown bit in input Z+3.

Number of start bit samples to check after the
start bit is detected in telemetry input.

UNITS

.5 seconds

msec.

CURRENT
VALUE

Bit+12

Bit+9

0777°°8

Bit+9

See
Listing

4°8

30.

Bit+7

252.
(3 frames)

Bit+12

2

0300°°8

Bit+2

5

(SEGMENT, TAPE)
LOCATION

(0, 1)

(0, 1)

(0, 2)

(0, 1)

(6, 2)

(8, 1)

(5, 1)

(0, 1)

(2, 2)

(0, 1)

(2, 2)

(5, 1)

(0, 1)

(2, 2)
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PARAMETER
NAME

SSTOP

STBTS

STL

STPDL

TIN

TOUT

VALGN

VOUT

ZIN

ZP101

ZSPMS

ZOVBT

Z10BT

DESCRIPTION

Number of stop bit samples to check after the
last data bit in telemetry input.

Start and stop bits to be logically "OR'ed" with
telemetry output data.

Stall alarm output device code.

Delay time between last sample of last data
bit and first sample of stop bit in telemetry
input.

Telemetry input (receiver) device code.

Telemetry output (transmitter) device code.

A table of valid green movement output bits.
Only those green bits given in the table can
be on simultaneously.

Device code for output V.

Device code for input Z.

Bit mask to select the occupancy detectors
(loops) from input Z+l.

Bit mask to select the magnetometer detectors
from input Z.

A table of bits that defines the telemetry output
volume bits for input Z.

A Table of bits that defines the telemetry output
occupancy bits for input Z+l.

UNITS

msec.

CURRENT
VALUE--

11.

00007°8

57 8

3

27 8

438

See
Listing

4°8

2°8

11313°8

1777748

See
Listing

See
Listing

(SEGMENT, TAPE)
LOCATION

(2, 2)

(0, 2)

(8, 1)

(2, 2)

(8, 1)

(8, 1)

(5, 4)

(8, 1)

(8, 1)

(4, 1)

(3, 1)

(4, 4)

(4, 4)



?.....

PARAMETER CURRENT (SEGMENT, TAPE)
NAME DESCRIPTION UNITS VALUE LOCATION

ZlVET A table of bits that defines the telemetry - See (4, 4)
output volume bits for input Z+l. Listing

Z2VBT A table of bits that defines the telemetry - See (4, 4)
output volume bits for input Z+2. Listing
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