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A MICROCOMPUTER-CONTROLLED ULTRASONIC DATA ACQUISITION SYSTEM* 

W. A. Simpson, Jr. 

ABSTRACT 

The large volume of ultrasonic data generated by computer-• 
aided test procedures has necessitated the development of a 
mobile, high-speed data acquisition and storage system. This 
approach offers the decided advantage of on-site data collection 
and remote data processing. It also utilizes standard, com-
mercially available ultrasonic instrumentation. n 

This system is controlled by an Intel 8080A microprocessor. 
The MCS80-SDK microcomputer board was chosen, and magnetic tape 
is used as the storage medium. A detailed description is pro-
vided of both the hardware and software developed to interface 
the magnetic tape storage subsystem to Biomation 3100 and 
Biomation 805 waveform recorders. A boxcar integrator acqui-
sition system is also described for use when signal averaging 
becomes necessary. Both assembly language and machine language 
listings are provided for the software. 

INTRODUCTION 

In recent years there has been an ever-increasing tendency for 
industry to require more sophisticated testing techniques in evaluating 
products. As the demands oh structural'-integrity rose, it was first 
novel, then common, and now virtually necessary for some form of com-
puter processing to be utilized in the nondestructive testing of materials. 
The advent of computerized testing has in turn engendered the development 
of mobile, self-contained data acquisition stations responsible for 
collecting and storing the data which are to be analyzed by the central 
computing facility. This approach is, of course, necessitated by the 
impracticality of making a computer facility environmentally compatible 
with the typical conditions present at test sites. In addition, it would 
be impractical to move such a facility to various test sites even if the 
operating environment were not a consideration. It is far more attractive 
to develop a compact, mobile, data acquisition system which may be moved 
easily from place to place and for which the environmental requirements 
are more relaxed. 

In designing such a system, primary consideration is usually given to 
the data storage medium. Examples of such media include punched cards, 
punched paper tape, magnetic tape, and magnetic disks (both rigid and 
flexible). The first two exhibit a rather low data density and are 
generally not considered when a large amount of data is to be stored. 
The magnetic devices are all high-density media and, in the author's 

*Work performed under DOE/RRT 189a 0H061, Nondestructive Testing. 
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opinion, are vastly superior in storage character.isitics and ease of 
retrieval^. 

The advent of the microcomputer has greatly simplified the design 
of data acquisition and interface systems. This report describes a 
mobile, microcomputer-controlled system utilizing magnetic tape as the 
storage medium. It was developed for the analysis of ultrasonic signals 
used in ttie nondestructive testing of nuclear components and materials. 
However, it is applicable to any system for which the output is an elec-
trical signal having a maximum frequency content of 50 MHz. A detailed 
description of the hardware of which the system is composed is provided, 
followed by a listing and description of the microcomputer software. 
No attempt is made to describe the programming techniques, as it is 
assumed that the reader possesses a facility in microcomputer programming. 

HARDWARE 
G> 0 

In designing a system for ultrasonic data acquisition, consideration 
was given to the fact that a Biomation 805 transient recorder was already 
available. Unfortunately, the maximum sample rate of this instrument is 
only 5 MHz, which is considerably below the Nyquist rate for the signals 
of interest^ (The Nyquist criterion states that the minimum sample rate 
must be twice the highest frequency present in the signal to be^sampled.) 
Thus, for an ultrasonic system having a design bandwidth of 25 MHz, pro-
vision must be made for sample rates of 50 MHz or higher. However, because 
of the repetitive nature of ultrasonic signals, one can generate a single 
sample for each repetition of the waveform of interest and thereby achieve 
equivalent sample rates as high as desired. It is only necessary to ensure 
that successive samples are delayed by an amount equal to the repetition 
interval of the waveform plus the desired effective1sample interval. In 
this manner even a slow analog-to-digital converter may be used to digitize 
very fast waveforms. In the present case, this effect was achieved by 
processing the ultrasonic signal with a boxcar integrator and digitizing 
the integrator output with the Biomation 805. 

A boxcar integrator, sometimes called a boxcar or signal averager, is 
a device which may be used to scan a repetitive waveform and to produce a 
smoothed, or noise-integrated, facsimile of the input. During each 
repetition of the input waveform, the integrator will .stan only a very 
small portion of the input signal. The portion examined will be changed 
slightly during successive scans so that after a large number of repetitions 
the entire wave will have been processed. The output wave is thus a replica of 
the input except that the frequency has been reduced by a factor of 106 

or more. In addition, there will be an improvement in the signal-to-noise 
ratio by a factor which depends on the scan rate, sample aperture time, 
etc. The improvement can be as large as 100 or more. The price that 
one pays for these benefits is time. For a modest improvement in signal-
to-noise ratio in the system under consideration, the time required to 
digitize the input signal is typically one minute. This time can easily 
rise to an hour or more, however, if one tries to achieve very large 
improvements in the signal-to-noise ratio. 

Because of the signal acquisition time and other problems inherent 
in the boxcar integrator approach to waveform analysis, a Biomation 8100 

)) 
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waveform recorder was eventually purchased. ̂ ^The 8100 is a 100, MHz instru-
ment capable of digitizing the ultrasonic wave^directly. Minimum acqui-
sition time for the' 2048 words of memory is 20 ysec. It is now the 
standard method for capturing data, although the boxcar integrator system 
has vbeen retained in the event that the primary system fails. ' Figure 1 
shows a block diagram of the system, and a more detailed description of 
the hardware follows. v 

ORNL- PWG 78 11026 

Fig. 1. Block diagram of system. 

w • . o 
o 

Ultrasonic Instrumentation » 

Since the data acquisition system has been designed around a Biomation 
8100, virtually any commonly available ultrasonic instrument may be used to 
produce the signal to be processed. The only requirements are that an ^ 
unrectified (rf); signal and synchronizing pulse be provided. The Biomation 
has switch-selectable full-scale sensitivities ranging from ±0.05 to ±5.0 
volts, and thus is essentially independent of the gain variations that 
occur from manufacturer to manufacturer. A Panametrics 5052.PR pulser-
receiver was chosen as the signal source primarily because of its small 
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.size and weight and because its extremely \\'ide bandwidth (10 kHz-35 MHz) 
is well matched to the Biomation sample rate capabilities. The 5052 PR 
has switch-selectable gains or 20 dB and 40 dB which are adequate for most 
applications. BNC connectors on the rear panel provide the rf output and 
sync pulse signals. The instrument may be operated in a single trans-
ducer pulse-echo mode, or in a dual transducer transmit-receive mode. 

A Panametrics 5052G stepless gate is used to select the signal to 
be analyzed. Two such units operated in parallel can provide a dual gate 
capability, but this lias rarely been found to be necessary. (It may also 
be obtained much more cheaply by modifying the 5052G circuitry to provide 
dual gate pulses). Figure 2 shows the ultrasonic hardware. 

Biomation 8100 

The Biomation 8100 is an 8-bit, 100 MHz, analog-to-digital converter 
with 2048 words of memory. All of the front panel function switches may 
be programmed and controlled from the rear panel digital connector. This 
capability has been utilized in an in-lab interface between the 8100 and a 
minicomputer. However, this was not deemed desirable for an in-field 
application where the settings would be changed frequently, necessitating 
considerable operator microcomputer training. Accordingly, ca "data 
output only" mode was chosen in which the microcomputer controls the trans-
fer of data from the 8100, and the front panel controls are changed by 
the operator. 

Table 1 shows the pin connection diagram for the 8100 digital inter-
face. For the "data output only" mode, pins 11 and 13 are grounded. The 
memory contents of the 8100 may then be read simply by pulsing the CMD line 
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Table i. Pin connection diagram for Bio~iation cWOO 

1'in No 

I 
3 

5 
6 
7 
S 
9 

1( 1 
1 1 
12 

13 
14 
1") 
16 
17 
15 
19 

I'oscript ion 

Ru 
lil 
B2 
BJ 
BA 
B5 
B<. 
B7 
1)8 
li ' . t 

BIO 
Bll 
1112 

111 J 
1114 

CMli 
Fl.G 
l.ot;lc 
Dcf in it. 
Field 

Input program word and address (not. used) 

Copland 
Flag 
Defines positive or negative logic for 

input word, CMD, FUI, etc. 

20 
21 

23 
24 

26 
27 

29 
30 
31 
32 
33 
34 
35-50 GND 

Output data 

+5V DCO 
Signal common .ind chassis 

For each pulse, a new data word is loaded on the data output lines 
(pins 26-33)' and is then available for reading. 

Following each CMD pulse, there will be a delay of from 100 nsec to 
1 msec before the new word is loaded onto the output lines. To ensure 
that the correct word is always accessed, a FLG signal is provided. FLG 
goes false within 10 nsec after the CMD pulse and remains so until the 
new word has been loaded, at which time it goes true. Thus, the correct 
sequence for reading the data is to issue a CMD pulse and then to 
"interrogate the FLG line. When FLG goes true, the data word may be read 
and the sequence repeated. 

Either positive or negative logic may be selected via jumpers in^ ^ 
the logic definition field (pins 19-25). 

Data are stored in the 8100 in twos complement form. Since the 
instrument is an 8-bit machine, a total of 2° or 256 voltage levels may 
be represented. These are arranged as indicated in Table 2. The voltage 
resolution on the ±1 V scale is thus 8 mV. 

As in'the case of all Biomation models, thej3100 may be operated in 
pretrigger mode. In this mode the instrument is continuously digitizing 
with new data overwriting the old. When a trigger pulse occurs, digitizing 
stops after a delay selectable from zero to five times the total acquisi-
tion time. This capability allows one to capture events which precede the 
trigger pulse, a very useful function for many applications. Figure 3 
shows the 8100. 
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complement output code for Biomation 

O 

8100 

Twos Dccimal Volts 
complement (±1 V scale) 

Positive full scale 01111111 +127 +0.99?. ' 
Fositive half scale 01000000 +64 +0.500 ft 
Positive one count 00000001 +1 +O.OOS 
Zero 00000000 0 0.000 
Negative one count 11111111 -1 -0.008 
N'egat i.ve half scale. 11000000 " -64 -0.500 
Xegative full scale 10000000 -128 -1.000 

'J 

Fig. 3. Biomation 8100 waveform recorder. 

" i Biomatien 805 

To digitize the 'ultrasonic wave directly , the Biomation 8100 iq, 
required. However, when the boxcar integrator acquisition system~i-s 
employed, an A/D converter having much less speed capability may be used, 
thus freeing the 8100 for tasks more in line with its abilities. Since a 
Biomation 805 transient recorder was available, it was incorporated into 
the system for use with the boxcar integrator. ° J 

The 805, shown in Fig. 4, is an 8-bit, 2.25 MHz'A/D converter with 
2048 words of memory. The control panel functions are not remotely 
programmable as they are in the 8100, but since this feature was not imple-
mented in the faster machine, the 805 did not suffer by comparison. As 
before, a detailed descript ion of the operation of the instrument is 
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Fig. 4. Biomation 805 waveform recorder. 

not necessary and, therefore, attention will be focussea on the digital 
interface. 

The digital control and output signals on the 805 are similar to those 
on the 8100. All levels are standard TTL logic levels. The FLG line 
is the same as on the 8100; however, the CMD line is called KDC (word 
command)^on°the 805. One additional line, OPT, is necessary to access 
the data stored in the instrument. This line seems to parallel the 
operation of the "MODE control on the 8100; that is, when OPT is true, 
data may be read'.from the 805 using the FLG and WDC lines. Whef^OPT 
is false, however, the 805- ignores the WDC pulse. 

Table 3 gives "the pin connection scheme on the 805. „ The only lines 
required in the present case are the data output lines D0-D7 (pins 36-43), 
OPT (pin 7), WDC (pin 44), and FLG (pin 45). OFF (pin 34) is also used 
to indicate the end of memory. As in the case of the 8100, the 805 is 
operated in the pretrigger mode; however, because no syncronizing pulse is 
available from the boxcar integrator, the 805 is triggered internally by 
the ultrasonic signal. " 

'Unlike the 8100, the 805 digital output code is straight binary rather 
=than twos' complement binary; thus, the output ranges from 0 to 255 rather 
than-1 from —128 to 127. This difference will be reflected in the next 
section. ^ <' 
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Table 3. Pin connect diagram for Biomation 805 

Pin no. Mnemonic Description 

36 DO 

Output data 

Output mode line 
Word 'command 
Flag " (i 
Internal ground 
Signals end-of-dat'a 

Biomation Trigger Module c-. ̂  

In all ultrasonic systems utilizing immersion techniques, a certain 
amount of delay time is unavoidable between the generation of the initial 
ultrasonic wave and the reception of the first echo of that wave from the 
target specimen. One generally adjusts for a minimum transducer-to-
specimen distance o,f a few inches for reasons that need not be considered 
here. Since the vellocity of ultrasound is about 1.49 x 105 cm sec-1 in 
water, the delay tdlme for a 6-in. separation is about 205 ysec. Unfor-
tunately, this exceeds the 

maximum delay (100 ysec) of the 8100 when 
operated at a 100 MHz sample rate. Therefore, if the 8100 were to be 
triggered directly by the syncronizing signal"from the ultrasonic pulser, 
the echo to be acquired could occur too late for capture. In addition, it 
was found that the 50 ohm input impedance of the external sync input to 
the 8100 presented too much of a load to the ultrasonic pulser when all of 
the system components (8100, stepless gate, oscilloscopes, etc.) were 
simultaneously in the circuit. In order to correct these problems, a 
trigger module was designed and built which extends the delay capabilities 
of the 8100 to any desired value and also isolates the low impedance of 
the 8100 sync input from the source. A schematic of the circuit is shown 
in Fig. 5. 

Integrated circuits IC1 and IC2 form two cascaded one-shot pulse 
generators. IC1 is triggered by the sync pulse from the ultrasonic 
instrumentation. The duration of the pulse produced by IC1 is controlled 
by potentiometer R1 and may be as long as 500 ysec. The end of this pulse 
is used to trigger IC2, which then produces a short (1 ysec) duration' 
pulse. This short duration pulse is then fed to an emitter follower 
(Ql) which matches the pulse to the low impedance of the 8100 syncXinput. 
The effect of ICl and IC2 is thus to delay the original sync pulse by the 
requisite amount, while Ql provides low impedance matching. 

37 
38 
39 
40 
41 
42 
43 
7 

44 
45 
1 

34 

A 
D1 
D2 
D3 
D4 
D5 
D6 
D7 ,. 
OPT 
WDC 
FLG 
GND 
OFF 

> 

J 
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+ 5 V 

- 1 5 V 

Fig. 5. Schematic of trigger module. 

Magnetic Tape System 

In choosing a magnetic tape drive for use with the proposed system, 
primary consideration was given to the requirement for an absolute minimum 
of interfacing. A magnetic tape drive is one of the most complicated 
devices if only the transport mechanism is available. The timing require-
ments for starting and stopping the transport and for writing data on 
tape are extremely critical. There are also (a large number of additional 
control signals which one must contend with in order to successfully 
write recoverable data on tape. Fortunately, however, these problems 
can be largely circumvented by choosing a formatted tape drive, with internal 
memory buffers. The formatter automatically controls the starting and 
stopping of the tape as well as being responsible for actually writing 
the data; the user simply writes to the internal memory as though to any 
peripheral device (e.g., a teletype). 

To allow sustained high data throughput rates, most tape drives " 
offer dual memory buffers in which the user writes to a single buffer 
until full, at which time the formatter switches to the second buffer. 
While the user is writing to this second buff er, the ,contents of the 
first are transferred to tape in the correct format and with the correct 
data density, etc. As long as the data transfer rate is less than the 
maximum sustained rate of the tape drive, this process may continue until 
an entire tape has been written. Thus, all of the major work involved in 
transferring data to magnetic tape is performed by the formatter rather 
than the user. 

For the system under consideration, a Digi-Data, Model 1739, dual-
buffered tape drive was obtained. This unit, shown in Fig. 6, is a 
9-track, 45 ips, 800 bits/in. drive with two 512-byte memory buffers and 



Fig. 6. Magnetic tape drive and formatter. 

with both read and write capabilities. The maximum sustained recording 
rate is 12,950 bytes/sec. 

A minimum interface to the tape deck consists of eight data lines and 
a single strobe line. This, of course, precludes using the error 
correcting features of the tape drive, but it greatly simplifies both the 
hardware and software designs considerations. A second set of eight data 
lines and an asynchronous strobe line were later added so that it would be 
possible to read as well as write tapes. Thus the current interface 
contains sixteen data lines and two asynchronous control iines. 
o Table 4 shows the pin connections at the magnetic tape interface 

connector. The write lines are those designated WD<|>-WD7. The read 
lines are labeled RD<f>-RD7. The asynchronous control line used to write 
data is REC; the one that reads data is RAC. In order to write data, it 
is only necessary to load the byte to be written onto WD0-WD7 and then to 
pulse the REC line. The data word is then written in the magnetic tape 
memory. When 512 such words have been transferred, the tape drive 
automatically switches the data inputs to the second buffer, brings the o 
transport up to synchronous writing speed, and transfers the contents of 
the first buffer to the tape. The tape is then brought to a stop in 
preparation for the transfer of the second buffer. 

In order for the correct interrecord gap to be generated automatically, 
the line marked AGE (auto gap enable) must be held TRUE. In the current 
interface, this line is permanently grounded (TRUE), thus insuring that 
the automatic gap circuitry of the tape drive is activated. 
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l.il.U' -<. M.tftiwt. ic tape inl or!aco connector 

Al FOT A26 CXI) B1 »-5V 1126 KF.C 
A2 OKI. A27 ONI) H2 RWD 112 7 IS IT 1 K( 
A! IMCST A28 ur.v/vui) ft 3 00 CAT!'. B2H I:ANCI:I. 
A 4 Sl'AKK A29 ONI) I.I) Sl'RS il29 CO 
A 3 CSI) A30 FFN 11 ri FOF KNABl.F !130 OFF 
Ah ("Nil All Kl) 7/1 ilfi lll-.K RFC 1131 7 TK 
A 7 TKl'NC REC A32 ON!) 117 KOI- RFC ' H32 K'.i 6/2 
AS KKT FRR A33 KI) /./H US l-RR RFC it n WI) •>/', 
A') ONI) A34 ONI) ITU. 11 u. kl) l/A 
A10 ONI) A3 5 WI) 1 BIO I) BY 11.15 w n 2/11' 
All OND A 36 ONI) 111 1 RFC KDY 1116" U'DV! 
A12 TAK A37 ONI) 1112 11 FN 113 7 CNF 
Al 3 TADH A3S STARK 1113 TAI) 1 BIS RIM 
Al'. CND A 19 run l 111-'. FA1) 1110 KFCIRC 
Al 5 osn A M ) KKT/KKAI) BUSY 1140 THK 2 
Alf. KI11T A.'. 1 Sl'FF.l) HHi KDY 1141 SCI. 
Al 7 l.l'T A'* 2 ONI) 1117 ITT 1142 RDI'/C 
AIS ONI) A43 CSI) I11R I-IIY 114 3 HI) 7/1 
AI9 CSI) A44 ON I) 1119 RSTK 1144 RI) 6/2 
A20 OND A 4 5 ONI) 1120 III-;K il4 rj KL) V4 
A21 OND A-'. 6 CSI) 1121 CI:R 1146 RI) 4 / H 
A22 SKCll RKV A4 7 CSI) I ITT SUCH FW1) 1147 RI) 3/A 
A23 CNK A48 CSI) B23 WltT 1-0I- 114 H KD 2/11 
A24 RAC A49 ONI) 1124 THY ACS 1149 KI) I 
A 2 5 0NI> A5U DKN STAT 1125 AC.K 1151) RDW 

All logic levels at the customer interface to'the Digi-Data tape 
deck are negative logic; that is, TRUE is asserted when the line is low 
and FALSE when it is high. Of more concern is the fact that the logic 
inputs require open-collector drivers and, thus, cannot be driven directly 
by the output ports on the microprocessor. Accordingly, a buffer board 
was designed and built which interfaces the microprocessor parallel ports 
to the tape drive interface connector. Inverting buffers were used so 
that positive logic could be employed in the microprocessor software while 
satisfying the negative logic re'^iirements of the tape system. A schematic 
of the buffer board is shown in Fig. 7. Each 7406 buffer/inverter has 
a fan-out of 10. The 7404 inverters have collector pull-up resistors 
for use with the open-collector outputs in the magnetic tape interface. 
A total of 12 input and 12 output lines can be activated using this board, 
leaving 3 input and 3 output lines uncommitted at the present. 

Boxcar Integrator System 

A Princeton Applied Research, Model 162, boxcar integrator, shown in 
Fig. 8, was used in the integrator system. The input to the 162 is the 
gated rf output of the Panametrics 5052G stepless gate. The user has a 
wide choice of integrator time constants, scan times, aperture times, etc. 
These settings must be determined by trial and error, consistent with 
minimum distortion of the input wave and reasonable scan times. One 
invariably .finds that a tradeoff must be made among integrator time con-
stant, scan time, and aperture duration. A relatively large time constant 
,is advantageous when the signal being acquired is noisy, but this in turn 
requires that the scan time be increased to avoid distorting the wave. 
As mentioned earlier, a reasonable compromise has evolved which yields 
an acquisition time of about one minute for a typical signal. 
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Fig. 7. Schematic of magnetic tape buffer board. 
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Fig, 8. Photo of boxcar integrator. o 
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The output of the integrator, which is then sampled by the Biomation 
805, is a ±10 V, low-frequency facsimile of the input ultrasonic wave. 
Because the output signal may require several minutes to be completed, 
there is no synchronizing pulse to the S05. Instead, the digitizer is 
triggered internally by the wave-form in a manner analogous to the 
internal triggering of an oscilloscope. Figure 9 shows a typical 
ultrasonic signal and a reconstruction of the digitized facsimile. 

One problem which arises when using the Integrator system is that 
of time-base calibration. The output of the boxcar averager cannot be 
related to the input (in a time sense) in any simple fashion. The sample 
rate of the Biomation is crystal.controlled and, therefore, accurate. 
However, the sample interval on the low-frequency facsimile must be trans-
lated to an equivalent scinple interval for the input ultrasonic wave, and 

Fig. 9. An ultrasonic wave and digitized reconstruction. 
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this can be rather difficult. One solution is to process a known signal 
(e.g., a square wave of precise frequency) through the system and to 
count the number of samples in one cycle of the wave. A better approach, 
however, is to use a sine wave of known frequency and to compute the 
spectrum of the acquired facsimile. Such a spectrum will consist of a 
single sharp peak at the (low) frequency of the surrogate. The ratio of 
the frequency of the input signal to that of the facsimile, times the 
Biomation sample rate, is the effective sample rate on the input ultrasonic 
wave 

specific in function and equally highly dependent on the particular 
equipment to be interfaced. Any change in equipment or, for that matter, 
in design philosophy necessitates changes, usually major, in the interface 
itself. The second approach, and one which has become available only in 
the last few years, is based on the advent of the microprocessor and 
permits most of the interfacing to be done in software, which is easily 
altered as equipment or philosophies change. This latter approach has 
so shortened and simplified the design process that it is rapidly becoming 
preferred. A further advantage is that the minimal hardware needed and 
the final results obtained are virtually independent of the particular 
processor chosen. Hence, the designer may concentrate on the equipment 
to be interfaced, leaving the details of the "black box" at the heart 
of the design unspecified. These will be filled later by processor-
dependent software. , 

The current design utilizes an Intel 8080A microprocessor on an 
MCS-80 System Design Kit. The 8080A is an 8-bit processor with a basic 
cycle time of 500 nsec. Sixteen separate address lines allow the direct 
addressing of up to 65K of memory. Figure 10 is a block diagram of the 
system, and Fig. 11 is a photograph of a completed board and the CRT 
communications terminal. The board comes with 256 bytes of random access 
memory and will hold up to IK bytes. There is also room for up to 3K 
bytes of programmable read-only memory in addition to the IK byte monitor 
which comes with the kit. For most applications this has been found to 
be adequate. 

All input/output to and from the board is via either a serial or up 
to two parallel interface chips. For most applications, the serial 
interface is reserved for user communication with the MCS-80 while the 
parallel ports are dedicated to data transfer between the MCS-80 and the 
equipment to be interfaced. To select either the serial or parallel 
chips, the user places an address word on the 16-bit address bus. 
Figure 12 shows how this word is decoded. Note that bit A2 determines 
whether or not the 8251 serial interface chip is selected while bits 
A3 and A4 govern \jhich of the two 8255 parallel interface chips is 
selected. As an example, an address word of FB (hexadecimal or 11111011 
binary) would, select the serial interface (control mode) while 15 would 
select port B of the kit-supplied parallel interface. The serial port is 

Microcomputer Interface 

In designing an interface between any two or more given pieces of 
ment, two approaches are possible. The traditional method has been 
sign a hardware system which, when complete, typically is highly 
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DATA BUS ( 8 LINES) 
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BAUD RATE 
GENERATION 

7 - U S t t j l • 3 -C USART 8251 
TT 
REC XMIT 

• c 
PARALLEL 
8 2 5 5 i 2 

I / O 

X 
I / O 

Fig. 10. Block diagram of MCS-80 SDK microcomputer. 

Fig. 11. A finished microcomputer board with CRT terminal. 
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ORNL-DWG 78-11024 

- C O N T R O L / D A T A 

0 = D A T A 
1 = C O N T R O L 

•NOT USED 

• 8251 CHIP SELECT 

0 = U S A R T SELECTED. 
1 = U S A R T N O T SELECTED 

Fig. 12a. Chip select decoding for the 8251 serial I/O port. 

ORNL-DWG 78-11025 

I /O PORT SELECT 

0 0 = PORT A «• D A T A BUS 
0 1 = PORT B ~ D A T A BUS 
10 = PORT C « D A T A BUS 
11 = C O N T R O L - D A T A BUS 

8255 CHIP SELECT 

10 = KIT-SUPPLIED CHIP 
SELECT 

01 = USER-SUPPLIED CHIP 
SELECT 

00 , 11 = I L L E G A L 

Fig. 12b. Chfp^select decoding for the 8255 parallel I/O ports. 
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automatically programmed by the system monitor. However, the user must 
program the parallel interfaces, and this procedure will now be described. 
More detailed information is available in the Intel 8080 Microcomputer 
Systems User's Manual. 

The 8255 is basically a 24-bit parallel I/O device. These 24 pins 
may be programmed in two groups of 12, and there are three modes of 
operation. There is no need to provide details on all the various config-
urations possible; the interested reader may refer to the User's Manual 
mentioned earlier. Suffice it to say that the 24 I/O lines may be 
configured as two 8-bit ports (designated A and B); each with a 4-bit 
control port (designated C). Whether A, B, or C is an output or an input 
port is determined by a control word which is sent to the 8255 at the 
beginning of the user's program. Figure 13'shows how this control,word 
is decoded. All uses of the 8255 will be in Mode 0, hence, bits D5, D6, 
and D7 will be low. If one wished to define port A as an input port 
and its associated 4-bit control port (port C upper) as an output port, 
then bit D4 would be set high and D3 low. Likewise, the combination of 
port B as output and port C (lower) as input requires bit Dl to be low 
and bit DO to be high. Thus, to program an 8255, the correct addressv 
indicated by Fig. 12 would be placed on the address bus followed by the 
appropriate data word on the data bus. 

O R N L - D W G 7 8 - 1 5 3 0 7 

CONTROL WORD 

Tzr 
D, D6 D, 03 D, Ot D0 

PORT C (LOWER) 
t • INPUT 
0 •OUTPUT 

PORT B 
T • INPUT 
0 •OUTPUT 

MODE SELECTION 0 • VOCE 0 
1 • MODE 1 

PORT C (UPPER) 
1 • INPUT 
0 • OUTPUT 

PORTA 
1 • INPUT 
0 - O U T P U T 

MOCC SELECTION 
- 00 • MODE 0 

OT • MODE 1 
IX » MODE 2 

MOOE SET FLAG 
1 - ACTIVE 

Fig. 13. Control word decoding for the 8255 parallel 1/0 ports. 
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All cabling in the interface is constructed of 3M flat ribbon. 
Separate twisted-pair cables were constructed initially, but the 
relatively short length of the cables allowed the simpler, cheaper ribbon 
conductors to be used. Table 5 shows the pin connections between the 
various pieces of equipment and the type of connector used. The mnemonic 
identifies the signajL line at either end of the cable. For example, 
pin B7 of the microprocessor J1 connector is^connected to pin A8 of the 
buffer board, and this line is the WD0 line of the magnetic tape drive. 
For the Biomation 8100, which was added to the system after the cabling 

Table 5. Pin connections for complete interface 
/ 

Mnemonic Pin no. Mnemonic Pin no. Mnemonic Pin no. 

Microproc -"ssor Buffer board 
connector J1 Biomation 805 (3M-3429) 
(ITT DBMA-25P) (Amphenol 57-30500) Connector A 

B7 
B6 
B5 
B 4 
B3 
B2 
B1 
B0 

A7 
A6 
A5 
A4 
A3 
A2 
A1 
AO 

1 
2 
3 
4 
14 
15 
16 
17 

9 
10 
11 
12 
22 
23 
24 
25 

D7 
D6 
D5 
D4 
D3 
D2 
D1 
DO 

43 
42 
41 
40 
39 
38 
37 
36 

WDO 
WD1 
WD2 
WD3 
WD 4 
WD 5 
TO 6 
WD 7 

C7 
C6 
C2 
CI 
CO 

7 
20 
18 
„6 
19 

OFF 
FLG 

WDC 
OPT 

34 
45 

44 
7 

REC 

GND 13 

Microprocessor 
connector J2 
(ITT DBMA-25P) 

A7 
A6 
A5 
A4 
A3 
A2 
A1 
AO 

9 
10 
11 
12 
22 
23 
24 
25 

-

RD0 
RD1 
RD2 
RD3 
RD4 
RD5 
RD6 
RD7 

21 
20 
19 
18 
17 
16 
15 
14 
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Table 5.); Pin connections for complete interface (cont.) 

Mnemonic Pin no. Mnemonic Pin no. Mnemonic Pin no. 

Microprocessor o Buffer board 
connector J1 Biomation 805 (3M-3429) 
(ITT DBMA-25P) (Amphenol 57-30500) Connector A 

CO 19 RAC 10 

GND 13 - GND 26 
Interface connector 

Magnetic tape Connec tor B 
(Viking 3VH50/1JN5) 
c 

RDO B50 RDO 21 
RD1 B49 RD1 20 
RD2 B48 RD2 19 
RD3 B47 RD3 18 
RD4 B46 RD4 17 
RD5 B45 RD5 16 
RD6 B44 RD6 15 
RD7 B43 RD7 14 

WD 7 A31 WD 7 1 
WD 6 B32 WD 6 2 
V.'05 B33 WD 5 3 
WD4 A33 WD 4 4 
WD3 B34 WD 3 5 
WD 2 B35 TO 2 0 6 
WD1 A35 (( WD1 7 
WDO B36 w WT)0 Iji 8 

REC B26 REC 9 
RAC A24 RAC 10 
GND A42 GND 13 

Biomation 805 Adapter plug Biomation 8100 
(Amphenol 57-30500) (Amphenol 57-40500) o (Amphenol 57-30500) 

D7 43 43 D7 33 
1)6 42 42 D6 32 
D5 41 41 D5 31 
D4 40 40 D4 30 
D3 39 "39 D3 29 
D2 38 38 D2 28 
Dl 37 37 Dl 27 
DO 36 36 DO 26 

WDC 44 44 CMD 17 
FLG 45 45 FLG 18 

was already constructed, a separate cable was prepared which plugs into 
the interface connector to the Biomation 805. Thus, no changes were 
necessary in the original cable design. This adapter cable is also 
shown in Table 5. Figure 14 shows the completed system. 
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Fig. 14. Photo of completed system. 

SOFTWARE 

Design Considerations 

In writing the software to accomplish the design objectives, the 
simplest approach was generally taken. Thus, while the magnetic tape drive 
has error checking and read-aftor-write logic available at the customer 
interface connection, no attempt was made to implement these capabilities. 
This was done in the Interest of economy, both from a hardware and an 
engineering time standpoint. That this philosophy is viable is supported 
by the fact that, to this date, several hundred test runs have been 
acquired and transferred to magnetic tape without a single error. This is 
not to say that a more thorough design would always be unnecessary; rather, 
in the present instance, the relat-ive seriousness of losing a data record 
is low and, hence, the simple approach is justified. 

In choosing a data format for the magnetic tape storage, consideration 
was given to the fact that it might be necessary or desirable to carry out 
the processing on the Laboratory's IBM 360 system computers rather than 
the local minicomputer. In tliisfevent, there would be definite advantage 
in writing the data in EBCDIC (Extended Binary Coded Decimal Interchange 
Code) rather than binary or ASCII (American Standard Code for. Information 
Interchange). An interpreter could always be written for the minicomputer 
to allow the tapes to be read locally (in fact, this was done). 
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The Biomation S100 transient recorder, as pointed out in the preceding 
chapter, is an 8-bit machine whose output is binary twos complement 
representing a decimal number between -128 and +127, inclusive. If: this 
output is converted to three EBCDIC characters (representing the three 
decimal digits) plus a sign character, the resulting 4-byte code will 
allow 128 words of Biomation memory to be'stored in each 512-byte block 
on the magnetic tape.'̂  In addition, such a tape may be read directly on 
the IBM 360 using the FORTRAN READ statement. For negative numbers, the 
first of the 4-bytc characters will be an EBCDIC "minus" (60, in hexa-
decimal) . For positive numbers it will be a zero (FO). Thus, the 
number -128 becomes 60F1F2F8 on the tape and +127 becomes F0F1F2F7. A 
total of 16 magnetic tape blocks are then required to store the 2048-word 
Biomation memory, or a little more than 22 in. of tape. 

In referring to numbers (data, address locations,,, etc.) , the following 
format will be used. If a number is followed by the letter 11, then it is 
expressed as a hexadecimal constants(e.g., 3A11 = 58). If it is followed 
by the letter B, it is expressed in binary (e.g., 1.1010B = 26). If it is 
written without a suffix, then it is a decimal number. Throughout the 
remainder of this chapter, the program Listings will be given in Intel's 
assembly language as described in the 8080 Assembly Language Programming 
Manual. The listing format is as follows: The leftmost 4-digit number 
is the absolute hexadecimal memory address in the MCS-80 SDK. This is 
followed by the 1-, 2- or 3-byte machine language instruction. Next, 
comes the assembly language mnemonic which engendered the machine code 
instruction under consideration and, finally, any comments, preceded by 
a semicolon. sv-

V. 

Program WRTAP.E (WRITE TAPE) 

This is the main program.and is responsible for retrieving data from 
the Biomation, converting it to EBCDIC, and transferring the translated 
information to the magnetic tape. As mentioned in the previous chapter, 
the data transfer is an asynchronous "handshaking" arrangement in which 
the microcomputer requests a data word from the Biomation, is told when 
the word is ready for transfer, and then reads the word into a register. 
The FLAG line on the Biomation ensures that the word requests and data 
reads occur at the proper time. The control interface between microcoinpute 
and magnetic tape is even simpler: a single line serves to strobe the data 
values 

into the tape buffer. The tape >unit's logic formatter is then 
responsible for the actual transfer of.-data, to tape. A listing of the WRTAPE program is given below: 

.;>:• PROGRAM USTftFE G 

OKG CKSCH 
G02B m i EQU 021311 
B47G Bf.'I« ESI' twrcH 
G480 ° PRINT ECU 04SCH 
GO 16 OTC: EGU GIG!! " 

V 
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err 
IN'; 
; 
; 

ECU 
ECU 

f ; r : : 
DK'i 

!G 
lb 

CP. 04 
1.4 
5C 04 

70 04 ' 
FS \\ 
r 0 04 

CD 04 

00 

53 04 
11 04 

65 04 

J.F 

LKJ. H, 0 
MVI ft, 0 
OUT OTC 
!-;v: ft, 2 
OUT ore 

RSYl: III PTC 
RhL 
JKC RDV1 

READs IN It-::'l 
CfiLL S6N 
MOV B,ft 
JO KEGI 
KVI ft, CFOK 
OUT CTD 
HVI ft, 6 
OUT OTC. 
MVI ft, 2 
CUT OTC 
JMP C'-CNT 

MEG1: MV! ft, CSDH 
OUT OTC 
MVI ft, F 
OUT OTC 
HVI ft, ?! 
OUT OTC 

CONT: MOV 
HVI E, 0?CH 
CftLL CCD 
MVI B, EFSM 
CftLL BCD 
MOV C,fi 
CfiLL FRlh'T 
INK H 
NOV fl,H 
cp i esH 
JZ I'iQN 
MVI ft, 0 
OUT OTC 
>MVI ft, 2 
OUT OTC 

RPY2: IN OTC: 
RfiL 
JiiC RSY2 
JHP REftD 

SGN: RftL 
JC KEG 
RftR 
MOV B.fl 
XRA ft 
MOV A,B 
RET 

MEG: RftR 

; IHITIftL let. WORD COUNTER 
:REO'JEST FIRST WORD FROM BIO. 

;DIO REfiBY? 
;K0, GO BftCK ftND REfiD STATUS 
; CEftD DftTft EYT'E 
;CHECK SIGH OF BftTft EYTE 
;Pf:VE PftTft BYTE 
; IF HEGfiTIV'E, WRITE EBCDIC 
; IF FOSITIVC, WRITE EBCDIC ' 0 ' 
;UR TIE PftTft BYTE 
;5TR0EE HttG TftPE DRIVE 

;CONTINUE 
;LOft!.' EBCDIC 
;l-r.ITF. IT 

;RESTORE SftVEB DftTft BYTE 
;LOftfl G WITI-! -100 
CP.LCl'LftTE ftND FRINT HUNDREDS 

;L0ftD B WITH -10 
;CftLCULftTE ftND PRINT TENS 

;FRINT UNITS 
;INCREMENT WORD COUNT 

;SEE IF 204OTM WORD 
;YESJ, QUIT 
;N0, REPUEST NEXT WORD 

;REftD RIO. STATUS 
NEXT BYTE REftDY? 

;N0, GO BftCK 
jYES, REftD BYTE 
;CI-IECK SIGN BIT 
i l F SET., BYTE IS NEGATIVE 
SRESTORE BYTE 
jSFIVE BYTE 
;CLEAR CARRY BITCBYTE UAS POS.) 
jRESTORE BYTE 

;RESTORE BYTE 
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£.i: Ci-Irl ; GET fi!?50LUTii VALUE DY 
QAST SC IKE ft ;COH?Lt-.nH!-iTiKG ftWD RISING 1 

R ZR STC ;SET cftERY DITCBYTE y s s KEG.? 
TV:;? C? F.ET 

The program begins by clearing the H and L registers, which are 
used to keep track of the number of words transferred. As indicated in 
Table 5, bits C2-C0 of one 8255 PPI are used as output control bits and 

^C7-C6 as input control bits. The program next loads bits C2-C0 with 000B, 
respectively, outputs this to the Biomation (and tape deck), then loads 
bits C2-C0 with 010B and outputs this. Note that bits CO and C2 are not 
affected (they remain "zeros") but bit CI changes from a "zero" to a 
"one." According to0,Table 5, this transition strobes the Biomation 
8100 CMD line, thus requesting the first data word. Since bit C2 is 
unchanged, the tape drive is not affected. The program next inputs the 
status information from the Biomation (line 040B: IN OTC) into bits C6 
and C7, rotates the accumulator left one bit position (which puts bit C7 
into the CARRY bit), and tests for a carry condition. If no CARRY is 
detected (indicating bit C7, the Biomation FLG is low), the program 
enters a loop wherein it waits for C7 to go high. When this condition 
is met, indicating that the first data word is ready, the data are read 
into the A register. The program then calls a subroutine (SGN) which 
checks the sign of the data. If the word is negative, the twos complement 
is taken (which places the absolute value in the A register) and the 
CARRY bit is set before returning. If the word is positive, no further 
manipulation of the data is undertaken and the CARRY bit is cleared. On 
returning from SGN, therefore, the A register contains the absolute 
value of the original data word and the CARRY bit is either set (word was 
negative) or cleared (word was positive). The program then writes the 
hexadecimal byte 60H (EBCDIC "-") to the mag tape deck if the CARRY bit 
is set, or FOH (EBCDIC "0") if the bit is cleared. 

The actual writing of the sign byte takes place either in lines 
41E-424 or 42B-433. This is accomplished by loading bits C2-C0 with 
H O B (06H) and writing this on the control lines (OTC), followed by 010B 
(02H). Note that this affects only C2, which, according to Table 5, 
strobes the REC line to the mag tape. In either case this action is 
preceded by the data word being loaded onto the mag tape data lines (OTB). 

Having written the sign byte, the program next calls a subroutine 
(BCD) which converts the binary data byte to three BCD (Binary Coded 
Decimal) digits, and this subroutine then calls a second subroutine (PRINT) 
which converts the BCD values to EBCDIC and writes them to the mag tape 
drive. The operation of these subroutines will be described later. 

The program next increments the word.count (line 0444) and checks 
to see if the four bytes just written were the 2048th Biomation memory 
word. If so, then the data transfer is completed and the program returns 
control to the monitor. If not, then the next data word is requested 
and the entire cycle begins anew. In this way, with the microcomputer .-„• 
requesting and the Biomation loading successive data words on the data 
lines, the entire 2048 word memory is,transferred. There is no problem 
with the word order; the internal logic of the Biomation ensures that the 
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words are loaded in the same order in which they were recorded. The FLG 
line is the key factor governing the exchange; as long as requests and 
reads^are made when FLG is high, there are no problems. 

Subroutine BCD (Binary Coded Decimal) 

This subroutine causes the actual translation of the binary data 
into BCD digits. It does this by repeatedly subtracting 100 from the 
data until a negative number is obtained. The number of subtractions, 
minus 1, is then the number of hundreds which the binary number contained. 
Then 10 is repeatedly subtracted from the remainder left from the first 
operation until another negative number is obtained. As before, the 
number of subtractions, minus 1, indicates the number of tens contained 
in the original data byte. The remainder from this operation is the 
number of units. The program listing follows: 

J 

» 

j* SUBROUTINE CCD 

0470H 0430 PRINT ECU C4??M 
i 
; 

0470 0E 00 l iVI C, 0 ; INITIALIZE LOOP COUNTER 
0472 57 SAVE: MOV D.ft ;SflVE THE RESULTS 
0473 0C INR C ;INCREMENT LOOP COUNTER 
0474 130 ADD G jADD THE OFFSET 
0475 M 72 m JC SAVE ;t><07 YE"1" !>*!>!!?, PO FfiCK 
047? oy HP. C ;BQHE, r'SCRF.S-W C 
047* C!) 20 04 Ct-LL PRINT jUR-YE TI-'.E inGIT 
047£: 7i:i MOV ;RE?TPRE T!-:!.• REMf:"N?ER 
i"1.. y, R!:.T 

EK>> 

The C register is used as a counter for the number of subtractions 
during each stage of the conversion. The A register contains the data 
byte to be converted, and the B register is assumed by the routine to 
hold the negative of the numeric unit (i.e., hundreds, tens) being 
determined. The B register is loaded by the calling program. For 
instance, in line 0436 of the WRTAPE program the B register is 
loaded with -100 (09CH is the twos complement of -100). In line 043B, 
the value is -10 (0F6H). 

On calling BCD, the C register is initialized to zero. The data 
value in A is saved in the D register, which will always hold the 
value prior to the subtraction about to be performed. The subtraction 
counter is then incremented and the value in B added to the data (this, 
of course, is equivalent to subtracting 100 or 10, since B contains -100 
or -10). If a CARRY is generated, indicating that A > |b], the new data 
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value is saved in D and the loop repeated. This will continue until no 
CARRY is generated, at which point the subtraction counter is decremented 
to produce the correct number of units (hundreds or tens) in the data 
byte. This value, which is a single BCD digit in the range 0-9, is then 
passed to the PRINT subroutine where it is converted to EBCDIC and 
written on the magnetic tape. 

The D register contains the remainder of the data byte for the next 
step of the conversion. For an arbitrary 8-bj.t original byte, subroutine 
BCD would be called twice. The first time would produce the hundreds 
digit, which could only be 0, 1, or 2.> The second time would yield the 
tens digit in the range 0-9. Following this second time the units 
remainder, the third digit, would be transferred to the A register by 
the instruction in line 047C. This value could then be written to tape. 

Subroutine PRINT 

This subroutine accepts an integer in the range 0-F (hexadecimal), 
converts it to EBCDIC, and writes it on magnetic tape. It does this by 
using an Intel monitor routine first to convert the integer to ASCII, and 
then to convert the ASCII byte to EBCDIC by table look-up. The reason 
for this double conversion was explained in the introduction to the present 
chapter. 

The table look-up EBCDIC conversion is effected in the following 
manner. If we ignore the ASCII control characters whose codes fall between 
5BH and 7FH, inclusive, the remaining characters (those with codes from 
00H to 5AH, inclusive) may be converted to EBCDIC simply by adding the 
ASCII byte to 07A5H (to produce an address in the range 07A5H to 07FFH) 
and storing the equivalent EBCDIC character at the computed address. For 
example, an ASCII minus sign is' represented by the byte 2DH. Adding this 
to 07A5H produces an address of 07D2H at which location we find the value 
60H, which is the EBCDIC minus. The addresses chosen are the last 91 
bytes of the second 8708 PROM chip in the MCS-80 SDK, a convenient loca-
tion for a look-up table. 

A list .of PRINT follows: 

SUBROUTINE FPJNT 
loisjs'slslis: 
ORG 04SGH 

07A5 TABLE EQU 07A5H 
02DE FRVfiL ECU 02BEH 
0015 0TB EGU 015I-! 
0016 OTC 

* 

EQU Q16H 

0480 E5 
£ 

PUSH H SAVE THE lOORD COUNT 
0431 CD DE 02 CALL PRVfiL ; INTEL ROUTINE-HEX TO ASCII 
0434 0S S0 HVI B, G 
0436 21 A5 07 LXI H, TABLE ;L0AD CONVERSION TABLE ADDRESS 
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0499 09 DAD E ;COMPUTE ADDRESS 
Q4SA 7E MOV A,M ;FETCH EECDIC CHARACTER 
0423 D3 15 OUT OTB ; L'R I IE IT 
04BD 3E 66 MVI A, 6 ;STROEE TAPE DRIVE 
n.'-"1- J>7 Jf OUT OTC 
C?-i:'? ?r- 02 MVJ ft, 2 
G42S )>7 16 OUT OTC 
04?? I"? POP K ;RESTORE WORD COUNTER 

CP RET 
E!-!? 

The program first saves the H and L register contents (the word 
counter for program WRTAPE). It then calls PRVAL, which is an Intel 
monitor routine for converting the BCD digit in the C register to its 
ASCII equivalent; On returning from PRVAL, the ASCII byte is contained 
in register C, and the B register is zeroed. The address of the EBCDIC 
table (07A5H) is then loaded into H and L. Registers B and C are then 
added to H and L to produce the address of the EBCDIC byte corresponding 
to the ASCII byte. The EBCDIC character is then fetched and written to the 
magnetic tape drive. Finally, the program restores the word count to H 
and L before returning control to the calling program. 

EBCDIC Translation Table 

As explained in the description of the PRINT subroutine, the EBCDIC 
translation table is stored in PROM addresses 07A5H to 07FFH. A listing 
of this table follows: ' 

ASCII-EBCDIC TRANSLATION TABLE 

ORG Q?R5H 

07A5 80 1>B" 000H ;NUL 
07AG 01 DB 001M ;S0H 
07A7 82 DB G82H iSTX 
07A0 03 DB essn ; ET>i 
07A9 37 DB G37H ; EOT 
07l¥l 20 PB 02D!-! jENQ 
07AB 2E DB 02EH ; AC!£ 
07 AC 2F DB 02FH ; BEL 
07AD IS DB 01GK ;BS 
07AE G5 PB B05H ; NT 
07AF 25 DB 025H ; LP 
07EO 03 DB seen ;VT 
07E1 0C DB G0CH jFF 
07B2 0D DB 80DM ;CR _ 
07 B3 6E DB 00EH ;S0 I!/ 
07G4 0F . DB 60FK ;S I 
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07B5 10 DB 010H DLE 
07B6 11 DB 011H DC1 
07B7 12 DB 012H DC2 
07B8 80 DB 000H NUL 
07B9 3C DB 03CH DC4 
07BA 3D DB 03DH NAK 
07BB 32 DB 032H SYN 
07BC 26 DB 026H ETB 
0?BD IB DB 018H CAN 
07BE 19 DB 019H EM 
07BF 3F DB 03FH SUB 
07C0 27 DB 027H ESC 
07C1 22 DB 022H FS 
07C2 00 DB 000H NUL 
07C3 35 DB 035H RS 
07C4 IF DB 01FH IUS 
07C5 40 DB 040H SPACE 
07C6 5A DB 05AH j 
07C7 7F DB 07FH ii 
07CB 7B DB 07BH # 
07C9 5B DB 05BH $ 
07CA 6C DB 06CH 
07CB 50 DB 050H e. 
07CC 7D DB 07DH p 

07CD 4D DB 04DH a 
07CE 5D DB 05DH ) 
07CF 5C DB 05CH * 
07D0 4E DB 04EH + 
07D1 SB DB 06BH * 

07D2 60 DB 060H -

07D3 4B DB 04BH • 

07D4 61 DB 061H / 
07D5 F0 DB 0F0H 0 
07D6 F1 DB 0F1H I 
07D7 F2 DB 0F2H 2 
07DD F3 DB 0F3H 3 
07D9 F4 DB 0F4H 4 
07DA F5 ' DB 0F5H 5 
07DB FS DB 0F6H 6 
07DC F7 DB 0F7H 7 
07DD F8 DB 0F8H 8 
07DE F9 DB 0F9H 9 
07DF 7ft DB 07AH ; 
07E0 5E DB 05EH • 

* 

07E1 4C DB 04CH < 
07E2 7E DB 07EH a 
07E3 6E DB 06EH > 
07E4 6F DB 06FH ? 
07E5 7C DB 07CH @ 
07E6 CI DB 0C1H A 
07E7 C2 DB 0C2H B 
07E8 C3 DB 0C3H C 
07E9 C4 DB 0C4H D 
07Efl C5 DB 0C5H E 
07EB C6 DB 0C6H F 
07EC C7 DB 0C7H G 
07ED C8 DB 0C8H H 
07EE C9 DB 0C9H I 
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G7 EF Dl I'B OL'lll J 
07F 0 ):2 DB GD2H 1; 
G?'F i D3 DB ODIN L 
07F2 D4 DB 0D4H H 
07F3 D5 DB 8D5H 1) 
G7F4 D6 D3 ODGH 0 
G7F5 DP DS GD7H P 
G7FG I'E DB UDSH 0. 
OFF? D9 DB 0D9H R 
0?FB E2 DB 0E2H S 
07F9 E3 DB 0E3H T 
07FA E4 DB 0E4H \\ U 
G7T0 F'5 r ? pCTM.t w 
G? Ft: EG V'l;' CEt-H 10 
G7FD E7" DE 0E7I-I " 

I » 
G'f'FI- EG DE GECM Y 
G7'FF EL*1 DB OF?!-: —f C. 

READER Program 

The usual sequence for transferring ultrasonic data to magnetic 
tape is that of first transferring the Biomation memory contents to tape 
and then writing a block of alphanumeric data which describes the test 
conditions, instrument settings, etc. Program READER will accept a 
typewritten message from the user's console device and transfer the 
data to random access memory (RAM). 

The message is written in RAM, rather than directly to magnetic 
tape, in order to give the user an opportunity to examine, correct, or 
alter his message before committing it to tape. A listing of the pro-
gram follows: 

PROGRAM READER 

ORG O4A0H 
1000 STORE EGU 1008H 
G1D0 CI EOU 01D0H 
01F4 ECHO EQU 01F4H 
002B HON EGU G2BH 
G01B ESC ECU 01BH 
000D CR EGU GDH 
GG0A LF 

f 
* 

EQU QAH 

04A0 21 00 10 

> 
* 

LXI H, STORE 
04A3 CD DO 01 FETCH: CALL CI 
04AS E6 07 AN I 7 
04AS 4F MOV C, A 
04A9 CD F4 01 CALL ECHO j 
04AC 79 MOV A, C !l 

// 

;L0AD STORE ADDRESS 
;FETCH CHARACTER FROM TV 
;MASK PARITY BIT 
;'ECH0' REQUIRES ARG. IN C 
;ECHO CHARACTER ON USERS TY 
;RESTORE CHARACTER 
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i IS IT AW ESCAPE 
;YES, END OF MESSAGE 
;NO, STORE IT IN RAM 
;NEXT, MEMORY ADDRESS 
;UflS Ch'AR. A CARR. RET? 
:N0, FETCH NEXT CHARACTER 
;YES, WANT A LINE FEED ALSO 
;STORE THE LIKE TEED 
;l-:E>rf MEMORY ADDRESS 
;FETCH NEXT CHARACTER 
;STORE THE ESCAPE 
; QUIT 

READER fir« loads the H and L registers with the address of the first 
RAM location into which the message will be written. It then vetches 
the first character of the message from the teletype via an Intel monitor 
routine. If the character is neither an "escape," which signifies an end 
of message, nor a "carriage return," it is stored in RAM.0 The RAM pointer 
is then incremented and the next character fetched. 

If a "carriage return" is detected, the program will store both a 
"carriage return" and a "line feed" in RAM. This is for carriage control 
of a printing device. The program will continue writing characters to 
memory until an "escape" character is detected. The "escape" will be 
stored and control returned to the monitor. 

If it is desired to modify the message, this may be done either by 
retyping from the beginning or by modifying the characters in memory via 
the monitor "S" command. The latter is described in the Intel System 
Design Kit User's Guide. 

E-IAD FE IB CP I ESC 
G4AF Cft CO 04 JZ EHD1 
D4S2 77 MOV M. A 
04B3 23 I NX H 
04B4 FE GD CPI . CR 
04BS C2 A3 04 JNZ FETCH 
E4B9 3E OA MVI A. LF 

f . F"'H" M„ A 
C4SC C. v.' IK" H 
G4ED C3 A3 04 JM? FETCH 
C4CC; 77 END!: MOV M. A 
C^CJ C3 2B 00 J Mr MOW 

ALPHA Program (Alphanumeric Message Program) 

The ALPHA program reads, the message written by the READER program, 
converts it to EBCDIC, and transfers it to magnetic tape. The "escape" 
character written by READER is used as an end-of-message delimiter. A 
listing of ALPHA is given below: 

. .i* PROGRAM ALPHA , n. 
; Jjalnisjols: ISlBjOjOlRlJJln 

ORG 04D0H 
1000 STORE EQU 10BQH 
07A5 TABLE E0U 07A5H 
0040 SPACE EGU 040H 
00 IB ESC E0U 01BI-! 
002B M0N ECU 02BH 
0015 0TB EQU 015H 
0016 OTC ' EQU 01SH 
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G4D9 0G 00 MVI B, 0 ;ZER0 B 
G4D2 11 00 00 LXI D, 0 ;INITIAL. CHAR. COUNT 
G4D5 21 G0 10 LXI H,STORE ;POINT TO MESSAGE 
G4DS 7E REfiD: MOV A,M ;FETCH CHAR. 
G4D9 FE IB CP I ESC ;SEE IF IT IS 'ESC* 
04DG Cfi F5 04 JZ FILL ;YES: FILL REC. IJITH SPACES 
G4DE E5 PUSF ! H jNO: SAVE STORE fiDD. 
G4DF 21 P.5 07 LXI H,TABLE ;L0ftD TftELE ADD. 
G4E2 îrr MOV C,A ;COMPUTE EECDIC CHAR. 
G4E3 09 DAD E ;ADDRESS 
G4E4 7E H0V ft,M ;FETCH IT 
C4E5 D3 15 OUT 0TB ;SEND IT TO HAG. TAFE 
04E7 -c 07 MVI ft, 7 ;STROBE TAPE DRIVE 
G4E9 D3 IS OUT OTC 
C4EG SE G3 MVI ft. 3 
G4ED D3 IS. OUT OTC 
G4EF El POP H ;RESTORE STORE ADD. 
C4FG 13 IKX D ;INCREMENT CHAR. COUNT 
G4F1 23 I NX H ;INCREMENT STORE ADD. 
G^F2 C3 DS 04 J MP REfiD ;FETCH NEXT CHAR. 
04F5 3E 49 FILL: MVI ft,SFftCE ;FILL REMAINDER OF 
04F7 D3 15 CUT 0TB ;REC. UITH SPACES 
04F9 3E 07 MVI ft, 7 ;STROBE MAG. TAPE DRIVE 
04FE D3 IS OUT .OTC 
04FD 3E 03 MVI ft, 3 
04FF D3 16 OUT OTC 

;INCREMENT CHAR. COUNT ° 0501 17 I NX D ;INCREMENT CHAR. COUNT ° 
0SQ2 7ft MOV ft,D ;SEE IF COUNT""' 
0503 FE G2 CP I 2 ;"512(DECIMAL) 
0535 C2 F5 04 JN2 FILL ;N0: CONTINUE 
Q50S "C3 2B 00 JMP 

0 END 
HON ;YES: STOP 

Registers D and E are used as a character counter to ensure that 
exactly -12 characters (one full block on the Digi-Data) are transferred 
to tape. Accordingly, the message length may be from 1-512 characters; 
blanks are used to fill the record. The H and L registers are initially 
loaded with the address of the first character of the message stored in 
RAM. The program then fetches the first character and checks to see if 
it is an "escape." If not, it saves the contents of the H and L registers 
and proceeds to convert the character to EBCDIC. ^ 

The conversion process is essentially identical to that described 
previously under the WRTAPE(, program. The ASCII byte is added to the 
starting address of the look-up table to produce the address of the 
EBCDIC byte which is then fetched and sent to magnetic tape. 

The instructions which actually strobe the mag-tape drive are those 
in lines 04E7-04ED. Note that the command words are 07H and 03H rather 
than 06H and 02H, as in the WRTAPE program. This is because the Biomation 
is to remain off-line during the transfer of the message to magnetic tape, 
hence the Biomation control bits CO and CI (see Table 5) must remain 
high during the transfer. 

After each character is transferred to tape, the program restores 
the contents of the H and L registers (the message address pointer), 
increments the character count (register D and E), increments H and L 
(thus pointing to the next message character-to be fetched), and fetches 
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the next character. In this manner the message is transferred from RAM 
to magnetic tape. 

On encountering an "escape" character (indicating an end-of-message), 
the program will begin transferring 40H (EBCDIC "blank") to tape until a 
total of 512 characters (message plus blanks) has been sent. After the(1 
512th character, control is returned to the monitor. 

RDTAPE Program 

For purposes of record identification and to verify the data that 
have been written, it has occasionally been found desirable to be able 
to read a magnetic tape produced by the preceding system. Therefore, a 
program to read the EBCDIC tape, store the data in microcomputer memory, 
and display the data on the console device was written. Although the 
program could have been written to read and print the data one character 
at a time from the dual buffer of the magnetic tape, the presence of IK 
of RAM on the MCS80-SDK made it attractive to read an entire buffer 
(512 characters) into memory in one pass. The data are then read from 
memory, converted to ASCII, and printed on the console device. 

Program RDTAPE is somewhat more complicated than the preceding 
programs, primarily because of the requirement of formatting the output; 
that is, of printing 16 columns of four-digit numbers (three digits plus 
sign), plus a space between columns. A further complication arises from 
the fact that every 17th record (the message record) must not be formatted 
but must be printed as is. 

A listing of RDTAPE is given below: 

• y' 
PROGRAM RDTAPE 

# * 

ORG G512H 
1200 RECCNT EOU i2O0H 
1201 MSGCNT EQU 1201H 
055D READTP EQU 055DH 
057? PRT4 EQU 0577H 
05BE TEST1 EGU 05OEII 
05A0 TEST2 EQU 05AQH 
05AC ENDLIN EQU 05ACH 
05BD ENDREC EQU B5BDH 
OSES COUNT EQU 05ESH 
0G30 COLSET EOU 0G30H 
0020 SPACE EQU 828H 
01F4 ECl-iO ECU 01F4H 
1000 I RAM EQU 

A 
» 

10SEH 

0512 3E 80 

J» 

MVI A, , . 0 
0514 32 00 12 STA RECCNT 
0517 32 01 12 STA MSGCNT 
051A CD 5D 05 READ: CALL READTP 

;IN IT. RECCNT AND MSGCNT 

;READ ft MAG TAPE RECORD 
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05 ID 21 GO 10 LXI H, RAM FOINT TO RAM STORftGE 
0520 CD 30 OS CftLL CPLSET IN IT. COLUMN COUNTER 
0523 3ft 00 12 CICCNT: LDfl RECCNT ;FETCH RECCNT 
052b FE 10 CPI B1GH .: IS THIS I7TH RECORD? 
0528 C2 31 05 J HZ I'-r.TSP NO, FORMAT OUTPUT 
052B CD ES 05 CftLL COUNT YES, MESSAGE RECORD 
052E C3 3G 05 J MP CCNT1 E'XIP PRINTING OF 'SPACE' 
0531 GE 20 PHTSP: 11VI C, SPftCE PRINT LEftDING SFftCE 
0S33 CD F4 01 C'ftLL ECHO 
051'G CD 7? 05 . CQNT1: CftLL P"T4 ;PRINT FOUR CHftRS. 
0559 CD SE 05 CftLL TEST1 ;END OF RAM BUFFER? 
053C DA 50 65 JC E0R ;YES, GENERATE CR, LF 
053F 14 IKE D :NO, INCREMENT COLUMN COUNT. 
0549 CD ftO 05 CftLL TEST2 ;COLUMN COUNT = 16? 
0545 D2 4C 05 JNC IHC ;N0 
054S CD AC 05 CftLL EtIDLIN ;YES, END CURRENT LINE 
B549 CD 3B BS CftLL COLSET ftND RESET COLUMN COUNTER 
B54C 23 % INC: I NX H ;POINT TO NEXT CHAR. 
054D C3 23! 05 JMP CKCNT ;ftND CHECK RECCNT 

CD 05 ECR: CftLL ENDREC END THE CURRENT RECORD 
Li 5b i! 3ft GO 12 LDft RF.CCNT FETCH RECCNT 
0556 3C INR ft INCREMENT IT 
055? 32 GO 12 STft RECCNT PUT IT EftC!' 
055ft C3 1ft G5 JMP 

El-ID 
REfiD REftD ANOTHER RECORD , 

The program requires 512 bytes of RAM in which to store the data read 
from magnetic tape, plus 2 additional bytes in which the record count and 
the message count are stored. For this purpose the program uses RAM 
locations 1000H-1201H. 

The program first initializes the record count and the message count 
in lines 0514-0517. It then calls the subroutine READTP, which reads a 
record from the mag tape and stores the EBCDIC characters in RAM locations 
1000—11FFH. 

Register D is used as a column counter to keep track of the number of 
columns that have been printed. It is initialized by subroutine COLSET. 
Since a Lear-Siegler terminal is used ,;as the console device, a total of 
80 columns can be printed on a single line. In printing the data, the 
output is formatted so that a space is printed, followed by the 4-character 
data byte (three digits plus sign). Thus, an output line consists of 
sixteen 5-character columns. The program next recalls the record count 
to see how many records have been read (zero, at this point). If the 
number is less than 16, the program prints a space. It then calls sub-
routine PRT4, which prints four characters (the three-digit number preceded 
by its sign byte). Next, a call is made to subroutine/JirESTl, which 
determines if the end of the RAM buffer has been reached. If this is 
the case, subroutine ENDREC is called, a "carriage return" and three 
"line feeds" are printed, and the program prepares for the next record to 
be read. If the end of the buffer has not been reached, control passes 
to line 053F, where the column counter is incremented. The program next 
calls subroutine TEST2, which checks the column count. If it is less 
than 16, the carry bit is cleared and control returned to RDTAPE. If 
the column count is equal to 16, the carry bit is set and control returned 
to RDTAPE. RDTAPE then examines the carry bit and either proceeds^ t. » 
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normally (carry bit cleared) or calls ENDLIN (carry bit set)., ENDLIN 
generates a "carriage return" and "line feed" in preparation for a new 
line of data. The column counter is also reset by COLSET. 

Assuming that the end of RAM buffer was not reached in line 0539, 
the memory counter (H and L registers) is then incremented (pointing to 
the sign byte of( the next word) and control returns to line 0523. 

In this manner the data are written in 16 column lines, five 
characters (four characters plus a space) per column. Subroutine ENDLIN 
ends each line, and TESTl checks to see if each new 4-byte group is the 
last in the current buffer. If it is, control is passed to line 0550, 
where the current record is ended and the record count incremented by 
one. Control then passes to line 051A, where a new record is read. If 
the new record is not the 17th, it is treated exactly as described 
above. If it is the 17th, however, this condition is detected in line^ 
0526, and subroutine C0UNT is called from line 052B. C0UNT interrogates 

v and updates the message count stored at 1201H in order to keep track of 
the number of characters of the message which have been printed. For all 
of the 17th block, the printing of a leading space, coded in lines 
0531-0533, is bypassed. The message block is therefore printed with 

j normal spacing. 
It should be noted that, since the printing of a leading space has 

been suppressed, a column now consists of four rather than five characters. 
Accordingly, the column counter is altered by subroutine COLSET to allow 
printing 20 rather than 16 columns. This is accomplished, not by changing 
the upper limit of 16, but by initializing the counter to -4 rather than 
zero. 

Figure 15 is a flow chart diagram of program RDTAPE. 

O » sr 
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Subroutine READTP 

This subroutine reads a single block of 512 characters into the 
microcomputer memory. The data are read in through port A of the second 
8255 Programmable Peripheral Interface. This is because all of the 
data ports on the first 8255 are dedicated to the interfaces to the 
Biomation and to the tape drive write circuits. Bit CO of port C (Pin 19 
of microprocessor connector J2 in Table 5) is wired to the read-data 
strobe (RAC, Pin 10, Table 5, Buffer A) on the mag-tape interface and 
controls the reading of characters. ' 

SUBROUTINE READTP 
ojc'cls JTL'S J'TJJC'I 

ORG E55DH 
0C0B IffiCNT EQU 0 
3000 RAN EOU 1O08H 
O0DE OTC ECU BEN 
G0OC IMP. EOU 

i 

ECH 

G55D 11 00 00 
> 

LXI B, WDCKT ;INIT. WORD COUNT 
0560 21 00 10 LXI H, RAM ;POINT TO BEGIN. OF RAM 
0S63 DB 0C READ: IN I Nfi ;READ A MAG TAPE CHAR. 
05G5 77 MOV M. A ;STORE IT IN RAM 
0566 3E 01 MVI ft. 1 ;STROBE THE TAPE RAC LINE 
0568 D3 0E OUT OTC vs 
056A 3E 00 MVI A, 0 
B56C D3 0E OUT OTC 
056E 13 I NX D ;INCREMENT THE U0RD COUNT 
05SF 7N MOV A, D ;SET UP TO CHECK UDCNT 
9570 FE 02 CP! 2 ;WAS THIS THE 512TH WORD? 
0572 CS RZ ;YES» RETURN 
0573 23 I NX H ;N0, POINT TO NEXT STORAGE 
0574 Co 63 05 J MP READ ;READ NEXT CHAR. 

END 
O 

The D and E registers are used as a character counter by the 
READTP subroutine, and H and L hold the address into which the next 
character will be stored. D and E are initialized to zero, and H and 
L are loaded with 1000H, the beginning of the RAM memory. The instruc-
tions in lines 0566-056C strobe-bit CO of the 8255 control port (and 
thus the RAC line of the tape drive), and the next character are loaded 
onto the data lines. The character counter is then incremented and0checked 
to see if the character just read was the 512th. If so, the program 
returns control to the calling program. If not, the memory address is 
incremented and a new character read and stored. 
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Subroutine COUNT 

This subroutine prints four successive characters (three digits plus 
sign if data; four character if message) from memory, on the console device 
A listing' follows: J 

0584 

; JMoK*oMoMofc)MoMoMo)otoMoto|ô  * 
;* SUBROUTINE PRT4 
; * 

ORG 0577H 
PRT EQU 0584H 

0577 06 04 
0579 C5 
057ft CD 84 05 
057D CI 
057E 05 
057F C8 
0580 23 
0531 C3 79 05 

LOOP 1: 
MVI B, 
PUSH B 
CftLL PRT 
POP B 
DCR B 
RZ 
INX H 
J MP 
END 

L00P1 

;L0PD NO. OF PRINT CHARS. 
;SAVE THE NO. 
;PR INT A CHARACTER 
;RESTORE THE CHAR. COUNT 
jDECREMENT IT . 
;RETURN IF IT IS ZERO 
;IF NOT, POINT TO-NEXT CHAR. 
;G0 PRINT IT ,o 

The B register is used as a counter to control the number of characters 
printed. It is present to the value "4." The value of B is then saved, 
since the subsequent call to PRT'destroys the contents. 0n>return from' 
PRT, the count held in B is restored, then decremented. If the new 
value is zero, a return is executed. If it is greater than zero, the 
memory counter is incremented, the sequence repeated, and another character 
printed. Thus, each call to PRT4 results in four calls to PRT and four 
characters printed. 

Subroutine PRT 

This routine accesses one^character (the one at the current address 
in H and L), converts it to ASCII, and prints it at the current position 
of the console device. The actual conversion from EBCDIC to ASCII is 
done in subroutine ASC, which is called by PRT. A listing of PRT follows: 

t. 
. i l A L i j . I . J . - J . . I I i i i i i i i . i i i 

; * 
;* SUBROUTINE PRT l\ 

" ORG 0584H 
05CE ASC EQU 05CEH 
01F4 v. ECHO EQU 01F4H 
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0584 7E 
0585 E5 
05SS CD CE 05 
0589 El 
058ft CD F4 01 
058D C9 

MOV ft,M 
PUSH H 
CALL ASC 
POP H 
CALL ECHO 
RET 
END 

FETCH A CHARACTER 
SAVE THE MEMORY POINTER 
CONVERT THE bJORD TO ASCII 
RESTORE THE MEM. POINTER 
PRINT THE CHAR. 

The program fetches the character stored at the address given by 
the contents of the H and L registers, then saves H and L, which will be 
destroyed by the subroutine ASC. 

On return from ASC, the contents of H and L are restored, and the 
C register contains the ASCII byte corresponding to the original EBCDIC 
byte. This ASCII character is then printed by the(Intel routine ECH0. 

Subroutine TEST1 

This program tests the H and L memory registers to see if the end 
of the RAM buffer has been reached. A listing is given beloxc: 

; * 
;* SUBROUTINE TEST1 
;# a 

ORG 058EH 

058E 7D 
058F FE FF 
0591 CA 96 05 
0594 AF 
0595 C9 
0596 7C 
0597 FE 11 
0599 CA 9E 05 
059C AF 
059D C9 
059E 37 
059F C9 

PAGE: 

EOB: 

MOV A,L 
0FFH 
PAGE 

A 

CP I 
JZ 
XRA 
RET 
MOV A,H 
CP I 
JZ 
XRA 
RET 
STC 
RET 
END 

811H 
EOB 

CHECK RAM BUFFER ADDRESS 
END OF RAM PAGE? 
YES, CHECK FOR LAST PAGE 
NO, CLEAR CARRY BIT 
RETURN 
END OF SECOND PAGE? 

YES, END OF RAM BUFFER 
NO, CLEAR CARRY BIT 
RETURN 
END OF BUFFER, SET CARRY 
RETURN 

The last byte of the 512-byte buffer is at address 11FFH. TEST1 
thus examines the L register for a content of FFH. If this is not the 
case, the carry bit is cleared and a RETURN executed. If L does contain 
FFH, however, H is examined (since 10FFH is within the buffer area, it 
is necessary to examine H whenever L contains .FFH). If H does not 
contain 11H, the carry bit is cleared and control returned to the 
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calling program. If H contains 11H, the end of the buffer has been 
reached, the carry bit is set, and the program returns. 

Subroutine TEST2 

Subroutine TEST2 checks to see if 16 columns of data have been 
printed. If so, the carry bit is set; otherwise it is cleared. Opera-
tion is similar to that of TEST1 except that the D register, the column 
counter, is cleared following the printing of the 16th column, in 
preparation for a new line. A listing of the program follows: 

j* SUBROUTINE TEST2 

ORG 05A0H 
0010 COLCNT EQU 010H 

05A0 ?A 
05A1 FE 10 
05A3 CA A8 05 
05A6 AF 
05A7" C9 
05A8 3? 
05A9 16 00 
05AB C9 

MOV A,D 

EOC: 

CP I 
JZ 
XRA A 
RET 
STC 
MVI 
RET 
END 

COLCNT 
EOC 

D, 0 

FETCH COLUMN COUNTER 
DOES IT EOUAL COLCNT? 
YES, END CURRENT LINE 
NO, CLEAR CARRY BIT 
RETURN 
SET CARRY BIT 
RESET COLUMN COUNTER 
RETURN 

Subroutine ENDLIN 

This subroutine generates a "carriage return," a "line feed," and 
a delay at the end of each line of data. Thus, the printing device is 
made ready for a new line of data. The delay is necessary for mechanical 
printers to allow the print head to return before beginning a new line. 
A listing of the program follows: 

; *>MoM<*3MotoK5MoMoM°MoMoMoWoMoM^ 
" 3K 
;* SUBROUTINE ENDLIN 
; * 
• **>k*>MoMol<>M<>loWoK*>k>Wo 

ORG 05ACH 
01F4 ECHO EQU 01F4H 
81E3 CO EQU 01E3H 
000D CR EQU 0DH 



38 1 

05AC 0E 0D 
05AE CD F4 01 
05B1 0E 00 
05B3 06 05 
05B5 CD E3 01 
05B8 05 
05B9 C8 
05BA C3 B5 05 

L00P1: CALL CO 
DCR B 
RZ 

MVI C. CR 
CALL ECHO 
MVI C, 0 
MVI B, 5 

JMP LOOP1 
END 

LOAD A 'CARRIAGE RETURN* 
PRINT IT 
LOAD A 'NOP' 
UANT TO PRINT 5 'NOPS* 
INTEL OUTPUT ROUTINE 
DECREMENT THE LOOP COUNT 
RETURN IF ZERO 
GO BACK IF NOT 

A "carriage return" (ODH) is loaded into the C register and printed 
by the Intel routine ECH0. ECH0 automatically generates a "line feed" 
after receiving a "carriage return." An ASCII "NULL" (OOH) is then loaded 
into the C register and sent to the printer five times. The "NULL" is 
a nonprinting character whose transmission simply generates a delay. 

Subroutine ENDREC 

ENDREC prints a "carriage return" and four "line feeds" at the end of 
each block of 512 characters, thus separating the printout into blocks 
which correspond to the blocks on magnetic tape. Operation is similar to 
ENDLIN except that "line feeds" are sent instead of "NULLs." A listing 
of ENDREC follows: 

• 'A r ^ r Jn l rA r t r i l r t i r i l n lT l r Jn ln i r i l ^ i l fJr il» i^- i l r i in l f Tlr \|j>lr>irxinlnlri!riij~\ij' LirA~tirtlj'\lriinIr)lr^rJr>fc~>tr»>nlr»lr 

i* 
;* SUBROUTINE ENDREC 

01F4 
01E3 
000D 
000A 

ORG 05BDH 
ECHO EQU 01F4H 
CO EQU 01E3H 
CR EQU 0DH 
LF EQU BAH 

05BD 0E 0D 
05BF CD F4 01 
05C2 BE 0A 
05C4 06 03 
05C6 CD E3 01 
05C9 05 
05CA C8 
05CB C3 C6 05 

LOOP1: CALL CO 

MVI C, CR 
CALL ECHO 
MVI C, LF 
MVI B, 3 

DCR B 
RZ 
JMP L00P1 
END 

LOAD A 'CARRIAGE RETURN-
PRINT IT 
LOAD A 'LINE FEED' 
UANT TO PRINT 3 'LINE FEEDS 
PRINT A 'LINE FEED-
DECREMENT THE LOOP COUNTER 
IF COUNTER ZERO, RETURN 
ELSE PRINT ANOTHER 'LF' 
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Subroutine COUNT 

This program converts an EBCDIC character in the A register to its 
corresponding ASCII character, returning the ASCII byte in the C register. 
A listing follows: 

> ){t 
'i* SUBROUTINE ASC 
;* 

ORG 05CEH 
0601 ERROR EQU 060,1H 
07C5 TABLE EQU 07C5H 

* 

05CE D5 " PUSH D SAVE THE COLUMN COUNTER 
05CF 11 5B F8 LXI D, 0F85BH LOAD THE NEGATIVE OF TABLE 
05D2 21 C5 0? LXI H, TABLE AND LOAD TABLE ADDRESS 
05D5 BE L00P1: CMP M DOES CHAR. EQUAL MEMORY? 
05D6 CA E5 05 JZ MATCH YES 
05D9 23 INX H NO, POINT TO NEXT TABLE CHAR. 
05DA F5 PUSH PSU SAVE THE A REGISTER 
05DB 7D MOV A,L LOAD THE LOU ORDER ADDRESS 
05DC FE 00 CPI 0 GONE BEYOND END OF TABLE? 
05DE CA 01 06 JZ ERROR YES, TELL THE UORLD 
05E1 F1 POP PSU NO, RESTORE THE A REGISTER 
05E2 C3 D5 05 JMP L00P1 COMPARE NEXT CHAR. 
05E5 19 MATCH: DAD D COMPUTE ASCII CHAR. 
05E6 4D MOV C.L f PUT IT IN THE C REGISTER 
05E7 Dl POP D RESTORE THE COLUMN COUNTER 
05E8 C9 RET AND RETURN 

END 

It was stated earlier that ,the ASCII-EBCDIC translation table was 
stored in PROM addresses 7A5H-7FFH. The EBCDIC byte corresponding to any 
ASCII byte can be founded by adding the ASCII byte to 7A5H and fetching 
the value stored in the computer address. The reverse translation can 
thus be effected by locating the EBCDIC byte in the table and subtracting 
7A5H from the address; the difference is the corresponding ASCII byte. 
ASC accomplishes this by storing the twos complement of 7A5H (F85BH, 
which equals -7A5H) in the u and E registers, locating the address of 
the EBCDIC byte, and adding -7A5H, The contents of D and E are first 
saved, however, since D is used as the column counter by the program 
RDTAPE. The translation table is then sequentially searched and com-
pared with the EBCDIC byte until a match is found. The H and L registers 
then contain the address of the byte and are added to the D and E 
registers. The difference (in the L register) is then transferred to 
the C register, the contents restored to D and E, and a RETURN effected. 
If no match is found within the translation table, an error message is 
printed and the program returns control to the Intel monitor. 
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Subroutine COUNT 

This subroutine is called only when the message block is being printed. 
Since all output is printed four characters at a time, COUNT keeps track 
of the number of 4-cliaracter groups which have been printed. When 128 
such groups have been outputted, COUNT resets MSGCNT (stored at 1201H) 
and RECCNT (stored at 1200H). A listing appears below. 

" >K 
;* SUBROUTINE COUNT 
;* 

ORG 05E9H 
1200 RECCNT EQU 1200H 
1201 MSGCNT EQU 1201H 

05E9 3ft 01 12 LDA MSGCNT FETCH MSGCNT 
05EC 3C INR ft INCREMENT IT 
05ED FE 80 CP I 080H DOES IT EQUAL 128? 
05EF CA F6 05 JZ FINI YES 
05F2 32 01 12 STA MSGCNT NO, STORE THE NED VALUE 
05F5 C9 RET AND RETURN 
05F6 3E FF FINI: MVI A 0FFH SET UP FOR NEXT RECORD 
05FB 32 00 12 STA RECCNT BY INITIALIZING RECCNT 
05FB 3E 00 MVI A 0 AND... 
05FD 32 01 12 STA MSGCNT MSGCNT 
0600 C9 RET THEN RETURN 

END 

COUNT fetches the current MSGCNT, increments it, and compares it with 
80H (128). If the two are equal, RECCNT is set equal to FFH (this is 
because the increment instruction in line 0556 of RDTAPE is executed 
before a new record is read; thus the record count must be set to -1H 
rather than OH). MSGCNT is reset to zero, and the RETURN is executed. 
If MSGCNT does not equal 128, the incremented value of MSGCNT is stored 
and control returned to the calling program. '' 

Subroutine ERROR 

This program is called whenever subroutine ASC cannot find a match 
for a character in the EBCDIC translation table. It prints the message 
"ERROR: NO MATCH FOUND" and returns control to the monitor. It is also 
the normal exit point for reading tapes, since the hardware for detecting 
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an end-of-file has not been implemented in the present interface. A 
listing of ERROR follows: 

* 

;* SUBROUTINE ERROR 
;* 

ORG 0601H 
01F4 ECHO EQU 01F4H 
0024 EDB EQU 024H 
000D CR EQU 0DH 

* 

0601 21 1A 06 

* 

LXI H, ERMSG ;POINT TO ERROR MESSAGE 
0604 0E 0D MVI C, CR ;END CURRENT PRINT LINE 
0606 CD F4 01 LOOP1: CALL ECHO :BY PRINTING 'CR' AND.'LF' 
0609 ?E MOV A,M ;FETCH A MESSAGE CHAR. 
060A FE 24 CP I EDB j IS IT A '£'? 
060C CA 14 06 JZ ENDMSG ; YES 
060F 23 INX H ;NO, POINT TO NEXT CHAR. 
0610 4F MOV C, A ;MOVE LAST CHAR. TO C 
0611 C3 06 06 JMP L00P1 ;AND PRINT IT 
0614 0E 0D ENDMSG: MVI C. CR ;END THE MESSAGE 
0616 CD F4 01 CALL ECHO 
0619 C9 RET 
061A 45 52 52 4F ERMSG: DB 'ERROR: NO MATCH FOUNDS' 
061E 52 3A 20 4E 
0622 4F 20 4D 41 
0626 54 43 4B 20 
062ft 46 4F 55 4E 
0G2E 44 24 

END 

ERROR first loads H and L with the address of the error message. It 
then ends the current print line by issuing a "carriage return" and a "line 
feed." As it fetches each character of the message, it checks to see if 
the character is a "$." If not, it prints the character and then fetches 
the next. When a "$" is encountered (at the end of the message), it 
returns control to the monitor. 

Subroutine COLSET 

As pointed out earlier, the column counter is initialized to zero 
whenever data are being printed and to -4 whenever the message block is 
being printed. COLSET accomplishes this task. A listing follows: 

• *Jriinlnl(~tkT>rTfc~ili ilftlnlf itr~Jj JriifTlrilrilj-ilrLli tlfiinArJjTirilf'iiriAnlrilfiinininlf iVtir̂ ilAif JntrilfiifilnirtIriA*'>if\>rxlf 

;* SUBROUTINE COLSET 
;* 

ORG 0630H 
120e RECCNT EQU 1200H 
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0000 DATCOL EQU 0 
00FC MSGCOL EQU 0FCH 

0638 3A 00 12 LDA RECCNT FETCH RECORD COUNT 
0633 FE 10 CP I 010H DOES IT EQUAL 16? 
0635 C2 3B 06 JNZ COL0 NO 
0638 16 FC MVI D, MSGCOL IN IT. COL. COUNT. TO -4 
063A C9 RET RETURN 
063B 16 00 COLO: MVI D, DATCOL IN IT. COL. COUNT. TO 0 
063D C9 RET 

END 

COLSET fetchcs RECCNT and checks whether the current record is the 
17th. If so, it initializes the column counter to -4. If not, it is 
initialized to zero. 

Program WRT805 

This program is a version of WRTAPE that is used with the Biomation 
805. The slight differences are due to the presence of the OPT and the 
OFF lines on the 805, which are absent on the 8100. A listing of WRT805 
follows: 

• ^ 

;* PROGRAM URTB05 
;* 

ORG 0640H 
002B MON EQU 02BH 
0470 BCD EQU 0470H 
0480 PRINT EQU 0480H 
0016 OTC EQU 016H 
0015 0TB EQU 015H 
0014 INA EQU 014H 

ir" 

0640 21 00 00 LXI H. 0 ;INITIALIZE WORD COUNT 
0643 3E 02 MVI A, 2 ;SET OPT TRUE 
0645 D3 16 OUT OTC 
0647 DB 16 STAT1: IN OTC ;READ 805 STATUS 
0649 17 RAL ;ROTATE LEFT TWICE TO 
064A 17 RAL jPUT 'FLG' IN CARRY BIT 
064B D2 47 06 JNC STAT1 jGO BACK IF NO 'FLG' 
064E DB 14 READ: IN INA ;READY, READ DATA 
0650 47 MOV B, A ;SAVE DATA 
0651 3E 00 MVI A, 0 ;URITE SIGN BYTE 
0653 D3 15 OUT 0TB 
0655 3E 06 MVI A. 6 ;STROBE MAG TAPE 
0657 D3 16 OUT OTC 
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0659 3E 02 MVI A. 2 
0658 D3 16 OUT OTC 
065D 78 MOV A,B RESTORE DATA BYTE 
065E 06 9C MVI B. 09CH LOAD B UITH -100 
0660 CD 70 04 CALL BCD CALCULATE AND PRINT HUNDREDS 
0663 06 F6 MVI B. 0F6H LOAD B UITH -10 
0665 CD 70 04 CALL BCD CALCULATE AND PRINT TENS 
0668 4F MOV C.A 
0669 CD 80 04 CALL PRINT ;PRINT UNITS 
066C 23 INX H ;INCREMENT UORD COUNT 
066D 7C MOV A.H 
066E FE 08 CPI 08H SEE IF 2048TH UORD 
0670 CA 86 06 JZ FINSH YES. SET UP TO EXIT 
0673 3E 00 MVI A, 0 NO, REQUEST NEXT UORD 
0675 D3 16 OUT OTC 
0677 3E 02 MVI A. 2 
0679 D3 16 OUT OTC 
067B DB 16 S7AT2: IN OTC READ 805 STATUS 
067D 17 RAL BY CHECKING 'OFF' 
067E D2 88 06 JNC FINSH QUIT IF TRUE 
0681 17 RAL AND THEN 'FLG' 
0682 D2 7B 06 JNC STAT2 GO BACK IF NO 'FLG' 
0685 C3 4E 06 JMP READ READ NEXT DATA UORD 
0688 3E 03 FINSH: MVI A, 3 TURN OFF 'OPT' 
068ft D3 16 OUT OTC 
066C C3 2B 00 JMP MON 

END 
;EXIT 

The program first puts the 805 in the output mode by taking OPT true. 
This is accomplished \n line 0643 (note that loading a 2 into the A »• 
register forces bit Cj be low, or TRUE). It then inputs the status 
from the 805 by chei J:..g bit C6, which is connected to FLG (see Table 5). 
When this line goes? t.igh, the data byte is read, converted to EBCDIC, and 
written to magnetic tape in exactly the same manner as in program WRTAPE. 

After each word is read, the program checks the OFF line to see if 
all 2048 words have been accessed. If not, the next word is read. If 
OFF is TRUE, however, the program exits by taking OPT false. 

Programming the 8255 Parallel Interfaces 

It was mentioned in the last chapter that the user must program the 
8255 interfaces. This is accomplished by loading a control word onto the 
data lines and then addressing the particular 8255. Since we have chosen 
the 8-bit A port as an input port, the B port as an output port, and port 
C as an input/output (upper/lower) port, Fig. 13 indicates that the correct 
programming word is 98H. Thus, a short program which will accomplish the 
desired initialization is: 

3E98 MVI A, 098H 
D317 OUT 017H 
D30F OUT OFH 
C32BOO JMP M0NIT0R 

I. 
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rhi; two instruct ions, or; oj 7H and on' uFK, v; i ! i , accord in-4 to Kip,- 1 2; 
address the k i c-snpp ! i od 8233 and the u.»>er-.su;>pA led respect ivel y.. 
This pro,:rani may he stored at any convenient location in moinorv, but it 
must be uMccutud prior to any attempt to use the system. 

^V.SULiS AM). CUNCLt'SlONS 
}\ . ^ . • 

. In order "to dmonstrate the operation of the system, an actual ultra-
sonic: signal was acquired using both the Biomation 8]00' and 805 subsystems. 
Tho procedures, including a list of the data, arc considered here.. 

The. norma 1-incidence, front-surface reflection from a plane sample 
was chosei%as the ultrasonic signal to be .captured. This wave-form wa-s-'i 
c,ated by the .Panar.ietr ics 50520 stepless gate and applied to the Biomation. 
iSH.'O input. Ficure lb s'npws the wave and the reconstruct ion available for 
the captured wave at the Bjomation •.oscilloscope connector. The magnetic 

Fig. 16. (a) Photo of illustrative ultrasonic wave, and (b) a 
reconstruction from Biomation 8100 of illustrative, waveform. 



tape drive was loaded with a blank tape and brought on-lino. The Biomation 
was then armed and the signal captured. Tlie small amount of distortion 
visible is probably attributable to the capacitance of the conncrting 
cables. 

To initiate the transfer of data to tape, one types 

. OA 00 

followed by a "carriage return." This transfers control to memory location 
0400H, which is the beginning of program WRTAPE. The tape drive will ;tlien 
start up, and the contents of the Biomation memory will be wriLten to tapi.-. 

Following the transfer of data to tape., which takes about '3 seconds, 
the tape drive will stop and the END OF FILE light will come on. This 
simply means that the data transfer has been completed and the tape drive 
is ready for the next record or for the writing of an END- OF FILE, which-
ever the user wishes. 

At this point is advisable to write a message record describing 
the test conditions under which the data record was required. In the 
present case, a simple descriptive sentence was chosen. To write this 
message, one types , <* • 

• C.MAO 

followed by a "carriage return." This begins execution of program RKADKR. 
The system will then pause, waiting on tile user's input. 

The message typed was THIS IS A TEST OF THE BIOMATION 8100 INTERFACE. 
Each character was echoed to the terminal as it was typed, and the message 
was ended by typing an "ESCAPE" character. The "ESCAPE" is echoed on the 
console as a "$" and signals the software that the input is completed. 

The message may now be examined in RAM memory with tin: DISPLAY (D) 
command or modified with the SUBSTITUTE (S) command (see the Intel Uiw'r-
Guide). Of course, the message may also be altered by typing 

• G4A0 

again and entering a new message. 
When the message is satisfactory, it may he transferred to tape by 

typing 

.G4D0 ' u 

followed by a "carriage return." This transfers control to program ALPHA.„ 
The tape drive will then advance slightly as the message record is written 
to tape. At this point the tape was ended by pressing the END OF FILE 
button on the tape unit. An end-of-file is written on the tape, which 
may now be rewound and unloaded if desired. 

To read a magnetic tape and list the contents on the console device,-
the tape drive is first placed in the READ mode via the front panel switch. .1' 
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The tape to be read is then loaded and the drive placed on-line. One 
then types 

.G512 

followed by a "carriage return." This begins execution of program RDTAPE, 
and the tape contents will be listed on the console device. A partial 
listing (abbreviated to save space; the portions omitted show only the 
baseline value) of the tape just written follows: ,, 11 
-016 -0i6 -016 -016 -016 -016 -016 -016 -016 -016 -016 -016 -016 -016 -016 -016 
-016 -016 -016 -016 -016 -016 -016 -016 -016 -016 -016 -016 -016 -016 -016 -016 
-016 -016 -016 -016 -016 -016 -016 -016 -016 -016 -016 -016 -016 -016 -016 -016 
-016 -016 -016 -016 -016 -016 -016 -016 -016 -016 -016 -016 -016 -016 -016 -016 
-016 -016 -016 -016 -016 -016 -016 -016 -016 -016 -016 -016 -016 -016 -016 -016 
-016 -016 -016 -016 -016 -016 -016 -016 -016 -016 -016 -016 -016 -016 -016 -016 
-016 -016 -016 -016 -016 -016 -016 -016 -016 -017 -025 -048 -065 -088 -081 -033 
0016 0064 0096 0080 -032 -064 -097 -112 -064 0031 0064 0080 -040 -065 -112 -097 o 

\f 
-033 0032 0056 0024 -033 -081 -096 -033 0015 0016 0007 -017 -049 -057 -048 -009 
-001 -008 -024 -040 -041 -032 -017 -012 -013 -024 -029 -029 -025 -017 -016 -016 
-020 -024 -024 -021 -017 -016 -015 -015 -015 -016 -015 -0X4 -013 -012 -013 -013 
-0.13 -014 -014 -014 -014 -014 -014 -014 -014 -014 -014 -014 -014 -014 -014 -014 
-014 -014 -014 -015 -015 -015 -015 -015 -015 -015 -015 -015 -015 -015 -015 -015 
-015 -015 -015 -015 -015 -015 -015 -015 -015 -015 -015 -015 -015 -015 -015 -015 
r-015 -015 -015 -015 -015 -015 -015 -015 -015 -015 -015 -015 -015 -015 -015 -015 
-015 -015 -015 -015 -015 -015 -015 -015 -015 -015 -015 -015 -015 -015 -015 -015 

-015 -015 -015 -015 -015 -015 -015 -015 -015c ,-015 -015 -015 -015 -015 -015 -015 
-015 -015 -015 -015 -016 -015 -015 -015 -015 -015 -015 -015 -015 -015 -016 -016 
-016 -016 -016 -016 -016 -016 -016 -016 -016 -016 -016 -016 -016 -016 -016 -016 
-016 -016 -016 -016 -016 -016 -016 -016 -016 -016 -016 -016 -016 -016 -016 -016' 
-016 -016 -016 -016 -016 -016 -016 -016 -016 -016 -016 -016 -016 -016 -016 -016 
-016 -016 -016 -016 -016 -016 -016 -016 -016 -016 -016 -016 -016 -016 -016 -016 
-016 -016 -016 -016 -016 -016 -016 -016 -016 -016 -016 -016 -016 -016 -016 -016 
-016 -016 -016 -016 -016 -016 -016 -016 -016 -016 -016 -016 -016 -016 -016 -016 

THIS IS A TEST OF THE BIOMATION 8100 INTERFACE. 

ERROR: NO MATCH FOUND 

The error message occurring at the end of the listing, as mentioned in 
the last section, is the normal exit point for a successful read operation 
because the end-of-file detecting circuitry has not been implemented. 

The value -16 represents, the baseline value of zero volts for the 
captured wave. It differs from zero because a small negative offset was 
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introduced at the Biomation front panel for reasons which need not concern 
us here. In any event, this offset poses no problems, since it can be 
subtracted from each sampled value to yield the baseline correction. 

The above procedures were repeated using the Biomation 805 and boxcar 
integrator system. The input signal was the same normal-incidence ultra-
sonic wave, and the digitized facsimile is shown in Fig. 17. The smooth 
appearance of the output compared to that in Fig. 16b is a reflection of 
the higher effective sample rate obtainable with the 805-boxcar integrator 
approach. The actual sample rate, however, was only 100 Hz. Somewhat more 
distortion of the input^wave than was evident in Fig. 16b can be discerned 
in Fig. 17. This is the~primary reason that the boxcar integrator approach 
is now used principally as a backup to the Biomation 8100 system. 

As before, a tape was loaded and the drive placed on-line. The 
following command was then typed: 

-G640 h 

This transfers control to the program WRT805. Following the^transfer of 
data to tape (which requires approximately 21 seconds for^the 805), the 
user may generate a message and write it on the tape^iri precisely the 
same manner as before. Thus, the command 

. G4A0 

u 
followed by the typing of the message will transfer the characters to 
microcomputer memory. In the present case, the message was 

THIS IS A TEST OF THE BIOMATION 805 INTERFACE 

O 
Fig. 17. Reconstruction from Biomation 805 of illustrative waveform. 
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The message is transferred to tape by typing 

• G4D0 

followed by a "carriage return." 
As before, a listing of the tape just produced was generated by 

rewinding the tape, placing the tape drive in READ mode, placing the 
drive on-line, and typing 

• G512 

A partial listing is shown below. The value 127 represents baseline 
(zero volts; deviations from this value are attributable to the wave). 

0127 0127 0127 0127 0127 0127 0127 0127 0127 0127 0127 0127 0127 0127 0127 0127 
0127 0127 0127 0127 0127 0127 0127 0127 0127 0127 0127 0127 0127 0127 0127 0127 
0127 0127 0127 0127 0127 0127 0127 0127 0127 0127 0127 0127 0127 0127 0127 0127 
0127 0127 0127 0127 0127 0127 0127 0127 0127 0127 0127 0127 0127 0127 0127 0127 
0127 0127 0127 0127 0127 0127 0127 0127 0127 0127 0127 0127 0127 0127 0127 0127 
0127 0127 0127 0127 0127 0127 0127 0127 0127 0127 0127 0127 0127 0127 0127 0127 
0127 0127 0127 0127 0127 0127 0127 0127 0127 0127 0127 0127 0127 0127 0127 0127 
0126 0126 0126 0126 0126 0126 0125 0125 0125 0125 0124 0124 0123 0122 0121 0121 

0120 0120 0119 0117 0117 0116 0115 0114 0113 0111 0110 0108 0107 0105 0103 0101 
0099 0096 0096 0095 0092 0091 0089 0087 0084 0081 0079 0079 0O£7 0075 0073 0072 
0071 0070 0071 0071 0070 0069 0069 0069 0069 0070 0071 0073 0075 0077 0081 0081 
0083 0084 0087 0094 0096 009B 0100 0103 0107 0111 0115 0119 0123 0128 0133 0137 
0142 0144 0148 0153 0159 0162 0166 0169 0174 0177 0182 0186 0192 0196 0199 0202 
0205 0208 0212 0212 0215 021B 0222 0224 0226 0227 0228 0229 0230 0230 0230 0225 
0224 0223 0221 0219 0215 0212 0211 0207 0204 0198 0193 0184 0178 0173 0167 0159 
0153 0144 0138 0129 0121 0113 0108 0101 0093 0085 0078 0073 0067 0062 0057 d,0 5 5 

0053 0051 0051 0051 0050 0051 0052 0052 0052 0054 0057 0060 0061 0064 0070 0076 
0084 0087 0089 0094 0096 0101 0106 0112 0119 0124 0127 0132 0140 0146 0147 0152 
0159 0165 0169 0174 0178 0184 0189 0193 0198 0202 0206 0208 0212 0215 0217 0219 
0218 0221 0221 0222 0219 0218 0216 0215 0211 0206 0201 0196 0193 0187 0179 0170 
0162 0153 0144 0138 0131 0125 0113 0103 0096 0087 0081 0074 0065 0057 0053 0049 
0045 0042 0038 0038 0038 0041 0039 0039 0041 0047 0049 0049 0052 0055 0061 0064 
0069 0075 0081 0084 0087 0097 0102 0107 0110 0111 0116 0121 0126 0128 0135 0143 
0148 0152 0157 0161 0166 0171 0175 0179 0182 0184 0136 0189 0190 0191 0190 0191 

9 << 

0192 0193 0193 0192 0191 0187 0184 0182 0178 0173 0163 0160 0154 0148 0144 0140 
0136 0128 0121 0116 0112 0105 0099 0093 0088 0084 0079 0076 0071 0069 0067 0065 
0064 0063 0065 0065 0065 0066 0066 0067 0070 0072 0073 0076 0079 0082 0084 0088 
0091 0095 0097 0101 0106 0109 0112 0115 0119 0123 0126 0128 0132 0136 0140 0143 
0145 0149 0151 0154 0156 0158 0159 0159 0161 0162 0163 0163 0163 0162 0162 0162 
0160 0159 0157 0154 0151 0149 0146 0144 0140 0137 0135 0133 0128 0126 0123 0120 
0116 0113 0111 0107 0104 0101 0099 0097 0096 0095 0093 0092 0092 0092 0091 0091 
0091 0092 0093 0094 0095 0096 0097 0099 0100 0102 0104 0106 0108 0110 0111 0113 

0115 0117 0119 0120 0122 0124 0126 0127 0129 0132 0133 0135 0136 0138 0139 0140 
0141 0142 0143 0143 0144 0143 0143 0143 0144 0143 0143 0142 0141 0140 0139 013B 
0137 0135 0134 0133 0132 0130 0129 0127 0127 0125 0123 0121 0120 0119 0118 0117 
0115 0115 0114 0113 0112 0112 0111 0111 0111 0111 0111 0111 0111 0111 0111 0111 
0111 0112 0113 0113 0113 0114 0115 0115 0117 0118 0119 0120 0121 0122 0124 0125 
0125 0126 0127 0128 0128 0130 0130 0131 0132 0133 0133 0133 0134 0134 0134 0134 

o 
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0135 0135 0135 0134 0134 0134 0134 0133 0133 0133 0132 0131 0131 0130 0130 0129 
0128 0128 0127 0127 0127 0126 0125 0125 0124 0124 0123 0122 0122 0122 0121 012] 

0121 0120 0120 0120 0120 0120 0120 0120 0120 0120 0121 0121 0121 0121 0122 0122 
0122 0122 0123 0123 0124 0124 0124 0125 0126 0126 0127 0127 0127 0128 0128 0128 
0129 0129 0129 0129 0130 0130 0130 0130 0131 0131 0131 0131 0131 0131 0131 0131 
0131 0130 0130 0130 0130 0130 0130 0129 0129 0129 0129 0128 0128 0128 0128 0127 
0127 0127 0127 0127 0127 0126 0126 0126 0126 0126 0126 0126 0125 0125 0125 0125 
0125 0125 0125 0125 0125 0125 0125 0125 0125 0126 0126 0126 0126 0126 0126 0127 
0127 0127 0127 0127 0127 0127 0127 0127 0128 0128 0128 0128 0128 0128 0129 0129 
0129 0129 0129 0129 0129 0129 0129 0129 0.129 0129 0129 0129 0129 0129 0129 0129 

0129 0129 0129 0129 0129 0129 0129 0129 0129 0128 0128 0128 0128 0128 0128 0128 
0128 0128 0127 0127 0127 0127 0127 0127 0127 0127 0127 0127 0127 0127 0127 0127 
0127 0127 0127 0127 0127 0127 0127 0127 0127 0127 0127 0127 0127 0127 "0127 0128 
0128 0128 0128 0128 01?.8 0128 0128 0128 0128 0128 0129 0129 0129 0129 0129 0129 
0129 0129 0129 0129 0129 0129 0129 0129 0129 0129 0129 0129 0128 0128 0129 0128 
0128 0128 0128 0128 0128 0128 0128 0128 0128 0128 0128 0128 0128 0128 0128 0128 
0128 0128 0128 0128 0128 0128 0128 0128 0127 0127 0128 0128 0128 0128 0128 0128 
0128 0128 0128 0128 0128 0128 0128 0128 0128 0128 0128 0128 0128 0128 0128 0128 

0128 
0127 
0127 
0127 
0127 
0127 
0127 
0127 

0128 
0127 
0127 
0127 
0127 
0127 
0127 
0127 

0128 
0127 
0127 
0127 
0127 
0127 
0127 
0127 

0128 
0127 
0127 
0127 
0127 
0127 
0127 
0127 

0128 
0127 
0127 
0127 
0127 
0127 
0127 
0127 

0 1 2 8 
0127 
0127 
0127 
0127 
0127 
0127 
0127 

0128 
0127 
0127 
0127 
0127 
0127 
0127 
0127 

0127 
0127 
0127 
0127 
0127 
0127 
0127 
0127 

0127 
0127 
0127 
0127 
0127 
0127 
0.127 
0127 

0128 
0127 
0127 
0127 
0127 
0127 
0127 
0127 

0127 
0127 
0127 
0127 
0127 
0127 
0127 
0127 

0127 
0127 
0127 
0127 
0127 
0127 
0127 
0127 

0127 
0127 
0127 
0127 
0127 
0127 
0127 
0127 

0127 
0127 
0127 
0127 
0127 
0127 
0127 
0127 

0127 
0127 
0127 
0127 
0127 
0127 
0127 
0127 

0127 
0127 
0127 
0127 
0127 
0127 
0127 
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THIS IS A TEST OF THE BIOMATION 805 INTERFACE. 
)) 

c, 

a 
ERROR: NO MATCH FOUND 

The work done thus far has led to a workable system for generating and 
recovering data written on magnetic tape. Although the system has employed 
a rather simple approach to the interface problems, no errors have been 
encountered in the several hundred records generated thus far (exclusive 
of tape head misalignment, which is a normal maintenance problem and is 
not amenable to software correction). However, the system would undoubtedly 
benefit from the future implementation of several additional control lines 
to the magnetic tape drive. For example, the signal labeled GNF in Table 4 
is a control line which commands the tape drive to go to the next file! 
Using this line, the user may skip an END OF FILE to access the data 
stored in a second file., This control, alone or in conjunction with 
SRCH FWD (Table 4; search forward until an END OF FILE is detected) may be 
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used to write multiple files on a single tape. At the present time, once 
an^END OF FILE has been written, the tape may not be reused (unless the 
stired data are overwritten), since there is no easy way to locate the 
END OF FILE after the tape is rewound. This has not been a very great 
problem, however, since this capability is present on our minicomputer 
and is thus available if the tapes can be processed locally. 

Another feature which could be added in future improvements to the 
system is a modified monitor which automatically programs the 8255 on 
power-up and which recognizes program names rather than starting addresses 
at run-timel Thus, one could type 

! i < 

!! .EXE WRTAPE 

rather than 

.G400 

when executing program WRTAPE. 
It would also be possible to activate the error checking circuitry on 

the tape drive if a more sophisticated interface were available. Fortunately, 
virtually all of the features that one could use in designing a package 
are already present in the basic hardware; one need only implement these 
additional features. If future requirements indicate that a more powerful 
design is necessary, the information presented here will serve as a nucleus 
for such a design. 
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