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Preface:

The system described in this manual consists of several hardware/
software items constructed to meet the needs of IARS researchers using
spectrometers built by the Block Engineering Company. Its development

took place during most of 1967, and it was designed specifically for

the model 195T, 195E, and PL instruments which were on hand at that time.

If different instruments are used, changes in the system may be reqguired.

The initial work on the interferogram processing problem was carried out
by Terry Phillips and Barry Merrill under tﬁe direction of Dr. David
Iandgrebe. The hardware development was carried out by John Clevenger
and Robert Smith under the direction of Dr. Roger Holmes. The software
system was developed, programmed, and documented by Paul E. Aruta of the

IARS Data Handling Staff.
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IARS INTERFEROMETER DATA PROCESSING SYSTEM

I. Introduction

Data produced by the IARS interferometer instrument group must be digi-

tized, Fourier transformed, and reformatted before it can be used by the re-

search staff. The system described in this manual carries out all the required

operations on the interferogram data to produce graphs and a storage file of

the spectrums contained in the interferograms. The two basic parts of the system

are the digitizing process which is built around the IARS tape-to-tape system,
and the data processing program. Interferogram data is brought to the A/D
system via analog tape where it is digitized and written on standard computer
tape.' The digitized data is then read, averaged, Fourier transformed, and
plotted by the processing programs on the IBM 360/LL computer and a data stor-
age file tape is written.

The digitization portion of this report consists of specifications and
procedures for converting the data from a loosely formatted analog form to a
uniform digital format on what is called a bulk digital data tape. This
process is time consuming and requires considerable operator intervention to
identify and tag the data. The discussion and directions herein are intended
to aid the operator in accomplishing this task and to speed up the process.

The data processing part consists mainly of a description of the program which

converts the bulk data to spectrum plots and file entries which contain all in-

formation necessary for interpretation of the data. The programs combine many
functions which are controlled by input cards and keyboard responses. The
data can be averaged, Fourier transformed, plotted, printed, graphed, punched
out, and written on an output tape under control of the operator. The sysiem
requirements are first discussed briefly then the parts of the system are dis-

cussed in detail.




II. Data Characteristics and System Requirements
1. Field Spectrometer Characteristics

The Block Mahufacturing Company interferometerswhich are used in
the spectral radiance studies produce data which is not directly usable by
the researchers. The output of the instruments is a sequence of short wave-
forms ranging from .1 to 1 sec. in duration, each of which contains all the
spectral information received from the source. Each signal is the Fourier
transform of the actual spectrum observed. A large number of these signals
is produced for any one subject and the number of observations of various sub-
jects is also large. Thus, an interferogram data handling problem exists
which the IARS data handling group has the responsibility to solve. This sec-
tion details the problems and describes the stru;ture of the interferometer
data system which was developed. |

The data which the interferometers produce is generally in a form
of a sinx/x waveform. One of these waveshapes is produced for each scan of
the mirror in the 195T and 195E instruments or of the polarizing crystal in
the Ph-model. A picture of a typical output waveform appears in Figure ld.
The duration of the output signal for each scan from the instruments on hand
is:

195T and 195E - .125 to 1 sec.
P, - .1 sec.

The exact values are available from calibration data.
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The instruments each hzve a clock output signal which is required for
conversion of the data waveform to digital form. The clock from the 195T
unit is an oscillator genérated nominal 2KC sine wave which is on only during
the period the data waveform is being produced. The 195E clock is approximately
8 KC. The clock from the P4 unit is produced by a light source, moire' grating,
and photocell configuration which produces a distorted sine wave which varies
in frequency about a nominal 10KC. The first cycle of the clock is approximately
twice the magnitude of all the rest. The clock signal shapes are shown in
Figure 1b. Both signals for a full scan appear in Fig. lc. The data and clock
signals are recorded on an analog tape recorder along with control and identi-
fication information and delivered to the data handling group. The
responsibility of the D. H. group begins at this boint.

2. Fourier Transformation Requirement. As noted above, the data wave-

form is related to the spectrum observed by an integral transformation. The

waveform is expressed as:

2(4) =3 [ Wwn(wav + £ [ [2()1()exp(10(v)) ] exp(izm Zr¥ay

N[
o—= g

where: f(t) - output from instrument o< t< T
T - scan time of instrument (sec)

I(v) - spectrum intensity (watts/cm? - sterad - cm_l)

7(v) - overall instrument transmittance

¢(v) - Phase shift between direct and reflected waves due to
instrument effects. (radians)

L - total displacement of mirror (microns)
Wave number (y = .01/;\)(cm"1)

(wave number is the number of cycles which would be
observed in 1 cm.)

<
|
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In order to obtain I(v)1(v) the inverse Fourier transform with respect to the

variable t must be taken.

Y.(v) = I(v)1(v) = I fl(t)exp(i2n L¥i)dt
where £(8) = 42(2)-2[ I(v)7(V)dv i=/-1

-0

Computation of Y(y) by a digital computer requires that fl(t) be sampled
and represented by a digital number at each sample point. Sampling at twice
the maximum frequency expected in the interferogram will give sufficient in-
formation for reconstruction of the waveform., The clock signal is used for
sampling the inﬁerferogram. Its frequency is selected by the manufacturer to
give a sufficient sampling rate. The fl(t) is then available in the computer
as a seguence
{F.}1=-5+1toi=5wnich is to be Fourier transformed. (N is the total

number of samples taken of the interferogram,)

3. Data Smoothing. The interferogram contains noise components that

must be suppressed in some manner. The noise is primarily due to local varia-
tions in the source environment and instrument mechanical and electrical noise.
Several means of smoothing are available such as analog and digital filtering,
and averaging data from many interferograms. In the system described in this
manual only data averaging is carried out. In this approach the digital samples
from many scans are averaged in the computer and the Fourier transform is taken
of the averaged set,

L. Calibration and Reformatting Recuirement

Output data is required to be in a spectrum amplitude versus wave-
length form. The real frequency value of the transform output must be deter-
mined and the data manipulated to produce the required wavelength points.
Instrument transfer calibration is not carried out by this system. This oper-

ation must be carried out by researchers using the data.




III. System Structure

The interferometer data handling system consists of four parts as
indicated in the flow diagram in Figure 2. The analog to digital conversion
process is carried out on the IARS A/D system. The data processing part is
carried out by a computer program written for the IARS computer, the,3rd part is
a filing program which maintains and accesses a tape containing all the inter-
ferometer data. The fourth part is the CALCOMP plot facility. CALCOMP plots
can be delivered to the researchers after an expected delay time of two to
three days after receipt of the é;alog data tape, depending on the avail-
ability of technical personnel and operational state of the equipment. Line
printer plots are immediately available from the IG file. The parts of the
system are discussed in detail below,

1. Digitization Process. The recording process during field data col-

lection does not lend itself to precise formatting of the data. A recorder
is used which is not synchronized with the instrument and no automatic tagging
capability exists for identifying what is put on the analog tape. Therefore,
considerable human intervention is required to record the interferometer data
and variability in format is the consequence. A procedure has been worked out
for recording and converting data to digital form which minimizes lost time.
The operator identifies the run by sequence number, source details, instrument
settings, and other comments which are written on a data identification sheet
which accompanys the data tape.

The recorded data is delivered to the data handling system via a data
link from the truck containing the field recorder. A van operator and an A/D
system operator are required for digitizing. The A/D operator sequences
through the runs on tape digitizing and recording the data on a seven track
digital recorder. The system which carries out this process is shown in

Figure 3. The A/D operator has as control inputs a voice channel and a clock
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signal. The volce channel from the van operator gives information on the next
run on tape and the starting and stopping of the clock signal delimits the
interferogram run. A 12-digit ID number is assembled by the A/D operator which
identifies the run and this is written on the digital tape before the data. The
A/D conversion process is then begun and continues untii the clocklsignal from
the analog recorder stops. The operator repeats the procedure for each run on
the tape. The result is a digital data tape containing samples of the interfer-
ometer oﬁtput signal.

The format used in the digitization process is dictated by the core memory
capacity of the IARS digital computer. Due to memory limitations, the size of
any one data block which can be written on tape is restricted to three hundred
32-bit words. Inputs from some instruments have as many as 4160 samples per
scan which would require <080 words of core space to read the tape record, thus
the data must be recorded insevenseparate digital tape records. Also, the num-
ber of samples received from the instruments varies. These factors led to the
decision to write the data on tape in a "free" format and design the computer
processing program to scan the: tape records and extract complete interferograms.
In order to implement this approach, it was necessary to digitize and record the

clock signal along with the data samples., The first clock cycle has twice the.

normal amplitude and therefore can be used to mark the start of the interferogram.

The characteristics of the clock and data signals were pictured in Figure 1.
Also, the Model P4 interferometer has two channels of output which must be
simultaneously recorded whereas the Model 195 instruments have one. The A/D
converter has the capability of digitizing only an even number of channels.
Thus for the PL, a four-channel conversion is required.. Table 1 contains the

data characteristics pertinent to the A/D conversion process.

ool
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10.

Table 1 - Digital Data Tape Characteristics

Data Digital Samp/Tape
Instrument Band Channels Samp/Scan Channels Record
195T 2 to 16 L 251 to 2052 2 582
1955 2 to 6.5, 1 251 to 4160 2 582
PL .35 to 2.5, 2 L8 L 291

The date is digitized to eight bits. This gives & resolution of 1 part
in 256, or .4%, which is considered to be adequate since the instrument accur-
acies do not approach this value. The digital data tapes are delivered to
part two of the system where the data processing is carried out.

The clock signal obtained from the instrument is not of the proper form
for driving the IARS A/D system trigger circuits. Also, it is desired that
the peak of the first cycle of the clock be sampled. These requirements led
to the development of a special trigger generator circuit which is a part of
the digitizing section of the system. This element amplifies the clock signal
from the analog tape and produces a trigger pulse for every negative going
zero crossing of the clock signal plus a trigger pulse at the peak of the nega-
tive swing of the first clock cycle in a scan. This circuit is discussed in
detail in Appendix I.

2. Data Processing Program. The digitized interferometer data is

processed by a three-phase computer program written for the IARS System 360
Model L/ computer. The first phase reads the interferogram data from the digi-
tal tape which was recorded in the free format discussed above and reassembles
complete interferograms. It then averages a requested number of the inter-
ferograms and the second phase Fourier transforms the resultant smoothed inter-
ferogram. The third phase is called into core which calibrates, reformats,

and plots the spectrum data.
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a. Data Retrieval & Averaging

The magnitude of the first clock cycle is recorded along
with the interferogram data in the A/D conversion process. This sample marks
the start of an interferogram. The data averaging part of the processing
program searches for these start flags and begins collection of & complete
interferogram in memory at this point. If a tape record is exhausted before
the next start flag is reachéd, the next tape record is read and the process
continues. When the next flag is reached the interferogram is complete and
accumulation of the next can begin. The interferograms are averaged by
adding the values of the samples read from the tape to the ones already in
core. After a specified number have been averaged the interferogram is fed
to the Fourier transform program. The effect of averaging on thé interfero-
gram is pictured in Figure 4.

b. Fourier Transform Process

The transform program computes the discrete Fourier Transform
of the input data points. It uses an algorithm developed by Cooley and Tukey
(see Appendix II) which increases the computation speed for the transform by
a factor of IOGzN/N compared to step by step integration techniques. (N is
the number of points transformed.) The problem is to compute the values of

a, in the Fourier series:

k
N-1
x, = Ej a, exp(i2mik/N)
k=0 (i =/-1)

Where the xy are the values of the N input data points (j =1, 2, ..., N-1)
and the vector [ak} represents the spectrum of frequencies contained in the

data. The formula for the ak is the dual of the one for the series:

jub)
I
= |
. =
joar

x, exp (:&2%15_)
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The algorithm uses a precomputed sine and cosine table and a bit by bit compu-
tation of 'the Fourier coefficients. The program accepts N data points and
produces a transform containing N/2 points. Due to storage limitations in the
computer a maximum of 1024 points can be accepted. Thus, the output spectrums
contain 512 or less points. Each point produced represents the radiation ener-
gy at a specific visual/IR band frequency. The program assumes a fundamental

period of 1 sec., and aq is the fundamental component, a, the first harmonic,

2

etc., and a, is the d. ¢. value of the x vector. The real frequency value of
the fundamental component is 1/7 where r is the time dur#tion spanned by the
N data points transformed. If fs is the frequency at which the data was
sampled then the sample interval is l/i‘S and T = N/fs. Thus, the real fre-

quency value of a. is:

il
i

flz -

e
Zlm

and the real frequency value for any a; is then

fs . :
fi =51 i=1,2, ..., N/2

where: N = number of data points transformed.

This frequency is in the audio band since the signal represents an interference
pattern caused by a slowly moving mirror or polarizing crystal depending on in-
strument type. The instrument output frequencies are related to the input
visual/IR band frequencies by the geometry and dynamics of the instrument.

The 195T and 195E instruments use the Michelson interferometer principle
which uses a moving mirror that causes intensity variations at the detector
window having an audio band rate. Assume a single frequency visual/IR band in-
put signal with wavelength A microns and let T be the sweeptime of the mirror
in sec. and L the sweep length in microns. A full cycle of intensity variation
will pass a given point of the detector field of view for each A/2 displacement

of the mirror. Thus, the frequency of the signal seen by the detector will be:

13.




£5=
t, = tﬁ%x/z
or fd = %%

Where: tk is the time for one pattern to pass a point at the detector (sec.)
t is the time for the mirror to move one micron (sec.)
f4 is the audio band output freq. (cps) from the detector
A is the'visual/IR band input wavelength (microns)
T is the sweep time of the mirror (sec.)_
L is the sweep length of the mirror (microns)
Thus, the audio band output from the Fourier Transform can be related to actual
input if T and L are accurately known for the instrument. For the PL |
polarization interferometer the geometric structure is such that it is easier

to make a direct calibration to get the scale factor rather than compute it.

The scale factor for the 195 instruments is computed as follows:

£
We have: f. = = i
i N
=M
i.s T
_ 2L
and fd =

Where M 1is the number of points obifained from one scan of the mirror.
Combining and solving for A

_ 2L(N

T

-

211
Mi

The identity fi = fd is implied.
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Thus, the scale factor multiplies the inverse of the sequence number of the

spectrum point:

Ks
A(i) = T
2IN
Ks M
where L = sweep length in microns

N = number of samples transformed
M = number of samples from one full scan of the mirror.
i = spectrum data point number (i.e. i = 0 is the d.c. value,
i =1 is the fundamental, etc.)
X(i) = wavelength of ith point in microns

Ks = scale factor in microns

Exampie: Assume T4, 14 settings which have calibrated values of:
T =1 sec.
L = 221 microns
These settings result in nominally 2052 samples out indicating a 2.052KC
clock. A typical transform will use 1024 of these points.

Thus:

K = 22210102k _ oo i,
S 2052

The difference between N and M is due to two factors. (M is the
number of points obtained frém the instrument and N 1is the number used in
the transform, N < M,) First, most of the information carried in the inter-
ferogram is in the region around the center of the scan. To improve the sig-
nal to noise ratio, the data centered around the center 102L points of the
interferogram is transformed. Secondly, for certain settings of sweep time
and sweep length, over LOOO data points are produced in one scan. A limit of
102, roints for any interferogram exists fﬁr this system; thus, only the center

1024 oI the LOOO are available to be transformed. The number of spectrum




points produced by the program is half the number fed in since the output
spectrum is periodic over the number of points which was transformed then the
second half of the output data is amirror image of the first half. Also, the
transform routine operates on oK points (k a positive integer) so the number
of points obtained will always be 512 or 256, etc.

Part two of the program carries out the Fourier transform process and
feeds the spectrum information in terms of relative frequency (i.e. frequency
number i in the above development) to part three of the program. The trans-
form values are in terms of amplitude and phase angle. The transform vector
consists of up to 512 sequential data point pairs, the first of each pair
being magnitude and the second the phase angle in degrees. The phase angle
is normalized by subtracting out the linearly varying component; thus, the
values obtained are the deviations from a linear curve. Appendix II presents
additional discussion of the Fast Fourier transform in the form of IARS In-
formation Note 61367 and the SHARE abstract of the transform program.

¢c. Calibration & Reformattiing

The averaging and transform programs both fill all of the
core space available, thus a third program phase was written which carries
out the remainder of the tasks. The conversion of the frequency axis to
wavelength is first carried out by this program, using the scale factor de-
veloped above. The relationship between fréquency and wavelength is hyper-
bolic and a one to one mepping of the frequency points is not possible since
uniformly spaced samples are desired in wavelength. Thus, interpolation
must be carried out to produce uniform points in A. The interpolation formula

used is:

- Ks F Ks
¥ = V(LNTIER(K—)) + LV(ENTIER(X—) + 1)

K o K K
= V(ENTIER(KE) Jee (XE - ENTIER(XE))

16.




17.

where: Vl is the amplitude value of the spectrum at wavelength a.
KS is the scale factor.
V(i) is the amplitude of the spectrum at frequency i, where i is
an integer.
ENTIER (x) is the greatest integer less than or equal to x.

This is a two step hyperbolic-linear interpolation and the results pro=-
duced appear satisfactory.

After the data has Been reformated, it is plotted in two ways. A line
printer graph is made which is of good quality; however, it contains only the
discrete data points -- the curves must be drawn by hand. A continuous line
plot is obtained from a CALCOMP plotter which gives an immediately usable out-—
put. Figure 5 shows a typical spectrum from the printer with curve drawn in.
Figure 6 is a CALCOMP plot of similar data. The final operation of the IG
processing program is to write a complete. interferogram data set on tape. The
format of the tape is defined in section L. This tape can be used directly

by researchers if desired or its contents can be added to the file tape dis-

cussed next.

3. File Control Program

A large number of interferograms and associated spectrum and source
data will be accumulated as research proceeds, and it became evident during
development of the system that some file building program would be required.
Thus, a filing procedure and program is included in the system. The procedure
specifies that the existing file tape cannot be written on during editing.

When a file is being changed, a new tape must be created which contains the up-
dated file. This procedure prevents accidental destruction of the existing
file due to machine or program error. After editing is complete, the new file
can be checked for accuracy and the old file can be saved or destroyed as de-
sired. The file program is also to be used for reading data from the file.

Use of £he program is discussed in Section IV. The structure of the program

is discussed below.
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The file control program consists of a main program and two overlayed
phases containing graphing and misc. subroutines. The main program performs
three basic functions: Table of contents reading, Data reading, and File
editing. The file tape format is defined in section 4. The table of contents
resides at the head of the tape and contains ID No. aﬁd source date label for
each interferogram on the tape. The read optionallows printed or punched out-
put of data in the filé. The edit opticnallows new interferogram data to be
added to the file and data to be deleted.

The IG file tape consists of two regions; the "Table of Contents" region
and the "Data" region. The new IG data tape consists of only a data region.

In the add mode the file control program builds a table of contents on the new
file from the TOC on the old file and the new IG data on the new IG tape. It
then constructs a new data region from the data on the old file and the new

IG tape. Interferogram data is ordered in the file according to the date the
data was taken, the type of instrument, and the order of the run on any one

day. The delete option simply causes the specified IG's to be removed from

the file. A combination optionis also available which replaces specified IG's on
the old file with new IG's with the same number from the new IG tape. This
option is included so that data can be updated in one step instead of two.
Whenever a new file is formed edit operations on it can be performed only after
it has been removed from unit 180 and mounted on unit 181. Dataor table of
contents read operations can be performed from any of the three tapes whenever
desired via keyboard request. A system data flow and tape unit diagram is pre-
serted in Figure 7. A complete data processing and file updating operation can be

performed at one time using all four of the IARS tape units.
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L. Data Tape Formats

a., Bulk Data Tape Format

The interferogram data is digitized and recorded on tape in
variable length format which will allow a maximum of flexibility in the A/D
process. The only restriction which must be imposed is maximum record length
which can be written. Due to computer memory limitation no more than 1200 bytes
can be read from any one tape record. An interferogram can, however, continue
from one tape record to the next. A formal definition of the bulk IG data tape
is as follows:

1. The Bulk Tape consists of a sequence of '"runs" with an
end-of-file mark between each run and two end-of-file marks at the end of all

runs on & tape. A run is an ID Record followed by a sequence of Data Records.

An ID record consists of 72 bit number to identify the run. A data record is
a sequence of data words from one or two channels of input, plus the clock

channel.

2. The ID Record is 12 six-bit integers having the following
meaning (left to right):
3

Identifies the unit from which data was taken.
1 = Block 195T
2 = Block 195E
3 Block PL

2,3 - Month the data was taken.

L,5 = Day the data was taken.
6,7 - Year the data was taken.
8 - Setting of the sweep time control (1 thru L)
9 - Setting of the sweep length control (1 thru L)

10,11,12 - Run serial identification numbsr.

21,




3. The Data Records have 2 channels of data for the 195T and

E and 4 channels for the P4. Each.data quantity is an 8-bit sample from the
sensor or clock. The format is:

a. 195T and 195E

Channel 1 = Data
Channel 2 = Clock i
b. PL

Channel 1 = Data from silicon sensor (.35 to 1 micron)
Channel 2 = Data from PbS sensor (1 to 2.5 microns)
Channel 3 = Clock

Channel 4 = Blank (Not used)

(The blank channel is a result of the incapability of the A/D system to write
an odd number of channels.) The processing program does not store the blank
channel of course and no core is wasted because of this. Tape space is wasted
but the data volume is not expected to be a problem for the bulk interferogram
tape. Interferograms continue from one tape record to the next and are marked
by the clock channel.

b. Interferogram File Tape Format

The Fourier Transformed calibrated, and reformatted interfero-
meter data is written on a file tape for permanent storage. The IG file system
uses several tapes in it's operation but the data format is the same for all
tapes containing IG's which have been processed by the Fourier transform pro-
gram. Four items of data are stored for each interferogram: identification,
graph coordinates, averaged interferogram, and transformed interferogram. The
first two items constitute the user output data and the second two ére backup
records of the actual data points operated on by IGCON. These are retained
for future research and for verification of the graphic output. Also a fifth
distinguishable tape record which marks the end of data for the tape is also
defined. A formal definition of these records follows. All data is written
with FORTRAN commands, thus the records referred to below are "logical records"

and may consist of many physical tape records.
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1. IG Data File Tape consists of a "Table of Contents'" and

a sequence of "Interferogram Data Sets" with the end of all data on tape marked

by an "End of Data" record. An Interferogram Data Set consists of an "ID Rec-

ord" follewed by the "Graph Coordinate Record", the "Averaged Interferometer

Weveform Record", and the "Transformed Waveform Record”. This format is the

same for all IG's.

2. ID Record consists of fifty full words (200 bytes) con-

taining all the identification data for the data which follows it in the Inter-

ferogram Data Set. The meaning of each word is given below:

I. Integer Format Section

Word No.

O L B e T e N R

10

L
12

13

14

15

Contents

Sortable Identification Number
User Identification Number
Month Data Taken

Day Data Taken

Year Data Taken

Number of Data Points in Spectrum
(Each point has magnitude and
phase value, i.e. 2 words per
point)

Data Point having maximum
magnitude

Unit code (1=195T, 2=195E, 3=PL)
P4 channel (chl=.35-1p,ch2=1-2.5,)

Number of scans averaged in this
transform

Number of first scan which was used

Number of data points in averaged
interfercgram

Number of data points expected in
interferogram

Number of points in graph of
spectrum

0




II. Floating Point Section

Word No. Contents
16 Sweep time
17 Sweep Length } for 195T and E only
18 Lower limit of inst. response (microns)
19 Upper limit of inst. response (microns)
20 Mean square value of the
interferogram
21 Mean square wvalue of the transform
22 0]
23 Scale factor used to produce
spectrum plot
2l 0
25 0.
~III. Alphanumeric Section
26 Blanks
27 Blanks
28 Instrument Name
29-18 Source Data and Comments

IV. Integer Termination Section

L9 0
50. 990999

3. Graph Coordinate Record consists of x, y pairs of points

for the calibrated and reformatted spectrum graph. There are nominally 100
points in this record (200 words) although more may be present in some cases.
The number of points in this record is always given in ID word 1.

L. Averaged Interferogram Waveform Record consists of the

1024 or less points obtained by averaging many interferograms. It is the
actual data used by the Fourier transform routine. It is in integer format
and the data has values from O to 255. The record is always 1024 words long.
The number of data points in the record is given by ID(12).

5. Transformed Waveform Record contains the 512 data points

obtained from the Fourier transform rountine which used the data defined above.

SEE P




Each point consists of a relative magnitude and a phase angle (in degrees)
value. The record always consists of 102, words. The number of point pairs in the
transform is given by ID(12)/2.
6. End of Data record consists of 50 words the first 49 of
which are zeros and word fifty is 666,666. (ID (50) = 666666)

7. Table of Contents consists of a sequence of 22 word rec-

ords containing ID numbers and source description for all interferometer data
in the tape. It's format is:
Word 1 = Sortable ID number

Word 2

User ID number
Word 3-21 = Alphanumeric source description words
Word 22 = 999999
There are as many 22-word table of contents records as there are inter-
ferogram data sets on the tape. The table of contents proceeds all interfero-
gram data sets on the tape. The end of the table of contents is marked by an
"End of Table" record which is 22 words in length which contain:

Words 1-21 =0

Words 22 333333




IV. User Procedures

The following sections describe .the steps necessary to process inter-
ferometer data written on analog tape.

1. Data Link Setup

Interferometer data is transmitted to the IARS analog to digital
converter via & three channel cable link which runs from the IARS field van
to the A/D system. The IARS field van must be parked within cable reach of
the terminal mounted at the bottom of the center rear window of the IARS
building. A general operator.familiarity with power up and operating proce-
dures for the field van is assumed in this report. Interferometer data sys-
tem operators must be trained in the operation.of the van prior to use of this
system. B

Park the van as indicated above and power up the Ampex SP300 recorder,
and monitoring scope. Connect the link between the building terminal and the
panel above the left cab door. The data link terminates on the right of thé
"IARS Data Link" panel beneath the recorder,

Data from the Block 195T and E instruments requires 2 channels for trans—
mission to the A/D system. The Block P4 requires 3. Connect the clock and
data outputs ffom the tape recorder to the cable terminals on the pa2nel. The
data channels for 195T and E are cable 1 (or 1 and 2 for the P4) and the
clock output is connected to cable 2 for the 195T and E or to cable 3 for thé
Bl

Mount the tape containing data to be processed on the recorder and con-
nect the appropriate channels to the data link. Use the monitor scope to in-
sure that the desired signals are present when the recorder is started.

The recorder can be operated by either a van operator or by the remote

control system. A van operator can communicate with the A/D operator via




27.

"walkie talkie" Citizen Band link. If remote control is used, position the
tape at the point which will allow the operator to proceed most conveniently.

2. A/D System Setup

Digitization of the interferometer requires that certain connec-
tions be made and initialization procedures be carried out before processing
can begin. A basic knowledge of how to operate the A/D system is required
and this manual does not attempt to supply this information. An IG system
operator must be previously trained on the A/D system by the IARS data handling
staff.

Follow normal power-up procedure for the A/D system and mount a blank
bulk tape RING IN on the CDC 9110 drive. Power up an oscilloscope and the
IG SYSTEM TRIGGER GENERATOR. Connectioﬁé at the A/D system were roughly pic-
tured in Figure 3. A more detailed diagram is presented below in Figure 8.

The trigger generator is housed in a bench rack near the A/D System. Cable
connections are to be made as indicated in the Figure.

The connections shown are for 195T and 195E type data. PL data requires
the use of channel 3. Data channel gain is controlled by the DANA amplifiers
in the middle of the left A/D rack. The amplifiers are connected to BNC con-
nectors on the jack panel below. Amplifiers in the 1, 2 (and for P4 the 3)
position are used in the system. The 2 blue colored amplifiers must be
plugged into positions 1 and 2. These units are not gain calibrated and can
be used as continuously variable gain units by using the adjusting screws on
the face of the amps. If P4 data is processed, a third variable gain unit
must be obtained by some means.

The dynamic range of the A/D system is + 10 volts and, for best digitizing,
it is recommended that the data channel gain be set so that most of the dynamic
range is used. The level of the clock signal into the trigger generator should

be set so that the negative peak of the first clock cycle from the interfero-
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gram rzs a vlue of -10 volts., The trigger generator is set to expect this
value. Adjustment of the trigger generator is discussed in Appendix I. When
satisfacotry signals are observed, digitizing can begin.

The block length on the A/D system is to be set to 776 for both 195 and
PL date.

Set the "multiverter!channel select switches on the two units to O for
1957 & = data and to 1 for P4 data. The Bits select switch on both units is
to be set to 8. The mode switches are to be set to '"normal".

The CDC tape drive is readied by pressing LOAD after mountingla blank tape
then pressing REWIND and READY,

The A/D system is ready for digiting after these operations.

3. Digitizing Procedure

Interferometer digitizing is begun by entering a 12-digit ID num-
ber on the A/D control panel. This is done by setting in the numbers on the
dials and pressing "ENTER". The ID number is composed as follows: (Described
on page 21 also.)

XMMDDYYTLNNN
Where: X = The Instrument Code

1 = 1957
2 = 195k
3="P4
MMDDYY = Month, Day, ILast two digits of year
T = Sweep Time Setting
L = Sweep lLength Setting

NNN = Run Serial Number

After the ID is entered, digitizing may begin. The analog tape in the field
ven is started either by pressing the remote control start switch or by the

van operator. When data and clock signals appear on the scope press,

STLRT

the STOP switch on the A/D control panel. This starts the digitizing process.

When the signals stop on the scope press, the g%ggT switch again to stop the

A/D process.




The end of a run on the digital tape is to be marked by one end of file mark.
Press the E.0.F. switch to enter this mark. Digitizing of one run is then
complete.

This process is repeated for each run which is to be digitized from the
analog tape. When all runs are digitized, two end-of-file marks are to be
placed on the digital tape to mark the end of all data on the tape. When
finished, press CLEAR and REWIND, Then press REWIND again to unload the tape
from the vacuum columns. Remove the tape from the unit and remove the ring.
The digital tape is now ready for processing.

The analog recorder in the van and can be controlled by the remote
switches on the IARS Data Link panel, These switches correspond to the same
ones on the recorder. Their use is the same as if the 6berator were at the

recorder.

o




Interferogzram Data Processing Procedure
. L [an]

The interferogram data processing operation is carried out by a
computer program written for the IBY system 360 Model 4L computer using
the PSL4 programming system. The program reads, averages, Fourier
transforms, plots, and outputs the interferogram data on tape. The
procedure for using this program is detailed in the paragraphs that
follow. A complete desc£iption of the program is included in Section V.

a. Initial Setup. The processing program is named IGCON and is

stored on a magnetic tape labeled IGCON/IGFILER PROGRAM. Obtain this
tape and the program load cards necessary to begin the run. If these
cannot be found the required cards are:

//IGLOAD JOB

//SYS000 ACCESS SCRTAP, 1€l1=

//SYSIPT ACCESS IGCON, 180='LARSn!

//SYSRDR ACCESS IGCON, 180='LARSn!

/% (n is the tape number)

&
Mount the program tape with ring out on unit 180 and "ready" the unit.
Kount a secratch ﬁape on unit 181. These two items constitute all the
software input required to process interferograms.

The system input required is the PSLL system disk which must be

mounted and readied in the 44 disk drive. The initialization procedure

to be followed when starting the disk is given on the front page of the

"Current System Status' book which is to be found on the computer console.

Initialize when the disk ready light comes on. When the keyboard returns
the "Intervention Required OOA" message you are ready to load the above
input cards, About 75 seconds are required to load the program after

START is pressed on the reader. Execute this process.

31.




The data inputs to process interferograms consist of a tape
containing digitized interferograms and data cards. Remove the ring
from the bulk data tape to be.processed and mount it on unit 183 and
"ready" the unit. Punch up two data cards for each interferogram run
to be processed from this tape according to the following format: (All
numbers must be right justified in their field.)

Card 1: Run Control Card Col. 1-12 ID Number of the run to be
processed under control of
this card. Must match number
on bulk tape.

Col. 13-16 The first spectrogram to be
processed in this run. (Must
be 2 or greater) If zero
or blank "2" will be aséumed.

Col. 17-20 The last spectrogram to be
processed in this run. If
zero or blank all will be
processed. (i.e. program pro-
ceeds to end of file mark.).

Col. 21-24  The spectrogram interval.
Skips N-1 interferograms
between each one processed.
If zero or blank "1" is
assumed. (i.e., 1 means
every interferogram will

be processec.)

32.




Col. 25-28

Col, 29-32

Col. 33-36

Col. 37-40

Col. L4

Col. L8

Col. 52

Threshold for start clock
pulse detection. If zero
or blank standard value

of 50 is assumed.

Start sample for graph

and punch of individual
or averaged interferogram.
Last sample for graph and
punch of individual or
averaged interférogram.
Not Used.

Mode Flag; If = 0 or blank
the interferograms called
for all averaged. If=1
each interferogram is
processed individually.

If = »1" Fourier transform
taken over center half of
data if possible. If "O"
or blank 1024 points are
transformed.

Print Flag; if O or blénk
a numerical printout of
the individual or averaged
interferqgram is produced.
If »1" no printout is

obtained.




Cold. 56

Col. 60

Col. 64

Col. 68

Cols T2

Graph Flag; "1" produces a
complete graph of the averaged

data. If "O" or blank a

 truncated graph of the

center portion of the averaged
interferogrgm is produced,
Punch Flag; Punches averaged
or individual interferogram
in I4 format if = 1. Zero or
blank = no punch.

Scan Flag Insertion Switch:

If = 0 no action., If s

scan flags are inserted in
data as indicated on scan flag
data modification cards.

This feature is discussed below.
Tape Write Flag; If = O the
Fourier transformed data is
written on unit 182. If =1
keyboard action is required to
write data. No action if = 2,
If = "1" the transformed,
calibrated, and reformatted
data is punched out in F8.3
format. This option is used
to punch data for the CALCCHP
plotter., If = YO" or blank

no action.




Col. 76

Col. 80

Card No. 2: Run Label Card Col. 1-80

o
wn

End of Runs Flag: If = n1"

and Col. 68 is "0O", 1, or

blank an end of runs record

is written on the output dzta
tape indicating the end of

data on the tape. If = nQn

or blank a check code is
written in the ID record for

the data indicating that the
record is a valid but non-
terminal ID.

Skip Flag: If = "1" the IG

is skipped. If = "O" or blank
the IG is processed., If =2
runs are skipped until the

one having a matching ID is
found, If the ID on the desired
run is incorrect this option will
fail. If the skip option is used
card No. 2 rust be omitted.
Alphebetic—numeric data

defining the source of the
interferogram and any other
conments desired. Any FORTRAN

character can be used.

It can be seen from examination of the control card inputs that a

standard default option set has been chosen which requires that only one
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item be punched in the card for a standard run. If a correct 12-digit ID
number is punched and the rest of the card is left blank, the program will
average all the interferograms found in the run, Fourier transform the result,
and write the resultant spectrum on tape on unit 182. Furthermore, to termin-
ate a job all that must be added is a "one" in column 76 of the last control
card to be processed.

The "run label card" must always be present even if blank except if Col.
80 is a "1" on the run control card. (i.e. skip option)

b. Program Operation. To execute IGCON after it has been read

from tape onto the disk, the "Execute IGCON" job must be loaded in the card
reader.

The IGCON job cards are:

//IGCON JOB

//SYS005  ACCESS  BUIKTAP,183='BULKTP'
//SYS004  ACCESS  NEWTAP,182='NEWIG!
//GO  EXEC  IGPHASEl

The data cards follow the EXEC card.

When all IGCON processing is finished the program asks for another bulk
tape to be mounted. If no more bulk tapes are to be processed, the Jjob is
terminated by pressing PSW restart on the computer operator panel. The pro-
gram remains on the disk and can be re-executed if desired. After PSW restart
is pressed, the IGFIIER portion can be executed as discussed below. If neither
IGCON or IGFIIER are to be executed, the program must be deleted from the disk
to make the space available for other person's programs. The Delete Job is as

follows:




//CZLETE JOB

//SY34B2  ACCESS  SDSABS,0CO='SYSRES!'

//DELETE  SDSABS(IGPHASEL,IGPHASEZ2,IGPHASE3 ,IGFILER ,GRAPHER ,SUBS)
//CCNDENSE  SDSABS |

/¥

/&

when the IGCON program is loaded and executed, the first message which is
printed on the keyboard is: 'MOUNT BULK DATA TAPE ON 183 ...". VWhen the tape is
mounted, enter EOB to proceed.

The first time the computer refers to any tape unit in a job it will ask
that the tape be mounted and readied. This requires that a second EOB be entered.
If the output tape write standard option is used a program mount message and a system
mount message will be produced and two EOB'!'s will have to be entered as above.

The program reads the bulk tape records, assembles complete interferograms
from one or more tape records, and averages the required number. During this
process several error conditions can occur. There are two types of error--data
errors, and transmission errors. The data errors are missing or incorrect scan
start flags, signal saturation, noise in the data, or incorrect ID no's. The
transmission type error refers to tape read errors or errors in the format of the
data such as missing ID or end of file records. The program detects and responds
to these errors and produces keyboard messages in some cases. The error list
below is a guide to error response,

The program produces three types of line printer output. During reading
and averaging a tape record summary line is printed if a scan start flag was found
in that record. It gives the data record number in the run, the block count, the
sample locations in the record ﬁhere the scan flags were found and the number of
samples found in the interferogram most recently completed. Error messages are

printed at the time the error occurs during reading. The second type of output




is a numerical printout and graph of the averaged or individual interferogram which

is to be transformed. The third type is a graphic representation of the spectrum.
Three graphs are produced for each interferogram, The first is a plot of

the output of the Fourier transform program in terms of relative intensity and

relative frequency. The second is & plot of intensity versus wavelength in which

freguency coordinates of each data point were converted to wavelengﬁh and replotted.

This process causes a bunching and spreading of the points due to the hyperbolic

transformation involved. The third graph is an interpolated representation in which

the points are uniform in wavelength, and the span of points is selected so that

the wavelength axis divisions are easily interpreted. The final interpolated

graph is written out on tape unit 182 if the standard write option is selected.

Under standard option operation the program is completely automatic and requires

no operator intervention. The error conditions which can occur are as follows:

¢c. brror Conditions.

1. Keyboard message: "NO ID RECORD FOR THIS RUN" indicates that no
12 digit ID number was‘found where expected on the bulk tape. The program sets
the tape ID vector to zero and reports that ID numbers do not agree, (See next
message for operator action.)

2. Xeyboard message: "ID NUMBERS DO NOT AGREE." The option is then
given to correct the card ID number vhich is the one that will be written on the
output file. If the card ID is correct entering "NO" to the re-read ID question
will cause the program to proceed with processing the data that follows under
option control of that card. Options cannot be changed by keyboard action.

3. Keyboard message: "DO YOU WISH TO PROCESS THIS RUN?" allows the
operator to process or skip a run for which the ID is wrong or missing.

L. Keyboard lMessage: VRESTART JOB OR CONTINUE?" Entering "REST"
causes the bulk tape to be rewound,a new control and source card to be read and

processing restarted. "CONT" causes the present run to be skipped and forward
I g P :




search on the bulk tape to continue. Keyboard message "READ KEJ CONTROL CARD?"
is procduced when "CONT" is entered. If YES is entered a new control and source
card is read when the next EOF mark is reached. If NO is entered the control and
source cards last read are retained.

5. Lline printer message: "PERMANENT PARITY CHECK ERROR . . ." indicates
that a longitudinal and/or vertical parity error exists for a record read from the
bulk tape. The data from that record may have errors in it. Cleaning tape drive
may eliminate this condition. Inspect output data for abnormal characteristics.

6. Line Printer lMessage: "READ OPERATION FOR RECORD n WAS TERMINATED ..."
indicates that the tape record was longer than expected and reading was terminated
at the count requested by the program, Cleaning tape drive may eliminate this
cordition. It may be due to faulty operation of the 4/D system. Output-data should
be carefully inspected for abnormal characteristics,

7. Keyboard message: "INVALID RESPONSE - RETYPE" indicates keyboard
input is unacceptable. Re-enter the correct response.

8. Keyboard message: "2EOF MARKS FOUND AFTZR RUN NOT FLAGGED AS LAST ON
CONTROL CARD ... ", indicates that column 76 on the last data card was not a "1"

but 2 EOF's were found after that run indicating end of data on tape. If end of

job is intended enter YES on keyboard. If not, enter NO and processing will continue.

d. Scan Flag Insertion Option

If Col. 64 is 1 on the run control card the program expects scan flag data.
If 2 scan flag is missing for an IG and this IG is badly needed the missing flag
can be added to the current tape record in core if desired with this option. The
operation requires one card for each tape record to be fixed. Col. 1 thru 4 must
contzin the tape record number to be modified, Col. 5 thru 8 the number of flags
to be inserted in that record, then Col. 9 thru 12 contains the sample point in

that record where the first flag is to be inserted, Col. 13 thru 16 the second, etc.




L0,

Zight flags can be added to any one tape record if desired.

5. Interferometer Data File Reading and Updating

A multi-function file control program exists as part of the interferometer
data systen which allows a user to read and edit the tape containing the inter-
ferometer data file. The file format was defined in Section III-4, The file
contains identification, spectrum, and averaged interferogram data. The READ
option is used to extract this information from the file tape. The EDIT option
is used to change the contents of the file, The file control program obtains
all its input commands from the keyboard, no data cards are required.

a. Program Loading and Execution.

The file control program is stored on the IGCON/IGFILER program tape in
absolute form and is read into the computer along with the interferometer data
conversion program. IExecution of the filing program can begin as soon as a
interferogram conversion run has finished or it can be executed as an independent
program. 7The loading procedure is the same as that for the IGCON part described
above. To execute the file program load the IGFILER JOB cards in the reader and
press START on the reader. To cancel a previous IGCON job press "PSW Restart"

on the computer control panel. The IGFILER job execution cards are as follows:

//IGFILER JOB
//SYSO0L ACCESS 'IGFILER,182 = 'NEWIG!
// EXEC IGFILER
/3%
/&
The complete IGCON/IGFILER program package is stored on disk during
execution. 'hen the user is finished using these programs they must be deleted

from the disk., A delete job must be executed to do this. The delete cards are
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incluced with the other program cards. If these are not available the delete

job is:

//DELETE JOB

//SYSAB2 AGCESS SDSABS, OCO = 'SYSRES!

//DELETE SDSABS(IGPHASEI,IGPHASE2,IGPHASE3,IGFILER ,GRAPHER,SUBS)
//CONDENSE SDSABS

/3

/&

b, Filer Operation

The keyboard messages and requested responses for this program are clear
enough so that reference to the program instruction manual should be rarely
needed. A general discussion of the operation of the program is presented here.

Eesically the filer performs two functions: (1). Reads data from the
file and (2) Changes the file. To read from the file READ (ALL entries in caps)
is entered when reqguested. Four options are available in this mode: (1) PLOT
produces a 100 point graph of the spectrum in terms of relative amplitude and
wavelength. (2) PNCH produces a 100 point punched card output of the above
graph. The format is five data points per card in F8.3 FORTRAN format with the
amplitude and wavelength pair composing each data point, in that order. Thus,
there will be 20 cards punched each time the PNCH option is selected. (3) The
GRAF opilon produces a graph of the averaged interferogram data which was Fourier
transformed to produce the spectrum plot. (4) The PRNT option prints the numerical
values of the magnitude and phase angle points produced by the Fourier transform
program. All printed output is produced on the 1L03 line printer. To enable
examinailon of the contents of the file a "TABLE OF CONTENTSH option is included
which prints out on the line printer the ID number and source description of all

the datz in the file. ‘hen the program is initially executed the a table of
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contents of the existirg file is automatically produced. Any data in the file can
be obtained by typing iIn the ID number associated with the desired interferometer
data. There are two ID request options, "single" and "multiple."” The multiple
option assumes contiguous IG data output is desired from the first ID input to
and including the last ID number entered.

The “EDIT" option supplies three possible functions: "ADD," “REPLACE" and
"DLLZTE". The add and replace functions require a tape containing new IG data
to be added or replaced on unit 182 and a new IG file tape on unit 180 as well
as the old file on 181. The delete function requires only the old file on 181
and the new file on 180. The add function copies data from the old file and new

G tape and writes it on the new file in proper order. The ordering of IG data
is by year, month, day, instrument type, and run serial number for that day.
The replace function deletes IG data from the old file and replaces it with
new data from the new IG tepe having the same ID numbers. The delete function
removes IG's from the file,

It is dmportant that a proper file protection procedure be followed when
operating on the file tapes to prevent destruction of the data. The ring must
always be out of the existing file before it is mounted on 181. When the new file
has been formed on unit 180 the ring should be removed immediately and both the
old and new files should be saved. Also accurate labeling of the files must be
carried out. It is recommended that the same two tapes always be used for the
files and IGFILE should be written on the current file label and erased from the
old filg label. This will prevent confusion in switching old file to new file and
new file to old file labels.

6. Obtaining CALCOMP Plots.

A program exists as part of the system which generates a CALCONP plot of

data on punched cards ircluded with the deck. Variability in the X and Y axis

N L




scales 15 caused by the method of operation of the CALCOMP manufacturer's program
which ccrirols the device. Thus experimentation and patience is reguired of users
in setting axis lengths which will be suitable for the range of data values in

a spectrun plot. This part of the IG system has not been fully developed since
demand Ior the plots is low. A source listing for the program is included in
section V-3. Users desiring specific plot dimensions must manipulate the‘program
to suit their needs.

The CALCOMP program inciuded in the present system produces a 7 inch Y axis
and a 1, inch X axis. The run number is drawn at the top of the graph. The data
format is 5 points per card in F8.3 format. The deck setup format is given in the
program listing. System control cards are supplied with the deck for use with the
IBI 709L IBSYS computer system.

when a deck is set up as desired the package must be delivered to the input
drawers In the sub-basement of the Purdue Computer Science Center building. OCutput
plots are returned at the output window in the basement of the CSC in about 24 to
48 hours. CALCCIP users should read the pertinent sections of the Purdue CSC

users manual before using the CALCOMP program.




V. Program Documentation
There are three program packages in the IG system. The names of the programs
and subroutines are as follows:
1. INTZRFZROGRAN CONVERSION PROGRAN(IGCON)
a, Phase 1: (IGPHASEL)
lain Program: IGPART1

Subroutines: READBN
UIPKID
UNPKOE
LOGOUT
PLOT12H

b. Phase 2: (IGPHASE2)
l“lain Program: IGPART2
Subroutines: TRANSF

MAX
FORT

c. Phase 3: (IGPHASE3)
Main Program: IGPART3
Subroutines: GRAPH1

NCOR
NND
MOMPL

2. IKTERFEROGRAM FILE CONTROL PROGRAM (IGFILER)
liain Program: IGFILER
Subroutines: COPY
SORT
SKIP
RUNBEN
GRAPHL
NOR
NIND
MOMPL

3. CALCOMP Deck

Fany other subroutines which are supplied by the computer system are used
by these programs and zre not discussed here. All of the programs listed above
must be supplied by the user from tape or cards except for the following: READBXN,

YBN GRAPHL, NOR, NKD, MO<PL. These are stored in the users FORTRAN library on

ct
e 72
(0]
joR
)

sk. All the remzining programs are listed below. Flow diagrams are included

Ly




nly for certain complex algorithms whose operation is non-obvious. Listings

for programs not included here can be obtained from the LARS library.




L6.

68027

VERSION 2 DATE

MODEL 44 PSS

IV

N
"N

RO

3% =

+* << -

3¢ 0 s - - —

3% * sZ0- o T ~~

3 H—ILZX o o -

3% LN oI ¥xZ @©

e NI Z - NO N =

5 i O RV} -) =— (i

3¢ H O L~ T 2

3 H* O - ONED -

ko - eZU. ~lUND—~ -

i NZ e ~X O -

3+ <O g < o~ =

3+ e wd <IN o~ (T )

aw oY e LT e e [ 3¢
3¢ W= = DD 0 se
¥* IV ZanX— - 3¢
#* FXW—U DO0O0ZN - 3%
& 3=l U N - k14
- FULMAX - e e_J<g ¢
% Q2 R L e X —~D00

56 = T s e e QLU e e Ty
e - # OV g~ o~
3%+ UV Vs =L >0 fm U e (N —_— -

% Z O+ Z0<TW e o o o~ -

ol SRR W ~Z LW g -

N X o ZE ON = rer

3 X U Z0 e N S <T

FH WO Wt e & —F XS =)

#* =0 N <TIOQ QO-—O<tg < =
#FO0OMUW=23 =202 — =00 O -
HZAUIRV) o = ANV &Ll -

WL g e~ s Sl e~ e~ =

¥ X DT OH OrW)
% Za0sS ~aZF
3 = O30 O d (D et
N0 ZTOZ -
¥XNZL F e =T
HOWLH OZZ O
H =D a2
A0 <Lg} ZZ N0
#F O T H# »DO—Z
FOAUWOAFOZ & »
o > jer eI T
D= W3 el T
L2 OO
3¢ OZTxwdoz
3 XX =3t oZ =
#*+ O= L e
U< I OZ 2
3 xX<T

~O~UL OO~~~

NZOV—O0mr W
—_— D) e e (WE]
QN0 oz >
T o) et e e T e
> N D — TN
L s~ I—~DO0Z
—em T = e — (O
et Z D e
~NIONOD™Y—~0O =
OOV~ e~
N = a~O 0w
—— e~ e
WL~ <A~ =

08)y NGO
CADING START POINT IS

16
L

ODODONL~—~Z A e =t O =
HOC— I DT~ || || 0
200 d—~FO-0O2Z2000NNx

o

¥ >0 QO =~ ZO—OWWLmD
HXOWO#RIZTN—N—T=—ON———— tm— a0

3+ O ader

XrI<EZdm-<1OO =0

Mmnc

- e el N—<CO~—WNIWooOonNe

F 3t <IN =IO 2D o<TOOIOZ o o~ _

St <L =

se MWW LT W) =
OO Oy~ dd_J_JUl » e\}—

3t OWxvse

F O MU= Z o o b L T UL

<

O CO<TWUWWLIWD DO

3t D= At Z *Z eTIUL U~ L TCL<TL> I OD—r—

$#$IZOLF O &=

(D2

F = O 2 LU ST )t et vt bt <[ T T e

1. 36 3k 36 9 38 3 3F * 2%
3 LS +* >
* 33k 3 %
* o3¢ * i
3 ** * *
3 3¢ 3 +*
3* O W i
I LL 3¢ o d *
3% 3% 3% 3+
¥ = M3 ¥* 3
= = 5% 3
] — 3 3+
FLy o~ ¥ 3 ¥*
UL e - b
¥ O W 3¢ —
s DO [ Sk ¥* 0
*Ww - o 3 o
#E - = e~ 3% —
* —d 3% 3%
e~ W [a g e (s 4
e = O 36 a
# e NF L e L
3= i 3 3
F— Xk~ O3t 3 —
U O [ et )
T Vo | PR ki <
O, sDOW) W <5 =
" I{U o el =i
Y VI 3% 3 =
(SIFII et - o
wwo LY vk * =
O 3 * —
002D =Ll 3¢ *
IV Tl oX3f ] Q
L Ot * w
2V w3 k5 [t
<L el = e (%)
—NZE2D —t 3t #* (i
SWLD IO N3¢ 3t =B
ODxd=Z =it 3 >
A +* w
Z g -+ 3¢
O>ZT— -3t = v
— e W3 it -
=u Qv X4 3% =
I xZ <L 3% - —t
O = O L 3# 3 O
oL o= e 3 o,
— — L3 3¢
-0 O W 5 A

LD e a o 00 ¢ 8500 o 0 *J o o o=
eONM eNGT o~ T0 o3 C<
CONOOP == ONTT——F OO

W W e3¢

QLUWOWLQ—O
LS .\-70(

[t i e Lonlonl o NREQN QT B iNe L TaNITaWNo IR FeN Vo RN Lo T Ve Ne B foN o T U RN o TN [T Ty ENO EEu ToNER. JSV0 I BN N T T TaNEN SNo s ToNital

F e s o0 ¢ e o) 8 e 8] & ¢ 03%
MO «+OND oMM e IO
LCMOOO0MOON OO F DN~

Z - T.N.h.u...._.érD L L T 1 L e e e N T O T e B T T VIO 1 L [ R LT ___.r
LIl b L ZZ LA ] 8 0 8 o o o oy s s oy o s o s e e, e N
b e N e I T L e B B B e e e R R L R e e L e e R | B TR T | o N TN eV o VEaN o N F o N TN N TN FaN KaN N (n/.\/_
DN TN I D~ — =~ D o T L T T S e
o Wy ¥ el A = = OO ST A OIS — OO O T OO = O N T A O Mg O NS = O 3 1Y
el U N b= o & & o v 0 e e = oo oo & onll] B R e T e B0 B o o Du
N e JO NN AN T et = NI ON M MO N O T TN T = A = O O OO N O O MO ST T
“A[AENNQ) (((((((((((((((((((( T o e e e N e e et N e o Yt ot N e S St et ot e

= - O QL et - I.ll.l.l../_z../,_)._n/._/_1/_1/_1/_./._22222211111‘/_27._1422s/_zn/_,‘/__z_).._z./_n/_ZN

e ke NAPCITKTSAL[ULT(.{ wdbed v ad et it el sldind i tmdatead  Ldadddetal Slad e dudud ) Fadad bl 120
-t T OOV EZAZ—IL Q<L LO* Ed I I IdIdII(IIT LT {ILIT[TL<LF (T T L L L L LT[ <L L] <D= < <L <] 5F
o e *O eZ b bt O LS UL L () b st (3 32 2 OOCOLLLOLOVLLLLVLLLOLOHF LLLLOLLLOLLLOLLLLLLOLUMN
<L % #* NI NN L 3 = *
o . 9 ko) +* i
0% 3% 3 3 “* 3 3+
— 3P ¢ 3 ¥ kol W
H* 3F 3 3 56 9% (= 33 3k 30 3 3 O 3¢ s
CC..E MO — QUL LLOLOOON (&) & ]



L7.

68C27

DATE

2

VERSION

MODEL 44 PS

[v

a6
s
3

*
%

*
kil ok

1
e R e sk

INTTIALIZATION

TABLE

ATA PUINTS FOR CFFSET FROM START OF IG sk
INITIAL PROGRAM LOUADING

o0}
Qoo
DT e~~~
o OoOWnw N~
nowcoonnn
NN
e~
~ =] e o (T
—ONMT DTS
e T e N ()
LT D= || £ Z
EZZAZZ NNV <l
aoon WO
SCOOO# 000w kts
2LZZN ZZZ L E
3% Er
It kh
3 3%
3t 5

F CALIBRATION

CYCLIC AND

—_ (@] ~r
[an] n N
— 0N M~ m o
— - o 5 o~ —
Pt - — o~ - —~ =
o — - —t 00 ) O = T~
D 1 1a] =i —4 W p—n—~
3D =y W 1] 1t o 0 bt o
(a4 Ho— vk =P o=l brlemlad e
O ~O—~1hwuwcoODzuvno o I = D e o e O 5

Al =X I OX | =/ NNO=——0
AN L= T U ONAX I~ Z2Z V)
OO0 0X 0 W=l aoaadox— _Jg00000Ww
QUONASIUZEZZ X=ZO=ZZ0NEZEZO00000-

oo O

Mg 0

60
C
G

90

3
3
=
8
—
b=
Q
L
v)
=
o
—
T
<t
~
—
el
<L
et
—
e
—=
—
=
a
—
(.
Q.
Q
£
o
<T
o |
= wn 0
= Ta) n
ol < — —_
%] (V]
— o — 5 o &
~ - T wn [Te) — —
= o — — —
< — - - - o O
- o o (aa! (& o
[ — - Lt n wn =2
I > O L= — — — —_ -~
w F— m o = - 0 - () o —_
x Z ~ 8 f ot o wn m ° N [
Qo ™ O — 10 o~ 0 ] f S .
O o ™~ Ded O =P = = weo ~ o
o _ — - —~O _— &P ®r—i - ~N
L —~ o~ —_—e~ e AN —~O —~e - @
o o oOnNdl-rO0h—~ 00O M~ QOd O OO0
[No I aN] DN llorar— 1l = N —d Y~ O e
[ b No PP B U, | — T - e 0NN
WO 00O OAdMZSSTU eI N Z—0O NI oy
X ~ X O ~x~AQ0OWVoc-~ XN ~ X Z20x0J0 nnm O
~ - = ™ = Q|| f~——| W OO AN AN~
< NOZ - ~NZ ANl -ZdN Z2~nD—Z0Oo 1 Z =1 Il ~0N | i
O =100 ZTOO0WOZN0 ) =OZ 02 L ——1 o=
O DxOOAFRY OO XXOFV | OFr<A—AO0OITZO0Z0F <000 N <
At WA Tt o e (Nt bl S o bl () L X 727NN i o
FOWWL xOWILWL Il L O sl Wil w ) O awa. 200w
XIS NUNE e ONZS— N E e e b e (D F L OO Z U
=
L.:r
+
5% o o oo o SN ™M T {Tg] L o —
#* % 3% O —~ N T DN n fa Ta] v O 0
OO~ — i = e e o g el e — ] — e —



48.

68027

DATE

P

VERSION

RS

4H4

MCCEL

Iv

) o o

£ NOT

- NN

- - L3

~— o o

[=e] — ™M

~— — NN

= —_ - - -

- = — o O

—_— — - [ee] el ™M
o Z2 2Z~ o~ -0 N —
n -~ .~ 2 o o~ i a S O
N = mn —~ —_— - —
R et o 5 O ~— OO0 —
QNP =) (EaYes] ¢ N U i~ -
e oe(NJCO )~ J<T L M e oo e OF e = e o
NOWN—<T <8 Z (5 o ™~ O Jnd O

o)

hnMmaoxoa zZr-~ L] Y TOZ X~ WNZLJ
~ —~~NE =IO AN~ OO FNOFE—OND D
I —N 2 Z Nn—N o—~nZLn OZJd2Z0 Oz~
e = I'Za0n i WD L~ WIrrEGanoQuroccO rc =i
ONOOFOWOLW I <ALOO00O0MeEF L OO OX =X QO
N ZZANOWNWAL LZLZ ) AWy WN~=Z~—_ _JZJ
LOadIZ || £ Z000VA IO ITLIO0<LILODOO0
LD NaNZ L DLZUN L Zm=0 -+ IO Je=O~Z DL

&
t

—HO HO000 OO
M~ DOANM N
e —~ NN TN

le2
170

C*

e e X

CONTROL %7

BLULK TAPE BACKUP

RN PR
Bioloak

C ek s

+*
¥*
*
I
%
.wM.
¥*
3
3
3
<e
5
3
3
*
¥*
W
3
3¢
*
¥*
3
b
3
3
I
=
a
[
T
[
L
W —
o
i o =
n (2] (WE] x
o = bt W
o~ o - o
- 575 [%2] -
— [} w —
o> L N - (3l
o~ o R rd
- O am (23]
un (n & i [N
o Q o ~J ™M -
NomMm M~ o b= L= — =
-~ L o & _— oM - = B
-~ o= O m W o <ao — - = = o~
el -0 - v QY a0 o B L
- Wl M= 2 — i = e
0O ol - {2 o] ot = e om
_ = (N - © < = Ay T e~ —_——
QN =& M - Z e - N O o o
QOrd—~— M ~ Q a oo - ) e O mnm o
L e (D e o4 OowW—Zw oM —d - N
Of=teer  ONp= | = M W L 9D L =0 e+ + 0N N
S —LOZHN O~ = O3 =00 == >MOOT+—Ixryro —~0O~
o= Ol =l | O O O XUOIYXY OO0~ «<d AT »rl\ »
O FO2+0x0OZNN M| W mMmilcOwgO l—~xmnmI0anIouomo
haat o PPt St e Eaas | =2 o Nk A b= = || (il P =
WoQe—_ Ir Z200020 < LWV (%] YOO WO rwow
OO 2 J d b=l b= b= o et ] et o ] 27 bt o e e [ o od e e — O
b e e LU S B o~ D s e D bl B bl i (O
COLCULI<xdD000W 3 OOl gl dnNOWLODxa OOt
OO0 ZOZO 3 O QOO OO Z T (DZ 2NV
e
%
£
G N T wny W o ) [ O -t od (a3
£ [0A%0 ] o] 9 e 3 50 O o Q e e — —
O NINTY N NOQOMm m (a5} M ea ~M an!

o R R

MARK RESPONSE SECTICN

—~NO
omo
N 0
oo~
o~
~ M e
=N
O~
—L ~—
W
=Ll
b
o 4 H o o
==

ENC OF FILE

o
b4

S S Aok

T on
333~
LM M



49.

CATE 68027

pd

VERSION

MOGEL 44 PS

IV

7'
B o
(8.8 o0
] o
— -
~o
o -0 o
D) alan w
—_— D —
o —O o~
L] = — L]
w bt o)
=z —~ LU~ W o
e~ ~ O e 0o ~C—~
—~0W O~ O —~0 VOOON
DO ON—T O D—OmM—

NV DLW N = 00OMM—

P BT (e B I o B B | NS P I e
X sNXY QTN ~ =0 || N SN Z0
PO UV LU L d PO [ Rt RVe Lo b Ko 1}

L

>
— <
(4.0 7% 8
M=
-
o —~
Mo
Mo
O =M
0 NANS
MOM—O
0 ern)

!3361332

el 0t F OO = | (O~

C TO 70

~
>

(

{29).EQ.1)

0,7C,3C0

d D=
X OOr—
=Ma

(@]

(& |
ITCH-Z
M~
OnIO0
O S0
e (O

.0 —_—
On—~00
D eOmMO
NN O M~
—~DOON
MO e
| o b &
== =l
= ZDrir0

Ol d—Z Z WO O et ==t UL O 1O W= W0 11O MO
O QO e b (O M e b= =L [ V) D = = DL O = ) L O O = b b 0 (O el
e bt b [ | T r r pned — (L) L] bt ot bt | [ Y [y —
Ly ZWe L Xy OL O — Y ¥y X <{UODOL LU X Oyl OOl Yy <l ol
HEESY—=E D00 T T TOOUWZHZ =2 ON-EORW—— 2220 OZ 0

316
317
318

o

330
331

[—r—

oo
0D

meo

o L et S ot bt b Y ] ]

]

mnm

300

J

5o ok oo o o o o 3 3 o o s s o ol e sl ok e ool o

—_—
od
e —
* L]
3 —rd
3% o n
7% —
+* —t L
3% Se] —
ki (3] ]| ==
* - Lo e
* o —
£ 0 -
+* aa! Y —
- bt = 0 = n Lo
Pl — ~—Z QO~r oo oo —
— O ™M X 0 ~M fu
= == — P ] 0o o |t
&) (] —~ - | gl | e f -0 =
W <O — MnMoQ Z - = Z o
v ) — Q= = — 00 —J ]
<L (am] ) ety Lo0e e DO~ O~ -~
N —_  O—~0 ~ VO O ~ O O -~ L O -
L) =00 ™~} MnNoo O O O OQ—~—~0 O O— O oONOo
<< ~—=—mO —— O OV~ & ONZWD T OV~ O—~D
[a® OO~ g NN DWW M DWW N DWW SN M e
< OO —a OMNmd N>Z~ = NEO—~ A (N>Z e M
- X Hed OMr &N 2 8 &M 2= 0 ® =\ &L )d ¢ o & &l —
A s e DODHHYIIO™ =NXY «CUNDVNY «(JOCUNDNY «ONO N — =
<l ZO0 n =IO O—Z N UL~ INWL — M s N W — e — LN
— O —-0OZZ Wl <] =l 8 o~ — T e @ B —l e 0§ G — L)
<1 WHOWVIWO— WU J—Z L WU~ Z Z L (O e~ 2 & L (DL O
o A N O U b 20 LD et bt o b o (0 () bt et o e e 203 () bt b b o e () (L)
O e e R A T g T | B gL Se <X
W LXXDUVOLOUVUL I X Z WL L O LW M o U ZLW WL oy O o O
3 OUERZ O OO T D et 200 el O bt bt () et Y b = (D Z A
3
*
3¢
3¢ o C ~N M T Nolw N
w3 ol T @ jvejee] oo; o
QOO M m mMmm [an} M |mm ™M



50.

68027

DATE

VERSION 2

MOCEL 44 PS

NoTv

(]
-
L
z
-
—
1l
] —
= it
& 3% -
= *®
(] T —~
2 e -
- P
(A (&)
- Z<
Z O
<t =Ll
L
OO~
=ZCLW =0
WD M
I+ A
= o ZlL
— <COZ0
o QM= = o=
5 — T OO ~r o<
- o O ~ eyl e~ < NI
[l T M COoOWxXxo T )
o - - =~ Em - I
~ —~ T O AT zZDOJT aw ~
-~ QO ~A Q~r—mZ—~ ™ oo Lo
Moo N ~I " e ) ST UL e DT
oNO — - e —INGBCOLW - 3
oy - T O @ONaOor O & oLl
—~ et O A O-—_Jwx Pt 7 2
o O et Ll NN~ X IJL O3S O =20
WO O &0 V—~+~lWO Yy ~NZPIN—~—=L_O0D
o0 Mee~0 10 OMWLE222DFF-Z & | MO —Z0
Z s~ LWIOHHZIDZINz e 0

0N OVUWnNO~0OD Y~ DO—JWOoWwin 1< ||
= b O e et b = O ST b b L ) U = _JOON D Z N 22T X =
Z o s L s 2 e T e (D) o~ il
OO OU.xxEnOOUWL DLW Ol ¢ WL <TOW QW owm
QOO ZEEZ-OORZ—QO =02 Z

3

3t

3¢

OO~ O~ N Mg O O QO O3 OO0
o O QO o 00 o~ TN M T NG G 5E
A M N R B S LT N T ITO0

¢ s s s s e e el el s

als whe oty s wls ol ofs ot
LR R R R RS

T
3 ok o

SECTION

SEARCH

SCAN START FLAG

R %k

W whs
b3

5

— - 3 b=
=z = 3 —
< < 3%
o O 3¢ —
VN o
= Z (&) =
- - —
— - -
i " = =
— [ — e
(-]
-~ - (5] (a W
_~ —
i = —
— — — ~
= = 0 <
k3 <t < a0 |
- vy - 3+ W
0O —_ wo 3
3 M~0O — Qb= 3 =
= N— - - o O () * D
3 =0 = = 0 '] fg) Lilinal
Q - <y << 0 wo O ks
Z—0O [S5 5 - aa o - =3
Om— Vi [e)] =0 o QO=Z
— wln =z = o =2~ - <D
p— -~ - - Na g o P | Ne} -l
N<L—O = - O ] - L L.
OX UM~ — Z  Zi~- = o0 —~ Ul = o
no v~ o =2 20 — O - = w—d — o |
ob——— N n QO OOk - Nella} —_~ @ | 0 O
NI XX - - C Qe = -~ — <~ — ot
cwndd o = ~ e -_10 —Ul = )
w00 N o = ZTOoJdawvy VL = =0 0N <I < LU
-l ZZZ 1o wn =) 200 <L b=tN <0 o (&) Y o'l
=== | | - - = =Z - = -l Z O Wz L w & —
LOQ—~—~ O (@] L e R e T | =10 —te—~ O | ~ = Ll e
D (D) ot bt et ] — 0 o O O P | O QA< | 2 b=l
e~ = e~ L0 ] uwh O —AO0—~0O= + QLT L —_0 oo bg 20
L S L Pt = = p g et TSAT S anNwvm N o (O~ > O
~NNOZZ<T0 Z = Q O~—0OwVn =ZZ0OL - OL—~ zZuv ol
L3 ] —<I | OO | Z—~ZMq | —00 O == UWL-—m— O wl=Eo
o N | LI = COWZWO O < =« ON— | ZOO0DOT »lll N = DO+ O
C X ZdOUOMD<EIIOOVIOOVOVINOD N OZANLI N0 IO Il NOD—mD0 M O OM— |
| OLW<L<T HON S = el )i NI <9 < AgrisZU<q~ <TZ<| n
QWO ZNZ O~ == O 1 W= U= OO O = U= 1L e L e b= 1 =-Z oW LL
AN LT LT b= T = L W = N = U D b= e LU = e — O~ << Il OO0
L o OO0 A= e Qe el U WAL = Q. ~ (D

VO3 L L N NONOWLCUMUMUL O 0 1L L AUNOQOXO% WY LA OO —I%
L et T (D O (VO Z OB Z 7O Z i ZO0ZNZZZOH 2O ZT WL T2 (D%
3 3+ 3%
w e kol
% 5 5=
ﬂn_.wmlzclco

oo O~ N M N M~ LI OO oo O
O OO~ ~ N~ O o8 OO O QO O o O 00 O~ 0N 3 3%
[Fa TR & I oY (a7 o TN T B Vo I o B o L o MR T o 1o KXo LS e 1 & N I e Rel S INaRNS] OO D 0O



51.

Scan Fuac Searcu
NScar =0 F}LGoEJrHM

|

*_@4(_,(_,23) a,+

56/ P Y-

\ Tomrn (v, T) —prick )

=

- °‘+.

( J0AaTA (N¢,T) ‘/VC‘D

570

FORM C
APPROVED FOR USE IN

NSCAR = NSCaprt]

! + s
CMMAJ-— & )—-} Nscaps 8

G = L.‘."Zd
JISAM (Nvsean)=1

PURDUE UNIVERSITY

= 570

—_-( NSCAN —| )

o,+

WRITE Scan
FLAG MSG-

v

NLAST' = NSAMEMLAST 1 A

NOPE= I saM(/)+ NLAST NDELTA =0

- Werrs  MDPE NDPE =ISAM(2)
-

70 609 = NLAST—pBoV-17OC ) NLAST= NSAM =T SAM (1) = Tsam(i) +1

e 78 pOPE

+ bo3
v I
Te 66O ﬂOPs—-;oza
+
i ¥ boéd

NOETA = O NDELT4 = NOFSET]

To 608



FORM C

APPROVED FOR USE IN
PURDUE UNIVERSITY

609

608

VDeLra =0

)

weire twreevsc

Cour oF Roeouss"

+
-—C/NDPp-pppg /-/ura{..\ =
)

—

NOPAz ppPE

]

L

( START =prl G —MSCAN

+

N ez e + NScan

52,

CF-o 650 ¢
/VP:'_/
70 J60 T= |
NE=0
GaT s74Rr SAMIE
= I Zecopo For
I = Lsam(Nr) + NoeLTA NEXT 6.
6+ ]
T~ NsaM J CF= =|
750
(]
LG v——
gio Bikn
LSAM = NSAM Lsam = IT5aM (bR+1)
l; =Ji g50 -
4 %]
( T—NSAM} CF=|—> Toe6s0
-0
Y R-T-1-]

T= T-NSAM+1{

lelo l =30

a2 ©

Tesr roe Ewp oF L6
Fecsenrey Be&/s HMetoruiAreld

[e3o | Lrise

G’Dmn (uMc_,:“/,L_

o

CJ—DHTA (vP4c,T)-255

ERfror MSG,

' o,+

W

J=T+1i
NP =npe+(

T 68uF (mp) = TOATA (MPdC,T)

-

AL Goririm Foke AssemsLiv e Dara FoR ove LurercErociaM



53.

68027

GATE

VERSIOUN 2

P'S

MCDEL 44

N LV

#*
+*
¥*
*
3&
3¢
3
3t
ol
3
3+
— *
> =
= <&
*
= 3
Q e
3%
%2 5
L s ]
= 3
= +*
L] <%
— +
= 5
(.} *
O +*
L] - —
oo & (an]
W= e —
o T 3 [ -
I <& [ o~
e SF 2 —
2L % - 3¢ " 3
=k O - 3¢ — 3
o<T 3 ~NO 3¢ — e [N
o e O My— 3t 5 =
LD * ~NCT o C 3 -3t (a2}
<= 5 ~— o o &2 No k- —r — ™M wn
= [l ) — O ™M 3 — 3t P~ r~
[Gaus] Z MOog o —~ N — —3 =3 - M sl
=) o O ouna o — - - ot -t et — —i
et ] o o (S [ =gt — ks - o O =%
L — O L o — ) ~ e~ D O o P o D (] Q (e}
anlda] o @ o - QO O—<I = - N o O o 0 . 4 M N nNZ W - -
+ = o o - - - W M-y QO ~ O —~ Qa —~O -~ 50O
Q= ™M <M~ o (=] o W Ot O = = . O et ST e a=y [} O
x Ow 0 — = — o - — OO o + - N ™~ I O b= L b = (4] (W]
OZ0 O - [ VR L Dc.l. (8] D O =~|mE —~ ox -~ O O = ar~ge wv (2 < <
L oNO (DA NN AN RS - | — — L e e ~ =g N SO ST e —MLWL Z N v —_ -
W -« DO 0 oM~ (o ks - Lol B e S S &= C Z0N~— -~ OV v e Lol 70 B B Ve = * o g
Q== (O} =0 - Z - c— o = O -~ C O -~ 0= | -t e T e e oo T P (] o (o]
Y - — o <o+ (] e SR [ [ L § Q0= o~ NHIDE D0~ C &= CLOOCO =EJ o~ =e] QO
Wouo=o (Sagap) +un —_ (] O o NTOoOoD — + =N = <L NI VONZO~ Qoaunc~o - g~ L] ° QO =
A= DO bt 0O (] Z2Z — — L Q0. 0= o~ |p—e—iD a S DY O~ | NI A - = ~ -+
< W =m o <[ ~— —_ _— > EZZ R e A | R 5 | 1L M X =y X OO0 It ] M~ il 1 s
o~ Ol X2 4+ OQUZOE2 OF < s=—rd— NODU=— " ZO— e | O A D A eE— ° M~ o TIr~p=—0
T Z =M | Z<4F NN ITnNg<d N<g <J <L =O. O~ = =~ 4 & 2 e~ ey o O = L =12 k= QM= OO
NO WO <] =0 —d VNNV 0N D =0 AWV DO~ Z X Ol ~—AO IO~ DOCO0L0 ONDUD==DIA O T <T
— A~ e~ 2=V | = == - = [ —— + | || o= | =20 Un—a QO —Zhr~Chr—l——— UL ZX o XN~ a5
LT <glwv OF- g |1 Z~Cx1ran (e 81 < OLWLH- 0. OAOF—E Qds —mME<dZUWUO<Ten O < L L O 00 () bt et << =4 || (J<TC0 1| D= 1
OO0 E OFWNZ~NTY | | ZE 2 DT QO DT D S L = DO Z W) e e LD U e e (3 (D b e et o (3 e = ] =l | ZFZ S Z
——— ] | mr [l = ] et A=l — et T | = L D F A e U T e [l et 3 e 3N e b et b e
el Iy DU W N WL Ol mOVmUe WL, U It Ml O AL OO0 WL a0 OOl 4 r UM E X <O <9 O VL. OW VL UL
R ZODZ - Z 0O IO AR OO 3 s e ) F e (DU O ) e S e O e S0 R 2 5 2 (e EEREET O 2 O S et (D bt b e D
e = *
3 Pl 3
(=T B ol e e o0 O oo ()& O —sE O o~ 2] [Ta)
o—O o oo 0L QOO O W~ D nNo own 3% 0 D 3e M= ~ = M~
e e 3 —~—=IN M Ao NO ~ND O ir 3 O00C 0O e —N Mmen +* 00 (ARt el ™M faa) 2]
(LD DO Np) DN O~ =00 werog (DD = el —— e — ] —— (D el — 5 - — —



FORM C

APPROVED FOR USE IN
PURDUE UNIVERSITY

START = START + CORTRI(/S)
Do e T =/,/6e¢
1110 T 6501 (T)=T6504 () + TEGUECT)
CE= O

A

C/‘VP s HMJS#AD — MINSAd=I P

o,+ |

|
Ll = plret !
VP =/

No = {r
To 608 @ \/VIS- + A -'(-44-59 IS tasr L6 Feacuep?

o,
Y&

Do 1§06 1= 11029
1350 T6sorm ()= T 6som(Z/) [nPR

MtsAaM= At - |
cewivp [
wre1re  Tesom op

Prine No. oF FPAamry Eoes.

Zrewcaro eegrd SIIERREIN G~ SECTron



25.

68027

DATE

2

VERSION

PS

44

MODEL

Iv

1380

a

GC T

L{23).EQ.0)

Il W0 W o~
|l N ol B P NI L i I B

LU0 F e —

Q== r

et e bt et

3¢

e
QO3 O
WO N
O T
ot () et

—

-

—

-

—

—

1

—

[

-

—

(| —

N —

e =

N D

Z v

-

bl —

[
-~ —
_ -~
[& ¥ ] ——
= NC @
i n NOM
Z—= O~

e D -
-

| ObF=~—ln~—

O<TUILOI U e L~ LI L
ONZJOODOFNZ~ il —iF—Wn
bk Db e bt T et )
LD gl 3 o Tl O iy <t
e O3 DA - Y DO

i

g

o

SECTION
1

RECORD TORMATICN

IC
(

o D=
—Zar
& =

J

INITIAL

* i~

[ alaw]

xwn

+ CONTRLUOIT)*10%x]

=2

—~ir~
) e
—_——
—ec e
L b
—
Z0Oo
SIETE
)

+ +
+
—~ 0
O o
—_1
dxroe—
[y S ——
= —
=20

OV

-
v
ja =8

DEZT ORGSO E-A
20 COZFo o
P ZO~N—0AZZZOOWNNM ew oM || I

X O D~
ol
QN NN
NZ=~1 1

<
ol
Tal
~J

nn

2L

nn

-
OO ~——
Wwoo
LWL 27 2
szTa<

e ot S

NSAM

OOl
L L | Y T I | R | R TR T
[ e faN E
))))))) O TN NMNT ONC O~ + o
2 ZZN0EANMOT N i~

N P e, o o, o~ o o i

e N N NN
HNZLOQOOQOLIIDCI L) (D bttt bt ot i (Y b s (Y (I L
=D L0 (3t D sttt 1t bt ot ot bk bt et ot bt g () 7Y () (1) () bt (L3 £ bk b et ) bt et

XVNNO—XO000000O00000W L LU LOL L OA0OO00

RCEC(T)

wIn
wx QD
ZZ 00D
T <L) =)
L b

o
5l
fal
™~

— e~

=o |}

oo

+* ki 8] (= - - -
kg +* = [¥5]
3¢ 5 = (O _— - o~
< T [ - - - - -
5 =5t (@ INE] - C - - -
£l 3 ZU ~ n|m M ™M
3¢ 38 — — Ot bt
+*+ S U - - - - LS
+* *® = - el - -
* - W >
% +* & a4 M~ i i
3 3 L = = -
ki ¥* L > e = =
o 3+ b= - O -2 IO 2
3¢ #* O ~ Qoo O—0
R0 ki - - 2 ocu OU—LY
3t i %] [aN] o~ -
3* 5 o o - N X e
3+ 3t o <, ) D= O
a3 -+ - L [ X0 O =L
3 5 < =4 w g 0 R | | T
w o LL > e~ OO
= L e = = - <L bt =
#* #* - <~ - e el =
® (W] +*+ - -2~ - Q= Mo «=
5 R Se i L 0O X <l LULD st e o
kL + L o o DO
e b +* b— < - W de e )
3% LLJ 5 oL - W — (am <] = = ol o
3 = #* D L) x =X W o d
3 < 3 as [ (NN} e e QL=
] S IN x o L <gT— oL o= o
£ — e [ ]V = -~ W e ZgZn=Z
¥ = 3 b = - - 00 v
kol — 5 v o~ = o0 OO0
3¢ e >~ B e 1] — = Y <Y
3¢ ™~ & X c bt bt () ~ OO O
3¢ ObF= &L w > =0 0000
3% - < FFdx- [’ O LVXWOUWZU
S {7 4 O o9~ e Z e Dee
%< — X O~ T -— O Q
£ a = OdOZ -~y O e oaIO<TLL <
O OO = - - -
—~ > W <—xOZz -0 X owOoOd <Iung
M~ V) e QO O wWwnoOooo
- - &) o D= < <«
& >N — D — = e J
< <gWw =Z o=z () o> LW
a Juv W b— — Z o
xXxa = W) IS — = -
< WX W v ~ W - o o~
o > L bt —_ —l < g
L 00 < o o= o O -
s L O o .~ =- o
— e v o —  — QO <1 -
— o — DL, - nx Z =
W Wy = CONODOCOLO~ OO0 a <
(o8] - = <L - L™ o e D™ —- = (e (=
O i - — e e e e e e e e ) e ()
0 =4 £ +— Atk - - =
=] = O de O9IITIIIILT <qA<DTw Q= <
W Od W = 2RI 2ERT 22 E mE eE
| N YA XXX NEXENE X
3 <1l F SONWOQUUOOO0OO=0DUI— U
#* S (IR s ¥y g B S S S A I Y B S St WY A
3 3 (RN EaN] N N N
* 3¢ o D00000~0 OCOOO0 ©
Y 3¢ (=] MU OOONNWLY ~00 — ia]
W - o COOT—NNNM NN 3 T
3F 3 SF JF W e OO0 OO0 O O
LOOW (D= e i L L e R ke o ] el — —



56

08027

VERSION 2 CATE

MOCEL 44 PSS

Lv

N

- = O I by el —_— = D = Ll O O= [
(s << L M = o = = -0y — (] S5
v w 2] D ¥ o D O ~ ol - & M =
o = - = LW ¥ O - e~ - = 2 B —~ Z0 =2
& = —_— VI << = W M o~ o L - =] <t
<< W ~< O v o= =<l W = XTI (8] —~<g o7 - - 3
(5] [Ta¥.'4 = INW <9 O O - — e - L 0D e o w
=D 2w L & - - Q <T I c
| -0 O J4d v = = 0 L) - - —- <l O W
e - 0 L @ - =L O " — ) - UL - —A> <
x - L — D b = —w al - et - 0O Z
—- 0~ [ O vy = Z W . D NO ) o DV e - B
=z - (G]ad SRRV N Sl ® SR € JV —~Q L =z oW < 2
-] L] - - O w = O o [ ad - — s (58]
L5 F - woa —_ v (%) = O o - 0 De [ RN o
b —_= [} Z <G4 G4z W — (AW (] O= LLip— L
o )= . = QO - 2O w I i — oLl Dz =
<1 <t > - — = — ) - - b = 2 DWW N u»
=2 |2 P | w ™ = 0O = - O - (I i oOw < - o
| — (4N — Pt (8] L] = = B - p— — ) e i |
oo Z0 w - 0 TV — - - = W xr o
—_ — <L Q = Z 2 =0~ o Lile V= w 0O x
~ - - o' = (S5 . | 0L - = o L —- w W
- oJ QL %] il o O - - ZWW a0 - >= - O~
o - => — - QW= <TW = ~ - - ~ - O x
X N e o< D - o o Il e oy - - - w o
o - (8] (5] - O o-2w OO i1 W -~ - e P o N R EE
D - = Lo U M X W QO Z24d O<9 =wv > = wm - DO I
4] O ) e = I W =—m ~— = LU ZW=- Xr—m g O
@ ™M [¥p] <l e W o Y e W N E~ Y O D= [S]
[+ o (W] LW > = Zuv Wwo - - L >>Z20 k-l ot -~
(%o I B ~JL o ¥ = s O30 2 = 3D L et -2 WD I
— <T a>D w e O U UNOO W wo L W e Ny Z - O
r £ = —~F O W < W= o =0 Wi Q. x EEe- L 2 Y o~
- O < <L -Z Z2 I o ¢ DZE Z0O0O X = << - (N T - 92 O < =
<T wn>=> LU o LI~ D= e ~ —0Z w o o e
Z W - o - b s O = [T I e ] - - xXxo o [%2]
— 0o < o IO Z > =< W o Z D N - 00 ZW « W 0
g O O<T <l ¥~ = D= Q0w Ow — = = = (@] 2L = 0 O
o T (- - O = S0Oo<a W A U - - LWL wilder O < <L
= () e —~UIL O (SN 4 ERTES LY X Z = = ND— o W £ =
- < | wee e~ << CODOWION WD Ny € Z2= ) %] o
O DU XIZL a4 o WZzarkrga » oF D0 w O I wvi— D ¥ |}
w g x ZZE N - Z--0 o = O~ - LZO OO0 XI = dJ =
= = 20 - O <9 = O 4d = D0 X o v w L4 X+ -2 0O
v <1 ZZ MZn O Z oz 0d = Z— el e wo <1 £y O
(s S A O | -0 % W FOddgd - X e - Y X - =Eu W
<< 4 @D — 3¢ < =W ww W o Lo —_ (D = (]
4 D~ oW % <L<IFTV) ¥ De v m—> W 00U OO0 Ww L~ = <
L Me jp— O\ =t ¢ 200 £~N0 —_—F - D = _y = O Y= O
L o - % eOLZ oy NN = (D o an w L e _]
= 0D =2 X L= Lol Ja'd —_— = <Soxly QOZw > - W
e Zwo << Ow o VYV =ZUle~ > Y 1 > |+ LUy N <O>X
< O 2 e LS¢ - Q)| T ~ e 1) Zw ™~ L —
——Cer - L -~ K W EO0 e — bt Y71 L] - — —_
V=L 4 — = O & | — =z -~ - -
e — - T D QW0 EN e — LL— —_ —_ = we -~
=0 = D — XK (e = WY = < - — - -~ = - e = m = = o - b= e - =
S A e i L e A = = N o L A T S = G o
O = e e~ <] O e e e e — —l—Z—
= e A U O e O e ) s e e — — DOF<

g<hd® de <D {A<O < LI < GO NI AU g I <_jm < oy
UZE2 X e EZZFTUVEZZ—EZ L2 L) ZO0VNE 1 ETE 29 eX2 ~ 2 25T ~35S 33, 20 202 =X
XX s Xl Y ey vorOrld rRCIPSRR:RC!RH«RRRTRRDDURPCQFPSR(P

- 0O0ON\0O000OO0 OO0V =—DOD<ILWINDOTT ONO O = CoOWwoOOO—COOU0 O Z0x 00wz
sl el Wil Wl WL Wle Wbl QW ILLOUW ZWWLWDWWUL O WILWZW 2o W<all T W
o od o o~ ./u N NN ™M nen o~ o N N o~ N N od ™~
0O © oUo oo o © o o oo © Q0 000 OUoo © Q O oo
[ToRig] L) oOuo COC (] fe] tn [w] [ R (] Lo oo (en Jaw ] v Lo (o] fen] < (e Rah]
O~ O WO NDOM~ 20— — N TN O O ~ANMT N 0 M~ W
CTO o OO0~ A= o~ N ™~ NN N NN NN M M MmN
D ) — —d el g —d —_— —_— - e =t —_— — ) e ol g ] ] ped = —{ — — ] =



57,

68027

VERSION 2 DATE

MOUCEL 44 PS

IV

i

=z

-

—TOCOTOUCOVON
= O~ <O DW NN N
<~ W I L W
OO IO O
coooocooCcococoo
Bt vlelelelslelelslaole

Q
(Egl
U J - <I =
NO<T = <t
Ok N - T v
OO w = =
OOQU. <O QA WO -—
N ZZ0O—0OZZ—Z2
w
~
—
wy
o
<=
=0

—O0OTORVOTDOO
NEOOQVOMO <UL MmN
<COOLOOWILIWIWS LWL WL
LONNNNOINO NN
[Slelelslolalelélelelele,
elelslslslalelalialele

~= —
o< ZwWw o,
MO =D A JZ L T

O>>200—<dp-qgNIT W)
VI LZOZ-Z2Z O

B

OOV TOT oL
O O~MMON<TWLL oS
<TOUOOOC UL W
OONNNNONOION N NN
OO0 COC O

-l
D A
mo L W Ou.
220 ZFWodo=wv
P Lote S Sun TN Fana W Wa Ry
NLODZLZUNZ— 200

N
(@

OO DT T TOOT @
P O OO M=M= U T
QLOO LML LI UL WL,
QONOCINNON NN
QOCcOoOOoCOoOOCOOO
Elelslelslelalslelale]ls]

Q.
<
=

AL AR

)
(%]

=

o

— O VOO @
FNOM~O<IDO
LI FTF I
[SlSlalelelslels)
[slolelslololsls
lelelelolslele

—< Z
(¥p] = O, bt Y7
> O0—WLD
NXE Z Z D)

RCL

=

!

=

e

—OOr OO
o~ ono
LT T TG
LOOCOoOOoOo0O
(Sleleleldlelals)

Eelolalélalsle
v,

o " =
DEZ X =D
T X —Z
> WL euD
D2 e i Y
=

o

—DOOTUO
oo
TSI L
LOVOOTOU
LOOLLOOOW
S lSiSIalelSlE]

- v

) L

[a 2; el G0

p= > =
>~ oUWV e
=

(-

— IO RO
=T N0 TG O L
CNT T TN
Slolelelolelele)
LOVOVLVLOO
HislolslslalSlE)

-
= —
p=Alg]
oo
(]
P )

U
g
= J
>
=

3
[l )
<
D0
oo
—O

—i~F 0
=0~
T
O——

O

— O
=0~
<
-
woo
oo

LLED

<Td D
0O —
D
NEa
=>0=Z
qLnNZD

BPRCGR

2=

Vv
—QQ O
—umM~cC
<IN
() el
LUo0o

I ]
Uz
D=
=0 x
>
)= U

MAP

LABEL

CN

=

o
—OCOFTWOROWONOFTONNOOOLOOTIANVOOXIFOVONDLOOVD
OO OASIcNT~=OADOOMNNC—I AN OO0~ DNF OLW o
IV Id<IOOOOWL =——~MFIN O~ OOL<LOOQOOOWO G TN~ O<IDOW
OrdrAdrdrd A A = = = N OO O ON I AN N I NN AN O N O e e N e e ey e A 00
O00COOOOOOOOOOOCOOOOOOOOOOOOCOOCOOOQoOOO0O
~HOOQOO0OOOOOOODOOOOOOOOOODODODOOOOOOOOoDDOD

OOCMA~OMNM~TOO~VOCODCOMOONOoOOINODOLCOoOTCOoOOO
AT O NV T OTO~NNINTSOOO~NAD O~~~ O~ OmMNOooCCoO
N A A NN OO MO T TNN OO OO OO NG OO N~ N~
o A A = QO O~ = NN O M
ﬂ lllllll.lll
L

=

o

L OFTOOITNODUINOCNOFTOROVONOW<IODOWODRVOOTNOLWO<T
=NNOQOUOCOOT VOO NTINL IUL O~~~ OonoomuEon
<O <<I1oO0OOQUIIWLO—MGEnNO~--OIOeoOOOLoOoOoM T~ O mMOW
(O ek L ke L e o B B VRN Eo N TN o N oNE o VT o NE N FoNEo Vi N o NEQNT N TN FoNToatoalaataalaalaaTaalaaToaRoatan!
e ielelelelalslolelolsiblis]elololalalSlaloldleloldlslololaldlélslolaldlolels)

OOONCOONINMOOONM~TIFNONDO~NOODOUMOOCOLOOOOO
MM O0OMPO——~-TOOPOFTODOONMO~NONM~NOOINOLNOOO
A ANNO MMM MG NN COO0O0O—MNMNT OSSN O~ 0

e = O OO O N O O
pd ] e el ]

LABE

=T OF OF T NOLCONWO<C~F O WL OLIOUILI IO NNO OO0 VONO
O OWLMSNGLO—NNMOONMCM O~ <AL ML LOMO@M~OUNILLO ST oS
ORI DOOAWLOANGTNOMNSNDOLIOOOOWOOSMTONO~NTOUD
O e = = = = OO N O OO O O O O O N DN OO N O MO 00 00 00 00 00 00 00 00 00 060
UOOCO00uueocoououuoloooocuoououuooucoco
HOCCOOLULLUOLCLLLCLLODULLOLODLLLLLCLLLOLLOO

OCO—P=O~ONT-NOTOMO~O—~~000000NOOCoLoDOOoU
AN~ NINNN~NO O~ M~ 0O TOo~R0O~MuNO0O™~OoONU~ENOOoOOoOOo R

(S8 A A NN MO MM MO M TN DO DO~ OOMMT NN DA~ 0N
fan] e e A N O OO~ NN MO
I el e ] e
-
=
o

DLW RWONONOSTOOLO<COUWNOQUWOONONY-IOONOQILOLDNG
OOV NN~ OLONOUL PO T WO OO MO O<T~Wa @ nu g
A VVOCaA<LOOQAWHOS~—MNOO~ DO AU ONSTWUD-OM=0<T 0w
(L rd rd A e e el A OO DN OO OION O ON N IO NN DN Oy M ca M e enm e m oM
(Slelelelelelsloleivlelsisleoleolelalolelolélelvvlalviolelalolololeldlalalolvlele]



58

68031

VERSION 2 DATE

PS

MODEL 44

AN IV

#HHO RO -
3+ * = -_— =
* #* < - (32} —
3+ # @M »Y - —4 o
+* # =0 - — Q.
3* o —-<{Zt ol —
* # V) oI =z 0 -
3 3 <L Z o Q %5} I
* #* = s &) = o
3 H U< - < <T
+* e - - (1-4 (=4
* e aZll ~O 2 = (@)
3 #UZ mlN e <T -t
£ 3# <L QA ~— = -
+* # LN T - W
3* #* o e e wo -
3* o el TN pe =
3#* ¥ NAXNA ~ T
3+ L = AENLJF NI VI wIN —
+# el el e~ -0 -~
+* #LWNO.E <~ [T W
# TR Z eZN O~ w [
# T e o= < L' %2 a.
3 #F O —~Z [« I} =
3% V=l >0 OO [Tah"4 -
#* AFRZO0O<CUL -0 &4 < -
3* 3 =ZTW = N - =
* N aZZT o~ o ow a.
# O*FZ0 eN —~— o e >
# O3 ey e ZQ <<
HZ O HNYTO <IN W= =
#FOZ#TZNaAZ LD oo -
<L) B [N W =
¥ 0D b =L bt <<
H* OO QX O<I x0 v
HWOH G odZ = o =
HNEH QA LOr I —~ U o o -
% OARZ0Z - OO0 2~ VDL =
P 3 ephm L e e~ 22 -
HEWHFDDZZOW O = = T <] -
#F O WD oI Z WL~ <[ - ol 1%}
#* LT3t ZZT 0. e — Q- =
HNI¥ «DmZ ~INNIOD o [~ 4 [V
HZOHOZ & & (N o) ® ZZw -
<L e odZT QD) — bt o
W QU< Qri~— ol + = %)
#WiH el JT ZOQF— = L B e LV 1T N] =
¥ Z#AOWO I e O ™
HETHMWAOZ D—~L~—=O << Jd -
# W=t = aZZ & oNO<I~ k= 2DDZ <<
et HF et SN T g Nt -
IR ODZTZZE '~ o<l VO W -~ <
H*+2 FOAINI~Orm~Z e X XENAN o
# OW3# s0OULWOXENWLOQN- || o —d =Ll
# MO TVt VIO rd e el O Ol O~
% W e el e LU~ e << Ll
FONF N «a<ID<IOO0VOQ | =~ Il |l bl oW
30 L 3 OO Ul Z e QO et T2 bt || et et = —~Z
#DOW LI et WL Qe=dt 36 WL UWO OO st
¥ VE LOOEZOX XA NNJLDONn I ox
#OIH Z o2 +IqU LI TCE QO vrvw L <Ll || I =
#ATH O o= OOSSd~IdIIIILIg9U.AaZW
3 VA E I ZZ o LI UL vt bt () O] e e et bt > | < et e |
3 #ELCOAQI~~DDZ <aIJI T
3 FOVOVIWZZ2C0-000 T x<g
3* # O 2 OF st LU LU S OO UL UL

- 3+ NN

3* Lo

E-3 3

3 3 v o

3% 36 3 ¥ O el 35 3%

LLOW N NQQO

(&)
Z<g
o
0
e —
—
oZ
Z0
[ ]
Ok
-
—-~Z0
-0=Z
[P e}
QU
e
(s TRLV, ]
[T T
—=ZT
Z -
LY
w o
[~ 4 (Lad
uw
I OoOw
(- e}
o aQ
W
- =W
<< oo
- QO
- Lol
— =
Z ZuWN
- < =
o o o
M X<
Tl
- xOo<
& W o
<[ w0
o o£OWw
200
> Oc
o—~uwauv
- W
>0 o |
T -l
-l &) <T
o <T >
W
>0, -
Q2 NO ™ Lo
O~ LU= =
EZEXE OO k=~ V)~
lIUl.Q =y O =

TRANSFORM COMPLT.®)

NEZNZ & e JZ=e= > on
= = | DD O bt e 00 L
N O T b= b
P OO0 S<20Oo<T
Qv Qo b= JZ Z T

bt ) et (D b bt _J O O () b 0 (D
Q—OQmxy <OQ0Da0Z
et EO~WLOULOETET OW U <TLWLL LW

#*
L)

o
—
Ol
[l =)
ot

N

(=)
N
o
-



o8

68031

VERSION 2 DATE

PS

MODEL 44

AN TV

F5C

o~
o
(=)

MAP SIZE

ON

=

o

=T ROOTDOF 0O
b= OO <TWIWL MG
<OO0OWUW W L
QAN ANNONIN NN N
(wlelolelolololololelel
-000CO0C0O0O00O

-
o = 7

Ia) 0O XYW Ou
=0 ZZdoa<axZwv
> IOWOA OOt
NDZONZNZ—ZZa

O TR T TOOT

N ANOSASIOWL G

<TOOO WL LI WL L.
OO NN
QOOOCOO0QOOoC
Rlelelslelolelololole)

s d -

S

QX = - —ZQ.

O~ XUNZXN<TW

OEZZN<TUW U O J<TIT W
Q>0 0CQULU=E

-
m

=
o
x
=
Q
(&

NOVINWIZZZZZ2W)

=

[

OO TOOTOOOF®
OO MM <T@ I
<OO0QWLWILLIWIL U L
QONNNONONNONON NN
slelelololelslslolele o]
it elelel=lolalele]

- T
O< << V=~ W
DO Zo s ZWn
e~ VOl T <T L L L
>OAIOXNVIVWLED
Nt 2 I ZZ N Z et bt ey ) 2

=

Q

—OQOTOoVORUOT
= O WM <L O DU T LN
<OOOQOWLLLIWLL W LWL
QONNNNNNNNNN
(wlelelelelslelolelolole]
00000000000

—0g
=uLo
IO~
WO o
Qoo
OO

- I

DI
b
a>oo
LN Z

M

SCALAR

—C0
=Wwo
IO~
WLOOo
oo
OO

- -
ouwZ
oo
=<Ix
>Lr<
% Lo

GO D
Ll
<O0
LOO
Qoo
OO

LOCATION

SYMBOL

0
[l =
<<=
Lo

-

LABEL MAP

L MEMORY REQUIREMENTS 000394 BYTES

R HIGHEST SEVERITY CODE WAS

0



60.

68027

VERSION 2 DATE

P

MCDEL 44

NIV

IO 38 3 3% RS
k54 = — 3 2 3 3t
% 3¢ < - [aV] i 3 3% 3¢
3¢ T e - - +F k) ks 2
% * o0 b = 3% 3% 3
e I ZY o~ +* 3% 3% W
& XN T NI * * ¢ 3¢
3* ¥ LT - i) 3 3% 3t 3¢
& = =NV T~ bl 3¢ 3t G
3¢ e N <[+ -0 3 by 3 3¢
3 ¥ e e T % s 3 3¢
3 e b= =7 L — e 3¢ 3 +w =
3¢ FNZ =N N~ ¥ #* %
e <L M O W% 3
3 ¥ AT << e 3% s
3 e e O —~ * 3k 3%
* el ] el e - 3% %
W NN ~Z) o~ - =+ 3¢ kS
3 F WL NOX - L ¥ Z 3%
* =L el ~OZ O ko ki 36 O3
3t FULNOATT F eI — L iy
#* QO L &2 ——~_ 0O ko ki 3%
% = % e e SO L ¥ 3% RS L
3 bt FONDLF— I - . *® 3¢ 3 Wse
LRV Pl >0 L Z o~ % % %L
5% Z GHZOCW OEQ N Sk % *
3 LW [ i N R s S 3 5 el
FNEZZ Y eZE AN ~— EO #* O4e
* WOVRZL 7 O = O I — S e
¥ W= —a s w0 & ~ el = * % (=} 3 O3
U N DO e () - o - % 3
FO>OXHZINOAZE OTXY —= 3 o 36 Wise
S VIO V) s & ) -0 N =3 - 3 ki
W Al =0 s O & o~ s # 03¢ — ¥ Ze
KO HOXY) WZFEO~X3# +* I - 3E - 3 Q%
L ZOE# T =dZ QD din gt * 3 =3 o 3k -t
A= T I A D~ S ~—- 3t +* 33 3+ . 56 W5
LN Z0O0F & FZ DS et —_ 3+ 3¢ W e «Q 5 0C 3%
KED(E}X o= T 0 ey JDe 3% g 3 IS 3% - 3 LU
W*OUWFO3FOZEQ O~ = sl o = = #* ® 3¢ o > %
OO «IZ NT—~0 O o o =) 3 =% i ° * Z e
W JOZT A LT ~NOD—ITZ Lin) —t = #*+ O 3* (23] o i O3
¥ 0 HF eDZ <CONZE -0 ® - - L 3 [ - T O3
FOLOWHROZ = & AT P~ — < ~ o = - [ ot < e
O LU e Z A~ SN 1] 1] sl ] % 3 O (a2l o 3 I3
FEQUIHF OWL-<T OZE= Oy a — s | — 3o D=3 ot ~ v ] R,
# O =LJdT WDODO—~OI = — (M~ o ¥ O3 =N - et [aal o *O*
I A IO =) &M —ZWU = - | 0 o 3 Z I O ~I o [=s] = #+Z%
3 00 FXEWOZT —~OD——dg << — e T - Ll 3 LU3E LLl e P~ o - - 36 LU 3E
FE ZMitk «Z o IO N<T = | bt 36 QO 3 * D3 s ¥ - o a2l > e R
FUZT H#Zd o~ — aNI—ml ~ NN — - 3 L~ &) o o¢] - PRREE
LI CHUZZZL N eI e— —— <T SI—n - g\ e LI 3% W - mn o ne - - > > %
#* XZ O ——NIS>00 - (@ (€ [oN] — —< LN — e —~ + o | O i - o <L ¥
HOO0W 3 =W LU~ oLl <] ~Ul e < ==L o R N v | =+ —~c0 —~O—-~ 3% L4t
H X OO L ZNe=) s~ N~ —~—=—- (NOD ZL )~ = #* o e—ad Z~ = v Zp== — N\~ ki +*
F O bk e el =ZZMOWwn—-nl e R N L b - ) N Z22INMAVNQ LU~ =0 and g - Bl B st 43¢
bl AN T ONT O ) o d—= 2 ¢ 2 o T _J—0 20UV — L T e VY *2R-0 O O Z-ao X< <O wnOoOIo 3% =3¢
LY DI Z 0O Z LI OO OO 02 o NI S et =3t (VD O] © Ak <o O O~ O 5
FAXMOUF LICO W an R Ll U T TR [ TR RS S e T T =WoQZ OO =—I = e OO 0F L) < | OO oI & T et
F O OO =Y <] D= (D o o 7 > T e ek 27—t Ll |t e TR I St T S = s WO T I e W 1 ol TR TR DN ZOMEO M3k O
D=t Z o o<IILID < =t | med = OO OO 1 LD 1)~ =<0 N o A3 NGO =XV xXnil = =L =i 1| == (D~ <6 L9t
L ZA L% O =) (DO > ZFE e OO O NN ON-TO s I DU 5 L e DD T I~ IO || ML Ot Ul (D3 of 3¢
e MO0 I A A It Tt DA N O o OV ] D) o () ) b et || ST e ) L O ==t 23 Al Q202200000 dmem )=~ _Jk= || =3 W
aak J«WADL.L.EA_I_IAU_.... ZAAd I d DI EE O N < = D0 AR 3 XKD L= b2 S g e ] (] 3F 4
= FOLODLOIWZZWD: DI I<IWT<T L QA Z VI L0 = 20U *A..D__u LOADWAUDDAD | ~—La O Xx<TyW¢ kS
3% % 0O &2 O el b Y L O 36 EESDSESESEIZ— J I 2 Z TN =L L NCEW R hc..l_#.....L.LC..[L.LCLLDLX.Y.IJ.GKHCP.]G&. W
= <& NN e e Exd kS q w ki
a#® 3 <& " 3 e t=3 5 3
(OF 3¢ 3+ = 3% 3% 3¢ LT
5t 3 3* ¥ e e 3¢ S 5k
o 36 36 3F 3% se % NFE 0N M=3c 4% % O % - oY S N O M INO 36 3 S
LLLOLLLO (E O N VM~ oo~ M=~ M~ M~ w W e LY



61.

68027

CATE

VERSION 2

PS

MUDEL 44

1CO

[v

(@]

5,155,150

0
w—
——

- O
-z 0
N
e <
r — =
<I72 |
{ O —_—
O Vo

1yNPTS

I

W
2

<

€55165,160

<
-
< |

o=

w
o)
=

LC—=NUP+1
T=1C0) 168,168,175

o

z
oo
M O

w

Z00~0 =~
Il ededi DN ZE

—_ T e T D e e S L () 2 bt
o 1K X O ] D Q= N N = 3 S QU O 5 37 I WD W OV b= I OO0 D= N b W = O 0 L) 35 L
el e - e b T S .
EOCXr<TOW-% 3 XL
ZTOLITEO O L3 3 T

S

<
—
e

Pl

oW
i
el

=20 I E ST
NG — DL OD0UWL O U =i e~ OO N ey <TI0 (D224
DAL XONOZOOZTZE D A Z O (Dl = T O T T3

168

175

176

NUP,LIN

I=

—
O+
o

(L e d o PO Ll

s NPLOT90.C430.041,0,0)

2 Y

>
—— -
Ll bt (D~
SO
L «T 1IN~
O TIO
<g—~0o —~
LY o< o
wVLO0XY O
I =D~

==l WNOWH <1+ O—Z1113al W= il | W= r—=L

o
w2
sl

3% S 3

E
%
%3
e
It 5e
ELE
e E=3
3k
SO
o
3= 3%
e ko
EI
S
S
#* %
= %
R
* 3
* %
EE s

Wz
% O
3 =t
e
3 QO
3 Wi
#* VI3
o 5
3t =t
e P
S S
<3 o
BRI
I3F LI
i
Qs =%
3O
Z G50 it
=3 b=t
o3 <5t
. -
Z 3
w3t o
b3 0 3¢
O3 W
I =
03¢ .2 5%
L GE e
* %+
~r T %% O
O3t =3 D
O Wt Z
O3 Z 3% |

fedeste ek

ALGORITHM

O dNA |\

jaN]

L

iod

L

|

(HH]

o

L

—

—

L

=

(W

b

1

=

<1 —

(i |

Ll -
o

— e

-y —

— -
()

+ Ll
o

(AN -

= &)

L °

— (]

— -~

<< o

- O

<L o

=] ja

L =

— L

+ [ S

— T o

[RN] o~

(o4 = <

b = -

— <T M=~

- AL O

< LD ==l

S N0 Lo

QU3 W=k QOO DL DU | W W<I 2> M~

et U O 2 LI AU OIS o< -

OO W L=l | <4 O<XUWU it Je—~0x0
=R NNy O JOW = L T O

> )
o

O
O% %0
N4 36 56 O

O <0 g

*
3
3
O
* O
(SN

ML O LU ) et bt e bt e )
FOAN dZ DOV L XTI~ d=ll o <(X O e Lo
L YL O O LS > et O T (D T3 T

235

o
—
T

——
=L
&=
L] e
wno
Tl
I
D =
o
aoy
—
—~<q N0
OkF=M=0N
nN<TNO
D0O~N

ON o saMiNZE

e L ogin

—
=
=
=

-
=
=

I
ot
= —_—
=) —

J —

Q

= >

- -~

= —

2| -
= e o~

- -

g X
I T
(al —_—

—Z| =0

O . O

e~ O

Qar ON
~ =

o 23 el

[apiNe la B RN}y
T F e ) e (N e

"

3¢

ok
S
M 0

S

<
~
N

~N
-

~5

~N

3% 3 3

3 3

% 3%

% 3%

3 3¢

® 3

3 3¢

*

3t 3%

| =3k

= ®

#*+ "

¥

& e

3 3*

3 <

5 e

% ki

w 3%

* %

w0 %

W%

E

G L

=t 5

e 3¢

3 w

ko <t

k14 S

CEE

R

o

3

se gt

ks L

3¢ 3

3¢ &

13 3

3¢ kS

O ks

Q3 Z*

M3e Oat

o~ b L

— 3 3
W5 L9 ia
N L3 mn
= 3t Uk o~
o lial s 3¢ -
Z 05 U 3e n
el o 0

L~ 2N

O3 LW+ MON
—~ NS A D~
e e e i e R LR
L

LW ol % #FN =g
+ M= D=t L N

=

o
0"
™~

—IT S g =t |

CMOOUXOWDUWT LWL W= 5% T 3¢ W2

S
#*  *
* e
ST e FaV
3+ 3% 50 NN
LOUNN



62.

CATE 068027

2

VERSION

13C0,260

PS

MCOUEL 44

Iv

o)

—~J

od
o
N =l
o -
o
=1
—
1]

—

1,NPLCT)

[

L loanl
—<I
=t
D«

JaY(I)y

VO =002 k-0
AN OO ——DOIL
—_—— LX)~
O~ oo
— e N] T U e e e
R al Vo S [T RaN K NN o NN =D s
e T BN B e B e e — ——

| = $T———A——d—— 200
L DN L e U = U UL OO U P L L L

St b o e o e Y b () e et e UL () e O e b e =

—— £ () et ek = bt L Tt

L e Ot i 0 A L A LU O L

HEOOOE T Ty Ty EE OO T ETOLE O =~ Z L2 OO0NE OV S0
5 kS 5

no
o 0
oYy N

250

3

s VR
A ook

MTON

oo
i
ey
-
O
=00
Do
Zh— =
2Z0
oo
oM
— —~
ocQ—~po
QU0
LTONNND -
M ~—D—
sl IOl

a5

—

o
M~
[N

—_ -
OO0 —~N
— O
ONQO ~

Ll P
—_—

——03

S S

o e ok ook %k

TON

O
O no
0 M
- =)

—
n—CL
e O
X =0
<<LW S >0
—Anoo
V<amlum
LT =~ -

W NO
il LB A0
—— =~
3 et e T 0CY
LI J4<1O

Z o L
=

mr—Jdz 0NN

3%

+* ¥*

3¢ kL

w O3~
* QR O0
(4] MM AN

—
o —

—~O

([liale] el
MO o o
O\ = 0N
PRI |
— O~
et e 4 ]

oo kodkok

3 %

2

CHAN.

ROM HERE TO DO P4

GPHASEL')

F
I
9 3C20)

o
3
ki
nw;P

-

C3
350

w

00

O
L
A —
~—_
Oz
LU
oz
—~ O
—_—0
>

Nt

— e~ a
UL XL o

)—3)359,358,+359

N OZ g2 n iy
— 2 A==
—ZZOOVZ—NZ
LT O JWlhd——oll WO Z = | D= O 02NN
e QA NO OO N XD oW Z—0O= o il faag | A L8 ol o Lol ol el B - S-S S

— T L N N —

3¢
13
G L 1 ]
Ll Tatia]
Lnm

—
0
[na]

G

e e B ook sk

.
3

[G PROCESSING

INDIVICUAL

O

=

R
4.3
-
>
(V]
[ig]
~
=
<
—
<1
=B
(=8
—_ (B8]
i = =
e - (RN]
3t (i w =
3 —_ a o
3t [ _— b= L)
ES -~ - (48
kS — e (i
[aa! o
— —_— T
3 —~ -- < Z
- P - L (EN) —
D Mmoo aa -
[l oLl —_— —_ L
* OO - e — 0
-~ 3 o~ — VIl o'l
- 3 [Tl - o = =
<T ki —t - A= e
3 (] - o o
Ll 3 o Xe O o A U
= —~ —~ o~ O QO v
. = — e~ o~ Ne, - (55, =
O OD—~—— ——— = W L <
< —O0DY OO0 HFewnl X X
o =it | ey Sk L -
> WOoO=-—oLow #<ez = X
B Y T e A L R Vo L= SIS S
~ D~ *—"~0O~0 = Wy o
e b= e ori o\ im 0L f— et

¢
)
U

O~ZEZNCO—VI— =
LA D~ A OO ~Z X (D™= cno

N OO =0 = O~ -~ — L
<0 O «(QZ LNz —J0 O
Z1L ocOOUNULZU JWZ<drd Zr— =

— ] — o L T e L e
DO ~— A~ —— O] 2 = <N
A OO~ ~ONDP— —X o

o <IN OMM=M~C0 =i [aV] Lad ol
We 1000 | QOO = — Ow
B L L P ol T e—l—
OZL & = oD & e eOINNNIN—=
> O AD D0~ D D AL I e e e

O T e [ e e O o b b b b

0L o= 0 <AL LI T

— e Y N ) AdZ ] e e e e el
.x.F[GIR&.HAG*AAF*rlJ.IGHRﬂ,hH.h.x.ANRCF*FAHFAF.HED.IEGFG#A.CG*A#RthFPN.RC.x.UUUUUUC
M _ OO O L L OVZH# O T 22T 2O WL WLl

Y EXXY

e w g ki
& 5 -
3% ++ £ OO0 0OWm
o Q ¢ - e 0o OO~
3% N0 56T — A A NOC
oo Oom et (L et ek o el ot e



63.

6e021

CATE

VERSION 2

MCCEL 44 PS

Iv

N

<T g - Z2 O v v D
= < O W ==
- o 2 = = - e
-~ - L = =T ~ Li)we
> - -~ o v W < >3
o W W ¥ = e <L
0 | > ) = = - -
< =T LW - - ]
~ w = ¥ = (s 4 il o oL
- w) - - LU - — Ll e
<< [na - -~ -~ > jos] — Q-
- D X X X | o - o
< de A s T T L S gl ) el
o [%2 I SV I | - - [ <
- = F X W o4 5 w. e
o << N - Lo R © AT & w o o
uJ —_ — L] - - <1 —_ - [
— <T (8] - (23] o M= ~ [ T8)
L [aia] - L o LU — - =
= - - %] H P~ > - e Lu
(2] ~ W < - > - x>
o ~ = - 3 - - -t (u 8] <
L > -~ - Ly - < e - (] =
e o e~ E —_ D= ~Now °
o — * OC ] <T (ad Vo, ® — X
[SK] - -0 O < O {m) o o - Ly
= ~r - L Ww - = Z 0L W w Wor £
= et - e N <1 - — < L a. J
_— e e N T - & 0 2 e 1) x = <1
—_ —_— - ) << D wm - — L —_
-l v = |1 c WL o~ >0 et —~e— = L
>0 21 NO = = * < = - =0
(& ] (D N ol L I D L
= X == V) W—— DxdJd - NOoow- o
e (O e =~ DemMm— wva e~ LU I 2
20O =l e esb=_] _] %« [ ~-MNNNNIDOLW
. EE —ne. g @0=- Z - —~ e WO
v =2 | =WLZ3 > - = HXOVXWLY =Ll
o & = 4 NNDO T L L] N - —ULTOOZ -
W I ZZ ¢ X LUle - £ = w2000 -
X v Dunwo ¥ o We VX xxx Jd
W= OZ ULl < oOJd —O_ 10 0 <AL
> = I ) DEMD A= ~—i] i o
—ey Y - CYE O X e (N 0~
Lot 4 56 T N | 116 Y | - O WD T — O = - M
T W QA =L U=z 24 — e e .
o > Wi=woNon Zwm ow I M~-OZ ot O
WO~ = W eE == [ —LOCT=E —i
~yOXEDO <= XTOD WED +—xZ e w T F L
Xe llee o O VILEZ EZxXoy OOVUD =X OO De'-
—_ - - - e e - - Zuo _— <) Lot N |
s 0y = - o~ - T —A (O T O = 7
X X e X XU X gquUd~— = e 0.0~ = o]
- OONFE=NET iGN I oy = = A —t 3 e
T OnN, NLN NN o S OT e bt bt O ~OT O
o= e_J| &= = - = (D o wll! = () aD—m—— = - 2 o
—t = Q- - - e e Te De ClLX e = X e = ||
OO~ OO0 OO O=RC—OJ0 —O0O~00® « =« &«ONl
- = o= = | = e am <= - e e e AN N N N - u
D s mr b e TR e e e e e e e e e e °_

e e e S Lo S e e Wiy S Sy S
LD LIT ADZT AN odllTe QLTI AU DA T T LT 2O
WEFWES 23 ZTOZXENEZIESES>SSE2IT>2EIS AN

COQWWo O OF0 LOUCQOULOOOOOOCLUOOVL =
WU WL~ TUWOLWL Lol e g W Wl
™~ ™~ NN NN NN N

~O = O ©C &N O O OONODOOoONOoUCO00o000COC
S o O M~ M~ 0 O ONNMITTINNODDNAOO
oo OO O O O O O uoOooLOLLoOLOLOL
redrel e e e e e D NN O AN DN O A O D L0



6l .

68027

DATE

RSION 2

VE

RS

MODEL 44

| Y

N

bd

(o

—OOITOOT o0
=0 OO <TLULL N
L OO U UL
(@ ¥ NIaNIaNTaNEaN TN FaNEQNEQNIQN]
elelelo]lelelelola]le])
Nislslololslolalelels)

(W]

T3]

L

o~NO L
O ZEZWadxzw

Y I DWOOQ QT
NOZDLZNZ—ZZ20

SIZE

s
gz
=C
—OT OTITOOTD0
NENOMSMNMS~<TOW N
OO UL L
[@leN{aV[aWaN [N NI o N aNFoNiaN]
[Glolelolélololélelale]
AODOODODOOe

=

o

—nOCFoUOS
o000 <asmoul
<TONNANIIONON AN
Bl=l=lslslelelele)
al=lelel=lelelote]
JOoCOCcoo00

wd =
OZVnu =
COJa =0
ZZo4dX <
>20Z00 o<

N ZN D=l

=

]

RO OTrRODOT
OO~ <TOOWW
TONNONOIONININNNY
QOO CCOOVOo
S leloleldlelels o]

—4) I

Dx N

LZWN=—0 =L
AL Z0 —= UL Z
LN Z W I T

i

[

o

—~OOCTFTOoOOCTOOT 0
OO M-I OW e N
< OO OWIIULILLILIL LL L
S el e lel®ldle ol o]

il — =
U= <1 -0l
OOV Z0E 3 7L
ZOTVC O T<T L =—LULL
>OAIOXVNUVIVWLLEO
N2 AZ N Z U 2

-

o

—OOOTCOC OO0 DT
Ol ORI NT N
QO UL UL L L L
(DO NMNONIIONN NN O
Joooooco o000
Hielsloleleloleleliels]le]

AL AR

L
WO

—CTOUOTLOD
TIS/OTBAHBCDF
oI
Blelelclalelolelel=
Sleolelelalald o]l
SCO0OCO0COL0O0

(9510, PR L Ll PR § =

=

Q

O~ COOW
LN OO NN TN
OO0V IOO00
Sl Sleioleldlnlalele
SO0V DoTO0

I

SYMBOL
VALL
SUBPRCGRAMS CALLED

ARRAY MAP
S
0

anN

= 2O
=Ll
<T<1
OO
uo
-2

SYMa3GoL

LCCATION
CCoZrs

SYMBCL
RUNBN

BEL MAP

\

[

—
=—
<M
()=
Qo
1O

—
QX
anlal
=<
>
Vel &M

=

o

—T OOV OXTVWLOCONDNO QOO LW
e OO~ W WO OO MO W
<IN OOMDOIOOWILILONMGT N0 O
() e et g e e e = = NI O OO O OV
mlelelelolslsleolalslolslalslelale e
llelelvlslslolelolvlslaslaleleials e

~TO0OCUINONAHAMR DO~ OO
=00 MNND O TN NN
w ~— NN N— OO0
[an] — =N
<L
|

=

[an}

—ONDWLNOCTH T ST WrSow@
F=NUL O NN O0O<IONWL —<I O
TOINOMO<TOOWUL. ONONST IO D
(O e e = = = O OO O OO O
DO OLOoLOOT OO
idlslelolololelalaoléliaislslelelele

MO OOMOOoNO0oOnNooOonNo
AN~ T DONOT T OTOT N
AT NN OO CO00

—~— ey N

LABE

=

300
HECOOVOVOTFTOITNONOD
oINS~ TONOWoOT<
IFTN O~ DU WUL ONNON.O D
(O rrd e et A A = A= NN DI OO
“ocoouuovwoooouuuool

AT onN—=oOTn~noOmM—~uno g
L el OO NN O OO
0 — N O
=
-

Q

—=ONOUNDITrOO0OULUITOVONDOg
OO N~ T L TN O OO T
<IN~ TO <UL O~ NSO~
[ T o B e o e i ke K IRV N ERNERN fa VEQ Nk QN I ]
LOoOOCOOOOOOLOOOOOCOOD
lslaloleleleolelelslelblellele]lels ]

BY1ES

0

CoceTd

REQUIREMENTS
ST SEVERITY CUOUE WAS

MEMORY

H
N

GHE
ECJ

B



65.

68002

VERSION 2 CATE

PS

MODEL 44

AN IV

¥* 36 3¢ 36 —~
* b -
3 =
3% 36 =10
* 3 L —
#* —HOZ
.“r @ SF
Z 3 el
oL >
O30 =
W 36 <L~
W X
2D
<{ 3 i~
g =l
b= LWL Z
B o
Hxxordr <L
# W3 T>
SE b SE e
XL} -~
DD =
#0053 DO
e L3t O—
3 E - S
3 Ul =3t 2D Z
Lfleal¥s b2 gl )
3% <3 =2
O HF X
Hh——d0O =
b 3 XK~
3 L= 3r <O
= e -

sl e e ekl ool o]

5 L% &<
3 O 3 Z—
3% 3 g
QW20

HZZO0Z
e Z -
=3 e
N3 XK
& WO et
Ol >0
3+ D% e~
3 X D% <L)
#O.NK -
W SE <~
#* > OO0
3 Q.3 ~—T
5 3 O
X3 NIAN
F*F O3 £~
PoNNER- S s
¥ Do
WOt —<g
% 23t O

-5 L~
¥ =z ZZ o
P Rl e e ]
3t LIL 30 U g 2 L
e 2L =3t DU e et (O

¥ M2 | L~ N— 1
OO = O NLNODxOWIWOU N Oga W<

+* 3 LD >

e e XWUZ MO
S

I 5e VO

3% ¥

< 3% 3

o9 ”w

] ki3

3* 3¢ 3% 9

LOLOLO

1024,.1")

THAN

ATER

E

N2
IS GR

2%

«GTa

NUMBER CF POINTS

LyN
CATA(Z2%I-1)

NZ—=SUCH THAT NUMIN
1,10

N)l4y13,413
VALUE FROM DATA

R

[

L O e
Qe=lUITx O
e B D)
2O X

C FINC

2C7
40

" —
<L B
=
=N
b= Q-
= 3
O ONp=
[an] —
< (8]
W=
<< =0
- — )
~I =L
o >
wy
L —
Q Z
—
L o
-] O i
<<
I -
<0
wd L
<< Q
x o~
T
= Lo
L &
[}
QF —
(55 o,
3 etk s
=0d
2. -
x Z ¥
2 —
L i e
v = et
= =
< x>0
X Wz
2 2 =~
> =
} L [BRE-
—— ) 40
- LU (%]
| o et

—l] o~ <{
FALN O

o — i bl

— e X |-

<< e Oz
—<1Zz QoD
<l - oz
O<CY T WU~
nNodE= O
=~ =< e
el O C

— | OW—
| == X =t
SO F gt = AT (N
DN NOZZZx N
PO A~ I 4 DO
PO NT I DT IXO A N
U T AN X e WO O

Q- =
zZ2<4 (e e
t—t <O
W oL b
- o

TRO TOO

O< <L LLxYO =

I NE L
DN
oc =
widuso.
IILwnE
<10
— LD
[ARE"2¥a 4
wheow
= -
et T bt
- =
<LO0Ox
=L
<L or~—LL
Oa 9
U =t =T
< oi—
wo
[ N
LI
—Z T
W <L
2
-t =Ll
L =
> o
[ el i
e L
R T 12
ZF -l
—~ I
X Z A=
<3 = o~
ZMNMde =
o~<g
w= -~
LILJIle <1
-L1 «0
e b o~
Ll =t
Oxl.oc T
wook-
o 2. W
o Couwnuw
P L |
o Ia<
o= <1 LW
NN = O
~ =0 OO0OW <
ZoNON 0 e
NN~ SO0
Y e e~ LN
0T~ L
—ONOINMN— L
A—~—ZNOZ O

LT oo T I
NN O— L L0 SN

L=<
OL | | W< b—

Z XX Z WL ZZN0 0

i

D=0
NN

-1)=CATA(2%I-1)

[=LCWPT,LPTPLS
(K)RDATA(K)

28

FOURTIER TRANSFCORM

TO SYMMETRY Ol

ﬁCRT

e
1R
E

TIN
IFE
S D

u
)
'

|68 g B

SUBR
o 5 4
1

uB
2959
A PO

-z
o e
<O
=
o<l
uno
[
V-

<IT Zw
I NI
- <<OX U ZE

—_O - DNDWLWT = OO > -
Nt TCZ ¢T3 + LEZENO—~FZa ~NIZ J0
NZ S A= N> ) Z3 e D= (D213

WRIT

E
CCMPCNENTS TC AMPLITUDE/PHASE ANGLE STORA

SE

UCCURRED IN FORT SUBROUTINE.

DVVZZ= LU

w -

x O

W w

o Sl
R3]

GRS ™

r
<

(CATA(2% 1) %DATA(Z2H L) +R*=R)/ (IFALF+1)

- >
-
noo<
—
o Nt
- O
<t —
x = —
IS FUR -
4 AN =
F = =
Y J <I -
N 2z W <
L o -
[y 1N >
) 2 e
g~ OZ~Hrs
T X =|CD
R T L [l
_n— Wwse 1N~
LY w- L ON—XZ
D= = meeg >
Ul L N T~ I

O ONIQAailon<gst NGl oW il 2oWLx0o xOllo9gd

Woaoo=

>

e

Q

[ 1To N o 0
5 C

O I~



68002

PS VERSICON 2 CATE

MCODEL 44

AN TV

bt = —
Q -
3 ——
[aN] I -
- ot~
— Pe
w —_—0
i B — ]
o 3~
— NN
o —
| <
o] -
o < =
w! O OoxX
~ [EK w0 —_
-+ —_ — —_
— W o~ |
> Ik — Q
— o = 3+ 2]
o = ¥ [a V] N~
— O N = bl [l
— = —_ ~=X T QO o
= < L <N - [ S
— b — T - - < o
- < MmN 0 o O
[ Pe RN g — 2z O +* (S5
= 200 — = Q e~ -— o
- 20w i <L M= — — -
T~ O * = (@] = ot | — -
Z e 1 =N = ZI <Lt~ — e ™M
= 3 | —~— 00 ° < e~ M0 3 i oy
— e e = 0O 20 o) ° 1] e~ e 20N A
NO—3%3 | = JOTOT T - ] W ~~— ® = o
— e | NN INONOWN =N el O e A< W O
O O——} OVOMOMNM~OM~OA~O 2 3 —t ) N0 J <
PN | ~—<T<INOCC ¢ ~ O N1 NNZONZY ~— =D < o

ONW N ———O0 | WU O ——O—0a <TI0 O—XLNO
N~LODACAOF =l L= <<= 0O+ =38 = 3F =~

o

1o
0 o
o0 -
o~ o %]
L (a8} . | —_
0 o~ a —
= - — |
o™~ 0 Q. =
- [aa] ) 5
w N O - o
[an -~ o OO —
o~ o ] N+ <L
—_ 0w == —
o + - ) <L
n o £ o o= =
I o | L - W R 1) I
= M ZO NI A —~LJ
O~ Oa. IO ) .
x vy Xl NMm ez

I 10D IO JdM e || ==Y
a0 o Ny~ 2

O OEOLk——> = > 30 DZ -0 XEZN—X—O= S =X S Jddd2Z D
Ll ] W T bt Ot et Qe D LU O AL O OO N N L0 0LaW0uUeQ Il —20uE
ODANOFO—=OOOOOWOROO0OOVDOW— ZUXOXOX >} — ) 1O J 1O J IO Jnooxl

=
< =
(Y] jum] o
TR R ST OF=N—oW ) ST
09 v W O O NOO —~AM~M® )
TW © WV @ © M~OOMMmS N

o
vy Soje) @KL M~ no
™M MM MmN ™M k]
~N NN NN NN



67.

680602

VERSION 2 UDATE

PS

MOCEL 44

AN IV

SYMBOL

ON

=0 OO0
=00 oOud
<L ek e e e ek i
LooCoCO
LOoLOoTo
4O CcCOOOC

wd = I

DL =0 o

D= O.0OQ0<T
LNZN L Z N
-

-

<

(0

o
—J OO @
—oo<guwaw
LT el pd e ] =
(LOOOOoOOO
[SlelélSlelale)
B { o oo (8 o J

Ly O=Z
o T
Lo
LTl —0
L0 -

SYMEBCL

=

o

—OTROOT
—TO<LoOW
] el o] ] et e d
LOoOOOOLo
(leloelalsldle
-O0O000VO

)
o
<<
(]
ao
o s

SYMBOL
XL INE

SYMECL

o

e D T
=0
<]
[Slele]
Qo
OO

UGN

I NOND TN
MG~ G O
BN ¥ loe [or RS fa sl I 35)
L [ U P PR PR
[mlolslolelolslele]
llelelelelalolels)

nrt~Nno oo
A ONNOOD ™M
L ~0C o

0
<1
—

o

O NI N<L O
e O <IN O M-
(O e e e — — —
(Slelelelislelalais o]
HOCOOooOoOOoOCo

M~ O — 000
LJONANFTOOMMO
wicy FooT N
o o
<
-

MAP

BEL

<z

sl )
— IO NS oW
— OO NI
SFIN=CIDDOD
[ e e e D e R L e |
[Sleleleielelalal®]le]
OO0V COWO

TN MmN m
AT NSO N MO M
L MO0

[aa]
<1
-

=

o

— OO OO0
MMM LA OO
LTV D
(D = e med ol e v ol o] d
(mlelelele]oslele]s]e)
S lelelSlelEld]d ]l e

BYTES
C

L MEMCORY REQUIRENMENTS CCLDEC
R OHIGHEST SEVERITY CODE WAS



68.

68002

ONE-DIMENSICNAL FINITE CCMPLEX FOURIER TRANSFORM.

SUBROUTINE FCRT(AsMySeIFS,IFERR)

2 OATE

VERSTON

PS
FCRT »

MODEL 44

AN TV

b e e b e e b e b e e b e b o b e e b b b e b e b e e b e o b e e e b e b e e e b o b b b b e e e e e b b e e b e e b e b e e b e b b b e e b
B e A A - A el o A A el s A G A A A Ao Ao At Ao Ao e S A= oo e de oo qo o e e g g e
UDDCDDDODUUUGUDUOUDOOUUDDUDUDUOU”DOUUUUUUGDOUUGGUDDGGOO CO0OCOoOOCOoOOoCOOOO0CO0ID00
I v I TR I VR T TV TR T O T T T T T Y o T o o T W N Y e e  E B F B e

LU LELLVLLLULOLLLLLLULLLLLLLOLRLLLLLLLLLLOLLLLLLLCO

ACGRAMMED IN SYSTEM/360,
FCRM C28-6504

v
wae
-2
i ] e SR
L o<
wtdonid
=Ll
& 10
W<tz
— -
X Z 0N
e 111
o> x
W30
(o<1
> @
w =0own
S Z0
o I L
= =
OnIXK
(1 s HEN}
Q=
VIO
W=
—— O
- P )
cauv)
==
o<t
O >=F
2 LN
elil<l || I
W 2T 2 DU L
o <L eNZ (%]
-0 I ~ >0 o
COXU e D00

AND DO FOURIER

OLLOWS—

F
L
’

1’21.1‘-,NP/4—1!
BLE
£

AS
TAB
BL

\l

A

(= TE} o
Wz a

)y

T BY USER.

E
P

VLL WO -
— D - O
> oLl O Lid L L)
WS> >
LG s e [oN] v

oLl e— WO W

ZZ OF-ZZ oZ =T
>0V W e L 2 b
N O 3%

o | e R | o= 3t O
XZOFW o I E #NZ
N5 DO ~Ll 3 || =
— L > L Dy wNaA O
U >0E~—0C0FnZ<4a
D a4 —unouwoa i Jd
Oxk->xX O X2 ZZ00
Logsuwunwoxa < L

—Od—-0 -
O O ZF><Iw
WX E L=~ MNA V) =
L=Ug) ! v
= JD e Z 0O
—<0 V< w =k

W g <<= L
Z0 Wwv Do~
NN M-I nnk

> —— —2 NN
Ol 2D O WL >
QOUO<ICZEZ NI

OF A(K)HEXP{2%PTHTI/N)ax(J¥K),y

-1)

2%J&1
!---!N_l.o

L
2

Wwols

p— <L b

o e o
w v e
o | o e
oD X
a =Ll
L D= W}
o Wi | -
0D |[eEo [an)
0O WwWox <
—0 W
0O oW T
2 I - v
< Qow
Lo o e~ (D
i Q. o =
WL <T | —
~<I>= < -~ =
(= [ 0 s o o oD
1>}k 1I wilo
—_ <L == o=
%] o bt wmoo
Zz<Ww = Lo
_— T =~ - )
N2>~ = [SEE.
o = =
QX D=d Wi
20Z0Z L=
P O =
o> <<
Wil —een | -_J=

Zl XoaoO<IlW -
N T o Jd—
ZhTrtemt =~ @O
—oe O >~ UL <T -
O DOV~
—Z>00 e}
Wt O L~ e
Vi woo >
I~O0O0NXO0OWV.J
OO0 0 Wk.w—
ol NILN P —
SOOI = = <
nNZk=—-F—~ U o=Zw
—t— LE WV
—UONMN oIw
| >Cw | ELLOS0O
N 1 b |
=T LU Wi 2
U ZWh Lo~ | Z
bt L O = DL DO

XorZ . =
COr olLip=L]
. OxXxox_J
(G ESE el sy
IP —
WL>wWaa>2
<o Ly
I U=ty
[8N] > Q.=
DV WNVI=-LU
= DL
I<Z— I -
> 2 (O
TE =T
Z QD=L T =D
o L= (9 T =
=ZE Wzod
_— NIL=—FI
XO—= o
<01 Ww
2 Mk «X 0O
ZO0ZZ
Wl g
TOUNNWVE
=<1 w
WOoOZ<
~ oY _|<T<INN
W O
>—Z> N
O Ul
(=a]¥p] 2 =
<> oW
1 o=
QT Jd W
woy Wwee -
OO =
<IM~Z DN
| OmMmM=0Vie
= b e
a &= O
—>Z QZ
< =X
LU= Z <L L
| Low g O
W<t 0 d
— AgaZuvndoe
UZzarrOL400
ZO0OUNO<TIL UL

2 COMN

L

e —

O—~x

sl L o

— - =

A e w

— Nt —

i =

— a

O~ =

X~ J

X ]

—_— 1

] o [hE]

—~ o

et Dt

MM e

St St F

- 'O) L] —_—

—_———I o |

N0 Z L |

¥Y = =~ w =

o o~ Oov =

— - - L (] S
N~ - o+ o x
—~——) o> = ool
S Ml [ T B ¢ = o
— Y —— N L =
——— - - = <t
N e e o >

— N o Jd v )

o LOV O™ [aNfe' o - 3
MW N o= L
— e = o o~ e~ L () L
))))) VIO = o
Vi~ — T O <1 4
— <L e %] (U] x
Ot et e ot | ZWLo &3 ~N -
—~ XXX =Ll > = L]
e ——— —_ D - o s} o 1L —
— n VOO NN e X e
<UL - wz o Feme <} o~
LMW bl et ) <l e = >0 N
ZEZELZEL - — o N2 =0 nn
QO oN— VD oo QWZHNJdINDVY ~N
—_ el Jd =M~ O 0 WZANJdN I—=JN =2
nNILdIN— I Z N1 E<TW | I O X —ill>-

LSS~ | XEAN —OZr U NN~ € OO
Wt e e 52 0 DY 36 LD X<~ OO A LT
2 O 0D U UIN~— —l X e

U L LWL Ll LU0 0—0—0—200
O LU LI LU i i 3 Y et 22 et Z N e DN Y DY QX Z 0= 00

MmN~ onN QO N

—_ — e ONNT NN Nelpdoel
lele] o o O olele]
(Sle] Q o © oo

O —_) e e (O e



69.

68002

VERSION 2 CATE

°S

MODEL 44

AN 1V

b b b b e b b b e e b b e e e e b b b b e b e b b e b b e e o e e b e b e e b e b b e b b b e b e b b e b b b e b e b b e b e e b e e b e
N Y Y X Y Y N L Y Y XX XX XXX L LYY XXX EXLLAY XYY Yl e
OCOCOCO0DOCODo0000O0OOCOOOOoOO0ODO0DOD00000CCUOOOOCOCIOI0oOOOODO00 DoODOOoOO0OLDOOOOOODC
I T S O o W S A Y G T Ay B W WA W W W YW SR B P W TR S R TR S

L)
L
T
<L
[
PR
e |
=
(&}
[}
O
=
<T
=
>
[sa}
L]
>
—
i
o]
(Vs ] —
-~ - —
2 = -_ - = [a 8 o
O bt L — —rd - + > —
A L + N+ - w o T
o PRV > - —_—— —_ I+ — ¥~
¥oe e - — S —— -0 o~ - -~y
NOOTLNO~C0 =N =0 < | =~ N+ 3N oa I —~—— N -~ { opad O =— ]
YN U O—~—MNm < Lol WS | Tt It N~ [[ e N —~ ~ *> — wI e St o —
L L e b < 3N - <Lt ~— <1l - W pond bt = | — | < a <1 ] | g
MOFTNO~OOY & o O~ O N ™~ <1 - - ] —d —— 0] e bt e = (N > - | T~
MM N MY 00—~ M 1 [aa e ~— | 0N e — ] — —_— 3 [ < < o— Nt S e e e (O} L e ] _ — 1 —
e B AN & el T L m— T+ |~ SN AA | e e oK wn - ¥D| |~
NNV~ ~0 T - N = ONUVNZe—ib | =N ) W N sNZOo 00 LS S S SR S A - LD e D3 et
DTN N TN~ — Lo 4 Sl &} HF~ = Ll — A (NI e2X X <1 | | 1] Ned 70—~ J ~HAOQ 3~
nnwrwnmriro—NNnEr— <+— = N o~ IO N NN 3¢ 330 hoNWwlWw i + e~ nu—j 72 X aXX—~—lgda I
OO0 D el pd o et~ || ] = o 0~ 0 36 e~ ) ™~ ¥ HEOd DD = Ok - N D D= e
TDTITITITITITIMTMMTOT | ANl =1 e N e NN G 3 e L e B T Pt o™ WwWad | N——
| DA~ 0+ Z | ~<T | + 3% ~+—~0ON NDOANN Og ++N |~ |l =TI+ —~ NN JOZZDONOwd + +N=rd —~
LOOLOLOLODOOO™I | | F—~—TILLW Tt et O <L ot bt O bt bt | L et 0 W= e | = — | | =~ | RO b=+ N | —
OO O e D Dt i 2 || M35 36 O 3332 ALl —~OD—— I~ | NI~ | || MM dNZ AN it e LN |
—L T D ] [aNEo NJUN] OO T OO =X XXX J J W nn L ] et et bt bt e < =1 < IHE ST ] bt o ot
DUUDOLOD0LOW =~ || ==L 0OZ0——00 - | ==L UWUHWUACDAOANM || =~ s~ |l e L D OO 2= D =N M ] e

@ (&) o~ <+ 0 o o o o O =
TO—NMINO~DTON—NNO~MODR MoOM MANOTOSED 1N M~ O O OO—ANMOTNO~ROO—ANMAOOMOTIN OO0 ~ANMTLI O~
o T e R e L L L e L L2 AR 128 na Lan Ta 2 Moo | [aaky SR I i - W A ADOADLNNOIINO OO S O OO OO0 D= ORI~
COVOoOOCOCOOOL LY © o0 [elelelels e oo (= OCOOUULODOLLDOC L OLOOLLLLLCLOLD—HLC
e e el el el e o e el ] e el A el el e () e (D A i) OO Qe e e A el e el el e A e . TN e e e e e el ed e e e e e O e



T0..

68002

VERSICON 2 CATE

PS

MODEL 44

AN 1V

b e b b b b b b e e e e e o o o e b o o o e b e e e e e e b e e e e b b b
e e A A e R = G e A R G o R = s G o o A = o A e A s o o o o M o A e G > = = o o a2
.UUDODDOGUOOUGODCUUUUhuDOUUGDUUUGOOCDOOUEOUUOB QCoOoo
S W S W W T W W T G R By P

-
~
o
=
i
—_
=
-
-
® I
L -
= =
<l °
s ] L]
- L]
e | L]
Pl -
o o~
[ e | -
——
> 1]
fas] =
-
<1 —
(a9
Lt = -
Q ~ (&}
<L S — |
) =3 — 1i —
o et |1 — 78]
L a - oo ¥*
o +* oy o~ o0 L —
o x O n N -
. St O W 2] —
o — v = (. o™ (]
o0 L, g _— o Rl -
3% 3¢ — w? vy o—~0 N o
e - > 1 — << 2] v
alaa T -t — gl w3 =N —_ o< +
b | < - oy — - Ut - < -~ nd -
—— | b — oo~ | R ] L} _ < o7 —
TG~ -~ < - W ~0W = =N N W =N~ - &
I = e~ — — Crid 2 |~ N2 1L Wwaoo - O
— | =] ~0. A0 O e W OO~ b= =<l N Ty - o
DOH———0 OaX OnNWZN - NVt — EZHOEk=lLN~— (7o B S
B e b () (UKL (D e e e 3F N~ UVID el =L ZL ~—NNW) ¥ 0~
—~——T e ) U e w O3 N3 NNL DO — -
Hed L <L - N T2 -~ OONZNF—3# Il — = —00noo | | it w2 O
[ I =03 NN A O ) m O =t Z0 Nd I TN MO Uy
M Z N~ — < L= [ I} — ] W —}) n=zvm DHound—~
——— o~ WL taryy O~ ZF STod= NNL=D N L~ l<CO | 21 ZWN
—_——— |~ ZouLun—oo ~N|FF<g<aa P Ta e = M = M L | e I, o e e 1
AT ) A L = OWE S Z o2 b LWL L Q=N WL O | OO DN Z 0
| ottt £ ] (3K @D N =X (] N =W =™ Wh— DI — I DZ=0

" I(I\I\I\RJNEEPNFCU:\GEAD..D...Tl...lrrHHSSDD(FUH(&SD{C(LFCCD(UFN

o O O O O noo o v O o o o000
OO — NI TN OOV~TTO — O —~AONNMOFTNO~OCO—AMANTNDWN
VOO @eet = A o NRDRXRN N O CUONOTCOTTOOCOONOONNNO
[slelelele) o 2000 O OO0 COQLOoOOoLO ~Q (=)
- (3 = QD O et O O Qrded A =l = N NN ™~



68002

VERSION 2 CATE

S

MOOEL 44

AN TV

— O T X
o<t
T el et el
LLOO
oOodo
—Howo

ALAR MAP

=

O

—(DOT RVOOTLQ
oW OG0
g e e ERVIAN EaN T N RN o
Sleolelolelelolelslw]
[elelololslolelolele]
OO OOC OO

. o
-] — =0
an} a. VI
=W N> <Tp=
>N~y W
[Vl T has T B o s T R |

=

O

—OOWUGTOLOFTTO
—OAQAWLO~NT O™~
e LR Tet N aNTaNfeNTeNiaN|
LoCoOCOoOCOoOOoOC
Uocooooocoo
plcleléleloleleolelels]

(Wi

~ -
— O =00
ZEOTITI =T 2T

SYMBCL

(& =
i

—FDVOTDVOT D
OAQWONMUNO N~
LA md YN O OO N
LDOLOCOCO000O
jelelélelelGlelelelel®]
AoV OCOLOLO000O

-

(]2 _ o
s a4 v Wl
=W o <
bl o TR P i fo VR 18

VDL E X O™

=

o

O OLOTROON
OOWLWL~ONMF DM
Al = = N O OO O
LOOO0O0O00VOO
(w]SlélelSlE ] slelElo]al
lelelelelElele S le] )

LOCATIOUN

SYMBOL

SYMBCOL LCCATICN

ARRAY MAP

CN

SYMBCL

LOCATICN

SYMBOL

—0
-
<IN
[Sle
Qo
o [ e

LLED

2>0

w— CO
-0
<IN
L0
oo
-

MAP

BEL

OnN

—ON L LA O S LU < L QWIS ST <L 0 < < LU
—OONMIOC~NOOT T OM~NOMO UL 0D LN L
AMMT T T ITNOO~~COTCOC LI oom
LCoCOLODOCODOCLCOOCODIOCOCOOOCD
wlelalslslolslolololalololalololalelslalaelslalalele]
lelelslofelelslslsldlololslalielalelslals alalalele

NOTONOoCOONOT OO~ 0—HOoON~=OT TN

| | O~ TN~ 0T T 0O
L O COoocOoCoOCoOo SLOLAADCSOOO
o ek e e e e e — d e — O\
<
ol
=

o

UL OTOLOLODWANT NDLUIOQOL NN NG
FOONOOOOM L M~ONS~O~N~ONCL T o0
<M T T TNOOO~~~ooodddpal
LOOOCOOCOOOCOOOCCOLOOCOOLCO
[Slalslelolslolelaldislslélslelelelelelalaleleie el
leleleleléeleleleiolalalelaléelaie]lale el e ol el

—ANOOTONN~NOOMOMNONOOC OO M~

d A~ MNMITTONNOPO~~NROTOACTO
ud lolslelelolNe) COO0COO0O0~~ONDO~
o — e e e e e e e — — e
<
-

<=
O

LN O T O ONODIANTOTIO0F IO
TTBF685019E376168F6D3AE37D7
IO AOGT T TN OIOECNO0OROIILIn D00
CCOCCOOCOOOCOC(OGOLCOGCOOCO
DOOCLLOLOLOLOLOLODOOCLLODLOCOO
EislélelélelolelololalSlalSlolalolalielalalSlelel] )

NONUMONTONDN~NT T OTOoO0ON0O~O0

o ANO-EAMMNO M TN OOLC~~0MOoONIY™MO
w lelelol®) CUCOGQOCOOlZZdCZZ
a el ] el d 4 el e ] ) ——]

<

2l

_—

Q

=L OOOTRLOTOLOVWWOWOOOI I IL<ITTO
OGN UNF~OMOOCON T NON<TICONOOWO
MMM T T TP~ D oo ada<d O as?
[Slelslslalalelalslolololvlalelelols e lelels ool le
O0LLUOCLLLOLLOOOOCOLLOOVLOOLOC
NiolslelololslalélelSlélalslelblelslalalslble ol o o)

L MEMCRY REQUIREMENTS CCOCD8 BYTES
P
-0

‘R HIGHEST SEVERITY CUDE WAS C
ABN ECJ



2.

IENT

k)
i

SOURCE STATEWN

STHMT

ADDR

UBJCODE

LOC.

L
2
-]
o -
w -
—_ ° o
Z ox o
—t (= >
x > -
oo -
< =
wo ~ G = —
=0 - .
il 2 Z o
L —_— e o
4 o Q
o . o0 <
] ¥ oo
b= 0O o< e
95 0o O o
Ud b= < < » o
s s | (s 4 >
<IQ. X X |2
b= O
VI > i
wo —— o
= L (@]
= OWoo =
Qo <><1 2 W
<t OO w
<O - AN o
o
o0
> LU - - -
iy _— e~ — L
¥ - o OO uw - ‘s ST
v = —_ e - =z - -
nN=Z -] —~= ==~ — —_ =~
ox D Moo W0RMN = O] M oM -~
ZD =0 ~ <L~ Q L <L -~
L= - —F G-t Z ~— =0T

)
N Or = NOe Jeo = Ordrd== = 100" O~
R O~ MMM~ &« OO~ =
Dde o e o= o oDl & e & o =N
UVOLCXu T O G ET A —

UI
Do
Qo
= d (4] - D
fa a4 = o =
< — T =t — I —x o
TNCCSTHT.IT. >LOZ0ON=THF >0V I
NUDCDNANLNJZDUWOOIDNINJIEZEDD W
— o
= = o
O O — wo
5 < ] =
B | O o <TJ
36 3t W — - W

—ANMT N O~ TO—NMINDDPOANMNT O O~D
b e K s ke R B Ko Eor FaN EaN FaN FeN EaN FeN ko N TN o]

+
0 QO FQOFI OTTOIT0
NI T OINS NN INS
O OOITOTITO0o QoI o0
4+ ooCCcOoOOoCo wlolislolels]
) oOCOOCOoOCC QOCOCOQCOC
il
< mn
L 0 L0 RS o FTOXFQ
0 NI OLNO o) N—~<LNO
o OO TO0O & olelt jolo]
r~ O OO0 M~ owoon
ﬁ{b C
Ne ‘mlolelelelal N ] Qoo W
o T o B S ltS o ST
MDD OWOVOVNM MO COOONM
OC W ITITINoo 20 WInNSTTnso



3.

EDIT

E

2

ONLGD LINKAL

GC

I

68/029

-

- -

P Lo I S VI -

— a0 = = LN

QNN 200 0ol b=

= o = R0 (LY - ([N oo wes

xXoYyo Cri NNENEXYOZE~ =L X On<g
gdd XX =ZAgo 0o LOoO0F A0 da

con IoAradlDZZ IZ000ZX—0WITO

LOLOEE NDPP[erqULLLII\(:\Pr{
—_—t— ) DU =D =0 U D el DD
L P [

(%] Ly LLeeyLid 154

Wby il oo 0

N S Y U N DO O o B B Jn (N
bUULUUUUUJLLLLKKKKK&HKbL
AOOI00000CVOVVOZIZZZZZ 2299
OUOUO_\JU UHI\VIidiIIII.!..[Ti[H\
IFVD\BNPIPI[ITLLLLLLLLPI

o000

H ol el e el sl

i Jiom: [ e D 0 D |

T LLLq I

e b b e b e oo e o o e e o b e e b e e
I NN NI ID NN NIVIINUINWVNIGIWNAD
I et e e e b bt b ] e el b et Pt b o e e b e e et Bt fef

SN S S O U S U [ S U U N S N S PR B R

0 000000 004200

MATN&4G

000 0001

KAOZI

ERRCR

=
) -
- [ ¥as]
L= = I "Ni—
ol i Yo WealSE s
e S S xS <t
<X XOMdOlZ Offl-<I0

EO<LOZ X E<IZOW— W0
= U S22 00 bt et (A e e 2
~ U NI DD

—
LL L ()
D.U_...h_ Q
DD wo
Y O R BV B i g B
rﬁbC:nNNN\uiQJﬂﬂAC

LIlLLLLLLLLLPI
o [ou [om o Tom [ [ o {e L o0
b b o b e e e o b

o000 Doo
LI LI LTI

fm b o b o b b b e e e b
NN NN UDNNNNUS

P e e e L L e L R L L R e ]

) ) o e el

0 000000 004200

MAINGS

0001

0000

£50

KAQZ2 1

ERROR

m n

<l -
b= (oMol o
O ZZ2Z0W = D3 > <T
BR“ICS,Q"U.NOI:N
Dy X DD ZZE U<

LLLI.__LLLL.L.LLL_LL
COOoOoO0oO0O000o00o
—t—
DOHDIO222022DID3
gL IILILLT L

e e e el e e e el
NBNVTNN N AUNTNANIW

R RS DR S [ T P B S |



T

REL-FACTOR
C02F5C

LUADED
004200

LABEL

TYPE
COMMON

ESD

NU.

B LOCK

HICURE

ZGPHASE ]

LOCURE

Q @D - 2 o} o 0 2 - @ [=o] D o o] o) o] -
0 ] o) (ee] (] == Ehy (AN} L (& T o e} E (AN} w o]
- e, N o0 a 0 (8] n 0 r~ @D L — s ™~ L [aN
ine o2 o} o] a [ue] fan} (NN ] LL (W] (58] i = M~ o)) m <L
o ] o o ) Q o Q o o o o O (] o (] Q
(&] o o =] o o o (] (@] <o ] O o, o o Q o
OO0 MO W OV WOTWOROTIITONOT LN OV L VOO QW oo NOUDRIFN VWL OO LW WO VXD Sowo
OO Ouw oa ORI CONTOMOWL OMSNGT Man O Wwleo Wil oo F~OF~0 OO0 OO WL Wl Wl 00T
—_— HeH N M NGOG ST OO0 OO0 N0 00 I~~~ oWwldoouwlo W e S (N WL NN
~~ M DM XN NNODDOODNODRDDnO0 pDDe 20wl WL Wl Wl Wil M~ e~ 0y 000 g g3
o0 OO0 OO0 O0Q0 QOoOoOOOLOoLUOOCO o000 COo OO0 oo 09 oO0OOoOD 0o Cco oo 20 OO0 OO
OC OO0 OO0 Coo Coooooooloooacco o000 OO 000 oo OO cOoOCOoO00 o CoO oo 00 o0 0000
- bt fsn] ] =
1] o = |0 > [ 1 onn I =t ] n O =
T O fso} — o Zd Z (oD Z2Z O == NN il @ OOV Ao 3 Wl ST
S Q- (5] S [ -z m> OWdZZoeez oZZke A > —— 7 N0 OO0 T W I DE L=
il e o VY (LO— LWOoOWZOoOWOEEO>rauwZo —~O00v i Oy WA D LOooudoyw D Z2Z =2 k- I — 0w
—— a0 O OV AZ—dOWrd> JEZ T b= X SO0y OO0 <ad9Zda I LA LA O T e < XY XX <L
T =TT ZZ 00 <SOO0WZWUXXZWUFDOOW Oomoe~ JdJ O—0 Oo- 0Z OUVD—Q— O <da X 00 << O
TE MDD DD Vad HXZoaXU TR XZO0Oof D—=<ILL A MDdd Ol DD Dol LD EE b Wl FE eIl
> > -~ > > PP Pl o e ) el > > > > > b ool oo > > > > > ===
o o o fo'fa 4 fo' e dla'dn cdad s d=dlodo B doklsAadsA o= 5 2 o oo o o oo o o ot (o'l o Yool
—— e b b b b b e b b ke b b = bbb b= e e e = e
W 32 LU WEF QR ZP AR IR EEETEE WZEZz U2 uzZZ az udl VEZEZZZZ LU VZ LZ VZ VZ LZZZ
LW W Wi W0t W i e e D e U g i il il whadug il Ll gy Wy Wy Wy wild Wl
W %] (%] w %] %] %] V5] ) %] W) [72] (%} (% 7] W %]
3 ) (] LA [ 3¢ 38 3F 3k 9 36 3F 9F 3% 5¢ [ 45 R~ (8 (9055 [ Q) (&) [55] * L (S ] (i (%} L] (]
— 2
0] o
o ~F
£ L
) —l
£ &
w N o
o E <
o G =]
3
< p <
2 G g
ot —
= N
£ =
[ —

ooc83s OuCe34

BLOAOVLY

CSECT



7.

0CGCALD

REL-FACTOR
00C3I30

LOADED

0oL
(eT0]

L
SSQRT
7

=

=

>

LINK

LAE
LOAD

TYPE
ENTRY

CSECT
ENTRY

ESD
LSEC]

HG;

BLECK

HICORE

LOCORF

00CACU

) <T<T

> >

o
O
Ly Z o>
(FAENREES]

COCC30

CGoCD&w

vl

DN "
(I LIL N RN
—Y XD
LOOLL
LU D=
OUOD=O—
DDLU

> === >

Xy
M L o
WWEZEZTZZ
L L L L Ly
)

[ ] Eia

UOTL6Q

O0DL390
00DL396
0099D¢
O0BF&E0

00D390

000390
003906

0099D8
QOYAT%
00ACLE

J

BOA
uSk

ENTRY

ENTRY

CSECT
CSECT

st

@

hod

O0F3AF

I 6PHASE S

007160

OCECTo

VORFT OO OINDOTF LI
PP DT M~ oW
LOOLLLLLVLOODOLO
WL L L D U L g e
COQOOOQCOOCOCOC
QOCOOOOCIOOOOOOOC

[ R = = D Z=
—_— QO-IZZ0nZ
WL LI DA Z0O>0WwWZo
AL Z O Wt L Dbt | ZF e
<<DODZ0Wl i OZ Wi-O0ouw
U Ze 2 EA DD ZO

O D o
e e A e - e e e =
b b b b= b b e b b e e b e o b
S bbb byl -
WL L U L L U g L L L Ly
v
O 3 AF R 3R 36 5E S 9F 3 9 3

UGOEFZ20

O00FCOLE

0L FN
O LA
ol Nlatla]
(I T
olelolelel)
o000 0

v

Qnn i
O
—r LN
LODOLO0O
QWD
DxoU>10

> ==
(ol s s 4
= b= b o e
T g

o e e il
LU e o s L Ly
%]

(&} 3 3t

00F66u
UGOF6 10

O0F6Fc

NORL
NOF

o
[
o=
[REF NN
v
o

Q0FT728

NND1 O0F72&

CSECT



LOCORE HICURE BLOCK NO. ESD TyPL LABEL L UADED REL-FACTOR

ENTRY NND 00F72C

CSECT MOMP L O00F758 O0F 758
ENTRY MOMPL UOF75E

CSECT BOAETIXPI COFTRO 00F7B0O
ENTRY FIXPI= OCFIBE

CsecT SUAFMAXR 00F&90 00F890
INTRY AMAXL 00FBEZ
ENTRY AMINI COF908

# ENTRY MAX] CUF 896

w0 ENTRY MIN1 00F8BC



7

680217

PS VERSTION 2 DATE

MCCEL 44

Iv

36 3 3 40 LY Qo = ¥*

% #* Q- ", - >

* ¥ o= a = 3%

3 #0000 - - 3+

¥* #*+ OO0 - +

3% * <L -~ - O ¥

+* el Yt 3%

#* o<t — - ®

* oo~ = - 3¢

+* 3 X ON L - 3

+ 3 e - 3¢

3 I - = P

W I - - L 3%

e #+OD20 = 3%

& % — A= +

£ 3~ =L Lle o " —

3¢ L~ - xr = 3+ <O

* =~ - ¥ wn

* 3 & em —_ ~Ouw 3% T

3 3& =00 — ~0 [ = | k3

3 3 Ol - Ze 3t o

3 O 3¢ LV — - ~e * el

% = 35—l = Ne = 3%

36— ¥ OSZ () Ul - +* E)

3 3 — - > W 3 5

% Z 3 ez T oL ~ *

36 W T - QO D> N - 3 —

HFWNE 3 LN~ - N e - 3 —

3¢ w3 >0n - = »- N e S 3t —

e W= s - - L= o= O.= ¥ 3t °

3 N3 N—O L@ - - w a s (]

O H XD — o X (D= 3 LL

¥ ZNO¥Z— — - (0 = - °

e O3 I~ > ] ol - - = —

FroaH I3 - 0 == [ )

#F ZoadFooo —_ —~ N e= Ul eI — e

SE 3 e o — o~ - -~ — Y _ —_—

E =V B I Vo R O ~ I = W o ) °

VIO e - Ol - wl o

3 DWW Tenoy _— G O W e W e %) O

= Ot~ - Noemp— = - e

#+ JUZH#H OoOWo—~ o] S e o o

OO 0LON —— T o= L] - <L o

HFLOAWF =N FT—0O O = O = % L o} i~
3 - 3 Tl (N &£ = [ T ¥ BT - 4 fn'd [QN NN} [=e]
o<W QO *— O = O UL <u-=- k-3 oJ [epNe ol B [aal

3 O3 Z—= L - - N St ) - N o
L L $ QL CTH=D — e WO NOF  # — o — ™ f— —~—i
2k O sNdl L O= = e —n e = e [0 o ~2D —
3% o = e D<) e o~y Z — e w L =22 oz 2220
S OEEZ U~ Ceib= O= =~ W O = Z =0 - Z e e == ZLZO
FULA<lyt 2O0OMOo O—<4l = = Kt e = ) SalNs] 0y - = = =4 — el
# xR aAU—~OFWLOO— =L - o e M O~ -~ S~ - - ———— e~ = - - e
% NN el ) L (DX W el << D~ W Mmoo O =0 L O~ Ly amn —~n —~Neyn o
D) e — e QML Jhy N N0 N [xa s o] — N~ O W= el — e @
S O =L Z 0 =OWill == 2 WD — = Jo N P 2 A T S [ ] O MNWOO Ll N OZL O - o oM~ W—=t=f—LL
3 =l U QSO OW~OO<T ™ m= (N & d —~0O Ig @~ —~y M —r— - TN Q NN~ s s 220N D Q| | == Z
Se LU LS WO~ Z OO0 ™ Lol <L D=~ WL e O~ OO0 i & O &N | | & v oenN QoU & £ Wi~ d Jd.J »
3t o YOO S8 - o [ R R L e e~ i~ e~ e~ VN o s~ Z 0 e LWL el e s DN N ND
S OWLLE Y Yy J—d i O LD - Q00 I~ m—— || —~NO O O O J O <d e~ e ¢ ol—r—iT b L <]
3 b b e L L Ul L < et 07 AN T B P s L b L Ee s L S VIR L R ed O =l an] I d A QOO D= O—D DN
AL ZFOWEOLY >>0 O - = L M) o et —— = OO TOW——s 20 S QoMU NZZZZWRZNZZ2 W 1| w——0L
3o ot e LU W et e L= L T A2 ANy TN b | e O b= o 1] b £ b ot bt ot bt o o bt d g et = O L L L et

o 3% b ST OIS e U= el [ [ZZZ OO E U] e e ] e s AT LT i T - g e il

e P AUFZZOWOOUD= < << ¥ S OWOOOOOOUOOWIOY D20 ZWwu wx o 3% Sl L L Ly OWZwL W DDl
—J3e S e o LI OO0 CNIGDEECCC.‘LF_ELE,WMHI[GWERII.‘W_“,U 3 22 et Y bt b e et D (D O et et e L L L e
-3t & o™~ NN 3w 3¢
L 3e 3% 3 5
D5 5% s 3% —
— 5t ko ol 5 (]
e e e 3 9 36 303 O O N CEaE I I T | [Fa]
LLLLCOO OO [nR I (Ta] — T T QLT T T



T84

68027

DATE

N

VERSION

MODEL 44 PS

[v

3 e
3% 3
3¢ 3%
£ %
% 3
+ 3*
* ol
¥* it
3 3
¥* 3
* nn-
3 It
3 3
¥* 3%
% 3
< 3
* 3
¥* 5t
e 3¢
|vM. |w“l
% 3¢
* ol
- w® 3t
—_ Q +* 3
(%] ~r 2 bt
— -~ 5% +*
Q. o W b
= [aN] * 56
—_ P 1] W o -
— - — 3 g 5
[\ oJ — e - 3
< - | - * 0 *
(& Nofoy o~ — — #* 0 b
[SSE g n — * -
b= — O - — +* @ <
woo t— -~ o 0 o
= -~ (@] — — = O — —
— —~ —~ N — O (5! — —
o oo — OM~n LI ~ et o —— - (&)
o TS A — Ot e O (T - TR R LU
KalaN] o o 0 O ey ~ <L <L b~ 5] Lo =il %]
~F - Il —— 0 O oo oao<an ! ST - DO Z
== o ohen I = X e O WO~ v e —eIy + |
- LM W & «O = et UL O ~C O oo U, = <t
- o o D= ~ W~ — b= —~COWw — —— (D= <] ~0OD =) L
w La®alan] ——i0d - -3 o —— e ) -] QT — —_— —~0 O - [an] o
a4d oM e T Qe D (Sl L& by w e g — —~r~e~—{D e =4 D L
(Dt O DO IO oo —einmnmn o - ZT Lo = | ™ L ZTNd (€5 A o o
|8 (O I Lo £ oo — —NC O w — OV — ouvuazZ + — 00 = —t =
Lol oo o o O — o —— 0 [ I e Lo b Lt IR A Z L~ o~ LB ol e T - <1
N—~ -~ Quiu— —~ulL3Z~ OUY [0 B 200 ar -~ o —QDF=Aan O~ A0y N —~DONn O~un— o=
—\ M~ = e e N D0 Z00 4 ™ Dy XxXOo W ~TnOW=— o 0NO 8 e T+ NWNOM~DT POPYO =0 ==
ol o~ Wt t~—~2ZN WU~ S Z 1oy O OxmMoeoQo oM Lo OXN—~—DO ONvOx O~ o
Uo—Q =N AN N O~ = | | DWW —~ e~ = = «O O NZ/A-HWUWONN e WLW U=~y NZ—EN —o— N — 1]
WO OO & e A O e~ 2 (D O e e e~ i N e e = = Lo=SaVl IR S o\ e 0 04 & AN | | & & =0 -y e
t eD) e DI+ 2N 0000 sOD+M &« D0 =0 [T B i A LaN I Fa TN e Lttt Sl U VN TRa B MNP P YT ol T WP e NI N e | T B L
FOT O ZOOULINZ~— 0 0—O0F NN =03 -2 Z L2003 O ~ON—AA—t = N =N OO0 O~ = O~ 0= DN = N =0 O~ v
D = =0 DO0ZZ == wm—e—0 NDdDDmie— O <A — |l e o || ] == de — e e e OO
ZWOWQO= U Z 2~ ==l O= (0 ZZ 0OV Z = 7 L= L) ) £ W U~ ZZIUOWU~ - L ZZ2Z2Z0 U0 U —Z 20—~ ) G~ 11 N w
bt e b = LU W O = e b L b e Y bt et it @ b || L~ (DD L e b bt Y = (D e e e = (3 0 22 () o et et et et e el e Qe e = O = (O = L) =
—— — o e N L T O3 7 | <A = L Yot et ] et e et bt pnd ]l N T (Y S S et St bl b v T et e e fnd ] bt & ] e T L)
Ly OO WLl OO D b = — O W WU (D Z D — OO ey O 3%+ Y Zuil il il Uy oo Ol il U ZWwWw L Ol D0 DO 3
HEZOZTOU =D ) (O A (DL Z Z i Y Y S0 3¢ Bt SO Z el et e e (O T YA O XX S 20T Z
% i
s w®
o™ — 3 o~ M e sf
o OO0 o o=} s 5+
fa 20 0 0 2 =0 pe D5 30 30 — 0N RNy (@ laN] W Q M~ RO (Y] ~T o b
< TN ~T 5 ~T N7 S nuLomnn nn D O M~ ™~ [~ 0 XL [Su] WD



79.

68027

CATE

2

VERSICN

MOCEL 44 PS

IV

i

(2]
-
{m
Ks =z
o) =
-
\U —_—
— n
LT —
O o &)
- ) o0 & -
Loo — omn -
T—Il — —
(40} & Ja| (@] = e <1 T
[V ldsldsl [a (W) — b <T
oo o oo = < <
O~ I DO N o o«
o e ot oo L ou
O 2 cr — O - — =l
—uJo w oo o
~o 0 - o 30 — —~———
woom o O ° = Sl Yole)
OT oM < feagte) SN N enin
o e oe o) o zo ST NoN
-~ X~ " [apl®) < -~ Hen w
NI (6 ] e © L Jan o =l O Y
—Z e e Z NTOO O ¥ e
ollj~—4 > L—se LUy ~ D WioOouwhy
T oeNND eTYy e 8 U " - -
L= OO O === O | e e e e
M o D e LN D= OO NW 2o — 0 D e D i @

- T Z00 WnZoZunnok-N o OZn£Zw
o |20 gl DT R o B [ R T e T

ONUZ~r U~ Il OoOOO N0 I ON |l X~X~-—
= DU L N = DU = (O3 — A O OO0
Uil s Qe WUe——n OoU<<—<<d

EVOUW WL OUWa ZL L Oadl- Ll Ov i JWL Lo
b b 1 D) o (Y ot b bt () (U 27 b bt (D 7 et e (A (D N L Y (D

Tl | e

M~

[Ss]es}

59

90
92
3
4
6
7

3¢ +*

¥ *

3 +*

3t e

3% 3

" e

3t o

* 3t

3¢ 3¢

3 %*®

ol 3%

3 ¢

3% 13

% &

+* 3

£ 3¢

% 3¢

% 3

B3 - 3¢

3 gl i

e — -

5w = 3¢

% — e

+ L 3¢

e - 5

¥ — 3¢

e o Se

* - 3t -

% -_ o 3¢

3 < — 3¢ =

3 - L e =

b fe] - 3¢ =

% o~ - 3¢ -

* — " & =

3= - —~— 3¢ =

3 (@] DO 3 1]

3 ® - 55 [

* < -~ —_ o~ 3

+* - —~T « N OO0 3 -

3 o DN~ ~— 3 —_ <

3% ° NI~ O —O 3 (¥} — |l ]

3 (] —r—— () bt 3% — ~— <0y

¥* - O O =W 3 a < o

3¢ (e — Ot ] B - 3& = ad D

¥ e~ -0 Ll e - 3 O < -

¥ O = ol e FIN O 5E —_~— O -

5% —~ =z -~ s o~ N=—MCO— <= 0N 3 N = W —

+* -~ — =] WD~ ~—~O~=0NOQ D =~ 1 QO

e o - | =~ I ®== Qe A=t e O &2 Ok = LD

5 (] W) et LK V) e Ll Z W —~ O — 0 (@]
o~ = 3K < =D 0" O - B —_ I —

= - AL NN~ O D el o o e s —_ QO ~Z —~—~Oxo

O 00 Z —=—QCUO—WN-HOMOHOONOOL LW 0 O = NI -

Lo & ] < ] s LLNe —e NN O~ 0~ W e = MWl

- N~ o e O—L—00000MOO0O~~N ¥ N Al @~~~ =l

W =~ I a4a4~000~—"rrd | -0y~ aMNZ (NN o— ¢

Ul = o~ QO rd<I{<] & & ik &= =] T N =D e el Dl

v Ok UL OO 0O0OO0OOOVROONOVOLO QO ~UUM~ + e L <]
o O I == (D e e e H o 2 Z| ) e LY e e e et O

— A etredesmSWU WwWwuwowZwwwa, 2 WoOWO ZWWL—O

D = O _Jd b=t b= O T =N =

Q. W Zrmd A <l XYMyl o U (n oOZocorplllu.
et L i M TV Z I ZT S 273 22w 2 S X S S

& 3¢

] ¢

& 1 3

ki o~ = no <o ki =1 g} (=]

#* A O0 — —t 0\ Qe 3 3% O o —l
DOt i e NQOLN ™~ ™

e o e o o e o oo ok ool o o o o e s ol ook ek

R e s et ol ek s sl

%

%% %% GRAPH SECTICN

3

e

LoL

1, ID(12)41)

IC(10),1D(2)
C
F
0

o or e <TUd L
ZTEEXO—

22C



80.

68027

DATE

~
4

VERSTON
e s o ok o o o ek ofe o o

MODEL 44 PS

Iv

PN
A

PRINT SECTICN

t
'3

¢ % 2 ol 3

C %%
Cx

L e e e B
Ne F O
U —
= NN O b 5 et
[— T = et v e
O N<T L L
L2000 -

S o

NNOQO 3 3% 3 3%+ O
NONNMMMNOOLOOQ O

;oo s ek e el

e et o o R ok o
5
-

o ke
sk e o 3

o ko ook ok
ELECT =

[ON
S

o
NNy —
3T (]
o mno 0
O LD
oM T o
—O T T —_—~ —
—NT -~ —uno = a o
-_— =D — P b — — ()
ZNNNNN ZT w O Wo
— Lt — g —_— b b
— = T ——— —_ N~ — —_ -~~~
(o] (o I T ITe o—UuUVOLN O O~~~ ¢
o (@ Ve [ Jan PN Fa WK 4 VINOT I F = NO0O el
— N WO X (NN~ O CTOTeD
™~ NZN<LOXN ZN—UE N oN— D2 NN —
- eI | |1 O WY N T &N O SO O "0 &0 e o
g Y ed e 5 I P ITa B Sl lialiel N 20 N =i el e W
_D OAO—ADOUN At T T A O AN A A A O AN = AN =N O T
— WIS H U =} e e " M v el e et e o~ |~ L

WO N W JUm~ZZZ WO QWO d~ U~ Z Z U Ok e = =~ O
P L D ) et [ b e ) bt bt bt e e Y e O i b= (et e e = (A D = = O = |
ot L] £ LT (0 L b et ] e o e ot 0 (1] L e bt ] Nt e bt UIA—.[ T bt ] bk L e e Y

Y<dOWr Z WLl Ly O<UCOWOy ZX WLl D2 OO E X W WL Wz 00
e (RS TEE  dan L A O LT G ST O LT ds A b A Ll a I Li-da s Al & Lo at)

[

5
5
&
&
410
450

sk ok ok A lokolokolok

— (@ [ab)
O O
O ~DND

o)
o oo
= O+

-
o o
WO LYo

&)
.~ — —
w=— —~COo0
N e O eoe
- elliLL)
<< W=
L e(NZT @ e
DT el elLi_
H-d Qe
OO =L L L

it bt bk bt et bt ()
L L D)
U L L ke L U L L —
OF O LD twmsl O =t st 0=l (1)

601

SECTION ook dhoskoks

T(IDL,ICP IFIC,LID,NIN, IDIV,E9C0)

)
M
-
!
L=
Z O
L =0 | NN
O Zir=ad U0
<L nNnaflee 40
ZHOgd30
e — e bt = <L L)
o Ze 0O Z0)
i
By
5
% < —
¢ % 35— —
SIS TENo| o



81,

68027

DATE

2

VERSTCON

MODEL 44 PS

1v

N

o
(]
— o —
o wd J
0 o - o
— o —_ o
Ne} [3%] > w
Lllal = o
{25 e () 2
O - —0 bt —t
—l o | -~ .}
O L] — -
o (] > o
a — = bt
o~ wo (] [T
[¥p] i D) Ll e bt
(o) o - -~ — -~
—— DX o —f e 0 — il
N = — [aaiVoTe)l a0 —_ o e
- a0 0 <O~ << Q o — <IN
P ek €0 =00 = - w ~0 =0
Yoo e O =~ b— — w —
LW UL~ oo Lg 8w} - —~0 = ) -0
NN O - W Z W o+ Ly — L -
T 0o 0O e i o > a
LU~ Ob=— owo QO oL~ i a 4o H a0
2O Z = | =00 Z£ Wz Q (&) =10
St St pd ], \IICS -~ 0 - L) bt o ) -
OO =V 4 — (D o —— —_ T - [— —_— o~ o~
D *Ow e 0O DX~ = W ex | —~O 2O o
———0 ) o—0 ZU) e =Z ZwL o =N | ® =Z o3 =
——Oan wiod — Ll — (D) e S =00 IO
JR S R DI Vo | * o] — i — A ex ol (85 2 ) — Ll 11
NODWVWJI J4 MV~ >l e > OMWCNEwa] < e > L& —
— et = J e (T —~O = Al A UL QU Y — Q. Jd—~nNP—-— —~
I N G oo ew O—d ™o O HWNHODZNITD=—O0 LDV~ DOOL0
oW il Qe OEZ—NOCOL<AO—NY UVUEY 10AaZI]| OrOT—— —|
WZk=t— =t dnd iy QFZ 10 n —OWLLIOX —U = ) )T oW Jo

[P b P T ST T T R e ey N I T 0 L s R B e L e W B P e e e L
EXZL-—LE =000 Ad- "I 0035 d QZd~ D0 A g
WOl oL L —0O0Z<I L L 709l w00l OZ0<d9d vy Oat=—0

Lt ) et LDt S5 et O e O bt T (O e (O QO = (D F O R S D)
— N
oM O @ " o O r~ s
— - — - — -t —— = - o\l
Lot o] N ND 0 0 NG D b 0

(=) o
(] o
() o
() Wl
o -
[l ] S ]
— <t b
- << -
- <T - -~
o o< =
— (o] ] [
e W il (T
5 = o bt
3¢ = - w3 -~
< - o0 L |
s MM~ = o
+* SN = <IN
¥ o N0 4 O
3= — (o n'd -~ -
3¢ O J 0
¥#* L b=l L) - at ] LL b=
Q bl << 0O
< QuOCOC = OO
o OO — =20
o =~ o - -
- = —~
) OO0 = 20 o xwn
L Z 0 ZZ v Z Z e — QO
“ WO — =T O 00
Ll e .l o~ ~—il LU wien
o8 O 2> Sp=t e JO 2> mn [l
b= Yot Qo I D=~ a J ~_~ON—uno
—d O HMOL=—r=— 2O Il — —~—
w I ir b 1 —AWoOowwo
(8] OOW J— 0 | J =~ O =

= L () e =L L O (D o =Lt it
ZLOo<L Ul —aCdie X Ox O
e S O L O e TS0

TETEY

0

™
D

&30

r)
***2 .u/__
OO0 0

SV

IGCATA

O
22

BLyIFIDyLIC,E9CTO)

2
(

50)

—

ITA
66
R=9

L=]a 4

L =L

O o~

(il

20O\

- O

==l

o L

= =

— L

—Ll -

0O N> e

b —— D
—~Q Jm=Z
O e Q) <
wadn s =
= O Ul vt J s LD
) A () & T
=l SOl =l L
IIINRCLR

SECTICN s

REPLACE

SRS



FORM C

APPROVED FOR USE IN
PURDUE UNIVERSITY

MIV= piaurFErl (3)
LEtD=Z6ip
Lig= Leltpl
C4ce sormr7™
ITALL= |

b

NEwpas = |
oLPpPoy =

Newsegp =/
[Cewp 1/

<

—

82,

Aop Losre rop
Epr Popries of
T sFILER

6lz

I D MXTS = ZoL (ZDP (vEwser, ())
TONXT =Zot( ZoP(Newseg 2))

@~ Ger LD poMMBER ofE AMEXT
Te To G Appee 7 Fue

6[3 ¢

LC OO POS > MwEw (2 })

¢ NO

C Lisy (ocopes, [)>TONATS

Yes

v

bl

C OLoloS = /)—?—‘5—

NO

ISw=e
OLORS = olpLos + [

LID = MiST ( scosos —1,2 )
Mope = 2
vors9g

CALL Capy” . CoP¥ 7o gvg rauct,

2— & Ma' 'lua 74

Cop¥Y OLD FILE
wf To Poiur oHEeE
AEXT NEW IZ & IS
To Be AvzEl

70 LI8



FORM C

APPROVED FOR UBE IN
PURDUE UNIVERSITY

83.

2nD Sweer oF Aob Losie

—Vf”’< TP (reEwsser) 2 New Fb;

Copy TP MXT IT6& owre
A FitE
T s

NO
G19
QITA&. =/ }m MM IBAlKk = NEwpPos ~TPP
¥ _YES (NEwser)
s | Rewiro 1|

e L
Twoours= If Backspace &
Movoe =5 IBAack = TBACKk—{
e //

“""( :Z‘BACfr-a-'a)

Yes

NELAPOS = TpP NEWSER H(

Ne
Aeusser = PEuter+ | --———’—QEw:ﬂ'c __? /wa

Te GBI

TpoT=9q
MeoE=|

Capy 70 ENP OF
VATR Kecopp

‘ TITTABL= } L

Ao

v

LURITE €/ O
TABLE oF
CoTELTS Petopy

on NEW FicE

W€ EnD oF

Darp Kecord oA

NVEW FiE

|

To o

I TABL= O

To Gl



8.

6021

DATE

2

VERSTON

PS

44

MOCEL

Iv

o o
=] o
o o
«J wd
- -~
o (&)
— —
<X - -~
—_ - -
< = —_ o
(] =4 o —
LL. W Q (T
et o —
— -~ (%%} o~
< - - -
wn . no sale} <
o <L D <P~ o
It = O =0 o)
o — o —
x - O Na) o
(S8] Ul = L= =
- (] < a
Q O U (65 o} a
T = DO = 2
o - - -
i = - b= Etd -
= = « = Z o awmn °
- — W~ ~ L L& L
e > s >~ g o ]
=3 Lo A d—= OO~
—=NOOOC NV~ |l ——00W0G

— = n = 1w n =W oW ZZ20Z0
O b W = (0 — = = et et et e =
LOOOad D~ IO D A= q i T E e 2

WZO—d Z L O <U DO e WL 1w
et 3 Ot et Q2 Qe (D Z Y= O

650

o
D
N

£65
670

Y
&
2

&
ook ok ok

RESPONSE SECTICN

ENC OF UATA

()
—r

—~no
O\ M~00
~Oo
(S JaVaN]
N &= =
N0
L= O

——— —

e
Wi =0
= = —
et bl ot
XXX WoO
S Sk <o 4 &)

<

w
LN

36
3=
3
e
3
-
e
e
=
o
—
=
e
w
W
(]
=
—
2]
v
W w
o Jd
O =
o Wl
i -~
—
o Ny
O ——
o L0
R bt At
(9]
. oo
o oo
o o
O NOND
- ez
X N0~
O o~ o
Wi ~—~(2
I WwWwZ0
D b ——
b bt T
ks [v'afla 4 T (o]
¥ EEXodaO
s
5
26
e e
36 3 0V
LN

o3t e ol o o ok e sk ol sk g

3*
ko
3T
..hn-
bty
k1
3
3
3
2+
*
kS
kg
+w
3%
-
+*
3
=
(o=
—
[
(55}
[SH] () mn uwn
%] v M M
oo o o

o =\
i co a o
o —_r - -
— —~O
= — O] {an] )
o Z0 = D W
o — =

—_ PN~ — ~—
o O ~—Un O~
O DDA N—~T 200 e~ O
™ A NWUOO Q—L— -

NEZ—>ZN Wz =
L e<IMN | | &N e em IO
C N IO ZWUZIZ

O~ D J D 0
— e~ Ol
L e e e i R N | o ! Vs TR

END

bt s ] et e D LS e | |
iy LZL L Ol I O <~
Erm S T - OO0 0w,

w

3

3

3t own oo O n
C L L ) —~N ™ 0
Lo ooy o o

s o e e o oo ok e e

S

de sl wle sl ol sl
SO

O

o
Z2D
—
o —
ud e
I
—
L e

O~
[\l
(@ Jan]
N2
-
n =0
—O O

wwo
==
Nt .
e

E 4]

PARITY ERROR RESPONSE SECT TON ko shoshosoteskode s ok oo o ot o oo s o o 3 o s s oe oo ke

o Reok s

e
ka

-0 O

Wi
=
L X o |

o
=0

o

3 38N
LU

¥* W ey
* =0 < =2
LA ]
++ = I =
¥ oOuw - o
¥ ZN ] e e
3 e —— 2 =
5 VIO
¥ ZW =4
¥ wax X -
g ~H =
hi a4 o
# O & & =
#+ X W D
#+ W W X
* o &£ Z O
3+ w o
¥ S - -
#+ < Z W -
& o = QA v
- << W
W = - >
- A | -
# DN W=
e O~ -
Je = =
3 e uw o
ko >
3 I <<
e L -
5 [ ] < -
3 {Jw - - 3
3 u>=- ~<
3 ()] =M
0> N < -
3 g™~ X U=
5 Ot—e= D -
3% =<1 O ZWw
#* <40 X Wo
3 o W -
3% Q= L Zwv
a<Iyw o« QO
v -] =) — W
- D> Z Wk
= —L) 0=
— (] o
(%] W - o
Z| & A=
* — == oo -
(6] Vi—~0O <gGx
w e 2 —O
> 2 o~
L (=T -
e - -
ﬁU - OUON= =
— o — a——
0 = <O
Z A= F— <1 O0<<I
W E <asgz 0z
E~N0O0x oLel
% O xQO0Q0O
5 N N
S
L (en] — O
= O O
3 3 36 O o QO
I D et —_— ] —



85

68027

PS VERSION 2 DATE

MODEL 44

IV

— D < — Z W w = (W8] (T = — ol & et ()]
- o~ = O w > —_~Y << — - 2 - o= v
Q. - Z 4 <« Z2 Swo - o b= m - - Wi -~
— = - W <1 <O (S, - ] — ) e T Q< - -
oL e > - o < W 00 Z Qa - - - (88} - - -~ WNZE - o
O = ™~ W w - =X = Z = - L et X e O - 5 il
Vi DO~ n > WG - O X = - = el o - o - - — ~
48] - g = O | <V S~ o <{~Ff L o < W 2 - -
o 22 ~ B I W) QO= = | €L <t = O = - a> - -
oo - - - - —— e - b= 0OV = Pl - [ >
L — < - LI~ < = Lo - - =) L O] - S o M~
D W= = > > N D Weas - = = L = o - - Ow L i
[ aod << L O ~ . 2 Zu x O T - s S v -~ — L =2 > - =
o R =~ L B N~ - XK et X O - 2w W = = x =2Za Q - —~-
O - - s~ g T XY ~De = M= ()] = -l Q = o
%] [ B 4 N - — o k= e (DT - o o < W _— -z - Ox (o] o (]
- gy L b— o - e VO e 0= - () - - < O = PEN o B L N—LWw
L e = ] ™= M Z oW —= - > - (@] eo] -l wv (@] - = L
X IS0 W o LU e =IO WO - - — xo -t - 2 <T - oL
n O = - w 1] = Wih=—u»old Wor = o~ - e Z= <> (a4 X QW
N L o ~ [V oy o L <t - Ao e Q= - b= o o = ul M~w o
- T o - - (55 - QW r = > - - [V o - OWw =k > oz
- <o W - - LU - DO == - - = - = W Q. <7 <t =0
o o W Nemtty = DZEZbmr=y o We - . - M s 1 T -<d Xd - 10O
w OO o« e e X n LD U= OO otk oz vy~ - o - W L o B NN RN = oo
o U W =0 O g wvVLZZ™~ O W= ~Cuw (] T ("] -0 < wwnsE >
n Xe N T T T = A = fa A e -z o<1 O -0 e o D—O>d
D WwWe Z o~ e N < ~Z L - -0 ZOr——~ LI = oo 0 - D= G A Odd
= WX = ~NE- Z QO XUW Z e N\N- L=t (D LLHED K wid <L - O O <« JD
o n —— O < a2} O ot = = Qe A= - e L L ~0 >3X>=DIL
L W WL g eX )l X WL (NX O= ! Ww Lusa] g QO - s P B L . o~ M=l
— b me=(O Z AN — O exe 0o O o —_—Z0 N e oDw < We MWL <<—.Jwvwv
- ZLer LO——0 NNV —= O OO e~e - Lt —_ = UG ¥ b =D
L i A G XN EZ OV W w0 - M =NV U > WL (Sl fs 4 - QL T - LWL
> WOX O = e ==l DMt it MZ L s - <T =- — 0 O VN —~WLkF—~O0unuo
C ZTONDO = e ] e eI Y W) ol e =TT - =) Wi~ -~ — OV
U el = o <= JexyWZU = O LU (] =0 = D em X —LLIDV)
- ZOXWUV ~— | | =UZE DU —e ZZ3D- O WZO—<g I ol wo > W det 0N e QW0
- =Z20Z NN O< o || O < = L — ZOow=z=>0 (N =Z < J_J <~ el ox =) I
> LL., — < LT e V) We —Zx 2w W ol XOZoo P d —C At DPe—mdes DX 220
W OO0 = =oDunlo X oW WwWH—Qo N =00 — =z T B —_— Ll e o o N~
(] —t O (OOl = Ll << NIy - =) = el - (AN) Wi - =~ e DO T I e =
= W= e~ =D il (D —2DED —0<T = O= 4 —J2OWw —_— = - H4E O W = el
— = me—y WO - - -0OQxEZO0Z —IoO 0. DD = Z T i - Ew DU ol et ¢ =« O
- &2 L ~nNQO - YO OZD><4L4aAl w»nie = — elL ow (W] ° - T L M OO L
e WLIOX— LW oo Uz W Jomnmor g =0 QLU Lz - e o o OOZWNFLUAQ
X O >IW-wuNDOgGZn 2w o XYW XN=ZO— oD O o= o = WO = <100
N Z oD ~Il W 2O ZZZ0O0DZ- W) X~Qxuwv) =— x> =0 z A2l QU—ZZd— QZF -0
Oe =0OXETEId= TODONW<LDUW=0W W 0O = —<<() OOV ) = Do =D OmMm —=DOXL
- OXJIUWLH= D) VL 2y W20 =k LU e Ll Ll <C Ul W ZOZF e = 2000
- m e N = s em eeom e = V) el o I QxITWw b= T W o i ==X e AD<
(] m() e e e e t= > o ™ > F>orul < Ouiiw —OoL T L ZZk—=- (D = == N X - W
e XXX e XXX e NI XWXV > J= 200000V — O0—~—2Z D 4= ZQe X eolle ~AJd=- (300
& O==I\NFFNDODOITONNo—=OQo mMma O ZlWe >0V Z M~ Ux L = JOOX UV ~A0O0OWw
N~ N= STOONNONLN N 0N N el ZI =Dl W = o ZZZTyx NO—NO<T— -~ <O
~ B o e o = o () e ] o (o] = Lt —_—— — FSve) —_— <1 J Z e L - - < e
L T e e D= [T I o QD = ———0 oL X Jd - - e X OWX
~ o~ 0O~ (et} oo O—OWO J0O= 2. <d™ b—- - O woe e n o= o () NI O A= = ~(Oe O (e = J= = = —= Crdes O™ = =
bt m me e [ee e | e Se Je NOLND™N NNTE NN ANANNX A LIt NN AN OO N LN m O e e M o
o N e e — ()~ e L — Y W e e e e e e L o R N e el —r N e e e
= N OR O W e U U e bbb b U e b e e e e e e e e O e e e
VW AN<AALCCICZ7AUNIIAULTD U<l <y (I d D400 <ddIdd4d<IdITILI—IUU<LC<II I Adde <d<1<A<T<T

e e SIWEE Az W2 YIS LWSUE 22UFEErEIsedaizizeezizziIzLerQeEasZ W T2 s
- e v XY OXToOadaol o X X FOLyXyy ooy Ife e 3 OO XYX s

—=0 QOWOD0 OFO<COOoUD—=Z=00Wu—00=- DO0U0VOUZEZ QLOOLOLDOOOOOU=- OOOWOD 0000000000

HOLNWLSWL L TULOL LUl <l <<l e e WU b <O el M B S W B LU O =Ll M T L e U M L

N M o NN NN N NN o~ o [S VAN N N o~
~ 00 A0 S NN O oo O e NOoOnNoOnNoo OOo~OCoooOOoNOoONO O Ccoo O QN ~OOoONnoO
—~ AN NND N~ ol 6 AT e ] M TN DO~ ONNMTNOMN~MN~NODDY O ~S0NT 1N LA MO N
o QO CHDOD = O o OO0 (@] o oo CcCOoOOOo B e R e B B B e R e K Lo AV R RO N I N I N | NO OO0
— e et = d o TN U o I e V[ o VI o N T o N o Vo N[ g N Fa N EeN] ONOYONOIONI OO I ONONITY Oy ININONY NED MMM



86

68C27

DATE

-
“

VERSION

MOCEL 44  PS

v

P

a

[ ()
=y
g
(S E]
Qo
0O

QO
—0O
(@P=ufa]

St
VoL

E

MAP S17
CN

/
ATI
cCcC

(B

LO
0¢

CN

—
-G
<O
Lo
ao
]

<
Q-
o
=0
-0
) =t

-
-
<O
Lo
oo
o

[
<T

M

LAR

<

=

o

—OOT ROOTDOOTRO
N0~ IOOWL O~
LN NN NN
[Slelelslolelelelalalelelelo)
OCoOoOO0OCOoOCOOOO0OC0O
Hislslslslelolelelolelslele)

-— “
o i -]
T = =0 Qo

=
)

—DUOFROOTVOTIDO
NN O~ O OO O
AT ITITTITIITITIITunowm
Blalaleleldlalolalelolalale
[SlSl&lelolelaleloleldldlala)
OO OCLOOOTLCQ

~ v %!
o X — = ¥ =0
D= Z U e Z =0 A
2090 doDa JO0Z020=E3=
> d AU WZa D aZE W
UYL 0D OF () bt it bt 2 o 27 et s

o=

%]

(&}

— T COOTODOOTVOO-T
NSO~ O0 oo o—
LT T O
[SiSlelelelGlelelSlEleleLe (W)
OO0 W

-

6 =) - =d
Ok L) b= Uoa aaoX
= e Q= Wg
>0 WD ZouWMFork-0
UL S () O bt bt b bt U ) o et bt ot

=

O RO T WAL T WIS
b OO ST LNV M 00 O <O (LU UL =i 0
AT T TI T T TTTTrinm
D000 0000000
OO0
1000000000000

— QOO
bt i L
<< OO0
QO ——
Dooo
LOOCO

[sa I NEIN

—C O
LG
=SiaYeN]eo]
(DO i
[Slelele
Sielele

Do
0O
>0
L=<

ON

—0 OO
b (N P
LD
Slaler
Blolelel
~OTO

— 0D
—<1
E=fsafies)
(et
oo
o |

ALLED

-
2 o 8 S
[aafaWaal
202D
<IWnOX

BPROGR

Vv
= F CO
=<
[ gaalsal
(O et pmd
oo
e le

- 1

—oa
ST
>0
L=

O

— (NI
<L @
< 2l
(D ——
[ ]ele]
e |

MAP

BEL

ON

G IO TOWDWRONINGTTOOOOOONUIGFTNOOFT<IOND
—OIU~DOCMNMTOMO0OCOU <TITO WUl = <T PO L F 0
LOUONMOOD<COQWWILL NN~ OOWO—ANNMN QY
(P oV IaN [aVFaNToNToNEoNiaN [oNEaN o NEaNTaNFoaloatoaTonantan Rantanks s Fan it ubs g ot s gb s uN. o
COoOOOCoOOOOoOOOOCOO0OoOOOCOOOO0OOCOCCOOO
Sislelololelolololelelsialslelelalolalaleolelalolelalelololalelele]

NINT T OITO~RCOSONOMOOOOOOOONOONONG
FTOGFT~DOTNANONNO — — LN D — A~ O LN CO MO — LN
0 AN T OO0V OOV OO0 OT~—NCO
5 e N O YO N N PN 00

LABEL

=
o

=—OUULUOOOWOOTOCITFOLUNTILONONCONOTOOT<T
F~NONL<<LO0O0CAT 0O OO ORL O T INNLW TN
<LQUWO~MJTNOFI<OOQOWLILONMON~FOO@QOWO~ANNM N0
O~ OO OO OO N IO A N O O O O e OO NN NI T
Hislalelsleolslelelelelslslélalsleolslslelalelvielelalalslelolelele]

T ASNDONOOINONNOONIN—OONoIN~-OON—HOOOWNn
TOITNIODDT——~—ONND—A~NMNM=~OT ~N TN~~~ O O
O NI TEOLOVO DT OOO0DO—~—~NND

~T AN OO M

LABEL

<<
17

= OOWCOOOONOVRWLSIANOT O0O0OTWLOLONDIOTOW™®D
—~0 DO~ DO~ O0M<C ML UL <<t OO~ —ONIN<TNNO LWL
<COUWO~MFTNO~O QWL ONMIT OO0 nOWO ~ouonmMm G in
(ST TaNEaNToNFaNNaVIaViaNIaNEa NI o iaViaNiaNTnakanlat Inatantantantan FanRan RN g valt gl sELaiEN it
AUV LLCLLOLLODULOLOCLOLODLOLLWOLOLCOLLOLO

MONNO—NQOQRFTONCOoONC~OM~RONOND—0ON00000
TOTNOVOUIRAOQON T M=~ DOM = INOTM~NO >
'3 —ONAT ST O VOO0V DO00000—~~~ND

~ eI N N N

LABEL

—

S

=< JWO<CVO<COWONT IONDTODDNWOIONCNDONODDOY
O OO ~OOATOWLINWIN<GOLOTNCOCSNOOQ L=
O MO~ OO ~NM-T\D T OD0OOWL ONONM TN
Qe = i O OO O OO DN DN O A OO e M MM M MO e 0 O T T3

BYTES

C

MEMORY REQUIREMENTS CC4730

WAS

ST SEVERITY CUDE



87«

68027

PS VERSION 2 DATE

MODEL 44

IV

3F 3 3 3 30 30 3 30 S 4E 30 3 30 3 36 36 3F 3F 36 3% 30 3F 36 3F 3 -

3 ¥* -

3#* 3 -

3* 3 -

+* = o

3* 3+ N D 0

) #* —

3 — wv ETRE = o

% Vi ¥FOO - -

3% ] =i D R O # O -

#* = —LL O OOW W o -

3% —_ O [ A= = L = )

3 > o = Z W @ QO e - w

e . = =0 O d QAZ == =O¥% O P P~

3 O <t =z <UL = - )

% wo o 0 << O —IFX =0t X - ]

3 W = e — =< Nt N - Ll

3 - = O - w oo g *® - =z

3#* <0 =2 L 0O w»n IZ Z aJdEr O ! -~ —

¥ —Z (O O = > 0w sk - - = >~ %)

3% < = — W o —_—n w3 o —~ t— — -

3¢ o < i — O OV =3t - o~ - oo a

3 wi O = O o LW —r o~ — - 0 Z0 =

e Lo O 2 - NOL b b SR O - ™~ = =

¥* s Yo I o <t s OO E I wnZNeHN D L - e -

3¢ OO0 C Z WOk DWWk 0O (e} — Y —

3+ Q= ¢ =z = Z < b 2 ISR W WD — [[N] "

¥ OWOU O oL —Z T X3 bt - = — 9 —
IO - o O = W= R S  GE - (an} aal =
e~ XY OO0 =00 VbV W e = - (33 - o - o
L (D=0 e~ =YL L —Z Z= <O 0O<a ~— - — — o
OO0 v QW Ogl. Z0w=—Z =—<4adF~—0 O O - — L b— |l
= O O vM O W W H LY - =D - — ~— i
3¢ 2 N O Ul We = Nk U 3k — - o~ I L < (a4
#<I—c0 I OO0 Wwo ZU.—Z LUl e a =D 9 [ —

¥ LA — = o W e OND I ade~ — - o OO <a® < —
DA F— = LZ =IO O O =3 o0 — -~ Ww wnoo o= o fam)
* D =W L eb=L) - w> 3T - - ° [aYede) U e w —
LN O T <T U 2zl el =M — —OL0 =Moo —nx — w
FLU— LU W WO o000 U O3 —~— < = W DOk (o) —
HULZOD X g DD e <t — 3 e = - ] —~0Q —~ aln — °
D OO O ool L=zl A Z Ul < o —lLU0 Okl ooNIN o<1 s
W = w Z0DOzZ200 J W o0Oxrad O - o DH N = | O e Op—<T W
FZ0EY E 2900 = QouwIad —3e O = D - o~ ~ OO0 ] ~ N~ - * LA
20O 655 [ O | |55 e ALEI OF$%=Z— - Z O r~— OO 3 L mn o<t —0
LY X xOWOIOWMZWV — — = e - w ) INGgMNn X - [ Y &> Yn W oN|
e W W W e LRI — S~ -~ = " e—g N Le——— —~ o [} ZWoO O Z-u -—C
¥ N gL~ Z0 QO NZOA0 VadFRIDWw —~ NO ———— ~ |l WO o — we o —_ W QO
FOWV>NE en UV WX ZWE >e=lld— > 342 _ 1 ~— — D o Y NN oD~ = (] ———
FLUL>A> Q> > e dodl<a O O e R - § - g B S | Qoeoem Oewa e [} X — 0 Doo elJ
¥ AUOLYQ sQe > t=> O0OXDO OF 3 —W—p - — WM™ OO0 —  ZD— [ o4 e B NN LW
FEOOOUWO= OOW WL O QWL (<> oTTd(l = e e o e @ e —~NO —— Nolel — —_— -
IO O LVOLWH xaAUD= Z D A—NO - —~ e = SO e~ Wwo— — N NI OWw —~ON B L~
3 & aw ww = O #SOOW = =z NN AOWW Qe oOQ —~XWO — +U0 $Y e— —L o
O N Z o —=ILE —— W OO QN —<T XL —— - — <L~ * ¢ Z220O00N O (=] [l AN Ta 4 B Y XL M e
¥ OO~ Ne M= —LWJTANL = —3t i e o = WO OO WO~ ST ey L g L L L e 2D
X 0 | L D = ||z el FLWOITUOILY- et —t | —CINON a0 e OYON Z =00 — ez e oo oo UL
SEQ NN s e = i N UO W EZ—=—Z0a Wt Jodd ~—~ZONO F——— & 4 ¢ 8 & er =2 [T b=l e e f—f— LI ®
e LW O Ofs %] e JO0 JOD A L3 e <L <[ el I DD L~ INDO0INY »OCNTIN I ~COD ¢~ OdDDIDN e d—~
>l WZWUZIWIOW>L M e D 0 E O e e = O e SO M IO 2 LDV L 060 00 e = N LD e 227 L N WO L = 2 27 22 (N ED 0
OO0 WO O 000l 9W < e DWULSZOINONIANMN=— ) U000 —r—w—=—<drt o 0 < —0 == || <D=~ D<~—
0OZZU0LUWOLOLWUODUZF WU Z-Z3: 00 >0 = |l F——— || > L e b= )= (DN = Z 2 L O T O = = O = e (b

T A 2 et e O (2 e A e U et STl Q=i LULLILUION D, e QLWL UL b = O L et b e bt O O OO Z == D~ - O QA D =

e

e

MDD W D= D=L Qe || S~ 00 OS——() —O<add ——
HOZWTOATA g Z Lttt Z O U L QUL WL X Z e e 2 O O O Z WL L OO W 2 WA U O U
3 U O LN (00 T/ wh bt L L L it ek O 0 () (bt ot T2 (o bt et 2 (D3 L UL LD 227 O o b (O el 2 O O (Y 1D it (2

>3 % o~
a3 #
O # 5
25 %
3¢ 3¢ 36 3 90 3 3F 3k 3 9k 3 Se 36 3F 3k IR 36 3F 4 I 3F 9 38 ia] QN RoRN [{gkre] o T - o 0 [P <o
LDLLOLOLOOLOLLULLOULLLOLOOLOLLY - NN Ny MM IR N mn Tg o



88.

68027

VERSION 2 DATE

PSS

= O < L
o ¥ o o
(] uw  wo

o D

- oD =

/4.- - N —

<<~ ~N QO &
O - g D—
- O Wen O=-
- [ O =t (an]
— = 00
i o O w=

U= o Zuvn X
=) O = X
- - o 4 s
- O D=0
— — O e
— owowm
—_ () b~ O W
w - UV U

- - - < o<t

a - - w L

= Yo =W

= D= O ZHe—oe
- = =3 O
— —e U ZZEN
" (&r] -4 WL e -
et e 1] — 1) et
- Cxld Z o
- z= L Q=L =
— — L1 - A M O-
— Lo —~ Wzl Z O
— o — = O D<9aNWus—

= s D= O >WZE e
— [Gn] o WSsW - 1 o et e
< — bz e T WOOUI— s Z—
— [ - r QD XUrdd e NZE
%2 L. Q w ow< W et T
- ~— o o DIDOW =MOW0 <
=- ZZx W Z emZxZ
Z -~ — - ot e Nl WO
=< o<a T K3 e ZlxO-ul -
o= < Ob=< » ° N ~ WZzw OO =g -
~< S ~AI-OZ C DN DN 00> auunoZ e
Nt ~ o<W W ZD 2D 0w N— T ZD> <1<
- QUL O ° e W WZ0OW Jm
— L O Eellle W ot - o D 2 -
- - W O OWw We Wwe= ¥»OZF O=-Z0D==
—_— — cm—~Ox OJd JW Jw O OLWVL= O
—0 O Q0 oco= = =] =) LU LU Wi
—_ny o D NN e~ oLl W e OO0 WOV ezZN0
T —e—e—r L) o w L ODW g O>JTU>o
== —_ O~ O~ - = (S A

LELL~ Qride XX o T O~ N— L Z0V My
QxOud O~—axo=— ¢ ~—~ MO MU gl el =
WU = el o O o oM om << - o
— ol ml LUl = e =T 30N NO NO —— ® N e
— = el e L) & =N aN = IV = - = e
) D~ O~ 0D D00 e~ NN el N e NI oSN LN
b e e T || bt L (e T e e e o e b < L L L

W— U O W ——— OOl < Wa<a<gsm<a O<1

MODEL 44

v

QA Qe OO0 =X DD D23 DF 28 sZ W O

el et L et e O LD D e e e e b e Y N X X e 2 L O
WU ZWULL L Ol ylaxyewo —~000 O=zZ0oZz
ENEY RO LY O Iy T T T Dol Ul F U <t <L

N N ONM N
o o Tq] OO~ M [aa
N = < o o o e o j]
N e w0 - — — —~ONON N o™



89.

68027

VERSTON 2 DATE

PS

44

MOCeL

Iv

P SITZE

<=

M
a

D
~E=0
<O
(& P
o
O

SCALAR MAP

Ll
LY L) bt bt

SYMBOL

ON

-t OF
o=
e P g
oo
Qoo
P [ s L i 50}

SYMBCL
INUZ
NNPTS

8]

— 00
—nooD
L e e =
LOOO
88 & Len ] )
OO0

LOCATION

SYMBOL

LCCATION

ED

=

SYMBOL

RAY MAP
SUBPRCGRAMS CALL

AR
CN

LOCATION

SYMBOL

LCCATION

SYMBUOL

LOCATICN

SYMBCL

i 2T

[T
<1 -t
LD

<

MAP

LABEL

ON

—_NO NGO
NN O
AT OO <
|Slalelelele)
Slalelolele
lelelslelsel

nNoe~00
NN~
' —_—

=
Q

—<{ W00
e O
<LNF NI
Lol O
oo ow
—couoow

CWNOO
SO OUNO D
m o
o

LAB

ON

—el OO0
(oW LT O
<IN <T
LoD
oo wo
SO0 0

C

WAS

REQUIREMENTS CCCCEC BYTES

HIGHEST SEVERITY COUGE

MEMCRY



FORM C

APPROVED FOR USE IN
PURDUE UNIVERSITY

QETURN

Q0.

CoPy SuBrovriwe Locre

4

SE&r uP EiILE LABEL

Any Twul, ITnuz

(20)

y

Reao Tanie oF

Comprenvrs Recoro

[
TCoery=0
L.

_"’E’——.@TRBL =| ANp INuUL=

()
Neo

yes
G‘fa Clz2) = ?9?9@4

& o

E.
Groc (22)= 333339"‘—5'

<

Wrirae INVALID C60F
Ask REsrazer
o CoMTINGE

ColeTIA

Keroeln
MOOE = | or

IV

EdD ERAOR MSG,

Reav Ip Réectonp

Feost Twor

Yes

LHO

Io(sa)= 666 666

l REstarT

Rerven |

Tide

5‘55

Foram TARBLE ofF
Copp7&INS ENTRY

Karuoen L (
e
> —_ﬁ( THEL=] )
A
Reap Plor
Dqra  KEcorp
!
=

| ( MopE= [oxr 2 0c 3

)
o€ T cadys | ) 1

@0

Jis

ITABL=|

\ES

Tcory =1

MODE= 3 AuY IpH(z)= rﬁfﬁ)

loRite TD o 8

7l Plar v
Renp Ie Féc
wtire o

Eeap Teduos
kire

Yes
I(Iotz)- LID)‘—QAGDE* | sr 4)

FeTuRN

[

I Yes

WRITE FToc
Reweo osu §

Na !
"( InuT = |

& TES

KEeap PLOT)

> T6, Teans

KecorDS

'_,——(Io(z): IFID )
NO
55
No
CITABL. I )_

Yes L 57
Rean Por ReAb TRANS
RECORD € Lée REC,

To 25



91,

68021

PS VERSION 2 CATE

MCODEL 44

LV

36 3t ¥ 3¢ -
* * -
3% ¥* -
- 3 Ll
* ¥ o~

3t * N D
3t 0N —
L T o -
£ O -
3 #* O -
3 3+ -

3 S W =
3¢ 3 - L
3¢ e a =
ki - T -
3¢ . -
3¢ 3 v -
3 +* -

e * O L
L3 g ol -
36 — S o — —
36 e 3% - — -
) e -
L w3 O -
f N O [V
=3 O -
W3 o~ W N0
36 a3 e - =
3 <I 3¢ <t —_ =
=03 = -
L3 g - =
3+ O<T3¥ o o v
¥ # O = =0
o e o
3 =3t =~ - = O
B e wem -
#O=Z¥F0OMN -~ -
FOOR = & -~ -
¥ AN — X
St Wib=3¢ e~ < = LU
3 U3t Jp— -~
N O— < = -
#F WO Td O -
O - O -
#Z (mde— =
3 ==l— 3¢ =M - w
#* 2= - =
I OXWE DWW~ NO
0O Zd ~ —
35 L L) 5 bt <1 -
£l o5t =L —~}— -
FWO O o<1l =

L N

=3 NN~ —<T X LU
O ——lUl— e
O3 WLUODDLODT -
R B OE™
% e <TWUL <T—
FOaSsEOL] ) et

0
N
O
T
o
o
~
a
& ~0
w <o
°
—OLC
=20
=
— 00
URGT
= e—
ZO—~—~
43 <IN
" L Lont®alng!
] o~ — —~ Il M
e e Lli=oalag]
=220 JoxuoeMm
— L WO
U o =~ o o
—~ e = _1O2C
N DOWW
et e e T~ o 0

o |~
e L Tl I T TaNRaN|
L S d et 2 N

oo
— N

—~00

D=L
o™ -
[RGILITS
o o
oL~
woonN
- D~
(RO S
QO L=
— D

oL
O e O
Edjeily}
il O
-~ 2 0.
{ st T |

el NI D el DO NN

e e o

e DL S ZOIN\ND=oM=00 00

WX OO >0

- = '~ = — O QWU =2 Z U= ——— Oy gl of <t w112 <1

b e e e o

—
po
=
xO
= D
——
wo—
~x OO
o O
PO
O OON
-— o & o

NNPTS)

<l L0
—~ <oy
<<
—O< O
~ DO
—~—l]
—_ O
—_———tD
O 4a900
L 0NN~
e e T
~NOQ I -
3oy )
b 8
I wuny
Ll o
Lt el o e L

TO 47

«ONVID 20—

e e

S~ UOMZINNHZNW M O—Z Z 20

FILE

212C2C)

DN

-0

CON

1
T
<<~
Me
-
Ze
Oe
&
LT
—
— e
Lol 56 ]
-
LYt
[
-

[]s4
—t

[
==
—

—
‘IU'
e
[
o
oW
oD
“=zZ
bt ey
.,
=
Qo
(] &)
(&)
X
¥
o
[EX{aa]
I
L

QO
— Y
<1
e
- D

el 4

L] et bt bk e =7 St e e T et T e

< L
W oo o«
- wo
— o H
r OO0 Z
= =
O XX
O <<V 2D~
uw  wen O=
- m
(5] = 00
<< D =
i~ sl T 4 ]
—~ ~O0
De D0O= O<I
— e QY L

v Ouwowv
OO W
LU W=

D=0
O & vt OF
w2 Q=
— (OO TN
WU <TI0 =
bt = U —4
QO Z =

—~LlZ OZ =

- Q.- O=
- WY Xe Ze=D
- O O<ENWn—~
O >>WWUIE el=—u)
W YL —~——
I WOOWrt=—Z =
O X JexnZ
<t Wl e 27 O
w ~DWNLLW <
o W W ~ZeeE

NOLW W3
= ZWOOU =
W COxXD w—m< =~
> auwuwnmoZ =

Vi Z2D><4d<d
= WwZ W aaom
O x> e« ZUV -
= O= Z0DZ-~

(o 5.} - je [ JUL
O —ZTk- Wkea
O Qg N2

W <a M>30o>x
>0 sNC XN

vy Z0Qe- Mo
=y L A
= = - o
D= = = =g -
= e = S = 4
[l el el o WO N B
O<10-

VNG f W e S T = LWL 0 (L U= (O et b e G L) bt ot b o i = (3 (O D= D= = D= D2 e O 2202 ZWa )

5= M O = WU D~ ] ] ) B I | f
3% 02 WU Zl = LWL L QUL L e Z e Wy QWL Z i e e Wy vy Ll 20 of L
3+ 3 U O D D CD T ot bt L L L v et O et et (D Y e b S e e = D (D Z Y Y oy T T A oW
— e
3 5 (]
e 3 9 o T9]
R e g NG N (o] M~ O O ™ o
LOLLO oJ aNT . o W o e ] ~ T — —

— 000X C—Z00Z
—LlL LU L — T <T L

2 o oNMm oy
oo © Ta)
TOMN ™ M
coo O o
—_— Y o~ o~



Ve

680217

DATE

2

VERSTON

MCCEL 44 PSS

Iv

N

— O
_QO
IO
(S1&
i
-l D

1T
e

20
>
) —

=

— (O
=0
o vl 4
[ 1 s
wiele
lele

o wv
00 e e
=8,
—=Z
WNr—=

b OO
=Ty
<
oo
oo

MAP
SYMBOL

ALAR

SYMBCL

LOCATION

SYMBUL

LCCATION

SYMBOL

MAP

LOCATION

SYMBOL

LCCATION

PROGRAMS CALLED
SYMBUL

SYVEBCL

—(
[ endi=
<] -
LD
(] &)
—0

AP

]
i

LABEL M
N

4 CO L S0
[l faFiges)
<M 0
LOoOQO
QoCco
il ] Lo

oo
—~OON
W ~-O
[nal ™N

LABE

U

- <L LT
—00mm
<IN~
LOoULoo
Locooo
ielele (e

BYTES

C

REQUIREMENTS CCCbB6O

MEMCRY

SEVERITY CUDE WAS

=S T



P

66002

=

DAT

2

VERSTON

PS

MOCEL 44

AN TV

+* 3% -
a3 3% °
3 3¢ b
¥ 3 =
3% 3 =
3¢ nE —
e +* -
W ¢ =
3 48] S o
s i e [
3¢ - 5
L, R —
¥ oZ o % P
3¢ g @ b 3E =
€ Qo 5 —
e W= 0O 3¢ bt <
3 Ol (D 36 L
N 3+ -
3¢ (L= 3% e
3 ez 5 o
s O I -~ o
< QO I 3¢ 3¢ Z
Ge QXY % =
3 b= 36 = Do
* WL 3 b L
i o —Z 1L F 0O L
# = e E e {6 g
3 WO % - Z22
It =0 = —
¥ Z= = ¥ o
2 —_—E 3 =
+ QO % - o )
¥ VIO W ¥FoOownv " Sl
#* XZ=> == =z
* WO 3 d< i) ZWw
vNBTIIM W e - — <
1=l * Q= (28] (o8] =
FEOoI W o~ o ) jan]
OO0 HUL—~ a (e =0
#O WS e - o <
Xy b e o= — s A~ L
JAP[)RSD* aa Q — oo
* DXW# 000 O o -t O=
F* O—~WOHk =L o - = X =
=l DT e e~ T o a
30O ~NE T d— = —_ - = — =) ela ]
FNWL +ZDTHOND - =y e~ o - - = b=
e O e X L% — o= L = L0y =2 = LL! oz o
= 0D XA~ — Dd -~ = = = — (' - o=
e DL === L) < e Pt ] et w oy - . —t v
XN A3t 2O -z Lot o = et w o -_ Eee L =z
Oy Z3 O = et NE) g o | = = | - - D e~ O o~ O
+#+ O d Qrmide Ne— @ W) e oo D 3] ° — + ° o0 i
* o W ¥ Az~ o -~ O =t bt = r - - —~—awvivn oo O
LN o= LLIO o = Wwod wan L o~ = ~SO000= W —O e
3 W=t QWG L= & (&> —_ (@] —— — | w [ el b (] el o Om=
XX wWZH- JI=WOo n=w o =N A=A~ a0~ | XWAAL W0\ =0 ~e=
H¥NW QF+# DW= 2 i - I e ~2 2 Ol ~e~—dOo A NlLdZ L~~~ L =L
Aw.-»“ = LUDHF OO0 QM= = O ONQ e U N ettt e et O bt ) || O =100 O QL QL O ot bt ) U bt O e 7 LU U 7 LI O T <D
e eI X% L Z O | N = || =D e Nt || = Z OO | KN || e Z b = D b= D= D 2 2
2 B D—— —ZZ  —ZZ Il AR O—2 U eet— N0 A T L E e b — Y Y O
e #OZLLOLOOUULOULOOO =000~ 200l 000N Lo 0L OWY Wy WOOo Z
3 S Ut (8 (D et (D 1t £ bt €t (53 et bt () ot bt 22 () bt et 222 () T b (3 bt ™ et b bt bt b (O (D O = 0 S OCLL L L

[ ¥*

oL 3¢ 3%

O 3t oo
EROR R R o i N aa! i'al Q o O Q n o



PL

68C02

DATE

2

VERSTON

PS

MODEL 44

AN TV

—0 OO
[aad SV IR IE R
< el
LOoOO
] elels)
~OO00O

s8]an]
T —
>~
D=

(DO 0
e et () ST LY
< ot el o] el
[Sleleleloe]
QouoC
OO0

MAP

ARRAY

LOCATION

SYMBOL

LCCATION

SYMBOL

Lol
=LN
<~
(Sl
0o
)

LOCATION

SYMBOL

LCCATION

SYMBOL

SUBPRUGRAMS CALLED
LCCATICN

SYMBCL

— oL
—Ony
Sl e
ocOo
SO

mo
N0
T
(a0}

LU
00T
<IN
LoOC
oo
000

REQUIRENENTS 000668 BYTES

L MEMCORY

0

SEVERITY CCDBE WAS

ST



95.

IGFILLUD LINKAGE EDIT

687029

o
[
=

@] -} <1

g e )

o o =

T -1 -

o o X -] s

Za = ey —= w

e =2 |l = =X - e I

X

R
p
’

TNO «ODi—D It =X T3t =

(o] N O I XA < ey = aINd - -

2 IS OOFA XA T I~ & Z =]
o O IO X <L YLD » e (D=0 -
s NLmM—ODUZ=s0OL T «00Z20n0
—_>0 e~ JULEOVNILTId 2xO0OZ20n.a0>Dne
WD~ —0O-—~ D TOHZTT NIy XX
COxx0Q0 WL s 4 = %]
—JNN g D W gl b 2 0]

Al WOWoOooo wiunl
- WOoDOIDDDODD oo ool
WD QDD JAd - HWDDIODWOD DS

—
DODIDDD0NARZOZEZZZZ2IO0OQ0OIOOOZ J0E
QNN EICIDZT =~ E =t i T Z 2 Z L2 Z = O~
EESTEE o —ill]

b e b o o o o e b o e ot e o e o B e e b o e o o b e e
V17217192172 1°2 72 172 %2 1722 172 e 1% 2 1% e Lo 1% Lo 1% 1V 1 a 1V a RV 1V, Rp I ¥ p)
IIII...I..ILI{IIII{IIIIIII[II‘AII.‘II

SN Y T S O DU P Y S P U R P R (B S RS [ R R B O O



96.

0010C o
0052Cu

REL-FACTOR
0099F o

LOADED
004200

LABEL
MALN4G
MAINGYG

TYPE
CSECT
ENTRY

COMMOUN

ESD

M
i

N

BLOCK
511

TGFILER

HICORE
GOCDEFR

JCGRE
5208

COBFDO

[@lse L\ @I P §
OWwWiLowLo
Lo ing
ea [ [3bJaa kb [85)
ololelelele
elelalwlale

%)

o L
oOLO NI
[l ds 4V T8 Im]
LOOWEL
<xoWwLoO—30
CLVD=—=O—
OOl >

> e
oo o
pom b b e b
OZZZ 22
L L L L U
w
& 3 3

00C620
00C6lu
00CobG
00C730

AMAX1

ENTRY

CSECT

00C8BO

OAOVLY
LOAD
L INK

1]

>

g
b e
Z2
[NEERNI NS
%)
O3

00C9AL

O00C9AL
00C9AE

GRAPHER

CCCDFU

i

LRAF
GRA

Y

ﬁ.
ot e
L=
)
Q

555,

00FE 6k

OCDFO

OOFABS
OUF AE
OOFB LG

NOR1
NOR
NND1
NND

LNTRY

CSEG

SOBS

O0CDFO

0OCDEO
00CDFO

ey
] —
=
20
il
an

CSECT

™~

O0F617

OCDFO

oopiote

000798
000796

ENTRY

00C4&6

TOXTOICOTLIONDFLUN
DM OTLCOOMULIOD
F NN G NN ann
L L L L L L L i L u U
D00000OCoOC2000
COOoO00COoODIDDO0

o [ | == oo ==
— NOWU-IZ 2002
LW D OFZ0>0W 2o
AZ O it Lot I ZF =
<DZ0W L OZW-O0LwWw
XU T IO T 20X

P S ot ST S s
e e s A Ao e A A=A = A = 2
o b b o o b o o o e b b
8 bt d bl e
U b b e L s L L U L L
[Fa]
) 3 3F 3R 96 3F R 0 3R 5F 56 6 3 5

OOET30

Q0O
aalaa]

L
co

SORT
SORT

ENTRY

CSECT
CSECT

O0ED9UL

OCOELY9B

SKIP



UCORE

HICURE

BLOCK

!‘lU ®

ESD TYPE

ENTRY

LABEL

SKIP

LUADED

O0ED98

REL-FACLTUOR

927.



98.

68033

PS VERSION 2 DATE

MODEL 44

Iv

3% 3% 3% [» W
3%
3* L
#* & D
LR o
=Z#d <
Wit~  .J
b= e L
Nk - O
> Z
3 - <
ol o
D3 >x X
Z s =Z
Ll A B
b=t
<< -4
o Q
w <<
Q. -
Q [an]
(%] w
> 2]
W =2
[an]
- w
wl
a5 <t
[ ad L
— wald
= o
X
0
M

/

)y X(1026) y WORK (1024 ),RUN(2) s TITLE(
»6H3259

) oNR{(2)

s s e o s o e e ot e ok s o ko ol ok ol e s sl o o ool e s ok ok o SR o e o o
A

CALCOMP PLOTTER DATA PREPROCESSING AND FORMATTING PROG.
WRITTEN FOR IBM 7094 COMP.,

st o o o ot o ol o ool oo s ot ke ol sl st s ol e s s o o s s ke o sk e s o s e e s e e s e

o

w

m

=

x

0

o

D= D

OV—=2 Z

N Z

O=Zag =

#e~gT 2

#¥-Z0 &£

# >~ I

* el O

FEZ~NE N

# 0O 2

= D

NI\

3 Z

-1 <

a 3¢ 3 b=

=% 3¢ =< Z<T

O3 #O>0OWoD

3 * - 0N
- 3F ¥*
<3¢ *
(&1 L
3 3 3 3%
(818181516 ]

(a3}
|
-
o
°
o
-

noo

[aVITa ]

e O

L] | |~

3 eIV

O~M~TTO

-l OO

aovinzZzZo.
ON D e et et

LSS D |

~A=Z2Z N0

[ et bt bed e O] <

OTS(WORK(1)51024,0)

LLOX=>>0

LULLUWWLOLLLLLLLLLLLOULLLL

MBER OF SETS OF PLOTS WITH SAME
£
1
(
R
R

e b o e et
| POOLE XA
| Ot O

X NZ O
O <L <L <T L et
W TIITWwW>DO<
~UOLOFWLZ0
(&).a} S
< QLOUIVZZ
O (20 bt et bt O LS D et
doeowda o
T WWWIV -
QUEEZZTO xZ
0ODDD xwo
LVHEZZZOWU-O
b L L L T )
YOTITITXOI o
W acalgeo
Fluld JdEz <y
DAdIIIDIIT L

Y DATA STARTS

RATED INTERNALLY, PLACING ONE

>>
Sl
oo
- -
NN
a.a.
=
> >
- -
—l
Q.o
—-—
T S
> >
L )
o0
_— )
[ee] oo
T Lde)
- U e~
(@] TWg
° QI N~
o=} Z) =N~
o —Z0~0
- Xt 0 ord
w *>0O0 »~
=W —~~—F e~ 0O
. =SSO WO o
Z—- -~ —— | N O
=] = OO0 & a2 =
b= = - = mlUW—D
N> o — ) e b 0
0 = = ] L el Rl e
oL~ [ Lt et — Z OO O M
OCd0 == ~ = & Bf=l— 2 2 ¢ & |
ob—<I _— & o~ e NX> =0 O =
O3 O ol ed bt — TT o o0 O
o= L= T I LOOO>>>m ¢
- =OX -~ - L e — ZZ 0 e e e el
W W e =0 =2 -oe = &~ =——O0O0CO0Z -
V) INW<IW») onZ—~ N~~~ —~—d = e e 0 9 =0
E ZE|LATZE ZZ =0 Ot =t — = e =M > @
D DD DOl ] — gD @ Ve &)
E e e xZ - ax > X >O=—=0C JJddxXn
TN ~MNT eI Qe O—=0O = —O_ JdnmaOoll—
|| T L=~ ONONONO - (NI I T Z 5 Z 0L
e I e B B[] e & el el o () LD DK DK D D D et _ D
=N N =00+ 4+ 0N N0 IISTSSAASSSLPN
—T et e T ZOD——0O—0 | ~—<T

OEVAQZEZQEZQQQZ NI TDDTDTQJ,DN.LLLLL.LLL.LT
S ddrgerd <o~y g < o =< O D U R N R S P >4
WOOLSWOWOWOWOAAQWUoQWOO—WOoIIdIIIIII0)
MLOOXULXLOXULZZOXrOXxOOXXULOLOLOOLOVO0

101
102
103
500

4
[op) &N —4



v

MODEL 44

CAL
STO
END

PS
% PLOT(0,04999)

VERSION 2

DATE

68033

99 .



APPENDIX I

Trigger Generator Description



SAMPLING TRIGGER PULSE GENERATOR

In the process of A/D conversion of interferometer data, a sampling trigger
pulse derived from the internal clock mechanism of the interferometer must be
available in order that the data may be sampled at the appropriate instants,

#hile this interferometer clock signal is in the form of sinusoidal bursts, the
sampling trigger pulses must assume the form of negative going spikes. Further-
more, as a consequence of data handling methods, the uniqueness of the initial
augmented cycle in each interferometer clock burst (ref. diag. la) must in some
way be preserved in each sampling trigger pulse train. It is therefore the twofold
function of the sampling trigger pulse generator to:

a. Output a negative going impulse at the same predesignated point on each

cycle of the interferometer clock signal.

b, Output a unique negative going "flag pulse" which may be used to signify
the beginning of the clock signal burst, and hence the beginning of the
interferogram,

Function a is realized by designating the peoint on each cycle at which the pulse

is desired to occur (in this case the negative going zero crossing), and designing

a Schmidt trigger circuit which will fire at that voltage level. Then by differentiating
the Schmidt trigger output and clipping the positive spike, the required waveform will

be obtained. (ref. diag. 2)

The fulfillment of function b is similarly achieved with the uniqueness factor
being preserved in the following manner: (ref. diag. la, b, ¢, d,)., Schmidt
trigger 1 fires at each negative going zero crossing of the clock burst. Schmidt
trigger 2 fires only once per burst, at the negative pre-peak of the augmented
cyele., The resulting clipped - and - combined pulse train appears as waveform 1d.
Now by using this pulse train to sample the interferometer clock signal itself,

values of zero will be obtained at each sampled point throughout the burst with the



exception of one point, tl’ where a '"large" negative value will be found. The
presence of this negative value then readily identifies the beginning of each

interferogram,

Design Considerations

The overall design is straight forward with one exception. Due to the
sampling reset time constant inherent in certain projected phases of data analysis,
an upper bound is placed upon the pulse train fundamental frequency. Although
this limit is not exceeded under conditions of normal operation by the output of
either clippers 1 or 2 (ref. diag. 2), it may be exceeded after their superposition
(waveform 1d); in which case the "flag" pulse would be skipped because it followed
the preceding pulse tooc closely to effect a system response. To circumvent this
situation the combined pulse train is modified by removing the pulse produced by
the negative going zero crossing of the augmented cycle, This pulse deletion is
accomplished by "anding" the unmodified pulse train (waveform 1d) with the output
of a delayed switch circuit (waveform le) triggered by the pulse to be eliminated.
The required sampling trigger pulse train is then obtained at the output of the

vand" gate (waveform 1f).

Construction

The circuitry for the sampling trigger pulse generator was first constructed
as a single unit. Later however to facilitate incorporation into the existing
4/D conversion system, the circuit subgroups which were available commercially
from Raytheon as printed circuit modules were utilized with interfacing where

required.
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Adjustment
Adjustment instructions to be included at a later date.

of the circuit still in progress.

Development

2/2/68.
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IARS INFORMATION NOTE 061367

A NOTE ON THE USE OF THE FAST FOURIER TRANSFORM
by H. Merrill

The Cooley-Tukey algorithm for computation of the Fourier Transform first

appeared in Mathematics of Computationl in April, 1965, and has had a tremen-
dous impact on data processing wherein the Fourier transform is a useful in-
strument. Not only does the algorithm produce a fifty-fold reduction in com-
putation time (the time is proportional to N log2 N rather than the normal de-
pendence on NZ), it also produces a more accurate transformation by reducing
the number of additions required, and the resulting round off error is pro-
portional to log2 N rather than N.

The essence of the algorithm was apparently first developed in the
Physics Department of Purdue University in 19A22 for real valued functions and
designed for use on hand calculators, but was never extended to complex func-
tions and digital machines until Cooley-Tukey, unaware of the previous work,
developed the algorithm for complex functions of three variables. In the fall
of 1966, Cooley himself created a FORTRAN subroutine for implementing the one-
dimensional algorithm, and this program is documented under the SHARE Library,
Number 3&653. A copy of this document is also filed in the IARS Program
Library, DH 0004, and it is this program which is discussed herein. The only
significant limitation of the algorithm is the requirement that the number of
points to be transformed be equal to some power of two, but this limitation
can be eliminated.

Three points are to be mentioned herein: (a) the technique when the
number of points M is not equal to a power of two; (b) resolution of the re-
sulting transform; and (c) phase angle correction. As will be seen in the
third part, the difference between the forward and inverse transforms is es-

'sentially the change of a sign in the phase angle calculation, and an appro-

priate amplitude constant.
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The notation used herein is that f(t) is the function (assumed in the
time domain for convenience) to be transformed and F(y) is the resulting
transform, which may be either the forward or inverse transform. The forward
transform is defined by

Flw) = [ £(t) exp (-jut) at
where f(t) may be complex.

a. Number of Points. The basic algorithm requires the number of data

points to be a power of two. It is possible to avoid this limitation, if one
is careful. If M points are to be transformed, where M is not a power of two,
compute the average value of the M points, and subtract this value from each
point (i.e., remove the dc value). After removing the dc value, pad the upper
end of the data array with zeroes until the number of points is N, the next
highest power of two. The desired transform can be then taken on the N points.
It is improper to simply pad zeroes to increase the number of points to a

power of two, because the algorithm essentially removes the dc value of the
waveform prior to transformation, and the zeroes padded on the upper end of
the data array would appear as a negative step function with value equal to the

de value of the first M points, resulting in a transform modulated by a

Sin X

X function.

b. Resolution in the Transform Domain. The algorithm essentially assumes

the time-bandwidth product is unity, from which the scaling of the axis in the

transform domain is such that the frequency at the ith point is

point number in transform domain (=1, 2, ..., =)

l_l.
Il

where
N = number of points transformed (power of two)

w_= sampling rate of time-domain waveform, or

21

W™ E; where t, is the sampling period time.



Ll

th
Since the transform is symmetric about the 7— point in the transform domain,

2
the maximum frequency occurs at this point, and is seen to be %ms’ with which
Nyquist would certainly agree. Thus the resolution between points in the

w,
: G 8 5 ; ; : ‘ :
transform demain is = and a simple method for increasing the resolution is to

N
pad more zeroes to the data array (after removal of the dc value, as in
part a.), thus increasing N and the resolution. If the original waveform
sample points did not honestly represent the waveform, increasing the number
of points in this manner would incorrectly fill in points in the transform do-
main, but one generally must assume good representation of the sampled wave-

form as a starting point.

c. Phase angle considerations. The algorithm returns the real and

imaginary parts of the transform points, and a phase angle can be computed
directly from these values, but very frequently a more meaningful phase angle
spectrum can be constructed. Computing the phase angle based on the real and
imaginary points (referred to herein as the uncorrected phase angle) essen-
tially assumes the original waveform had its epoch at zero. For the general
case, a waveform with epoch at t_ would introduce a linear phase shift wt_ in
its transform, since if

gCR) ————F Flw)
then

(-t ) —>F(w) cJuty

Removal of the linear phase shift tends to make the dispersion of the phase
spectrum less, and variations are more easily seen. By applying the above to

a shifted pulse, the magnitude of the necessary correcticn is found to be
2mm

N

where n, is the epoch point of the time waveform. The sign of the cor-
rection is dependent on whether the transform being taken is the forward or
inverse. For the forward transform the linear phase shift has negative slope,

hence the correction term must have positive sign, and vice-versa. A simple



test is to observe the slope of the uncorrected phase shift and choose the op-
posite sign for the correction term. Since digitally implemented arctangent
rountines are normally module 1, it has been found advantagecus to displace
the corrected phase angle by m to avoid jumps from the top to bottom of the
phase spectrum plot, and thus center the spectrum about 1 radians.

The phase angle computation is given by

o =g ~1 [ InfF(w, ) ]+ 2 He ; + mif Re{F(w)}is negative
i “an = “TN * + 0 if Re{F(w)}is positive
RSTF(w, )] {F(w)}is positiv

where W, radian frequency of ith point

n, = epoch point of time waveform

N = number of points transformed

Sign determined as mentioned above.

The change of sign compensates for the direction (forward or inverse) of
the transformation, and the only other difference the direction introduces is
an amplitude constant, which can be sorted out by either direct calibration,
or by observing mean square values of both waveform and transform, and using
Parsewval's theorem to set the constant.

Cooley's SHARE abstract points out methods of simultaneously transform-
ing two real waveforms in one pass, and methods for transformation data sets
which exceed core; in both cases the above remarks apply. Gentleman and

L

Sande™ discuss methods of convolution by Fourier transformation rather than
by normal lagged product methods. Cooley has also written an Assembly Ilevel
Program for the three dimensional transform5. Substantial work in other areas
of application is widespread.

The main advantage of the Fast Fourier Transform is its speed of compu-
tation, which has brought the transform, always an excellent theoretical tool,

into the domain of nearly real-time data processing techniques. Comparison

of transform times have shown for a 500 point transform by a reasonably fast

IT-4.
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direct integration algorithm required 180 seconds, as compared with three sec-
onds under the Cooley-Tukey algorithm.

A convenient subroutine for computing transforms using the Cooley-Tukey
elgorithm with the modifications discussed herein has been written and docu-

mented by the author under IARS Program Library DHOO0O3.
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