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I. BACKGROUND 
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A. General 

In October, 1976, the Port of Seattle requested Department of 
Transportation (DOT) funding for a Vehicle Data Acquisition 
System (VDAS) which was to be used on the Satellite Transit 
System (STS) at Sea-Tac International Airport. That request 
was granted in July, 1977 and this document constitutes the 
final report for the project. 

The motivating factor behind the VDAS concerned the amount of 
time and energy involved in maintaining the operational readiness 
of the STS vehicles (12 cars of the SLT class). At the time the 
grant request was made, 75% of maintenance labor was being expended 
on troubleshooting and only 25% on actual repair. The maintenance 
group realized that as the passenger volume increased at Sea-Tac, 
the need for more vehicles would make the system more complex 
and the system integrity would begin to disintegrate. Normally, 
during the off peak periods of the year, half the twelve car 
fleet is required to provide service. Thus, if a car had a known 
intermittent problem, the luxury exists of keeping that vehicle 
out of service until the problem is finally isolated. Due to the 
aforementioned anticipated increase in passenger volume, the Port 
has already purchased twelve new vehicles for future delivery and is 
presently running at full capacity. Obviously, the proposed 
data acquisition system has come at a most convenient time. 

B. History 

Since 1973, the Sea-Tac International Airport has been operating 
a subway system providing transportation between the•main terminal 
and the two satellite terminals through two independent under
ground loops (see Figure 1). A separate shuttle sec.tion inter
connects the two loops in the main airport terminal. 

During the six years of service the maintenance on the transit 
vehicles has been continually updated and improved. Most 
mechanical equipment failures could be found and corrected through 
periodic maintenance procedures. Electronic control malfunctions 
on the vehicles have always been hard to find due to their dynamic 
nature. The vehicles are unmanned in normal service and it would 
be a tedious task to manually monitor a vehicle while it is in 
that mode. The idea was born to develop a system that monitors 
the vehicle control logic in the same manner in which a flight 
recorder assembles data on commercial airliners. The ability 
to look at the sequence of events occurring prior to the 
perceived fault would allow technicians to spend more time 
improving the transit system rather than tracking down intermittent 
repetitious fault conditions. 



c. Project Theory 

We began the project with two distinct goals in mind: 

1. To significantly reduce the maintenance costs of the STS 
through decreasing the number of failures and maintaining 
a high level of availability. 

2. To determine if sufficient long-term maintenance cost 
improvement could be realized by increasing the number of 
VDAS units in the vehicle fleet. 

The VDAS would primarily be used in identifying elusive, 
intermittent problems by 11 capturing11 critical performance 
parameters during the most recent twenty minutes of operation. 
This data would be analyzed, and a picture of the operating 
system before, during and after failure would be developed. 

II. DESIGN CONSIDERATIONS 
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The STS vehicles are automatically controlled by hardwired wayside 
controls. A computer system supervises the train operation in the 
loop, but it does not have to be running for loop control. 

The vehicles receive speed and stop commands from the wayside through 
antennas underneath the vehicle, stopping in alignment with the 
station door and all interlocking switching for multiple car trains. 
All of the ATO equipment is located in the vehicles' control consoles 
at the front and rear (see Figures 2 and 3). 

The VDAS ties into these different control circuits at strategic monitor 
points. These points were carefully selected such that examination 
of their status at any given time should yield accurate system informa
tion directly related to sub-system function, thereby isolating 
problems to specific sub-systems. The maintenance crew keeps two 
spare electronic sub-system units on hand at all times. Thus, when 
the VDAS indicates a faulty unit, it can quickly be replaced resulting 
in significant reduction in downtime. 

Based upon past failure history the Maintenance personnel selected 
34 test points for the VDAS (See Appendix A). They consist of 
four major types of signals: 

1. Static relay voltages. All relays feed off the +36 VDC 
vehicle battery. 

2. Static signals between control units. These are digital 
in nature, alternating between OVDC and either +6VDC or 
+1s voe. 

• 
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3. Analog signals within a feedback loop. Threshold levels 
are indicative of different modes of operation. 

4. Pulse integrations. Peak detectors and control circuitry 
for interrupt enabling. 

A breakdown of the number of test points located within specific sub
systems may be found in Table 1. 

Early in the system development, we decided to use as many off-the
shelf products as possible. The Port is not set up for developmental 
work and, in addition, Port labor costs are too high for that type of 
activity. 

We chose a microprocessor for the VDAS controller and initially wanted 
to use a cassette tape for transferring the accumulated data. The 
cassette idea was later scrapped in favor of a microdiskette system for 
its better reliability and ease of usage. The diskette is not a 
dedicated unit. When a failure occurs, the maintenance personnel 
connect the diskette drive to the vehicle VDAS and dump the contents 
of memory onto the diskette for data reduction and analysis. 

A Prolog microprocessor system was chosen primarily for its convenient 
19 in. rack mounting which is the vehicle format. (See Figure 2.) 
Height limitations within the vehicle eliminate most of the exisiting 
single board computers. It might be emphasized that any of the 
commercially available microprocessing systems are capable of per
forming the tasks necessary were it not for the aforementioned size 
limitation. If this had been known in advance, the vehicles could 
probably have been designed to accommodate other systems. 

For program development and data formatting, a SOL computer was 
purchased along with ,a North Star Disk and accompanying Disk Operating 
System '(DOS) (see Figure 4). 8080 assembly coding and Basic program 
generation capabilities are part of the SOL software configuration. 
The 8080 assembly code is used for the actual data acquisition on 
the vehicle and a Basic language program is resident in the SOL 
computer for data reduction and formatting. 

We chose to consider the acquired data as a single contiguous file 
which would simplify our data handling procedures. The system was 
designed such that acquired data would be stored in consecutive 
memory locations until the top of RAM w,as reached (see Figure 5 for 
memory mapping). At that point, the address counter would "roll-over," 
allowing the newest data to be stored at location 2000, writing 
over previously stored information. To keep track of the proper 
sequencing in the data stored, the relative time of occurrence 
accompanies the data bytes (see Figure 6 for data storage formatting). 

We did consider using an Intel development system which would have 
reduced the software development time. The advantage with development 
systems is their ability to function in-circui.t as the software is 
being written. For our purposes, this advantage did not outweigh 
the considerably higher cost. 
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To acquire the data from the vehicle itself, we designed signal
conditioning circuit cards which were compatible with the Prolog 
mainframe. This resulted in a reliable customized interface suitable 
for accurate reading of the parameters we were after. For systems 
requiring a greater number of monitoring points, this may become an 
tmwieldy solution, but for the number of points we were monitoring, 
it was not an insurmountable task. 

One of the problems we ran into interfacing with the STS vehicle 
concerned ensuring that the VDAS would not interfere with the normal 
operation of the ATO controls. This was solved through the vehicle 
contractor, Westinghouse Corp., and resulted in a termination board 
(see Figure 7) installed between the test points and the interface 
electronics. With the termination board installed, any type of 
VDAS circuit violation such as shorted output, or voltage feedback, 
would not affect the vehicle circuitry. 

Another design problem occurred when we decided to use the diskette 
drive. Having already purchased the Prolog computer, we -were faced 
with the task of interfacing the North Star Disk drive to it. The 
Prolog System had an inverted data bus and used differing timing 
signals for its strobing, for example. These problems were solved 
through the addition of another interface card (Figures 8) which 
conditioned these signals for acceptance by, the disk controller. 

Because the test vehicle operates off a non-standard voltage level 
(36 VDC), we had some difficulty locating a suitable power supply 
for the VDAS. We needed +5, +15, and -15 VDC. We eventually found 
a supply with sufficient reliability to satisfy our requirements. 
Previous supplies had a tendency to burn out during revenue operation, 
causing considerable delay in the VDAS evaluation. 

We wanted to be able to interrupt the VDAS software at any time (i.e., 
in the event of a system failure) to allow us to dump the memory 
contents on disk. Also, we knew that a timing relationship was required 
for the data to have any meaning. To achieve these goals, we developed 
a hardware priority interrupt system using a Prolog priority interrupt 
card. In this way, a real-time clock would generate 
an interrupt, the interrupt card would determine its priority and 
branch to the Appropriate service routine while holding the other 
interrupts in a high impedance state until the task was finished. The 
dump procedure is initiated by depressing a button on the VDAS front 
panel (see Figure 2). 

One consideration that has a direct bearing on the efficacy of the 
system is the amount of memory required. We needed to store about 
20 minutes' worth of vehicle data to allow the Maintenance personnel 
sufficient time to get to the test vehicle following a failure and 
initiate the dump procedure. We started with the assumption of 6 data 
words, which yields one bit for each of 34 monitored conditions plus 
eight bits for resolving the vehicle speed to 0.1 mph, leaving six 
expansion bits which are unused at this time. In addition, two words 
relating to the running real time are required. Referring to Figure 9, 
this would require 96,000 words of core memory. 

... 
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This is an obvious problem as most microprocessors have the capability 
of addressing only 65K of memory, the 8080 included. So we decided 
to employ the maximum 65K less whatever the controlling software 
required, but only store the data whenever a change occurred in any 
given bit of the 6 data words. This has been a workable solution 
yielding 56K of usable core memory for data storage (main program 
and related utilities constitute 9K of total memory). This allows 
about 12 minutes of data storage which has proven sufficient for our 
needs. 

III. EQUIPMENT 
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A. Hardware 

1. SOL Terminal Computer--See Figure 10. 
This equipment was purchased for software development and 
data analysis. It operates as a stand alone computer under 
control of a program contained in a personality module which 
allows the assembled output of developed programs to be 
compatible with the VDAS CPU, in this case the Intel 8080. 
The mainframe is designed around the S-100 bus, an industry 
standard geared for the hobby market. In essence, SOL 
combines a Central Processing Unit (CPU) with several S-100 
peripheral modules-memory, keyboard interface, video interface, 
audio cassette interface, plus parallel/serial I/0 interfaces. 
The system also includes a five slot backplane board for 
adding other I/0 or memory modules that are S-100 compatible. 

The SOL uses an 8080 as its CPU for control of system functions. 
The internal structure of the CPU employs 3 separate buses: 

i. 16 bit address bus. 
ii. 8 bit bi-directional data bus. 

iii. 28 bit Control bus. 

The S-100 bus is a composite of these buses and other control 
signals arranged in a standardized format such that I/0 modules 
can be developed independent of the host system yet with the 
certainty that they will be operational when installed in the 
S-100 backplane. 

In addition to the S-100 bus structure, the SOL uses an eight 
bit keyboard input port, an eight bit parallel input port, an 
eight bit parallel output port and an eight bit sense switch 
logic input port • 

A Universal Asynchronous Receiver/Transmitter (UART) is installed 
for processing serial data from the audio cass·ette I/0 circuits 
and the serial input line. This is advantageous since the UART 
would otherwise have to be incoporated as a software module. 
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All CPU data and address lines are tri-stated to allow multiple 
device connectfon. The SOL also has video generation capability 
in ROM which allows a dot matrix format for video output. 

As previously mentioned, we decided to use a diskette for mass 
storage rather th~nthe audio cassette. We chose a North Star 
Micro-Disk System for its availability and S-100 
bus compatibility. To allow the disk to "talk" to the SOL, we 
purchased a software package which contained all the I/0 routines 
required to interface the North Star software with the SOL hard-
ware. This package fit entirely within the 
256 byte block North Star has allocated for its I/0 area thus 
taking nothing away from the user's workspace, and without re
quiring any hardware interfacing. 

Aside from the disk unit, one other peripheral was installed 
in the SOL system, a Practical Automation Printer. 

This unit gives us hardcopy of our system software and the data 
from the VDAS. It has selectable baud rates (up to 1200 bps 
in serial mode) and uses a 20mA current loop or 8 bit parallel 
bus for data input. 

2. Prolog (See Figure 1~ 

The basic Prolog System consists of eight printed circuit boards: 

i. Priority Interrupt (#8118-1) 
ii. I/0 (118113-1) 

iii. 32 bit input (#8114) 
iv. CPU (118821) 
v. RAM (#8119 - 4 each) 

These boards are manufactured by Prolog to fit into a 19 
inch wide card rack with the S-100 bus backplane wiri11_g. 

_ Th_~iJ:" u~l'i_ge is fairly straightforward. 

To provide the necessary signal con
ditioning to the test points prior to inputting them to the 
Prolog System, the Port built four prototype custom PCB's: 

i. 9001 36 vdc input card inputs relay logic to system 
via opto-isolators. 

u. 9002 - CMOS input card. Provides high input impedance 
and also contains hardware tachometer scaling 
for determining vehicle speed. 

iii. 9003 - OP AMP Analog input card. 
iv. 9004 - Control Card. 

These cards were wire-wrapped on a standard Prolog utility dip 
card (#PS61) having a 56 pin card edge connector consistent 
with their off-the-shelf system boards. Details of these 
custom PCB's are shown in Appendix B. 
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To allow transferral of acquired data, we purchased a controller 
from North Star and adapted it for use with the Prolog System 
(see Figure 8). The controller was configured such that when 
the vehicle experienced a failure, a technician would connect 
the disk unit to the Prolog System and press the "DUMP" 
button (see Figure 2) generating a hardware interrupt, 
halting the CPU and branching to the memory dump routine. 
We ran into some initial problems in locating the software 
properly'because the 1/0 routine required certain locations 
for its use and we had previously used those same locations. 
This is definitely something which should be researched before 
purchasing a similar system. 

Software 

There are two major programs developed for the system: 

1. VDAS Data Handler 

2. Data Analysis Routine 

The SOL computing system, in conju~ction with the North Star DOS. 
was used for program development. 

This section will address just the routines 
developed for the VDAS itself rather than delve into all the 
necessary bookkeeping procedures peculiar to our particular 
system. The rationale behind this is that the important 
information is the manner in which the data was gathered, and how 
that data was assembled into a form usable by our maintenance 
group. This information would be valuable to future users, whereas 
the manner of implementation would not necessarily be of value 
to a user with a different system, which would probably be the case. 

1. VDAS Data Handler 

This is an assembly language program written for the Intel 
8080 microprocessor. Data from the Westinghouse vehicle is 
input to the processor every 100 msec. If any data has 
changed from the last sample, all data is stored in random 
access memory along with a time reference. If no data has 
altered, no storage will take place. 

A memory wrap-around is provided when the top of memory 
(FFFF hex - see Figure S) is reached. The program re
vitalizes the memory pointer to the beginning of storage 
(2000 hex) such that "new" data will write over. "old" 
data. In this manner it is possible to get at least twelve 
(12) minutes worth of data at any given time. 

The program is interrupt driven such that when not executing 
one of the interrupt routines, the CPU is in a halt state 
with interrupts enabled (the processor automatically disables 
interrupts upon initiation of an interrupt subroutine). When 



18/08 

an interrupt is received 
a "RST" (restart) 

instruction vectors the software to the start address of the 
rootine which handles the particular interrupt. The only 
exception is the "Power-On" Routine which takes advantage 
of the fact that the processor automatically vectors to 
address zero when power comes on. Thus, the hardware 
interrupt procedure provided by the Prolog System is not 
needed and address zero contains logic appropriate for 
handling the power-on situation. 

The remaining logic• is· arranged as a continuous assembly 
of the following interrupt modules: 

i. Monitor 
ii. Disable 

iii. Memory Dump 
iv. Reinitialize 

The monitor routine (see Appendix C for flow diagrams) stores 
data from the vehicle into memory. It contains logic to 
determine whether data has been altered since the last time 
data was stored. If that is true, the data is stored. A 
memory limit check is also provided incorporating the memory 
wraparound feature when memory overflow occurs. It is driven 
with a clock which provides an interrupt every 100 msec. 

The Disable routine captures one last frame of data including 
the time reference--and then disables the real time clock 
interrupt to "freeze the memory." It also readies the system 
for dumping the contents of memory by initializing the appropriate 
handshaking flags. The time reference is not correlated to 
Greenwich time. It has meaning only within the VDAS frame of 
reference. 

The memory dump routine outputs the contents of memory from 
2000-FFFF hex onto a microdiskette with the oldest data 
placed at the beginning of the diskette. If the overflow 
flag has been set, then the current memory pointer points 
to the oldest data. If overflow has not occurred, then the 
dump takes place from 2000 hex to the current value of the 
memory pointer. 

The reinitialize routine clears flags, turns off indicators 
and clears memory of old test data. The real-time clock is 
re-enabled and the system is once again ready for a new set of 
data. 

There are separate subroutines called by the interrupt routines 
which accomplish straightforward tasks such as memory limit 
checking, writing to disk and inputing data from the test 
vehicle. 
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All of the interrupt routines are designed to be completed 
within the interrupt disable timeout which is automatically 
generated as part of the hardware interrupting procedure. 
Following completion of their tasks, the routines return 
to the idle mode with all interrupts fully enabled. 

Data Analysis 

The Data Analysis program is a Basic language program which 
is used for gathering maintenance information. It is run only 
on the SOL computer and uses the data dumped out from the 
VDAS as input. The principle features of this program are: 

i. Test point data from the Westinghouse vehicle is dis
played in binary format on a CRT or a line printer 
depending on user selection. The data is identified 
with appropriate heading and a legend is included at 
the end of each display for further explanation 
(see Figure 12 for a representative example). 

ii. Three levels of resolution are provided to enable 
focusing on an area of interest within a considerable 
amount of data. The lowest level of resolution en
compasses the entire data with a scan of 48 frames, 
which is approximately 1 out of every 150 data points 
or frames. The medium level of resolution involves a 
scan between any two points within the low resolution 
scan. There are 10 frames which is about 1 out of '15 
data points. The high resolution scan encompasses 
every frame within a specified range. 

iii. 

The program is structured such that the operator 
may go from one level of resolution to another with 
relative ease. The scan at each resolution may be 
truncated to add even further flexibility in usage. 
Also, it is possible to effect a pause in the program 
by keyboard entry. This enables the user to examine 
data on the CRT more easily. 

The user may choose between a total scan or time
specified scan at the lowest resolution upon entry 
to the program. The time-specified scan can be used 
effectively if the user knows approximately the time 
between when a fault occurred and the "stop monitor" 
button is depressed. Entering this time will allow the 
user to truncate the display to the area of interest 
more quickly. 
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The VDAS data test points were chosen by the maintenance group based 
upon their previous experience in diagnosing vehicle failures. For 
instance, there is a point which determines direction (forward or 
reverse), this point, in conjtu1ction with another point which determines 
speed (brake, acceleration, maintain speed) can indicate the dynamic 
performance of the vehicle at any time. If the data indicated that the 
control logic was in an accelerating reverse mode when it should have 
been in forward braking, you can immediately-narrow your choices 
to the appropriate areas. 

Figure 12 shows a sample Data Analysis Output. The time is referenced 
to the vehicle data itself, having no relationship to the actual time 
of occurrence. The time reference does, however, indicate a timing 
'relationship between the actual test points themselves. It is very 
important to plot the dynamic performance of each test point versus 
the time of occurrence. It must be remembered that data is stored 
only when one of the data points alters state. With a sampling rate 
of 100 ms there often are periods of time upwards of one to three 
seconds where data is not stored. By plotting events according to 
their true time of occurrence, one may develop an accurate assessment 
of how the control logic was behaving during the time a failure occurred. 

Appendix A contains the vehicle control schematics showing where each 
of the test poirtts are located. As can be seen, they tend to follow 
a certain line of logic from inception to completion. In this manner, 
the technicians can isolate failures to a given sub-system. If the 
data shows that a start command was received (test point 3) but that the 
motors weren't energized (test point 4), then a fault is indicated in 
the motor control logic. 

Appendix D contains data analyses for three separate failures recorded 
by the VDAS. 

The first failure occurred during an "add train" operation where the 
test vehicle was being placed in revenue operation. The data shows a 
loss of "code load" 1.8 seconds after the wayside transmitters came on, 
and only .3 second after the wayside transmitters started sending the 
D.O.C. word. 

The second failure occurred at the main terminal in the South loop. The 
test vehicle was operating in a two-car configuration and the vehicles 
were given a command to reverse their direction following a scheduled 
stop at the main terminal. 

In both cases, it appears that the interference from the wayside Info 
transmission prevented speed commands from being decoded. This is 
evidenced by the intermittent nature of code loaded after the A relay 
was reset. This is due to jamming of the speed code signal by the way
side information signal. 



The third failure occurred during normal operation as the vehicle was 
attempting to accelerate from 15 to 20 mph. The lack of an overspeed 
failure (test points 31 and 32) and presence of a balance failure (test 
point 33) and an A-relay dropout 1 second later suggests a ramp failure 
or tach failure. Specifically, "+ ramp" is suspect because of a speed 
decrease (test point 20) and is one of the two servo inputs, the other 
being "Tach 1. 11 The 20 mph crystal oscillator which generates 
the "+ ramp" signal probably didn't start oscillating. The stability 
of code loaded (test point 34) from the speed decoder does not suggest 
a failure in the decode circuitry. 

In addition to these examples, we found many other faults through 
a combination of VDAS and troubleshooting techniques. For example, the 
vehicle stopped on a reset from the wayside controller. Upon examination 
of the VDAS data we discovered that Tach 2 (test point 21) had dropped 
out for no apparent reason. (Tach 1 & 2 are identical circuits backing 
each other up. We determine speed from Tach 1 and simply detect the 
absence or presence of Tach 2.) The technicians immediately examined 
the Tach 2 signal and found that the waveform was rounded showing SMHZ 
noise on the edges. The Tach 2 circuitry was replaced and the car re
entered revenue operation after being out of service a mere three minutes. 

Another advantage we have found in using the VDAS concerns the isolation of 
recurring trouble spots. Quite often, a failure is caused by noise on 
the vehicle send and receive circuitry. VDAS will pinpoint this problem 
and document it in such a fashion as to convince management that it is 
worthwhile to re-design the antennas or associated circuitry causing the 
problem. In this manner, the VDAS is used as a tool to reduce the amount 
of time spent on troubleshooting and increase the man-hours expended on 
improving system efficiency. 

V. CONCLUSION AND RECOMMENDATIONS 
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The maintenance group is thoroughly convinced of the efficacy of the 
VDAS. They only wish they had more test units available. This would be 
the prime recommendation arising from the project. We configured one 
test vehicle to determine if the system had value and wanted to ascertain 
whether installation of the VDAS on all vehicles would be cost effective. 
Both goals have been met. The VDAS pinpoints vehicle problems, and is 
the only way we know.of which will provide maintenance with dynamic 
system information. We have seen problems on the test vehicle 
reflected in other vehicles, but have no way of knowing if the other 
vehicle is exhibiting identical symptoms. Yet, even from information 
gleaned from the single test vehicle, we can narrow the guesses to a 
manageable few in the instances where similar problems appear in other 
vehicles. 

The VDAS should be viewred as a tool, not a panacea to all system problems. 
While it is possible to monitor a great many testpoints through expansion, 
it is felt that this approach would only serve to confuse the issue which 
is to significantly reduce vehicle downtime. This end result is better 
served by carefully selecting testpoints according to their own inherent 
value within the system. This, in conjunction wl th highly trainod per,wnnd, 
can reduce that downtime through failure analyses conducted with a 
systematic approach provided by using the VDAS as a diagnostic tool. The 
results from the data analysis must be vi«:?~d from the systems viewpoint. 
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It is important that personnel performing the analysis know exactly what 
should be happening at any given time. 'The VDAS can indicate something 
is awry, but it takes the skill of a trained technician to interpret 
that clue properly. 

We are presently forging ahead with the task of incorporating VDAS 
into all of our vehicles. It is not necessary to have a computer in 
each vehicle. We feel that by configuring each vehicle such that a 
computing unit can easily be installed and removed as an individual 
vehicle exhibits an intermittent problem we can reduce the total 
system cost while maintaining a high level of system integrity. Our 
plans call for three or four computing nnits for a total fleet of 
24 vehicles. 

It is also important to keep accurate records of system problems 
such that an empirical database may be constructed. 'This is 
especiaily true in the case of those problems which are intermittent. 
'They may occur only once every week or less, but with proper record 
keeping, enough information will be gathered such that the solution 
will eventually come to light. 'These records can also be very 
helpful in training new personnel and keeping present personnel up
to-date on the vehicle electronics. 
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FIGURE 2 
Picture of VDAS Control Circuitry 



FIGURE 3 
Picture of VDAS Term:nation Board 



FIGURE 4 
Picture of SOL Computer with North Star Disk 
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1v1:· Memory A,~ount (# of 8 bit words) 

S: Sample rate(sec) 

T: Length of time which· may be 
. . 

stored using M & S above (min) 

8: Word length (bits) , 

. . . . i 

The following equation may be used to 
, .. , ·determine core memory size: ,. ,-~ · _,, , .. , .. ,;, .. , -- · 

M= BT x60 sec _ 60BT ---------s . 1 min S 

In our system, the folowi ng are given: 

M=56K = 57,344 
S = .1 sec 
B =8 bits 

(1K = 1024) 
,i 

' .··.·:-... 

T = MS =·(57344)(.1) 
608 60(8) 

11.95 min 

RGURE 9 
Core Memory Size Calculation 
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Data Analysis Overlay Showing Bit Placement 
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Sub-system , , 

Car Logic 

Traction Controller 

Brake/Propulsion 

Speed Maintaining 

Speed Decoder 

Information Receiver 

Vehicle Transmitter 

Train Line Wire 

AC Power Controls 

# TP's 

1 

3 

4 

7 

1 

3 

1 

5 

5 

30 

Four test points not shown deal with the vehicle 

doors. These points were later determined to be 

so obvious as to not require system monitoring 

(ie. doors are either open or ,c_losed). 

TABLE 1 
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1·-REM ... T81S ~ROLlRHM ~UI~ IRH1N UHIH 1NiU 
2 REM ... A MEANINGFUL FORt-lAT-. FOR ANHLVSIS 
J REM .. 1 JUNE 78 . 
5 REM ... D:1. IS THE DATA DISPLAV VARIABLE 
6 INPUT"TYPE :1. FOR HARD COPY 0 FOR CRT? ",D1. 
7 REM .. IF ANSWER ILLEGAL., SA'.' SO, GO BACK & GET VALID ANSWER 
8 IF D:1.((1 OR 01):1. THEN GOSUB 8000\lF 01(0 OR D:D:1. THEN 6 
9 LINE #0,80 ') LINE #1.-8(1 
10 REM ... INITIALIZE ARRA\' STARTING POINTER 
11 K1=(1 
:1.5 DIM D(~,0, 8) ,0(50), P$(20) ., P(40), N(50), T<50) 
:18 REM ... 02 IS THE PROuRAMMING DECISION DISPLAV VARIABLE 
:1.9 D2=C1 
20 REM ... ASSil3N DISPLAV VAF-:IABLE VALUES AS FOLLOWS , 
21 REM ... 0-CRT ., 1. -SER I AL OUTPUT, 2-PARALLEL OUTPUT, 
22 REM ... 3-CUSTOM OUTPUT 
23 REM******INPUT EVER'·,' :1.5(1TH FRAME OF ORTA FROM DISK****** 
24 OPEN #(1, "TDATA" 
25 X:1.=:12(10 
27 REM ... SET ABBREVIATE[> DISPLAV VARIABLE FOR LOWEST RESOLUTION 
28 57=1 
30 FOR I1=0 TO 56400 STEP X1. 
40 J=I1./X:1 
45 N(J)=I:1/8 
46 GOSUB :10C1(1 
48 REM ... CALCULATE TIMES 
49 GOSLIB 83:(10 
50 NEXT 1:1. 
53 I:1.=57336 
55 J=48 
56 NO)=I:1.~'8 
62 GOSUB :1.0(1(1 
63 REM ... CALCULATE TI MES 
65 CLOSE #0 
6 7 GOSU8 830(1 
68 REN REM ... CHOOSE SCAN MODE 
69 GOSUB 840(1 
70 L1=48 
72 L2=:1. 
7l REM ... , IF FULL SCAIJ IS DESIRED,SET ARRA'·/ ACCORDINGL'l 
74 IF K:1.=0 THEN 81.=0 
75 REM***PRINT OUT TEST POINT DATA AT EVER'/ 150TH FRAME*** 
80 OOSLIB 9000 
90 REl'l ... NOW., TAKE A CLOSER LOOK AT THE ()ATA 
100 REM ... FIRST.,PICK A STARTINu POINT 
110 #02, "WHAT IS THE STARTING POINT OF INTEREST?" 
:120 #D2, " ... PICK A DATA POINT NUMBER OFF PRINTOUT" 
121. #02., "VALID CHOICES ARE: 0, 1.50, 300, 450., 60(:L 75(1, 900, :1.050," 

,122 #D2, ":1.200, :13:5(1, :1.500, :1.650, :1.800, 1.950, 2:1.00, 2250, 2400, 2550," 
123 #D2,"2700,2850,~000,l:1.50,3.300,3:450,3600,3750,3900,4050," 
124 #02, "4200, 4l50, 4500, 4650, 4800, 495(1., 5:1.00, 5250, 5400, 55:;(1 ·' " 
125 #D2,"5700,5850,6000,61.50,6300,6450,6600,6750,6900,&70::i0" 
126 #D2, 
130 INPUT 51 
:1.35 U:1.=S1 
136 REM ... CHECK FRAME NUMBER FOR VRLIDITV 
138 IF U:1.=0 THEN :1.60 
1.39 REM ... IF TOO LARGE,SA'v' SO,GO BACK & GET A NE.W NUMBER 
1.40 IF U:1.>7050 THEN GOSUB 8000 
1.4:1. IF U:1.>7050 THEN :1.0(1 
1.42 U1. =l.11. -1.50 
144 IF U:1.=0 THEN 160 
1.45 REM .. IF NO MULTIPLE OF :1.50,SAV SO,GO BACK& GET ONE THAT IS 
1.46 JF U:1.<0 THEN G05U8 8000 
1.48 IF U:1.~0 _THEN :1.00 
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:149 OOTO 142 
:150 OOSUB 8000 ' 
1.55 OOTO 1.00 
160 REM***** NOW,INPUT EVERV 15TH FRAME OF DATA FROM DISK**** 
1.70· OPEN #0, "TDATA" 
175 50=51*8 
177 REM ... SET ABBREVIATED PRINT VARIABLE FOR MEDIUM RESOLUTION 
1.78 57=2 
180 IF 50)=56400 THEN X4=935 
1.90 lF 50<56400 THEN X4=1200 
1.95 X2=120 
200 FOR 11=50 TO S0+X4 STEP X2 
205 J=< 11-s0>~··x2 
210 N(J)=I:l./8 
220 GOSUB :1.00(1 
221. REM ... CALCULATE n MES 
222 GOSUB 8300 
22;; NEXT 11 
226 CLOSE #(1 
227 IF X4)11f1(1 THEN X5=10 · 
230 IF X4<1100 THEN X5=7 
335 L1.=X5 
l:S:8 L2=1 
340 8:1.=0 
355 REM*>t'*PRINT OUT TEST POINT DATA FOR EVER'r' 1.5TH DATA POINT*** 
360 GOSLIB 900(1 
37£1 ! #D2, 
400 ! #D2,"CLOSER LOOK REQUIRED?" 
41(1 ! #D2., "0-N0,1-'-.'ES" 
420 INPUT C1 
425 IF C:1.=0 OR C1=:1. THEN 440 
428 REI'! .. IF ANSWER ILLEGAL,SA'·,' 5O,C:iO BACK & GET \IALIO ANSWER 
430 GOSUB 8000 
4~ GOTO 40~1 
4:S8 REM ... IF CLOSER LOOK NOT WANTE[),CONSIDER MORE PRINTOUT ... 
439 REl'l. ...... AT THIS RESOLUTION. 
440 IF C1=0 THEN PRINT #D2, "ANOTHER FRAME?" 
450 IF C1=0 THEN PRINT #02., "(1-N0.,1-'v'ES" 
452 REM ... IF CLOSEF: LOOK WANTED,CONTlNUE ON ..... 
455 IF C1=1 THEN 500 
465 INPUT R1 
470 IF R1=1 OR R1=0 THEN 480 
472 REM .. IF ANSWER ILLEGAL,SAV S0,00 BACK & CiET VALID ANSWER 
474 OOSUB 8000 
477 GOTO 440 
478 REM ... IF MORE PRINTOOT NOT WANTED AT THIS RESOLUTION ... 
479 REM ...... CONSIDER A LOWER RESOLUTION PRINTOUT 
480 IF R1=0 THEN 730 
'482 REM ... lF MORE PRINTOUT WANTED AT THIS RESOLUTION .... 
483 REM .......... 00 BACK AND GET IT. 
490 lF ltl=1 THEN 100 
500 IF X4<11.00 THEN X8=(X4+1)/8 
502 IF X4::>11.00 THEN X8=►;4,-'8 
504 REM ... INITIALIZE HEADING & LEOEN[, PRINT VARIABLE 
505 K4=1 
509 ! #D2,"REFERENCE A STARTING POINT FOR A CLOSER LOOK" 
512 INPUT 52 
51.4 IF 52<:71.53 THEN L3=1'5 
51.5 IF S2::>=71.53 THEN L3=7167-S2 
523 S4=S2*8 
525 IF S2<0 OR 52::>7167 THEN 540 
528 IF K4)1 THEN 552 
530 #D2, "HOW MAN',' FRAMES?" 
531. #02, " ( IF STARTING FRAl'lE:>=7'1'52, NUMBER OF FRAMES" 
SZ2 •D2., "WILL BE PREDE:TERMINED Arm RUN fHRU LAST FRAME." 
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534 INPLIT F2 
535 IF S2+F2>7167 THEN ! #D2, "TOO MAN'/ FRAl'lES fl.lR SELECTED" 
536 IF S2+F2>7167 THEN ! #[>2., "STARTING POINT. " 
537. IF S2+F2<=7167 THEN 552 
538 REM ... IF TOO MAN'/ FRAMES OR ILLEGAL STARTING POINT SELECTED. 
539 REM ..... SA'-/ 50,uO BACK AND GET VALID INFORl'lATION 
540 GOSUB 8(1€1f1 

550 GOTO 500 
551 REM ... SET ARRAY LENGTH ANC• SAMPLE RATE 
552 IF 54(57224 THEN X7=:1.20 
553: IF 54)=57224 THEN X7=57336-S4 

IF 54=57216 THEN F2=15 554 
556 
557 
558 
559 
560 
56j_ 
562 
563 
564 
565 
567 
565' 
572 
575 
576 
581i.1 
590 
595 
598 
599 
600 
605 
606 
610 
611 
612 
614 
615 
618 
620 
630 
640 
645 
64E: 

,650 
655 
670 
680 
685 

IF SC·=57:;:;24 THEN F2=(57:;36-S4)/8 
K4=K4+1 
X3=8 
81=0 
REM ... IF LESS THAN 15 FRAr1ES REMAIN., SET ARRA'r' ACCORDINGLV. 
L1=L3:',IF F2(1.5 THEN L1=F2 
L2=1 
REM*"'*'****INPLIT EACH FRAME OF DATA FROM DISK****** 
OPEN #~1, "T[)fiTA" 
FOR U=S4 TO S4+X7 STEP X3 
J=( l1-S4),-·-X:~ 
N(~T)=I:1/8 
GOSUB :l.(1~;1f1 

REM ... CALCULATE TIMES 
GOSUB 83:(1(1 

NE::(T 11 
CLOSE #{1 

REM ... SET ABBREVIATED PRINT [lISPLAV FOR HIGHEST RESOLUTION 
57=3 
REM******'PRINT OUT TEST POINT DATA FOR EAC.:H FRAME******* 
GOSUE: 900(1 
REM ... AD~TUST NUMBER OF FRAMES AND STARTING POINT ..... 
REM ...... TO F·RHH OU1 MORE t,ATA 
F2=F2-16 
52=52+16 
REM ... IF FRAMES ALL F'RINTE[>.,COtHINUE ON ........ . 
IF F2=ft THEN 620 
REM. . . IF NOT, GO BACK AND DO MOF:E 
IF F2Xt THEN 514 
! #D2 .• "MORE FRAMES?" 
! #D2, "0-N0.,:1.-VES" 
INPUT R2 
IF R2=€t OR R2=:1 THEN GOTO 680 

REM .. IF ANSWEF-: ILLEGALSAV SO,GO BACK & GET VALID ANSWER 
uOSUB 8000 
GOTO 62ft 
REM ... IF MORE FRAMES ARE TO BE PR HITED, GO BACK AND DO IT 
IF R2=:1. THEN 5(10 
REI'!. .. IF NOT.• CONSIDER Lrn4ER RESOLUTION SCAN 

690 #D2., "DO VOLi WISH TO GO BACK TO A LOWER RESOLUTION SCAN" 
695 ! #D2,"0F 15 FRAMES?" 
700 ! #D2, "1-YES,0-NO" 
705 INPUT Cl 
707 REM .. IF ANSWEF: ILLEGALSA'/ 50,GO BACK & GET VALID ANSWER 
710 IF C:K0 OR C3)1 THEN CiOSUB 8000 
712 IF C3<0 OR C3)1 THEN 69(1 
715 REM ... IF LOWER RESOLUTION SCAN WANTED,GO BACK. ..... 
720 IF C3=1 THEN 100 
725 REM ... IF NOT, CONSWER LOWEST RESOLUTION SCAN 
730 IF C3=0 THEN! #D2,NOO YOU WISH TO GO BACK TO LOWEST" 
735 IF C3=0 THEN #D2., "RESOLLITION SCAN OF 15(1 FRAMES." 

. . 740 IF .. C3=0 THEN ! #02, "1. -YES.• 0 -NO" 

\ 



l~ H· L:.:.=1::.1 I Hl:.N lNl-"U"I w . .;: 
752 kEM .. l F ANSWER ILLEGAL., SAV SO, GCI BAC.:K & GC:T ViiL H> RNSWl::.I< 
755 IF Wl<:€1 OR W3)1 THEN uOSUB 8001::1 
757 IF W3<0 OR W3)1 THEN no 
760· IF W3=:1. THEN GOTO 24 
995 REM ... C>O LINE FEEDS BEFORE EXITING PROGRAM 
999 GOTO 3€1000 
101210 REM ... REA[) & C>ISPLA'v' INCOMING Df!TA 
1.010 READ #€1 ~~I1,&D0,1),&D(J,2),&()(J,l),&D(J,4) 
1020 READ #0 ~I:1.+4,&D<J,5),&()(J,6),&D(J,7),&D<J,8) 
1030 ! #()2, 
1040 ! #[>2 .• D ( J, 1), [>( J, 2) .. D ( .T, 3), D( J, 4), D( J, 5), D ( J, 6), D ( J, 7), [.)( J, 8) 
:1.0::,0 RETURN 
4400 REM******NON-WRAPAROIJN[) ROUTINE****** 
4401 REM ... SET NON-WRAPAROUND VARIABLE 
4402 K6=1 
4405 FOR J=48 TO 0 STEP -:1. 
44:10 IF D<J,:1.)+ D(J,2)+C>(J,3)+ [)(J,4)·00 THEN 4416 

,44:1.5 IF D(.T,5)+ D<J,6)+ D<J,7)+ D<J,8)=0 THEN 442::; 
4416 IF ,T=0 THEN ! " CONT I NUE PROGRAM BV TVP I NG ✓ CONT·' " 
44:1.7 IF J:€1 THEN ! "ONLV ONE FRAME OF DATA PRESENT ! " 
44:18 IF J=0 THEN ! "REFERENCE BACK IN Til'lE ILLEGAL ! " 
4419 IF J=0 THEN K5=1 
4420 IF J=0 THEN STOP 
4421 IF J=(1 THEN RETURN 
4422 IF J=0 THEN RETURN 
4423 T(48)=HJ) 
4424 RETURN 
4425 NEXT J 
44s0 ! #02, "ALL ZERO C>ATA ON DISK" 
443:::, RETURN 
8000 REM******INVALID ENTR'v' ROUTINE****** 
8005 ! #D2, . 
a01.0 1 #C•2 .• "I LLEuAL cHo I CE, TR'>' AGA m" 
80:1.5 ! #[:•2., 
80212:1 RETURN 
8300 REM******T I l"lE CALCULATION****** 
8310 T1::256*D(J,:1.) 
8320 T(J)=(T1.+D(J,2))/:l.0 
83:?.(1 RETURN 
84f'10 REM******SCAN MO[)E DECISION ROUTINE****** 
8410 ! #D2., "[>0 'v'OU WISH TO SCAN ALL THE DATA?" 
8420 ! #D2., ":1.-'IES,(1-NO" 
843:0 INPUT W:1. 
8435 REM .. IF ANSIJER ILLEGALSAV SO,GO BACK & GET VALID ANSWER 
8440 IF W:1<0 OR W1>1 THEN GOSUB 8000 
8445 IF W1(0 OR W1):1. THEN 8400 
8450 IF W1::0 THEN 8465. 
'6455 REM ... IF TOTAL SCAN REQUESTED,uO NO FURTHER HEr:~E .... 
8460 RETURN 
8462 REM ...... OTHERWISE.,GET TIME REFERENCE. 
8465 ! #D2, "HOW MAN'l SECON[>S BACK FROM THE TIME" 
8466 ! #[>2, "THE /STOP MONl TOR/ BUTTON WAS DEPRESSED" 
8467 ! #D2,"DO 'v'OU WISH TO LOOK?" 
84€,8 ! #D2, 
8469 K:1.=:1.'-,REM ... SET PARTIAL SCAN VARIABLE 
847(1 INPUT W2 
847:l. IF W2=0 FIN() 52=2 THEN LET B1=15 
8472 IF W2::0 AN[) S7=1THEN LET B1=48 
8473 IF W2=0 THEN 8525 
8474 REM .. IF NO TIME ENTR'I FOUN[).,ENTER NOf·H.JRAPAFWUND ROUl INE 
8475 IF T(48)+T(47)=0 THEN uOSUB 4400 
8477 REM ... IF ONL'v' ONE FRAME OF DATA FOUND,00 NO FURTHER ..... 
8478 IF K5=1 THEN RETURN 
8479 REM .. IF OPERATOF: ATTEMPTS TO GO BACK TOO FAF:( IN TIME) .... 
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J 

8481:.1 REM ... SAV SO, 130 f:.:f1CK & uET VALl D Tl ME 
8483: lF T(48)-W2(T<0) THEN uOSUB 8000 
8485 IF H48)-W2(T<0) THEN 8465 
8487 REM ... COMPUTE TIME ADJUSTMENT 
849b Tl=T(48)-W2 . 
84:92 REM ..... TO FIND STARTING POINT FOR PRINTOUT. 
8495 FOR J=0 TO 48 
8500 IF T3(T~J) THEN 8510 
8505 13010 8520 
8508 REM ... SET STARTING POINT 
851.li.1 B1=J-1 
8511 REM .. RESET LAST Tir1E ENTR'/ FOR NON-WRAPAROUND PRINTOUT 
8512 IF K6=1 THEN T(48)=T<47) 
8515 RETURN 
8520 NEXT J 
8525 RETURN 
e&10 REM ... PRINT LEt:iENC) 
8810 #D1.,TAB(10),"LEGEND" 
8815 
8820 
8830 
884€1 
8850 

#D:1, TAB(:1€1), 11 
------" 

#D:1,TAE:(10),":1-TRUE" 
#D:1.,TAB(:10),"0-FALSE" 
#D:1,TAB(10),"B-BRAKE" 
#D:1, TAE:(:10), "P-PROPULSION" 

8860 #D:1, TRE:(:1.0), "U(OR X)-UNDEFINEt)" 
8870 
888€1 

! #L>1.- TAE:(1€1), "TEST POINT 20 GIVEN 1N MPH" 
RETURN 

9000 
9001 

REM**:PRINT HEADING<HARDCOPV AVAILAE:LE BV HITTING ·'W KE'-1)'·1'* 
IF INP(252)=72 TH£N Dl.==1 

9002 
9003: 
9004 
9005 

IF 57=3 AND K4:>2 THEN 9020 
#D1.• TAB<35) .. "TEST DATA" 
#D:1, TA!::03), "(Tp :1 THRU 34)" 
#D1, 

9006 #Dl., "DATA TIME", TAE:<3:1), 1, 1, 1, TAB(l8), 1, TAB<4:1.), 1, TAB(44), 1, 
9008 #C>1, TAB(48), 2, TAB<52), 2, 2, 2,2, 2, 2., 2, 2, 2, 
90:1(1 #C>1,TAB(70),3,3:,3,3,3: 
9012 #D1," PNT CSEC)",TAB<:1.2),1,2,3:,4~5,6,7, 
90:1.3: #C):1., TAB(27), 8, 9, 
9014 #D:1., TAB(3:1), 0, 1, 6, TAE:(38), 7, TAB(4:1.), 8, TAE:(44), 9, 
90:1.6 ! #C>1., TAB(4S), 0., TAB(':,2), :1, 2, 3, 4, ':,, 6., 7, 8, 9, 
90:1.E: ! #D1, TAB( 70) .• 0, 1, 2, ::S, 4 
9019 ! #[)1, II---- _____ n 

9021<1 FOR J=B:1 TO L:1. STEP L2 
9021 REM ... IF ABBREVIATED PRINTOUT ~JfiNTED,HIT .,C' KEY 
9022 IF INP(252)=67 THEN OOSUB 20000 
9030 FOR K=:1 TO 8 , 
9035 REM ... Fl RST, MAKE NECESSAF:'r' DEC I MAL -TO-B INAR'r' CONVERS l ONS 
9040 IF K>2 fiNl) K(8 THEN GOSUB ::1500 
904::, REM .. -.. THEN CONVERT SELECTED BINfli;.;V DATA HJ LETTERS 
':9050 IF K=3: THEN GOSUB 9600 
9060 IF K=4 THEN 130SUB 9650 
9070 IF K=5 THEN GOSUB 9700 
9080 IF K=6 THEN GOSUB 97':,0 
909€1 IF K=7 THEN 130SUB 9800 
9101!.1 IF K=8 THEN GOSUB 985(1 
9102 REM .. GO TO NE~n WORD 
910::. NEXT K 
9110 REM*****"'PRIUT DRTR & HEADINGS*******/ 
91.20 GCISUB 9900 ,, 
9124 REM ... IF PAUSE IS WANTED DURING PRlNTOUT ,HIT'P' KEY 
9126 IF INP(252):8fl THEN 9126 
9127 REM ... IF SWITCH FRON PRINTER TO CRT IS NEEDED,HIT 'T' KEV 
9:128 IF INP(252)=84 THEN D:1=0 
9129 REM******THEN, 00 TO NEXT FRANE """*•'** 
9130 NEXT .J 
91.31 REM ... SKIP PROOAMMED PRUSE IF HIGHEST RESOLUTION PRINTOUT 

\ 



_I 

91;s;2 1 F S7=i rH~N 91.:1c: 
91:S:3 INPUT"HlT RETURN TO CONT'INUE ...... H ,Q$ 
9134 IF 5703: THEN 9140 
913:5 f<ESTORE 
:913:t> REM ... IF PRINTOUT NOT COMPLETE, SKIP PRINTING LEuENO 
:913:8 IF F2>1~i THEN RETURN 
9140 REM****** PRINT LEGEND****** 
915(1 GOSUB 6800 
9160 RETURN 
9500 REl'l******DECIMAL TO BINARY CONVERSION****** 
9503 D8=128 
9508 D9=l>(J,K) 
9515 FOR B=1 TO 8 
951.8 Q=( (K-3)*8).+(8+2) 
9524 IF D9(D8 THEN 9536 
9527 0(Q)=1 
953:0 D9=DS4-D8 
95;;::; GOTO 9539 
9536 0(Q)=0 
9539 DE:=D8/2 
9545 NEXT B 
95::,1 RETURN 
:9600 REM******CREATE PRINT ARRA'v' FOR DATA WORD#0****** 
960::, REM ... CONVERT SELECTED BINAR'/ DATA TO LETTERS 
9608 IF 0(4)*0(3)=1 THEN LET P$(1,2)="11" 
961:l. IF 0(4)+0(3)=0 THEN LET P$(1,2)="00" 
9614 IF 0(4)=0 AND 0(3)=:1. THEN LET F'$(1.,2)="01" 
9617 IF 0(4)=1 AND OCD=0 THEN LET PS<:l.,2)="10" 
:9620 REM ... PUT REMAINING OUTPUT ARRAV VALUES IN PRINT ARRAV 
962:( P(6)=0(5) 
9626 P(5)=0(6) 
:9629 P(4)=0(7) 
96l2 PC:D=0(8) 
~35 P(.2)=0(9) 
9638 P(1.)=-0(10) 
964(1 RETURN 
%50 REM******CREATE PRINT ARRA'l FOR DATA WORD;t0:1.****** 
9653 REM ... FIRST.• CONVERT SELECTED BlNARV DATA TO LETTERS 
91655 IF 0(1.2)*0(11.>=1 THEN LET PS(3,4)="1:1." 
9658 IF 0(12)+0(11)=(1 THEN LET PS<J:,4)="00" 
966:1 IF 0(12)=0 AN{) 0(11)=1 THEN LET P$<3,4)="01" 
9664 IF 0(12)=1 AND 0<11)=0 THEN LET P$(3:,4)=".10" 
91667 IF 0(14)*0(13)=1 THEN LET P$(5,6)="11" 
%7(1 IF 0(14)+0i:1::)=t;:1 THEN LET P$(5,6)="00" 
9673 IF 0(14)=0 AND 0(13:)=:1. THEN LET P$(5,6)=H01" 
9676 IF 0(14)::1 AND 0(13:)=0 THEN LET P${5,6)="10" 
9678 REM ... THEN,PLIT REMAINING OUTPUT IN PRINT ARRA\-' 
9681!:1 P(:1.1)=0(:1.::,) 
8682 P(10)=0(16) 
9684 P(9)=0(17) 
9686 P(8)=0(18) 
9695 RETURN 
970ft REM*****,.,-CREATE PRINT ARRA'/ FOR DATA WOts:D #2*,.'**** 
9703 REM . .. FIRST, CONVERT SELECTED BWfik\' [)fiTfi TO LETTERS 
9705 IF 0(23)*0(24)=1 THEN LET P$G,8)="11" 
9708 IF OC23)+0(24)=0 THEN LET P$(7,8)="(1(1" 
97:1.1 IF 0(23)=1 AND 0(24)=1!:1 THEN LET P$(7,S)="~1" 
97:1.4 IF 0(2:S:)=0 ANI) 0(24)=1 THEN LET F'$(7,8)="1li'' 
9717 lF 0(25)ll<0(26)=-1 THEN LET P:f(9,10)="11" 
9720 IF 0(25)+0(26)=0 THEN LET P$(9,10)="00" 
9723 IF 0(25)=1 RHD 0(26)=0 THEN LET P$(9,1.0)="0:l." 
9726 IF 0(25)=0 AND 0(26)=1 THEN LET P$<9,1.0)=":1.0" 
9729 REM ... THEN, PUT REMAINIHG OLITPUT IN PRINT ARRAV 
973~ P(24)=0(19) 

_97~3 P(23)=0(20) 



I 

' 
·~ 
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9?36 P(22)=0(21) 
9738 P(21)=0(22) 
9740 RETURN 
975(1 REM****** CREATE PR I NT ARRA'r' FOR L)fiTA WORD#Ol****** 
97~,5 REM ... S0,PLIT ALL BINARY OUTPUT WPRlNT ARRAV 
:9758 P(32)a:a0(27) 
976f1 P(31.)=0(28) 
9762 PC:?:0)=0(29) 
9764 P(29)=0(30) 
9767 P(28)=0(31.) 
9770 P(27)=0(32) 
9773 P(26)=0C3:) 
977t-, P<25)=0<34) 
978(\ RE TURN 
98f11<.1 Rl:.M****** CREATE PR I NT ARRAV FOR DfiTA WORD#04****** 
980~; REN ... ONLV TWO BINAR'-.' VALUES INVOLVED 
981.0 REN ... PUT THEN IN PRINT ARRA'-,'. 
981.5 P(34)=0(41.) 
9820 PC:::3)=0(42) 
9825 RETURN 
985€1 REM******CREATE PR I NT ARRA'-.' FOR DATA WORD#05****** 
9855 P( 20)=[>( J, 8),'5 
9860 RETURN 
990&;:1 REM******PF:nn TEST POINT DATA****** 
9935 #DLU<J), TAE:(4), T(J), 
994:l #[>1, TAE:(1.2), P(:l.), P(2), PO), P(4), P(5), P(6), TAB(25), P$(1, 2), 
9942 #D:t.. TAB(27),P(8),P(9), 
9~3 #[>1., TAB(31.), P(10), P(1.1.), TAB(36),P$(5, 6), TAB(39), P$(3, 4), 
9944 #C>1., TAB(42), P$(9, 10), TAB(45), P$(7 ,8), 
9945 #[)1., P(2~D, TAE:(52), F'(21), P(22), F'(23), P(24), 
9946 #DLP(25),PC26),P(27),P(28),P(29), 
9947 ! #01, TAB(70), F'(3f1), P(31.), P(32), P(33), P<34) 
9975 RETURN 
20000 REM******ABBREV I ATED PRINTOUT ROLIT I NE******* 
20005 ! #[>2 .• "CHO ICES FOR NEW FRAME NUMBER ARE. : " 
200:1.0 IF 5?=1 THEN 20:1.00 
2002(1 IF 57=2 THEN 20200 
200:,(1 IF 57=3 THEN 20300 
201.00 REM ... FOR LOW RESOLUTION SCAN 
201.05 ! #D2, 
201.10 FOR J=0 TO 10 
201.1.5 ! #D2, NO) , 
201.20 NEXT J 
201.25 ! #D2, 
20:1.30 FOR J=1.1 TO 20 
20135 ! #D2,N(J), 
20140 NEXT J 
201.45 ! #[)2, 

'20:150 FOR J=2:1. TO 30 
20155 ! #D2,N(J), 
20:1.60 NE>::T J 
20165 ! #D2, 
20170 FOR J=~1 TO 40 
201.75 ! #D2, tl(J >, 
201.80 NE/H J 
2018~; ! #D2, 
201.8g FOR J=-4(1 TO 47 
201.90 ! #D2 .• N ( J ) , 
201.92 NEXT J 
20:1.94 ! #D2., 
201.95 INPUT"NEW FRAME NUMBER? ",XS 
201.96 J=X9/150 
201.97 IF X9:>7050 THEN ! •o2,"ILLEl3AL CHOICE, TRV ACiAIN I" 
20:198 IF X9> 705(1 THEN 20000 
201.9:3 GOTO_ 20::;,1,_1(1 ________ _ 

\ l 



202(10 REM ... 'rrns: l'J!::I)l ur•l 
2021.(1 FOR J=O TO 7 
2021.5 ! #D2, N( J) ., 

20220 NE:,:T J 
20225 ! #[)2, 

RESOLLIT I ON SCAN 

2023(1 IF >~5=7 THEN 2028(1 
20235 FOR J=::: TO :1.0 
20240 ! #D2,NCJ), 
20245 NE><:T J 
20250 I #02, 
20280 INPUT"NEW FRAME NUl'tBER? ",X9 
20285 IF >:9><SO+X4)/8 THEN ! #D2., "ILLEGAL CHOICE, TR'/ AufilN ! ti 
20288 IF X9)(S0+>:4)/8 THEN 20000 
20290 .T=00::9-S1);'15 
20295 GOTO 2050{:I 
203:00 REM ... FOR HIGH RESOLUTION ~-CAN 
20305 IF S2>=7:1.55 THEN 2K.,5f1 
2031.0 FOR J=-0 TO 1.0 
2031.5 ! #02,N(J)., 
203:20 NEXT ,T 
203:25 ! #[)2, 
20330 FOR J=1.1. TO X7/8 
203:35 ! #D2,N(J), 
203:40 NEXT J 
203:42 ! #[)2 ·' 
203:44 GOTO 20375 
203:50 FOR J=f1 TO X7/8 
20355 ! #02,N(J), 
203:60 NEXT J 
203:65 ! #[)2, 
203:75 INPLIT"NEW FRAME NUMBER? ",X9 
2038€1 IF X9) ( S4+X7) /8 THEN ! #[)2 ., 11 I LLEGFtL CHO I CE, TR'v' AGAIN ! ti 
203:8~, IF X9:>(S4+>=:7)/8 THEN 2000f1 
203:90 J=X9-S2 
2050{:I RETURN 
30000 REM*'*****PAPEI? Fl[)VANCE=+::♦:>f:>t:>t:>t: 

30010 FOR I=1. TO 1.9 
30(120 ! #1., 
390:::;1,1 NE>:T 
30f141cl STOP 
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READY 
ASSMX O 8000 

0000 00 
000 I C 3 40 00 
0004 
0018 C3 80 01 
OOIB 
0020 C3 80 02 
0023 
0028 C3 00 03 
002B 
0030 C3 80 03 
0033 
0040 31 FF 
0042 13 
0043 C3 00 01 
0046 FB 
004 7 7 6 
0048 C3 46 00 
004B 
0100 3E 00 
0102 32 00 10 
0105 32 01 10 
0108 32 05 10 
0108 21 FF IF 
0 1 OE 7C 
0 I OF 3 2 0 3 I 0 
0 11 2 7D 
0113 32 04 10 
0116 3E 00 
011 8 77 
0119 23 
011 A 7C 
0118 EE 00 
OIID CA 25 01 
0120 3E 00 
0122 C3 18 01 
0125 11 02 10 
0128 3E 00 
0 I 2A 12 
0128 D3 06 
0120 11 10 10 
0130 CD 50 01 
0133 C3 46 00 
013 6 
0150 DB 00 
0152 12 
0153 13 
0154 13 
0155 DB 01 
0157 12 
0158 13 
0159 13 
01 5A DB 02 
0 I 5C 12 

l 
I 

'! 

0020 
0030 
0040 
0050 
0060 
0070 
0080 
0090 
0100 
0110 
0120 
0130 
0140 
0150 
0160 
0170 
0180 
0190 
0200 
0210 
0220 
0225 
0230 
0240 
0250 
0260 
0270 
0275 
02 80 
0290 
0300 
0310 
0320 
0330 
0340 
0350 
0360 
0370 
0380 
0390 
0395 
0396 
0398 
0400 
0410 
0420 
0430 
0440 
0450 
0460 
04 70 
0480 
0490 

~ 
1.,-; 

VDAS I/ - (:;jzB'/12· 

START NOP 
JMP PlNIT 
DS START+l 811-$ 

INT4 JMP VDASI ;SERVICE INPUT ROUTINE 
DS START+20H-$ 

INT) JMP STRTO ;SERVICE REINITIALIZE ROUTINE 
DS START+2811-$ 

INT2 JMP DUMP ;SERVICE OUTPUT ROUTINE 
OS START+30H-$ 

INTI JMP DSABL ;SERVICE DISABLE ROUTINE 
DS START+40H-$ 

PINIT DW 0FF31H ;INITIALIZE STACK POINTER 
DB 1311 

INTO JMP PWRON ;SERVICE POWER ON ROUTINE 
IDLE El ;ENABLF. INTERRUPTS 

HLT ;WAIT 
JMP IDLE ;SPIN HERE UNTIL ANOTHER INTERRUPT OCCURS 
DS START+IOOH-$ 

PWRON MVI A,OOH ;INITIALIZE INTERRUPT COUNTER 
STA 100011 
STA lOOlll 
STA 100511 ;INITIALIZE OVERFLOW INDICATOR 

MMPNT LXI H,lFFFH ;INITIALIZE FINAL MEMORY POINTER 
MOV A,H ;AND STORE AWAY 
STA 1003H 
HOV A,L 
STA 1004H 
MVI A, 0011 ;ZERO ACCUMULATOR 

ZMEM MOV M,A ;CLR FINAL MEMORY LOCATION 
INX H 
MOV A,11 
XRl OOH ;TEST FOR LIMIT ADDRESS 
JZ FLGWD 
MVI A,OOH ;IF NOT LlHITING,CONTINUE CLEARING 
JMP ZMEH. 

FLGWD LXI D,100211 ;SET FLAG POINTER 
FLGl MVI A,OOH ;ZERO ACCUMULATOR 

STAX D 
OUT 0611 ;AND TURN OFF ALL DISPLAYS 

BSLIN LXI D, IOIOH ;SET UP BASELINE STORAGE POINTER 
CALL TRNIN ;BRING DATA FROM TRAIN 
JMP IDLE ;RETURN TO EXEC 
OS START+i50H-$ 

TRNIN IN OOH ;INPUT TRAIN DATA 
STAX D ;AND STORE AWAY 
INX D ;AND MOVE TO NEXT BASELINE DATA LOCATION 
lNX D 
IN Olli ;ETCETERA 
STAX D 
INX D 
INX D 
IN 0211 
STAX D 

I 

?ADM L"9~ ~S'>J/\'2 ( PfJ/--3 Ff') 

I 
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• 

vi SD iJ 0500 1 ~ !I. lJ 

~ 01 )E 13 0510 lNX D 
01 H DB OJ 0520 IN 0311 
0161 12 0530 STAX D 

'-' 01 62 13 OHO INX D 
0163 13 0550 INX D 
0164 DI 04 0560 IN 04H 

~ 
0166 12 0570 STAX D 
0167 13 0580 INX D 
0168 13 0590 INX D 

~ 0169 OB 05 0600 IN OSH 
0161 12 0610 STAX D 
016C C 9 0620 BIT ;RETURN TO HAIN PROGRAM 

'"' 
016D 0630 DS START+l80H-$ 
01 80 3A 02 10 0650 VDASI LDA 10028 ;LOAD FLAGS 
0183 EE 00 0660 X&I OOH ;RESET! 

~ 0185 CA 90 01 0670 JZ FLC2 ;IF SO CONTINUE 
0188 El! 01 0672 XRI OlH ;ALREADY MONITORING? 
018A CA 97 01 0674 JZ INCTM ;IF SO.INCREMENT INTR.CNTR. 

'"' 
018D Cl EO 03 0690 JMP ERRIN ;IF NOT SET.OPERATION INVALID 
0190 lE 01 0700 PLC2 HVI A.OlH 1S1T •MONITOR PLAC"U RIST ERROR IND.) 
0192 32 02 10 0710 STA 1002H 

'"' 
0195 D3 06 0720 OUT 068 ;AND TURN ON INDICATOR 
0197 11 01 10 0730 INCTM LXI D,10018 ;CO TO LSI or INTI• CNTR. 
019A 14 0740 LDAX D ;LOAD CONTENTS INTO ACCUKULATOl 

'"' 0191 lC 0750 INB A ;AND INCREMENT 
019C 12 0760 STAX D ;AND STORE AWAY 
019D El 00 0770 HI OOH ;LSB PULL? 

'"' 
019F C2 A6 01 0780 JHZ DATNl ;IF NOT,INPUT TRAIN DATA 
OIA2 18 0790 DCX D ;OTHERWISl,GO TO HSI or INTERRUPT CNTB. 
OlAl IA 0800 LDAX D ;IRING CONTENTS INTO ACCIINULATOB 

~ 01A4 JC 0810 INR A ;AND INCREMENT 
01,\5 12 0820 STAX D ;AND STOBB AWAY 
OIA6 11 11 10 0830 DATNl LXI D,10118 ;SETUP IUPFER STORAGE 

~ 01A9 CD 50 01 0840 CALL TININ ;AND IIINC IN NEW TRAIN DATA 
OIAC 11 10 10 0850 INCMP LXI D,lOlOU ;SET UP HEH. PNTI TO IXAHINI OLD DATA 
OIAI 01 06 0860 MVI C,0611 ;SIT WORD SIZE COUNTER 

~ 0181 IA 0870 WOCHP LDAX D ;HOYE OLD DATA TO ACCUMULATOl 
0182 13 0880 INX D ;BUMP POINTER TO NEW DATA 
0183 EB 0885 XCHC ;SIT UP FOB COMPARISON 

~ 0114 Al 0890 XIA M ;COMPARE NEW DATA WITH OLD 
01B5 EB 0895 XCHG ;RESTORE REGISTERS 
0186 C2 Cl 01 0900 JNZ STBWD ;IP DIFFERENT,GOTO DATA STORAGE ROUTINE 

~ 0119 OD 0910 DCI C ;DECREMENT WORD SIZE COUNTER 
OlllA CA P5 01 0920 JZ 1XlT2 ;IF DONE PREPARE TO EXIT 
01B0 13 0930 INX D ;IF NOT, HOVE TO NEXT OLD DATA 

~ OIBE Cl Bl 01 0940 JHP WDCHP ;AND MAKI HOii COMPARISONS 
0 lC 1 CD 60 02 0950 STRWO CAL~ LDWDl ;LOAD FINAL MEMORY POINTER 
01C4 CD 40 02 0960 CALL LIMIT ;TEST FOR MEMORY OVERFLOW _,., 

"" 01C7 3A 00 10 0970 LDA 1000H ;STOii HSI or TIMI 
0 lCA 77 0980 HOV M,A 
OlCB CD 40 02 0990 CALL LIMIT 

"" 
OlCE lA 01 10 1000 LOA 1001H ;STORE LSI or TIMI 
OlDl 77 1010 MOY H,A 
01D2 11 11 10 1020 LXI D,1011H ;GO TO FIRST DATA WORD 

"" 01D5 OE 06 1030 HVI C,06H ;AND SIT WORD SIZE COUNTER 
OID7 CO 40 02 1040 LIHl CALL LIMIT ;TIST FOR NIHO&Y OVERFLOW 
OlDA IA 1050 LDAX D ;HOVE WORD INTO ACCUMULATOR 

~ 01D1 77 1060 HOV H,A ;AND THIN STORE IN FINAL MEMORY 
OlDC 13 1070 INX D ;GO TO NEXT IUFFER WORD 
0 lDD 13 1080 INX D 

~ 01 DI OD 1090 DC& C ;DICRIHINT WORD SIZE COUNTER 
OlDP CZ D7 01 1100 JNZ LIM) ;IF NOT DONl,GO IACK AND STOii AGAIN 
01E2 11 11 10 1200 ODTNW LXI D,10118 ;CO TO END or INPUT IUFFIR 

~ 011!5 01 06 1205 MVI C,06U ;SIT WORD SIZE COUNTER 
01!7 lA 1210 XF!B LDAX D ;LOAD WORD INTO ACCUMULATOR 
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vll:.11 U 
OIE9 12 
0 IEA OD 
Olt:B CA F2 01 
0 IEE 18 
OIEF Cl E7 01 
01F2 CD 10 02 
0 IF 5 
0 I F5 21 80 10 
01F8 36 DB 
OIFA 23 
OlFB DB 07 
OlPD E6 07 
OlPF FE 07 
0201 CA OE 02 
0204 77 
0205 23 
0206 36 C9 
0208 CD 80 10 
020B Dl OS 
020D C ll 
020E 3A 01 10 
0211 OJ 05 
021 3 C 9 
0214 
0240 7D 
0241 EE FF 
0243 CA 48 02 
0246 23 
024 7 C ll 
0248 7C 
024 9 El PF 
0248 CA SI 02 
024E C 3 46 02 
0251 21 00 20 
0254 3E 01 
0256 32 05 10 
0259 C 9 
025A 
0260 3A 03 10 
0263 67 
0264 3A 04 10 
0267 6P 
0268 C 9 
0269 
02 70 7C 
0271 32 03 10 
02 74 7D 
0275 32 04 10 
02 78 C 9 
02 7!I 
0280 3A 02 10 
02 83 El! 60 
0285 C2 EO 03 
0288 3E 00 
028A 32 02 10 
028D D3 06 
028F 32 00 10 
0292 32 01 10 
0295 21 00 20 
0298 AP 
02 99 71 
029A 7D 
0298 Et: FF 
029D CA A4 02 
02A O 2 l 

l 

Ul) 
1220 
122~ 
1230 
1235 
1240 
1245 
124 8 
12 50 
1253 
12 56 
1259 
1262 
1265 
12 71 
12 74 
12 77 
1280 
1283 
12 86 
1289 
1292 
12 95 
1298 
1299 
1300 
1303 
1306 
1309 
1312 
1315 
1318 
1321 
1324 
132 7 
1330 
1333 
1336 
1339 
1342 
1345 
1348 
1351 
1354 
I 357 
1360 
1363 
1310 
1380 
I 390 
1400 
1410 
1420 
1430 
1440 
1450 
1455 
1458 
1460 
1462 
1464 
1466 
1468 
14 70 
14 72 
14 74 

l 

·o(;A IJ ;t.u ·tu ULI) IIAl'A ·Lll~A11ul• 
STAX D ;STORK NEW DATA INTU OLD DATA LOCATIUU 
DCR C ;DECRt:HENT WORD SIZE COUNTER 
JZ RSTk I ;DON!::? IF SO, PREPARE TO EXIT 
DCX D ;IF NOT, GO ·ro NEXT NEW DATA LOCATION 
JHP XfER ;AND GO BACK AND PRANSFER HORE DATA 

RSTRl CALL STWDl ;STORE FINAL MF.MORY POINTER 
PORT EQU 1080H ;DEFINE INPUT INSTRUCTION AREA 
EX1T2 LXl H,1080H ;SET HEHORY POINTER TO RAH 

MVl H,ODBH ;PUT INPUT INSTRUCTION IN IAH 
INX H ;INCREMENT HE~ORY POINTER 
IN 07U ;INPUT SWITCH SETTINGS 
ANl 07U ;MASK OUT UNUSED SWITCHES 
CPI 07H ;SWITCH SETTING SEVEN? 
JZ TIME ;IF SO,HONITOR CLOCK 
HOV M,A ;IF NOT,STORE SWITCH SETTINGS 
INX H ;INCREMENT MEMORY POINTER 
HVI H,OC9U ;LOAD MEMORY WITH 'RETURN' INSTRUCTION 
CALL PORT ;EXECUTE INSTRUCTIONS IN RAK 
OUT 05H ;DISPLAY SWITCH SETTINGS ON LEDS 
RET ;AND GO BACK TO IDLE 

Tltt£ LDA 1001H ;LOAD LSB OF TIME 
OUT 05tt ;AND OUTPUT TO LEDS 
RET ;4ND GO BACK TO IDLE 
DS START+240H-$ 

LIMIT MOY A,L ;CHECK POR MEMORY OVERFLOW 
Xkl OPFH 
JZ TSMSB 

BUMP INX H 
RET ;GO BACK TO KAIN PROGRAM 

TSHSB HOV A,H 
XRI OPFH ;LIMIT REACHKD7 
JZ REINT 
JHP BUMP 

R£1NT LXI H,2000H ;IF SO,IEINITlALIZE MEMORY POINTEK 
SETOV MVI A,OlH ;AND SET OVERFLOW INDICATOR 

STA 1005H 
EXlTl RET ;AND GO BACK TO MAIN PROGRAM 

DS START+2 60H-$ 
LDWDl LDA 1003U ;LOAD FIN~L MEMORY INTO H•L 

MOV H, A 
LDA 10048 
MOY L, A 
IET 1GO BACK TO HAIN PROGRAM 
DS START+2 70H-$ 

STWDl HOV A,H ;MOVE FINAL MEMORY POINTER TO BUFFER 
STA 1003H 
HOV A, L 
SU 1004H 
RET ;GO BACK TO HAIN PROGRAM 
DS START+280H-$ 

STRTO LDA 1002H ;LOAD FLAGS 
XRi 60H ;"DUMP COMPLETE SET(ALONG 
JNZ ERRIN ;IF NOT,ERROR CONDITION 
HVI A,OOU 1IP S0,RESET FLAGS 
STA 100211 ;AND STORE AWAY 
OUT 0611 ;TURN OFF INDICATORS 
STA lOOOH ;RESET HSB OP TIME 
STA lOOIH ;RESET LSB or TIME 

* ! 
' 

WITH DISABLE)? 
PllESENT 

l 

j 
SETUP LXI H,2000U ;INITIALIZE MEMORY 
BGCL2 XRA A ;ZERO ACCUMULATOR 

POINTER 

l CLHMl HOV H,A ;AND XFEll TO MEMORY 
HOV A,L ;TEST LSB OF ADDRESS 
XRI OFFU ;AGAINST MAX. ADDRESS 
JZ LHTST ;IF HAX.,TEST ~SB 
INX H ;IF NOT,GO TO NEXT ADDRESS 

,, I 
' 

I 
,·. 
ii 
ii 
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vlAI t:J 'II! oi 147b JHI' 8~CL2 ;ANU COtlTINUt: 'CO (;U:AK llt:11011'{ 
1.,., 02A4 7C !478 LHTST MOV A, H ;TEST MSB OF ADDRESS 

02A5 EE FF 1479 XRI OFFH ;AGAINST MAX.ADDRESS 
02A 7 CA AE 02 1480 JZ STUP2 ; IF MAX. ,STOP CLEARING 

\,,,, 02AA 23 1482 INX H ;IF NOT,CO TO IIEXT ADDRESS 
02AB Cl 98 02 1484 JMP 8CCL2 ;AND CONTINUE TO CLEAR MEMORY 
02A£ 21 FF IP 1486 STUP2 LXI H,lFFFH ;REINITIALIZE HEH, PNTR, FOR NEW INPUT 

'-, 0281 CD 70 02 1488 CALL STWDl ;AND STORE AIIAY 
0284 lE 00 1490 HVI A,OOH ;INITIALIZE OVERFLOW INDICATOR 
0286 32 05 10 1492 STA lOOSU ;AND STORE AWAY 

\,,. 0289 C9 1494 EXIT) RET. ;CO BACK TO IOLI 
028A 1500 DS START+300U-$ 
0300 CD 60 02 1510 DUMP CALL LDWDI 

'-, 030 l lA 02 IO 1S'20 LDA 1002H ;LOAD FLAGS 
0306 EE 60 1530 XII 60H ;TEST kEENTRY 

0308 CA 18 OJ 1540 JZ OBIT ;IP SO,SET "DUMPING" FLAG 8IT(WITH DISABLE) 
\,,. 0308 lA 02 10 1550 ENTRl LDA 1002H ;IF NOT,LOAD FLAGS AGAIN 

OlOE EE 42 U60 XRI 42H ;AND CHECK "READY TO DUMP" FU.G 
0310 C2 EO 03 1570 JNZ ERRlN ;IF NOT SET,INDICATE ERROR 

\,,. 0313 lE 44 1580 MVI A,44H ;IP SO,SET "DUKPING"FLAG 
0315 32 02 10 1590 STA 10028 ;AND STORE AWAY 
0)18 C 3 ID OJ 160'0 JIU DLID ;PROCEED TO TUkNING ON INDICATOR 

\,,. 0318 lE 44 1610 DBIT MVI A,44H ;IF SO,SIT "DUMPING" FLAG 
031D D3 06 1620 DLED OUT 06U ;ILLUMINATI LED 
OllP CD 4D 02 1630 TEST CALL LIMIT ;TEST FOi OVERFLOW 

'-, 0322 7C 1640 HOV A,H ;CHICK POI REINITIALIZATION 
0323 El 20 1650 XII 20H 
0325 C 2 31 03 16 H JNZ OVJ'LW 

\,,. 0321 7D 1660 HOV A, L 
0329 EE 00 1665 XRI OOH 
0328 C2 31 03 1670 JNZ OVPLW 

\,, 0321 Cl 42 03 1675 JHP DSKO ;IF SO,CO AND OUTPUT TO DISK 
0331 34 OS 10 1680 OVFLW LOA 100511 ;IP NOT,TEST OVER.PLOW INDICATOR 
0334 EE 00 1685 XII OOH ;SET? 

\,,. 0336 CA 3C OJ 1690 JZ RESET ;IP NOT,REINlTUi.IZI FIRST 
0339 Cl 3P OJ 1695 JHP WEXIT ;IF SO,GO DIRECTLY TO DISK OUT 
OllC 21 00 20 1700 RESIT LXI H,2000K 

~ 033P C 3 42 03 l70S WUIT JHP DSKO 
0342 CD 00 01 1710 DSICO CALL WRITE 

0345 3£ 60 1780 QTCLR KVI A,60H ;SET "DUHP COHPLITE"FLAG(WlTH DISABLE SET) 
'-, 0347 32 02 10 17115 STA 1002H ;AND STORE AWAY 

034A F6 02 1790 ORI 0211 ;SET "ROY TO DUKP"BIT TO ALLOW REENTRY 
034C D3 06 1795 OUT 06H ;TURN ON "ROY TO DUMP" 6 "DUMP COMPLETE" LEDS 

'-, 034£ C9 17118 EXIT4 RET ;AND GO BACK TO IOLI 
034P 1800 OS STAiT+380H-$ 
0380 CD 60 02 1810 DSA8L CALL LDWDI ;LOAD FINAL MEMORY POINTER 

'-, 0383 3A 02 10 1820 LDA 1002H ;CHECK MONITORING FLAG 
. 0386 EE 01 1830 Xlll OIH ;SET? 

, 0388 C2 10 03 1840 JNZ ERRIN ;IF NOT,GIVE ERROR INDICATION 
_,. ~ 038a CD 40 02 1850 TUIN2 CALL LIMIT ;TEST FOR MEMORY OVERFLOW 

Ol8E 34 00 l O 1860 LOA 100011 ;LOAD HSI OF TIMI 
0391 77 1870 HOV H,A 14ND PUT INTO STORAGE 

I., 0392 CD 40 02 1880 CALL LIMIT ;TEST AGAIN 
0395 lA 01 10 1890 LOA 1001H ;LOAD LSB OP TIMI 
03118 77 1900 HOV M,A ;AND PUT INTO STORAGI 

1., 0399 11 11 10 1910 LXI D, lOllH ;co TO NEW DAU 
Ol9C OE 06 1920 MVI C, 06H ;SET WORD SIZE COUNTER 
039E CD 40 02 1930 DATN2 CALL LIMIT ;TEST 

1., OJA 1 IA 1940 LDAX D JIIRlNG NEW DA TA IN 
0342 77 11150 HOV H,A ;AND STORE AWAY IN FINAL STORAGE 
0lA3 13 1990 IIWRD I ■ X D ;HOVI TO NEXT NIW WORD 

~ 0344 ll 2000 INX D 

03AS OD 2010 OCR C ;DECREMENT WORD SIZE COUNTER 
03A6 C2 9£ 03 2020 JNZ D4TN2 ;IF NOT DONE,CET MORE DATA 

'-, 0349 lE 42 2030 FLAC2 MVI A, 42H ;SET"RDY TO DUMP" AND DISABL CLK" FLCS 
03AB 32 02 10 2040 STA 1002K ;STORE AWAY 

l ·,·:·. ':l .. , .. •"••~----·-"1•---l~: i; ::i, f', ., inl 
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'- OJllO CU 70 02 2070 RSTR2 CALL STWUl ;STORE FINAL MEMORY POINTER 
0 lB l C 9 2080 RET ;GO BACK TO IDLE 
0384 2081 OS START+lEOII-$ 

'-' OlEO JA 02 10 2082 ERRIN LDA 1002H ;LOAD FLAG WORD 
03£3 F6 10 2084 ORI 1011 ;COHBINE WITII "ERROi" BIT 
031S D3 06 2086 OUT 06H ;TURN ON ERROR INDICATOR 

'-' OlE 7 C 9 2088 &IT ;AND GO BACK TO lDLI 
03£8 2105 DS STAIT+OEOOH-$ 
0£00 2110 BASE EQU 1800H 

'-' OEOO 211S ·····••TUE FOLLOWING ROUTINE PLACES 56K or TEST DATA 
OEOO 2116 **************ON DISK FOi LATER ANALYSIS************ 
DEOO )A 90 11 2120 wans LDA IASE+390H ;STAI? D&IVI NOTO& -

'-' OE03 16 l2 2130 NVI o.so ;WAIT 50 SECTOR TINIS 
OE0.5 CD DO 19 2140 CALL IASE+lDOH 
0£08 3A 01 1B 2150 LOA IASE+301H ;LOAD HEAD 

'-' 0£011 16 OD 2160 HYI o. D ;WAIT 13 SECTOR TINES 
OEOD CD DO 19 21 70 CALL BASE+IDOB 
OUO 3A lC 11 2180 LDA BASl+31CH ;SET UP HEAD TO NOVI OUT 

'-' OEll 3A 10 ll 2190 TIACltO LDA BASE+llOH ;CIT STATUS 
OU6 E6 01 2200 ANI l ;MASI FOR TIACK ZERO JLAG 
0118 C2 21 OE 2210 JNZ FIRST ;EXIT IF TRAClt ZERO FOUND 

.... OE 1B lA 09 lB 2220 LDA IASE+309H 1Sli STEP FLIP FLOP 
OE lE 13 2230 XTIIL ;PAUSE 
OE IF ll 2240 XTHL 

\., 0£20 )A 08 18 2250 LOA IASE+308U ;RESET STEP FLIP FLOP 
OE23 16 02 2260 NYI D.2 ;WAIT 2 SICTOI TINES 
0EUCDD019 22 70 CALL IASE+lDOH 

'-' 0£28 Cl 13 OE 2280 JHP ?RACKO ;LOOP UNTIL TRACK ZERO FOUND 
0128 3A 1D 18 2290 Fl&ST LDA BASE+llDH ;SIT UP HEAD TO HOVE IN 
OE2E 01 17 04 2300 LXl B.400H+23 ;1•4•SICTOIS.C•23•TRACltS 

'-' OEll CD CE 19 2310 F~ND CALL IASE+lCEH ;WAIT FOR NEXT S&CTOI 
0£34 3A 30 18 2320 LDA BASE+330H ;GET "I" STATUS 
OE37 16 or 2330 AHi OFH ;!◄ASK FOR SECTOR COUNT 

'-' 0139 FE 06 2340 CPI 6 ;LOOK FOil SECTOR 6 
OE 38 C 2 31 OE 2350 JNZ FIND 
013E 3A 04 11 2360 wan LDA IASl+304U ;WIITE COHMAND ~ 

'-' OE41 3A 10 11 2370 VISTU LDA BASl+310H ;GET STATUS 
0£44 E6 08 2380 ANI 8 ;KASlt FOil "WlllTI RDY"FLAG 
0146 CA 41 OE 2390 JZ WRSTAT ;WAIT FOi WllTE READ! 

'--' OE49 C5 2400 PUSH B ;So\VI COUNTERS 
0!4A 11 00 lA 2410 LXI D.BASE+200H ;SIT UP TO VII!E ZEROES 
ouo 01 or oo 2420 LXl ■ .IS ;ZEllOES•lS -r 

'-' OE 50 lA 2430 ZIRLP LDAX D ;WRITE A ZERO 
OE 5 l OD 2440 OCR C ;COUNT 
0152 CZ 50 01 24S0 JNZ ZERLP ;IF NOT DONE,WRIT£ HOii ZEROES 

'-' 01S5 11 Fl 2460 NVI E.OFBH ;Ir DONE.SIT UP "SY■C" 
OE 5 7 IA 247.0. Lt,AX D ,wan•• IT-. 
OE 58 71 2480 WRLP KOV A,M ;GET DATA FRON VDAS HIMO&Y 

~ 0159 5F 2490 NOYE.A ;SIT UP DATA roa VllTING 
0E5A A8 2500 XRA I ;COHPUTI CIC 
OE5B 07 2510 RLC 

'-' OE 5C 4 7 2520 HOV I.A 
OE5D lA 2530 LDAX D ;WRITE DATA 
01 SE 23 2S40 INX H ;BUMP HENORY POINT&& 

~ OESF 7C 25S0 HOY A.H ;CHICK FOi HEHOit ovu,i.ow 
0£60 15 2560 OlA L l 
0£61 C2 66 01 2570 JNZ CONT ;IF NOT R&ACHED.DON'T·WRAPAROUND 

~ 0164 26 20 2580 KYl u.2ou ;IF so.REINITIALIZE TO 20008 
0&66 OD 2590 CONT DCK C ;COUNT BYTES 
0E67 C2 58 OB 2600 JNZ WILP ;WlITI 256 TIMES 

' 
\.- OEIIA 58 2610 KOY 1. I ;WI.IT£ CIC 

OEflB lA 2620 LDAX D 
0E6C Cl 2630 POP I ;CET TRACK• SECTOI COUNTERS 

"" OUD CD CE 19 2640 CALL IASE+lCEII ;WAIT FOR IIEXT [ICTOI 
OE70 05 2650 
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OE71 C2 3E UE 2bb0 JNZ 1/RlT lU SEC'fUKS ;LUOI' 
OE74 )A 09 18 2670 LOA BASE+30911 ;SET HEAD FLIP FLOP ""' OE 77 E 3 2680 XTHL ;PAUSE 
OE 78 E 3 2690 XTHL 
0E79 3A 08 18 2700 LDA BASE+308ll ;RESET HEAD FLIP FLOP ""' OE 7C 16 OA 271 0 HVl D, 10 ;WAIT 10 SECTORS 
0E7E CD 00 19 2720 CALL BASE+lDOll 
0E81 06 OA 2730 !iVI 8, 10 ;RESET SECTOR COUNT TO 10 "'I 
OE 8 3 on 2740 OCR C ;COUNT TRACK 
OE 84 C 2 3E OE 2750 JIIZ 1/RIT ;LOOP 23 TRAC KS 
OE 8 7 C 9 2760 RET ;GO BACK TO "DUMP"ROUTINE ""' 
BASE 1800 2120 2140 2150 2170 2180 2190 2220 2250 2270 2290 2310 

2320 2360 2370 2410 2640 2670 2700 2720 ""' BGC L2 02 98 1476 1484 
BSLill 012D 
BUMP 0246 132~ '"'I 
CLMM3 02 99 
CONT OE66 2570 
DATNl 01A6 0780 "'I 
DATN2 039E 2020 
DBIT 0318 1540 
DLED 031D 1600 "'I 
DSASL 0380 0110 
DSKO 0342 1675 1705 
DUMP 0300 0090 ""'\ 
ENTRl 030B 
ERR IN 03EO 0690 1430 1570 1840 

r• EXIT I 02 59 ""'\ 
EXIT2 0 IF 5 0920 
EXIT 3 02B 9 

'"" EXIT4 0}4E "" FIND OE31 2350 
FIRST OE211 2210 
FLAG2 03A 9 ""'\ 
FLG 1 012 8 
FLG2 0190 0670 
FLGWD 0125 0320 "" IDLE 0046 0180 0396 
INCMP OlAC 
lNCTM 0197 0674 "" INTO 0043 
INT 1 0030 
I NT2 0028 "" INT 3 0020 
INT4 0018 
LDIIOl 0260 0950 1510 1810 "" LIM) 010 7 1100 
LIHIT 0240 0960 0990 1040 1630 1850 1880 1930 

,-· LHTST 02A4 1472 "" Hl!PNT 01 OB 
NEWRO 03A3 ,.., 
ODTNW OIE2 "" OVFLW 0331 1655 1670 
PINIT 0040 0030 ,.. PORT 1080 12 83 ""'\ 
PW RON 0100 0150 
QTCLR 0345 
REINT 0251 1321 "'I 
RESET 033C 1690 
RSTR 1 OIF2 1230 
RSTR2 0360 '"'I 
S ETOV 02 54 
S ~:T UP 02 95 
STA KT 0000 0040 0060 0080 0100 0120 0190 0398 0630 1299 1339 1357 '"'I 

1400 1500 1800 2081 2105 
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t~ 
STRTO 0280 
STRWO 0 IC l 
STUP2 02AE 
STWDI 02 7U 
TEST 0llF 
TIME 020E 
THIN2 0l8B 
TRAClt 0£13 
TlUHN 0150 
TSltSB 0248 
VOAS I 0180 
WDCMP 0181 
WEXIT 033F 
Will? OEJE 
WRITE 0£00 
WRLP OES8 
WRSTA OE41 
XFt:K 01! 7 
ZERLP OE50 
z:0:11 0_118 

FILE /PCOMP/ 

PCOMP 9000 
LIST 

92C 6 

0070 
0900 
1480 
1245 1488 2070 

12 71 

22 80 
0395 0840 
1306 
0050 
0940 
1695 
2660 2750 
1710 
2600 
2390 
1240 
2450 
0340 

l 

0010 * THIS PROGRAM 1S USED FOR REPiOGRAMM13G 
0020 
0030 
0040 
0050 
0060 
0070 
0100 
0105 
0110 
0114 
011 7 
0130 
0133 
0140 
0150 
0160 
0162 
0165 
0170 
0180 
0190 
0195 
0200 
0210 
0220 
02U 
0225 
022 8 
0230 
0240 
0250 
0260 

* I K PiO~IS AFTER REASSEMBLY 
* ALL UNCHANGED LOCATIONS ARE SET TO DOH 
* ALL CHANGED LOCATIOtlS ARE SET TO NEW VALUE 
* LOAD OLD OBJECT CODE AT 8000H 
* LOAD llEll OBJECT CODE AT AOOOH 
* EDITED CODE IS LOADED AT BODOR 
l,.Xl H,800011 
1.Xl D,OAOOOH 

CHECK MOY A,M 
OU OFF 3111 
DB SSH 
XCHG 
SHLD SSOOH 
MOY B,M 
XllA B 
JZ CLEAR 

DELTA PUSH D 
LXI D, IOOOH 
D.AD D 
HOV H,B 
LHLD SSOOH 
POP D 
XCHG 
INX D 
UIX R 
MOY A, R 
Xlll 90H 
JZ QUIT 
JMP CHECK 

C U:All MVI B, ODDR 
JMP DE1.TA 

QUIT HLT 

EXEC 202 8 

" 

I 
""' 

""' 

""' 

""' 

"' 
"' 

""' 

"' 

"' 

"' 
"" 
"" 
"" 
"" 
"' 
'"' 
"' 
"" 
"' 
"' 
"" 
'"I 
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STOP IN LINE 31000 ;,, ___ _ 

DATA TIME 
PNT (SEC) _____ , ' 

940 1::";54_ 9 
941 :1.!555 
942 :1.55:~. :1. 
94::~ 1:~5~5. 2 
944 :1.!:;5'.:i. 3: 
94:, :1.'.:/:,:;_ 4 
946 15:;5_ 5 
94/' :15~;5_ ~: 
948 15~56 
949 1'.356. 2 
9~.~1 1~•~56. :( 
9!51 15~~6. 4 
:;y:;2 :15'.56. !:; 
9~;:3: 1~5~i6. 6 
9~;4 :1~:/::16. ? 
9:/5 :1:i~i6. 9 
9:,i::. 1~i~/l 
9~;?. 15~;7. 2 
95B 1!557". 4 
9!:59 1~;57. 7 
96~1 :1557. c: 
961 :l.'.5!59. 2 

96:J: 1.~5~;9_ 4 
964 i~59. ::i 
96~5 1.~5~59.? 
:;H.:;~1:;; 1.!5'.5:_;t_ 8 
96.? :l.!5(;(1. ::: 

96:::: :1560. ~➔ 
969 :1:;i::::1. 3: 
9?0 :1563. J: 
97:1 1!:;64. 5 
Ji'd. 1!566 
97 . .:.~ 1~~67. 2 
~'i74 :1:;i::::~:. ? 
97'~~ 1:•?4. 5 
976 1.~~75. 8 
977 :1~i?~5. 9 
978 1.576 
979 :1576.:1. 
s:.:-:u :1s-;--7 

[_: 

:1 2 3 4 5 6 ? 

. (TP :1. THF:U 3:4) 
;')_,:111 1 1 1 
8 9 0 :1. 6 7 8 9 

2 
0 

:1. 1 1 1 0 0 00 1 1 0 0 00 10 01 00 1.4 
111100001 1 0 0 00 00 0:1 00 1.4 
11:11 0 0 00 1 1 0 0 00 00 01 00 1.2 
:1 1 1 1 0 0 00 1 1 0 0 00 10 01 00 1.2 
1:11100001 :1 0 0 00 10 0:1. 00 :1. 
1 1 :1 :1. 0 0 00 :1. :1 0 0 00 00 01 00 :1. 
:1. 11100001 1 0 0 00 10 01 00 .8 
1111 0 0 00 1 1 0 0 00 10 01 00 .6 
:1. 1 1 1 0 0 00 :1. 1 0 0 00 10 01 00 .4 
111:1.00001 1 0 0 00 :10 01 00 .4 
1111 0 0 00 :1 1 0 0 00 00 01 00 .2 
1111 0 0 00 1 1 0 0 00 00 0:1 00 .2 
111100001 :1 0 0 00 10 01 00 .2 
:1. 1 1 :1. 0 0 00 1 1 0 0 00 10 01 00 0 
111 1 0 0 00 1 1 0 0 00 11 01 00 0 
1111 0 0 00 1 1 0 0 00 1:1 01 00 0 
:1 1 :1. 1 0 0 00 1 :1 0 0 00 11 01 00 0 
1 :1 1:1.0000:1.01 0 00 :11 01 00 0 
1 0 :1 1 0 0 00 1 0 1 0 00 11 01 00 0 
10:110001101 0 00 :11 01 00 0 
0 0 1 :1 0 0 0:1 1 0 :1 0 00 1:1 01 00 0 
0 0 1 100101 0 1 0 00 :1:1 0:1 00 0 
0 0 0 1 0 0 10 1 0 1 0 00 :1:1 01 00 0 
0 0 0 :1 0 0. 10 1 0 :1 0 00 10 01 00 0 
0 10100:10101 0 00 :10 01 00 0 
1 :1 0 :1 0 0 10 1 0 1 0 00 11 01 00 0 
1 1 ~1 1 1:.1 (1. :10 1 0 1 (1 CK1 :11 ~~I.:}_ Ol1 0 
1 0 o 1 o o· 10 :1. 0 1 0 00 11 00 00 0 
100000:101 0 :1 0 00 :11 00 00 0 
0 0 0 0 0 0 :10 1 0 1 0 00 11 00 00 0 
0 0 0 0 0 0 10 :1 0 1 0 00 11 00 00 0 
0 0 0 0 0 0 10 1 0 1 0 00 11 00 00 0 
0 0 0 0 0 0 10 1 0 1 0 00 1:1 00 00 0 
0 0 0 0 0 0 10 1 0 1 0 00 11 00 00 0 
0 0 0 0 0 0 10 1 0 :1. 0 00 1:1 00 00 0 
0 0 0 0 0 0 10 1 0 :1 0 00 1:1 00 00 0 
0 0 0 0 0 0 :10 1 0 1 0 00 11 00 00 0 
0 _1_ 0 0 0 0 10 :1. 0 ·1 0 00 11 00 O(l 0 
0:1010010 :101 0 00 11 00 00 0 
:110100:10101 0 00 11 00 00 0 
:1 1 0 1 U 0 10 1 0 1 0 00 11 00 Ou 0 

: ·:.:. .. '·. 

· .. • 
.. •··:·:'' . .!.~.·-:~ 

TEST DATA 

2 2 2 2 2 2 2 2 2 J J J J J 
1 2 l 4 5 6 7 8 9 0 1 2 J 4 

i-- :-t 'I. 
1 :1 0 0 0 0 0 0 0 1 0 0 0 1 
1 1 0 0 0 0 0 0 0 1 0 0 0 1 
:1 1 0 0 0 0 0 0 0 1 0 0 0 1 
1 :1 0 0 0 0 0 0 0 1 0 0 0 1 
1 1 0 0 0 0 0 0 0 1 0 0 0 1 
1 1 0 0 0 0 0 0 0 1 0 0 0 :1 
1 1 0 0 0 0 0 0 0 1 0 0 0 1 
1 1 0 0 0 0 0 0 0 1 0 0 0 1 
1 1 0 0 0 0 0 0 0 1 0 0 0 :1 
U 1 0 0 0 0 0 0 0 1 0 0 0 1 
1 1 0 0 0 0 0 0 0 1 0 0 0 1 
0 1 0 0 0 0 0 0 0 1 0 0 0 1 
0 1 0 0 0 0 0 0 0 1 0 0 0 :1 
0 1 0 0 0 0 0 0 0 1 0 0 0 1 
0 1 0 0 0 0 0 0 0 0 0 0 0 1 
:1 1 0 0 0 0 0 0 0 0 0 0 0 1 
0 1 0 0 0 0 0 0 0 0 0 0 0 1 
0 1 0 0 :1 0 0 0 0 0 0 0 0 1 
0 1 0 0 1 0 0 0 0 0 0 0 0 1 
0 1 0 0 1 0 0 0 0 0 0 0 0 1 
0 1 0 0 1 0 0 0 0 0 0 0 0 1 
0 1 0 0 1 0 0 0 0 0 0 0 0 1 
0 1 0 0 1 0 0 0 0 0 0 0 0 1 
0 1 0 0 1 0 0 0 0 0 0 0 0 :1 
0 1 0 0 1 0 0 0 0 0 0 0 0 1 
0 1 0 I) 1 0 0 0 0 0 0 0 0 _0_ 
0 1 0 0 1 0 0 0 0 0 0 0 0 0 
0 0,0 0 1 0 0 0 0 0 0 0 0 0 
0 0 0 0 1 0 0 0 0 0 0 0 0 1 
0 0 0 0 1 0 0 0 0 0 0 0 0 1 
0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 0 0 0 1 0 0 0 0 0 0 0 0 1 
0 0 0 0 1 0 0 0 0 0 0 0 0_0_ 
0 0 0 0 1 0 0 0 0 0 0 .o O _1 
0 0 0 0 1 0 0 0 0 0 0 0 0 o, 
0 0 0 0 1 0 0 0 0 0 0 0 1 0 
o o 0 o 1 0 o o o o o o o_o 
0 -~ 0 0 1 0 0 0 0 0 0 0 0 1 
0 1 0 0 :1 0 0 0 0 0 0 0 0-~ 
0 :1 0 0 1 0 0 0 0 0 0 0 0 1 
0 1 0 0 1 0 0 0 0 0 0 0 0 0 
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\ohei\1e 
~TOP IN LINE 31000 

L<n rH Tl ME 
f-•rn (:::Et.::> :1234~16? 

TE::::T DATA 
,: ff' 1 fHF:U 2A) 

1 1 1 1 1 1 
8 9 0 1 6 8 9 

2 
0 

663U J880.2 1 1 1 1 0 0 00 0 1 0 0 00 10 10 00 1.2 
6b~l J~80.3 1 1 1 1 0 0 00 0 1 0 0 00 00 10 00 1.2 
bG8~ J880.4 1 1 1 1 0 0 00 0 1 0 0 00 10 10 00 1.2 
66~3 J880.5 1111 0 0 00 0 1 0 0 00 10 10 00 1 
6684 3880.6 1 111000001 0 0 00 00 10 00 1 
668~ 3880. 7 1 1 1 1 0 0 00 0 1 0 0 00 10 10 00 1 
66~6 2~;0.s 1 111000001 0 0 00 00 10 00 .8 
6f~7 3881 1 1 1 1 0 0 00 0 1 0 0 00 10 10 00 .6 
6688 3881.2 1 111 0 0 00 0 1000010 10 00 .4 
6689 J881.3 1 1 1 1 0 0 00 0 1 0 0 00 10 10 00 .4 
6690 3881.5 1_ 111000001000010 10 00 .2 
6691 J881./ 1 1 1 1 0 0 00 0 1 0 0 00 10 10 00 0 
6692 J8~1.8 1 1 1 1 0 0 00 U 1 0 0 00 11 10 00 0 
6b9J 3~81.9 1 1 1 1 0 0 00 0 1 0 0 00 00 10 11 0 
b6'.:.c<4 .:··:":···' 1. J. 1 J. •cl •) (1(1 U l U •J OiJ •JU 1(1 00 0 
b~~~ ~8~2.1 1 1 1 1 0,u 00 U 1 U 0 00 11 10 OU 0 
t~~~ ~UU~. 5 1 U 1 1 8 U UU U 1 1 U UU 11 1U U0 U 
,_.,_.~·, ,· ._:c:c::c:d:. is, 1 U 1 j_ U O Utl U U J_ (I U0 11 lU 0U U 
GG~u J~u~.9 U u 1 1 u u OU U u 1 0 uu 11 10 U0 0 
6G~~ ~~~~ U U 1 1 0 0 0U U 0 1 0 UU 11 01 UU 0 
670U ~883.1 0 U 1 1 0 0 01 0 0 1 0 OU 11 01. 00 0 
6101 3~83.6 U O 1 1 0 0 01 0 1 1 0 00 11 01 00 0 
6102 i884.6 0 U 1 1 0 0 10 0 1 1 0 00 11 01 00 0 
6703 3884.8 0 0 0 1 0 0 10 0 1 1 0 00 11 01 00 0 
G~U4 J~34.9 0 1 0 1. 0 0 10 U 1 1 0 00 11 01 00 0 
67U5 3885.1 1 1 0 1 0 0 10 0 1 1 0 00 10 01 00 0 
b706 J885.2 1 1 0 1 0 0 10 U 1 1 0 OU 10 00 00 0 
c;~/ ~u8~.4 1 1 0 1 u 0 10 u 1 1 0 uu 11 00 oo o 
tc, /1_1:.: -c·:.:::::1.:,. 2 1 1 U 1 U U 1.kl •J U 1 U UU 11 OU U• .. I U 
,_.,\J'.. 1 _:_.::_,:,:_;. ;· 1 i_l •:I :l U U 1U IJ u 1 U I..IU Ll uu uu U 
I_, /lU ,c:::_::::,~,. ::: 1 U U U U U 1U U U J. U UU LL CHJ UU U 
C:,'11. ::.,::::_::;:· 0 U •.'1 0 •-'1 0 1(1 U O J. 0 uu 11 0,.J uu 0 
6112 388/.1 0 0 0 0 0 0 10 U U 1 0 UU 11 OU U0 0 
611J 3887.2 0 0 0 0 0 0 10 0 0 1 0 00 11 00 00 8 
6714 3887.6 0 1 0 1 0 0 10 0 u 1 0 00 11 00 00 0 
6/15 J887.8 1 1 0 1 0 0 10 0 0 1 0 00 11 00 0U 0 
6716 3~~~-~ 1 0 0 1. 0 0 10 0 0 1 0 00 11 00 00 0 
6717 3888.4 1 0 0 0 0 0 10 0 0 1. 0 00 11 00 00 0 
6718 1888.7 0 0 0 0 0 0 10 0 0 1 0 08 11 00 00 0 
6719 3889.J 0 0 0 0 0 0 10 0 0 1 0 00 11 00 00 0 
6720 3890.8 0 0 0 0 0 0 10 0 0 1 0 00 11 00 00 0 
6721 3892.3 0 0 0 0 0 0 10 0 0 1 0 00 11 00 00 0 
6722 3892.8 0 0 0 0 0 0 lU OU 1 0 00 11 OU U0 0 
b723 ~894 0 U 0 0 0 0 10 0 0 1 0 00 11 00 OU 0 
bi24 3896.8 0 0 0 0 0 0 10 U U 1 0 00 11 00 00 0 
67~5 ~o9q 3 0 0 0 0 0 0 10 0 0 1 U 00 11 00 OU u 
~i~c J9U4.1 0 0 U 0 0 0 1U 0 U 1 0 00 11 UO UU 0 
67~i 2984.l 0 0 0 0 0 0 10 Q u 1 0 00 11 00 00 0 
6;·2:::: ::.;::'<•)~~- 8 0 0 (1 0 (1 0 10 0 (1 1 0 LH) 11 1:1(.1 (HJ 0 
6,·~9 ~9U6 0 0 0 0 0 0 10 0 0 1 0 00 11 00 00 0 
G7~u J~U7.4 0 0 U OU O 01 0 ~ 1 u U0 11 Ou ULl Ll 

i ," 

2 2 2 2 2 2 2 2 2 ~ - 3 J J 
1 2 J 4 5 6 7 8 9 0 1 2 3 4 

1 0 0 0 0 1 0 1 1 1 0 0 0 1 
1 0 0 0 0 1 0 1 1 1 0 0 0 1 
1 0 0 0 0 1 0 1 1 1 0 0 0 1 
1 0 0 0 0 1 0 1 1 1 0 0 0 1 
1 0 0 0 0 1 0 1 1 1 0 0 0 1 
1 0 0 0 0 1 0 1 1 1 0 0 0 1 
1 0 0 0 0 1 0 1 1 1 0 0 0 1 
1 0 0 0 0 1 0 1 1 1 0 0 0 1 
1 0 0 0 0 1 0 1 1 1 0 0 0 1 
0 0 0 0 0 1 0 1 1 1 0 0 0 l 
0 0 0 0 0 1 0 1 1 1 0 0 0 1 
0 0 0 0 0 1 0 1 1 1 0 0 0 1 
0 0 0 0 0 1 0 1 1 0 0 0 0 1 
0 0 0 0 0 1 0 1 1 0 0 0 0 1 
0 0 0 0 0 1 0 1 1 0 0 0 0 1 
0 0 U O 0 1 0 1 1 0 0 0 0 1 
0 0 0 0 0 1 8 1 1 u U 0 0 1 
U U 0 U 1 1 0 1 1 o u U U 1 
U U 0 8 1 1 U 1 1 U U O 0 1 
0 0 0 0 1 1 0 1 1 0 0 0 U 1 
0 U 0 0 1 1 0 1 1 0 0 0 0 1 
0 0 0 0·1 1 0 1 1 0 0 0 0 1 
0 0 0 0 1 1 0 1 1 0 0 0 0 1 
0 0 0 0 1 1 0 1 1 0 0 0 0 1 
0 0 0 0 1 1 0 1 1 0 0 0 0 1. 
0 0 U 0 1 1 0 1 1 0 U O O 1 
0 0 0 0 1 1 0 1 1 0 U 0 0 1 
0 u 1_1 u 1 1 
U u U u 1 1 
U u u u 1 1 
01_1uu11 
0 0 0 u 1 1 
0 0 U 0 1 1 
0 U (1 0 1 1 
01(:.1011 
0 1 U U 1 1 
0 l. 0 U 1 1 
u u u O 1 1 
Ot)(101:l 
0 0 0 0 1 1 
00(.1011 
0 0 0 0 1 1 
u' o 1..1 u 1 1 
uuo.:.111 
l.)i)IJi,:111 
OOU•Jll 
0 u u l.1 
0 0 0 0 
0 U O 0 
(1 0 U 0 

1 1 
1 1 
1 1 
1 1 

•J I_, 1.) I_ I J 

0 :1 1 0 U IJ U :1 
u 1 1 u 1:1 u IJ 1 
U J. U U U U U l 
u 1 u U u U U 1 
01uc1ouu1 
OU,)(.10001 
0 u U u u 0 U U 
0 U O O O O U C1 
0 U O O O 0 u 0 
OUUUUliUO 
i::.1uuu1..100u 
(100UU001.:l 
0 0 0 U U Cl u 1 
U0UU1JOUC1 
(.1 (1 u u u u ,:1 1 
uc1ououuu 
~j(ltJ!JUlj~.J:1. 

IJU01Jl)OOC1 
00L1UU001 
ououuouo 
1.)00U(11JU1 
0 0 0 0 U U (_; u 
l11JUUUUU1 
11 1_; 

• 

• 
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101wh5 
:::, roP lr j LI tiE -~::l.UIJ~J r1::.:::. I DHlH 

LiHTH r HlE 
( r P 1 Tl-11•:U JA::, 

1 1 1 1 1 1 2 
8 9 0 1 6 7 8 9 0 

~ 2 2 2 ~ 2 2 ~ 2 ·-- - -- -..::: ..::, 
PtiT (SEC> 1 2 ~ 4 5 6 

1::~1...:.~:~ 644~➔ . 4 :1 
6136 644'.:!. :, :1 
1:::1.::,;· 644:9. ~➔ 1 
61:::,:.:: 64'::,0 1 

1 1 1 0 0 00 0 1 0 0 11 00 10 11 14.8 1 1 0 1 
1 1 1 0 0 00 0 1 0 0 11 uu 10 11 14.6 1 1 0 1 
1 1 1 0 0 00 0 1 0 0 11 00 10 11 14.8 1 1 0 1 
1 1 1 0 0 00 0 1 0 0 11 00 10 11 14.6 1 1 0 1 

0 0 0 0 0 
001JOO 
1:10,JOO 
OOuC1(1 
0 0 u O 0 
0 0 u 0 U 
0 0 u 0 u 
ouoi:.10 
U U U U 0 
uuoi:.10 
oc11.::ioc1 
lc:.1 0 0 i.:.1 0 
IJOOOO 
ooi:.100 
OOOl)i.3 

1 0 0 0 1 
1 0 0 0 1 
1 0 0 0 1 
1001c11 
1c1uo1 
1 IJ 0 (.1 1 

t-:1.:::SJ 645U. :.:: 
6:14,J 64':::;,c1. ~➔ 

6:141 64'.:,1. ,· 
t-:142 ,~A'.~,1. :9 

1 1 1 1 0 0 0U U 1 0 0 110010 11 14.8 1 1 0 1 
1 1 1 1 0 0 00 u 1 0 0 11 00 10 11 14.6 1 1 0 1 
1 1 1 1 0 0 uu 0 1 0 0 11 00 10 1:1 14.8 1 1 0 1 
1 1 1 1 0 0 uu 0 1 0 U 1:1 00 10 11 14:6 1 1 0 1 
1 1 1 1 0 U UU 0 1 0 0 1:1 00 10 1114.8 1 l 0 1 
1 1 1 1 0 0 00 u :1 0 U 11 00 10 11 14.6 1 1 U 1 
1 1 1 1 0 0 00 0 1 0 0 11 00 10•11 14.8 1 1 0 1 
1 1 1 1 0 0 00 0 1 0 0 11 00 10 11 14.6 1 1 0 1 
1 1 1 1 0 0 00 0 1 0 0 11 00 10 11 14.8 1 1 0 1 
:1 1 1 1 0 0 00 0 1 0 0 10 00 10 :11 14.8 1 1 0 1 
J.. 1 1 1 0 0 00 0 1 u 0 10 00 10 11 14.6 1 1 0 1 

1 0 0 0 J.. 
1 Cl (1 (.1 1 
1 IJ [j (.1 :1 

61·-H i.:A:;.:_;_? 
6:14:; 64'::i~:. 9 
6:1.46 64:4. 6 

1 
1 

0 IJ O 1 
0 0 0 1 

1i:.100:1 
614;.-' 
61.4::::: 
61..4:} 
c,:1:::,u 
61~;1 
6:.L:52 
6:1~ .. :;: 
61~•4 

61'.:::-,:::: 
615'.:) 
616~.J 
61<:,1 
t,16~ .. : 
61t,:C: 
f;HA 
t.:~:l1::;,j 

6~li::,6 
(.1.,:::;.--
616::::: 
6:16'.::1 

6:l{U 
6:1/:1 
i:-1.--·~ 
i:,l /.'~: 
t:,:1 o'4 
1:,1. I •~..:.1 

r.::,.1 f ·1::, 

(::,1.-:':..~ 

t..:;4~.:;b. 2 
6~:,1~;. ~3: 
64~;:::;_ 4 
64~.::~c .. 6 

64:,6. ::::: 
64'.::,6. 9 
64:,,.:-

l 1 1 l U ~ 00 U 1 U U 11 U0 :lU 11 :14.~ 1 l U l U U U U U 1 U U U J.. 
1 1 1 1 0 U 00 0 1 0 0 10 00 10 11 14.8 1 1 0 :1 0 0 0 0 0 1 0 0 0 1 
1 1 1 1 0 0 00 0 1 0 0 1U 00 00 1:1 14.8 1 l 0 1 0 0 0 0 0 1 0 0 0 :1 
1 1 1 1 0 U U0 0 1 0 0 10 00 01 11 14.6 1 1 0 1 0 0 0 0 0 1 0 0 0 1 
1 1 1 1 0 0 00 0 0 0 0 00 10 01 Ou 14.6 1 1 0 0 0 0 0 0 0 1 0 0 0 1 
1 1 1 1 0 0 OU U :1 0 0 00 10 01 00 14.6 1 1 0 0 0 0 0 0 0 1 0 0 0 1 
1 1 1 J.. 0 0 00 0 1 U U 00 10 0:1 00 14.8 1 1 0 0 0 0 0 0 0 1 0 0 0 1 
1 0 1 1 0 0 00 0 1 0 0 00 11 01 00 14.6 1 1 0 0 0 0 0 0 0 1 0 0 0 1 
1 0 1 1 U u 00 0 1 0 0 00 10 01 00 14.4 1 1 0 u 0 0 0 0 0 1 0 0 0 1 
1 :1 1 1 U U UU U 1 U 0 UO 10 01 OU 14.~ 1 1 0 0 0 0 0 0 0 1 U O O 1 

1 
1 
1 

0 0 0 :1 
0 0 0 1 
0 0 0 1 

64j(_:1 1 :1 1 :1 0 U uu 0 
6457.2 1 1 :1 :1 u u uu 0 
6457.4 :1 1 1 1 0 u uu u 
6457.5 1 1 :1 :1 0 u uu u 
64j/_ 1 :1 :1 :1 0 U uu u 
b457.8 :1 :1 1 1 U O OU 0 
6458.:1 1 :1 1 :1 u u Ou u 
6458. :1 1 1 1 0 u uu u 
6458.4 1 :1 :1 :1 0 U uo 0 
6458.5 1 :1 1 1 U 0 OU U 
6458.b 1 1 1 :1 U 0 OU 0 
6458. 7 1 1 1 1 u U Ou 0 
64~8.8 :1 1 1 :1 U U uu u 
b45~.~ :1 1 l :1 U 0 UO U 
64~~-~ 1 1 1 1 U U uo 0 
G45~ .. 1 :1 1 1 U U U0 U 
b45~.4 1 U 0 1 U U UU 0 
1::-4':::,'.:!. ~• 1 U U O IJ 1_1 UI) ,.) 
b45~.6 1 0 U U 0 0 UU 0 
b459. { 1 U O 0 0 0 00 U 
i.::~4'.:;J_ :.::: 
64~1~:l. '.:-1 

U 0 (1 0 ,Jl1 0 
0 u u U U u OU C1 

1 0 0 UU OU 01 UU 14 1 1 0 0 0 0 GOU 1 0 U U l 
1 0 0 uu 00 01 00 1?. 1 1 u Ou u u u u 1 G 0 8 1 
:1 u o Ou 00 01 ou 13.4 1 1 o 0 o u u o u 1 o o o 1 
1 U O UU UU UU 11 li.4 :1 1 0 1 U OU 0 0 1 0 U U l 
1 0 0 10 08 10 11 13.6 1 :1 u 1 0 0 0 0 8 1 0 0 u 1 
1 U O 10 uu 10 11 13.4 1 1 0 1 0 0 u 0 u 1 0 U u 1 
1 U 0 11 UU lU 11 13.4 
1 U 0 11 UU 10 11 13.b 
1 u 0 11 00 :10 00 13.6 
1 U u 00 00 10 00 13.6 
1 0 U 11 Ou 10 11 13.b 
1 0 0 OU UU 10 00 13.o 
1 0 0 00 11 10 uu 1~.4 
1 0 0 UU 11 10 OU l~.6 
1 U U OU 11 1U IJU 12.0 
1 U O uu 11 10 uu 12. o 
1 0 0 UU 11 lU UU 12.4 
1 0 0 UU 11 10 OU 11.o 
1 0 U OU 11 10 UU :1:1.b 
1 0 0 uu 11 10 uo :11. 
1 U 0 UU 11 1U OU 1U.o 
1 U O UU 11 lU OU lU 2 

,;:1:::2 •=-4t::u u u 
6 .. L:::; .;:: 640::,U. 1.. U [1 i.j 1,.J 

•c• l1 U I) 

U 0 uu u 1 u 0 Ou 1:1 10 uu 9.8 
0 0 uu 0 1 0 0 00 11 1U UU 9.4 

1 1 0 1 U 0 0 0 0 l 0 0 u 1 
1 1 0 1 U U 0 u U 1 0 0 U J. 
1 1 0 1 0 0 u 0 0 0 0 0 :1 1 
1 1 0 0 0 0 U O u u u u 0 1 
1 J.. U 1 0 0 U U O U U 0 J.. 1 
1 1 0 0 0 0 0 0 0 u U 0 1 1 
1 1 u O 0 u 0 U u O 0 U 1 1 
1 1 0 0 U O U U 0 0 0 U 1 l 
1 1 u 0 u U O O O O O O 1 1 
1 l 0 0 0 0 0 0 0 0 U 0 1 1 
1 u 0 0 0 0 0 0 0 0 u 0 1 1 
1 U 0 0 0 U U O U 0 u 0 0 1 
1 u O U u 0 0 U 0 :1 0 U O 1 
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