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PREFACE 

This is the fourth in a series of reports presenting results from Research 

Project No. 3-8-63-73, 'TIevelopment of a System for High-Speed Measurement of 

Pavement Roughness." The project was initiated in 1963 for the purpose of 

evaluating the existing roughness measuring devices and providing to the spon­

sors a recommendation as to the best existing system for accurate measurement 

of road profiles. In the first report, 73-1, 'High-Speed Road Profile Equip­

ment Evaluation," the General Motors Road Profilometer was recommended and 

after authorization from the Bureau of Public Roads a contract was initiated 

with the company licensed to manufacture it. 

The profilometer, called the Surface Dynamics (SD) Profilometer, was 

manufactured by K. J. Law Engineers, Inc., and was delivered to the Texas 

Highway Department on February 6, 1967. This report describes the analog-to­

digital process used in the measuring system. 

This project is sponsored by the Texas Highway Department and the U. S. 

Department of Transportation Bureau of Public Roads. The special assistance 

of Texas Highway Department Representative Kenneth Hankins is appreciated, as 

is the help of Messrs. Larry G. Walker, Wilbert Hall, Bob Choate, and Tom Hill 

of the Texas Highway Department Division of Automation. 

April 1970 
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Roger S. Walker 

W. Ronald Hudson 
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LIST OF REPORTS 

Report No. 73-1, "High-Speed Road Profile Equipment Evaluation," by W. Ronald 
Hudson, presents a review of existing roughness measuring equipment and recom­
mends the GM Profilometer as the most promising of all available equipment for 
high-speed profile measurements. 

Report No. 73-2, "A Profile Measuring, Recording, and Processing System," by 
Roger S. Walker, Freddy L. Roberts, and W. Ronald Hudson, presents a descrip­
tion of the Surface Dynamics Profilometer profile measuring system, an operat­
ing procedure for use with the equipment, and a system analysis procedure for 
validation of the profile data. 

Report No. 73-3, "Pavement Serviceability Equations Using the Surface Dynamics 
Profilometer," by Freddy L. Roberts and W. Ronald Hudson, presents a brief 
description of the measuring system, a complete description and analysis of 
three rating sessions, and the development of equations relating the mean 
panel rating to various summary statistics. Equations for predicting PSI for 
both flexible and rigid pavements are presented. 

Report No. 73-4, "Analog-to-Digi tal Sys tern," by Roger S. Walker, and W. Ronald 
Hudson, describes the Hewlett-Packard 2115 computer analog-to-digital computing 
facility. 
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ABSTRACT 

The Hewlett-Packard 2115 analog-to-digital (A-D) facility purchased for 

data processing in conjunction with the SD Profilometer is described in this 

report. Included is a general discussion of the A-D problem and the various 

subsystems in the A-D system. A detailed description is provided for: (1) 

an interface and patch logic module which was built by project personnel to 

interface external signs with this facility; (2) the A-D and Tape Write pro­

grams necessary for system operations; and (3) the operating and data valida­

tion procedures required to use the equipment. All additional interface ca­

bling and hardware diagrams and computer program listings that are necessary 

for complete documentation of the A-D system are also included. 

KEY WORDS: SD Profilometer, HP 2115 computer, analog-to-digital converter 

(multiverter), pulse generator, interface and patch logic module, Honeywell 

FM analog recorder. 
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SUMMARY 

The system described in this report provides the Texas Highway Depart­

ment with an extremely powerful high-speed Analog-to-Digital facility for use 

with Project 73 as well as other highway research department projects. 

Earlier research in this project had used rented equipment for A-D 

operation (Ref 2), but because of difficulties in using the system and the 

need for permanent operations it was decided to purchase a stand-alone system. 

Upon considering the rather general A-D requirements for Project 73, it 

was decided to also include the additions necessary for providing a general 

purpose capability in the A-D system to be purchased as it was found that 

such capability could be obtained at very little additional cost. A 

Hewlett Packard 2115 computer system was purchased for providing this 

capability and is described in this report. 

The A-D system was also designed to maintain complete compatability 

with the SDS 930 system. That is, a digital tape containing digitized 

profile data obtained from the SDS 930 system is in the same format as one 

run on the HP system and current analysis programs that run on either the 

CDC 6600 or IBM 360/50 systems can use these data without program changes. 

ix 
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IMPLEMENTATION STATEMENT 

The A-D system described in this report was developed primarily for its 

use in digitizing road profile data obtained from the SD Profilometer. 

Because of the need for an analog-to-digital facility for other research 

projects at the Texas Highway Department, a general-purpose A-D capability 

was incorporated in the systems design. This general-purpose capability 

can be noted by its use in Project 3-8-67-108 on weighing in motion. The 

modular systems design characteristic of the IPLM and system programs permits 

flexibility in adding any additional requirements which might be needed by 

these or other research projects. 

In summary, the system described herein provides the Texas Highway 

Department with an extremely powerful high-speed general-purpose A-D 

facility. 

xi 
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NOMENCLATURE 

va = volt-amps 

hz = Hertz 

vac = volts alternating current 

vdc volts direct current 

Khz = kilohertz 

db decibels 

FM = frequency modulation 

bpi bits per inch 

rna milliamperes 

~ sec microseconds 

T\ sec = nanoseconds 

LSB = least significant bit 

xv 



CHAPTER 1. INTRODUCTION 

This report supplements Research Report No. 73-2, entitled "A Profile 

Measuring, Recording, and Processing System," by providing a description of 

Hewlett-Packard 2115 ana1og-to-digita1 (A-D) computing system. Research Re­

port No. 73-2 describes the SDS 930 system which was rented for use during 

the earlier part of Project 3-8-63-73 for A-D operations. However, because of 

difficulties in using this system and the need for permanent operations it was 

decided to purchase a stand-alone system for this and other research projects 

at the Texas Highway Department (THD). The Hewlett-Packard system described 

herein was selected for this stand-alone facility. 

Background 

Interest in purchasing a high-speed A-D facility for Project 73 existed 

at the beginning of the project, and considerable time was spent by project 

personnel in investigations of existing and available equipment. It was 

decided, however, to wait until project requirements were better defined 

before purchasing such a system. The University soon installed an SDS 930 

computer system which had an A-D peripheral unit, and this system was 

integrated into Project 73 to provide the necessary A-D requirements. It is 

discussed in Research ~eport No. 73-2. During the fall of 1967, difficulties 

in using this system once again prompted interest in purchasing a stand-alone 

system. After discussions with the THD, project personnel again began 

reviewing existing systems. During the spring of 1968, a request for 

proposals which specified the A-D requirements was prepared and provided 

to the THD by project personnel. After all bids were reviewed, a Hew1ett­

Packard 2115 computer system was selected. The system was delivered in 

February 1969. 

Use by Other Projects 

Because of the rather general A-D requirements for Project 73, it was 

1 
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decided to include the additions necessary for providing a general-purpose 

facility in the A-D system to be purchased. It was found that such capability 

could be obtained at very little additional cost. Thus, the HP system pur­

chased and described in this report includes this additional capability_ 

The A-D system was also designed to maintain complete compatability with 

the SDS 930 system. That is, a digital tape containing digitized profile data 

obtained from the SDS 930 system is in the same format as one run on the HP 

system and current analysis programs that run on either the CDC 6600 or 

IBM 360/50 systems can use these data without program changes. 



CHAPTER 2. SYSTEM DESCRIPTION 

The analog-to-digital system is used to convert analog signals (such as 

the analog profile signals obtained by the profilometer) into discrete or 

digital values for digital computer analysis. This chapter describes the 

Hewlett-Packard (HP) 2115 A-D system and provides a description of the func­

tions and interface requirements of each major subsystem. Subsequent chapters 

provide the hardware and software details on the individual units. 

The HP 2115 A-D system purchased from the Hewlett-Packard Company is 

illustrated in Fig 2.1. Figure 2.2 expresses symbolically the HP system. As 

noted in Fig 2.2, the system consists of a 2ll5A Central Processing Unit, 

8,192 words of core memory, two direct memory access channels, a Raytheon 

Multiverter, a high-speed tape reader, an ASR 35 teletypewriter, a positive 

logic duplex register for special purpose interface, and two tape units (a 

nine-track high-speed unit and a seven-track low-speed unit). 

For A-D operations, an interface unit was required (see IPLM description 

below) to interface the external begin conversion commands necessary for 

the A-D operation requirements. This unit is connected to the positive 

duplex register. 

Analog-to-Digital Process 

Basically, all current research projects requiring A-D operations 

involve (1) recording the analog data at the test site; (2) bringing these 

data back to the laboratory for examination and validation; (3) if acceptable, 

digitizing the analog data; and (4) running the digital analysis programs on 

these data at the central computing facility (CDC 6600 or IBM 360/50). 

Figure 2.3 illustrates this general data collection procedure. As described 

in Research Report No. 73-2, this is the procedure used for obtaining road 

profile data. 

The A-D system is expressed symbolically in Fig 2.4. As indicated in 

this figure, the system receives inputs from the analog data channels and 

A-D command information. Two A-D programs are used by the system for first 

3 
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Fig 2.1. Hewlett-Packard 2115 analog-to-digital system. 
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digitizing the data and writing it on the nine-track tape, and then trans­

ferring the data to a seven-track tape in a format compatible with the SDS 

system. The system provides, as an output, the digitized data tape which 

may then be used by data analysis programs on either the CDC 6600 or IB}{ 

360/50 systems. 

Of the eleven input signals depicted in Fig 2.4, eight of them provide 

the system with the analog data to be digitized. The remaining three command 

signals provide the external sampling signal, the begin/end convert signal, 

and the begin convert synchronizing (sync) signal*. The begin/end convert 

signal comes up first, initializing the system. The program then waits until 

the begin convert sync signal comes up, which indicates the beginning of the 

digitization process. For profile data (see Research Report 73-2), the begin 

convert sync signal input is driven by the photocell signal, and when sensed 

by the computer, indicates the beginning of the section to be measured and 

hence the beginning of the conversion process. Once the conversion process 

has begun, it continues in accordance with the sampling signal (distance 

pulses from the profilometer) until the begin/end convert signal drops. This 

indicates the end of the conversion process and thus the end of the digitized 

data file. The begin/end convert signal is initiated and terminated manually. 

For the profilometer data, this signal is controlled by the operator from 

commands given by the profilometer operator via the Honeywell recorder voice 

channel. A switch on the IPLM (see IPLM description, Chapter 3) overrides 

the begin convert sync signal so that the process can be completely controlled 

by the manual begin/end convert signal. The IPLM and A-D program may be 

modified so that the conversion process can be controlled entirely by a 

synchronized convert signal or any other desired external signal combinations. 

Once the conversion process begins, the analog data are digitized and 

stored into l500-word blocks and then written on a nine-track digital 

magnetic tape at 800 bpi. Two memory buffers are used by the computer, one 

for inputting the digitized values, and the other for outputting the data on 

the digital tape. Upon receipt of the end of convert signal, a five-word 

* The begin convert sync signal can easily be modified (see interface and 
patch logic module description, Chapter 3) to provide both a begin/end 
or end only synchronized signal. 



identification record followed by an end of file is written, signifying the 

end of the conversion process and the data file. 

9 

After the data have been digitized and written on the nine-track high­

speed tape unit, a second program is then used for transferring these data to 

the seven-track unit in a form compatible with the SDS 930 system (see 

Research Report No. 73-2). 

Figure 2.5 illustrates the A-D system interface configuration. Six 

subsystems are depicted in this figure: (1) the Honeywell 8100 recorder, 

(2) the interface and patch logic module (IPLM), (3) the HP pulse generator, 

(4) the Raytheon AID multiverter, and (5) the HP 2115 computer system. In 

this figure, data and command information are transferred from the Honeywell 

8100 analog recorder to the IPLM. The IPLM is used to patch the proper data 

and command signals for the digitization process. It also contains the 

necessary signals for interfacing these data and command information to the 

2115 computer and Raytheon multiverter. Command information is sent to the 

positive logic duplex register which interfaces these data with the 2115 data 

channel as depicted. The external sampling signal for synchronized sampling 

control is transferred to the HP pulse generator where it is shaped and gated 

(by program control) into the Raytheon unit. 

Analog Recorder 

Data are recorded at the test site on a Honeywell eight-channel (plus 

one voice channel) recorder. After validation of these data it is played 

back into the IPLM by the same or a similar recorder at the A-D computer 

facility._ The calibrated output ranee of the recorder is + 2 volts peak-to-

-peai.- Since the Raytheon multiverter input range is ± 5 volts peak-to-peak, 

for a 2-volt recorder signal, resolution is reduced to two-fifths of its 

full-scale value. Thus a digital value of 820 would represent a positive 

2-volt tape recorder signal as opposed to 2,048 for a 5-volt full-scale 

value. An edge-track voice channel is also included along with the eight 

analog data channels and can be used for recording voice or other low-fidelity 

A.C. signals. Table 2.1 provides the Honeywell 8100 FM tape recorder 

specifications. 
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TABLE 2.1. HONEYWELL 8100 RECORDER SPECIFICATIONS 

REEL SIZE: 101/2" maximum NAB Hub 
TAPE SPEEDS: 30, 15, 33/4, 17/8 
BRAKING: Dynamic for all modes, mechanical holding brakes 
MOTOR POWER: DC for supply, take up and capstan 
SPEED CONTROL: Electronic phase comparison from tone wheel 
SPEED CHANGE: Front panel electrical switching 
REWIND TIME (1 MIL BASE): 4 minutes maximum 
SPEED ACCURACY: Within 0.5% of nominal 

FM Data Channels: 
Extended Mode (Std all models) 

Tape Speed CF Data Bandwidth 
(IPS) (KC) (KC) 

30 54 0-10 
15 27 0-5 

33/4 6.75 0-1. 25 
1 7/8 

'----- ... 
3.375 0-0.625 

IRIG Std Mode (available by switch 8107 only) , 
Tape Speed CF Data Bandwidtl: 

(IPS) (KC) (KC) 
30 27 0-5 

33/4 3.375 0-0.625 

INPUT SENSITIVITY: ±2v peak minimum to ±10v peak maximum (for ± 
40% deviation) 

INPUT IMPEDANCE: 10K ohms, single ended 
OUTPUT LEVE L: ± 2v peak at ± 5Ma maximum undistorted output for 

± 40% deviation 
OUTPUT IMPEDANCE: Less than 50 Ohms 
HARMONIC DI&'TORTION: Less than 2% total 2nd and 3rd throughout 

passband 
FREQUENCY RESPONSE: ±0.2Mb DC to 0.5 full bandwidth, maximum 

1 db down at cutoff 

D. 

LINEARITY: Less than 2% of full scale (± 40%) deviation from best 
straight line through zero center. 

DRIFT: 
Center Frequency: Less than 2% of full scale (± 40%) typical over operating 

temperature range 
Sensitivity: Less than 2% of full scale It 40%) typical over operating tem­

perature range (less than I'll change in center frequency or sensi­
tivity over 24 hrs. in a 10" F temperature range) 

CONTROLS: 
Oscillator: Center frequency and input sensitivity 
Discriminator: Zero adjust and output level 
CENTER FREQUENCY SELECTION: 
Oscillator: Four incorporated, selected by transport speed control switch 
Discriminator: Maximum two speeds plug-in Simultaneously. Selection 

between the two by transport speed control switch. 

SIGNAL TO NOISE RATIO: 
(Defmed as the ratio of a full scalO" sine wave output to the residual noise 

prO"sent with oscillator input shorted.) 

Tape Speed Bandwidth SIN Ratio (db) 
compo uncomp. 

30 0-10 KC 45 42 
15 0-5 KC 45 42 

33/4 0-1. 25 KC 42 36 
17/8 0-0.625 KC 42 36 

Calibration Unit: 
Integral on all models 
FUNCTIONS: Set oscillator and dis(:rlminator center frequency and deviation 
FREQUENCY SOURCE: Crystal oscillators 
ADJUSTMENT ACCURACY: ± 1%-deviatlon and center frequency 
CONTROLS: Meter sensitivity, channel selector, function selector 
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Interface and Patch Logic Module (IPLM) 

The interface and patch logic module (IPLM) was built by project personnel 

to interface the analog data and command signals with the HP 2115 system. The 

three main functions of the IPLM are: 

(1) to provide a patching network for connecting the analog data and 
command signals to the proper data and command signals of the A-D 
system, 

(2) to boost and shape the command information signals from the Honeywell 
recorder voltage levels to the proper voltage levels for interface 
with the HP duplex register, and 

(3) to generate the proper command signals (flag) for communication with 
the HP duplex register. 

A complete hardware description of the IPLM is provided in Chapter 3. 

Briefly, however, the IPLM receives inputs from the Honeywell recorder and 

the manual begin/end convert command. The eight analog input and one voice 

channels may be patched to any A-D input channel or command channel via the 

patching cables on the IPLM. The manual begin/end convert signal and the 

begin convert sync signal are switched directly to line 0 and line 1, 

respectively, of the positive logic duplex register. The IPLM also interfaces 

the external sampling signal to the HP pulse generator. The IPLM generates 

a flag signal for signaling when data are to be read by the positive logic 

duplex register. Table 2.2 provides the hardware specification for the 

IPLM. 



TABLE 2.2. IPLM SPECIFICATIONS 

Power requirement - 110 volts A.C. 

Size - 17 X 12 X 3 inches 

INPUTS 

Front 

Begin/end convert switch - single pole double throw 

Rear 

Eight analog channels - l6-pin Blue Ribbon connector 

Voice channel - BNC connector 

Begin/end convert sync - BNC connector 

OUTPUTS 

Rear 

Eight analog channels - l6-pin Blue Ribbon connector 

Sixteen channel duplex - 32-pin Blue Ribbon connector 

Voice channel - BNC connector 

Flag signal - BNC connector 

Note: Analog channel inputs may be patched to analog channel 
outputs in any desired combination. 

Begin/End Convert Sync Input Reguirement 

Positive mode - sensitivity: requires minimum 2-vo1t positive 

going input (not to exceed 12 volts) 

Input Impedance 

12k ohms 

Flag Output 

Output level - 0 to 12 volts 

Note: 10 to 12 volts corresponds to logic 0; 0 to 2.5 volts 
corresponds to logic 1. 

(Continued) 
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TABLE 2.2. (CONTINUED) 

Flag goes from o to 1 for three conditions: 

(1) begin/end convert switch turned on, 

(2) begin/end convert switch turned off, 

(3) begin/end convert sync signal turned 

Output impedance - 1k ohms 

Length of flag signal - 40 ~ sec 

Rise time - 8 ~ sec 

Fall time - 400 n sec 

Duplex Outputs 

and 

on. 

Output levels - 0 to 2.5 volts - logical 1 

5.5 to 10.5 volts - logical 0 

Output impedance - 800 ohms 

FEATURES 

(1) Begin/end convert sync signal can be either a positive 
going or negative going signal. 

(2) Duplex line 1 (2nd line) can be held at logical 1 if the 
begin/end convert sync is not going to be used. (This 
corresponds to the "Inhibit" position on interface.) 

(3) Indicating circuit with light can be used to determine 
when flag signal is sent. 

(4) Test mode which enables quick checkout of duplex lines 
o and 1 by using begin/end convert switch to input 
signals. 

(5) Patch board provides any desired combinations of input 
analog channels to output analog channels. 

INTERNAL POWER SUPPLY 

± 10 volts D.C. with less than 2 percent ripple. 



HP 8003 Pulse Generator and Raytheon Mu1tiverter 

A Hewlett-Packard 8003A pulse generator is used in the system for 

interfacing the sampling signal from the IPLM or from an external source to 

the Raytheon mu1tiverter. The pulse generator has three primary purposes: 

(1) It provides the proper pulse characteristics, i.e., pulse width, 
height, and rise and fall time. 

(2) It permits the gating of pulses by program control thus providing 
proper synchronization for external triggering. 

(3) It provides an internal source for a wide range of selectable 
sampling rates. 

The trigger input connector on the pulse generator is used for the 

external sampling signal. It is gated* accordingly to program control (if 

gating is selected), shaped, and sent out to the mu1tiverter via the 

negative trigger output terminal. 

15 

Pulse amplitude, width, and frequency may be varied by the manual 

adjustments located on the front of the unit. See Table 2.3 for specifications 

on the HP 8003A pulse generator. 

A Raytheon mu1tiverter model RC 3013 is used in the system for digitizing 

the analog data. Although the unit was built by Raytheon, it is a standard 

item for HP systems and thus supported by HP field personnel. The mu1tiverter 

has been modified by HP to interface directly with the HP negative logic 

duplex register and to provide full-scale resolution for 5-vo1t analog input 

signals. The mu1tiverter is capable of handling up to 8 analog input channels 

for digitization. 

The multiverter consists of three subunits: a multiplexer unit, a 

sample-and-ho1d amplifier, and an ana1og-to-digita1 converter. The sample­

and-hold unit samples the analog channel as directed by the multiplexer 

logic and holds the data until they are digitized by the A-D unit. Because 

there is only one samp1e-and-hold unit, the sampling time difference between 

successive channels is dependent on the sampling rate. 

Four modes of A-D sampling are possible, including a calibrate mode. 

The other three modes (random address, digitize-only, and sequence) differ 

* A gate switch at the rear of the multiverter is used for selecting gated or 
free running pulse control. 
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TABLE 2.3. 8003A PULSE GENERATOR SPECIFICATIONS 

OUTPUT PULSE 

SOURCE IMPEDANCE: 50n :3% shunted by typi­
cally 20 pF at any output voltage. 

PULSE SHAPE: (Measured at 5 V across 500) 
Rise and Fall time: Less than 5 ns 
Overshoot and Ringing: Less than 5% of pulse 

amplitude. 
Preshoot: Less than 5% of pulse amplitude. 

AMPLITUDE: (Positive and negative output can be 
independently set) 
Maximum Output: 5V across 50n (IOV across 

an open circuit). Output circuit protected, 
cannot be damaged by shorting. With internal 
load disconnected (switch provided), IOV 
across 50n with rise and fall time less than 
7ns. 

AUenuator: Provides 7 steps from 0.05V to 5V 
in a I, 2.5, 5 sequence. 

Vernier: Provides continuous adjustment be­
tween ranges, minImum output less than 
O. 02V across 50n. 

POLARITY: Positive and negative simultaneously. 
Delay between pulses approximately 5 ns. 

PULSE WIDTH: 30ns to 3 s in five ranges; vernier 
provides continuous adjustment between ranges. 
Maximum Duty Cycle: 

Greater than 90% from O. 3Hz to IMHz 
Greater than 50% from 1 MHz to 10MHz 

Width Jitter: Less than 0.1% of pulse width at 
any width setting. 

DELAY: Approximately 150ns fixed delay between 
Trigger Output and both Pulse Outputs. Internal 
slide SWitch permits removal of delay line, re­
ducing delay to about IOns. 

REPETITION RATE AND TRIGGER 

FREE-RUNNING: 
Repetition Rate: 0.3Hz to 10MHz in five ranges; 

vernier provides continuous adjustment be­
tween ranges. 

Period Jitter: < 0.1% of period at any repeti­
tion rate setting. 

TRIGGERING: 
Trigger Input: DC coupled. Sine waves or pulses 

of either positive or negative polarity up to 
IOMHz. 

Sensitivity: Sine waves, 2V pk - pk minimum. 
External Pulses, at least 1 V and at least 
15ns Wide, Maximum input :10V. 

External Trigger Delay: Approximately 35 ns 
between trigger input and trigger output. 

Manual: Push button for single pulse. 

TRIGGER OUTPUT PULSE (Suitable for triggering 
another Model 8003A). 
Width: 15ns "!:5ns at 50% amplitude points. 
Amplitude: Greater than 2V across 50n. 
Polarity: Positive. 

SYNCHRONOUS GATING: Gating signal turns gen­
erator "on"; pulse repetition rate, ampl1tude, 
polarity, and width determined by panel control 
settings; first pulse is coincident with the leading 
edge of the gate, last pulse is completed even if 
gate ends during the pulse. 

Minimum Gating Signal: -2V. 
Maximum Input: -20V. 
Input Impedance: Approximately Ikn. 

GENERAL 

POWER 115Vor 230V +10% -15%, 
50Hz - 400Hz, 30W. 

WEIGHT: Net 9lb (4 kg) 
Shipping 13lb (6 kg). 

DIMENSIONS: 

NOTE 
I)IV(JtS,ONt 1M IrKl'I(S .... 0 ' .. ILu ... En..-sl 

l;s,l FOA: TOTAL UJrfGhl INClUDING I(~es 
ADO 1110 {2!i .. ",1 

IS) fOR I'IElG;,T INCLUDING HU 
400 7!'fi I" '"IIIIW) 

SlOE 

·······r 
6fi 
il~~1 

I 

L 

TOP 
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in the selection technique of the analog channels to be digitized. The 

random-address mode allows individual selection of the analog channels by 

program control thus permitting random channel selection. The digitize-only 

mode permits continuous digitization of the same analog input channel by a 

single initiating channel address instruction. The sequence mode, which is 

used by the current A-D program, permits automatic sampling of each channel 

sequentially, cycling back to the first channel at the completion of the 

sequence. For the sequence mode the octal channel number of the last channel 

to be converted is entered into the multiplexer logic through the octal 

channel select switches on the front of the multiverter. 

The external sampling command signal controls the rate of sampling. For 

the current system this signal comes from the pulse generator. Hence, it may 

be triggered by some external signal, such as a signal on one of the Honeywell 

analog recorder channels or from its own internally generated signal (see 

pulse generator specifications). 

The sampling signal characteristics are important and should be noted 

in the multiverter specifications (Table 2.4). 

IPLM Interface, Positive Logic Duplex Register 

A positive logic duplex register was included by HP to meet the 

requirements of providing the external communication capability for such 

signals as the begin/end convert signal, the begin convert synchronizing 

signal, etc. This register provides 16 input and 16 output lines, a flag 

signal, and an encode command signal. Currently, only lines 0 and 1 of the 

duplex input are used. Line 0 is used for the begin/end convert signal and 

line 1 is used for the begin convert sychronizing signal. When activated, 

line 1 will control the begin conversion process. The command signal will 

not be used by the control lines but should be set by the STC or encode 

command. Data transfer will then be handled by the flag signal which will 

be set each time an external command is initiated. 

System Capabilities 

The A-D system has the following capabilities: 

(1) Samples up to 8 analog data channels at rates to 24 Khz. The 
Raytheon multiverter multiplexes each of the 8 input channels 



TABLE 2.4. STANDARD MULTIVERTER CHARACTERISTICS 

+ Full scale (-1 
+ 1/2 Full scale 
Zero (+1 count) 
Zero 
Zero (-1 count) 

1/2 Full scale 
- Full scale (-1 

Clock Output 

2' s Complement 
Sign 

count) 0 
o 
o 
o 
1 
1 

count) 1 

1111111111 
1000000000 
0000000001 
0000000000 
1111111111 
1000000000 
0000000001 

Transformer-coupled 8-volt pulse 
of 0.2-usec duration (isolated 
secondary) 
Zo=IO ohms 
Imax =20 rna 

Serial Output •..••...••.. Same as clock output. A pulse is 
produced every time a binary zero 
is generated during the conversion. 

MODES OF OPERATION 

Randum Address. 
Sequence .•. 
Digitize Only. 
Calibrate. 

TEMPERATURE 

TE'mperature Range 

Warmup TimE' .. . 
Coohng ..... . 
Temperature Coeffici .. nt 

MECHANICAL 

Analog Input Connectors. 

Digital Input ConnE'ctor 
(mating) 

Registe r Displa y. 
Size .. 

Weight. 
Power. 

Exte rnall y controlled 
Externally controlled 
Externally controlled 
Manually controlled 

o to 50
0

C 
(For extended ranges see Note 3.) 
10 min to rated accuracy 
Forced air 
10 ppm/oC(max) 

Maleo connector panel or optional 
coax panel 
Amphenol Type 17-20500-1 or 
Cannon Type DD- 50P 
Amperex indicators 
19" slide-mounted drawer. 22" deep x 
s- 1/4" high 
60 pounds (approx) 
105 to 125 vac 60 to 400 cps 
(fused at 3 amp •• Iow blow) 

ANALOG INPUT 

Channel Capacity. 

Crosstalk 

Aperture Time. 
Inpu t Voltage Range 

'Input Impedance 
(w/o attenuatorsl. 

(w I attenuators) 

Max Source Impedance 

Max Voltage Overload 

PERFORMANCE 

Accuracy at DC 

.96 Channels w/o attenuators 
48 channels w/attenuators 

.80 db with IK source at 400 cps 
(See Note I.) 

.50 nanoseconds (See Note 2.) 

• :I: 10 volts full scale 
w/o attenuators 
:1:100 volts full scale 
w/attenuators 

.100 meg min for selected channel 
1000 meg min for unselected channel 

.20K (±0.02%1 for either selected or 
unselected channels 
1000 ohms for specified performance 
w/o attenuators 
100% of full scale wi 0 attenuators 
125% of full scale w/attenuators 

Linearity 0.01% ±1/2 LSB 
Long Term Drift. 0.01% (typical) 
Temp Cudficient 10 ppm/oC (max) 
Voltage Ref Stability ....• 0.001% 

Typical accuracy at 2SoC will be within 0.02% of full scale ±1/2 LSB 

DIGITAL I!'JPUTS 

Logic Level (input) . 

Start Line (I line) •. 
Channel Address (7 lines max). 
Mode Selection (2 lines) 

DIGITAL OUTPUTS 

Pa rallel Data Outputs 
Multiverter "Busyll 

Frame Sync ....• 

Binary 1=-6 to -12 volts 
Binary 0=0 ±I volt 
Z. ,,3K to -15 volts 
Z:n=1.8K to -15 volts 
Z,n=3.9K to -15 volts ,n 

Refer to attached ADC manual 
Refer to attached ADC manual 
3.9K to -15 volts 

(Continued) 



TABLE 2.4. (Continued) 

IHI READOUT 
IITTLINI , I 

TIME ' I t"' -I t-- AID CONVERSION-t-i te-A/D CONVERSION -t-RUOOUT-t t--A/D CONV(RSIOf\I-4 
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INHIIIT 

BUSY OUTPUT 

ADC START 
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SH. "00£: I 1 
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OUTPUT 
COUPLEIt 
INHI81T 
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T ... 6V ________ ~II..-----..... .------ffl ... ---: _______ ~:I r-----4J 
'·-ISV ,. ::-. , 
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(SEQUENCE 

I ~""200 -- .. 100 i C I n NSEC 4 .. , ___ ........ 11 NIIC • 
--------,--I~T-H-R-OU--:-OH-PU-T-cTI .. ':A/D TI .. E • 'UIE~ THROUGHPUT TI"'- A/L.D-T-IW-.. --:-,.-.-,-U-Il-C-."J-i-----4 

I I I 
MODE ONLY) 

.. "ODE. ADDRESS, AND .. v START 
INPUTS INHIBITED DURING 
PERIODI IHOWN IY DASHED LINES 

(MOD~ AND ADDRESS CONTROL FOR (MODE ANO ADDRW CONTROL FOR 
NEn CONvERSION EXECUTED N£XT CONVERSION EXECUTID Af'ttR 
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where 

through a single sample and hold circuit. Thus, individual 
channel sampling rates are governed by Eq 2.1: 

23 
(2.1) R = N 

R = sampling rate in Khz per channel, 

N = number of channels used. 

The 23 Khz maximum sampling rate is caused by the memory buffer 
size used in the A-D program. The Raytheon converter is capable 
of up to 48 Khz sampling rates. The HP 3030 nine-track digital tape 
will transfer rates to 30 Khz between the computer and tape unit. 
However, the actual throughput rate will not equal the actual 
word transfer rate of the tape unit because of the overhead time 
necessary for writing the interrecord gaps on the tape. Hence, 
throughput rates are dependent on the amount of data transferred 
from a storage buffer, i.e., reducing the proportion of overhead 
time to date transfer time (storage buffer) increases the 
throughput rates. Table 2.5 provides the relationships between 
~hroughput rates and data buffer size. Since the buffer size used 
in the A-D program is 1500 words, a maximum of 23 Khz throughput 
rate is obtainable. 

(2) System resolution is one part in 4,096 or 11 bits plus sign bit 
(± 2048). 

(3) System accuracy is ± 1/2 of the least stgnificant bit or ± 0.015 
percent of full scale. 

(4) Maximum analog inputs is eight input channels. 

(5) The system provides full-scale output for analog input signals 
of ± 5 volts (peak-to-peak). 

(6) Conversion control may be from manual, program, or external 
control. 

TABLE 2.5. TAPE WRITE OVERHEAD 

Buffer Size, 
16- Bit Words 

Record Write 
i-.L sec 

Time, Throughput Maximum, 
Khz 

1,000 47.7 20.5 

1,500 64.3 23.0 

2,000 81.0 24.0 

2,500 97.7 25.0 



CHAPTER 3. HARDWARE - IPLM 

As indicated in Chapter 2 the interface patch logic module or IPLM is 

used for interfacing the analog data and command signals to the A-D converter 

and positive logic duplex register. Included also in this unit is self 

testing logic for insuring proper command signal operation. Figures 3.1 and 

3.2 show the front and back views, respectively, of the IPLM. The IPLM 

provides the following: 

(1) A patching network to patch the analog data channels to the proper 
converter input channels. The patching network consists of a set 
of BNC connectors, with the eight analog input and voice channels 
connected to the upper set (Fig 3.2), and the eight analog output 
channels to the Raytheon mu1tiverter on the lower set. Patching is 
thus accomplished by connecting the selected upper set of inputs 
to the desired lower set of outputs. 

(2) Command information to the positive logic duplex register. Outputs 
from the begin/end conversion switch and the begin convert sync 
signal are transmitted to the positive logic duplex register. The 
begin/end conversion signal is initiated by a single-pole, sing1e­
throw switch, normally open to signal input and normally closed to 
ground. The begin convert sync signal is initiated by an external 
signal source (0 to 1 volt = 0; 2 to 12 volts = 1). Both signals 
are changed to the proper logic levels for interface to the 
positive logic duplex register (0 volts = 1; 8 to 12 volts = 0) on 
lines 0 and 1. 

(3) A flag signal to signify data that is to be sent. A flag signal 
accompanies the data lines to signal the computer that data are 
ready to be received. Figure 3.3 depicts the flag-data timing 
sequence. As noted from this figure, the flag signal accompanies 
both the begin and end conversion signals; however, it only 
accompanies the positive portion of the begin convert sync signal. 

(4) Self-test logic. A test light is provided to check proper command 
and flag signal operations. The light is turned on by a reset 
switch on the front panel (see Fig 3.1). The flag signal, generated 
by either the begin/end conversion switch or the begin convert sync 
switch, turns off the light if it is sent properly. A test switch 
is provided which sends the begin/end conversion signal through the 
begin convert sync logic for checkout of the begin convert synchro­
nizing circuitry. Use of the flag-light operation is as described 
in Item 3 above. 
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Circuit Description 

A block diagram of the IPLM as depicted in Figs 3.4 and 3.5 provides 

the IPLM circuit schematic. Table 3.1 describes the functions of each of the 

switches on the unit. Command information is provided in the upper portion 

of Fig 3.4. The analog data input-output patching network is shown in the 

lower portion of the figure. The patching network can also be used for 

connecting the desired external begin convert sync signal to the proper 

circuit input and for patching the sampling signal to the multiverter. 

The circuit consists of three flip-flops (FF), a number of inverters 

and/or circuits, a level changer, and a one shot. The begin/end convert FF 

shown is used to control switch bounce from the begin/end convert signal. 

The output from the begin/end convert FF is transferred directly to the 

duplex register line 0 and to the one shot via a FF delay for generating 

the flag signal. Both a positive and negative going signal trips the flag 

so the computer may be notified when the A-D conversion both begins and ends. 

A test switch relays the begin/end convert FF via the begin convert sync 

signal circuitry and places the proper begin convert sync signal on duplex 

line 1. As noted, this circuitry initiates a flag only on a positive going 

pulse. The test switch permits a checkout procedure for the begin convert 

sync circuitry. The level changer depicted, permits the generation of the 

begin convert sync signal and corresponding flag signal on either a negative 

or positive logic input signal. 

A test light FF was included which turns off a small test light when the 

flag signal is generated. The light may be turned on by a reset switch which 

resets the test light FF. 

The logic may easily be changed for the begin convert sync signal so 

that the flag is sent both for a positive and negative going signal as in the 

begin/end convert signal by adding another input to the one shot or gate. 

Similarly, as additional lines are used, the one shot can be wired accordingly 

for desired generation of the flag signal. 
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TABLE 3.1. DESCRIPTION OF INDICATORS AND CONTROLS 

(1) Power Switch - When switch is on, power indicator lamp 
lights and operating voltage is applied to all logic cir­
cuits. Power is removed by turning switch to off position. 

(2) Test Switch - When switch is in normal position, unit oper­
ates normally and duplex line 0 signal and corresponding 
flag signal may be tested. When switch is in begin/end 
convert sync position duplex line 1 signal and correspond­
ing flag signal may be tested. The begin/end convert sync 
polarity switch must be in positive position for both tests. 

(3) Flag Indicator Lamp - Lamp lights when flag indicator cir­
cuit is set to indicate transmission of a flag signal. When 
a flag signal is then transmitted the lamp is turned off. 

(4) Flag Lamp Reset Pushbutton - Pushbutton is pressed to set 
flag indicator circuit, thereby lighting flag indicator lamp. 

(5) Duplex Line 1 Switch - When the switch is in normal position, 
duplex line 1 is controlled by the begin/end convert sync 
input, i.e., when the input goes above 2 volts (positive 
mode) or below -2 volts (negative mode), the duplex line 1 
goes from 10 volts to 0 volts (logic 0 to logic 1). When 
the switch is placed in the inhibit position, duplex line 1 
remains at logic 1 (0 volts) regardless of inputs. 

(6) Begin/End Convert Auxiliary Jack ~ provides remote control 
capabilities. Jack is connected in parallel to the begin/ 
end convert switch with a cut-out that disables the begin/ 
end convert switch when a phono plug is inserted into the 
jack. 

(7) Begin/End Convert Switch - When switch is in on position, 
duplex line 0 becomes a logic 1 (0 volts) and the A-D converter 
is allowed to begin converting as soon as the synchronizing 
signal occurs. If duplex line 1 is inhibited, conversion 
begins when switch is turned to on position. Placing the 
switch in the off position forces duplex line 0 to logic 0 
(10 volts) and stops the A-D converter. 

(8) Synchronized Begin/End Convert Polarity Switch - allows use 
of either positive or negative begin/end convert sync signal. 
In the positive position, the signal must go from 0 to +2 
volts, and in the negative position, the signal must go from 
o to -2 volts to set duplex line 1 to a logic 1 (0 volts). 



Programming 

Since the IPLM generates the proper flag signal when data are to be 

received by the computer, data input via both interrupt processing or "skip 

if flag set" sensing is possible. 
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The following illustrates a typical data input program through the posi­

tive logic duplex register using the assembler language. 

Main program for input: 

Operation 

JSB 

STA 

Operand 

INPUT 

CODE 

Comments 

Jump to input subroutine 

Store A-register contents in 
memory location CODE 

Input Subroutine. Commands the external device (duplex register) to ac­

quire and transfer 16 bits of information (only two bits currently used, i.e., 

the begin/end conversion bit 0 and the synchronized begin convert bit 1) to the 

computer. Results are left in the A-register. 

Label 

INPUT 

Check-Out Procedures 

Operation 

NOP 

STC 

SFS 

JMP 

LIA 

JMP 

Operand 

GPR 

GPR 

*-1 

GPR 

INPUT, I 

Comments 

Entry point 

Encode external device 
to perform its function 

Are data ready from IPLM 

No, jump to previous in­
struction (no data ready 
yet) 

Yes, data ready, transfer 
input data to A-register 

Jump to main program 

The IPLM check-out procedures are as follows: 

(1) Isolate interface. 

(2) Turn on power. 

(3) Place test switch in normal position. 
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(4) Place duplex line 1 switch in normal position. 

(5) Place begin/end convert sync polarity switch in positive 
position. 

(6) Connect one oscilloscope channel to duplex line 0 (on back of 
unit - pin No.1 of duplex register plug). 

(7) Connect another oscilloscope channel to the flag signal (BNC con­
nector on back). 

(8) Set the time base to about 5 ~ sec/div and vertical amplifiers to 
5 vo1ts/div. 

(9) Observe both signals simultaneously as they are triggered by the 
duplex line 0 signal (negative). 

(10) Press flag light reset to light indicator light. 

Line 0 Check-Out 

(ll) Switch the begin/end convert switch from "Off" to "On." 

Observe that the duplex line 0 should be initially at 10 volts (± 2.5) 

and go to 0 volts when the begin/end convert switch is turned on. After the 

signal of duplex line 0 has dropped, the flag signal should go from 10 volts 

to 0 volts (fall time 400 ~ seconds). The flag signal should stay at 0 

volts for about 40 ~ seconds and then return to 10 volts (see timing diagram). 

The flag indicator light should have gone out, indicating the flag signal 

occurred. 

(12) Reset flag light. 

(13) Change the triggering of the oscilloscope to positive slope and 
switch the begin/end convert switch to "Off." 

Observe that the duplex line 0 should be at 0 volts and go to 10 volts 

when the switch is turned off. When the duplex line 0 signal has reached 10 

volts (± 2.5) the flag signal should occur, going from 10 volts to 0 volts 

(fall time = 400 ~ seconds). The flag signal should stay at 0 volts for about 

40 ~ seconds and then return to 10 volts. Again the flag indicator light 

should have gone out (see timing diagram). 

(14) To repeat, start at Step 10. 

Line 1 Check-Out 

(15) Move test switch to begin/end sync position. 

(16) Connect one oscilloscope channel to duplex line 1 (on back of 
unit - pin No.2 of duplex register plug). 
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(17) Connect other channel to the flag signal (BNC connector on back). 

(18) Set time base to 5 ~ sec/div and vertical amplifiers to 5 volts/div. 

(19) Trigger both signals by duplex line 1 (negative). 

(20) Press flag light reset to light indicator light. 

(21) Switch begin/end convert switch from "Off" to "On." 

Observe that the duplex line 1 should be initially at 10 volts (± 2.5) 

and go to 0 volts when the begin/end convert switch is turned on. After the 

signal on duplex line 1 has dropped to 0 volts (± 2.5), the flag signal should 

go from 10 to 0 volts (fall time = 400 n seconds). The flag signal should stay 

at 0 volts for about 40 ~ seconds and then return to 10 volts (see timing dia­

gram). The flag indicator light should go out. 

(22) Reset flag light. 

(23) Change the oscilloscope triggering to positive slope and switch 
the begin/end convert switch to "Off." 

Observe that the duplex line 1 should be initially at 0 volts and go to 

10 volts when the switch is turned off. The flag signal should remain at 10 

volts during and after this change and the flag light should not go out (see 

timing diagram). 

(24) To repeat, start at Step 20. 

Negative Begin/End Convert SynC 

(25) Change begin/end convert sync polarity switch to ''Negative'' posi­
tion. 

(26) Change test switch to ''Normal'' position. 

(27) Leave oscilloscope connected as stated in Steps 16 and 17. 

(28) Use the begin convert sync BNC (on back) as an input for a negative 
signal. Let 0 volts correspond to the begin/end convert switch 
"Off" position and -10 volts (± 2) correspond to the begin/end con­
vert switch "On" position. Note: the signal must be free of 
switch bounce. 

(29) Perform Steps 20 through 23. 

(30) To repeat, do Step 20. 

Figure 3.6 provides a flow chart for the IPLM check-out procedure. Note: 

when duplex line 1 switch is in "Inhibit" position, duplex line 1 is always 

o volts. 
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Fig 3.6. The IPLM check-out procedures. 



CHAPTER 4. SOFTWARE 

Two programs are required for A-D operation. The first (SAMP) is used 

during the actual digitizing process when the analog data are digitized and 

written on the nine-track tape. The second program (SERVICE) then converts 

the nine-track data to the standard SDS A-D format as established by earlier 

A-D operations (see Research Report No. 73-2) and rewrites it on a seven­

track tape. The second program (SERVICE) also provides a check for parity 

errors which may have occurred during the first write operation as well as 

provides printout options for system checkout procedures. 

Both the general flow of the data conversion program and the operating 

instructions were purposely made similar to the data conversion program used 

on the SDS system. This helps to maintain compatibility and ease in operation 

transitions from one machine to the other. 

Data Conversion Program 

The data conversion program SAMP is used during the A-D conversion 

process to provide the following functions: 

(1) initiate and terminate the A-D process via external commands 
from the operator and/or external signals from the IPLM, 

(2) read the digitized analog data at externally controlled sampling 
rates and writes it on the nine-track high-speed tape unit in 1500 
word records at 800 bpi, 

(3) write a five-word identification and end of file mark at the end 
of the A-D operation as signified by the begin/end convert signal, and 

(4) search for a given file for replacement or search to the end of 
the last file for tape continuation. 

A general flow chart of the data conversion program is depicted in 

Fig 4.1. Both FORTRAN and Assembler languages are used in the A-D program. 

Briefly, the general flow of the program is as follows: 

(1) The program is loaded and the operator enters various operation 
parameters, such as 
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Fig 4.1. Ana1og-to-digita1 program for SDS computer. 
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(a) Whether a new or old data tape is used. If the tape is a new 
data tape, an EOF is written and the tape positioned after the 
EOF mark. If the tape is not a new data tape, the last data 
file or any other specified file is located and the tape is 
positioned to begin after that file. 

(b) File identification information. Three words of the five-word 
identification code that accompany each data file is entered, 
i.e., the file number and the two identification tags. 

(2) The program waits for the begin convert and/or photocell signal 
command (begin convert sync signal) to initiate the A-D process. 

(3) The program uses two l500-word buffer areas so that one buffer is 
being filled by the A-D input operations while the other is 
emptying on the magnetic tape. 

(4) A new read command is immediately initiated after 1500 words have 
been read to insure the required sampling rate is maintained. 

(5) The 1500 l2-bit words in Buffer 1 are written in binary on the 
magnetic tape. 

(6) The procedure is repeated, i.e., the filling and empyting of 
alternate buffers from the A-D unit to the magnetic tape continues 
until the end of the analog record or section being converted is 
detected. 

(7) The conversion process is terminated by the sensing of the end 
conversion signal when the analog record has been completed. A 
five-word identification record is written at the end of the last 
data record. If the next analog record is to be read soon after 
the end of the last record and no additional identification 
information is desired, i.e., if the automatic control mode was 
specified, the program automatically increments the data file 
number and waits for the next begin conversion command. If not, 
or if other identification is required, the program stops and 
waits for further information or commands from the operator. 

(8) Each data set (data records plus identification record) is separated 
by an end of file. Two ends of file are written at the end of the 
last data set on the magnetic tape. 

Each data set or file has an identification record generated during the 

A-D process, which includes 

(1) a data file number used by the program for identification and 
positioning of the data tape when adding, replacing, or deleting 
additional data files; 

(2) the number of converted 1500-word records in the data file; 
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(3) the number of converted data words in the last record; and 

(4) and (5) two l2-bit identification tags for additional operational 
information such as filter-speed-gain selection and data. 

The converted data are written on the nine-track tape in the format de­

picted in Fig 4.2, 

Figure 4.3 depicts the flow logic for operating the SAMP program. As 

noted the program begins by typing the statement "Enter File Number." At 

this point the operator specifies where the data tape is to be located for 

the digitizing process. Each file is labeled by a monotonic increasing file 

number. The operator should type in one of the following parameter types in 

accordance to the tape positioning desired: 

(1) 0 - new data tape. The tape is rewound, an EOF written, and the 
tape positioned after the EOF. 

(2) -1 - old data tape. The last data file on the tape is located and 
the tape is positioned after the EOF mark of this last file (between 
the EOF of the last file and the EOF signifying the end of the data 
tape, see Fig 4.2). 

(3) +J - where J is a positive integer, 1 ~ J ~ 2047. 
is located and the tape positioned at the beginning 
data file, i.e., in fronttRf the EOF signifying the 
data file preceding the J file. 

Th Jth £' 1 e tIi~ e 
of the J 
end of the 

Once the tape has been positioned, the program types "Enter New File 

Number and Tag." The operator should now specify the file number of the 

data set that is to be generated and the accompanying two 12-bit tag­

information words that may be desired. This information is written at the end 

of the data file in the five-word identification record as described above. 

After this information is entered the program waits for the external 

begin conversion signals that (see Chapter 2 description) initiates the 

conversion process. Following the end conversion signal which ends the 

conversion process, the program once again requests the file locating and 

identifying information. 

Note that the -1 parameter should be entered when building the data 

tape as the +J parameter is used to replace the J th file and the 0 parameter 

locates the data file at the front of the data tape. 
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Fig 4.2. Simulated data array on digital magnetic tape. 
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Two operating modes, manual and automatic, are used as noted in Fig 4.3. 

In the manual mode the above operation request is required for each data set. 

In the automatic mode, selected by switch register bit 2, control does not 

return to the operator after a data file is written. Instead, the data file 

number is incremented by one, and this new number is used for the next data 

file. The identification tags used on the previous file are also kept and the 

program immediately waits for the begin conversion signals. Following each 

data run, the file identification record is written on the teletype. When 

in the automatic mode, this information may be deleted by setting switch 

register bit 3. The error stops associated with SAMP are listed in Table 4.1. 

TABLE 4.1. SAMP ERROR STOPS 

Memory Location Reason 

002210 

003060 

003137 

Tape Write Program 

A - 11 - 8 sampling rate exceeds 

23 Khz. Restart. 

B = 1 ; file specified cannot 
be located. Last file checked 
will be used if "Run" is 
depressed. 

B = 2 ; READ error. Depress 
"Run" to try READ again. 

The tape conversion program (SERVICE) is used to rewrite the digitized 

data files contained on the nine-track tape to a seven-track tape and in a 
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format compatible with the SDS 930 generated data tapes. In addition, it 

also provides other features which enhance the A-D validation and operating 

procedures. The following is a description of each of the main functions 

provided by SERVICE: 

(1) Reads the nine-track data tape (recorded at 800 bpi) and rewrites 
these data on a seven-track tape at 556 bpi. 

(a) The lower 12 bits of each 16-bit data words are extracted 
and only these lower 12 bits are written on the seven-track 
tape. Note that data read from the mu1tiverter are 12 bits. 

(b) The nine-track data read from the mu1tiverter are the 
negative of its true value, thus the 2 t s complement of these 
data are performed before writing it on the seven-track tape. 

(c) The SDS A-D system provides full-scale resolution for 10 volts 
whereas the HP system provides full-scale resolution for 5 
volts. Thus, if full compatibility is specified, the data are 
also divided by 2 before they are written on the seven-track 
tape.* 

(2) Lists the idents of the data files on the nine-track data tape 
on the teletype. 

(3) Lists the digitized voltage values of the data files from the 
nine-track data. Included in this list are the options to: 

(a) skip through the data within a l500-word data record, 

(b) skip through the data records within a data set file, and 

(c) skip through data files within the data tape. 

(4) For generating a seven-track tape, listing data file idents or 
listing the digitized data values, a file-searching feature for 
the nine-track tape, and an automatic operating mode is also 
provided. 

* The Raytheon multiverter normally provides 10-volt full-scale resolution 
but was modified in accordance with project specifications to be more com­
patible with the signal amplitudes mos~ commonly used by c~r:e~t.research 
projects. This compatibility feature 1S not needed when d1g1t1z1ng road 
profile data as scaling is relative to l-inch calibration factors. Thus, 
for these data the HP system provides a two-fold increase in resolution 
over the SDS system. 
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(a) The file-searching procedure is provided in SERVICE so that any 
given file on the nine-track tape may be specified. For example, 
when building a seven-track tape, only selected files need be 
included. 

(b) An automatic mode is provided when using SERVICE so that each 
file on the nine-track tape is processed automatically in 
sequential order. For example, when building a seven-track 
tape, the operator only needs to specify the first file on 
the nine-track tape. The remaining files are automatically 
processed in the order contained on the nine-track tape. 

Figure 4.4 provides a general flow chart of the SERVICE program. The 

general flow depicted in this figure is ,as follows: 

(1) The program begins by indicating its beginning and if desired, 
provides a list of the switch register functions. 

(2) The program asks for the nine-track data file number. If a file 
number of zero or less is specified, the first file on the data 
tape is found. Otherwise the file number specified is located 
and the five-word identification record is printed for this file. 

(3) If switch register bit 15 is set used for listing data file 
idents, the program repeats back to Step 2. If the automatic 
mode is selected, the ident number of the next data file on the 
data tape is found, listed, and the process repeated. If the 
automatic mode is not specified, the program asks the operator 
for the file desired and the program repeats Step 2. 

(4) If switch register bit 14 is set, the program writes a seven-track 
data tape. The first time the tape write routine is entered the 
10 or 5-volt resolution is specified by the operator. The program 
then writes an end of file on the seven-track tape (see tape format, 
Fig 4.2). 

(5) The program begins reading the nine-track tape and writing the 
seven-track tape (multiplying each data word by -1, and if the 10-
volt resolution is specified, dividing each word by 2). 

(6) The automatic and manual modes operate as described in items 2 and 
3 above with switch register bit 14 used to route the program flow 
to the tape write subroutine as depicted in Fig 4.4. 

(7) If switch register bit 13 is set, the program lists the nine-track 
data tape. The data words listed are scaled to volts for checkout 
purposes. Three skip options are available: skip through the data 
record (switch register bit 1), skip through the data set (switch 
register bit 3), and skip through the data tape (switch register bit 
4). The program reads one record at a time, scales the data, and 
begins printing it on the teletype. By setting switch register bit 



42 

BEGINNING OF 
WRITE OPe 

NO 

ALL RECORDS 
PROCESSED 

YES 

WRITE END OF 
FILE ON 

7-TRACK TAPE 

YES 
WRITE 

7-TRACK 
TAPE 

WRITE END OF 
FILE ON 

7-TRACK TAPE 

YES 

TYPE 
BEGINNING 

INFORMATION 

ENTER 
9-TRACK 

FILE NUMBER 

PRINT IDENT 
OF 

FILE LOCATED 

SR BIT 15 
SET 

INCREMENT 
FILE NUMBER 

YES AUTOMATIC 
__ -,--_~DE 

SR BIT 2 
SET NO 

SR BIT 0 
SET 

NO (LIST IDENTS) S 

SR BIT 14 
SET 

NO 

WRITE 
END OF DATA 

SR BIT 13 ~N=O_", 
SET SR BIT 14 

SET YES 

BEGINNING OF 
LIST REQUEST 

NO 

ENTER NUMBER 
OF CHANNELS 

IN DATA 

WRITE END OF 
FILE ON 

7-TRACK TAPE 

Fig 4.4. Service flow chart (continued on next page). 



NEW YES 
RECORD 

NO 

SCALE 
DATA 

TO VOLTS 

PRINT 
ONE 

LINE 

SR BIT 1 
SET 

NO 

SR BIT 4 
SET 

NO 

SR BIT 3 
SET 

SKIP 
YES THROUGH 

RECORD 

YES END OF 
NEW RECORD 

FILE 
YES 

END OF 
FILE 

YES 

Fig 4.4. (Continued from previous page). 

43 



44 

1, the programs delete the printout until the switch register bit 1 
is cleared. Switch register bits 3 and 4 work similarly for skipping 
records and files, respectively. The data are printed on each line 
of the teletype in the channel order digitized, where the number of 
channels digitized is entered at the beginning of the list program. 

(8) The automatic and manual operation works similar to that described 
in Items 3 and 4 above where switch register bit 13 routes the 
program flow to the list subroutine as depicted in Fig 4.4. 

Table 4.2 provides a listing of the error stops in SERVICE. 

TABLE 4.2. SERVICE ERROR STOPS 

Memory Location Reason 

004274 A = 248 ; HP 3030 unit in 

motion or in "Local. 1t Set 
uni t. Press "Run." 

004314 

004317 

A = 258 ; Parity error on HP 

3030 unit. Press "Run" will 
us~ data with error(s). 

A = 26
8 

; I/O command rejected 

on HP 3030 unit. Run diagnos­
tics on tape unit. 



CHAPTER 5. OPERATING PROCEDURES 

This chapter provides a description of the operating procedures used to 

perform A-D operations in accordance with the system described in this report. 

The procedures are divided into two areas: system setup procedures and gen­

eral operating procedures. Also included at the latter part of the chapter 

is a brief description of some checkout procedures for A-D validation. 

System Setup Procedures 

The following items are required for A-D operations: 

(1) HP 2115 system as specified in Fig 2.2; 

(2) interface and patch logic module (IPLM) as shown in Fig 2.5; 

(3) input voltage source such as Honeywell Model 8100 analog tape; 

(4) two digital tapes. preferably one certified at 3200 bpi for the 
nine-track tape and the other at 800 bpi for the seven-track tape; 

(5) seven-track operating tape prepared for the A-D system (A-D program 
tape); 

(6) all necessary cables for patching the analog signals (coaxial cables 
with BNC connectors on both ends); and 

(a) recorder - IPLM cable, 12-foot cable with Winchester plug on 
the recorder end and a 16-pin Blue Ribbon connector on the 
IPLM end, 

(b) IPLM - Computer cable. 12-foot cable with a 32-pin Blue Ribbon 
connector on the IPLM end and the l6-bit positive logic duplex 
output plug on the computer end, and 

(c) IPLM - Multiverter cable. 12-foot cable with a l6-pin Blue 
Ribbon connector on the IPLM end and the analog input connec­
tor on the multiverter end. 

(7) oscilloscope. 

The following setup procedures (see Fig 5.1) should then be used for 

setting up the system: 

(1) The computer, teletype, tape units, pulse generator, multiverter, 
IPLM, and oscilloscope should all be turned on. 
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(2) The IPLM - Computer cable should be connected from the IPLM unit to 
the positive logic duplex card (Duplex Out, Fig 3.1). 

(3) The IPLM - Mu1tiverter cable should be connected to the IPLM and 
the J46 plug on the back of the Raytheon mu1tiverter (Analog Out, 
Fig 5.1). 

(4) The recorder - IPLM cable should be connected between the Honeywell 
8100 analog recorder pin J2 and the analog in connector on the IPLM. 

(5) The desired analog channels to be digitized (upper set of BNC con­
nectors, Fig 3.2) should be patched to the mu1tiverter input chan­
nels (lower set of BNC connectors, Fig 3.2). 

(6) (External sampling signal option only.) The external sampling sig­
nal should be connected from the analog in patch BNC connector to 
the trigger input terminal of ,the pulse generator. 

(7) A cable should be connected between the trigger output (negative) 
on the pulse generator to pin J45 on the mu1tiverter. A BNC T con­
nector should be used at the pulse generator output for monitoring 
the sampling signal (Sampling Signal, Fig 5.1). 

(8) A cable should be connected between the gated input connector J46A 
on the back of the mu1tiverter (Gated Input, Fig 5.1). 

(9) (External begin convert sync signal option.) Connect a cable be­
tween the proper analog input connector and the begin convert sync 
BNC connector (see Fig 3.2). 

(10) Insure jumper W6A in the negative logic duplex registers card has 
been removed .. 

(11) Set the Raytheon mu1tiverter in the normal mode, select the sync 
external switch, and select the number of conversion channels. 

(12) Set the normal/gated switch in the back of the mu1tiverter to "Nor .. 
mal" for checking the pulse characteristics. 

(13) Set the pulse generator to internal and adjust the pulse amplitude 
to about 5 volts. Adjust the pulse width to 5~. If the sampling 
signal is generated from the pulse generator, set the sampling rate 
in accordance with Eq 2.1. 

(14) Set the normal/gated switch to the gated position in back of the 
pulse generator. 

(15) Set the IPLM as follows: 

(a) Test switch in "Normal." 

(b) Duplex line in "Connect" position if an external begin con­
vert sync signal is provided, otherwise set in "Inhibit" posi­
tion. 

(c) Set the begin/end convert switch to "Off." 
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d. Set the begin connect sync polarity switch to "+" for positive 
logic and "_" for negative logic. 

(16) Mount the nine-track data tape and seven-track operating system 
program tape. 

(17) Load A-D program, Ident 500*. 

(18) Program types "Enter File Number.ll 

Enter 0 for new data tape 

-1 for old data tape 

+J when J is a positive integer for replacing 
th 

file, J 

(see Chapter 4). 

(19) Program types "Enter New File Number and Tag." Enter file number 
of data file and ident tags (see Chapter 4). 

(20) Program is now waiting for the begin convert and begin convert 
sync signals. Switch register bit 2 signifies automatic mode and 
s~ould be set at this time if desired. Switch register bit 3 
inhibits file print out information. 

The system is now ready for digitizing the file number specified in 

Item 19 when the proper control signals are initiated. 

General Operating Procedures 

Two operating procedures will be described, one for the data conversion 

process and the second for the tape write process. The ident list and print­

out list options are not described in this section but provided in detail 

in Chapter 4. 

Data conversion process. The following procedures are those necessary 

for A-D operations: 

(1) Two switch register bits are used, one for automatic mode selection 
bit 2, and the second for inhibiting file ident printout when in 
the automatic mode, bit 3. 

(2) Two entries are required by the data conversion program for file 
location and file identification. The file location entry signaled 
by the type out, "Enter File Number,ll is always requested first. 
At this time the operator should enter the file number location of 
where the data tape is to be positioned for the digitizing process. 

* Both SAMP and SERVICE may sometimes be restarted by beginning at location 
00002. 



49 

The following parameters are used for entering this information: 

o - new data tape. The tape is rewound, an EOF written. The tape 
is positioned after the EOF. 

-1 - old data tape. The last data file on the tape is located and 
the tape positioned after the EOF mark of this last file. 

+J - where J is a positive integer, 1 ~ J ~ 2047. The Jtht~ile 
located and the t~Re positioned at the beginning of the J data 
file, i.e., the J file will be rewritten. 

The second entry signaled by the type out, "Enter New File Number and 

Tag," is used to specify the file number and two ident tags for the data 

file that is to be digitized. 

(3) The operating procedure is to first specify the location on the 
tape for the new digitized file and then to identify this new file. 
The appropriate switch register bits are set and the digitizing 
process begun. If the automatic mode is indicated, control is not 
returned to the operator after the process but the program returns 
to monitor the input signals for the begin convert commands. If 
the manual mode is specified, control is returned to the operator 
and once again he should first specify the tape location and then 
the new file identification. Note that when digitizing several 
files the -1 parameter should be used for the file location 
parameter. 

Tape Write Process. The following procedures are those necessary for 

the tape write process: 

(1) Mount the nine-track data tape on the HP 3030 tape unit and the 
seven-track A-D system tape on the HP 2020 tape unit. 

(2) Load the tape write program, Ident 501, from seven-track program 
tape. 

(3) Remove program tape and mount the seven-track data tape on the 
2020 tape unit. 

(4) Press Run. The program will type "Begin Data Service Routine," and 
"Set SS 10 for SS List." Set switch register 14 and press Run. 
The computer will type "Pause." Depress Run again. The program 
will type "Enter File Number." The file number of the nine-track 
data file that is to be written on the seven-track data tape should 
be entered. The parameter 0 may be used if the first file on the 
nine-track tape is desired. 
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(5) The program will type "Enter 1,0 for 10,S-Volt Resolution." Enter 
either a 1 or 0 for 10-volt resolution, SDS compatibility or S-volt 
resolution, respectively. 

(6) The program writes an end of file on the seven-track tape and 
transfers the data file specified on the nine-track data tape to 
the seven-track tape. 

(7) The program once again types "Enter File Number" unless the 
automatic mode is specified, switch register bit 2. If the 
automatic mode has been specified the program continues to read 
consecutive data files and writes these files on the seven-track 
tape. If the automatic mode is not desired, i.e., switch register 
bit 2 is not set, the next data file to be processed is entered 
and the process is repeated. 

(8) When the last data file is being generated on the seven-track tape, 
switch register bit 0 should be set. If this bit is set, the 
program writes a second EOF mark after the data file has been 
written. The program then types "Begin Data Service Routine," 
"Set SS 10 for SS List." The service routine is then available 
f~r a new set of operations. 

System Check-Out Procedures 

During an A-D operation, the digitized values may be checked by loading 

the tape write program, Ident 501. Then by specifying the data list option 

(see Chapter 4) denoted by switch register bit 13, the converted data in 

volts may be displayed via the teletype. Switch register bit 1 may be used 

for skipping through the data record, bit 3 for skipping through the data 

file and bit 4 for skipping through the data tape. Switch register bit 2 

provides the automatic mode so that consecutive files may be examined without 

calling for each one individually. Thus, by putting in known voltage values 

before an A-D operation, a quick check on the system may be obtained by 

checking the values digitized. 



CHAPTER 6. SYSTEM CHECK-OUT PROCEDURES 

To insure the A-D system could meet the system specifications and to 

provide an acceptable check-out procedure the following tests were set up and 

are described in this chapter. The tests described were made on the system 

during May 1969, and the results obtained provided. Such tests should be 

performed in conjunction with the HP system diagnostic programs periodically 

to insure the system is performing in an acceptable manner. 

Conversion Speed and Accuracy 

In order to insure the system could digitize at variable rates to 25 Khz 

with the specified accuracy, a test was conducted in which known inputs were 

digitized at variable conversion rates to 25 Khz. The A-to-D inputs were 

connected as follows: 

(1) Channel 0 = shorted; 

( 2) Channel 1 = -1.520 v; 

( 3) Channel 2 = shorted; 

( 4) Channel 3 = +1.528 v; 

(5) Channel 4 = shorted; 

(6) Channel 5 = shorted for 850 hz test, 250 hz triangle wave 
(4.0 v P-P) for 25 Khz; 

(7) Channel 6 = shorted; and 

(8) Channel 7 = 250 hz square wave, 10.0 v P-P. 

As noted from the selected computer results, Table 6.1, the digitized 

values are within the specified system accuracy, i. e. , 12 bits ± LSB. 

Further Tests on System Resolution 

As a further check on system resolution for the time varying signal case, 

sine and triangle wave forms were sampled at 60 points per cycle by the 

following technique. A 20 hz sine wave of ± 2.5 v P-P was connected to 

channels 0, 2, and 4. Likewise, a 20 hz triangle wave of the same P-P 
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25 
33 
41 
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9 

17 
25 
33 
41 
49 
57 

1 
9 

1 7 
25 
91 

105 
225 
233 
g41 
401 
4~~ 

I 
9 

217 
225 
S 4S 
553 
5U 
569 
325 

TABLE 6.1. CONVERSION SPEED AND SEQUENCING VALIDATION 

SAMPLING RATE = 850 hz 

CHAN 0 ':HAilJ 1 CHAN 2 r'HAtJ;S CHAN 4. roMAN 5 CHAN 6 r.HAN L 

-1.521 
-1.521 
-1.521 
-1.521 
-1.521 
-1.521 

CHAN 0 CHAN 1 

.~~eJ -1.521 

.""~ -1.521 

.eJ:J0 -1.521 

.33" -1.521 

.000 -1.521 

.'37j2 -1.521 

.0"'~ -1.521 

.iJ:2l;:' -1.521 

"HA N 0 eHUl 1 

.;'HH -1.521 

.01210 -1.521 
• 'a :J0 -1.5 2 1 
.000 -1.521 
.0;}G -1 .521 
.000 -1.521 
."~,2 -1.521 
.0J0 -1.521 
.~,,~ -1.5.21 
.000 -1.521 
.~J2I -I. 521 

("];lUI " 1"'101 A ~J I 

.,-,:;32 -1.52] 
.(J02 -1.521 

• [J "" 
-1.521 

.1002 -1.521 

.;a~2 -1.521 

.0~2 -1.521 
• wi32 -1.521 
.002 -1.521 
13~2 -1.521 

.002 

.~.32 

CHAN 2 

.002 
.12132 
.0~2 

• iJ:2l2 
.0C2 
.01212 
.0~'2 
• !~O2 

CHAN 2 

,022 
.""2 
.00" 
• 3~2 
.032 
.002 
.0~2 
.~02 

• ~Jo)2 
.002 
.1322 

Cl;(ot» 2 

.~~2 

.002 

.13:i12 

.2132 

.~O2 

.002 

."Cl2 

.0~2 

.::3"2 

1.528 
1.528 
1.522 
1.528 
1.528 
1.52~ 

CHAN 3 

1.523 
1.528 
1.528 
1.52g 
1.528 
1.528 
1.52R 
1.528 

CHAW 3 

1 .528 
1.528 
, .528 
1.528 
1.528 
1.528 
1.52S 
1.528 
1.52i 
1.528 
1.52g 

CH~tl 3 

1.528 
1.52g 
I .528 
1.528 
1.52::3 
1.52g 
1.522 
1.52~ 
1.5~f: 

CHAN 4 

• (H'~ 
.ewa 
.~00 

.J00 
01'l1~ · ..,~ 

.0221 

.000 
.12130 

CHAW " 
.2130 
.00:?J 
,000 
.0:J~ 

• vi !l21 
.0~21 
.000 
.2100 
• (Ufj) 

• 0(3(' 
.i.l~2 

I"'HQ ~~ 4 

· ~~ (~~ 
.010 
• ~,j? 
.0"~ 
• (l1~:2! 
.~?!0 

• 'i',ZI2I 
.0~et 
.21~~ 

.0~~ 

.00:3 

CHAN 5 

.000 

.330 
• ~('H'I 
."212 
.000 
.31'01 
.009 
• 0~i2I 

roHA r. 5 

.J::'O 
• ~~:321 
, ',0'13 
• \j '2121 
• 21 '1 r'J! 
.022l 
.:30C 
.!J"~ 
.1J~" 
.000 
.IJf6fZ! 

CHa r~ 5 

.a2l~ 

.03~ 

.2122 

.~'30 

.~1i~ 

• ~:r~ 
.:J"~ 
• '~00 
.02li.'!l 

-4.995 
-4.995 
-4A,H~5 
-4.995 
-4.$195 
-4.995 

CHAN (, CHAN 7 

.000 5.[?!~~ 

."2f3 5.(30e 

.0~~ 5.~~:3 

.J'S 5.ra1'2 

.00~ 5.~".I::'I 

.1211210 5.C3011l1 

.e0~ 5.~0~ 
• en'" 5.!3:.'e 

I"'HAbi G rH~~ 7 

.i2I?l21 5.0(?121 

.000 5.(30~ 
,mOl;?! 5.0:2121 
.2100 5.001ll 
.13'32 5.0?~ 
.13021 5.003 
.1322 5.~"'3 
.:2l~0 5.0;?J~ 

.34:1;' 5."ra~ 

.(30~ 5.0130 

.;J0;~ 5.00" 

CHA~ & cHA~ 1 

.~iJ{1I -4.995 
• ~2H3 -4.995 
.2l21~ -4.995 
.2Q1rJ -4.995 
.?~:a -4.$)$)5 
.2I2'J -4.<:)95 
.0:3'" -4.9S15 
.a:321 -4.995 
.:2l210 -4.995 -
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TABLE 6.1. (Continued) 

SAMPLING RATE = 25 Khz 

CHAN: S:4AN 1 SHA:J 6 C:HA'~ 3 S}4,'\N It Cl-lA~ 5 C~-.&--- C'{t\'J "1-

9 .J~3 -1.531 .0nC 1.531 .330 ~.112 .0~J -4.9 nq 

--~1~7----~.~~~D~Q--~-+1~.~5~3+1----~.~0~~~~--~1~.5~3~1----.~~~0~_J~~-~lh.~~~3k3~--~~ -4.99 0 

25 • 0 :) 0 - 1 • 53 1 • el0 ~ 1 • 53 1 • :J 'J J - • 1 1 2 • :l rJI ~ 5 .11 /"Ji 

--~3~3~--~.~J~J~~~~-~1~.~5~3~1----~.~J~~#0---+1~.~;~3~1----_.0~')~~d~·--~1.~S~5~R-_--__ .~I;~lJ~---~~ 
249 .~0n -1.531 .00~ 1.531 .~1J -1.528 .J~l 
257 .@@@ 1.531 .j~Q 1.5~1 .gJ~ .~15 .~1~ 
265 .J~O -1.531 .00~ 1.531 .780 1.552 .~0~ 

-4.9~,? 

5.~~"l 

-,62rt7-a3----~.-'d0.;g2_'B@--.... - +1 ...... ~5 -6'3~g----~. -\fI.1iJ -.J-J-B-J --~l ~. 5~3~1 ____ • .-\r~3 ;l.:J..\\;J.-' ---'-"--Jlh • ...;c8'i-<&'''''· 2::.-----..-Jh;J,I-,-~--' ----':)-5 .~.;L 
281 .3J~ -1.531 .000 1.531 .~J~ .342 .0J~ 

-,66""'j,..,.,9'----~.-1!;~,,JJ-,JJ--=-+I ...... ;;1-5 ~3 -+1----...... ;.;1-0 .;+,) ",-i~ --~l ~. 5;h3~1 ----• ....;~~';;..;3 !3:J.--__ lh ...... 2:;...i.(:,L!;V;,.-, __ ---;.hn,;..,.J.J-;.:r::~ =4.9 ') fL 

297 .J3J -1.531 .330 1.531 .Oj1 -2.235 .31~ 

1 .OJ0 -1.531 .300 1.531 .00J -2.1~~ .lJ1 
9 • fi:l;2I(i1 - 1 • 53 1 • '" ill tJ 1 .53 1 • iii '1'1 1 • 3 ~ 0 • a,"" ~ 

17 .000 -1.531 .380 1.531 .1~FJ .ISS .~W1 
'35 .~~J -1.531 .ooa 1.531 .)~~ -1.743 .J~r 

t:. ............ 
} ,I I 

.... J..~ :'J _,' 

5.'Y'''' 
5.1r:w 

;>/ •• 

33 .:'3::Vl -1.531 .'J02 1.531 .0;1::' 1.716 .~\'~7I -4.9C)5 
41 .0ca -1.531 .332 1.531 .~0J -.lGo .~~n -4.99B 

313 .~J] -1.531 .012 1.531 .JJ~ 2.473 .~2J -~.SQO 
~ g 1 • ~ y, - 1 • 5 7) 1 .3" '-' 1 • 5 3 1 .;J)~ - • Sl 72 • . ) ]'1 - LJ • ?J 9 '1 
329 .~JJ -1.531 .0J2 1.531 .~~0 -.579 .1~0 5.0~1 
337 .~~2 -1.531 .)J0 1.531 .~00 ".1°2 .~~~ -4.9g a 

633 • ::1 J,~ - 1 .53 1 • ;~ iF) 1 .53 1 • 0\ ~ iJ .5!2 9, • ~ "I '3 5 • r':"'''' 
~6~4~1----~.~'3~~~0--~-~1_.~5~3~1----~.~rJ~J~·"--~1_.5~3~1----~.0~1~3~~'----.~9~5~7~--~.~J~J~J~~-~4H.~~-

649 .~02 -1.531 .002 1.531 .JJJ -2.4~0 .JJ~ 5.~~1 
'57 .n" -1.531 .~"2 1.531 .'~O'l .9'~5 .4"';) ';.1"" 
~55 .303 -1.528 .J12 1.531 .J11 .6J3 .1~1 -4.9C)" 
673 .(3~1 -1.531 .031 1.531 .... 'W -".161 .[11:'1 5. 1 "'''' 

1~73 .l~~ -1.531 .803 1.531 .0~1 .43~ .~~~ 5.'''1 
~1~~~a~1----~.~0~~~0--=-+1~.+5~3+1--__ ~.~2422~--~1~.5~3~1--__ .~1~0~0~ __ lh.H1~L~9~--~.~~~0~1~~-~2-
1089 .0~J -1.531 .JJ2 1.531 .~~0 -2.322 ."101 5.~1'" 

CH.\rJ 3 CHAN 1 CHAtl 2 CHAtl 3 CH.I\ r'J 4 CH.'\iJ 5 CH ,~.~'J 6 C~L(\. :: 7 

1 .~02 -1.531 .JJ2 1 .53 1 .(1,10 1.3491 • ~~'H 5.~lil 

Sl 0'''' -1.5"3 f ~!J2 1 .53 1 gU'1 15 1 i • :~1ra; -4 , 9SlP 
1 7 .J32 -1.531 .;) 02 1 .53 1 • :),?o~ -2. :'1S5 -'1 ,">I? .c:, '~ ,,(". . " ~ ~ . " 

~L.L. DO~It:: 
STOP 
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amplitude was connected to channels 1, 3, and 5. The wave forms were then 

sampled at 160 hz, yielding 60 points per cycle per wave form. Selected 

results of this test are given in Table 6.2 and depicted graphically in 

Figs 6.1 and 6.2. 

Test for Loss of Data 

Finally, to insure each sampling pulse resulted in an actual data 

sample, a digital counter was connected in parallel with the pulse generator 

and the input to the computer. Variable length data files were then 

generated by use of the A-D program. The number of data points converted as 

indicated by the program were then compared to the number of sampling pulses 

sent into the system. In all cases the numbers were found to be consistent 

for the variable sampling rates. 
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1.Gg~ 

1.J57 
.;) ':5 

-.466 
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TABLE 6.2. DATA RESOLUTION VALIDATION 

1.396 
1.g9J 
2.383 
2.117 
1.621 
1.125 

.630 
• 137 

-.359 
-. 'iH~2 

-1.345 
-1.333 
-2.329 
-2.151 
- 1 .663 
-1 1 &5 
-.669 
-.171 

.322 

.BI? 
1.313 
l.~n~ 
2 .3G3 
2.2 0 ;; 

1.7':)4 
1.2'-'i 

.713 

.217 
-.276 
-.1~~ 

-1.2~:::: 

-1.15!> 
-2.249 

-1.746 
-1. 2 4~ 
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- .25 \ 

.242-

.Hl 
1 .23 ~ 
1.72G 
2.219 
2.2iH 
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1 • 2 ij~ 

.796 
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-.193 
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2.332 
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2.Yi3 
1.541 
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-1.93S 
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Fig 6.1. A-D test channels 0, 2, and 4. 
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Fig 6.2. A-D test channels 1, 3, and 5. 
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ANALOG IN 

From Analog Recorder (Winchester) To Interface (B 1ue Ribbon) 

Pin (J2) Signal Pin Signal 

C Ground 13 Ground 

A Channel 1 data 1 Channel 1 data 

F 14 

B Channel 2 data 2 Channel 2 data 

E 15 

D Channel 3 data 3 Channel 3 data 

K 16 

H Channel 4 data 4 Channel 4 data 

N 17 

J Channel 5 data 5 Channel 5 data 

M 18 

L Channel 6 data 6 Channel 6 data 

S 19 

P Channel 7 data 7 Channel 7 data 

V Ground 20 Ground 

R Channe 1 8 da ta 8 Channel 8 data 
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ANALOG OUT 

From Interface (Blue Ribbon) To Multiverter (Plate) 

Pin Signal Pin (J46) Signal 

I Channel I data I Channel I data 

2 Channel 2 data 2 Channel 2 data 

3 Channel 3 data 3 Channel 3 data 

4 Channel 4 data 4 Channel 4 data 

5 Channel 5 data 5 Channel 5 data 

6 Channel 6 data 6 Channel 6 data 

7 Channel 7 data 7 Channel 7 data 

8 Channel 8 data 8 Channel 8 data 

GATEO INPUT SIGNAL 

From Multiverter (Plate) 

Pin Signal 

J46A Trigger 

To Pulse Generator (BNC) 

Pin 

Trigger Input 

Signal 

Gated, -2 volts 
D.C. coupled 



From Duplex Register Card 

Pin Signal 

A a 

B 1 

C 2 

AA Encode 

From Interface (BNC) 

Pin Signal 

Channel 5 Pulse 

From Pulse Generator (BNC) 

Pin 

J45 

Signal 

Negative triggered 
sampling rate 

DUPLEX IN 

To Duplex Line (Blue Ribbon) 

Pin Signal 

5 a 

6 1 

7 2 

8 Encode 

TRIGGERED INPUT 

To Pulse Generator (BNC) 

Pin Signal 

Trigger input Pulse 

SAMPLING SIGNAL 

To Multiverter (BNC) 

Pin 

-Output/50 .n. 

Signal 

Negative triggered 
output sampling 
rate 

67 
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DUPLEX OUT 

From Duplex Line (Blue Ribbon) 

Pin Signal 

1 a 

2 1 

3 Flag 

4 2 

5 

6 

7 

8 

Shield Ground 

To Duplex Register Card 

Pin 

1 

2 

3 

23 

24 

Signal 

a 

1 

2 

Flag 

Ground 
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HP 2115 I/O CHANNEL CONFIGURATION 

ADDR Channel 
(base 8) Data 

2020 magnetic tape controller 10 1 

2020 magnetic tape timing (command channel) 11 2 

16 bit duplex register (A/D) (negative) 12 3 

High-speed paper tape reader 13 4 

Teletype 14 5 

9 channel magnetic tape (data channel) 15 6 

9 channel magnetic tape (command channel) 16 7 

16 bit duplex register (positive) 17 8 



!
!
!
!
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!
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APPENDIX 2 

DATA CONVERSION PROGRAM 
LISTING, SAMP 
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PAGE 0001 

0001 
C R 000070 
Fl N R 080225 
MVC R 000323 
OUT R 010006 
12 R 1111111237 
WT2 R 000275 
\lTl R 1110030l 
1114 R 11108307 
.3030 R 000225 
.IOC. X SIJ"001 
ADClll R 000212 
ADCW2 R 000213 
BU FI N R 000216 
BUFI 0 R 000220 
BUF'2N R 000217 
BUF'20 R 000221 
CHECK R 000011 
CLEAR R 000224 
CON4 R 000255 
CONTI R 00S243 
Dl Gl T R 0"0047 
Dl'll F R 000203 
D1'2 F R 0001 72 
DfilAI F R 000125 
DP'lA2 F R 01!11ll206 
OMAIN R 000214 
OMAOU R 000215 
DUPLE R 0210010 
ERROR R 000210 
IBU F1 C 000010 
IBUF'2 C 01112744 
IDtlT C 00111003 
IRElO C 000000 
ISWS2 C 005700 
IS\lSC C 000002 
IWRIT C 000001 
SAM? R 000024 
SETLE R 000016 
SIZE R 000222 
STA12 R 000324 
STALL R 1Il0111325 
STATU R 000020 
TEST R 0002141 
IES12 R (!I00251 
WHBt R ""0262 
WRB2 R "00270 
XVll R 1i10011l00 
** NO ERRORS* 
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PAGE 1012 101 BUFFER IN - BUFFER OUT SERIES 2.0 

I,tl 
0803 
fil1I4* 
""fil5 
0,16 
t807 
",88 
08119* 
0010 

fiI' II 
0112 
0013 
0814 
8815 
0116 
1117 
0818* 
0819 
002121* 
1021 
0822 
0823 
0024 
0"25 
11,,26* 
0827 
0828* 
0,,29 
0830 
0131 
0032 
0,,33 
0034 
0135 
0036 
0037 
0038* 
11039 
121140 
01J41 
0042 
0043 
0044 
0045 
0046 
01214 7 
012148 
0049 
0"5 a 
0051 
0052* 
0053 
0854 
""55 
0056 
0057 
0058 
0059 

eefilll 

00111011 ""111010 
00001 1"231 7 
0011112 0261106R 
"""/13 182517 
001114 113717 
0"0"5 072"I"R 
0111106 "6201eR 
0"007 126001R 

000U' 880000 

00011 000000 
00012 016011R 
00013 000010 
00014 126011R 
01015 026225R 

00016 
IIUI6 0000110 
011UH 7 016001 X 
0011211 
00821 11400118 
1i!1121121 002020 
10022 026017R 
011023 126016R 

1210024 111011100 
011HII25 016016R 
00026 l1J62324R 
1111827 1720211R 
"111030 183100 
I1IfUI3 I IU'6400 
8'832 1176/1UC 
"'"33 076'B0C 
00034 1176001C 
110035 0760111R 
110.36 1 113 71 7 
00.37 862323 R 
IlfJ040 072105C 

0012141 
00041 116000R 
011842 002011 
0012143 026.4 I R 
IIa844 11.1381 
0011145 111120 II 
0111214 6 026041 R 

ASMB,R,B,L, T 
HAM S!'IPLE 
SAMP 
ENT SAMP 
CO~ IREAD,IWRIT,ISWSC,IDENT(5),IBUFICI510) 
COM IBUF2C 1501) 

COM ISWS2 

XVII NOP 
SFS 178 
JI"P OUT 
LIA 17B 
STC 17B,C 
STA DUPLE 

OUT LDA DUPLE 
JMP XVII,I 

DUPLE OCT 0 DUPLEX REGISTER CONTENTS 

CHECK NOP 
JSB XVII 
SLA 
JMP CHECK,I 
J(IIP FIN 

EXT .IOC. 

ENT SErLE 
SETLE EQU * 

NOP 
JSB .IOC. 

STATU EQU * 
OCT 040000 
SSA 
JIIIP *-3 
JIIIP SETLE, I 

SAMP NOP 
JS8 SETLE 
LDA STA12 
STA STATU 
CLF 0 DISABLE INTERRUPT S'(STEIII 
CLI USE B REGISTER FOR ERROR COUNT 
STB IDENT+! 
STB IREAD 
STB IWRIT 
STB DUPlE ENABLE DUPLEX REGISTER & CLEAR 
STC 17B,C THE FLAG & PREVIOUS DUPLEX INPUT 
LDA I"VC 
STA IDENT+2 

TEST EQU * 
JSB XVII AUTo-IIIAGIC MODE 
SLA,RSS 
JMP TEST IF ZERO, WAIT A LITTLE LONGER 
RAR 
SLA,RSS 
Jill' TEST IF BOTH BITS 10 & II ARE SET, 



PAGE 1 •• 3 III 8U,rER IN - BUF'ER OUT SERIES 2.1 

,'6" 
.61 
,",62* 
II~ 
H64 
H65 
.66 
1.61 
""68 
0169 
0110 
0011* 
0,12 
0013 
0814 
0015 
0016 
0011 
0018* 
0019 
0081 
0081 
0082 
0083* 
0084 
0085 
0086 
0181 
2)088 
0089 
01190 
0091 
011192* 
0093 
0094 
0095* 
0096* 
0091 
0098 
0099* 
0100* 
0HU 
0102 
0103* 
,,.04 
0105 
0106 
011117 
0108 
0109 
0110 
0111 
0112 
0113 
0114* 
0115 
0116 
011 7 

••• 41 

8.1141 062214. 
8111'0 1'2616 
'11151 1061"2 
11052 .62216R 
11053 112 602 
"154 102102 
1100" 062222R 
00056 1026"2 

DIGIT EQU • 
PREPARE 

LDA DIIIAU 
OTA 6 
CLC 2 
LDA BUFI N 
OTA 2 
STC 2 
LDA SIZE 
OTA 2 

GO TO DIGIT 

DMAI FOR UItUT TO IBUFl 

INITIATE DfIIAI 
00"51 06221211 
0186' 1.2612 

I1PUT TO IBUF! 

01061 062213 R 
00062 102612 
00063 103112 
01064 1131'6 

SET IR[AD TO ZERO 
011065 812401 
00066 11201.C 
00161 016011 R 
01110 C 

PREPARE OMA2 f'OR 
00010 062214R 
00011 102601 
00012 10611113 
00013 162211R 
00fJ14 10268.3 
00015 102113 
00016 062222R 
00011 10261113 

LOA ADCW! 
OU 128 
LDA ADCW2 
OTA 128 
STC 128f C 

STC 6,e 

CLA 
STA IREAD 

JSB CHECK 
[QU * 

TURN ON ONA CHAN.EL I 1 

PlAYBE YOU CONE BACK & PlAYBE NOT 

INPUT INTO 18UF2 
LOA OPIAU 
OTA 1 
CLC 3 
LOA Burn. 
OTA 3 
S TC 3 
LDA SIZE 
OTA 3 

HAS BUFF'ER II 
001U 102306 
00101 026100R 

BEEN F'ILLED YET 
srs 6 
JPI, *-1 WAIT UNTIL BUFFER 1 IS FILLED 

I N IT lATE DMA2 
00102 103 112 
00113 103101 

INPUT TO BUFFER 2 
STC 128, C 

A 
SET IREAD TO 

00104 11112404 
QUII15 012001C 

0111 106 062215 R 
0111101 102606 
00110 106102 
00111 I1I6222111R 
1110112 102602 
00113 10211112 
00114 062222R 
00115 102602 
00116 1123 16 
0011111126116R 

INITIATE OUTPUT 
00120 "6222.3 R 
00121 103616 
00122 103106 

STC 1,C 

( POINT A IN FLOW CHART ) 
CLA. INA 
STA IREAO 

PREPARE DMAI FOR OUTPUT FROM IBUFl 
LDA OMAOU PREPARE DMAI FOR OUTPUT 
OTA 6 
CLC 2 
LDA BUFI 0 
OTA 2 
STC 2 
LOA SIZE 
OTA 2 

SFS 16B 3030 READY 1 SKIP IF YES 
JMP *-1 JUMP TO *-1 IF NOT READY 

VIA DMAI FROM IBUFI 
LOA .3030 
OTA 16B, C 
STC 6,C 

7S 
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PAGE 0004 11111 BUF'F'ER IN - BUFFER OUT SERIES 2.1 

0118* 
0119 
0120 
0121* 
0122 
0123 
21124 
0125 
0126 
0127 
0128 
0129 
0130 
0131 
0132 
0133 
0134 
0135 
0136 
0137 
0138 
0139* 
0140 
0141 
0142* 
0143 
0144 
0145* 
0146* 
0147 
0148 
0149* 
0150 
0151 
0152 
015.3 
0154 
0155 
0156 
0157 
0158 
0159 
0160 
0161 
0162* 
0163 
0164* 
0165 
0166 
0167* 
0168 
0169 
0170 
0171 
0172 
0173 
0174 
0175 

SET IWRIT TO ZERO 
00123 IS2400 CLA 
00124 07200lC STA IWRIT 

HAS DMAl FINISHED OUTPUTTING 
00125 D~AlF' EQU. 
00125 102306 SF'S 6 
00126 026206R JMP DMA2F' 
00127 0360S4C ISZ IDENT+l INCRE~ENT RECORD COUNT 
00130 102516 LIA 16B 
00131 001300 RAR CHECH FOR & COUNT ERRORS ON llll 
00132 088010 SLA 
00133 834001 ISZ 1 9 REGISTER F'OR ERROR COUNT 
00134816SIIR JS9 CHECK ~AY9E YOU COME BACK & MAYBE NOT 
00135 062214R LDA DMAIN 
00136 10261:'16 OTA 6 
01:'1137 1067S2 CLC 2 
001401:'162216R LDA BUriN 
00141 11:'1261:'12 OTA 2 
00142 10271:'12 STC 2 
00143 062222R LDA SIZE 
00144 112602 OTA 2 

HAS DI'IA2 F'INISHED INPUTING 
00145 102307 SFS 7 
00146 026145R J~P .-1 

0014 7 10.3712 
01il150 103706 

01:'1151 802400 
00152 0720f1J0C 

INITIATE DMAI INPUT TO BUF'F'ER 1 
STC 12B,C 
STC 6,C 

SET IREAD TO ZERO TO DESIGNATE 
IBUF'I AS A READ AREA 

CLA 
STA IREAD 

00153 062215R 
1:'10154 102607 
00155 106703 
f1!0156 062221R 
001 5 7 I 1:'12603 
00160 10271:'13 
01:'1161 1:'162222R 
00162 11:'12603 
0f1! 165 1025 16 
00164 026165 R 
00165 062225 R 
00166 105616 

PREPARE DMA2 F'OR OUTPUT F'RO~ IBUF'2 
LDA D~AOU 

IN IT I ATE OUTPUT 
00167 105707 

SET WRITE: 1 
00170 002404 
00171072801C 

DI'IA2 F'I N ISHED 

OTA 7 
CLC 3 
LDA BUF20 
OTA 3 
STC 3 
LDA SIZE 

OTA 3 
SF'S 169 
JMP .-1 
LDA .31:'130 
OTA 169,C 

VI A DMA2 F'RO~ 
STC 7,C 

CLA, INA 
STA HIRIT 

START THE 3110 
COMMAND CHANNEL IS 16 OCTAL 

IBUF2 
D~A 

00172 Dlilfl F' EQU • 
SF'S 7 08172 102387 

00173 026285R 
001 74 1:'156004 C 
"01 75 102516 
00176 001500 
00177 000010 
00200 054001 

JMP DMI F' CHECK TO SEE IF' INPUT F'INISHED 
ISZ IDENT+ 1 I NCRE~ENT RECORD COUNT 

LIA 169 CHECK F'OR & COUNT ERRORS ON 3fJlf! 
RAR 
SLA 
ISZ B REGISTER F'OR ERROR COUNT 

F'I RS 
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PAGE 0005 #01 BUFFER IN - BUFFER OUT SERIES 2.8 

0176 
0177 
0178 
liH 79 
0180 
0181 
0182 
roJ183 
0184 
0185 
0186 
0187 
0188 
0189 
0190 
0191 
0192 
0193 
0194 
0195 
0196 
0197 
0198* 
0199 
0200 
0201 
0202 
0203 
0204 
0205 
0206 
0207 
0208 
0209 
0210* 
0211 
I1J2 12 
0213 
111214 
0215 
111216* 
0217 
111218 
0219 
0220 
0221 
111222 
111223 
0224 
0225 
0226 
0227 
0228 
0229* 
0230 
023 I 
0232 
0233* 

016" II R 
02607"R 

JSB CHECK 
JMP C 

OMI F EQU * 
SP'S 6 
J"P D~ F 

MAYBE YOU COME BACK & MAYBE NOT 00201 
10202 
00203 
1110203 
111111204 
011205 
1110206 
11102117 
111111210 
011121111 
111111211 
00212 
1110213 
01214 
00215 
011216 
0111217 
0022roJ 
1110221 
1110222 
011223 
00224 

1"2306 
026172R 
1262111R 
1.2307 
026125R 

J"P ERROR IF AID INPUT FINISHED FIRST, GO TO 
DMA2F S'S 7 HAS DMA2 INPUTTING FllrSHEO FIRST? 

JMP OMAIF 
ERROR EQU * 

111120 I I H L T I I B 
11126225R JMP 'IN 
0111100 ADCWI OCT II 
140000 AOCW2 OCT 14 •••• 
120012 OMAIN OCT 12 •• 12 
160015 DMAOU OCT 16 •• 15 
110010C aUFIN DEY IBUFI,I 
11112744C BUF2N DEF IBUF2 t I 
1111081.C aurlo DEF IBU'I 
11102744 C BUF20 DEF IBUF2 
175044 SIZE DEC -15011 
0801113 I .3830 OCT 3 1 
001300 CLEAR OCT 301 

00225 FIN EQU * 
CLC 17B,C 
ISZ IDEMT+l 

3830 CONTROL WORD ( S ) 

111111225 107717 
1118226 136004 C 
1110227 062000C 
00230 002002 

LOA IREAD DISCONNECT READ CN 

0023 I 026237R 
00232 102306 
130233 126232R 
111111234 18671116 
0111235 11/16712 
00236 026243 R 

SZA 
JIIIP 12 
SFS 6 
JMP *-1 
CLe 6 
CLC 12B 
J"P CONTI 

1110237 T2 EQU * 
SFS 7 
JPlP *-1 
CLC 7 
CLe 129 

00237 102307 
1110240 026237R 
111111241 106717 
00242 106112 

00243 
111111243 11162011 C 
00244 8021182 
1110245 026251R 
00246 10238' 
00247 026246R 
1110250 026253 R 
1110251 102307 
00252026251R 
1110253 
00253 102316 
00254 026253 R 

00255 106700 
1118256 016016R 
00257 0620.0C 

CONT I EQU * 
LDA IWRIT WAIT UNTIL WRITE COMPLETE 
SZA 

JPlP TES12 
SFS , TEST DIIIAI FOR COMPLETION 

JMP *-1 
JMP CON4 

TEST2 SFS 7 TEST DMA2 
JMP *-1 

CON4 EQU * 
SFS 16B 
J"P *-1 

STOP THE 30 30 TAPE UNITI 
CLC • 
JSB SETLE 
LDA IREAD WRITE LAST BU'FER 
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PAGE 81UJ6 181 BUFFER I H - BUFFER OUT SERIES 2.O 

0234* 
0235 0026121 12182002 SZA 
0236 0121261 826270R JMP WRB2 
0237 U262 816081 X WRBI JSB .IOC. WRITE BUFI 
0238 18263 12121112 OCT 2"112 
121239 fiJl264 826262 R JfIIP WRBI 
0240 10265 811111 liC DEF IBUFI 
0241 1210266 12182734 DEC 151111 
0242 08267 12126275R JfIIP W'rl 
121243 08270 11'."IX WR82 JSB .IOC. WRITE BUF'2 
0244 1218271 82121112 OCT 2111112 
0245 88272 12126270R JIIIP WRB2 
0246 08273 002144 C DEF IBUF2 
121247 00214 12102734 DEC 1500 
0248 121111275 wre EQU * 
"249 121.275 1211612116R JSB SETlE 
0250 00276 ° 161111J1 X JSB .IOC. WRITE IDENT 
"251 00277 02121112 OCT 20112 
0252 012130111 12126275R JfIIP WT2 
0253 0031211 12112I012103C DEF IDEHT 
0254 12112131212 01211211211216 DEC 6 
0255 121031213 WT3 EQU * 
0256 012131213 016016R JSB SETLE 
0257 121121304 12I1600lX JSB .IOC. WRITE EIND OF FILE 
0258 OO305 1213121112 OCT 3121112 
"259 012131216 1212631213 R JMP WT3 
0260 012131217 WT4 EQU * 
0261 12112131217 1211612116R JSB SETlE 
0262 121121310 1211601111 X JSB .IOC. WRITE END OF FILE 
0263 1218311 1213121112 OCT 30112 
121264 121121312 8263I217R JMP WH 
0265 121121313 12116816R JSB SErlE 
0266 121121314 0160elX JSB • lac. BACKSPACE THE 31213O 
0267 1211315 12130212 OCT 3121212 
0268 00316 12126314 R JJIIP *-2 
0269 0031712116016R JSB SETlE 
027121 121121328 12162325R lOA STAll 
0271 00321 072IJ20R STA STATU 
0272 1210322 126024R JJIIP SAMP, I 
0273* 
0274 00323 002734 MVC DEC 1518 
0275 00324 040012 STA12 OCT 040012 
0276 00325 040800 STAll OCT 04111111O STATUS SYSTEM WORD 
0277 END 

** NO ERRORS* 



PAGE 0111 

,,"01 
.1 I R 1111127 
.21 R 11""133 
.3 ° R 011e1 1 , 
•• 1 R 1'.1.2 
.'0 R '1"23 
.60 R '"'1116" 
.71 R '111'136 
.tII R "1'1'" 
aSK R ""014. 
LaC R 111 •• 2 
STS R 110152 
.1111 R 'III" 
.1 2" R 1.1 1 12 
• Uri R 801075 
.140 R 101117 
.141 R 1'11111' 
.15111 R IUIIII123 
.181 R 111131 
.ENTR X 110011 
.IOC. X 1""1"2 
AGI'lTS R 808111 
EXIT R 01113. 
FI LaC R 1101112 
FWONE R 01111165 
IOENT C "'1111'3 
IOUI'! C "1"11' 
HFILE R "0111141 
ROI Dr R 11111 173 
REWD R 801215 
TEI'lP R 1101.3 
.* NO ERR ORS* 

79 

ASI'IB.R.8.L,T 



80 

PAGE 00"2 IliJI 

0i'l01 ASI'4B, R, B, L, T 
",,"2 0"000 IIAfII FILOC 
"U3 COI'4IDU"(3),IDENT(5) 

'"~ "4 ENT FILOC 
08"5 EXT • ENTR 
011106 EXT .IOC. 
"erll7 """00 0011"" AGI'4TS BSS 2 

,,'''8 ""'''2 "III"" FILOC NOP 
,,'09 ""103 II 16"" 1 X JSB • EIITR 
01&1" ""0"" 0"00"IIlR DEF' AG"TS 
001 1 000"5 162000R LDA AGI'4TS. I 
0i'112 "" 0" 6 0 7214 1 R STA NFILE 
0813 "'1Il"7 162"" R LDA AG"TS+ 1, I 
21014 "II" 1" "72142 R STA LOC 
0015* TEST LOC STATUS(TAPE POSITIONING) 
01U6 "0011 ""21/1113 SZA,RSS 
0011 00112 "26"33 R JfIIP .20 LOC:I 
0018 0011113 0"202" SSA 
0019 00"14 026027R JI'4 P .10 LOC:-l 
0"20 0"015 "6214 1 R .30 LDA NFILE LOC:+ I ,CHECK NFILE 
0.,21 "0016 ""2"03 SZA,RSS 
0022 0001 7 026023 R JMP .50 NFl LE:0 
01323 00020 802020 SSA 
13024 00021 026042R JMP .40 NF'ILE :-1 
0825 00022 026060R JMP .60 NFlLE :+ 1 
0026 00023 016215R .50 JSB REWD REWIND AND WRITE EOF' 
0027 00024 002404 CLA, INA 
0028 00025 072142R STA LOC SET LOC: 1 
0029 00026 026134R JMP EXIT 
0030 1i10027 f1I16144R .10 JSB BSK BACKSPACE RECORD 
0031 00030 002404 CLA,INA 
0032 00031 072142R STA LOC SET LOC:l 
0033 001332 1326015R JfIIP .30 
01334 00033 062141R .20 LDA NF'ILE 
0035 00034 0021303 SZA,RSS 
0036 00035 026015R JMP .30 
0037 00036 "16165R • 70 JSB F'WONE SKIP ONE RECORD 
0038 0liH2137 0132404 CLA, INA 
01339 0004" 072142 R STA LOC SET LOC: 1 
0840 130041 1326"15R JMP .313 
131341 1301342 1316165R .4" JSB F'WONE 
13042 00043 1302003 SlA,RSS NOT EOF' 
0043 13"044 0261342R JMP .413 
0044 001345 1316165R JSB F'WONE 
0045 001346 1302003 SZA,RSS 
0046 001347 13261342R JMP .413 NOT EOF' 
0047 13013513 016144R .90 JSB BSK 
13048 130051 1316144R JSB BSK 
13049 001352 016144R JSB BSK 
0050 001353 016173R JSB ROIDT READ IOENT 
0051 013054 016165R JSB F'WONE 
0052 13131355 1302404 CLA, I NA 
211353 00056 072142R STA LOC SET LOC: 1 
0054 00057 026134R JMP EXIT 
~055 000613 1316165R .60 JSB FWONE A: 1 :EOF' 
13056 1301361 01320133 SZA,RSS 
0051 1313062 1326061i1R JfIIP .613 NOT EOF' 
0058 013063016144R JSB aSK 



PAGE ""03 #01 

011159 
0160 
0161 
02162 
0863 
0"64 
0065 
02166 
0t161 
0068 
0869 
0e 10 
01HI 
0"12 
0813 
081 .. 
a015 
0,,16 
9811* 
0018* 
0019 
0180 
0081 
0082 
0083 
0084 
0885 
0086 
;11081 
0088 
;11089 
0090 
0091 
;11092 
0093 
0094 
0QJ95 
01196 
111091 
0098 
0099 
0100* 
011111 
0102 
0103 
0104 
0105 
0106 
0101 
0108 
0109 
0110 
0111 
0112 
0113 
0114 
0115 
0116 

0006 .. 11I161 .... R JSB BSK 
00065 016113R .111 JSB RDIDT 
00066 062013C LOA IDENT 
00061 003004 CPJA.IIA 
00010 0421"IR ADA IFILE 
01111 012.03 SZA,RSS CHECK FOR ZERO 
10012 126102R JPJP .121 ZERO 
00813 0121121 SSA,RSS 
0001 .. 026111R JMP .1"" POSITIVE 
10015 1161 .. 4R .131 JSB BSK NEGATIVE 
00016 012113 SZA,RSS 
00011 926015R JIIIP .130 NOT EOF 
0"100 9161 .... R JSB BSK 
11101 026165R JMP .111 
01182 0161"4R .121 JSB BSK 
00103 002003 SZA,RSS 
01104 026112R JPJP .128 NOT EOF 
00105 11616'R JSB FVONE 
LEAVE TAPE AT BEGINIING OF FILE 
LOCATED BY THIS ROUTINE 
00106 026134R JMP EXIT 
00101 016165R .140 JSB FVONE 
00110 016165R .141 JSB rvONE 
00111 002003 SZA,RSS 
01111120261UR JMP .1 .. 1 
00113 016165R JSB rvONE 
001140121 .. 3R STA TEMP 
01115 016144R JSB BSK 
00116 016144R JSB BSK 
00111016144R JSB BSK 
00120 062143R LOA TEMP 
00121 002003 SZA,RSS 

NOT EOF 

2ND EOF 
1ST EOF 
IDENT 

00122026065R JMP .110 NOT EOF 
00123 016113R .150 JSB RDIDT READ IDENT 
00124 062003 C LOA IDENT 
00125 003004 CIIIA,INA 
00126 042141R ADA NFILE 
00121 002003 SZA,RSS 
0"130 026102R JMP .120 ZERO EQUAL 
00131 0621"IR .180 LOA NFILE NOT EQUAL 
00132 006404 CLB,INB B=1 INDICATES FILE NOT 

00133 
00134 

"" 13 5 00136 
00131 
00140 
"0141 
00142 
00143 
00144 
00145 
00146 
0U47 
00150 
00151 
00152 

102000 
066142R 
116001R 
066141 R 
176000R 
126002 R 
000000 
00000" 
"00000 
000000 
11116002 X 
030212 
026145R 
016152 R 
126144R 
000000 

ON DATA TAPE 
HLT 

EXIT LOB LOC 
STB AGMTS+ I, I 
LOB NFILE 
STB AGPlTS,I 
JMP FILOC,I 

NFILE BSS 1 
LOC BSS 1 
TEMP OCT 0 
BSK NOP 

JSB .IOC. 
OCT 030212 
JMP *-2 
JSB STS 
JIIlP BSK,I 

STS NOP 

BSK BACK SPACES ONE RECORD 

BACKSPACE 

STS OBTAINS EOF INFORMATION 

81 
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PAGE 0004 101 

0117 0015.3 016002)( JSB .IOC. 
0118 00154 040012 OCT 040012 
0119 00155 002020 SSA 
0120 0015602615.3R JI'IP *-.3 
0121 00157 001.32.3 RAR, RAR 
0122 00160 001.3 2.3 RAR,RAR 
012.3 001 61 001.3 2.3 RAR,RAR 
0124 00162 001.3 00 RAR 
0125 0016.3 012226R AND =Bl 
0126 00164 126152R JIIIP STS,I 
0127 00165 000000 F'WONE NOP F'WONE SPACES F'ORWARD I REC 
0128 0111166 III 1611102 X JSB .IOC. 
0129 1Il0167 1Il.311l.312 OCT 0.30.312 
liH.3 0 011l1711l 1Il26166R JMP *-2 
01.31 00171 016152 R JSB STS 
01.32 00172 126165R JI'IP F'WONE, I 
01.3.3 1Il017.3 000000 RDIDT NOP 
01.3 4 1Il0174 016002)( JSB .IOC. 
01.3 5 00175 1Il111l112 OCT 010112 
01.3 6 00176 1Il26174R JiIIP *-2 
01.3 7 00177 1Il0000.3 C DEF' IDENT 
01.3 8 0021110 1Il00005 DEC 5 
01.39 III 02 III 1 1Il16002X JSB .IOC. 
0140 00202 040012 OCT 040012 
0141 00211l.3 0020211l SSA 
0142 0111204 026211l1R JMP *-.3 
014.3 00205 012227R AND = B22 CHECK F'OR ERROR 
0144 00206 1Il0200.3 SZA,RSS 
0145 00207 12617.3R JIIIP RDIDT,I READ OK 
0146 00210 006404 CLB, I NB 
0147 00211 006004 I NB B=2 INDICATES READ ERROR 
0148 00212 10201110 HLT 
0149 0021.3 016144R JSB BSK TRY AGAIN 
0150 00214 026174R JIIIP RDIDT+I 
0151 00215 000000 REWD NOP REWD REWINDS AND WRITES EOF' 
0152 00216 III 16002 X JSB • IOC. 
015.3 002170.30412 OCT 0.30412 
0154 00220 026216R JMP *-2 
0155 00221 016152R JSB S TS 
0156 00222 016002 X JSB .IOC. 
0157 0022.3 1Il.311l112 OCT 0.3 0112 WRITE EOF' 
0158 0111224 026222R JIIIP *-2 
1Il159 00225 126215R JMP REWD,I 

0111226 00131301 
1Il0227 1Il00022 

III 1 6 III END 

** NO ERRORS* 



HN. B, L 
PROGRAM RWALK 

C A-D PROGRAM SERIES 2.0 24 JAN 69 
C PARr I 

C 
C 
C 

10 
206 

C 
81 
42 

COMMON IREAD,IWRIT,ISWSC,IDENT(5), 
1 IBUFICI510),IBUF2CI50B) 
S52=I, AUTO~ODE MODE 
S53:I, INHIBIT LIST OUT 

CLEAR CONNON AREA 
DO 10 11:1,3005 
IDENTCII>= 0 
LOC : 0 

CHECK FOR AUTO~ODE 
IFCISSW(2»42,207 
NFl LE=-I 
GO TO 212 

207 WRITE (2,104) 
.. 04 FORMAT (" ENTER FILE NU~BER-) 

IERR = 0 
READ <1,*> NFILE, IERR 
IF (IERR) 207 • 212 , 207 

C 
212 

CALL FILOC TO POSITION FILE FOR A-D 
CALL FI LOC ( NFILE, LOC) 
IFCISSW(3»31,32 

32 

31 
43 

CONTINUE 
WRITE C2, 106> C IDENT C I>, I: 1,5 > 

106 FOR~AT (- FN = -,15," NR: ",15," NCLR: ",15, 
I" TAG ",15, 2X , 15 

IF( ISSW(2) )43, 15 
IDENT(I):IDENTCI)+I 
GO TO 220 

75 CONTI NUE 
WR I TE: ( 2 , 108 ) 

108 FOR~AT (II "ENTER NEW FILE NU~BER AND TAG-) 
IERR = III 
READ <1,*> IDENTCI>,IDENT(4),IDENTC5),IERR 
IF ( IERR ) 75,220,75 

220 
C 

CALL SAMP 
SAMP IS BUFFER INIBUFFER OUT ROUTINE 

79 
C 

LOC : -I 
IF(lSSW(3»81,19 
CONTINUE 
PRINT IDENT OF LAST FILE WRITTEN 
WRITE (2,106> (IDENTCI),I:I,5) 
GO TO 81 
END 
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SIIJPLE: 

111200111 1112325 

LOAD 

RWALK 

02326 1112724 

LOAD 
• 

FILOC 

1112725 1113154 

LOAD 

F'RMTR 

03155 0523" 

0"241 00742 

MPY 

05231 "5341 

FLOAT 

"5342 "5346 

.PACK 

05347 05453 

.ENTR 

05454 05521 

DLDST 
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el5522 1215557 

IFIX 

00743 09777 

.STOP 

05560 0561210 

.FLUN 

0112100 1211012 

ISSW 

ell!2113 0112122 

CLRIO 

0561211 05605 

* LST 
.IOC • 13544 
• SQT. 13515 
• MEPI • 13510 
• BUFR 13712 
SAMP 02024 
SErLE 0212116 
RWALK 1212331 
CLRIO 121561211 
ISSW 0112113 
• DI O. 1214632 
.DTA. 0473121 
.101. 04527 
FlLOC 1212727 
.STOP 1215560 
.ENTR 1215454 
.BIO. 04705 
.IOR. 0451212 
.IAR. 04566 
.RAR. 04542 
.FLUN 0101210 
.PACK 05347 
FLOAT 05342 
IFIX 0121743 
.MPY 1215231 
.DLD 05522 
.DST 05532 

*COM 
05606 13506 
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* LI NKS 
01752 01777 



APPENDIX 3 

TAPE WRITE PROGRAM 
LISTING, SERVICE 



!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
"#$%!&'()!*)&+',)%!'-!$-.)-.$/-'++0!1+'-2!&'()!$-!.#)!/*$($-'+3!

44!5"6!7$1*'*0!8$($.$9'.$/-!")':!



~'TN,B, L 
PROGRAM SERV 
DIMENSION DUM(S) 
COMMON I8Ur(15~~),IBEC,IDENT(5) 
ISEC=D 

1 \vRlTE(2,1~0) 

100 FORMATe' BEGI N DATA SERVICE ROUTI NE") 
WRITE(2,50~) 

500 FORMATe'SET SS 10 FOR SS LIST") 
PAUSE 2 
IF(ISSWCIO»50I,502 

5el WRlTEC2,503) 
503 FOR~lAH" SS 0 END SERVICE OPERATION" I, 

I"SS I USED TO SKIP THRU RECORDS CWORDS)"I, 
2"SS 2 USED FOR AUTOMATIC MODE"I, 
3"SS 3 USED TO SKIP THRU FILE (RECORDS)"I, 
4"SS 4 USED TO SKIP THRU DATA TAPE"I, 
5"SS 10 PROVIDES THIS INSTRUCTION LIST") 

I,oiR lTEC2, 5 08) 
508 FORMAT<"SS 6 USED TO WRITE EOr") 

WRITE(2,504) 
504 FORt1ATC'SS 13 USED TO LIST DATA" I, 

I" SS 14 USE;) TO WRITE 9 TO 7 TRACK TAPE" I, 
2"SS 15 USED TO LIST IDENTS") 

5,]2 CONTI NUE 
PAUSE I 
IF(ISS~(6»331,332 

,~31 wRI TEC2 ,335) 
335 FORMAH"PUSH RUN TO WRITE EOr") 

?AUSE 
:::NDFILE 7 
SO TO I 

332 CONTINUE 
IFLAG=I 

29 r;1R= [} 
';.lRITE(2,101) 

1::11 FORMATC"ENTER FILE NUMBER") 
ilEAD<1 ,*) IlF, IRR 
IF( IRR)29, 77 ,29 

77 CONTINUE 
IFN- I IF 

j~ IF(IIF)3,3,2 
3 CALL FlLOCCI,IS) 

CALL FlLOC(I,IS) 
I ? C 1$) 13;;l, 4 , 2 S 

4 CALL FILOC(I,IS) 
IFCIS) 130,4,5 

5 CALL FILOC(-I,IS) 
CALL FILOCC-I, IS) 
C.ALL RED30CIDENT,5) 
GO TO 6 

2 CALL FILOCCI,IS) 
7 CALL FILOCCl,IS) 

IF(IS) 130,7,3 
S CALL rILOCC-I,IS) 
9 CALL FlLOCC-I,IS) 

CALL RED3;HIDENT,5) 
IF ( I F N- IDE N TC I ) ) I 0, 6, I 1 

lZ CALL fILOCC-I,IS) 

89 
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11"( IS) 130, U,S 
11 CALL FILOCC 1, IS) 
12 CALL FILOC(I,IS) 

IFCIS)130,7,26 
6 WRITE(2,102)IDENT 
102 FORMATe" FN= ",IS," NR= ",IS," NCLR= "tiS, 

1" TA GS .. , IS, 2 X, IS, I/) 
104 FORMATe"END OF DATA") 

IF(ISSW(IS»21,22 
22 IFCISSWCI4»23,24 
24 IF<ISSW<l3»2S,1 
21 IFCISSW(0»26,27 
26 IFCIBEC)311,310,311 
311 'IlRITE(2,317>IBEC 
317 FORMATCIS,"ERRORCS) ON 2020") 

IBEC=0 
31~ WRITEC2,104) 

IF(ISSW(14»28,1 
23 ENOFI LE 7 

GO TO 1 
27 IF(ISSWC2»280,2S 
230 IFN=IFN+l 

GO TO 3 
23 SO TO C31,32>IFLAG 
31 IFLAG=2 

ENDFILE 7 
107 ERR =0 

WR IT E C 2 , 1 "6 ) 
106 FORMATe"ENTER 1,O FOR 10,S VOLT RESOLUTION") 

READCl,*) IRS,IERR 
IF(IERR)107,32,107 

32 K=IDENT(2)+1 
DO 33 1=1, K 

33 CALL FILOC(-I, IS) 
KK: IDENTC2) 
DO 34 I: 1 , K K 
CALL RED30CIBUF, IS00) 

34 CALL WRT7(-1500,IRS) 
J= 1 
DO 35 1= 1 ,5 
IBUHJ):0 
I~UFCJ+l):IDENTCI)*C-l) 

35 J=J+2 
CALL WRTH-10,0) 
ENOFI LE 7 
CALL FI LOC(l, IS) 
SO TO 21 

25 GOT 0 (4 1 ,42) I FL A G 
41 IF'LAG=2 
109 1 ERR = 0 

WRITE(Z,III) 
III FORMATC"ENTER NO OF CHANNELS") 

READCl,*)NC,IERR 
IFCIERR)109,42,109 

42 K: I OENH2)+ 1 
DO 420 I=I,K 

420 CALL FILOC(-I,IS) 



K= IDENT(2) 
DO 44 1= I , X 

51 CALL RED3I2J( 18UF', 15012J) 
DO 73 J=I,1512J12J,NC 
L:J 
DO 185 IRO:I,NC 
DUM(IRO)=F'LOAT(I8UF'(L»*(5./212J48.)*(-I.) 

185 L:L+l 
IF'(ISSW(I»7312J,46 

73[21 DO 731 IRO:l,1012J12J12J 
731 CONTINUE 

GO TO 73 
46 WRITE(2, 112) I,J, (DUM(XL), XL= I, NC) 
112 F'ORMAT<214,8(XF7.3» 

IF(ISSW(4»47,686 
686 IF'<ISSW(3»44,48 
48 IF<ISSW(0»47,73 
47 CALL F'ILOC(I,IS) 

IF<IS)401,47,4I2JI 
4;.31 CALL F'ILOC(-I, IS) 

GO TO 21 
73 CONTI NUE 
44 CONTINUE 

CALL F'ILOCCl,IS) 
GO TO 47 

52 CALL FILOC(-I, IS) 
30 TO 27 

13~ PAUSE 
GO TO 
END 
END'S 
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PAGE 0111 

110111 
B R 000016 
BSK R 000024 
LOC R 100022 
STS R 000032 
.ENTR X 000001 
.IOC. X 001002 
AGI'ITS R 000000 
EXIT R 001011 
F'I LOC R 000002 
!'WONE R 000045 
NFl LE R 000021 
TEMP R 000023 
** NO ERRORS* 

AS"8,R,8, L, T 



PAGE 0102 101 

ee01 ASI'IB,R,B,L,T 
.02 00"00 NAI'! FILOC 
0013 ENT FILOC 
0084 EXT .ENTR 

0'"'' EXT .IOC. 
00.6 00001 0"0000 AG.nS 8SS 2 
00'" 00""2 """""0 FILOC NOP 
0108 11803 1160" I X JSB .ENTR 
"'9 '''04 "10 0 "" R DEF AGlnS 
Itll 0811" 162""0 R LDA AG"TS, I 
01111 101116 1172121 R STA NFILE 
"012 ilII7 1628. I R LDA AGPlTS+-I, I 
".13 101111 072022 R STA LOC 
_14. TEST LOC STATUS(TAPE POSITIONING) 
0.15 "'0 II 062021 R LDA NFILE 
111116 11012 01212. SSA 
1117 """ 13 826016R JPlP 8 
0018 11114 016"45R JS8 FWONE 
HI9 tlIl5 126.17R J"P EXIT 
102. 0.016 016124R B JSB BSK 
0021 0181 7 I 7288 I R EXIT S TA AG"TS+ I , I 
0122 00021 126112R JPlP FILOC, I 
0823 08021 118 •• 8 NFILE BSS I 
8124 0"022 lee810 LOC BSS I 
8'25 ""123 88"'00 TEI'!P OCT 0 
0026 01124 0"0000 BSK NOP 
0027 8""2' "16812 X JSB .IOC. 
0028 0.026 038212 OCT 030212 
0129 0""27 026825R JPlP .-2 
11.1830 "" 030 81 6032 R JSB STS 
0"3 1 0003 I 126024 R JPlP BSK,I 
0132 0""32 0U000 STS NOP 
0033 08033 016002 X JSB .IOC. 
11.1034 00034 040012 OCT 041!J012 
0.35 00035 002020 SSA 
0136 0003 6 02 6033 R JPlP *-3 
0i137 0""37 001323 RAR,RAR 
0038 0"04" 101323 RAR,RAR 
0e39 U041 111323 RAR,RAR 
0141i1 0" 14 2 "013"" RAR 
0141 """43 "12053R AND :81 
0"42 018044 126032R JI'!P STS. I 
0843 11145 fU'U00 FWONE NOP 
""44 ""146 0161"2 X JSB .IOC. 
01145 " 0 14 7 "3 03 12 OCT 030312 
0"46 0""5" "26046R J"P .-2 
1147 "11.1051 116032R JSB STS 
0"48 00052 1261/l45R JI'!P FWONE,I 

00053 000"01 
11.1.49 END 
** NO ERRORS. 

8SK BACK SPACES ONE RECORD 

BACKSPACE 

STS OBTAINS EOF INFORMATION 

FWONE SPACES FORWARD I REC 

93 
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PAGE 0001 

"alu ASPIB. R. B. L *. NO ERRORS* 
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PAGE 1002 101 

01el AS"B,R,B,L 
0002 00000 NAM RED30 
0ell ENT RED30 
0004 EXT • EIITR,. IOC. 
0815 0001111 0000"'1 IBUF'I NOP 
lilli' 0ee01 1100000 CT NOP 
0.1111 0l1li112 0000.,11 RED30 NOP 
.1118 0111883 01611., I X JSB • EMTR 
011119 0001114 000000R DEF' IBUFI 
0810 001105 800001R DEF CT 
0111 0000' 016002 X JSB .IOC. CHECK FOR BUSY OR LOCAL 
1812 00801 1114011112 OCT 040012 
0113 0001111 f1I00010 SLA 
111814 00011 1112024 HLT 24B 
0115 00112 062101R LOA IBUFI 
0816 01113 f/l7202 I R STA *+6 
""11 00014 162001R LOA CT, I 
0018 00015 1172022R STA *+5 
0019 00016 016002X JSB .IOC. 
0020 00011010112 OCT 010112 
0021 00020 126016R JMP *-2 
0022 00021 00001110 DEF' 0 
0023 00022 00001110 DEF' " 
0024 00023 016002 X JSB .10C. 
0825 00024 040012 OCT 040012 
01/126 00025 002020 SSA 
0f1121 1110026 026023 R JMP *-3 
0828 00021 001200 RAL 
0129 00830 002020 SSA 
0830 801131 102825 HLT 258 TRANSMISSION ERROR OR LOCAL 
0131 0"1132 012036R AND MASKI 
011132 00033 81112002 SZA 
11033 00034 102026 HLT 268 
0034 00035 12601112R J"P RED30,I 
0035 00036 00111480 MASKI OCT 400 
0036 END 

** NO ERRORS* 
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PAGE 111001 

0gj01 ASI'IB,R,B,L 
•• NO ERRORS* 
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PAGE 0002 101 

0801 ASMB,R,B,L 
0112 00000 NAM WRT7 
0083 COM IBUF(1501) 
08"4 EMT WRT7 
0105 EXT .IOC. 
H06 EXT • ENTR 
01'7 00000 000000 .15110 NOP 
01.8 00001 000009 IRS BSS 
0889 11fi!1002 100000 WRT7 NOP 
9818 00003 016002X JSB • ENTR 
0811 00004 000000R DEF .1500 
0012 00005 0110001R DEF IRS 
0113 00""6 016001X JSB • I OC. 
111114 00007 040000 OCT 11140000 
0015 00010 002020 SSA 
0816 00011 026006R JMP *-3 
0017 00012 062075R LP5 LOA YElle 
0018 00013 072100R STA TEMI 
0819 00014 16208"R LOA .1500, I 
0120 00015 072974R STA CT 
011121 00016 062072R LOA .17 
0122 00017 102611 OTA liB 
0023 00020 162100R LOOP LOA TEPll, I 
0024 00021 103004 CMA, INA 
0025 00022 166001R LOB IRS,I 
0026 00023 004010 SLB 
0027 00024 001100 ARS 
0028 00",25 072077R STA FROG 
0029 00026 001121 ARS,ARS 
0030 01027 001121 ARS,ARS 
0031 00030 001121 ARS,ARS 
111132 0003 I 1023 10 SFS 10B 
0033 00032 026031 R JMP *-1 
0034 00033 103610 OTA 10B, C 
011135 00034 062077R LOA FROG 
0036 00035 102310 SF'S 10B 
0037 08036 026035 R JMP *-1 
0038 00037 103610 OTA 10B,C 
3839 00040 0.36074R ISZ CT 
0041 00041 026043 R JMP *+2 
0141 00042 026047R JPlP EXIT 
0042 00043 062100R LOA TEMI 
0043 00044 042073 R ADA ONE 
0844 00045 072100 R STA TEMI 
0845 00046 026020R JMP LOOP 
01146 00047 106710 EXIT CLC 10B 
0847 00350 002400 CLA 
0.48 00051 102611 OTA 11 B 
0849 00052 1023 II SF'S liB 
0850 00053 026052 R JPlP *-1 CONTROLLER BUSY 
0851 00054 102511 LlA liB 
0852 00055001100 ARS 
0053 00056 000010 SLA 
0054 U057 026061 R JI'IP PERR 
08" 00060 126002 R JMP WRT7,I 
31156 00061 06210IR PERR LOA :B101 
0057 0U62 lB2611 OT A II B 
0858 00063 1023 II SF'S lIB 
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PAGE 0005 101 

01159 
0060 
0061 
0062 
0063 
01164 
0865 
0066 
01167 
0068 
0"69 
0070 
0071 

0072 

00064 026065 R 
00065 062102R 
00066 102611 
00067 102511 
00070 026067R 
00071 026012R 
00072 000071 
001!173 000001 
00074 000000 
00075 000000 C 
00076 000000 
00077 000000 
00100 000000 
00101 000101 
00102 000015 

** NO ERRORS* 

.17 
ONE 
CT 
TE1'2 
PCK 
FROG 
TEMI 

JPlP *-1 
LOA =815 
OTA 118 
SFS 118 
JPlP *-1 
JPlP LP5 

OCT 71 
OCT 1 
ass I 
OEF IBUF 
ass 1 

ess 1 
SSS 1 

END 
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SERV 

02000 04100 

LOAD 

'.vRT7 

04101 04206 

LOAD 

FlLOC 

04207 04262 

LOAD 

REIl"H:J 

04263 04321 

LOAD 

j'RMTR 

04322 06375 

00241 00742 

•• DLC 

~63 76 :Il6407 

FADSB 

06410 06553 

FDV 

06554 06657 



100 

F'I'I? 

06660 06743 

M?Y 

06744 07054 

FLOAT 

07i2J55 07061 

.PACK 

07062 07166 

tlIV 

07167 07261 

.ENTR 

37262 07327 

JLDST 

07330 07365 

IF! X 

07366 07422 

.PAUS 

07423 07444 

.STOP 

07445 07465 

.'JOTO 

07466 07510 



101 

.F'LUN 

a 7511 07523 

1SSW 

075211 07533 

.TAPE 

075311 07541 

CLR10 

07542 075116 
.10C. 13544 
• SQT. 13 515 
• MEM. 13510 
• B UF'R 13712 
SERV 02023 
CLR10 07542 
• Dl O. 1215777 
• DTA. 06075 
.PAUS 07423 
1SSW 075211 
• TAPE 0753 II 
.101. 05674 
F'I LaC 04211 
RED30 04265 
• I AR. 05733 
• GOTO 07466 
WRT7 04 lfil3 
• MPY 1367411 
FLOAT 07055 
• DST 07340 
.DLD 07330 
.F'DV 1216554 
.FMP 06660 
•• DLC 06376 
.IOR. 05647 
.STOP 07445 
.ENTR 07262 
.BIO. 06052 
.RAR • 05707 
• FLUN ril7511 
.PACK 0712162 
IFIX 1217366 
.FSB 06413 
.FAD 06410 
.D1V ;:'7167 

*COM 
105115 13506 
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*LST 
• roc. 1354" 
.S::H. 13515 
.M£M. 13510 
.&UFR 13712 
SERV 132023 
CLRIO 07542 
.010 • 05 777 
• OTA. 06075 
.PAUS 07423 
ISSW 07524 
.TAPE 137534 
.101. 05~74 
FILOC 04211 
RE D.3" 04265 
• IAR • 05733 
• GOTO 01466 
wRT7 041 03 
.MPY 136144 
FLOAT 07055 
.DST 07340 
.DLD 07.3313 
.FDV 06554 
.FMP 06660 
•• OLC 136376 
• lOR. 05647 
.STOP 137445 
• ENTR 137262 
.i:1l0. 06052 
.RAR • 05707 
• HUN "75 11 
.PACK 07062 
11'1 X 073 66 
.rSS 06413 
.FAD 06410 
.DIV 07167 

*COM 
10545 13506 

*LINKS 
01653 01777 

*END 
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