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ANDIP - ANALOG DIGITAL INTERCHANGE PROGRAM 

DECUS Program Library Write-up DECUS NO. 12-6 

INTRODUCTION 

This program has been written to read and write multi-channel analog data on the various devices 
attached to the PDP-12. It wi l l  read up to 16 channel data from the analog to digital converter, 
the LINCtape or the PECtape using any number of  channels and wi l l  write data on the LINCtape, 
the PEC IBM compatible tape, the COMPLOT plotter, the TEKTRONIX Graphics Terminal and 
the Display. The transfer of data i s  done either in blocks selected by the user, or in automatic - _- 

modes which allow many consecutive records to be transferred. When originating data from the 
analog to digital converters, the number of analog channels scanned, the sample rate, and the 
number of  seconds for which the data i s  to be recorded can be specified by the operator. 
program runs with the program interrupt enabled so that the PDP-12 display can present the most 
up to date information at a l l  times and during a l l  transfers, except in the case of high digitizing 
rates from the analog to digital converters. 
allow various functions to be performed on the data. These wi l l  include smoothing, differentiation 
and recognition of  characteristic patterns such as spikes making i t  useful in the interpretation of 
clinical EEGs and other similar data. The presentation of this data on the display screen and the 
plotter can be varied at wi l l  using three of the analog to digital converter knobs on the control 
panel on the left-hand side of the computer. These three knobs provide for a vertical displace- 
ment and a change in gain and a separation of individual channels. This feature i s  particularly 
useful when wishing to output data on the COMPLOT plotter or the TEKTRONIX Graphics 
Terminal since the display can be set up to provide h e  optimum presentation of the data on the 
plotter. The abil ity to plot data on the TEKTRONIX Graphics Terminal enables many records to 
be compared as a semi-permanent record on the storage screen, thus i t  i s  often useful to plot the 
data on the Graphics Terminal before output on the incremental plotter. Another advantage of 
outputting on the terminal, as opposed to looking at the data on the PDP-12 display, i s  that t' 
Graphics Terminol uses a vector plot and joins consecutive dots in the plot whereas the PDP-12 
display shows the data as a series of dots with no interpolation between the dots. 

The 

It i s  intended eventually to extend this program to 

In the description that follows the number "zero" i s  represented as ''$" to distinguish i t  from the 
letter "0. I' The console switches are "up" or "$I' if the part nearest the operator i s  ''up. " 

LOADING THE PROGRAM INTO MEMORY 

This program i s  loaded using the standard PDP-12 DIAL loading system. 

1.  Mount a system tape containing ANDIP on tape unit @ and turn on the PDP-12 

2. Set the left-hand switches to @7$l . 
3. Set the right-hand switches to 73$$. 

4. Press IO preset. 

5. Press "DO. I' 



Wait unti l the tapes stop moving and press "Start a. I t  The program dial now displays some text 
on the screen and i s  in edit mode waiting for the next command which in this case w i l l  be "To 
load the program ANDIP. 'I Type a line feed on the teletype or Graphics Terminal followed by 
LO ANDIP, ,d carriage return. The monitor then loads the program "ANDIP. I' The program i s  
self-starting and after some init ialization displays two horizontal lines corresponding to two 
analog channels of data and six numbers across the top of  the screen. These six numbers change 
during the operation of the program and represent some of the parameters which are used and 
which are required by the operator. A t  this point, "ANDIP" i s  ready to accept commands from 
the operator. Except for the control characters, a l l  of  the commands must be terminated by a 
carriage return. Most of the commands consist of  one or two numbers, (and in the case of two 
numbers, these numbers are separated by a comma), and one or more letters describing the 
operation to be performed. These letters have been chosen as mnemonics for the operation which 
they perform. 

SOME CONVENTIONS AND RULES TO BE OBSERVED DURING THE EXECUTION OF "ANDIP 'I 

Three knobs on the AD converter and one of the sense switches, sense switch $, are used to 
adjust the presentation of  data on the PDP-12 display. 
amplification of the analog data presented. 
channels on the screen. Knob 4 i s  used to adjust the vertical position of al l  of the channels as 
a group on the screen. Sense switch $ i s  used to decide which of  the two buffers w i l l  be shown on 
the display. 
associated with the LINCtape, one i s  associated with the PEC IBM tape and a third i s  associated 
with the display. 
display buffer. 
and sense switch fl to see that the operator has not moved them. 
the display continues uninterrupted. If they have been moved, the program transfers the data 
from the selected buffer back into the display buffer but modifying i t  according to the most recent 
position of the knobs and the sense switch. 
i n  the display as the most recent data i s  transferred from one of the two raw data buffers into the 
display buffer. 

Knob ,6 i s  used to adjust the gain or 
Knob 1 i s  used to adjust the separation of individual 

"ANDIP" i s  aware of three buffers which are used to store analog data. One i s  

When the program is not doing anything else, i t  displays the contents of the 
Each time the display i s  finished the program checks the three knobs fl, 1 and 4 

If they have not been moved 

When using the knobs, a slight flicker wi l l  be noticed 

Sense switch 5 i s  used to instruct the program whether the data w i l l  be plotted on the TEKTRONIX 
Graphics Terminal (switch down) or on the COMPLOT plotter (switch up). T1.e only other switch 
used on the console i s  the least significant of the right-hand switches which i s  used to instiuct 
the program whether or not to draw in a zero line for each channel on the plotter (switch up = 
draw zero line). A l l  other commands and instructions come from either the teletype or the Graphics 
Terminal which may be used interchangeably. 

INSTRUCTIONS FOR USING THE LINCTAPE 

LINCtape unit 1 i s  always read by ANDIP, LINCtape unit ,d i s  always wriffen onto by ANDIP. 
The commands for using LINCtape are used for editing analog data since individual blocks (one 
quarter of  the display) can be written on LINCtape. The first four numbers across the top of the 
display screen are the LINCtape parameters. 
significance : 

From left to right, these numbers have the following 

1 .  The input block number as read from LINCtape unit 1 - This number can be modified by typing 
the new number followed by the letter " 1 ' '  on the teletype. 
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2. The number of  blocks to be output on the output LINCtapes - This number can be modified 
by typing the new number followed by the letter "N." 

3. The quarter of the buffer which i s  to be output on LINCtape unit 8 - This number can be 
modified by typing the new number followed by the letter "Q. I' 

4. The output block number on LINCtape unit - This number can be modified by typing the 
new number followed by the letter "0" on the teletype and i s  advanced by the second number 
on the screen each time data i s  written out on the LINCtape unit $. 

Thus, in the normal course of events, data i s  written out on consecutive blocks of LINCtape 
unit 8. 
letter "W" i s  used to output n blocks where n i s  the second number displayed on the display 
screen onto unit 8. All numbers typed in and displayed are i n  the normal decimal notation. 

The letter " R "  i s  used to read in a group of four blocks from LINCtape unit one. The 

INSTRUCTIONS FOR THE USE OF PEC IBM COMPATIBLE TRANSPORT 

This tape system i s  not initiated when the computer i s  turned on and the tape must be tensioned 
before i t  can be used. This i s  done by pressing the load forward button on the PEC transport 
twice, once to tension the tape, and once to advance the tape to a load point. 
i s  at the "load point" press the ''on line button. I' The ''write enabled" button wi l l  light i f  the 
write ring i s  inserted in the reel of tape. 
tracks which are used for data. 
the least significant eight are output on the PEC tape. The program transforms ten bit analog 
data to eight bits by dividing it by four and adding 128 to make a positive number, when the com- 
mand "T" (transform) i s  typed. Thus i t  i s  the least significant bits of data which are lost. The sign 
and the most significant seven bits are preserved. 

After the tape 

The BBM compatible tape i s  a nine-track tape and eight- 
In order to accommodate the twelve bits from the PDP-12, only 

The letter "Pl l  i s  used to put a record onto the IBM tape. When this letter i s  typed, the data i s  
taken from the PEC tape buffer and written as the next block on the PEC tape. Since the buffers 
are 1824 words long, the PEC tape records are la24 words long. Note that this corresponds to 
four blocks on the LINCtape. 
reading the PEC tape l$24 words are expected in each record. The letter "G" i s  used to - get the 
record from the PEC tape. Each t ime a retord i s  read in 
or written out on the PEC tape, the fifth number displayed on the top of the screen i s  incremented 
by one. Two other commands for the PEC tape move the tape backwards and forwards. 
commands, i f  the letter "B" alone i s  typed, the tape rewinds unti l the beginning of tape and stops 
at the load point. If a number i s  typed in  front of the "B, ' I  the tape backs up that number of records 
thus if 345B was typed the tape would back up 345 records. 
number shown on the screen i s  changing continuously so that the operator can see how many records 
the tape i s  backing up. 

- 

All  records on the PEC tape are written as 1824 words and when 

The next consecutive record i s  read in. 

In these 

As the tape i s  backing up, the record 

The letter "F" i s  used to move the tape forward (the tape wi l l  move forward the number of records 
typed in front of the letter "F"). Each time a record i s  read or written, the hardware of the PEC 
tape transport and the program do some checks to make sure that there were no apparent errors and 
the right number of words were output, or input, and in  the case of output that the write ring i s  in 
place on the tape :spool. 
record and an attempt i s  made to read the same record again. Five attempts are made to read a bad 
record. After the fifth attempt the program types a question mark on the teletype to indicate that 
i t  was not able to read that record. If it 

If an apparent error occurs on reading data, the tape i s  backed up one 

The tape stops in front of the record which has the error. 
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i s  necessary to advance over that record, the command "1 F"  should be typed which wil I advcnce 
the tape over that record, so that subsequent records may be read in by again typing the ccm- 
mand "G. I' 

INSTRUCTIONS FOR USING THE AUTOMATIC MODES 

These modes are designed to transfer several records or blocks of data from one device to another. 
The commands consist of one or two numbers separated by a comma, a letter, a minus sign and 
another letter. The first letter indicates the destination device, that is: D for drawing on the 
plotter or TEKTRONIX Terminal; P for the PEC tape, or L for the LINCtape. The second letter 
indicates the input device which can be P for the PEC tape transport, L for the LINCtape, or A 
for the analog to digital converters. 
transfers, the first number represents the starting block and the second number represents the 
finishing block. Thus, to transcribe blocks 100-150 from LINCtape unit ane onto the COMPLOT 
plotter, the command 100 , 150 D-L i s  typed. 

In the case of tape to tape transfers or tape to plotter 

The following sequence of events takes place. 

The first four blocks are read into the LINCtape buffer. These then are plotted out on the plotter, 
the plotter advances to the beginning of the next "page, I' the next four blocks of data are read in. 
This process i s  continued unti l  a l l  the requested blocks have been written. In the case of plotting 
from the PEC transport, only the number of records to be plotted i s  typed. The tape must be 
positioned (with "F" and "B'l commands) just before the first record to be plotted. When outputting 

If the 
switch i s  toward the operator, (or down) the PEC tape buffer i s  output and i f  the switch i s  away 
from the operator (or up) the LINCtape buffer i s  output. 

I on the plotter, i t  i s  important that the correct buffer i s  selected with sense switch$. 

When plotting the number of increments horizontally it can be set up only with the "D" single 
function command. (If no number i s  typed in front of the D the number of channels being dis- 
played i s  used so that the data i s  always plotted just over 10" long.) 

If a number smaller than the number of channels has been typed in  front of fhe D and then one of 
the multiple transfer plot commands i s  used, switch 4 may be put down to cause adjacent records 
to be written across the screen of  the TEKTRONIX Terminal. 

DIGITIZING OF ANALOG DATA 

ANDIP can be used to collect analog data from the 16 channel analog to digital converter and 
output this data on the LINCtape or the PEC tape. 
acquisition of data takes place but i t  i s  merely displayed on the oscilloscope screen. The PDP-12 
wi l l  be supplied with a 16 pin quick disconnector which w i l l  allow standard 16 channel analog 
data from analog tape to be transcribed directly onto digital tape using this program. When a l l  
16 channels are being used, i t  wi l l  be necessary to switch the analog channel switches so that a l l  
channels read from this 16 pin connector. 

Another mode i s  also available in which the 

Normally the inputs for 8 of the channels from phone jacks and the inputs from the other 8 
channels are from knobs mounted on the left-hand panel of  the computer. These knobs must be 
disconnected during the digit izing process in order that a l l  16 channels are available. If less 
than 8 channels are required, then the data i s  expected to come from analog channels 10-1 7, 
however, i f  a l l  16 channels are required then the data i s  expected to come from channels 0-15. 
In order to digitize analog data, this program requires the following information: the number of 
channels to be digitized, the number of samples per second to be taken from each channel and 
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the t ime for which the digitizing i s  to take place. 
that the data i s  coming in from the analog to digital converter and the destination device i .e .  
"P" for the PEC tape or IIL" for the LINCtape. 
number in front of the letter "C" as a command. This number of channels wi l l  then be displayed 
on the screen. The digitizing commands are set up by typing the number of samples per second, 
a comma, the number of seconds for which the data i s  to be acquired, an"A", a minus sign and 
either an "L", a "f'" or no other letter. 
onto either tape system. 

It also requires the letter "A" to tel l  i t  

The number of channels i s  set up by typing a 

If no other letter was typed, the data i s  not transcribed 

If the letter "L" was typed in the command, the data w i l l  be output on LINCtape. 
the command i s  typed, the LINCtape unit p( i s  moved and the present data i s  written out onto the 
block specified by the 4th number across the top of the display screen. This i s  done as a check 
to make sure that the LINCtape system i s  working properly and i s  able to write and to position 
the LINCtape. After the tape has stopped moving, the digit izing process i s  ready to commence. 

Just after 

If the letter "Pl '  WQS typed in the command, the data i s  to be output on the PEC tape transport. 
The program checks the PEC transport to make sure that i t  i s  ''on l ine" and that the ''write ring" 
i s  present in the tape reel. It i s  up to the operator to make sure that the tape i s  positioned in 
the right place for writing the new data. After the tape system has been checked, the program 
i s  ready to start the digitizing process. It is, at this point expecting the letter "G" (Go) to 
be typed. 
i s  typed on the console and the digitizing process commences. The right-most number displayed 
on the screen wi l l  display the number of seconds to go i n  the digit izing process. 

When the source of analog data i s  ready, i.e. the analog tape system, the letter "G" 

The operation of the digitizing process i s  as follows: the clock in the computer interrupts the 
program at the rate typed in on the keyboard for the number of samples per second, then the 
correct number of analog channels starting at channel p( if there are more than 8 channels to be 
digitized or channel 18 if  there are less than 8 channels to be digitized are sampled in order and 
stored in memory. In the case of outputting data onto PEC tape, they are scaled to 8 bits 
maximum at this time. When 1024 data points have been input, the current record i s  written 
out onto the tape system and a new record i s  formed in memory in a separate buffer. 
digitizing rate is  not too great, the record just written out onto magnetic tape i s  displayed on 
the screen, however, i f  the digitizing rate i s  high or a large number of channels are being 
sampled, the display flickers quite badly and sometimes disappears altogether. This is a problem 
relating to the t ime taken to digitize each channel and the calculations necessary to make sure 
that the data i s  stored correctly on the tape. Top priority in the program i s  given to collecting 
the data; lower i s  given to storing the data on tape and third and last to showing the data on the 
screen. The knobs and the sense switches which usually control the presentation of the data on 
the display are unavailable during the digitizing process since these analog channels may be used 
for bringing i n  analog data. 

I f  the 

At the end of the iime interval set by the operator or i f  CTRL/B i s  typed on the teletype, or the 
character "STX" on the TEKTRONIX Terminal i s  typed, the analog to digital conversion w i l l  
stop. After i t  has stopped, the program reverts to i t s  normal mode where the knobs are once again 
available for controlling the presentation of data on the screen. After a f i le has been completed 
on the PEC tape transport, the command " E "  should be typed to put an end to f i le mark on the 
PEC tape. 
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NOTES CONCERNING THE MAXIMUM DIGITIZING RATE . 

In general, the PEC tape system i s  more suitable for storing the data since i t  i s  both faster and 
has very much greater capacity. 
per second and the number of channels to be recorded. 
digit izing rate i s  4000 events per second onto the PEC tape transport, for 16 channel analog data 
the maximum rate i s  400 events per second, for any other number of  channels the maximum rate 
is somewhere i n  between these two limits. On the LINCtape system, the number of  events per 
second for one channel i s  about 1000 per second. 

The digit izing rate always depends on the number of samples 
For 1 channel records, the maximum 

If no number i s  typed as the number of samples per second the program assumes that the internal 
clock wi l l  not be used and instead a timing pulse from the analog magnetic tape system w i l l  be 
used to control the digit izing rate. This w i l l  have the advantage in that i f  the tape i s  played 
back in real time or time divided by 2 or time multiplied by 2, the true data rate w i l l  always be 
preserved. If no number i s  typed for the number of seconds, the program w i l l  run for 4096 seconds 
or about 1 hour and 20 minutes. 
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SINGLE OPERATION COMMANDS - TERMINATE BY CARRIAGE RETURN 

"n" i s  a number between 1 and 4095 

Back up PEC tape to beginning of  tape. 

Back up PEC tape I'nII records. 

Treat the data as 'In'' channels. 

Draw on TEKTRONIX display (switch 5 down) or a COMPLOT plotter (switch 5 up). 

Draw with a separation of 'In'' hundredths of an inch between points. 

Write end of f i le on PEC tape. 

PEC tape forward 'In'' records. 

Get next record from PEC tape. 

Make 'In'' the input block number from LINCtape unit 1 .  

Make 'In'' the number of blocks to be output to LINCtape. 

Make 'In'' the output block number for LINCtape unit 8. 

Put record on PEC tape. 

Select quarter number to output onto LINCtape. 

Read (N) blocks starting at block ( I )  from LINCtape into memory at quarter (Q). 

Transfer data from LINCtape buffer to PEC tape buffer and scale, to 8 bits. 

Write out (N) blocks starting from quarter (Q) onto block (0). 

Zero out a l l  buffers. 
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CONTROL COMMANDS 

Press "CTRL" and letter on teletype. 

Press function key on TEKTRONIX. 

TTY TEK 

CTRL/A "SOH" Restart AND I P 

CTRL/B "STX Stop A/D conversion after 2 seconds 

CTRL/C "ETX 'I Exit from ANDIP and return to Dial monitor 

G G Go command to start A/D conversion 
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5145 

3D68 PINT, 
4463 
6141 

Gr53 1 
54DO 
l Z G l  TOUT, 
6046 
3 1 L!3 
4664 
3153 
5476 

44 63 
G141 LAfs, 

* G  
sc AL E -I- 4 (3 a 1/1 
*2a 
tMOJ3E 
JMP SlAR'i '  
HLT 
PLOTX 
P N O  D E 
DCA TEMAC 
3"s I SKPC 
L I N C  
LMODE 
L I F  Cl 
PDP 
PMODE 
I O 9  
JMP I t3 
QUES 
TLS 
DCA KEYTEt4 
JXS DFFS 
DCA T I N - f . 3  
JW R E S T 0 2  
LMODE 
*45 
C iIK NOB 
S'l'C TENAC 
ADD 40 
BSE 1 
6 a D O  
ST=: pn1 
PD.3 
PYdllE 
JMS I SKP? 
LINC 
LMODE 
L I F  0 
DJR 
102 
6 g ) n  1 
tJM? C H I N O E  
PY3DE 
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/FOA SERVICE 
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MULTIPLE OPERATION COMMANDS - SUMMARY 

n, mA Digitize but do not store on tape (expensive oscilloscope mode!) 

n,mA-L Digitize at n samples per second, for m seconds from analog inputs to LINCtape. 

n,mA-P Digitize at n samples per second, for m seconds from analog inputs to Pec tape. 

n,mD-L Sense switch fl up to select LINCtape buffer. 
LINCtape 1 on TEKTRONIX Terminal (sense switch 5 down) or COMPLOT 
plotter (sense switch 5 up). 

Draw data from blocks n to m of 

nD-P Sense switch ff down to select PEC tape buffer. Draw data from the next n 
records of  the PEC tape on TEKTRONIX Terminal (sense switch 5 down) or 
COMPLOT plotter (sense switch 5 up). 

n,rnP-L Transcribe from block n to block m o f  the LINCtape unit 1 onto PEC tape. 
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W! 44 

/STORE LOC B 

/STORE DATA F I L D  

4932 
6141 

1857 
'La32 
6141 

G Q 3 G  

JMS TOUT 
LINC 
LMODI2 
SAE I 
281 
s I(? 
JYP S T R d T  
L,IF 2 
SAE I 
2a2 
Slip 
J I G '  UPC 
SAE I 
2Q3 
SKP 
JfW DIAL 
LIF 0 
SAE I 
215 
Jr4P KO 
PDP 
P rm n i.: 
TAD b-13 
JMS T O U T  
LINC 
LMODE 
LDr; L 
P 13P 
PLL50DE 
KRB 

1 1  



6133 
0 13rr 
8135 
0136 
d l 3 7  
3 1 L!? 
0141 
0142 
II 1 4 3 
L3 144 
0 14s 
0 146 
0 1 4 7 

fils3 
c.: 154 

t i l55 

0156 
0157 
01 Gg 
0161 
0 162 
0163 

B 1 G 4  
a165 

8166 

01  67 
C117Q 

0171 
Q !! 7% 

5 m 2  
1143 
6141 

5556  

637% 
6141 

63 7 4  
6377 
5 5 7 6  
1261 
6375 
4 u 54 
3171 
6376 
5 2 7 6  
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TAD 1433 
6151 
NO? 
LLWC 
0 
L.MOlJI; 
CLR 
1?X 0 
JMP 
CLR 
ADD 0 
STC LCOUII-1 
PDP 
PM 0 DE 
Jhis D E C  
UCA 1 ,CIN+4  
&I? iiESTOK 

6135 
L. I NC 
LMODE 
LIF 2 
JXP NiCS 

/C I. 0 C K 
/PEC TAPE 

/PL. OT T Eil 

/TTY PTi I NTEI? 



pJ,33(j 

033 1 
8332 
@333 
I.1334 

1134 
6151 
74lQ 
5530 
6141 

/F@HCE UT SPLnY 

/ I / O  PRESET 
/FAST SAXPLE 
/S?4ALL CHARS 
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8002 

6377 
8 3 5 3  
61-41 

045'6 
7260 
G3@U 
2053eJ 
5 0 3 2  
n u l l  
20QO 
43 64 
2 3 5 4  
(11302 

4 1  76 
6141 

6. BO 63 
i B@Q 
0377 
402 1 
6355 
f BCj0 
8377 
402 1 
7575 
64 6 6 
1020 
fB777 

/!W I TE EVABLED 
/ S A C K  UP L E C O i i D  

/ 
/ 

/PEC TAPE C G 3 i ' R O L  AYJD F[!s\JCI'I OI$S 
Wi3TC!-IX, PD!= 

LIST 

p w [I :j 1; 
63 77 
-4 Ni) ? 2 (4 B 9 
LINC 
LMODE 
AZE 
JX? DAD 
3W B 

P20MWr 208B 
5032 

BAXU?, CLR 
ADD 0 
STC BKK 
ADL, sIAKUP-: 
PDP 
P M 0 DE: 
JMS PECOUT /ANI? W I T  
LINC 
LMODE 

R K K J  ti L*r 
wm.:ms LDA 

TSTRT 
S T C  21 
JMP DAKUP 
LDA 
TSTtlT 
STC 21 
JMP BKRS 
JM? PECTHY 

PI LDA I 
TSTIiTr  5777 



$1 76 
8331 
6 \41  

PECVTI 

PFXTPY 

PECX, 

€1 EC C N T f 
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g c;g 
?3 6 1 g 
061 1 
O G i 2  
OG13 
B61&! 
061 5 
061 6 
061  7 
0 520 
062 1 
8622 
B623 
0624 
0625 
0626 
0627 
0 63@ 
0631 
8632 
B 633 
8634 
0635 
0336 
33637 
U G!IB 
El641 
B 64 2 
3643 
r” : 1: 

0645 
p 61: .: 
l j  647 
0650  
0651 
5 652 
T.i 653 
UG54 
06.55 
Q656 
0657 
0 6 (547 
BG61 
‘3 0 62 
J 663 
i4664 
8665 
Q666 
B 667 

0 670 
OG71 
0 G 72 

051 2 
8513 
a 5 i 4  
Ut j l t l  
0516 
051 7 
B523 
BEi.21 
0522  
8523  
0524 
0 5 2 5  
0526 
0527 
0530 
053 1 
63532 
0533 
43534 

63535 

0 5 3 6  
8537 
8540 
0% 1 

B 542 

0543 
QW!$ 
E 5 4  5 
0 54 6 
a547 
El550 
8551 
0552 
61553 
0554 
8 5 5 5  
0 5 5 6  
a557 
M568 
O 5 G I  
Q562 
Of5 63 
0564 

0 0 0 %  

7 2 G G  
1334 
4176 
61 9 1 

732 1 

6545 
7321 
081 1 
23Clfr) 
4564 
OQG2 
3 7 77 
€364; 
11322 
@342 
112E 
g2gQ 
6543 

l a 4 2  
. a202 
6552- 
5 1 5 1  
QaOB 

. /hifli*r ., .1 .> [.;fiisj< g z y  j.’fl!:I?j’ ?X‘[ 
PAL91 ‘f> C L R  

m n  ~j 

STC 2.x 
SET. I 2 
‘3 5 7 7 
LEA X 2 
ECI, I 
4 G G  
AD13 M I 7 7  
STA 2 
XSK 2 
JNF PAKB I Ti- 5 
STC VI’OS /FORCE DISF C H N G  

i1x 3 FI I, T 
RDCOMDz 6022 
EHCKKi 3264 
u‘rCo~m> 1022 
COMl*!:rDt u 
EOFFz 3022 /EOF 
/WRITE END OF’ FILE ROUTINE. 
F E X K O F z  PDP 

FNODE 
C L A  
TAD EOFF 
JMS PECOUT /WAIT FOR I N T  
LINC 
LMODE 
JMP KEYB 
LIST 

/END O F  PEC TAPE RGUTINES 
/FUNCTI2N 3OYrI!J!7 FO: SCALE BUFFER T n  
/RANGE a TO 377 ( a  BITS) TO WIIYE ON 
/ IBM 9 TS’lCK SAPE. 
T I  JMP XFER 

JMP KEYH 
X F E R >  CLR 

ADD €3 
STC XE 
SET I 2 
3777 

LDA I 2 
SCR 2 
AUA I 

LDF TBUF 
STA 2 
XSK 2 
&Q ME:X? fT 
STC VF’OS 
HLT 

NEXTPTt LDF I N D U F  

P20lll. 230 

.I ,.. 
A s f 
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15565 
0567  
13570 
0571 
05'IE 
8 5 7 3  
@ s74 
(357s 
a576 
0577 
0 G @ U  
0G6J 1 
0 GM2 
0 G G 3  
(?I G2l4 
0 6 0 5  
0 6 0 6  
0 G@7 

$9510 
061 1 
a612 
0613 
fl614 
Q G i S  

961 6 
0617 

0 620 
0621 
D 622 
c3 623 
D 624 
9 625 
13626 
E 627 

06363 
063 1 
B 632 
0633 

0 635 
0 63 6 
0637 
I% 640 

0 64 1 
E) 642 
B 693 
0 644 

0 4 3 4  

x P1.m > 

PLGOY 

c HNLY J 

PMODE 

PL 3 

LMODX 

X I N C J  

PDP 
PXODE, 
ON, 
B A C  x .* 

S?C PL-r.1 
ADD 0 
STC WETHN 
J..T)L\ I 
-777 
STC COUNT 
LDF DISI-3UI: 
LDA 
(3 
SAE I 
2800 
SKP /SCREE% 
JMP PL-3 
ROL+ I. 
APD VERT 
STC PL+2 
ADD PL+2 
ADA I 
DZC I ElAL - 1 @OD 
A P O  
Ji4P .+4 
LDA I 
10130 
STC PL+% 
OCTAL 
LDF LOCAL 
PDP 

/512 POINTS 

/USED FOR OFF 

/DOMT CHANGE Y 
DISPLAY DATA 

/HE1 GHT FACTOR 

/CHECi{ OFF PAGE 
/TEN INCHES I\IAX 

/SET TOP OF PAG 

CLA CLL 
JNS I PLOT /PLOT' P O I N T  
0 /x COOFlE 
0 /Y r n O R D  
ISZ C O U N T  
S K P  
JMP BACK /FI EII SHED 
L I NC 

LDA I 
2 /INCREMENT X 
ADD P L + l  
STC PL+l 
ADD NCK 
ADD CHNLY 
STC CHNLY 
JNF' PLGO 

1 
CLA 
TAD PL*1 
D C A  * + 3  

..- 



0767 
@ 770 
W77 1 
@ */'/2 
El 7?3 

g m '  I- I 7 3  

M 775 
0777 
1000 
188 1 
1882 
1003 
ld04 
1865 
1006 
1OU7 
1g10 
la11 
lUl2 
1 G 1 3  
la14 
IM15 
1016 
1131 7 
1 B2M 
1021 
11322 
1023 
1324 
i!425 
1826 
1827 
la313 
lG31 
1032 
1Q33 
1034 
1035 
14336 
1837 
104O 
1241 
1 a42 
lu';: 
1044 
1845 
1046 
1 i34 7 
1058 
iB5l 
1052 
1. 0 5 3 
1854 
1055 
1.356 
1057 
1 (3 6$ 

r. C I  CI I' 
v> I I -I 

PI 662 
0 6 6 3  
@ 654 
@ 665  
0666 
OG67 
867a 
067 1 
UG72 
0673 
0 671: 
8675  
@57 6 
0677 
B '?c/J 9 
C37@ 1 
@'/a2 
B 703 

734 
13 7L3 5 
0 78 G 
8707 
(1718 
871 1 
9717 
a713 
0 7 1 'L 

071 5 
Q71 G 
071 7 
l3 72@ 
8 7 8 1  
07'1.2 
U 723 
B 724 
h1725 
B726 
D727 

I !miJF'- 1 
D I  S!3UF'..4 
TBUF-3 
J?4P HD 
J:G3 ICEYL3 
L,DF X N U U F  
CLR 
A03 c9 
STC \J- I 
LDA I 
0 
RDA I 
4 
R O L  1 1  
P*DA I 
0 
STC REAU+I  
m.c, i 
4 
e OM 
STC 2 
LDA 1 
1 IC? 
AX 0 /PUT TAPE ON INT 
RDC u 
0 
JM? LCOU'I' /WAIT F03 INT 
LDA T 
10Ul 
RDN 
READ+ 1 
XSK I 2 /2 C31JNT.C; BLKS 
JMP READ-3 
STC VPOS 
AD13 NDLK 
A D I  
I BN /ADO BLK NO 
JbSP KEYB 
LDF I mu:: 
JMP XE'i'f3 
JMP WT IVFITE OCJ L J Y C  TAPE 
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151 
1152 
1153 
1 is4 
1155 
11t>h 
1 it;'? 
11GO 
I 1 6 1  
I162 
i 163 
1 1  64 
l l G 5  
1166 
llG7 
117n 
1171 
! 2 ?2 
1 1 ? 3  
1 174 
1 1  75 
1176 
1177 

4 20 1 
'1 298 
1283 
1284 
1205 
1206 
12G7 
1210 
1211 
1212 
1213 
1214 
1215 
1216 
1217 
1220 
122 1. 
1222 
1223 
122k 
1225 
122G 
1227 
1234 
1231 
1232 
1233 
1234 
1235 
1236 
1237 

12flQ. 

1 Q63 

1 0 64 
1065 
la66 
1667 
1@7f!! 
la71 
1872 
1E73 
1674 

720 1 
4 4 2 2 
213C4i5 
orJc1.10 
6141 

STA 
ADV4-3 
cox 
ADD ON 

ADS) X I N C  

ADi74.3 
STC ADV+3 

LDA I 
2@!.3!3 /D1 SPLA'f F i  ELD 

s r c  XMAX 

rmL 

/ONCE FO3 EACH CHR:\lNEL 

SI'C N X T O N E  
NX 1.) 9 LDA 

1GJ / C i l N O  
MUL 
SKP /MUL, uy SEPr-?K 

IiOL-;. 1 /CH OH! Gr?: 
A nn z . ,r~3  
I ..dc 

A m  VERT 
sm 
BACi<+ 13 
STC DACK4-6 
LDA I 

NX T OWE > 2 0 9 Q 
JXP OUTPLT /AND PLOT 
XSK I 10 /PLOT NO 
SKP /NOT FI SI SHED 
JYF ADV /ALL DONE 
Ll?A 
NXTOhX 
ADD ON 
STC NXTONE 
Jl4P NXP /FOR NEXT CHNL 

PMODE 
CLA I A C  
JMS I PLOT 
2E10"l /ON x AXIS 
a /(Y AXIS) 
L I N C  
LMODE 
HLT 

AiIiJa PDP 

/CKECK KNOB AND SENSE SW P O S N  
/AND MODIFY BUFFERS IF REQUIF'rED 
LIST 
CI-LKNOB, CLR 

SNS 
c ox 
SAE I 

JMP CHNG 
SAM B 
%!VI 1 
STA I 

SENSOt Q 

/A-D B 
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i 2/40 
?. 2) .  1 
i 242 
: 243 
1 2 L! ri 
;. 26L5 
1246 
121!7 
1250 
1.2 5 1 
1252 
1253 
1254  
125s 
1 2 S G  
1257  
1%6@ 
1261 
1268 
1 2 6 3 
1864 
1265 

' 1266 
'12G7 
13 76 
1271 
1272 
1 2 73 
12 74 
1273 
1276 
1277 
130g 
1301 
1302 
13633 
1384 
136l5 
1306 
1387 
131n 
131 1 
131% 
1313 
1314 
1315 
1316 
13i7 
1320 
1321 
1322 
1383 
1324 
; ?,ZS 

1075 
! @ 7 6  

ll:?? 
1131 
11u.12 
1123 
1 104 
1185 
1196 
1187 
111cI. 
1 1 . 1 1  
1118 
1113 
1114 
1115 
1116 
1117 
1128 
1121 
1122 
1123 
1124 
1185 
1126 
1127 
1 ::35 
113i 
1132 
1133 
1131! 
I. 135 
1136 
1 ?. 3 7 
119Cli 
1 1 Y 1  
1142 
1143 
1144 
1145 
11/!6 
1147 
115G3 
1151 
115% 
1153 
1154 
1155 
1156 
1157 
1 !6Cf 
1161 
11 62 

1 C 7'7 

TEM09 

C d N G r  

V P O S ,  

/VEiiT SE2AHATI ON 

/DATA 



1326 
1327 
1330 
1331 
1332 
1333 
1334 
1335 
1336 
1337 
134B 
1341 
?. 34% 
f 3 4 3 
! 344 
1345 
1346 
! 347 
1358 
1351. 
1352 
1353 
1354 
1355 
1356 
1357 

. 1360 
1361 
1362 
1363 
136t 
1365 
1366 
1367 
1 3 70 
i 3 7 i  
137% 
- Y  1,273 
13 7'4 
1375 
1376 
1377 
1400 
1 Li i 
14g2 
1403 
1113f! 
1435 
1486 
148 7 
141!3 
1 4 1  1 
1412 
1. 4 i 3 
1 4 1 4 
1415 
1416 
1 I!  1 7 



125'3 
1256 
1257 
1260 

1261 
1262 
1263 
1264 
1265 
1266 
1267 
127a 
1271 
1272 

1273 

1274 
1275 
127G 
1277 
13(4@ 
1301 
1332 
1362 
13B4 
1305 
1305 
136 7 
1310 
1 3 1  1 
1312 
1313 
1314 
1315 
131 6 
131 7 
1320 
132 I 
I 3 2 2  
1323  
13224 
1325 
1326 
1 3 l? 7 
1 :3 3 Fq 
1351 
1332 
1333 
133c 
1335 
1336 
1337 
134c.r 

a277 
0212 
02W7 
08102 

72no 
1255 
4932 
72G3;fio 
1256 
4g32 
72 0 (3 
1257 
4 0 3 2  
6141 

7321 

42a!3 
P O 0 0  

/ c  OY!~.~RNT) E I X O R  
QMARK, 277 

212 
287 

BAD J PD? 

Q'JES, C L R  
F;:"QDE 

TAD UMARli 
JMS TOUT'  
CLA 
TAD QMARK.t.1 
JMS T O g T  
CLA 
TAD QMARK+2 
JMS TOLIT 
LINC 
LWID'; 
JMP KEYB 
PM3DE 

DEC I NJ I NREAL 
NUCHPLRI 0 

/GET NEXT CIfAR 

/FOX AUTO MODES 
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1510 
1511 
1512 
1513 
1511! 
1515 
1516 
1517 
1528 
1521 
1522 
I523 
i 
1525 
1526 
1527 
1538 
1531 
1532 
1533 
1534 
1535 
1536 
1537 

I 1 13 .!.I g 
154 1 

1543 
1544 
1545 
1546 
1547 
1550 
-3 . )  1 
1552 
1553 
1'54 
1555 
1556 
1 SS 7 
156@ 
1561 
1562 
1563 
15wr 
1565 
1566 
1557 
157CJ 
i S ? i  
1572 
1573 
15 74 
1575 
1576 

1542 

* ' C  

134 1 
1342 
1343 
1344 
1 3 & S  
1346 
6347 
1353 
135 1 
1352 
1353 
I354 
1355 
1355 
1357 
1360 
I361 

1362 
1363 
13614 
1365 
1366 
13617 
137? 
137: 
1372 
1373 
1374 
1375 
1376 
1377 

1.48: 
1402 
1403 
14a4 
14ns 
1/15 6 
2467 
1 4 1 Ir) 
1rr-11 
i 4 l 2  
1413 
1 4 14 
i415  
1416 
1417 
1 h 2 G  
i 4 2 j  
1422 
1423 
1 .It24 
1425 
1 4 2 6 

i i! t;: I? 

1320 
1347 
7640 
5261 
53 601 
7524 
7563 
000@ 
l a61  
335G 
4 6 7 4 
3357 
5750 
OF1@,G3 
OQGQ 
72 Ei D 
6141 

TAD MCZ 
TAD MCLi 
S Z A  CLA 
&I? BAD+1 
J M P  IDENT 

MCOMAr -254 
MCRJ -215 
NUMB r B 

TAD INT 
DCA NUX1 /PICK UP 
JMS I DECXN / s E c 0 YD MUf.IBER 
DCA TED? 
JMP I NUN2 

NUMls 0 
TEMJ Q 
XDENTz CLR 

L I  P?c 
LMODE 
ADD TEM 
SAE I 
383 
SKP 
JMP C 
SAE I 
311 
SKP 
JMP I 1  
SAE I 
3 0 4  
S Kf' 
JhSP PL,T 
SAE I 
317 
S K P  
JMP 0 
SAE I 
327 
SKP 

S U  I 
32% 
SKP 
J""'> 

I ,I f< 
S Ai? I 
316  
SXP 
J W  N 
SAE I 
3c36 
s i<iL 
J M P  ADVV 
SLE x 
ac3 1 
SI*p 
3N' A 

J ~ * j ~ ~  t*J 

/ACCEPT NOCH 

/ACPT MEtl INPUT 

/PLOT DISP BUFF 

/ACPT XEV OUTPT 
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1577 
1 GBi3 
1601 
1 G O 2  
1683 
1 €334 
1655 
1 GU6 
1ij;:I 7 
iCl0 
161 1 
161% 
1 G ? 3  
1614 
1615 
161 G 
161'7 
1 G 2 0 
1621 
1622 
1623 
1 6 2 L !  
1625 
1626 
1 G 2 ' /  
l.638 
1631 
1632 
1633 
1634 
1635 
1636 
1637 
16.40 
14j41 
16/22 
1 W!3 
1 64C! 
1 545 
I. I536 
I 64 'I 
1 JS9  
1651 
1652 
1633 
lC,SL! 
I655  
1656 
1657  
1 fjgy 
1 GG1 
1 GG2 
1663 

1665 
1665 
1667 
1670 

4 * , - A  
1 IJU't 

1510 
151 1 
1512 

15114 
1515 
1516 
1517 

I C S r .  
L d 1 X - l  
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1 G71. 
1672 
1673 

1675 
16:IG 
16'17 
1700 
1 7B 1 
1782 
1 7t33 
1704 
1785 
1786 
1707 
1719 
171 1 
1712 
1 '113 
1714 
1715 
1716 
171 7 
1 728 
1721 

, 1722 
1'723 
1724 
1725 
1726 
1 72 7 
1 ' i 30  
I731 
1132 
1733 
1 734 
1735 
1'136 
1:27 
1 7 4 B  
1741 
1 742 
1 7/13 
1'144 
17.95 
1 746 
1 *i4 7 
175@ , 
1751 
1752 
i 753 
1754 
1755 
1 '756 
1 ' f t j  7 

* 176Q 
1761 

1 ,! V I ,  
1 \> l'* 

152c 
1521 
1522 
1523 
1.524 
152 5 
1526 
1527 
15314 
1531 
1532 
1533 
1534 
1535 
1536 
1537 
154G 
154 1 
1542 
1593 
1544 
15L15 
1 S46 
1547 
1550 
1551 
1552 
1553 
1554 
1555 
1556 
1557 
1560 
1561 

15G3 
1564 
1565 
1566 
1567 
15712 
1571 
1572 
1573 
1574 
1575 
1576 
1577 
160@ 
1 (563 1 
1 6D2 
1 m 3  
1604 
: ms 
14336 
1607 
Z 618 

,.. 
* :3 o i  

11, 

02 

N s  

A, 

Q J  

zz, 

Z E t  

RETNt 
RDVV, 

PRC m, 
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161 1 
1012 
1613 
1614 
1GI.5 
1616 
I 6 1  7 
1 62@ 
1G21 

1622 
1623 

1625 
1 G26 
162'7 

1 G24 

16343 
1631 
1632 
1633 
1634 
1635 
1636 
1637 
1 G4B 
1 64 1 
16L12 
1 6 4 3  
1 644 
1 G45 

I A l ! / 7  
1647 
1650 
1651 
1652 
1653 
1654 
1655 
1656 
1657 
1660 
1661 

i 662 
1663 
1664 
1665 
1665 
1667 
1670 

Qi411 
2000  
5627 
@6@2 
6751 
Q I j M Q  

775 1 
013 17 
40 14 
l#E% 
0 3 7 7 
4 1.3 2 1 
6452 
a 643 
651% 
5773 
7628 
C'i23fi 
7533 
732 1 

d n 1 1 
3356 
467G 
6664 
6 S 4  5 
lGJ20 
5'/77 

6461 
E234 
705 1 
732 1 

4021 

IFIFST GLOC:; 
/ W A G  LINC TAPE 

/ADDRESS 



2@5G 
2e57 
2360 
2861 

2 :3 5:; 
2!3hL! 
8.365 
2 0 6 4  
2067 
20 7@ 
2871 
28 72 
28 73 
2c3 74 
2075 
28 76 
2077 
21130 
21a1 
21a2 
2103 
2184 
%la5 

2197 
2.1 10 
2111 
2112 
2113 
21 14 
2115 
2116 
2117 
2128 
2121 
2122 
2123 
2124 
2125 
2126 
2127 
2138 
2131 
2132 
2133 
2134 
2135 
2136 
2137 
214G.I 
2141 
2 1 I!!? 

2143 
2 14.9 
2 1 t;s 
2146 
214'7 
2150 

n z t  C A  
L. XI U L ,  

2106 

1671 
167% 
1 673 
1674 

1 075 
j, f.7 6 
167'7 
175G 
173 1 
17u2 
1703 

1785 
1700 
1707 
171B 
1711 
1712 
1713 

1715 
1716 
1717 
1720 
1721 
1722 
1723 
1 724 
1725 
1726 
1727 
1736 
1731 
1732 
1733 
1 7 3 4  
1735 
1736 
1737 
174B 
1741 
1742 
i 7 4 3  
1 744 
1745 
1746 
1747 
1755 
1751 
1752 
1753 

i 70~'~ 

1714 

'1 G6.i 5 
Y?I.JZ 
54 G 1 
7783 
7705  
6730 
r3 682 
7335 
1820 
5463 
G56313 
GOO2 
49 77 
6QBD 
5 72ir) 
200a 
5723 
0 682 
lB2G 
60Ba 
70a4 
Dall 
oovI0 
0642 
an11 
1040 
3013 
2 67 6 
77 13 
2?8 1 
7713 
2G71. 
7713 
274 1 
7713 
2sro 
7713 
lsir 6L!2 
1806 
737 1 
aU17 
2641 
7713 
76 64 
1000 
0061 
6000 

AJ)X 
OB N /BACK UP CNTR 
ADD o 

JMJ S C U P  /WIIII N%ERO AC 

- 1 '1 7 

.jpp pzc \ : r ~  /WR I TE DATA 

i 
i*i 1 7 'i I 
I\,>??ECI " I . .  L L b & . ) L I  

7 -,,Ti:; 7 L 7 T  c- P T 

J~J;?  ANL 1 &lC +z 
ANL. I !VC J JMP I N'T S ET 

J H P  VRT 
L I F  2 

INTSETr  LDA I 
JMP DlX!;AM-)- 1 

MOD I MT 
I OR 
60B2 
STC HESTOk+ 1 
sJ2.P 0 

D I S O ,  STC DTEN /DISPLAY DI GI T 
ADD 0 

LIF' 2 
LDA I 

JPiP D X S D I G  
C I,H 

i3KX I €:l,-f 
D I  SPASJ LDF 2 /El1 SPLAY PARAMETERS 

CLR 

XC 0 Cl-;1D+2 GI Bg /CLEAR X C O O R D  
ADD IBN 
JMP D I S O  
ADD N3i.K 
JNP DIS0 
ADD QNO 
JMP DI SO 
ADD OBN 
JMP DISO 
ADD RECCNT 
J X P  DISO 
LDF 2 
LEA 
2908 SECCNT 
C OM 
ADD ON 
JMP D I S O  
JNP CilKNOB 

OCTINI LDA 
I N T  
JlYIP €3 

s-rc BKX 

DTEM, 8 

s 'r A 

/BOOTSTXAP TO D I A L  P-ONITOR 
/ 

SEGMNT 8 
a15 
LDF 3 
HCCi 
7309 

29 



2151 
2152 
2153 
2154 
2155 
2156  
2 157  
2 169 
2 1 G l  
P I / - ?  
21 62 
2 164 
2165 
21GG 
2167 
21'70 
2 1  71 
31?3 
2 1  73 

2174 
2175 
2176 
2177 
22539 
2251 
2 B 0 2 
22a3 
2284 
2205 

2866 

226 7 
2210 
2211 
2212 
2213 
2214 
2215 

\ 2216 
2217 
2228 
222 1 
2222 
2223 
2 224 
2225 
2226 
222 7 
223B 
223 1 
2'232 
2233 
2234 
2235 
2 2 3 6  

D I A L ,  C L R  
ESF 
JMP 15 

#]Ab m k ? ? T S  
ul-jE.> LDfi I /ST02 A '1'0 D C0 , JVi ' lXI  0); 

77 7 6 
STC SF;CCidT 
LJF 5;j 
JW KEPB 
A C M I  L-?! nnr I $7' 

I3 MO D E 

- . - * d * *  - v u _  ". 
NOLI s'r 

/SlNGLE P E E C I S I O N  S I G N E D  D I V I D E  SLJB!3OirTIFST;: 
/ C A L L I N G  SEQUENCY: 
/ CCRC) CONTAINS H I G H  ORDER DIVIDEND 
/ JKS D I V I D E  
/ LOX Ol?DEiZ i ! I V I D E N D  
*/ 

/ RETWW: C C AC ) -QUOTI  ENT; H E K A I  NDIW I N  
H D I V N D  
/ I F  D I V I S I O N  ERROR OCCURS> LINK IS SET TO 1 

D I V I D E >  B 

D I v 1 s OR 

/ AND CODE FOi3 ETLROH I S  FOUND IN f\.C 

71@@ 
7510 
79GB 
33565 
7420 
7040 
3353 

1636 

743M 
7141 
33'51 
74 3 ci 
2350 
2238 
16313 
71@@ 
75013 
706 1 
3352 
742a 
7040 
I353 
3 3 54 
2238  
I352 
r3357 
'7658 
5348 
I350 
7 64 B 
52 7!! 
! 35% 

TCH 

END 

CLL 
SPA 
CKA C K L  /YES COMPLEMENT AND SET C C L )  
DCA H D I V N D  / H I  GI1 OHDER D I  V I  DEND 
SNL 
CMA 
DCA SDVND /SET D I V I D E N D  S I G N  SVI 

/D I V I DE idD < 0 ? 

TAD I m v m z  / F E T C H  LOK OHDER DIVID 

S Z L  
CMA C L L  IfiC /YES: COMPLEXENT 
DCA LDIVNCI /LOW OllDEiI  D1 V I  DEND 
SZL /CARRY? 
ISZ H D I V N D  /YES 
ISZ D I V i D E  
TAD I D I V I D E  / F E T C H  D I V I S O H  
c LL 
SMA 
CMA c m  I AC /NEGATE I T  
DCA D I V S O R  / S A V E  D I V I S O R  
S N L  /LAS IT CD? 
CMA /\'Est AC=-1 
TAD SDVND 
DCA SNSWER /ANSWER S I G N  SWITCH 
ISZ DT'J!DZ 
TAD DIVSOR 
ANI) MASK 
S N A  CLA / TEST FOR ZERO D I V I S O R  
JMP DZERO 
TAD H D I V N 3  / T ES '1' FOR 0 VER FL 0 'ul 
SZA CLA 
JiyIp COYT / HDLVND NOT= Ei 
TAL, DZSrSOR /SINCE H!lIVND=G> "'EST 
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2237 
224w 
224 1 

2253 
2254 
2255 
22136 
2257 
2253 
2261 
22 62 
22 63 

2264 
2365 

2266 
2267 
22 79 
2271 
22 72 
2273 
2 2 74 
2275 
2276 
2277 
230a 
230 1 
830% 
23c33 
2304 
2345 
2306 
23i37 

23!U 
231 1 
2312 
2313 
2314 
2315 
2316 

4118 1358 
41 1 1  713134 
4112 23511 
4113 1350 
41 1'4 1352 

4117 7200 
41263 1351 
4121 7c'104 
4122 3351 
4123 2355 
4124 5310 
/!125 1350 
4126 2353 
4127 */a41 
413a 335a 
4131 1351 
4132 7518 
4133 5346 
4134 2354 
4135 7041 
4136 71@@ 
4137 5630 
4149 7249 

4141 7128 
4142 5638 
4143 7148 
4 144 'iCIl?lq 
4145 5341 

4147 5 3 4 1  
41-46 7%0@ 

TAD H D I V N U  
RAL 
DCA H D I t v J D  / D I  JX DEND LEFT 9 1 1  F .' 
TAD HDIVMD 
TAD DIVSOR /COMPARE D I V I S O R ;  nxv1 

SZL 
DCA HDIVXD lt'2j.m~ I NE)%:! AFTER SUBTR 

CLA 
TAD L D I V N D  /Q!UOT I ENT I31 TS 
RAL /EN'l'ER HERX 
DCA L D I V X D  
ISZ DTVCNT / D O I E  12? 
JEP DV3 /i\JO; CONTINUE * 

TAD HDI  VNB /REMAT. NDER 
ISZ SDVND /DIU1 DZNDcO? 
CNA I A C  /YES 
DCA HDIVND 
TAD LDTVND /QUOTIENT 
SPA 
JMP QOVER 
ISZ SNSVm? /ANSKEK<3 ? 
CMA I A C  /YES; NEGATE 
CLl.  
JMP I DIVIDE /EX I T 
C L A  CMA /ZERO DIVISOR DETECTEDjSET AC= 

STL /SET LINK 
Jii> I DIVIDE 
CLL CMA /S'3i AC=7776 
RLU, 
J X ?  COVER 
CLR 
JMP DGVER 
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2517 
2520 
2 3 2  1 
2222  
2323 
2324 
2325 
2 3 2 6  
2327 
2539 
23'3 1 
2332 
2333 
2 334  
2335 
2335 
2 3 3 7  
2 3 4 3  
2 3 4  1 
2342 
2 343 
2344 
2345 
234G 
2347 
2 3 5 0  
%35i 
2352 
2 3 5 3  
2354 
2 3 5 5  
'2356 
2357 
2350 
2361 
2362 
2363 
2364 
2365 
2366 
2367 
2,77@ 
2371 
2372 
2 3 73 
2374 
23 75 
2376 
2377 
2400 
2 f ! O  1 
2402 
21193 
2404 
2405 
2406 
242 7 
24 1 c? 

4 150 
4151 
4152 
4153 
4 15rl 
4 155 
4 156 
4157 

420fi 
420 1 
4202 
4 2 i 4  3 
4 2 2 4 
42Q5 
42aG 
L!207 
421@ 

4 2 i  1 
4212 
4213 
42 14 
4215 
4216 
42 17 
4.220 
422 1 
4222 
4 2 2 3  
4224 
4225 

42'2 6 
422 7 
42313 
423 1 
LIZ32 
4233 
4234 
4235 
423 6 
4237 

I-rn'1vxu; 0 
L D i V ? J D r  @ 
D I V S O i Z r  0 
SDVr'D, 0 
SNS!:'EHr 13 
D I V C N T +  !3 
M13, -15  /-13c 10) 
MASK, 3777 
/ 

PMODE 
ASNI FN DOLT S T  
NE. I s r  

/ I  Ni'tJT A f i 5 A L  2EC I WiL I.JUlYBZ:r'L 
/C .J .T  15/4/70 
/CAL', I N  PDP MODE 
/Og,rRETUAN NEXT ASC') I C X A 2  I S  
/IN AC e T!iE HI VARY Nii?rIBER 
11s I id 1 1 1  NT" / ' rw  :xc I MAL 
/POT?JT LOCATION I S  I N  *'DT1' 
/AS ONE: +NO -OF DIGiTi 'S  FROM R I W T  
/ 

INt'lEAL. D 
PAGE 

CLA CLL 
DCA DT 
DCA I N T  
d1*13 r i c  A LJCI I 

JP!S CHEC!(?J /CI-IECIC NO OR CH 
JXS T OD I N /CONVERT TO B I N  
JMP I ?Ji3EA!>" ''1 /NEXT ONE 
JNP I IM~ECI? .  

...,- ..-:,n.,rI. 

/ 
/CONVERT TO B I  NAKY hJUt.ISk33 
T O 3 1 N J  8 

DCA T N  
T A D  DT /DEC PNT 
S Z A  CLL CL,A 
ISZ,  DT 
T A D  I N T  /NUMBER 
CLL HAL 
RTL /MUL, BY 8 

TAD I N T  /ADD 2X 
TAD TW /ADD NU DIGIT 
DCA I ET / N E X T  D I G I T  
J W  I TOBI N 

TAD m'r 

/ 
/CHECK FOR DI GIT OR L E T T E R  
CHECKN, D 

DCA TN 
TAD TN 
T A D  M25G 
SNA C L A  
JNP DOT 
TAJj ?'N 

SPA 
TAD re50 

*JMP Xi' 

/DECIMAL P O I N T  

/NOT DIGIT 
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241 1 
24 12 
24 13 
2f! 14 
24 15 
241 6 
241 7 
2f!28 
2 -9 2 1 
2422 
2 A2 3 
2424 
2425 
242 G 
2.!12? 
2430 
243 1 
2432 
2433 
2434 
2435 
2436 
243 7 
2.446 
244 1 
,2442 
2443 
2 4 4 4 
2445 
2446 
2 4 4 'I 
24su 
2 4 5  1 
2452 
2453 
2454 
21155 
2456 
2457 
2468 
2461 
2862 
2443 
2 4 64 
2465 
24G6 
2467 
24 70 
2471 
2472 
24 73 
2 4 74 
2475 
2476 
2477 
2588 
250 1 

424pI 
424 1 
4242 
4243 
4244 
42145 
4246 
4247 
425@ 
4251 
48 52 
4253 
4254 
4255 
4.251; 
4257 
426G 
42Cl 

4402 
44B3 

.q q t;sj Li 

4m 5 
4f!@ G 
440 7 
4410 
4 4 1  1 
44 12 
4413 
44 14 

I26@ 
7580 
5245 
4257 
!j 62 6 
2226  
7200 
1255 
222G 
8626 
2856 
524 G 
752% 
0@0@ 
oaoa 
6012 
7766 
7 526 

068@ 
632 1 

4G14 
@@@8 
4 G04 
7510 
522'1 
13 54 
71 12 
7710 
5236 

x f-* 

DO'I' J 

TAD $112 
SMA 
JMF) Xi' 
TAD TFlELVE 
JMP I CliEC'4N / D I G I T  

CLA 
TAD TN 
ISZ CXECKK 
JMP I Ci-IECk(:J 
ISZ DT 
JMP X Y + l  
-256 
0 
0 
12 
- 1 %  
-2 63 
PAGE 
LMODE 
LIF LOCAL 
JW STAR'!' 

J, ST ~ ~ ~ ~ ~ j ~ ~ ~ i  

/DECIMAL POIWT 

33 



2 s (3 2 
2 56 3 
2 58 4 
2 5 8 5  
2 5G 6 
2 5GJ 7 
2519 
251 1 
2512 
2513 
z s l 4  
2515 
2516 
2517  
2 5 2 @  
2521 
2522 
2523 
2524 
2525 
2526 
2 5 2 ?  
2 530 
2531 
2 53:: 
2533 
2 5 3 4  
2535 
2536 
2537 
2 S 4 O  
2 54 1 
2 541-2 
%51:3 

2 Sf15 
25 / !C  
2 511 7 
2 5 5 8  
2551 
2 552 
2 5ti3 
2554 
2555 
2556 
2557 
85GW 
2561 
2 5 62 
2 5 6 3  
2 5G/! 
2 5 6 5  
2 5 6 6  
2567 
2 Ej r{@ 

2571 
2572 
2573 

- . - ,  . 
c 3 ' L - a  

7 620 
5223 
3 3 5 ,!1 
4 753 
G S Q 4  
523 G 
2354 
/;753 
6524  
5236 
72UO 
4753 
6504 
3 3 5 4  
3355 
3356 
5505  

1355 
7141 
1605 
7L42t3 
7341 
3357 
73@4 
3362 
I G85 
3355 
2235 
1356 
7141 
1685 

I 1 
235-1;: 
1 3  62 

-iL;LQj 
e.. < 

SXL CLA 
JfviP + 5 
DCA f'iO'lPW 
Ji4S I PLIO 
PLPU 
JMP PLOT1 
ISZ PLOTF'i4 
JMS I PLIO 
PLPC 
JMP PLOT 1 

JMS I PLIO 
PLFU 
DCA PL0TP;J 
LGA F'LOTN:I 
DCA PLOTN':' 
JM? I PLOT; 

PLOTAr CLR 

/ 
/ 
/ 
PLOT 19 TAD PLOTN:.; 

c1n CZaL 
TAD I PLOT?; 
s NL 
C I A  
DCA PLOTDX 
RAL, 
DCA P L O T W  
TAD I PLIlTX 
cc?. PLOThY 
I sz rxrs'rx 
TAD PL.OTNY 
C I A  CLL. 
T A D  I PLOT); 
s rur, 
C I A  
ECfi PL.,f'TP'l' 
*r A r3 P L c) 'I' 

/DONE 

/RAISE FEN 

/X&Y COOHDS ZI3HO 

/OLD VALUE 

RAL / G I T  1 (J( 1 1 DI-1EI DOkIiV 

TAD I PLOTX /SET NE\] 
I S Z  pioTx 
TAD PLOTDX 
CIA CLL 
TAD PLOTDY 
SNL CLA /L=B;DY <I):< 
JMP PLOT2 
TAD PLOTnX 
DCA PJLOTNA 
TAD PL,OTDY 
DCA PL,OTDX 
TAD 1'LOTNA 
DCA P L O T D Y  

mn PI,OT~W 

DCA PLOTNV /BIT  11 ( I LEFT 

DCA PLOTm / o m  Y 

IAC /SET MA JUiI F"I0VE 

TAU P L O T T i  
J[@ 
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2 578 
2575 
2 5 7 6  
2577 
2 
265 1 
26Q2 
2 6fi3 
26G4 
2GP5 
8GE6 
2687 
2618 
261 1 
2612 
2613 
2614 
26: 5 
261 6 
261 7 
2 620 
2621 
2 A22 
2623 
2 63 ': 

' 2625 
2625 
2627 
2638 
26.; 1 
2 632 
2633 
2634 
2 6 3 5  
.2Ls. 
2 6 3 7  
2 640 
264 1 
2642 
2 6 :!! 2 
2 5/44 
3, (3; 5 
2 64 6 
2511 7 
2650 
2651 
2G!ik? 
2 653 
2654 
2655 
2856 
2657 
2 G cia 
2661 
2 662 

4sa4 
4505 
45WQ 
4507 
4510 
451 1 
45 12 
4513 
4 5 1 ff 
4515 
451 6 
451 7 
452EI 
452 1 
4522 
4;23 
4524 
4525 
452 G 
4 52 'I  

453 1 
4532 
4533 
9 5 3 4 
4s35 
4536 
4 5 3 1  
454u 
I! 54 1 
4542 
4543 
4 5 4 4  
.q 54 5 
4 5 4 6  
4 5/; 7 
4550 
4551 
455% 

4553 

4 5 5 4  

4556, 
4557 
45 53 
4561 
r4 5 6% 

45313 

/ I  r c. r, 
-."de 

211563 
45 64 
4 5  65 

1362 PLO'i'2J 
71 10 
1203 
3361 
1761 
33 50 
1362 
1352 
33 52 
1762 
334 1 
1357 
71 10 
3.351 
1357 
7g4g 
3'3 62 
2362  PL0'1'3; 
74 10 
5 &@fj 
1361 
l Z G B  
3361 
1361 
7141 
1357 
762C) 
ti 3 4 7 
4'153 
G c j 8 3  FLOTDSt 
1357 
7!-)L1 1 
1:%61 
3 :r 6 1 
5315  
4 7 5 3  
I3BBQ PLO'I'P, 
5346 

TAD PLOTMV 
CLL RAX 
TAD PLOTT2 
DCA PLOTiSA 
TAD I FLOTNA 
DCA PLOT4 
TAD PLOTMV /SET C O X 3 1  ?ED 
TAD PLOTT3 
DCA PLOTMV 
TAD I PLOTMV 
DCA PLOTDR 
TAD PLOTDX 
CLL RAR 
DCA PLOTNR 
TAD PLOTDX 
CSA 
DCA wmw 
ISZ PLOTMV 
SKP 
JNP I PLOTX /ALL DONE 
TAD F'LOTNA 
TAD FL9'PDY 

TAD PLO'i'NA 
CIA CLL 
TAD PLOTDX 
SZL CLA 
J:-YF' PL,OT4- 1 /SI i\'G!;X hiOT1 ON 
&%5 I ?I.* I 0 
0 / C O X 3 1  b l 5 9  
TAD PLO'I'DX' 
C I A  
TP,U PLOTNA 
ljcn P 1 , O T X f ~  
JMP. .pL B T 3  
JMS 1 Pl.10 
B 
JMP a - 3  
PL3 

PLIi 

8 
E 
0 
(3 
r3 
0 
0 

LIST 
TiCPVEC 
T t W V E C + 2  
TKPVEC.t.4 
I ,  Pi I? D E 

DCA PLo'rm 
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2663 
2 r j  64 
266s 
2 6 6 6  
26-57 
25'/9 
2G71 
267% 
2 6 i ' 3  
2 4 7.1! 
2 675 
2 6 7 6  
2577 
2790 
2781 
2 792 
2703 
2 7@[! 
2795 
2 '78 6 
27d7 
2710 
271 1 
2712 
2713 
8 7 1 4  
271 5 

2717 
2 72m 
2721 
2 722 
2 723 
2 724  
2 725 
2 '72 6 
2 7c: */ 
2 73n 
2731 
2 7:,2 
2 733 
2734 
2 7 3 5  
e '13 f. 
2 7 3 7  
2 7/48 
2 74 ! 
I: *7L15* 
2 -;ti 3 
2 7Lr 4 
2 745 
2 74 6 
2 74 '7 
2 75% 
2751 

2 f ! c  

0 6 1 6  e465  
IIul.! 6634 
B62i4 4566 
0621 2572 
61622 4 5 0 2  
0623 2 5 7 3  
0624 4506 
0625 2574 
0 6 2 6  'r513 
0627  2'1136 
I1538 4553 
€5631 2 5 6 6  
a632 OOE2 

4633 5614 

465c3 77@0 
4651 5703  
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2 752 
2153 
2 '751! 
2 7 5 5  
2 7 5 6  
2 75'7 
2758 
2761 
2 762 
2 763 
2 764 
27GS 
2 766 
2 76'7 
2 778 
2771 
2 77% 
2773 
2 7 74 
2775 
2 7'76 
2 777 
30130 
3 Q 0 1 
388% 
3QI.13 
3 I:'1 t3 4 
'3385 
.3!200 
-00 7 
so 1 0  
S 3 ! I  
3312 
3Ul3  
S d l 4  
3015 
3616 
3017 
302u 
392: 
3022 
3a23 
3324 
3825 
3ti2 5 
3g27 
363@ 
303 1 
3032 
3033 

3035 
3636 
3143 'i 
3D448 
3043 

.. 3034 . .- 

0 663: 
G 663 
a 6 6 4  
0665 
066G 

4 G 67 
4578 
467 1 
4672 
4 67 3 
467-'1 
4675 
4676 
4677 
47BB 
478 1 
4763% 
4703 

a 704 
a 785 

4786 
47054 
4710 
471 1 
4712 
4713 
47 14 
4715 
471 G 

472fi 
472 1 
4 722 
4723 
4724 
4 7 2 5  
f172 6 
9727 
4??l1.:1 

73 1 
47 32 
47.33 
4734 
473s 

47 17 

6052 
720@ 
60 66 
43 12 
131a 
604G 
4312 
1394 
Gab G 
4 3  12 
5702 
4432 
4436 

TAD G S  
TLS 
JYS T 1. :A T *r 
PtPU 
LQIS I PYX 1 
P L 2 D  
LINC 
LI?CDE 
LDA I 

SNS 4 
CLR 
P D? 
PMODE 
6952 
CLA 
6 g G G  /VECTOR T O  @ J @  

J'i.I.5 T \?A I T 
TAD US 
TLS 
JXS TYAIT 
TAD RS 
TLS 

,J>iS I P-fi( 1 /PE?c iJP&l?i)\tJ:"J F82 DLAY 

XCORDTJ 0 

<JMS TG?AI T 
JNP I 04-1 
PLOTR.I.3 

PPENI PLOT1 
L740DE 

H S  > 36 
GS J 35 

P I\IQ 
PYXlr P I A  

TKP 
us > 37 
LFJ 212 
TWAZTI 0 

CLA 
TSF 
LmP 0 - 1 
T C F  
SMP I Ti~. r t I  T 

7 ' K P ' T C  s 44 
4 0 
4 G 
4 2 
45 
47 
4 3 
4 I 
1% 
i d  

TKPJ €3 /VECTOR ON TEK 
TAD I TKP-2 
SZP* CLA 
TAD TfW- 1 /DARX VECTCH 

37 



3842 
3043 
Y L3 4 L! 

3045  
30'36 
3 G f ! 7  
3%50 
3051 
3852 
3 8 5 3  
30 5 4  
3n55 
3 U 5 6  
3057 
396U 
3061 
3 D 62 
3863  
3 0 6.9 
3065 
3866 
3867 
38 75 
3371 
30 72 
3073 

3875 
3LL.i7C. 
3g 77 
3100 
31Ml 
31E2 
3 103 
3134 
3105 
310.16 
3187  
31.18 
3 1 1 1  
31 12 
3113 
2114 
3115 
3 1 1 G  
3117 
3120 
3122 
3122 
3125  
3 1 2,'1 
312.i 
3126 
3127 
3130 
3131 
3132 
3133 

$3 74 

. 473G 
L!737 

4 7 4 1 

&743 
fl74h 
4 ' 7 4  5 
4 7 11. 6 
4 71! 7 
4 750 

ii 7 il5 

4 -rm 

U 7 5 1  
@I 732  
@753 
u754 
D 755 
0756 
0 757 
D 769 
8761 
0762 
8763 
0764 
B765 

4766  
r! 7 67 
4770 
477 1 
4772 
4773 
4774 

0775 
u 'I 7 6 

0777 
1 OH0 
1 D O  1 
1aa2 

10633 
1004 
1805 
1U@6 

1732 
604 6 
43 i 2 
5732 
OBeJ8 
'. 7.92 
:3 I: 4 5 
7402 
2 3 42 
4537 
5742 

04L15 
6775 
1 G@$J 
4555 
1140 
(3663 
112u 
60 1 7  
I.3545 1 
6775 
OB11 
4663 
B882 

3 7 54  
I310 
4032 
72813 
131 1 
4032 
6141 

G6aD 
7627 

6027 
7 633 
7705 
'1776 

0090 
3 0 3 A 

5824 
(1 GLIB 

LMODE 
SNS 5 
J?P FNX 
LDA 
PLOTNX 
A D ii'l 
XCORDT 
ADR I 
-176G 
AP 0 
JMP FNX 
C L 3  
S T C  XGORaT 
PDP 
Pr4 0 DE 

TAD US 
&IS T O U T  
CLR 
TAD LF 
JHS TOUT 
L I N C  
LMODE 
L I F  L O C A L  
J:qP kK?L I N+ ti 

DCA r PNXI 

/ E N G  OF FLOTLNG 
ASMI FN D O L I  ST 
N O L I S T  

/ D I S O C T *  A SUBROUTIYE TO DISPLAY A 
/MEMORY L O C A T I O N  13 D E C I M A L  ON THE CIiT. 
/AC MIJST CONTAIN D E S  I R E D  ADDRESS 
/x AND Y MUST BE s r r  BELOV. 

DEC I EAT, 

-180 
-. 10 
- 1  
dCTAL 

HI TEN> - 1 PIaa 

SSVALr p1 
D I S D L G r  ADD OXEX 

S T C  D I S 4  
LDF LOChL 

38 

/NO O U T P U T  

/DIGIT < O C T A L )  



3 131? 
3135 
3 ! 3 4  
3’1 3 7 
3 140 
c I *  I .  
3 1 L i A  

3 i 42 
3 1/23 
3 14t! 
3 145 
3 146 

3158 
3i51 
3152 
3153 
3154 
3155 
3156 
3157 
31G@ 
3161 
3162 

8 3143 
3 1 G4 
3’1 GS 
3.1 G 6 
3167 
31 7m 

. 3171 
31 72 
3173 
3174 
3175 
3176 
3177 
3200 
320 1 
3282 
3203 
32@4 
3285 
SZ@G 
3207 
32 i Lr; 
321 1 
321% 
3213 
32 14 
3215 
3216 
3217 

. 32213 
322 1 
3222 
3223 
3224 
3225 
3226 

7 

3147 

T; 0 1  

/ I  MCilEMEI\IT 

/CRT Y COOilD 

/SKP ON 4TH D I G T  



3230 
323 1 
3232 
hkb3 
3 2 3 L4 
3235 
3236 
3237 
3840 

3242 
3243 
3244 
324 5 
3246 
324 7 
325u 
3251 
325% 
3853 
38 54 
3255 
3256 
3257 
3260 
3261 
3262 
32G3 
3264 
3265 
32GG 
3267 
32 7rd 
3% 71 
3 2 72 
32 '13 
3 2 74 
32 '15 
32*/6 
3277 
3 3 G O  
330  1 
3302 
3303 
33134 
3385 
3306 
33237 
3318 
331 1 
33 k! 
3313 
3314 
.33 1 s 

3 '0 l i  * 
"',-a 

1 %C1CJ 
1201 
1202 
1 20 3 
1204 
1235 
12U6 
1207 
l B l B  
121 1 
1212 
1213 
1214 
121s 
1216 
1217 
1228 
1221 
1222 
1223 
1224 
1225 
1226 
1227 
1230 
1231 
1232 
1233 
1234 
1235 
1236 
1237 
1248 
1 2 4  1 
I. 242 
i 243 
1 244 
12/45 
1246 
1247 
1250 

11FJO 
0 8  60 
Gj 52CJ 
b 640 

102B 
202 1 
11540 
3155 
la20  
7234 
1 @m 
31365 
1 @OB 
3515 
5543 
1041'3 
3B70 
3340 
1129 
@a 10 
047 1 
7235 
1020 
0 11;1u 
5336 
1 OB@ 
0181 
7242 
Ifi:i2G 
01 l @  
5336 
1321.3 
g111 
S342 

3356 
D458 
7261 
3202 
a817 

5 4-5 Q 

l( .J@fl 

60 5 L I  
5126 
265 1 
5122 
3651 

LIST 
PAGE 

/Ai.iTO A3ALOG Df3l.A C JLLECT I ON ROUT I NES 
c;LLII= 6 1 32 
CLAB= G 1 33 
cLF?;-.&: 34 
LMODE 

FRQSETr 11g@ 
H T I  Gt3 

620 

STC UH 1 
LDA 1 
ADD 21 
S T A  
20QO VPOS,4 
LDA I 

STR 
'2CIaC3 CHKNOC-I- 1 
LDA 
2[380+CNCH 
six CHC 
S T A  

cLsE*r r  LDF LOCAL. 

JMP r m ?  

2asa SENSrn 
ADD CKC 
A i M  I 
10 
A P O  I 
JMP .+7 
LDA I 
SA?l 
STC N.XX4-l 
LD9 I 
SAM I 
J?l? * + G  
LOA I 
SAM lffr 
STC NiiS4-1 
LDA I 
SAM 1 1  
STC SAMP-2 
L D.4 
2B0B NUMl 
AZE 
JFP CLYES 
ADD HT+1 
c OM 

/CLOCK FHEQ 
/ 4 @  @.86)"H I -PART 

I .- 

/PEG OR LINC TAP 

/USE ZEAL CLK 

40 



3316 
3317 
3320 
332 1 
332% 
33:*3 
3 :+ ;: ?: 
5 3 2 5  
3 3 2 6  
3327 
3333 
333 1 
-33132 
3333 
3334 
333s 
3336 
3337 
334trJ 
334 1 
33142. 
3 3 4 3 
3344 
3 34 5 
3346 
334 7 
3 3 w  
3351 
3352 
3353 
335/-1 
3355 
3356 
3357 
336C.i 
3361 
326% 
3363 
3364 
3365 
3366 
3367 
33'fO 
3371 
33 72 
3373 
3 3 '74 
33 75 
3376 
3 3 'I 7 
3403 
343 1 
34Q2 
3403 
3404 
3405 
3406 

251 
252 
E53 
254 

1264 
1265 
126G 
1267 

527rd 
5271 
5272 
52'f 3 
5 2 7 4 
5275 
52-7 6 
5277 
531.1cI 
53a1 
5302 
53g3 
5334 
5305 
5306 
5387 
531G 
531 1 
5312 
5313 
5314 
5315 

1316 
1317 
1.328 
1321 
1322 
i 323 
1 3 2 Q 
1325 
1326 
1327 
1330 

5331 
5332 
5333 
5334 

STC S C O N  
I.DA I 
6186 
PDP 
PMODZ 
c L.LH 
CLA C.LiA 
C LAB 
JMP DXZ 
L. E? 0 0 F 

STA I 
CLYESv C@X 

scohl, 8 

043'7% 
3777 
1020 
GI 64 1 
1040 
1335 
5440 
1020 
0342 
5345 
B@Jo2 

?2a@ 
1263 
33713 
5076 NXSBMJ 

c 0 p? 

STC DV-r-2 
P DF 
PMODE 
TAD H'i' 
J i G  I DIV 
6380 
flG330 
CIA 
CLAB 
CLA 
TAD FRQSET 
C tLi2 
CLA 
TAD I N T  
C I A  
DCA SECCNT 
TAD GX 
JMS T O U T  
JMS KEYOUT 
TAD iViG 
SZA 
JMP I OQ 
TAD XI00 
CLEN 
L.1 NC 
LMODE 
SET I 12 
3777 
LDA I 
LDF INBUF 
STA 
NX S 
STC CFlDGF 
LDA I 
SCR 2 
S T C '  SAM!'+ 1 
PDP 
PMODE 
C L A  
TAD SCON 
DCA SCTYJC 

r i m  I 1 

+MP f$esrm 
41 

/WRIT FOR GO 

/S'i'flllT CLOCK 

/]:OF3 DATA 

/PEC SCALE 



348 7 
34 a @ 
34i 1 
341% 
34 13 
34 14 
3415 
34  1 6 
341 7 
3420 
342 1 
342% 
3483 

34x5 
3476 
3 42 7 
3 L! 3 8 
343 1 
3 4 3 2  
3 4 3 3 
343e 

31:36 
,743 7 
3 & A g  
3f114 1 
3fi42 
341r3 
344L! 
3 4 r: 5 
34&G 
3L!4 7 
3459 
3451 
3452 
3453 
3454 
3455 
3456 
3457 
34653 
3/16 1 
3462 
3463 
3464 
3 4 6 5  
3466 
3467 
34 78 
3471 
34 7% 
34 73 
34 74 
3475 
34 ':6 
3 (1 '1 7 
3 5 15 M 
3551 1 

31124 

3 ISQr  " -* L> ., 

1335 
1336 
1337 
13r40 
134 1 
1342 
1343 
1394 
134s 
1346 
1347 
13SO 
1351 
1352 
1353 
1354 
1355 
i356 
135'1 
13G9 
1361 
q q r n  u L C.r 

5 3 h 3 
5364 
5365 
5366 
53 67 
5370 
5371 

537:? 
5 3 7 3 
5374 
5375 
5374 
5377 
54613 

140 1 
1402 
1483 
14Wi 
1405 
14i3 G 
14D7 
141@ 
141 1 
1412 

1413 
1 4 1 4 
1415 
1416 
14 : 7 
i C42@ 
1421 
1422 

?.NQDE 

S A X  18 
SET I 2 

LDA I 
SAM 1 1  
STC SRMP 

SAMPI SAM 1 1  /Sfi!&LE EACH CH 
S C R  2 
ADA I /SC(\LE PEC ONLY 
200 
STA I 12 
X S K  12 
SKP 
JMP SWADBF /?*E? I TL DATA 
LDA I 
1 
A m 4  
SA?W 
XSK I 2 
JMP S A W  
? C1-l 

PFlODE 
ISZ S C I N C  
JMP NX SAM 
ISZ SECCNT 
J$W NXSAM-3 
JMP FINSAM 

has J LDb' I N R U F  

CIiC '. -1 

SCINC, i3 
SECCNTI c? 
/ 
GXI 307 
Q1'3. J QUES 
PI G s -307 
XlOBt 19fl 
FI NSAMI CLA 

6134 
LINC 
LMODE 
S T A  I 12 
XSK 12 

LDF LOCAL, 
LDA I 
sivs 
STA 
2 0 D @ +UP os "r.4 ' /tIEL;?'OR SNSE SFI 
STA 
2w00 CHKN023+ 1 

JX? b - 2  

/SVAP DATA BUFFERS RND Wi'LITE 01IT DATA 
stiaPJ-3FJ sE-r I i 2  

3 777 
LZ)A 
CHBUF 
LDF' LOCAL 
SAE I 
L,DF I N B i J F  
JNP t 3. PB 

849 

/HESET SEC c o t i w  

/STOP CLOCK 

/ZERO AREA 

1 



3502 
35g3 
35&4 
35s5  
3 51.1 6 
3537 
3520 
351 1 
3512 
3513 
3514 
3515 
351 6 
351 7 
3520 
352 f 
3522 
3523 
3524 
3525 
3526 
352 7 
353w 
353 1 
3532 
353 3 
3534 
3535 
3536 
3537 
3 540 
354 1 
3542 
3543 
3544 
3 'il! 5 
3546 
3547 
355u 
3551 
3552  
3553 
3554 
3555 
3556 

1423 202B 
1424 1777 
1 ':25 la40 
1426 2i.)21 
1427 1028 
143a 8643 
1431 7448 
1432 1!320 
1433 5777 
3434 l(j4CI 
1435 2321 
1436 1!420 
1437 B641 
1441/1 @!3@fl 
1144 1 10/-!8 
1442 l44FJ 
1443 5335 
1444 BtjtJO 
1445 lab1 

5452 2'267 
5463 72Gkl 
SYGL! 1262 
5465 3077 
5406 6BM 1. 
5467 6141 

LDA I 
1777 
STA 
2000 21 
LDA I 
L D F  TBUF 
JMP .+7 
L.DA I 
5777 
STA 
2089 21 
LDA I 
L D F  INBUF 
!-I Ja T 
STA 
CHBUF 
STC NXS 
I 05 
6043 1 /ALLOW CLOCX 

81380 ERRORS 

43 



A 1'53 7 
ADXEC 05614 
ADiJ 1055 
AD'JV 1567 
A N L I N C  17Gl 
ANPEC 1676 
ATOLIN 1665 
ATOPEC 1662 
BACK C642 
BAD 1269 
BAKU? 0 3 5 5  

BK% €33 64 
BKZS 15'15 
UKX 1723 
C 151@ 
CHSUF 5440 
CHC 5348 
CHECKN 42'2C 
CtiKNOB 1 B 6 4  
C!'NG 1135 
CHXLY 057 6 
CHTAD 5864 

1 3 1 ~  

CLnB 6133 
CLEN 6134 
CLIN 0223 
CLLR 6132 
CLN 0141 
CL,SET 5203 
C'.YEES 5261 
CiJCii 1515 
C n 3 V D  a533 
CC;NT 4074 
CiXl?JT 0668 
CR 8122 
D E C I N  1274 
DFFS 0064 
DFRAC 4 i 4 3  
DIAL, qozo 
D i  1;i; 3 307 
DI SLIIJF m a 4  
DISDIG 5004 
Disc 1713 
DISB 1234 
nISPf98 1724 
DIS3 5621 
ms4 3324 
r j l V  0 1 3 5  
DIVCNT 4155 
D I V ~ D E  4S30 
L]IV"\U 

d U & L  4lSZ 
DOLI s r  BPIQCI 
n 9T 4252 
DOVER 4141 
DT 4256 
DTEM &720 
DV 527 i 

44 



45 



Ml77 1675 
M256 4254 
M26Gl 4261 
rc :i 0057 
I\! 1532 
NUL,!< B 70 1 
N c k-r 151% 
$ X X T  1241 
NEXTPT US52 
iv’ 0 1823 
MUCi-?/w 1.2 7s 
NUM 1 1355 
NUi42 135@ 
NX 5023 
bJX P 1 ;2 3 Q 
NXS 5335 
YXSAM 533/-! 
NXTOiJE 1 G43 
0 1525; 
013 N a 74 1 
O C T I N  1 7 S 1  
0 [d a641 
OiqEX 5034 
OUTPLT Pi565 
-P a376 
P A H S I T  0512 
PAkEilR 036s 
PCCF 6.372. 
PCV EI 14n 
PC3 63 74 
Pf.7CE2:F us35 
PFXIN 0167 
PECOU’T (3 1 76 
P X R D  61452 
PCCTHY @466 
PFX V’l- 84 6 1 
PECX 0476 
P I N T  lirU23 
PI, 8621 
PIXF 6582 
PLDD 6514 
F L D U  6512 
P i G O  05-74 
F’LX 4742 
P!,IN 8162 
PLLO 4553 
PLN 0142 
PLOT og22 
BLO?A 4&27 
PLOT88 Y S 4 l  
PLOYVX 4557 
PtOTDY 4568 
PLOYMV 42362 
PL07bffi 4564 
PLOYNX 4555 
PLOTNY 45SC 
P L O V d  4554 

46 



i 

47 



48 



49 




	1302
	16:IG
	1 7B
	1712
	1 *i4
	1752
	1 'ftj
	3232
	3 '0 li *
	c;LLII=

	CLAB= G
	LDA
	ADD
	LDA
	CHKNOC-I-
	AiM
	APO
	JMP
	LDA
	LD9
	SAM
	LOA
	LDA
	SAM

