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ABSTRACT

BASELINE was designed to perform a statistical analysis of radar pulse data
previously read by the Laboratory's high precision computer controlled film reader.

A computer controlled display oscilloscope, a light pen and a set of function coded
sense switches provide a real time interface between an analyst and the data reduction
program in the computer. The computer performs all necessary display, computation
and outputting functions. All operations are under direct control of the analyst. He
sets the operating criteria, exercises the required judgments and steers the program
through the required analysis.

Analytical results are quickly available and rapidly documented. Output consists
of a statistical distribution of the input data displayed on a large oscilloscope. This
display may easily be documented photographically. Key parameters describing the
statistical distribution may be output on the typewriter at the command of the analyst.
A very large saving in data reduction time results since the necessity of repeated test
runs through a large computer and subsequent study of the numerical printouts is

eliminated.

Ageepted for the Air Force
Franklin C. Hudson
Chief, Lincoln Laboratory Office
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L. Introduction

BASELINE performs a statistical analysis of radar pulse data. The program
provides an effective interface between the analyst and the mathematical reduction in
the computer. The presence of the analyst is required.

The program uses the techniques of computer graphics to present both raw data
and processed data to the analyst. Primary control is exercised by the analyst with a
light pen and a set of function coded sense switches.

All processing takes place directly under the analyst's control. He may inter-
vene in the processing at any point. The required outputs may be documented imme-
diately upon completion of the analysis. The reduction process is continuous from raw
data entry to final documentation. A production run of data typically requires about 15
minutes to complete. This program replaces a series of test data runs previously
handled on the IBM 7094 computer which, because of their necessarily discontinuous
nature, required about four days to complete and analyze.

This program was written for the Digital Equipment Company PDP-1 computer
equipped with 16, 000 woxds of storage. The word length of this machine is 18 bits.
The primary man-machine interface is accomplished with the DEC Type 340 computer
controlled display oscilloscope, which is used for all the displays in the program. A
light pen is used by the analyst to provide direct graphical communication with the
program. The six sensc switches and the eighteen test word switches located on the
computer control panel are paralleled and brought out to a special control box which
may be conveniently moved about at the oscilloscope control station. These switches
are equipped with indicator lights and accept overlay cards which are marked in terms
of the program functions which they control. These switches, function coded by the
program, form a primary communication medium with the data reduction program so
that the operating analyst need not be familiar with the details of the computer or its
programming.

The control station is shown in Fig. 1. The oscilloscope, the light pen and the

control box form the primary man-machine interface. The input-output typewriter is
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Fig. 1. The Computer Control Station.



also available as a two way interface but its use is limited to title modification on the
display and as a selectable printer for typed output.

It has been found that an analyst familiar with the data reduction problem can
learn to use BASELINE in about 15 minutes.

The control box is activated by the computer program through a special instruc-
tion so that the programmer may make the control box available to the analyst and
still preserve the normal use of the panel switches if he so desires.

The graphical display is fully titled. Control functions are identified by title
and arc accessable to light pen operation. Appropriate parameters of the statistical
analysis are continuously updated and displayed.

Graphical documentation is available by photographing the display. Typewriter
printout of the statistical paramecters and the identification data form the normal out-
put. At the option of the analyst, this documentation may be recorded on high speed

punched tape for later printing on a Flexowriter.

II. The Purpose of the Program

An automatic computer controlled film recader is regularly used at the Labora

tory to digitize radar pulse data recorded on film from the face of a cathode ray tube.
Data is recorded in rows or "channels" on a continuously moving 35 mm film. Up to
f;)ur channels of data may be recorded on one film and the reading of the data is com-
pletely automatic. A section of film showing radar pulses as recorded from the CRT
is shown in Fig. 2. The system has successfully recorded data with bandwidths up to
17 Mcps.

These digitized pulse data are analyzed by a series of programs written for the
IBM 7094 computer. Before a meaningful analysis can be accomplished it is necessary
to determine the position of the leading edge of cach pulse return with respect to its
location on the digitized oscilloscope trace. A pattern recognition program written
for the IBM 7094 performs this function by passing a mathematical filter through each
recorded pulse. This FILTER program requires a threshold number for proper oper-

ation. The threshold number is based on the noise statistics of the baseline of the
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traces which also contain the pulses. BASELINE is designed primarily to perform a
statistical analysis to obtain this threshold number.

The region of the data traces to be used to obtain the baseline noise statistics
is selected by the analyst. For noise statistics, arcas of the traces that do not include
the pulses are selected. The analyst may, however, select the pulse data for analysis
and the program will then produce pulse statistics. This feature has proven particu-
larly useful in handling data recorded in phase quadrature as it allows a separate
statistical study of each quadrature channel so that any inequalities in gain settings on
the quadrature channels can be measured. The subsequent analysis is then adjusted to
account for any measured gain difference in the quadrature data channels.

The use of BASELINE allows one to enter a series of extensive and time con-
suming 7094 programs with high confidence that the operating parameters of these
programs have been properly chosen to match the particular set of data that is being

processed.

I1IL. General Description of the Program

The output data from the film reader recorded on magnetic tape serves as in-
put to BASELINE. This same tape is later used as input data to the 7094 reduction
programs.

Reading BASELINE into the PDP-1 computer starts the sequence of operations.
The program first reads the title information recorded on the film reader output tape
and displays this as a title on the CRT. This includes the test identification numbers,
the type of data read and time codes appropriate to the experimental data being studied.

The analyst then selects a data channel with the light pen. One of up to four
channels of data may be sclected. The channels are defined on the original filmed
record as shown in Fig., 2.

The raw data is introduced into the computer and displayed trace by trace for
the inspection of the analyst. Successive traces may be displayed manually or auto-

matic sequencing is available at several selectable rates. In this way the raw data



traces may be sequentially examined. The computer counts the traces displayed and
adjusts the time reference.

When a statistical analysis is desired the analyst sets one or more pairs of
gates on the data trace to designate those regions that are to be included in the statis-
tical analysis (Fig. 3). The program then plots a histogram of the distribution of the
deflections (from the calculated zero deflection position as determined by the film
reader) for each data point within the designated gates (Fig. 4). The traces typically
contain about 200 data points. The data from the trace is entered into the analysis
subsequent to viewing so that the analyst may reject a trace when he wishes without
upsetting the statistical analysis. The distribution of trace displacements is updated
and plotted on a trace-by-trace basis. The histogram is renormalized for every en-
try and the limits of the distribution are automatically rescaled. The program is de-
signed to handle both bipolar and unipolar data.

The program continuously displays the total number of traces handled, the total
number of data points used in the statistical analysis, the mean and the standard devia-
tion of the accumulated data. On demand, the computer will calculate the Gaussian
distribution with the same standard deviation and mean as the experimental data and
display this plotted function along with the measured distribution (Fig. 5).

The analyst may determine when a sufficient amount of data has been included
in the analysis by noting when the experimentally determined distribution has become
stationary. Documentation of the significant statistical parameters is then initiated by
the analyst using a control switch., The analyst may also designate any single point on
the measured distribution curve with a light pen. The value of the integral distribution
about the mean up to the selected value of trace displacement is then calculated and
included in the documentation.

The program is designed with "fail safe"” features. An error in the operating
sequence will stop the program. An error message will appear on the display to tell

the analyst how to rectify the error,
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Fig. 9 Distribution of Fig. 4 with a Theoretical Gaussian of the Same
Mean and Standard Deviation Superimposed.



IV. Detailed Description of the Program

The data are read into the computer and right-justified by a division of 28. The
program is capable of handling data values of any size provided they do not exceed one
register, that is, one 18-bit word. However, the core area allocated to the cumula-
tive frequency tally table used to produce the histogram has been limited to a maximum
range of 915 decimal units or between + 457, This range was chosen since, after allow-
ing for margins, there are 915 decimal increments across the Type 340 scope, thereby
permitting only 915 distinct quantum increments, or cells, in the histogram display.

If it is necessary to display a larger range of data within the 915 increments available,
the data must be regrouped or granulated. To do this the contents of each two consec-
utive cells in the original tally table are added together to form one new cell. This
process is repeated until the entire range of the data can be accommodated in the 915
available cells.

A section of the tally table before and after regrouping is shown in Table 1.

After the data have been read into the computer and the trace has been displayed,
the operator may designate up to seven different areas of the data trace to be analyzed.
These areas can be overlapping, entirely within one another, or completely different.

It should be noted, however, that data contained within more than one area will be
accordingly weighted.

The total set of N data points (Xn) will be collected in the cumulative frequency

tally table which covers the region:

Such that:
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TABLE 1

Tally Table Before Regrouping

Histogram
Increments Populations
-6; 0
-5; 1
-4, 3
=3 4
-2; 7
= 8
0; ;2
+1; 9
*2 6
+8; 3
+4; 2
44 2

Tally Table After Regrouping

=5, -6—-3; 140=1
-3, -4—~-2; 4+3=7
= Gpes=1 8+7=15
0, +1—~ 0; 12+49=21
+2,+3—~+1; 6+3=9
+4, +5—+2; 2+2=4
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where fi is the population in the ith cell or quantum increment, and X, is the value of

the ith cell or quantum increment. Note that:

This histogram is continuously displayed and modified as each new trace is read
in, but the display does not include the data in the trace being viewed. In this manner
the operator can, if the data are bad, skip a trace at any time by means of a button on
the control box and in no way affect the value of the histogram.

The standard deviation of the distribution is also continuously displayed and

updated. It is calculated with the formula:

2
w8 - N
g = N
The square root is approximated by:
(+1) = (o +a(@) /2
a(n ) = alm) n

where the initial approximation for a(l) is equal to Y/2. This approximation is

continued until,

a(n+1) -a(n) = 0 or
a(n +1) = a(20).

For these calculations double and quadruple precision mathematical routines are used.
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For the sum of the x squared values, four 18-bit registers have been reserved so this
value can be as large as 270 -1. For the sum of the x values, two 18-bit registers
have been reserved so this value can be as large as 235 -1. This also holds for the
registers containing the total number of points analyzed. The entire tally table is also
double-precision, thereby enabling the frequency for any individual value to be as large
as 2 ’ -1. The standard deviation and the average are cach allowed only one register
since neither value is expected to exceed the maximum data value within a register.
These two values and their associated probability values are multiplied by 1000, there-
by allowing for three places of accuracy after the decimal point.

Other information continuously displayed is the total number of points analyzed,
the maximum absolute value of x, and the first and second time words of the trace then
being displayed. The analyst may also display a theoretical normal distribution super-

imposed on the histogram with the mean given by

and the standard deviation as defined above.

The values for the theoretical normal curve are derived from the formula

-(x.-;)2
G(x) = L g et
i’ v om o 2
20
where
-X ) i

[ 1+a(l) - x+a(2) - x2+a(3)- x3]4

*This approximation is from Approximations for Digital Computers by Cecil Hastings,
p. 182,
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with:

a(l) = .2507213
a(2) = .0292732
a(3) = .0038278

with an error usually better than + . 0002,

The analyst can stop the program at any time and delete any area of calculation
or change any given data area. He also can stop the calculations and then select an
X value on the histogram and/or document what he has done so far, skip to the next
file, return to the beginning of the file he is viewing, or simply continue from where
he left off.

The document option provides either an on-line typeout or a punched paper-tape
output. Both include the following: the title of the file; the channel number viewed; the
number of data points analyzed; the value of the mean of the distribution; the probability
of the mecan; the value of the standard deviation of the distribution; the integral proba-
bility for + 1o, + 20, and * 30; the granularity of the data; and the maximum and mini-
mum data values. If an x value had been selected on the histogram before documenta-
tion, the documentation will also include the displacement from the mean of the selected
x value and the integral probability of this selected bandwidth about the mean.

A diagram of the push-button panel is shown in Fig. 6.

V. Operating Procedures

: Load data tape on tape drive and select #5.

24 Turn off all test-word switches, address switches and the extended
switch.

3. a) Put up module switch 2 and read in paper-tape binary for module 2;

b) put up module switch 1 and read in paper-tape binary for module 1; ¢) put down all

module switches and read in paper-tape binary for module 0.

14
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4, Put 0100 in the address switches, with all module switches down, and

press the START button.
L The display on the DEC Type 340 scope will be as shown below.

THE TITLE FOR THIS FILE
CHANNELS 1 2 3 4

NEXT FILE THIS FILE TYPE IN TEPE OUT
CONTINUE

TITLE - the title record on the tape for that file. A light-pen response

has no effect.

CHANNELS 1 2 3 4 - a) alight-pen response on a number will
cause that channel in the input data to be selected to view and analyze, and will turn off
all other channel numbers; b) a light-pen response on a number which is greater than
the number of data channels on the input tape will cause an error message to be dis-
played; c) a light-pen response on the word CHANNELS will cause all numbers to be
displayed and delete any previous channel selection,

NEXT FILE - a light-pen response will cause the tape to be advanced
to the next end-of-file marker.

THIS FILE - a light-pen response will cause the tape to be reset at
the beginning of this file.

TYPE IN - a) a light-pen response will cause only CONTINUE to be

displayed and will wait for a new title to be typed in; b) a light-pen response on

16



CONTINUE will terminate input from the typewriter; c) a new title will then be
displayed.

TYPE OUT - a light-pen response will cause the title and the channel
number selected to be typed out for @ permanent record.

CONTINUE - a) a light-pen responsc before a channel selection is
made will cause an error message to be displayed; b) a light-pen response after
typing in a new title will terminate input from the typewriter; c) a light-pen response
with set title and an appropriate channel number selected will cause the first trace in
the selected channel to be read into the computer and displayed.

6. The trace display options are listed below and are illustrated in Fig. 3.

A, Change the status of the PROCEED button and the next trace in
the selected channel will be read in and displayed. No calculations are being done.

B. Determine the areas of the trace that are to be analyzed by

turning on the SET GATE button on the panel.

1. Turn on the GATE NAME button also.
a. Track the raster with the light-pen to the desired
area of the scope.
b Type in a name no longer than six characters for

that limit set, and terminate with a carriage rcturn,

Gy Turn off the GATE NAME button.
2, Turn on the HIGH LIMIT button also.
a., A light-pen response on the trace will cause an

upper-limit caret to be displayed at the point of response and set the upper limit of the

area to be analyzed.

JoT- Turn off the HIGH LIMIT button.
3. Turn on the LOW LIMIT button,
a. A light-pen response on the trace will cause a

lower limit caret to be displayed at the point of response and will set the lower limit

of the area to be analyzed.
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3% Turn off the LOW LIMIT button
4. Turn off the main SET GATE button.

a. If this button is turned off before a proper set
definition is made, an error message will be displayed. Turn button back on and
continue.

b, If more than one set of limit areas is desired,
the above process can be repeated for as many as seven different areas. Each sepa-

rate area definition is set by turning off the main SET GATE button.

7e To start the calculations:
B A change in the status of the PROCEED button will cause:
1% values in the designated areas of the trace to be ordered

into a cumulative frequency tally table and displayed in the form of a histogram;

2, sigma to be calculated and displayed; and

3. the average to be calculated and displayed by means of a
caret along the baseline.

B. The status of the time counter can be changed from the initialized
mode of operation, frame by frame, by turning on the OPERATION SELECT button.
The different options will be displayed as light buttons.

1. "Frame" will have a caret over it designating the mode
of operation currently in use. This means that a change in the PROCEED button is
necessary before the computer will continue to the next frame.

2 "Slow" - a light-pen response will cause a caret to be

displayed over the word.

3. "Moderate" - same as 2 above.
4, "Fast" - same as 2 above.
3 When the OPERATION SELECT button is turned off, the

calculations will continue under program control in the mode of operation designated
by the caret when the button was turned off,

8. To delete the limit areas:

18



A, turn on the SET GATE and DELETE GATE buttons.

Ik The calculation will stop.
2, The names of the limit areas will be displayed.
R A light-pen response on cither the upper or lower limit

caret of the area to be deleted will cause a caret to be placed over the name of the
area. The area can be changed simply by hitting a different limit caret until the de-
sired area name has a caret over it,

4. A light-pen response on anything below the baseline will
cause all carets over names to disappear,

B When the DELETE GATE and SET GATE buttons are
turned off, the set deleted will be the one whose name has a caret over it,

X To see the theoretical normal distribution with the given average and
standard deviation of the data (Fig. 5), turn on the THEORY button. This button should
not be left on continuously as it will slow down the calculations considerably.

10 When this section of data is completed, turn on the STOP button and get
light-pen button options:

DOCUMENT - a) A light-pen response from a point on the histogram
will cause the displacement of the selected X and the probability of the selected band-
width to be added into the documentation; b) a light-pen response from the word
DOCUMENT will cause the typewriter to type out the following items:

the title

channel

number of data points =
mean =

probability of the mean =

sigma =

integral probability for 1 sigma

integral probability for 2 sigma

integral probability for 3 sigma

19



granularity =
maximum X =
minimum X =

THIS FILE - a) A light-pen response rewinds the tape to the previous
end of file mark; b) the options for continuing the calculations are the same as at the
start of the program; c) the old tally registers are cleared.

NEXT FILE - a) A light-pen response advances the tape to the next
end of file mark; b) the options for continuing the calculations are the same as at the
start of the program; c) the old tally registers are cleared.

CONTINUE - a) A light-pen response continues calculations where
they were stopped; b) no tally registers are cleared.

11, At any time that it would clarify the display, the MOVE TRACE RIGHT
and MOVE TRACE LEFT buttons simply move the trace in the desired direction one
increment at a time until the button is turned off.

1627 For purposes of photography, the trace and limits can be removed from
the display be means of the TURN TRACE OFF button. Turning the button off will re-
turn the trace and limits. The removal is only on the displays, thus calculations can

proceed in either case.

VL Input Tape Format

The input tape is a magnetic tape written at 800 bits per inch. The first record
of each file should be a title record, identifying the following data, of up to and not
exceeding 150 BCD characters. The second record through to the end of file are binary
data records. There is one record per trace in each channel so that if, for example,
there are three channels, there will be a record for the trace in the first channel,
then a record for the trace in the second channel, and finally a record for the trace in
the third channel.

The format for each record is as follows:

Word #1 - the first time word giving the number of the time block and

the channel number of this trace in bits 7-8.

20



Word #2
the time block.

Word #3

Word #4

Word #5

Word #6

Word #7 to

the second time word giving the number of the trace within

number of points along the trace = K.
the first Y value of the trace (not used).
the X value of the baseline (not uscd).
the leading edge of the trace (not used).

7+K-1 - the X values of the trace with the baseline removed.

J

These values have been multiplied by 26 so in this program they are divided by 28,

i.e., right justified, before all calculations.

21
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APPENDIX:

Flow Charts and Program Listing
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/BASELINE STUOY PROGRAM

JCONSTANTS
108 84933 JMP @GN
171117 FLIPFLOP, e /1201SPLAY, B=CALCULATE
T REOFFN, = /REOEFINE BUTTON STATUS
i TIME, =0, /TIME BUTTON STATUS
108 T THEORY, e /THEORETICAL BUTTON STATUS
1117 EOF INO, = /E.0.F. REACHEOQ
I PROCFO, o= /CONSOLE @SUTTON STATUS
g0 1000 T0V, 1090 /SLOW COUNT FORTIME DELAY CLOCK
118 gee1ee T02, 1ee /MOOERATE COUNT FOR T.DwC.
1384444 T0C, e /TIME OELAY CLOCK
I NUMCHN, = /NUM@ER OF CHANNELS ON TAPE
mrrrr CHNSEL, a=a /CHANNEL NUMBER SFLECTEO 2Y USER
(AL e TIMGAT, = /TIME GATE
117 STYLE, = /MOCF OF OPERATION #=FRAME, 1=SLOW
/2=MO0ERATE, 3= FAST
116 7 e NCP, &g /NO CHANGE PROCESS SWITCH
MU, REPEAT 2,2 /AVERAGE=1000.
i SIGMA, ) /STOs OEV.w1998,
1711117 XYNOW, e /X ANO Y COCROINATES LAST SEEN
130003 10, TYO /OUTPUT INSTRUCTION
28 4750882 GRANULE, SAR @ /GRANULATION OF X AXIS ON HYSTOGRAM
728825 OLA=7200P25
28125 CRS=722125
728227 £Ss=720227
728225 OCF=720225
728926 ORA=T728€26
128126 ORC=722126
721827 CSE=T21427
728127 osP=722127
efedes TAPE=S /INPUT ON TAPE UNIT S
eoreee CNSTY=8¢2¢2 /INPUT TAPE AT 820 gPI.
ou@5e0 SIM=SIA-SMA
6581e¢ SNA=SZA 1
TOTAL, REPEAT 2, @
SXS, REPEAT U, [’}
SXo REPEAT 2, @
/SYSTEM MACROS
QEFINE STZ AsByCe0+EFGoH,1I
IRP  244A92,Cye0,EFyGyHy 118
0m 2
ENOIRP
TERMINATE
OEF INE SET A,R
LAW 8
0AC A
TERMINATE
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DEFINE

TERMINATE
DEF INE

TERMINATE
DEFINE

TERMINATE

DEFINE

L1,
TERMINATE

DEFINE

TERMINATE
DEF INE

TERMINATE

DEF INE

TERMINATE

SETUP A,B
LAC B
DAC A

ISET A,B
LAW I B
DAC A

IF A,8,C,D
LAC A

ADD (@

SZA |

JMP C

SPA

JMP B

JuP D

ENDDFMDDULE /11
VARTABLES
CDNSTANTS

HLT

WDRD JKP 71

TRACKS

JSP I (LPFOLL+ 14000
LID T (YPT+10099
RIL 95

LAC 1 (XPT+10004
RCL 9S

DAC XYNOW

PUNCH

CLF &

LAT

RAL 75

SPa

STF &

LAC (TYD-1
SIF &

LAC (PPA-]
DAC 1D

RETRACK

DIM 1 (wWRXL +18000

DIM I (WRYR+ 122020

IRP B, RPXyWPXoRPYyWPY2
SET 1 (B+12002,502
ENDIRP

SET 1 (WRXR+122080,1777
SET I (WRYT+10002,1777
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133

71777
287110

/REPLAY A,B,C,0D

/A=)
/A=
/B=1
/8=2
/8=2

/C=EXTENDEO ACDRESS OF
/D=EXTENLCED ACDRESS OF

MEANS CONTINUE DISPLAYING

MEANS STOP

MEANS ENABLE THE LIGHT PEN
MEANS CISABLE THE LIGHT PEN
MEANS LEAVE LIGHT PEN STATUS ALONE

WHAT IS NOW CN.
v [ .

NEW THING TO OISvLAY
THING TO NOT OISPLAY

REPEAT VI1F VZ A+2ep-5,

CEEINE REPLAY A,2,C,0/22
C=,
TEXT 7 C 7/
TEXT /7 O /
12,4
111=12-6
G/ /RESET THE LOCATION COUNTER
H=@
REPEAT E1F VI AR,
L=)

REPEAT 1IF vP 211-3,
REPEAT VIE VI 221-3,

REPEAT [IF vZ Lsr-1,

L=
L=g

Jse 1

/INSURE THIS CASE

{RPIOA sTOP

/THE ABCVE IS THE SHORT CALL TO REPLAY
/AND IT DCCURS DNLY FDR A REPLAY |,2

DIG Xx*CD
LAC (C+@
LIO (D2
JCA REPAX

REPEAT [1E vZ as+B,
REPEAT 21F VI A+B,

L10 xCC

TERMINATE

CEF INE NEXTCRT &

LAC (A
JOA PNXCT

TERMINATE

PNXCT, .

LEX

DAC PNXC*TX

IRP  B,+sCRTCON,CRTNF4CRTTO,CRTTI,CRTTF,CRTDDCH

REPLAY 1,2,¢,8
ENDIRP

CRTCON, REPLAY 1,2,@,CRTCCHN

CRTNF,
CRTTO,
CRTTI,
CRTTE,
CRTDODC

31

REPLAY
KEPLAY
REPLAY
KEPLAY
REPLAY

A2

1924@,CRTNF
1424€,CRTITO
192,0,4CRTTI
142,2/CRTTF
1:2,@,CRTDOC

e



203
20n8

213

21n

217
229

228

239

238

249

244

259

2548

269

208

2749

200135
600207

a7

280321
527112
690274

7T
288321
527113
238321
o321
473201
sueu9e
60033¢
673003
§52u00
§0023¢
e27119
[TRARA]
871037
24043y
200217
64120
602435
680100
440432
207113
aseige
&90274
700350
24T7HN
217114
687113
692257
650120
40027
k7114
400250
207114
247113
BuT7 114
217114
257113
450100
600271
LLYARLY
a7113
408262
712021
a002432

RP10A,

REPAX,

REP2,

REPU,

RP11,

RP9,

RPH,

RP12R2,

JMP

-+3

LAC PNXCT

REPLAY 1,2,CRTCON

JeP

OAC
D10
Jrp
0AC
01D
L1D
10X
RCR
SKA
Jep
RCR
SMA
P
ANO
10R
RAR
DAC
LAC
SZa
Jwp
Sza
10x
LAC
SZA
Jrp
LAW
DAC
LAC
SAD
JMP
SZA
Jrp
10x
JMP
LaC
DAC
10%
Lac
DAC
Sza
JrP
10X
1Cx
JwP
Law
ADD

32

1 PNXC*TX

REPXX
*xce
RP12

REPXX
RYEP1

1 REPXX
REPXX
1s

REPT

23

1

REPY
{2¢@0e9
tuegede
5S
PENSTS
REPAX

RP12

RPNTR
*REPI
1

RP12
BPLY
TNPNT
1 NPNT
REP1
RPB

1

RP 18
NPNT
RP9
NPNT
REP1
NPNT

I APNT
1 REPI
1
RP10Q
NPNT
REPI
RPE+3
11
RPNTR

/ADDRESS OF NEW THING TO O1SPLAY
/SAVE RETURN AQORESS

/SAVE AODRESS DF THING TD NDT LISPLAY
/GET INSTRUCTIONS

/EORM PROPER EXI1T ADDRESS

/GET UISPLAY COMMANO

/CONTINUE DISPLAYINGS

/NO, GO ERASE PUFFER

/YESy SO GET NEXT COMMAND
/SHOULD THE LIGHT PEN BE CHANGED
/NO

/MASK OUT ALL BUT PEN COMMAND

JALIGN WITH 340 CONNAND
/PUT IN PEN STATUS REGISTER
/NG, SO 1S THERE ONE NFW ENTITY

/YES, SO PUT ON LIST

/BUT FIRST BE SURE IT 1S NOT DUPLICATFD
/ANO UPDATE POINTLR

/1S THERE ONE ENTITY TO DELETES

/N0

/GET DISPLAY BUFFCR ADDRESS
/SET A POINTER

/GET A DISPLAY ENTITY

/1S IT THE ONE TO RE UELETEDS
/YES

/ND, BUT ARE wWF Al END OF VTABLLS
/YES, SO ALREADY DELETED
/UPDATE POINTER

/AND GD BACK FOR NEXT FNTITY
/GET PRESENY POINTFR

/AND SAVE SO WE CAN NOVE
/TABLE DOWN DNE ENTRY

/GET [+t ENTRY

/PUT IN [ TH ENTRY

/AT END DF TABLE YETS

/YES

/NO

/GO BACK FDR REST OF TABLFE



273 2u2u32 DAC RPNTR /MOVE BACK ENTRY PDINTER

278 721627 RPIE, DSE /HAS PREVIDUS CISPLAY STDPPEDS
&0e3e¢ JrPp .43
120225 DCF
407302 JMP .+3
3e0 120227 DSS
§89331 JMP REPEBK /ND, SD CHECK IF TNO LONG
Ti2764 REPS, LAw [ S22,
287115 DAC REPP'9K /RESET ERROR COUNTER
3en 218433 LAC I NPNTR
50129 SIA 1 /HAS TABLE BEEN EXHAUSTED
484322 JMP REPS /YES, SO GD RESET
248217 DAC REPAX
3@ 218217 LAC 1 REPAX
827172 AND (-1up?P2
fuPL3N I0R PENSTS
25e217 DAC 1 REPAX
3ls 229217 LIO REPAX
AhehL33 ICX NPNTR /UPOATE TABLE POINTER
r29225 oLA /LOAD DISPLAY ADDRESS AND START
227112 LIO xcCC
328 410321 JEP T L+
400321 REP XX, Jrp . /RETURN
7208359 REP6, LAW BPLY /INITIAL ADORESS DF DISPLAY BUFFER
260433 DAC NPNTR /RESET POINTER
32u 1823eu XCT REPS+2 /1S THERE ANYTHING TO NISPLAYS
suetee SZa
480307 JMP REPS+S /YES
227112 LID xcC
339 618321 JMP 1 REPXX /NO, SD RETURN
227112 REPHAK, LI0 XCO
AsTlIS 1SP REP99K
a1f321 JMP 1 REPXX /NORMAL RETURN
EEL) 129225 DCE
§00302 JMP REPS /CISPLAY HAS STOPPED TOO LOMG, SD ERROK
T2E35¢ REPT, LAW BPLY
2683u¢ DAP .+1
3u0 3ueeee oM .-,
ALP3Iug Icx -1
527173 SAS {DIM BPLY+4 Q.
4003u¢ Jrp -2
1Y) 702359 LAW BPLY /GET DISPLAY BUFFFR AUDRESS
249433 DAC NPNTR /RESET PICKUP POINTER
240432 DAC RPNTR JRESET ENC OF LIST POINTER
a9e227 JMP REP2 /CONTINUE
8PLY, REPEAT 50., @ /CISPLAY BUFEER CONTAINS ADDRESSES OF SCOPE BHUFFERS
/AQODRESS QF OISPLAY ENTITIES
432 £80359 RPNTR, apLY /POINTER TO NEXT OPEN REGISTER
eeP3se NPNTR, 8PLY /PDINTER TD NEXT ITEM TD DISPLAY
L33 eooeed PENSTS, 2 /PEN STATUS (ENABLE OR DISAELF)
Tef35¢ RP12, LAW BPLY JINITIALIZE POINTER
24T 14 DAC NPNT /T0 START OE TVABLE
21711, LAC I NPNT JGET NEXT ENTITY
uue sea217 SAC REPAX /COMPARE TO NEW ENTITY

33



i}

450

8809243
a5e1ee
LI E1Y
AT 1N
402837
80217
250832
s@e2u2

JMP RPI11+]
Sia 1

J¥P 43

10X NPNT
JPP RP12+2
LAC REPAX
DAC 1 RPNTR
J¥P RPIY

/VTAPE RCUTINFS AND MACROS
/NOTE TEHAT 2sEVEN PARITY

JENTLIY [S ALREADY BEING DISPLAYED

/ARE WF AT END DF TARLE

/YES

/GC LOOK AT NEXT ENTITY

/CONTINUE

/NEW ENTITY

/SO ENTER IT [INTO TARLE

/RETUPN TO INDEX POINTER

/ 1=000 PARITY
/ B¢ OCTAL MEANS 822 RP]
/ 556 DCTAL MEANS 556 AP
/ 27¢ OCTAL MEANS 290 8P
CEF INE REWIND UNITT
LAW UNIT /TAPE UNIT AUMBER

DAC I IQCQUNT+IZ2¢e

JSP I (CCCREW+17APQ
TERMINATF
DEF INE TAPWRT DENSITY UNIT,PARITY,FIRST,LAST,ENDPOINT
REPEAT 11F vZ OFENSITY-828, LAW 2
REPEAT 11F vZI OENSITY-22¢, cLa
REPEAT 1IF vZ DENSITY-556, LAW |

DAC 1 (OOCDEN+IZ2EQ

LAW UNIT

OAC I (CCQUNT+12
LAW PARITY

sus (1

OAC I (QQCPAR+1Y
JSP T {QCCWR+19D

FIRST
LAST+]
JSP BAQTAP
ENDPOINT
TERMINATE
CEF INE TAPRFD DENSITY,U

REPEAT 1IF vI DENSITY-8¢@,
REPEAT 11F vZ OfENSITY-280,
PEPEAT IIF VI OENSITY-556,
DaC 1 IQQCUFN+l@
LAW UNIT
DAC I IGOCUNT#I®
LAW PARITY
sus (1
DAC I {OOCPAR+IL
JSP U 1QQGRD+IRR
FIRST
LAST+]
JSP BACTAP
ECF
TERMINATE

34

JUNIT NUMBER {7-7)
ez
/PARITY (EVEN DR 0DD)

2ed

oe

/ACCRESS OF START QF PLOCK
/ACORESS CF END OF BLDCK
/PAD TAPE RETURN

/END OF TAPE RFETUPN

NIToPAPITY,FIRST,LAST,EDF

LAW
CLA
Law |
een /YAPF DENSITY
eee /TAPE UNIT NUMBER

/PARITY (00D OR EVEN)

2ee

ne /GO REAUL THF TAPE
/STARTING ADDRESS OF RLDCK
JENC ACDRESS OF BUFFEPR

/EAC TAPE RETURN

JENC CF FILE RFTURN

JCENSITY (B1(,556,0R220)

12-7)



&5}

LE1]

468

L1

476

508

50u

510

Rl

529

mrrrn
288527
$28511
sas1Q
r1eee3
2u8512
125074
232451
as2e217
Bat11s
178558
227114

wesie
820511
s00se7
260512
60Qut1
Whous |
110003
2008512
Y rYY
seese7

T
7
T
PYLLLL
287117
157
227174
200513
50200
178552

DEF INE TAPSPC DENSITY UNITyPARITY,NUM,EOF

REPEAT 11F VZ OENSITY-8082, LAW 2
REPEAT 1IF V2 DENSITY-24@, LAW P
REPEAT IIF V2 OENSITY-556, LAW I
OAC I (QQCDEN+10IZER /TAPE OENSITY
LAW UNIT
OAC I (QOCUNT+l10@2@ /TAPE UNIT NUMBER (@-T)
LAW PARITY
sus (1 /TAPE PARITY
CAC 1 (QQCPAR+1QQ0282
JSP 1 (QQQsP+18d8€ /GO SPACE THE RECDRDS
NUM /NUMBER OF RECOROS TO SPACE
JSP BADTAP /EAD TAPE RETURN
EOF /ENO OF FILE RETURN
TERMINATE

/ROUTINE FOR TYPING OUT CHARACTERS
/JDA TYPE WITM EXTENDED ADDRESS IN AC AND
/NUMBER OF CHARACTERS TO TYPE IN ID

TYPE, e /EXTENCEQ AOORESS
0AP T /PROGRAM COUNTER
OI0 NUMBER /NUMBER OF CMARACTERS
DZM CDUNTX /NUMBER OF TYPED CHARACTERS
taw I 3
OAC M3 /SINCE 3 CHARACTERS PER WORD
EEM

T3, LIO I TYPE

T2, RIL &S

SAD NUMBER /TEST IF MAVE FINISHED TYPING
Jrp T /YES - LEAVE

1SP M3 /NO - TEST IF HAVE FINISHED WDRD
JMP T2 /ND - CONTINUE

ICX TYPE /YES = GD CN TO NEXT WDRO

Law 1 3 /YES - REPLACE MINUS 3

Ty JMP .. /LEAVE

COUNTX,
NUMBER,
M3,

CPT, L} /DECIMAL POIMT RDUTINE

LID (CHARACTER R—
CPu, LAC OPT

DPO JCA 9PT
v
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522 §80200 SPA

781822 crPa, CMA CHARACTER RZ

528 28513 DAC OPT
2605382 cP3, DAC 0P2
Sa7177 MUL ()
s8720280 oIV (12,

S3e eoeegee CP2. e
5285u7 SAS CPI
§890525 JMP OP3
83717 RCL 9S

S3y 683777 RCL 9S
450122 SZa 1
208523 LAC 0P
&6371717 RCL 95

Su@ 883777 RCL 95
1ees21 XCT OPD
208538 LAC DP2
824513 SAD OPT

Sky 17117 DP X, JuP 1 DPXXX
2425u7 DAC DP1
428517 JMP DPU
edneoe oPl. ']

$50 eeppee 9P, 2
28082 DAP 9PX
11277 LAW 1 772
§73er7 RCR &S

SSy 22712491 LID (252202
813777 RCR 95
280557 DAP .+l
§72¢ee RIR

544 442000 spl
220552 AND 9PT+2
883777 RCL 95
§63e17 RCL &S

S68 198123 XCT 10

LIGF, REPLAY 1,2 /OISABLE THE DISPLAY

S73 720933 CKS

STs 843777 RCL 9S
227202 AND (122
627202 SAS t(12¢
422585 JMP ZZGF /KEEP DISPLAY GDING

400 28855¢ LAC 9PT
seeeeod IPX, Jmp

/SUBRCUTINE TD RESPDND TO AN INPUT

JENTRY BY A JDA TESPDND wITH O IN AC IF LIGHTPEN, 1 IF BUTTONS
/JROUTINE EXITS N LOCATIONS AFTER THE JSP AS FOLLDWS

/ 8= NO RESPONSE

/ 1= LIGHT PEN /NEXT FILE

/ 2= LICHT PEN /CCNT INUE

/ 3= LIGHT PEN /TYPE OUT TITLE
/ = LIGHT PEN /TYPE IN TITLE
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682
[ 1.1

61

111717
287128
200602
ang280
Te1808
287121
207121
827200

427200

/ S= LIGHT PEN / CHANNEL
/ 6-T1-8-9= LIGHT PEN JCHANNEL NC. (142,3,4)
/ 1@= LIGHT PEN /FRAME
/ V1= LIGHT PEN ISLOW
/ 12% LIGHT PEN /MOOERATE
/ 13= LIGHT PEN /FAST
/ V&= LIGHT PEN /THIS FILE
/ 1S5= LIGHT PEN /CURVE
/ Vé= LIGHT PEN /COCUMENT
/ 1T= LIGHT PEN /HYSTOGRAN
/ 18= LIGHT PEN /A NAME
/ 19% LIGHT PEN /TRACE
/ 2€= LIGHT PEN /8 LIMIT
/ 1 CONSOLE BUTTON /REQEF INE
/ 2 CONSOLE BUTTON JCELETE
/ 3 CONSOLE BUTTCN /NAME
/ & CONSOLE BUTTON /UPPER
/ S CONSOLE BUTTON /LOWER
/ & CONSOLE BUTTON /sT0P
/ 7 CCNSOLE BUTTCN /THEORET 1 CAL
/ B CONSOLE BUTTON JLIMITS
/ 9 CONSOLE BUTTON /T1ME
/ 18 CONSOLE BUTTON /PROCEEQ
OEF INE RESPONO WHICH NONE A1, A2, A3, AU A5, A6 AT AR, AQ,A18,A11,A12,A413,414,A15,
12, LAW WHICH /@=LIGHT PEN,s 1=BUTTON
JCA TESPONO
OEF INE PASS A
REPEAT 11F P, REPEAT @1F VI A+@, JMP A
JLEGAL RESPONSE, SN EX1T ACCOROINGLY.
REPEAT 11F P, REPEAT VIF VI A+8, JMP 27242
/ILLEGAL RETURNS ARE TREATEC AS *NO RESPONSES®.

/21ERO

PRID

REPEAT @1F P, ¥
INSERTEQ ON PASS 1 TO KEEP LOCATION COUNTER HAPPY

TERMINATE PASS

TRP By oNONE AT A2 A3, A AS AO AT AB A9, ATA ALY AT2,A13,A1L,8159,A46,71

PASS 8

ENOIRP

EQUALS PASS,NULL

TERMINATE
OAC *PRIX
LAC PRID
SPA
cra
OAC *PRAA
LAC PRAA
SuUB (18,
SPa
J¥P PRI1B
sua (9e.
SPaA
JMP PRIPE
sus (9¢e.

8§



620 dup208 SPA

800687 JMP PRIPAR
200822 LAC PRIO
BATITY MUL (1
628 987205 olv (ieae.
re00e¢2 NOP
327122 010 'PRIS
178513 JCA 1IPT
638 207122 LAC PRIS
6802080 SPA
T61800 CMA
260682 DAC PRID
638 0080N JMP PRIO+2
620851 PRI1E, JSP PRSG
227208 LIo (2¢
1705580 JOA 99T
680 227206 L10 (2¢
178558 JOA 9PT
207121 LAC PRAA
178513 JOA DPT
6%8  §17120 JMP 1 PRIX
620651 PRI1CE, JSP PRSG
2006480 JMP PRIY+ 3
820651 PR1C@E,  JSP PRSG
650 8904682 JMP PRIB+S
651 2686681 PRSG, DAP .+8.
200802 LAC PRID
[1YIYT] SMA
854 480457 JMP .43
227176 L10 (CHARACTER R-—
178558 JOA 9PT
227207 LIO (CHARACTER R,
668 178550 JoA 9PT
asesee NLT N
662  RTITTT TESPDND, .= /@= LIGHT PEN, I= RUTTON
261173 DAP RESPOX /SAVE RETURN ADDRESS
s6N 290862 LAC TESPOND /GET COCE FOR WHAT TD CHECK
sxf1ee SZA /UIGHT PEN DR BUTTONS
[TARRKLY JMP BUTTO /PUTYONS
20127 CANE, osP JLIGHT PEN BREAXKS
[3{ B T AREE ) JMP RESPOX /NOT A LIGHT PEN INTERRUPT
120126 ORC /SAVE COORDINATES
120122 010 XYNOW /0fF POINT JUST SEFN.
20028 ORA /GET ADORESS
87% 720225 OCF /CLEAR ALL THE FLAGS
v20125 ORS /AND NDW RESUME THE DISPLAY.
3777 RCL 95
3777 RCL 95
08 827177 SuB 1
w7123 DAC R'ESPP /SAVE THE TABLf ADDRESS
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CEFINE TESTN A,P,C

LAC RESPP
suB (A
SVA |
JNMP LT
ACD (A
SuB B
SIM
JMp .42
LID IC
JMP GDNOW
TERMINATE
TESTN CATA,DATA+2€@R.,17.
TESTN CHANNELS CHANNELS+9,5
TESTN CHANNELS 5,CHANNELS 6,6
TESTN CHANNFLS 6,CHANNFLS 7,7
TESTN CHANKNELS 7,CHANNELS 8.48.
TESTN CHANNELS R.,CONTINUE,9.
TESTN CONTINUE, NEXTFILE,2
TESTN NEXTFILE,TYPDUT 1
TESTN TYPDUT,TYPIN,3
TESTN TYPIN,THISFILE,b
TESTN THISFILE,DOCUMENT, 4.
TESTN COCUMENT,FRAME, 6.
TESTN FRAME, SLDW,I1¥.
TESTN SLOW,MODERATE,11.
TESTN MOUEPATE,FAST,12.
TESTN FAST,INFO, 12,
TESTN TRACE,THYTAL,I19.
TESTN LIMITS,LIMITS+8+19.,20,
1164 Joupgpe cLt
43777 GONOwy RCL 95 /GET EXIT CGDE
1178 843777 RCL 9§
821173 ADC RESPCOX /INDEX EXIT ACDRESS
241173 DAC PESPOX /FCRM RETURN ADCRESS
421173 RESPDX, Jve . /RETURN
M7y r622¢¢ BUTTD, LAT
863717 RCL 9S
663777 RCL 95
Vo220 cLaA
CEFINE TEST A
RIR IS
sP1
LAW A
JMP GGNDW
TERMINATE
TEST 1 /VeWe 17 = PEDEFINE
TRST 2 /T.w. 16 = CELETE
TEST 3 /Tabhe 15 = NAME
TEST u /ToW. 14 = UPPER
TEST 5 /TaWe 13 = LOWER
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1250
1258

411173

A1173
251173
11173

GGNOW,

TEST 6
TEST 7
TEST 8.
TEST 9.
TEST 18,

JMP 1 RESPOX
EQUALS TEST,NULL
ACC RESPOX

OAC RESPOX

JMP 1 RESPOX

START

40

/TeWs
ARLD)
S ToMs
AR B
AR D)
AR D)
/T.Me

12 = S10P

11 = THEORETICAL
18 = LIMITS

9 = TINME

8 = PROCEEQ
T=0UTPUT COPTION
6 = SKIP FRAME

/NC RESPONSE

/A BUTTON WAS OOWN
/S0 FORM RETWRN ACORESS
/ANQ EXIT



1254

1268

1263
126%

1278

1213
127

1328

13284

139

1312

1318

1329

1324

26252¢
2815682
ss5@1¢e
68215¢
T8leae
241735

287258
431583
L7177
867124
redeee
aB 1532
241533

211563
N31564
S47VT7
67124
iseeee
ATITY
161008
24173y
s\cee
8516¢ee
age2s
8271257
2a3125
snieee
Aue126

231533
2872680

211533
$51533
8720821
321535
241536
541537
LIS LT

BASELINE 2

CEFINE CPR
0aC
Jse

TERMINATE

/JSP CaALCUL?

CaLCUL, [ Y
LAC
SiA
Jmp
cra
0AC

SUBR
I {SuaRr
1 (SURR+1

RETURN
N

1

THOR

NN

NSEC, REPLAY 1,2

LAC
sus
MUL
Uiy
NOP
ACO
0AC

[ScTOSC
1y

1
B'CRY

w7
COUNTER

KEPLAY 1,2

LAC
SUB
MUL
niv
NCP
ACO
CrA
DAC
cra
cLo
ACD
ANO
Dac
S0
1cx

Loor, LI10
LAC
DPR
LAC
MUL
RIR
n10
0AC
cIm
0ZM

41

1y
1 vel
(B
RORY

NUM

TOTAL
CBTrTT
TOTAL

TOTAL+]

1 COUNTER
(Sx

tac

1 COUNTER
1 COUNTER
1S

TEMP]
TEMPL ¢]
TEMP V42
TEMPI+3

/PROGRAM COUNTER

/NO. SETS TO PROCESS IN TRACE
/TEST IE HAVE BEEN SET

/NO=-GO TO THEORETICAL
/YES-COMPLIMENT

/FOR INOEXING LATER

/KEEP OISPLAY GOING

/EIRST Y VALUE ON SCOPE
JHIGH Y LIMYVT

/AOCRESS OF 1ST X VALUE
/BEGINNING CE DESIRED X VALUES

/KEEP QISPLAY GOING

/NO. PTS. W/I LIMITS

/wWANT INCLUSIVE SECIVON

/FOR INOEXING LATER

/TOTAL NO. OF X SuB 1
/LCw OROER REGISTER
/HIGH OROER REGISTER

/X SUB 1 VALUE
/ADORESS OF SuM x Sus |
/COUBLE PRECISION AOO

/x SUB 1 SQUARED
JEIX SIGN BIT
/LCwW OROER

/H1GH OROER



1329

1339

1336

1348

1364

1359

1258

1358

1382
1368

1376

1409

1h0¥

1818

341541
Bu 1582
Bu15u3
Bu15u
207263
227264

211533
450220
401341
a7TI7Y
€5010¢
801368
1092124
anp2ee
827177
241535
dug2ee
7810020
827267
su0500
§17272

281535
§65001
ar2T

841533
481734
601312

N1T35
681262

287274
241563
207275
241564
200133
5487205
472021
820117
242120
280134
6avr2@5
67777
8673717

Looei,

DIM
0ZM
07 4]
DM
LAC
LID
DPR

TEMP2
TEMP241
TEMP2+2
TEMP2+3
(Sxs
(TEMPI
DDAD

REPLAY 1,2

LAC
sea
JMp
ADD
S2a
Jmp
xXcv
sPa
suB
DAC
SpPa
cMA
sus
SIM
JMp

LAC
SAL
ADD
DPR

1cx
1sp
Jmp

I CDUNTER
1

oty
‘1

(

.43
GRANULE

a1
TEMP)

1457,

/ADDRESS DE CUMULATIVE Xx SQ.
/ADDRESS DF SQUARED VALUE
/4 REGISTER PRECISIDN ADD

/KEEP DISPLAY GOING

/SHIFT INSTRYCTIDN 1D THE RIGHT

/PAXTMUM PDSSTBLE FDR
/SCOPE DISPLAY

1 (RESET+l12@QQ

TEMPI
15
(zLoc
DINDEX

CDUNTER
NUM
Loce

REPEAT 2,

tse
JMp

NN
NSEC

REPLAY 1,2

LAC
DAC
LAC
Dac
LAC
MUL
RIR
oI1D
DaC
LAC
MUL
SCL
SCL

42

(yxyxy

Y
(Yxyxie+1
Y+l

SX
{ieee.
1S

My
MU+ 1
Sxe1
(1eee.
9s

8s

/CORRECT X VLAUE
/SINCE DDUBLE PRECISIDN

/7D GET DDUBLE PRECISIDN INDEX
/1D NEXT x Sus |(

ZTEST {F HAVE EINISHED
/NO~CONT INUE

icx vy 10X Y+

/TEST 1F HAVE FINISHFD TRACE
/NO-DD NEXT SECTION

/KEEP DISPLAY GDING

/1L0W DRODER PART
/FDR ACCURACY

/HIGH DRDER PART

/CANNDY BE MDRE THAN 1 REGISTER



sl

33
PR L]

1617
1820

1428

1u38

1438

Tan}

817 ]

1450

1458

ALY Y]

LT

1470

Taln

1875

1509

8082120
280122

207278
227277

280017
520122
200125
a7
281535
020
421522
202126
281536
207268
227280

981561
28732h
227277

881541
701541
281%465
281467
200000
161000
2a 020
Rhlhb?
LLAR TN
$27327
421445
227263
227326

201581
2571318
201562
257311
281543
257312
20158k
257313
riee2
247135
437314
087135
491472

217310
251581
2731
281542

L

Byy

2,

€

ADD MU+
DAC MU+ /RAVE SX-12¢8. 1N MUy NOW

LAC (ML

LID (TDTAL

DPR DPCIV

DAC MU

CID MU+l /AVERAGE TIMES 1224,

LAC TDTAL

sue (t

DAC TEMPI

SPA

JMP BORRCW

LAC TOTAL#)

DAC TEMPI+1

LAC (SX

LID (Sx

OPR DMUL /4 REGISTER PRDDUCT

TEMP2 /ACCRESS OF PRODUCT

LAC (TEMP2 /ADDRESS CF LOW DRDER PART
LID (TDTAL /AUDRESS OF LOW DRDER PART
OPR DPCIVH

TEMP2

LAw TEMP2

DaAP .42

DAP .43

LAC .-.

Cra

DAC .-.

10X =1
10X -4

SAS (LAC TEMP2+u

JMP -6

LID (SXS

LAC (TEMP2 /ADCRESS OF LDW DRDER PART M REG.
DPR DDAD /4 PRECISICN ADDITIDN

TRP  8,,0,1,2,3¢

LAC TEMP2+a

DAC 1 (MAC 12¢R2+uA

ENDIRP

LAC TEMP2+#

DAC 1 (MAC 1002¢@+4+0

1, LAC TEMP2+1
DAC 1 (MAC 1220Q+u+
2, LAC TEMP2+2
DAC 1 (MAC 122224442
3 LAC TEMP2+43
DAC 1 (MAC 122B2+4+3

LAW [ [#.
DAC FLIPF
JSP 1 (XSHIFT+12330
ISP FLIPF
JMP =2

TRP A ya@41,92,3%

LAC 1 (MAC+1Q202+u4+a
DAC TEMP2+A

ENDIRP

LAC 1 (MAC+12@A3+u+
DAC TEMP2+0
1y LAC T (MAC+127O2+u+])
DAC TEMP2+41

43

ND .



iseu

1513

217312
241543
217313
2 15ub
2873240
2272¢m

22121

24
DAC

DAC TEMP2+3

L10

OPR DPLIVF+ICERD

TEMP2 42

{TEMP

OPR SORT

Lac

44

SIGMA

LAC I (MAC+IPIPVIL 2
LAC | (MAC+12¢Vete}
LAC {1IMP2

/QUOTIENT IN AC
/GET STANCARD DEVIATION FROM VAR]ANCE



1518

1521
1522
1528

[ALT1 )
1538

1538

S87321
$87177
repeee
280121

81742

87171
281535
Tigeel
AB124
281538
801430

30002
230003
23080284
e
e
rrrrme
Y

MUL (31,

oy {1

NOP

0AC SIGMA

REPLAY 1,2 /KEEP QISPLAY GOING

JMP COMPUTE /70 LOAQ BUFFER FOR HISTOGRAM OISPLAY

80RR(CW, ACO (ureere /BORROW FORM HI1GH ORDER
OAC TEMP)
LaW 1 1
ADO TOTAL+I
0AC TEMPI+I

Jwp TP
/70 CALL'. JSP CALCUL
/ RETURN
/
/

ZINITIALLY®, SX SET TO ZERQ ',REGISTER WITH SumR XxI
/ SXS SET TO ZERC ' ,REGISTER WI1TH Sug (x12)

/ TOTAL SET TO ZERQ ',TOTAL NUMBER OF PTS. IN SAMPLF
i

/

JINPUT®, N NUMBER OF SETS OF LIMITS

YH1 HIGH Y LIMIT

YL) LCk Y LIMIT

YH2

HL2

THROUGH

YHN

YUN

NNN N NN NN

JOUTPUT®, CUMMULATIVE STO. CEV. IN REGISTER *'SIGMA’
/ CUMPULATIVE EREQUENCEY CURVE IN BUFFER

/ AREA *TABLE* PLUS NEXT 18320 LOCATIONS

/ WITE BASELINE FREQUENCY AT LOCATION

/ *ILOC* WHICH IS IN MIOOLE OF TABLE.

/

/

/

/FORMLLAS®. SIGMA=SO. RT.((SUM X SUB 1 SO.-{SUM X SUB 1°* SUM X SUB T1/N)/{N-11SO
/ SOLRT.(Y) * (Y/AN - AN)/2

/LOCATIONS AND CONSTANTS

MCDULE=122077
w3, 3eee2
Wh, 3e203
Wl 3pdee
COUNTER, e
TENP, =
TEMPY, o=

TEMPI4], e

45



1537 77177 TEMP1+2, =

1588 IRARAR] TEMP1+3, e
\AARER] TEMP2, e
I TEMP241, =
TmIITY TEKP242, o=
1548 77777 TEMP243, e=e
e@92e7 SAVEY, dee2e7 /STARTING Y COOROINATE
800266 SAVEX, Aeadss /STARTING X CODRDINATF
831283 PTHISTD, DATA+3 /BOFFER FOR QISPLAYING HISTOGRAM
1558 828325 PTRACE, TRACE+3 /BUFFER FOR DISPLAYING TRACF
821151 TTBL, THYTBL+3 /BUFFER FOR DISPLAYING THEORETICAL
mn SAVEXX, “
17 SAVEYY,
1558 RAREES CXy .
e DY, .
T CY+1, .
177 oDy,
1568 17 RRE,
TrIIInTY NNN, .
eopeae Ny /NUMBER DF LIMIT SETS
881572 Yo YXYXL
1568 8081573 YXYXL+1
#01623 K915, 915,
eepoen k91541, a
881274 xree, 700,
1578 eeogee kT7@g+1, a
mmrrn COUNT, =
YXYXL REPEAT 2¢., @ /TRACE LIMIT PAIRS

/COORC. SUBR, HISTO BUFFER, THEORY BUFFERy, ANQO TRACF BUFFER SET
/TO CCMPLUTE INCREMFNTS IN MINCR COOROINATE WITH WHDLE

/STEP INCREMENTS IN MAJOR CCOROINATE ANQO FINAL STEP

/INCREMENTS FOR BOTK TO COMPLETE THE VECTOR

7*'JSP COORQ' WITH X OIFFERENCE IN *MINY ANQ Y OIFFERENCE

JIN "MA
1616 26172y CDORD, DaP RTN /PROGRAM COUNTER
InlTel DIM SW
1628 201733 LAC MIN
n02900 SPA
7810800 CMa
261736 DAC R /ABSDLUTE VALUF DF OIFFERENCE
REPLAY 1,2
1623 201732 LAC MaJ
anp200 SPa
181000 CMA
163¢@ 821736 sus R
su@20e SPA JTEST WHICKH IS LARGER
01725 JMP SWITCH /X 1S
1633 2817132 COORO1, LAC MAJ
163n 7177 MUL 1) /SET UP FOR DIVISION

46



1638

1668

1644

1658

1658

1668

1664

1678

1674

17e8

17848

17¢%

1ms

1713
LRAL

867322
teecee
321736
45¢1¢¢
421713
4up2¢e
vé10ee
281738
781000
281735

201733
En1736
61732
roceen
261762
741000
N@1733
w7177
581736
T6Q000
4n@uge
401666
761820
847323
281737
201780
(131114
481678
rtaeee
€87323
281780
201736
dnenge
421723
r61000
8867323
241736

421728

201732
221733
241733
821732
LLRRL R
801633

I81735
54173
201732
dnpuee

LAC MIN

RTN,

SWITCH,

STEPY,

o1y
NCP
[0} §¥]
SZa
Jre
SPa
Cra
DAC
cra
0AC
REPL

MUL
DIV
NOP
0AC
CMA
ACD
rUL
DIV
NCP
SKA
JMP
crA
ICR
DAC
LAC
SMA
Jve
cea
10R
DAC
LAC
SKA
Jrp
Cra
1R
DAC

REPLAY 1,2

JMp

LAC
LID
DAC
D10
10%
Jre

DIv
DiIM
LaC
SrA

47

[BRA
R

1
STrees
NUM

NN

AY 1,2

R
LN}

RP
MIN
(1
NUV
-
(2ee
"

RP
o3
(20¢
RP

R

oth

12ee
R

vaJ
MIN
MIN
MAJ

SW
COORDI

NN
NUM
MAJ

/WHDLE STEP

/INCREMENT IN PARTIAL STEP FOR MAY
/TEST [E NEED WHOLE SIEP

/NO-SET UP EDR DNLY PARTIAL
/NUMBER OF WHDLE STEPS

/FDR INDEXING

/INCREMENT IN PARTIAL STEP FOR MIN

/TC GET MAGNITUOE
/PUT IN MINUS SIGN

/1D GET MAGNITUDE
/PUT IN MINUS SIGN

/70 GE1 MAGNITUDE
/PUT IN MINUS SIGN

/KEEP DISPLAY GOING

/BACK TO PRCGRAM

/S0 HAVE LARGER OIEFERENCF
/IN VARIABLE CALLED raJ
/AND SMALLER INCREMENT IN

/VARI1ABLE CALLED MIN
/SC KNOW THAT HAVE SWITCHED

/NO WHDLE STEPS



1712
1726

1738

1738

1732
1738

17ad

1782

1788

1758

1769

1768

3778

17N

Wy

81722
varee
E87323
281736
281733
(1Y LY []
491730
Fa10808
987323
268 17he
48178

77777
7w
77777
777
JFrImee
mrre
mrr
gd0aae

437328

287326
2515687

217327
w7245
&72081
821535
2815346
217332
87205
87777
487377
815638
281538
287240
227133

2% 1555

SWy

COMPUTE,

JMP
cHA
10R
DAC
LAC
SMA
Jmp
CHA
10R
DAC
Jwp

e
/LDACS BUEEER

LAC
SAL
AOQD
CMA
daC
CMA
MUL
otv
NDP
DAC
LAC
DaC

43
/70 GET MAGNITUOE
(2ee /MINUS SIGN
R
MIN
.43
/70 GET MAGNITUDE
(2¢a /MINUS SIGN
RP
RTN /BACK TD PROGRAM

/LARGER INCREMENT

/SMALLER INCREMENT

/NUMBER OF WHOLE STEPS

/-NUMBER OF WHOLE STEPS, FOR INOEXING

JINCREMENT IN MAJ. OIR, IN PARTIAL STEP

/INCREMENT IN MIN. DIR. IN WHOLE STEP

/INCREMENT IN MIN, OIR. IN PARTIAL STEP

/¢ I¥ Y=MAJ, X=MIN DR 1 IF Y=MIN, X=MAJ
EDR HISTOGRAM INTO MOCULE 3

JSP 1 {TABTEST /EINO RANGE OF BUFFER
TEMP
15
(@)

COUNTER /NO. DF STEPS

tlege. /JEOR ACCURACY
1915, /NG. HORIZONTAL INCREMENTS ON SLOPE

s34 JEACTOR FCR X
(DATA+3
PTHISTOD

REPLAY 1,27 /KEEP DISPLAY GOING

LAC
MUL
RIR
olo
DAC
Lac
MUL
SCL
SCL
ACD
DAC
LaC
LIO
OPR
0AC

48

1 tMaxImum /LOW OROER HITS OF Y{MAX])
t1ege.

15 /SET SIGN BIT

TEMPI

TEMP1+]

1 {MAXIMUM+1] JHIGH DRDER BITS OF Y{MAX)
(igee.

9s

8s

TEMP 14

TEMP I+

(TEMP)

(X788 /PDSSIBLE INCREMENTS IN Y

oPOLYV

oy /CODUBLE PRESIDN



2¢p4

2002

220y

2210

2214

287
2024

2028

22349

2238

2264

2043
29un

29589

2854

20649

821556

287225
87177
561554
T800002
w7177
$67322
v46E909
121560
sudlea
161002
241561
1553

221534
4859021
1610082
Ng72T1
221332

291535
291538
du@iee
aB2037
201535
Su7177
561555
402037
&02043
207264
227333

821553
M1535
41553
241553
281535
47177
867322
7602002
321736
4501882
402075
S4Au00
161002
241735
10177
221535
442900

Lbor2,

D{D

DY+l

REPLAY 1,2

Lac
MUL
Div
NDP
MUL
DIv
NDP
Di{D
SZa
CMA
DAC
DIM

REPL

LAC
SAL
CMA
ADD
LID
DPR

NNN
SAVEYY

AY 1,2

TEMP
1s

(ZLDC
{kie92
DMUL

TeMPI

LAC
S2A
Jup
LAC
MUL
DIV
JMP
Jnp
LAC
LID
DPR
sus
DAC
ACD
[#7.19
LAC
MUL
Div
NDP
oID
SZA
Jrp
SMA
cMA
DAC
LAW
LID
sel

49

TEMP1 41

tb
TEMPI

NN
177
TEMP)

/FACTDR EDR V¥

/KEEP CISPLAY GDING

/SINCE INCREMENT IN
/X WILL ALWAYS BE THE SAME

/CONSTANT DIEFERENCE (N X DIRECTION

/SINCE DDUBLE PRECISIDN

/TEST IE NEED TD DD DOUBLE PRECISIDN
/CIVIDE - IE NDT, DISPLAY WILL BE
/CDMPLETED MUCH FASTER

/ADCRESS DE HIGH MANTISSA

/INTERESTED IN DIEEERENCE
/Y DIEEERENCE

/SAVE EDR NEXT DIEEERENCE

/SET UP EDR DIVISIDN
/HDW MANY WHDLE STEPS

/€CR INDEXING



206%

2070

2074

2278

2189

210%

2111

2118

2120

2122
212%

2130

213%

213%

2149

214k

B47323
247334
Tougee
77777
47728
831547
Bu1547
61735
ég2071

2017346
ésgi1ee
é8211e
LET-RT- 1
602104
Ta1002
847323
247334
865377
251547
Mu154u7

201561
6501082
602122
241125
227335
331547
41547
267125
682116

2815482
450100
60213¢
gur170
251547
ANI547
rieeel
M 1534
241534
N61533
682218

201553
440200
rTé1e0¢
RuT7336
661377
251547
Me15u7
Te304e

STeP,

STEPI,

10R
10R
cL1
SCR
SCR
olo
10X
1S
Jee

LAC
SeA
Jep
SKA
Jvp
cHA
10R
10R
SaL
DAC
Icx

(229
fuee

9s

LS

1 PTHISTO
PTHISTO
NN

«=3

(2pee

(143

8s

I PTHISTO
PTHISTO

REPLAY 1,2

LAC
SZA
Jre
oAC
L0
010
10x
1sp
Jre

LAC
SZA
Jrp
I10R
0LC
10x
LAwW
ACD
DAC
1s¢
JMP

LaC
SPa
CMA
10K
RAL
DAC
1Cx
LAW

50

NNN

1

STEPI
'VARN
(2ee177

1 PTHISTO
PTHISTO
VARN

«=8

RRR

1

«tl
t22eapea
1 PTHISTO
PTHISTO
1
TEMP
TeEMP
COUNTER
LOOPZ

SAVEYY

t16ee

6S

I PTHISTO
PTEISTC
speQ

/FINUS SIGN
JINTENSITY

/ND. OF WHOLE STEPS

/PUT IN PARTIAL STEP

/FINUS SIGN
/INTENSITY

/KEEP OISPLAY GOING

/NUMBER OF WHOLE STEPS IN X OIRECTIUN

/WHOLE STEPS (N X

/NUMBER OF WHOLE STEPS

/PARTIAL STEP OVER IN x OIRECTION

/INTENSITY EIT

JTEST IF HAVE DONE ALL PTS
/NO=-CONT [ AUE

/STOP COCE



2158

215%

21538

2154

2160

2161
2162

216%
2179

2178

2209

2208

2218

228

2229

251587
§3732%

2071337
241551

248184
§seiee
482352
20012)
sne2i1ge
482352

LT ATR)

P8 1553
837324

w2117

sazr2e5
$47382
speee
241555
2008124
R273483
282202
221534
s82801
Tén2¢e
ey
soreel
281536
§72021
$21535
201535
as16ee
827227
827257
281535
salgee
W 1536
281535
587205
§128801
321535
281537
281536

0AC
Jse
REPL

1 PTHISTO
1 (TARTEST
AY 1,2

/KEEP QISPLAY GOING

/BUFFER FOR THEQRETICAL CURVE IN MOQULE 2

THOR+

CALCU,

INS,

REPL
LAC
0AC

LAC
SIA
Jrp
LAC
SZA
Jrp

10x

oM
Jse

REPL

LAC
OPR
MUL
orv
NOP
0AC
LAC
sus
0AC
Lio
RIL
cLaA

SCL
0AC
RIR
ol1o
LAC
cLo
ADO
ANO
0AC
$20
Iox
LAC
MUL
RIR
olo
0AC
LAC

Sil

AY 1,2
(THYTRL+3
TT8L

THEQRY
I

CTRACE
FLIPFLOP

CTRACE
FLIPFLOP

SAVEYY
I (TABTEST

AY 1,2

*u
£ExXe
(legee.
tree.

[ 4
GRANLU'LE
toeee
INS
TEMP

1s

15
TEMP] 41
1S
TEMPY
TEMP]

[
(3rrrre
TEMP]

TEMPI+]
TEMPI
riepe,
1s
TeEMPI
TEFPI42
TEMPL+]

/TEST THEQR. BUTTON STATUS

/NOT PUSHEQ OOWN

/CN-CHECK IF HAVE CALCULATEOQ YET
/TEST IF HAVE CALCULATED VALUES
/YESy GO ON TO TRACE BUFFER

/S0 WON'T CALCULATF TwWICE

JINITAIL Y COOROINATE

/KEEP QISPLAY GOING

/AVERAGE

/70 GET GRESTEST POSSIBLE Y VALUE
/SET UP FOR QIVISION

/PQSSIBLE INCREMENTS IN Y DIRECTION
/FACTOR FOR Y SCALE

/CREATE DEGRANULATOR

/CEGRANULATE



222% 547205 MUL (1ed0.

467777 SCL 9S8
447377 SCL 8BS
401537 ADD TEMP1+2
2239 261536 DAC TEMPI+Y
28726M LAC {TEMPI
2273an LIO (K915
DPR CPCIV
2235 24 1535 0AC TENMP) /INCREMENT EACH TIMF
T64000 (48
20153m LAC TEMP
22u9 102222 XCT INS /LARGEST VALUE
Sk7345 MUL [-1220,
s72021 RIR 18
121541 0I0 TEMP2 /FOST NEG. NUMRER ' 10282,
224 201541 LAC TENP2
027346 SuBR (504,
2481541 DAC TEMP2
re00e1 LAw 1
2259 241733 DAC MIN /% ALWAYS SAME
861571 DZM CDUNT
381781 DIM Sw
NEXTPT, REPLAY 1,2 /XEEP OISPLAY GDING
2254 Tdeeen Law |
241733 CAC MIN
281535 LAC TEMPI
54157 MUL CDUNT
2269 go71177 Cliv 11 /T0O GET INTD AC CDMPLIMENTEO
Tooeee NCP
A2 154 ACO TEMP2 /KROR HAVE X VALUE
DPR EXP
2265 Eu7205 MUL (i1eee.
541555 Div DY /70 GET COORO.
reeeee NOP
2279 421553 SUB SAVEYY /10 GET OIFFERENCE
241732 DAC MAJ
401553 ACD SAVEYY
241553 DAC SAVEYY /70 GET NEXT DIFFFRENCE
227N 421616 JSP COCRD
201741 LAC Sw
sudiee SZa JTEST WHICH IS LARGER
402345 JMP XMAX /x 18
23e9 201735 LAC NN /Y 1S=-CONTINGE
850120 SIa JTEST if ANY WHOLE STEPS
s@2120 JPP STEP2 /NO-GO DO PARTIAL
788177 LAW 177 /YES=-PUT THER IN

52



2304

2310

2314

2321

2328

2338

2332
2334

2340

2384

2348

2358

221732
du2eee
e87323
Qu7334
465377
gu7181
1777
77777
231551
41551
881735
802314

201736
Ru7334
665377
eu7I77
251551
41551
WIS
827325
602253

710821
21551
241551
211551
eu7171
251551
A4 1551
7030800
251551

402352

2017ue
802322

te171se
faeeee

LIo MAy
SPiL

1CR 12¢2
ICR {u22
SAL 8BS
10R 14
SCR 95
SCR 95
010 1 FTHL
10x TTBRL
1SP NN
JMP -3

STEP2, REPLAY 1,?

LAC R
SKEP2, 10R 1hed

SAL 85

ICR 11

baC 1 TTeEL

[ex 1rRL

1EXx COUNT

Sas 1915.

JMP O NEXTPT

ENCUP, LAR T 1}
ACO TTOL
CaAC TTRL
LAC I TTRL
ICR 1upZRP?
CAC 1 TTEL
16X TTAL
LAW 3¢ge
pac I 1TRL

REPLAY 1,2
JVMP CTRALE

XMAX, REPLAY 1,2
LAC RP

JMP SKEP?

K1@¢eg, 190,
]

/FINUS SIGN
JINTENSITY PIT

/X INCREMENT FOR Y WHOLE STEPS

/VESY IF HAVE MORF WHOLE STFPS
/YES DO AGAIN

/hCW DO PARTIAL STEP CVER

JINTENSITY CIT

/TEST [F HAVE FINISHFD
/NG=DO NEXT POINT

IYES = FINLSH UP

/PICK UP LAST WORD AND PUT [N
JESCAPE RIT

/STCP CODE

/KEEP O1SPLAY GOING
/NERT BUFFER AREA

JKEEP DISPLAY GOING

/Tw0 REGISTER CONSTANT

JROUTINE TC SET UP BUFFER FCR TRACE CISPLAY IN MOCULF 2

53



2352
2358

2360

2386

2379

2374

2370
26080

2a 8%

2618

2818

2418

2629

242%

2438

211532
781000
241533
781200
687285
657347
Tee 00
181557
207358
241558
LIRR{Y]

100821
Bu7285
681557
js00¢28
287124
rel2ee
281732
181552

201180
45010¢
022484
221733
121732
211532
100124
687351
661557
Fe0000
821552
281733
421552
181552

421818
201781
8100
482851
281735
450180
482434
287352
0WI737
arTITI?
arrrmr
831558
hi1550
481735

CTRACE,

PEAT,

CMA
0aC
CMA
MUL
olv
NOP
DAC
Lac
DAC
oM

COUNTER

{12e¢.
1850,

ocy
{TRACE+3
PTRACE
Sw

REPLAY 1,2

LAw
MUL
v
NOP
o718
CMA
0AC
oM

1
tieee.
oey

BORY

L]
SAVEXX

REPLAY 1,2

Lac
SZA
JMp
Lio
010
LaC
xCT
MUL
olv
NCP
sus
0AC
ACD
0ac

Jse
LAC
Sia
Jve
Lac
Sia
JMp
LAC
10R
SCR
SCR
Dio
1Cx
1se

54

Sw

1

.t3
MIN
MAY

1 w?
GRANULF
(2506,
ony

SAVEXYX
MIN

SAVEXX
SAVE XX

COCRL
Sw

XL ARG FR
NN

1

STEP3
(377622
L

9s

9s

1 PTRACE
PTRACE
NN

LAC [ w3 /NC. OF PTS. IN
/FOR INOEXING

/FCR ACCURACY
/NO. OF INCREMENTS IN AREA OF SCOPE

JEACTOR FOR Y

/KEEP DISPLAY GOING

/Y INCREMENT CONSTANT
/JFACTCR FOR BOTH SCALES wllLL @F
/VHE SAME - SET [T USING Y

JSINCE WILL ALWAYS BE NEGATIvVE
JCHANGE IN Y EACH VIME

/KEEP O1SPLAY GOING

/10 GET DIFFERENCE

/SAVE TO GET DIFFERENCE AGAIN

/YEST WHICH DIFFERENCE IS LARGER

/x 1S

/VECTOR MOCE WORO

TRACE



2433 4824382 JMp -3

STEP3, REPLAY 1,2 /KEEP DISPLAY GOING
2833 201736 LAC R
EnT7338 10R {u€D
8445377 SAL 85
2448 [T 24T I0R RP
251558 CAC I PTRACF
461550 10X PIRACE
587258 SAD (THYTBL
2kui 462450 JHP L +N
41532 10X W7 /TD NEXT X VALUE
861533 1SP COUNTER /TEST IF HAVE FINISHED
882376 JMP PEAT /ND-CONTINUE
2858 422504 JMP FINUP /YES=GO FINISH uP
XLARGER, REPLAY 1,2 /KEEP DISPLAY GOING
2852 201735 LAC NN
452108 SIAa I
245% 882472 JMP STEPY
201737 LAC w
733y 10R {ne@
485377 SAL 8%
24669 en7322 IOR (177
221732 LIO MAY
482000 sel
#7323 ICR {2088 /MINUS SIGN
2868 a7 SCR 95
817777 SCR 95
831558 010 I PTRACF
L1550 10X PTRACE
2u78 481735 ISP NN /NG OF WHOLE STEPS
602466 JMp -3
STEPG, REPLAY 1,2 /KEEP OISPLAY GOING
2873 2@17he LAC RP
2878 €87334 IOR {une@
665377 SAL 85
en1736 IDR R
25155¢ CAC 1 PTRACE
2508 ANI550 10X PTRACE
AN 1532 10X W7 /T0 NEXT X VALUE
361533 1SP COUNTER /TEST IF HAVE FINISHED
822376 JMP PEAT /ND-CONTINUE
2504 710e@1 FINUP, Law 1 1
481558 ADO PTRACF
2% 155¢ OAC PTRACF
211558 LAC [ PTRACE /PICK UP LAST WORD AND PUT IN
251¢ ex7171 ICR {se@pen /FSCAPE BIT
251558 CAC I PTRACE

55



2512

251N

2524

2521

2528

2526

253@

2533
253%

2544
2541

2542

181558
783228
2515s5e
227353
281532

apppeR

262525
v8252¢4
227354
178451
682525

776201
su22T1
A54724
232223
$147¢5

1746346
AS6NTI
237186
450071
§TuSHE
516564

737702

2862731

RETURN,

/BASELINE

PACT AP,

1o

CEF INE

TERMINATE

INIT,

10x
LAwW
DAC
LAC
0AC

REPL
JrP

FUNC

Dap
LAw
Lo
JCA
Jmp
Text

PTRACF

ey /570P COLE
1 PTRACE

(3€8¢6

L34

AY 1,2 JKFEP OISPLAY GOING
Ry /BACK TO MAIN PGM.

TICNS

ol
o+l
134,
TYPE

/

CNO

NAME
LAC
MuL
oy
NOP
ACD
0AC
LAC
ACD
DAP
1cx
LAC
ACC
0AP
REPL

DaP
stz
s12
S12
ST
SET
1ep

56

REC

CARET N
N
{1
(1

[NAVME-&

xce

1 xCo

i12e

1 (NAMCRT+I1
xce

1 xco

13e

1 INANMCRT+2
AY 1,2,NAPCRT

INITX

FLIPFLOP,REDEFNSTIMFE, THEORY, ECF INU,SX,5X )
PROCEO,CHNSEL ¢ TIMGAT ¢ STYLE 4SXS 3,SXS 2,5XS,5xXS 1

NCPyMUZMU 1, STGMA N, STATUS,PRES, TOTAL, TOTAL+1

FYMCNTR,ZTEMP,1 TINFOl,1 CINFOI+1,1 (INFO2,1 [INFO241,]
TI®GAT, /ZINITIAL STATUS IS FRAME HY FRAME
Bas@ale293,Uys506,78

LINFOS



2686
2818

2618

2629

2838

357362
357383
257348
857365
157306
357367
85737¢
857371
357372
857373
5737w
8573715
357378
85713717
A15Tage
857421
190100
25728

Ber

@y

DZM 1 (NAME+3+4Be7
DIM 1 INAME+L+BsT
ENDIRP

DZM I (NAME+3+2s7
DIM T INAME+W+@e7

Ty Dzm
DZM T (NAME+L+ 187
2, DIM
DZIM I (NAME+L+2e7
3, (24}
DIM | (NAME+u+3e7
by ozm
DIM 1 (NAME+G+LsT
S o244
DIM I INAME+L45eT7
6y [oF L]
DIM 1 (NAME+L+be7
7 o2 4]
DIM 1 (NAME+L+Te7
LAW

DAC 1 ICHANNELS+6

51l

{NAME+3+ 1e7
{NAME+3+2e7
INAME+ 3+ 307
INAME+3+us7
(NAME+ 34587
INAME+3+4e7

INAME+3+7s7

124



2638 Jee2ee
25722@
Teele
257222
2638 raeuwen
257402
287u0@3
257218
2648 20Tuu
257405
28700
257407
2644 2em 11
257 32¢
Te3000
257812
2658 387128
2287 M
287127
157127
2658 7127
s27327
602653
760208
gaeaee

2720 Tee287
227452
720025

2732 842731
834138
820866
2738 261761
gaeers
eazeee

2737 437453
2740 202124
B27u54
282788
217455
2788 w272m
7582
e
287132
2758 217456
a2727M1
475221
182746
2758 A27132
éup2ee
181900

Law 208
DAC I ICHANNELS+7
Law 3¢¢
DAC 1 (CHANNELS+8.
LAW 4i@d
DAC I {(CHANNELS+9.
LAC (38017
DAC { IDATA
LAC 122@207
DAC I (DATA+]
LAC [12@ees
DAC 1 (DATA+2
LAC {u@eore
DAC 1 (DATA+3
Law 30¢@
DAC 1 IDATA+4
DZM *FMCNTR
LAC {(TABLE
DAC *KTABLE
0Z™ [ KTABLE
ICX KTABLE
SAS [MAX{MUM
JrP -3
cLa
R=@
REPEAT 8., DAP I (LIMITS+1+B DAP | {LIMITS+2+B
CLF 7
LID CINITXL
oLA
REPLAY
INITX, JMP
INTTXL, 3u132
22066
261761 /A DISPLAY (DARK) TD SET STOP FLAG
13
lere

BGT1, JSP I {Suv
LAC GRANULE
AND (-1P@7¢
DAC 9580
LAC [ (TTT+1@02¢
SUR 17L0C
SAR 15§
958¢C, o=
DAC 957'D
LAC 1 (TT+18232
SuB {ZLDC
SAR 1S
XCT 9580
Sus 9570
SPa
CHMA

58

DAP



2157
2768

2768

21N

277n

3een

3een

3ers

3en?

3020

3ean

3e3n

3ess

3eua

Jeun

3ese

243558
28757
227332

801535
20726M
2212717

821535
201535
283551
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