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Initialization Procedures for a Minicomputer Based 
Automated Emission Spectrographic Analysis System

Equipment: Spectrographic, developing and recording facil­ 
ities should be equivalent to those described by 
Helz (1973). The data acquisition system includes 
an A/D converter, a Hewlett-Packard 2100 minicomputer 
with 32K of memory, a tape drive, a disk, a line 
printer, a CRT and a plotter.

Spectrographic Procedures: Arcing and developing procedures 
should be comparable to those described by Dorrzapf 
(1973).

Programming: All programs are written in Fortran IV or
Hewlett-Packard Assembly Language. They are designed 
to be run under a Real Time Executive Operating System 
(RTE-II). The programs are modifications and extensions 
of the Spectrographic analysis programs described by 
Walthall (1974) and Thomas (1975).



I. Create the Permanent Disk Files:

The purpose of these files is described in the 
section entitled "Creation of Disk Files". The 
format and eventual contents of these files is 
described in Tables I and II. Use these file manager 
commands to create the files on the peripheral disk (Lu

a) Create the % transmittance files, TVFLA and TVFLB

:CR, TVFLA::-12:1:712
:CR, SAVI::-12:1:8
:CR, TVFLB::12:1:712

b) Create the line finding file, LNFNWA

_  :CR, LNFNWA:::1:2344 (for 24 samples + 2 Fe) 
or :CR, LNFNWA:::!:3472 (for 36 standards + 2 Fe)

This file is renamed LNFNWB after all the spectra on 
a plate have been recorded, and LNFNWC after the file 
for the magnetic tape (containing line finding and 
preliminary answers) has been composed. LNFNWC is 
renamed LNFNWA by the program "DATA". Therefore, 
it must be called LNFNWC if "DATA" is to be run and 
LNFNWA if the recording program "MOOR" which follows 
DATA is to be run.

= 12)

II. Load the Programs:

Figures 1-3 shows a 
which programs are used.

flow diagram of the order in 
It also indicates the parameters

A
is 
to

which each program requires and the files it uses 
brief description of the function of each program 
included. There are not enough blank ID segments 
have all these programs loaded at once, therefore 
the wavelength table generation set of programs is loaded when 
the wavelength tables need updating, the standard­ 
ization package when graded standards are run and the 
analysis package when natural standard rocks or samples 
are to be run. Special purpose programs like STATS, 
EPTAB, COLLT, and CREPT can be loaded as needed. A trans­ 
fer file on disk or paper tape utilizing the file manager 
commands to OF (off) or RP (Replace) a program is probably 
the best way to bring programs in and out of the system.



III. Wavelength Calibration:

A. Record several iron spectra 
?or each spectrum:

1. Position the scanning microphotometer at the 
low wavelength end of the spectrum before the 
Fe 2332 & line.

2. Set the ready flag in the % transmittance file 
with the command "ON, FIXA".

3. Schedule the recording program with the command 
"ON, MOOR, NOW". When the question "RECORD?" 
appears on the CRT, reply "Y", then push the 
record button.

4. The program will halt after the spectrum has 
been recorded and the A/D converter voltage 
readings have been converted to % transmittances 
The message "SPECTRUM RECORDED:FILE 1" will 
appear on the CRT along with an error message 
indicating that the computer has insufficient 
information to find specific spectral lines.

5. Print the contents of TVFLA on the line printer 
using the file manager list command "LI, TVFLA". 
The program FIL1 may be used to list only 
particular records from TVFLA.



o
B. Calculate the dispersion in readings/A:

1. Using the reciprocal linear dispersion of the 
spectrograph in A/mm and the sampling rate of 
the scanning microphotometer in readings/mm 
calculate an approximate dispersion in readings 
/A.

2. Calculate the expected reading numbers of the Cd 
fiducial lines Cd 2748 A and Cd 4415'A and the 
windows around them, using their wavelengths and 
the dispersion calculated in "I".

3. Find the Cd lines in the printout of the trans- 
mittances file TVFLA or B. Remember that there 
are 128 transmittances per record starting with 
record #2. Improve the estimated dispersion based* 
on the actual location of the Cd lines. The 
exposure time of the Cd lamp may have to be adjusted 
to give well defined lines with narrow (1 reading 
wide) maxima.

4. Find the Fe 2332 A line. This line is designated as 
having a zero estimated position. All other 
estimated positions are relative to it. The zero 
estimated position in the program is the number of 
readings into the recording at which this line is 
found.

5. Using this dispersion estimate calculate an estimated 
position in reading numbers for approximately 220 
iron calibration lines evenly spaced throughout 
the spectrum. Search the % transmittance file 
printouts from several spectra on several photo­ 
graphic plates for the iron lines. Adjust the 
estimated positions of the iron lines .if necessary.

6. Dispersion should be uniform across a wavelength
region and in all positions on the plate. Iron lines 
should be found within ± 2 readings of their 
estimated positions (calculated in 5) + the reading 
number of Fe 2332 A (zero estimated position) + 
a spread correction based on the separation of the 
cadmium fiducial lines differing by more than 2 
readings from their usual separation (based on the 
findings in 3).

C. Create the Wavelength Tables:

1. Create ABCLAL using the interactive editor. Enter 
the element symbols, wavelengths and estimated 
positions of the iron calibration lines into



section I according to the format described in 
Table III. Follow the iron calibration section 
with a section containing the element symbols and 
wavelengths of the analytical lines according to 
the format of section II of ABCLAL as described in 
Table III.

2. Edit programs DRCT and DATA to contain a 2 step 
filter factor and information for finding Cd lines 
appropriate to the spectrograph used.

3. Create a temporary version of TECLAL and WLCLAL 
(described in tables IV and V) by scheduling the 
program WLTB with the number of iron calibration, 
NFE,and analytical lines, NEL, as parameters, e. g.

"ON, WLTB, 220, 450"
This program series will also create the file 
SREPRT (described in Table VI) which correlates 
all the lines for each element regardless of 
wavelength. SREPRT also contains default head-   
ings for a sample report form.

4. Calculate the estimated positions of all the analyt­ 
ical lines in the file created in step 2. by 
scheduling the program CEP, with the number of 
iron lines (NFE), and the number of analytical 
lines (NEL), e.g.

"ON, CEP, 220, 450"
This program will write the calculated estimated 
positions into file ABCLAL.

5. Create a final version of TECLAL (Table IV),
WLCLAL (Table V) and SREPRT (Table VI) by purging 
the temporary versions of these files and re­ 
scheduling WLTB with the number of iron lines and 
the number of analytical lines: 

"*ON, WLTB, 220, 450"

IV. Emulsion Calibration:

1. Adjust the filter combination at the entrance to 
the spectrograph so that the transmittances of the 
analytical lines fall within a useful transmittance 
range. (2%-80*).

2. Adjust the burn time of the iron bead so that the % 
transmittances of the iron calibration lines, when 
viewed through a split filter, are distributed over 
a wide range in each plate emulsion calibration 
curvg (PECC). The plate emulsion is calibrated every
250 A, 10 PECC's cover the wavelength region 2250 & 
to 4750 A. Each curve uses 26 lines the % trans- 
mittances of which should be equally distributed in 
the ranges <20%T, 20%-80%T and >80%T.



6. beiect tne nnes to oe usea in eacn rnuu. Line* 
be used in 2 adjacent PECC's. Edit program PECC so 
that the variable "NA M in the data statement reflects 
these choices.

V. Concentration Calibration:

A. Standards
1 . Up to 36 standard spectra can be recorded on each 

photoplate.
2. Identify the standard and relate concentrations to 

spectra by scheduling the program called DATA. 
Answer all the questions which appear on the CRT. 
The concentrations related to each standard 
spectrum are stored in the computer in "JP" type 
files (described in Table VII). The file name is 
made up of a 2 digit page number. The JP type 
files are designed primarily for samples and so 
Table VIII describes a lot of information which is 
irrelevant to standards. Respond to the question 
"STANDARD CONDITIONS?" with "NO". "KOC" equal's 
21 for standard plates. Concentrations are coded 
into the sample numbers as a 2 digit exponent, 
0, 3 significant digits of the concentration. The 
exponent represents the power of 10 by which the 
3 digits must be multiplied to give concentration 
in ppm*100.

ex. concentration sample #

0.1 ppm S-000010
10 ppm S-010100
0.316% S-030316

68. 1% S-050681
For each spectrum the computer displays the file #, 
exposure #, field #, sample # and factor on the 
CRT. File #, exposure #, sample # and field # 
(optional) are automatically incremented from 1 
spectrum to the next. The computer prompts the 
operator with a colon. If the displayed line is 
correct answer Y. If it is incorrect put a "/" 
under each correct character, and the correct 
character under each incorrect character. After the 
last correction, end the line with a semicolon. 
The computer will display the corrected line and 
prompt the operator's approval with a colon. Answer 
"Y" or make further changes.

ex. File # Exp. # Field # Sample # Factor 
3 3 0.0014% S-010147 1.00

3 3 0.00147% S-010147 1.00 
:Y

4 4 0.00147% S-010148 1.00

The Data program automatically schedules the record­ 
ing program MOOR. When "Record?" appears on the CRT 
answer "Y" and push the record button.
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Cd line finding will be done automatically. 
The program displays the reading number and %T 
of each Cd fiducial line and the spread correction 
between them. It then asks if the operator wishes 
to change parameters. Answer "N 11 if the lines 
are found correctly, otherwise answer 5I Y" and 
change the parameters to find both lines correctly.

The computer automatically schedules the standard­ 
ization program package after all the spectra have 
been recorded. This program asks what element is 
in the standard. It then prints a page for each 
line of that element listed in the analytical 
lines section of ABCLAL. Figure 4 is an example 
of this printout. This page contains a tabulation   
for the line, through all the standard spectra on 
the plate, of the % transmittance of the line peak 
and background and of other lines in the vicinity 
of the line. The tabulation also includes concen­ 
tration, relative intensity, and a comparison of 
where the line was found versus where it was ex­ 
pected. The computer calculates first and second 
degree coefficients for a least squares fit of 
relative intensity versus concentration. It then 
assigns limits to the analytical curve based on the 
slope of this curve and the relative intensities 
of adjacent points. It lists the points used for 
the final curve alone with the coefficients of a 
least squares fit of the points between the computer 
selected concentration limits. It evaluates this 
final curve for slope, fit and number of points. It 
also suggests lower limits which would discriminate 
against spurious peaks with a confidence level of 95% 
and 97%.
Finally it prints a summary sheet (figure 5) for 
all the lines of an element which tabulates wave­ 
length, priority number, new and old concentration 
limits, coefficients of the newly fitted analytical 
curve, evaluation of the curve and a suggested 
lower limit based on a signal to noise ratio of 2.

File "ABCLAL" should then be amended using the in­ 
formation on the summary sheet for each element 
and the individual sheets for each analytical line. 
Line priorities should be assigned based on sensi­ 
tivity. Files "TECLAL", "WLCLAL", and "SREPRT" 
should be purged, program "WLTB" should then be 
scheduled to regenerate these files with the up-dated 
information in "ABCLAL" and to print a revised 
concentration range table.



6. Future additions to the standardization program 
include a program to automatically update a 
duplicate copy of "ABCLAL" with the information 
in each elemental summary sheet. This will 
minimize manual editing and the chance for 
transcription errors. A program which plots the 
analytical curves by an on-line plotter is also 
planned.

B. Natural Standards

1. Select 20 well analyzed standard rocks which cover 
the range of rock types most likely to be analyzed, 
The results from these rocks will be used to 
adjust the priority order of the analytical lines 
and their estimated positions. Interference treat­ 
ments can be devised based on answers from these 
rocks. Several of the natural standards, which 
most closely match each set of samples should be 
included on each plate to monitor arcing, develop-' 
ing and plate recording conditions. Each analyst 
should arc duplicate plates containing all 20 
standard rocks. The programs are set up to expect 
duplicate plates from three analysts.

2. The plates should be recorded as if they were sample 
plates, the only difference being that no inter­ 
ferences would be in the wavelength table i.e.,

*ON, FIXA (to set the "ready" flag in the 
transmittance files)

*ON, DATA (to enter plate and rock identification 
data).

These programs will automatically schedule the re­ 
cording program "MOOR" until all the spectra on the 
plate have been recorded. Then the programs for 
plate emulsion calibration, transmittance to intensity 
conversion, answer calculation, report form printing 
and storage of line finding and preliminary answer 
information on magnetic tape for future paper print 
out or microfiche processing will be scheduled automatically,

3. Compare the answers calculated from each analytical 
line for each standard rock on each plate. Create 
a file LNFNSV in which to store the pertinent data 
from LNFNWC each time a plate is recorded i.e.,

:CR,LNFNSV::-12:1:1446
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After each plate has been recorded and the spectra 
have been analyzed run the program COLLT with a 
parameter which tells which of the 6 standard 
plates has been run i.e., for the fourth one 
of six:

*ON, COLLT, 4
Next, using the interactive editor and the report 
form correcting program "CREPT", make two report 
form files named "ROCK01" and ROCK02". These 
files should be in the same form as Table V, and 
contain the accepted values for the standard 
rocks. If no accepted value is available print 
an " = " in the place for the concentration for that 
element and rock.

»

After the six standard rock plates have been 
recorded run the program "EPTAB". This program 
collects all the answers for a particular line 
and standard rock from all six plates. It uses * 
"ROCK01", "ROCK02" and "LNFNSV". The results 
are presented in a table for each element such 
as that in figure 6, where the column headings 
indicate the standard rock, and the accepted value 
of the element in that rock. Each horizontal 
section is identified by the wavelength and con­ 
centration range of a particular analytical line. 
The six answers calculated on the line for the 
same rock are reported along with their averages.

This printout is useful for assigning priority 
numbers to all the lines of an element. Sensitivity 
and freedom from interference should be considered 
when assigning priorities. The print out is 
also helpful in developing interference treatments 
(sections III and IV of ABCLAL).

A second printout, an example of which is 
shown in figure 7 is also produced by the program 
"EPTAB". This printout shows where a line was 
found in respect to its estimated position for all 
the rocks, which had accepted values within the 
concentration range of that line, on all 6 plates. 
This print out is helpful in adjusting the 
estimated position.

Update the line priorities,estimated positions and 
interference treatments in file "ABCLAL". Purge 
files TECLAL, WLCLAL and SREPRT. Run the program 
WLTB with the number of iron lines, 
the number of analytical lines, the number of sub­ 
traction type interference treatments and the number 
of priority change type interference treatments- 
i.e., ON, WLTB, 220, 450, 56, 31 
An updated concentration range table will be printed

11



5. Statistical study of the overall precision and 
accuracy of the method as well as differences 
between analysts. These programs assume duplicate 
plates arced by three analysts.

a) Re-record the standard rock plates using 
the updated wavelength tables with inter­ 
ference treatments included.

b) Use the program "SHIFT: to arrange twenty 
report sheets, one for each standard rock. 
Each report sheet must contain the duplicate 
runs in adjacent columns for each analyst. 
The seventh column contain the accepted 
values for this particular rock.

c) For each element on a report sheet the 
program "STAT6 11 calculates the mean of the 
six determinations and compares it with the 
accepted value to get the percent deviation 
or accuracy. The precision is reported in , 
two ways:

i) The analytical error of the method, 
excluding differences between analysts 
is computed from the three sets of 
duplicates.

ii) the standard deviation of all six de­ 
terminations is calculated. The ratio 
(F) of these two variances should not 
exceed certain critical values if there 
is no difference between the precision 
of the analysts at a 95, 97 or 99% con­ 
fidence level. (Youdin 1951).

The program also pools the variance based on the 
difference between duplicates of all the answers 
on the report form. This data can be pooled with 
similar data from the other standard rocks to 
give some measure of the precision of each analyst. 
Figure 8 shows a sample print out

VI. Sample Analysis:

Samples are recorded in the same way as standard 
rocks. Identification data for each sample on each 
report form is entered by answering queries on the 
CRT from the DATA program series. Samples may be 
identified by sample number (assigned by the laboratory), 
field number (assigned by the geologist), exposure 
number (referring to the spectrum on the plate) and 
file number (referring to the order in which the 
spectrum was recorded. Between one and ten samples 
fit on each report form. Samples may be placed on 
report forms in any order, regardless of the order

12



in which their spectra are scanned. Each report 
form contains the results of 64 elemental determinations 
per sample. The ten major elements are also reported 
as oxides. For the computer's purposes, report form 
files (OP) are stored by job number (4 characters) 
and page number (2 digits) and are in the format 
shown in Table VIII. Standard report form headings 
are copied from file SREPRT (Tables VI and VII). 
Report forms are also identified by submitter, analyst, 
date, spectrographic 'lab number and sample control 
billing number.

Samples are recorded in the same way as the standard 
rocks. The standard rocks recorded on each plate to 
monitor conditions are reported with a page number of 98, and with 
sample numbers starting with S- and ending with a 2 
digit code identifying the standard rock (Table IX). 
The computer compares the reported answers for 
Si, Al, Fe, Mg, Ca, Ti, Co, Pb, Zr with the accepted* 
values and prints out a message if they are not within 
a step. These elements have been chosen, because of 
their abundance in geologic materials, their differences 
in volatility and the wavelengths of their analytical 
lines, to monitor conditions in the arcing and 
developing stages of the analysis procedure. The 
computer also prints out the total oxides, the effective 
arc temperature and the electron pressure for each 
analysis. Temperature measurements are based on the 
relative intensities of five iron lines and electron 
pressures on the relative intensities of 3 pairs of 
Titanium ion/atom lines (Golightly, et. al., 1976). 
Report forms and temperature, electron pressure and 
standard rock information are printed on the line 
printer within 5 minutes of when the last spectrum 
is recorded. A magnetic tape (9 track, unlabeled, 
ascii, blocked in 6650 character records)is also 
written. This tape contains the information stored 
in the disk files JP and MTAPE (Table X). The tape 
is used with an auxiliary program written to run on 
the IBM 370/55 to produce a magnetic tape suitable 
for the Quantor microfiche equipment. Thus within 24 
hours a series of microfiche are generated for each 
report form. The microfiche contain a copy of the 
report form, the plate emulsion calibration points and 
coefficients for each PECC, and the transmittance of 
the lines used for the plate emulsion calibration in 
the light and dark steps. The microfiche also contains 
preliminary answers calculated on all the analytical 
lines in all the samples and the transmittance 
intensity and interference information for these lines.
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The fiche are indexed by job and sample number and 
type of printout. The title also includes submitter, 
analyst plate number and date. Thus the analyst 
has detailed information about all the analytical 
1 ines when checking the report forms. The program 
"PTAPE" can be used to print data on the magnetic 
tape directly on the line printer for immediate 
perusal. Alternately, the program series "MFICO"can 
be used to print data on the line printer directly 
rather than on magnetic tape. Should report form 
correction be necessary the program "CREPT" uses the 
Hewlett-Packard interactive editor to amend report 
form files. Extra copies of the report form can be 
printed by scheduling the program "WREPT" with the 
job and page numbers in octal, for example to print 
a copy of JOB number AB01 page 02:

*ON, WREPT, AB, 30061B, 30062B

The completed analyses can be arranged by sample number 
followed by 64 elemental determinations followed by 
the next sample number by the program "RASS". This 
program prints a 9 track, unlabeled ASCII tape, one 
file for each report form, blocked in 20 character 
records. An IBM 370 utility program is used to copy 
this tape onto a disk accessible to the Rock Analysis 
Storage System.

14
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Creation of Disk Files

1. Transmittance Files (TVFLA, TVFLB)

These files should be created first because they 
are constrained to start on track and sector boundaries 
by the throughput driver, DVT77, which stores data 
acquired by the A/D converter into disk files. The 
first record contains information necessary for find­ 
ing lines and backgrounds for the spectrum such as a 
flag indicating whether data reduction is complete, the 
transmittances and locations of the cadmium fiducial 
lines and locations of the cadmium fiducial lines and 
the spread correction, fog and the reading number of 
zero estimated position. Records 2-712 contain 93.000 
transmittances covering the wavelength region 2300A - 
46608 in 2508 intervals.

2. Wavelength File (ABCLAL)

This file has three sections: iron calibration 
lines, analytical lines and entries for up to 3 different 
types of interference treatments.

a) The Calibration Section-contains the wavelengths 
and estimated positions of the iron lines in 
wavelength order.

b) The Analytical Section - contains the element 
symbol, priority, wavelength, concentration 
range, estimated position and analytical curve 
coefficients of each analytical line. It also 
contains information for line width measure­ 
ments, and monitor lines.

c) The Interference Sections - supply information 
for subprograms IGS, IPC, and for future 
development (in that order). Entries in each 
section can be arranged in any order.

i. IGS is a subprogram which uses a straight 
line relationship between interference 
concentration and erroneously reported 
additional analytical concentration to 
subtract interference effects. The 
entries identify the analyte, the inter­ 
ference and the coefficients of the 
straight line.
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ii. IPC is a subprogram which facilitates 
temporary answer selection from an 
analytical line other than the one chosen 
by the computer based on the priority 
scheme. The entries identify the analyt­ 
ical line subject to interference, 
interference conditions which must be met 
and characteristics of analytical answers 
affected by the interference.

3. The computer automatically converts the acii wavelength 
file ABCLAL into a binary file TECLAL.

4. It then creates a new type binary file, WLCLAL, in which 
it stores like words in contiguous records, i.e. all the 
estimated positions for a given section are grouped to­ 
gether, all the lower concentration limits together etc.

5. Standard Report File (SREPRT)

The computer creates this file using information 
gathered from WLCLAL. It includes a tabulation of the 
number and priority type of analytical lines for each 
element and a correlation between the order of lines 
on the preliminary report form and in the wavelength 
table. It also includes textual information for the 
final report form and default parameters for the 
emulsion and wavelength calibration.

6. Line Finding File (LNFNWA, B or C)

This file contains data pertinent to the plate being 
recorded, such as transmittances, intensities, error 
codes, concentrations and the number of readings away 
from its estimated position at which line is found in 
each spectrum. It also contains the number and 
names of the report form files generated for each 
plate and the element concentrations to be reported. 
The file is called LNFNWC when it is not in use. When 
the identification data for a plate is entered by the 
program DATA the file is renamed LNFNWA. When all data 
acquisition is complete the file is renamed LNFNWB and 
when all the information necessary for the microfiche 
record of the plate has been transcribed into the disk 
file (N or) MTAPE the file is renamed LNFNWC.
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7c Report Form File

This file is automatically created by the 
computer. The name is constructed from the Job 
Number (4 characters) plus page number (2 digits). 
It contains the text for one report form as well as 
the file numbers corresponding to each of the samples 
which appear on the report form.

8. Magtape File (MTAPE or NTAPE)

This binary file resides on the disk and contains 
all the information to be recorded on to microfiche 
for one plate. This information includes emulsion 
calibration points, line finding for all the spectra 
and preliminary reports for the sample spectra showing 
the preliminary answers calculated on all the analytical 
lines.
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.
.
.
.
 ......... 

.-  ..,._
 

... _
 ,  _

  
 -.-  

 -  
 
 

"sam
e 

as 
89-182 

fo
r file

 
6 

_ _,..._ 
- 

_.._ 
.. 

.. 
- 
-
  

_
... _

...  
 
 

- 
sam

e 
as 

89-182 
fo

r file
 

7 
, 

.  
  _

 
... 

_ 
. 

 
  
 
 
 -

sam
e 

as 89-182 
f/ocJT

ile. 8 , 
 
.
,
_
.
.

sam
e 

as 89-182 
fo

r file
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N
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C
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!1 1i

IPD
L

D
 

I 
IPL

Z
E
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IFO

G
 

: 
IT

F
L

R
(l) 

P
F

L
R

(l) 
P

F
L

R
(2) 

! 
_
 

IT
F

L
R

(2) _
_

 i 
IT

PK
 

IPD
LA

 
|

ITB
K

 
TPB

 
!

... ._
!.. _
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_
_
 . 

IT
V

_
_

_
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 _
_
 ; 

F 
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' 
l~" 

D
ili 

~
* 

j
F 

; 
S.WP

' 
"A

 
T

 
ILG

H
 

I 
IPR

A
N

S 
. 

.  
j.-... 

^
_

I 
IE

X
P

 
 
 
 

,
.
 

-
.
-
.
.
.
,
.
.
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V
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»
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Section
Record

II
2-NFE

NFE

j 
NFE + 

2
j 

to
I 
NFE + NEL

Character

11-18 
21-27

ABCLAL 
Table III: 

T
ype 

- 4 (A
SCII)

R
ecord 

length = 38 w
ords 

(2 characters/w
ord)

F
ile 

size 
- 163 

blocks 
(m

axim
um

 = 342 
blocks)

D
escrip

tio
n

2-4 

5-6

8-9 
11-18 
19-27 
28-36 
41-46 
47-56 
57-66 
67-76

NFE 
entries 

where 
NFE 

= 
number of 

iron 
calibration 

lines 
(238 

max.)
FE 

(Iron 
element 

symbol)
wavelength 

In 
A 

(3 
decimal 

places)
estimated 

position 
(right 

justified, 
no 

decimal)
same 

as 
record 

#1
"NEL 

entries 
where 

NKL 
= 
number 

of 
analytical 

+ monitor" lines 
(511 m

a
x
.
)
 
 
 

transmittance, 
below peak, 

at which 
line 

width 
should 

be measured. 
Used

only with 
priority 

21 
lines 

line 
priority:

I-9 
lines 

In 
chain 

from 
which 

computer 
automatically selects 

temporary 
answer
II-19 

auxili ary 
lines 

averaged 
into 

final 
answer and used 

for 
interference

corrections 
(IPC 

sub 
program) 

21 
line 

width
41-49 

new lines 
under 

evaluation 
51 

line 
used 

to 
monitor 

Interference 
intensity 

70 
temperature 

& 
electron 

pressure 
monitor 

lines
for which 

line 
finding 

only 
Is 

performed 
element 

symbol^
wavelength 

In 
A 

(3 
decimal 

places) 
lower 

concentration 
limit 

(%) 
upper 

concentration 
limit 

(%)
estimated 

position 
(right 

justified, 
no 

decimal) 
c 

coefficient 
of 

analytical 
curve 

b 
coefficient of 

analytical 
curve 

a 
coefficient 

of
r analytical 

curve 
where

eqn; 
y 

= 
ax

2 
+bx +c

y 
= 

In 
(Relative 

Intensity) 
8

x = In 
(concentration 

(%) 
*10 ) 

same as record ffNFE + 1

mC
N



A
BCLA

L 
(c

o
n
t'd

 
- 

p
. 

2)

S
ectio

n
 

* 
R

ecord

IIIA
N

FE 
+ N

EL+1

N
FE 

+ N
EL 

+2-++N
I1

C
h
aracter

2
,3

5,6
8

,9
11-18
34-49
50-65
67,68
70,71
72,74
75,76

D
escrip

tio
n

N
il 

e
n

trie
s, 

w
here N

il 
= 

* 
o
f 

e
n
trie

s 
fo

r th
e 

subprogram
 IG

S 
(256 m

ax.)
p
relim

in
ary

 
rep

o
rt 

o
rd

er o
f 

elem
en

t
p

rio
rity

 o
f 

lin
e
 
a
ffe

c
te

d
 

by 
in

te
rfe

re
n
c
e

elem
ent 

sym
bol

w
av

elen
g

th
 

(A
, 

3 
d

ecim
al 

p
laces)

in
te

rc
e
p

t 
o
f 

stra
ig

h
t 

lin
e
 
re

la
tin

g
 
in

te
rfe

re
n
c
e
 
to

 
an

aly
te

slo
p
e 

o
f 

stra
ig

h
t 

lin
e
 
re

la
tiv

e
 
in

te
rfe

re
n
c
e
 
to

 
an

aly
te

p
relim

in
ary

 
rep

o
rt 

o
rd

er o
f 

in
te

rfe
re

n
c
e

elem
ent 

sym
bol 

o
f 

in
te

rfe
re

n
c
e

3 
sig

. 
d
ig

its 
o
f 

th
resh

o
ld

 
co

n
cen

tratio
n
 

(%
) 

o
f 

in
te

rfe
re

n
c
e

o
rd

er o
f 

m
agnitude 

o
f 

th
resh

o
ld

 
co

n
cen

tratio
n
 
- 

th
e 

th
resh

o
ld

 
co

n
cen

tratio
n

is 
th

e 
co

n
cen

tratio
n
 

above 
w

hich 
th

e 
in

te
rfe

re
n
c
e
 
in

te
rfe

re
s 

sam
e 

as 
reco

rd
 

# 
N

FE 
+ N

EL 
+ 

1

-N
I2" en

tries' w
here"

'o
f en

tries fo
r the subprogram

 IPC
 

(128 m
ax.)

N
FE 

+ N
EL 

+
N

IU
1

2,3
5
,6

 
8,9

11-18 
20-24

25-26

28-35 
3
6
,3

7

p
relim

in
ary

 
rep

o
rt 

o
rd

er o
f 

elem
en

t
p
rio

rity
 o

f 
lin

e
 

affected
 

by 
in

te
rfe

re
n
c
e

elem
ent 

sym
bol

w
av

elen
g

th
 

(X
, 

3 
d

ecim
al 

p
laces) 

CO
N

G
E: 

C
o

n
cen

tratio
n

 
(%

) 
above 

o
r below

 
(depending 

on 
th

e 
sig

n
 
o

f 
IC

O
) 

w
hich,

th
e 

answ
er on 

th
e 

lin
e
 

m
ust 

fa
ll 

b
efo

re 
th

e 
treatm

en
t 

can 
be 

perform
ed 

20-22 
3 

sig
. 

d
ig

its 
o
f CONCE 

2
3

,2
4

 
o
rd

er 
o
f 

m
agnitude 

o
f 

CONCE 
p

rio
rity

 
o
f 

an 
a
lte

rn
a
tiv

e
 
a
n
a
ly

tic
a
l 

lin
e
 
to

 
w

hich 
to

 
sw

itch
 w

hen 
in

te
rfe

re
n
c
e

co
n

d
itio

n
s 

o
ccu

r
w

av
elen

g
th

 
(A

, 
3 

d
ecim

al 
p

laces) 
o
f 

lin
e
 
to

 
w

hich to
 

sw
itch

 
IC

O
>0 

p
erfo

rm
 treatm

en
t 

if 
lin

e
 

re
p

o
rts 

a 
co

n
cen

tratio
n
 

above 
CONCE 

IC
O

<0 
p

erfo
rm

 treatm
en

t 
if 

lin
e
 

re
p
o
rts 

a 
co

n
cen

tratio
n
 

below
 CONCE 

JIC
O

J 
= 

1 
perform

 
th

e 
treatm

en
t 

if 
any 

in
te

rfe
re

n
c
e
 

m
eets 

its
 
th

resh
o

ld
 

, 
- 

co
n
cen

tratio
n
 

req
u
irem

en
ts

ICOJ 
« 2 

perform
 the treatm

ent if a
ll the in

terferen
ce 

(m
onitor) 

lin
es m

eet
th

eirth
resh

o
ld

 
concentration, ̂

re
q

u
ire

m
e
n

ts._
_

 _
._

_
_

_
_

_
_

_
,_

_
_



A
BCLA

L 
(c

o
n

t'd
 - 

p. 
3)

S
ectio

n
 

# 
R

ecord 
*

C
h
aracter

3941424344 
46-54

56-64 
66-7476

D
escrip

tio
n

M
A 

= 
0 

p
erfo

rm
 treatm

en
t 

re
g
a
rd

le
ss 

o
f 

answ
er 

rep
o

rted
 

by lin
e
 

M
A 

= 
1 

p
erfo

rm
 treatm

en
t 

if 
co

n
cen

tratio
n
 

rep
o

rted
 

by 
lin

e
m

eets 
sp

e
c
ific

a
tio

n
s 

se
t 

by 
CONGE 

and 
th

e 
sig

n
 
o

f 
ICO

M
A

>1 
perform

 
treatm

en
t 

if 
answ

er 
rep

o
rted

 
by 

lin
e
 

m
eets 

sp
e
c
ific

a
tio

n
s 

se
t 

by CONCE 
and 

th
e 

sig
n
 
o
f 

IC
O

 
o
r eq

u
als 

an 
e
rro

r 
code 

sp
e
c
ifie

d
 

by one 
o
f 

th
e M

B
's.M

A
=lM

B
's 

+ 
1 

M
B 

1) 
ab

so
lu

te 
v
alu

e 
o
f 

an 
e
rro

r 
code 

M
B 

2 
ab

so
lu

te 
v
alu

e 
o
f 

an 
e
rro

r 
code 

M
B 

3 
ab

so
lu

te 
v
alu

e 
o
f 

an 
e
rro

r 
code 

M
B 

4 
ab

so
lu

te 
v
alu

e 
o
f 

an 
e
rro

r 
code 

co
n
d
itio

n
s 

fo
r th

ird
 
in

te
rfe

re
n

c
e
: 

4
6

,4
7

 
p
relim

in
ary

 
rep

o
rt 

o
rd

er o
f 

in
te

rfe
re

n
c
e
 

4
8

,4
9

 
elem

en
t 

sym
bol 

o
f 

in
te

rfe
re

n
c
e
 

50-52 
3 

sig
. 

d
ig

its o
f 

th
resh

o
ld

 
co

n
cen

tratio
n
 

(%
) 

5
3
,5

4
 

o
rd

er o
f 

m
agnitude 

o
f 

th
resh

o
ld

 
co

n
cen

tratio
n
 

co
n
d
itio

n
s 

fo
r 

second 
in

te
rfe

re
n
c
e
 

(sim
ila

r to
 

46-54) 
co

n
d
itio

n
s 

fo
r 

firs
t 

in
te

rfe
re

n
c
e
 

(sim
ila

r to
 

46-54)
w

here 
th

e 
th

resh
o

ld
 

co
n
cen

tratio
n
 
is

 
th

e 
co

n
cen

tratio
n
 

above 
o
r below

w
hich 

(d
ep

en
d

in
g

 
on 

th
e 

sig
n

 
o
f 

N
IN

) 
o
f 

th
e 

in
te

rfe
re

n
c
e
 
treatm

en
t

sh
o
u
ld

 
be 

p
erfo

rm
ed

.
N

IN
 

= 
^
in

te
rfe

re
n

c
e
s 

(1
-3

) 
p

er 
en

try
N

IN
>0: 

p
erfo

rm
 treatm

en
t 

if 
in

te
rfe

re
n
c
e
 > 

th
resh

o
ld

 
cone.

N
IN

<0: 
p

erfo
rm

 treatm
en

t 
if 

m
o
n
ito

r elem
ent < 

th
resh

o
ld

 
cone.

T
hreshold 

concentration requirem
ents m

ust be m
et before treatm

ent
can be 

perform
ed



Table IV:
TEC

LA
L

T
ype 

2 
(b

in
ary

) 
R

ecord 
length 

= 16 w
ords 

F
ile

 
siz

e
 

= 
144 

reco
rd

s

Section 
*

r
 

- 
-
 

.j.--

II

IIIA

1

Record 
#

1

2-NFE

NFE+1

NFE+2-"
.  

NFE+NEL 
_j

NFE+NEL+1

I

NFE+NEL+2
to

N?E+NEL+NI1

Wprd 
#

1,2
3,412
3,4
5,6
7,8
9,10

11,12
13,14
15,1612

7,8
9,10111213

Description

NFE 
entries, 

where 
NFE 

a # 
calibration 

lines 
(238 max.)

wavelength 
(A)

estimated 
position 

(reading 
#'s)

same 
as 

record 
#1

NEL 
entries, 

where 
NEL 

= 
# 

analytical &
 monitor

lines 
(511 

max.)
line 

priority 
+ 

line 
width 

information 
llOO

element 
symbol

wavelength 
(A)

lower 
concentration 

limit 
(%)

upper 
concentration 

limit 
(%}

estimated 
position 

(reading 
#'s)

constant 
term 

of 
analytical 

curve
1° 

term of 
analytical 

curve
2° 

term of 
analytical 

curve 
where 

the 
analytical 

curve 
is

defined 
as 

in 
ABCLAL

same 
as 

record 
# NFE+1

Nil 
entries 

where Nil 
= 

# entries 
for 

subprogram IGS 
(256 max.)

preliminary 
reixart 

order of 
element

line 
priority

intercept 
of 

line 
relating 

interference 
and 

analyte
slope 

of 
line 

relating 
interference 

and 
analyte

preliminary 
report 

order of 
interference

3 
sig. 

digits 
of 

interference 
threshold 

cone.
order of 

magnitude 
of 

interference 
threshold

(threshold 
cone, 

defined 
in 

ABCLAL)
same 

as 
record # NFE 

+ NEL + 1

... 
, 
  ,.,. ...,..., 

T 
-- 

r  
 
 
 n
j
r
 
    
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Type

FpIAFFFFFFFIIFFIl""\i
1 ~J

Program
Mnemonic

WLEPPCL
. 

_|
LPILSYM
WLCONCLL
COMCLU
EPPCL
CQC 

I
CQ1 

i
CQ2

j

I 
1

JCQC
CQ1
INF

IP

C
O

 
C

M

Where I 
- 

Integer. 
F - Floating Point, A « 

ASCII character



TEC
LA

L 
(c

o
n

t'd
 
- 

p
. 

2)

Section #

IIIB

!

Record *

NFE -i- NEL
+NI1 

+ 1

NFE + NEL
+ Nil to 

2
to

NFE + NEL
+NI1 + NI2

Word *

1234*;678910111213141516

Description

NI2 
entries where NI2 

= # 
treatments 

for IPC 
subprogram

preliminary 
report order of 

element
line priority of original 

line
+ 

line 
priority of new line 

*100
3 

sig. 
digits of 

analytical 
cone, 

limit
order of magnitude of 

analytical 
cone, 

limit
ICO 

(defined 
in ABCLAL)

MA+KB ( 1 ) *10+MB ( 2 ) *100+MB (3 ) *1000+MB ( 4 ) *10000
where MA + MB's 

defined 
in ABCLAL

preliminary 
report order of 3rd 

interference
3 

sig. 
digits of threshold cone. 

3rd 
interference

order of magnitude of threshold 
cone. 

3rd 
interference

preliminary report order of 2nd 
interference

3 
sig. 

digits of threshold 
cone. 

2nd 
interference

order of magnitude of threshold 
cone. 

2nd 
interference

preliminary report order of 
1st 

interference
3 

sig. 
digits of threshold 

cone. 
1st 

interference
order of magnitude of threshold 

cone. 
1st 

interference
number of 

interf erences/(l-3 ) / 
with 

sign assigned 
as 

described 
in ABCLAL

same 
as 

record # NFE+NEL+NI1+1

_ 
_ 

, , 
.. _
 ._-.-_-. _

 ...... 
.. _ ,...,.,,. ..,...,  .. 

  
.  
 
    
  
  
 -  
 i  
    
    .   -.-  

Type

III ̂IIf
V

I JIII

Program
Mnemonic

IJOJNP
A
M
P
P

MA, 
M
B

I
N
F
 (3)

v
t
~
.
\

U
 1

INF (2)
 ?(?}

INF(l)
V
 /
 1
 
\

X(l)
NIN

"

.. 
- 

..-

CTi 
C

N



W
LCLAL 

T
ab

le V
: 

T
ype 1 (b

in
ary

)
R

ecord 
sizo

 
= 128 w

ords
F

ile else o 72 
records o

r blocks

R
ecord t 

W
ord 

*

M9-12
13-16
17-21*

i 
2

5
-?2

li-ts
19-56
57-61* .
65-72

1-2*N
F

E

t-N
E

L
1-N

E
L

1-21-SE
L

1
-2

 y
u
a

,1-2   NEL'
*1-»2'>M

EL
1  i2*-M

EL
1-2*N

EL

Description

NFE 
- 

* 
Fe 

calibration 
lines 

(238 max.)
wavelengths of 

Fe 
linos 

(A)
estimated 

positions of Fe 
lines 

(reading 
#'s)

NEL a 
1 

analytical 
and monitor 

lines 
(512 

max.)
line 

priorities + 
100* line width % T information

element 
symbols

wavelengths 
(A)

lower 
concentration 

limits 
($)

upper concentration 
limits 

($)
fstimated 

positions 
(reading 

*'. s)
constant 

term of 
analytical 

curves
1° 

term of 
analytical 

curves
2° 

term of .analytical 
curves

TyreFFIAFF
. 

FFFFF

Program 
K!.o:nonie
_ 

_ _

«. 
'

it LJ

EPPCL

LPILSYM
WLCONCLL
CO;;CLU
EPPCL
OQC
CQ1
CQ2

w
here I = Integer, F. - Floating Point, A - ASCII character

oC
O



SREPRT 
T .. 

.... 
Type 

1 
(binary)

lable V1
- 

Record 
length 

» 
128 

words
Pile 

size 
» 

12 
blocks 

or 
records

.. 
. 
- --,-.

Record 
#

1
i - 

_ _23i»

i

56

7-101112

__.,. 
.--  

 
 ,

Word 
#

1-64
fiU-l?8
1-64 

~
T

65-128
1-64

65-128
1-64656667686970
71,727374757677787980

81,82
83,84

85-104
1-64

65-128

1-64

65-128

1-128

1-64
1-64

65-128
l 

Wher

... 
.... 

. 
...-

Description

predetermined 
text 

for 
line 

1 
of 

report 
form

w,]jreid.e.t$rmlneidm £ext 
for 

line 
2 

of 
report 

form
predetermined 

text 
for 

line 
3 

of 
report 

form
predetermined 

text 
for 

line 
4 

of 
report 

form
predetermined 

text 
for 

line 
5 

of 
report 

form 
(Field 

#'s)
predetermined 

text 
for 

line 
6 

of 
report 

form 
(Sample 

#'s)
predetermined 

text 
for 

line 
7 

of 
report 

form 
(Spectrum 

#'s)
default 

file 
# 

of 
Fe 

dark 
step 

recording
# 
of 

calibration 
lines

# 
of 

analytical 
& 
monitor 

lines
default 

# 
of 

interference 
treatments

# 
of 

entries 
for 

IGS
# 
of 

entries 
for 

IPC
blank
default 

filter 
factor

record 
# 

±1 
in 

which 
1st 

Cd 
fiducial 

line 
located

record 
if 

-I 
in 

which 
2nd 

Cd 
fiducial 

line 
located

# 
of 

readings 
to 

search 
for 

1st 
Cd 

line
# 
of 

readings 
to 

search 
for 

2nd 
Cd 

line
if 

of 
readings 

within 
NREC 

(1) 
at 

which 
to 

start 
search

# 
of 

readings 
within 

NREC(2) 
at 

which 
to 

start
threshold 

transmittance 
(1st 

peak 
met 

with 
a 

transmittance 
below 

ITH 
is 

defined
as 

the 
Cd 

line) .
# 

of 
readings 

between 
Cd 

fiducial 
lines

# 
of 

readings 
between 

1st 
Cd 

line 
and 

zero 
estimated 

position
element 

to 
oxide 

factors 
for 

major 
elements

element 
symbols 

In 
preliminary 

report 
form 

order
order, 

in 
preliminary 

report, 
of 

each 
element 

listed 
as 

they 
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 >
.
C
T
.
<
 I
T
P
E
X
L
+
2
)
)
 
G
O
 
TO

I
T
V
X
L
 

* 
IVI

C
O
N
T
I
N
U
E

GO 
TO 

1
4
2

I
F
C
I
T
V
C
 I
T
)
.
C
T
.
 I
T
D
O
I
T
D
G
 
» 

I
T
V
(
I
T
)

C
O
N
T
I
N
U
E

NO 
E
X
T
R
A
 
P
E
A
K
 

TO 
L
E
F
T

I
T
P
E
X
L
 
* 

0
CO 

TO 
50

IS 
E
X
T
R
A
 
P
E
A
K
 
T
O
O
 
W
I
D
E
 

?

IFT 
* 

0
DO 

1
6
2
 
IVC 

* 
I
T
V
X
L
,
 8

I
F
<
I
T
V
<
 I
V
O
.
C
T
.
C
 I
T
P
E
X
L
+
2
)
)
 
GO 

T
O

I
F
T
 
= 

I
F
T
+
1

C
O
N
T
I
N
U
E

GO 
TO 

1
4
2

IFC I
F
T
.
G
T
.
5
)
 
GO 

T
O
 
1
4
2

P
P
E
X
L
 
« 

(
2
*
I
T
V
X
L
*
I
F
T
-
1
 )/2

IFC I
F
T
.
E
Q
.
2
)
 
GO 

T
O
 
182

IF< I
F
T
.
N
E
.
4
)
 
CO 

T
O
 
5
0

P
P
E
X
L
 
« 

P
P
E
X
L
+
l
 .

S
E
A
R
C
H
 
F
O
R
 
R
I
G
H
T
 
E
D
G
E
 
O
F
 
P
E
A
K

132
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E

P
T
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1
9
7
4
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  co

P
A
G
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0
0
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L
I
F
I
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T
N
4
 
C
O
M
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L
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0
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0
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7
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0
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0
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0
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7
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0
4
7
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0
4
3
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0
4
8
2

0
4
8
3

0
4
8
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0
4
8
5

0
4
8
6

0487
0483
0
4
8
9

0
4
9
0

0491
0492
0493
0
4
9
4

0
4
9
5

0496
0497
0
4
9
8

0
4
9
9

0
5
0
0

0501
0502
0503
0504
0
5
0
5

0
5
0
6

0507
0
5
0
8

0
5
0
9

0
5
1
0

0511
0
5
1
2

0
5
1
3

0
5
1
4

0
5
1
5

0
5
1
6

0517
0
5
1
8
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5
2
0
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5
2
3

O
S
2
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0
5
2
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0
5
2
6

C50607080CCCCCC 

90104

C94
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DO 
80 

I
V
C
»
9
,
L
8
0

I
F
<
I
T
V
<
 I
V
O
.
L
E
.
O
)
 
GO 

TO 
80

I
F
<
I
T
V
(
 IVC) .

G
E
.
I
T
P
K
R
 

) 
CO 

TO 
60

I
T
P
K
R
=
I
T
V
(
I
V
C
>

CO 
TO 

70
I
F
<
I
T
V
<
 I
V
O
.
G
T
.
C
 I
T
P
K
R
 
+2)) 

GO 
TO

ITVCR=«IVC
C
O
N
T
I
N
U
E

HO 
P
E
A
K
 
TO 

R
I
G
H
T
 
OF 

E.P.

IF 
(
I
T
P
K
R
 
.
E
0
.
9
9
9
)
 
GO 

TO 
150

IF 
(
K
B
A
.
L
T
.
2
)
 
CO 

TO 
110

HO 
PEAK 

OH 
E
I
T
H
E
R
 
S
I
D
E
 
OF 

E.P.

K
B
A
»
K
B
A
+
1

I
T
P
K
=
I
T
V
<
8
>

IF< I
T
V
(
B
)
.
L
T
.
 I
.
T
R
L
D
C
O
 
TO 

90
N
I
C
C
<
K
B
A
)
=
-
4

GO 
TO 

2
2
0

H
I
C
C
(
K
B
A
)
«
-
3

GO 
TO 

2
2
0

IF 
(1ST .EQ.O .

O
R
.
I
F
I
L
E
.
L
E
.
2
)
 
CO 

TO
IF< IVC.LE. 13) 

GO 
TO 

262
P
E
A
K
 
F
O
U
N
D
 
IS 

E
X
T
R
A
 
P
E
A
K
 
TO

ITVXR 
= 

ITVCR
I
T
P
E
X
R
 

= 
I
T
P
K
R

ITPK 
= 

I
T
V
<
8
)

KBA 
- 

K
B
A
+
1
 

 
IF 

<
I
T
V
(
8
)
.
L
T
.
I
T
R
L
L
)
 
GO 

TO 
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N
I
C
C
(
K
B
A
)
 
» 
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GO 

TO 
3
3
2

N
I
C
C
<
K
B
A
)
 = -3

GO 
TO 

3
3
2

S
E
A
R
C
H
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E
X
T
R
A
 
P
E
A
K
 
TO 

R
I
G
H
T

IVR 
» 
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I
T
D
G
 
= 

I
T
V
(
I
V
C
)

DIP

DO 
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IDIP 
> 
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I
F
<
I
T
V
<
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GO 
TO 

3
1
2

I
F
C
I
T
V
C
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T
D
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-
2
)
)
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IR 
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I
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I
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+
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I
T
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E
X
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T
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I
D
I
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I
T
V
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» 
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R
I
G
H
T
 
E
D
G
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DO 
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IVC 
» 

IR, 15
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.
L
E
.
O
)
 
CO 

TO 
292
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R
I
G
H
T
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T
P
E
X
R
)
 
CO 

TO 
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P
A
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0
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T
H
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O
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I
L
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:
 
H
P
2
4
1
7
7

0
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2
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0
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2
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0
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2
9

2
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2
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T
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E
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R
 
* 

I
T
V
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I
V
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TO 

2
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2
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V
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)
.
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T
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<
I
T
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E
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2
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>
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3
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V
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0
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0
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0
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0
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0
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0
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3
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0
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O
S
4
1

0
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0
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0
5
4
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0
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0
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0
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0
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0
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0
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0
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0
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0
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5
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0
5
6
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0
5
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0
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0
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0
5
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0
5
6
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0
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0
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7
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0
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0
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0
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0
5
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0
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3
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0
5
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0
5
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0
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0
5
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0
5
8
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0
5
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0
5
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0
5
8
8

O
S
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2
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3
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3
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2
2
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3
4
2

3
5
2

1
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0

CCC1
1
0

1
2
0

1
3
0
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4
0

CCC
P
A
G
E

CCI
S
O

C

C
O
N
T
I
N
U
E

GO 
TO 

3
2
2

IF< I
T
V
<
I
D
I
P
)
.
C
T
.
 I
T
D
O
I
T
D
C
 

« 
I
T
V
C
I
D
I
P
)

C
O
N
T
I
N
U
E

NO 
E
X
T
R
A
 
P
E
A
K
 
TO 

R
I
G
H
T

I
T
P
E
X
R
 
» 

0
CO 

TO 
1
0
0

IS 
E
X
T
R
A
 
P
E
A
K
 
T
O
O
 
W
I
D
E
 
?

I
F
T
 
« 

1
DO 

3
4
2
 
I
V
C
 
» 

1,5
I
V
I
 

* 
I
T
V
X
R
-
I
V
C

I
F
C
I
V
I
 .
L
E
.
B
)
 
G
O
 
TO 

3
2
2

I
F
<
I
T
V
<
 I
V
I
)
.
G
T
.
(
T
P
E
X
R
 + 2

»
 
C
O
 
TO 

3
5
2

I
F
T
 
* 

I
F
T
+
1

C
O
N
T
I
N
U
E

CO 
TO 

3
2
2

IF< I
F
T
.
C
T
.
5
)
 
GO 

T
O
 
3
2
2
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P
E
X
R
 
s 

(
I
V
I
 + I

T
V
X
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IF 
<
I
T
P
K
 .
N
E
.
O
)
 
GO 

TO 
2
2
0

IF 
(
K
8
A
.
N
E
.
1
 > 

CO 
TO 

1
6
0

IF 
<
I
T
P
K
L
.
G
T
.
 I
T
P
K
R
)
 
GO 

TO 
1
6
0

I
T
P
K
 
« 

I
T
P
K
L

IF< I
T
V
C
L
.
N
E
.
 I
T
V
C
R
)
C
O
 
TO 

1
1
0

CO 
TO 

2
1
0

C
H
E
C
K
 
F
O
R
 
R
I
G
H
T
 
E
D
G
E
 
O
F
 
P
E
A
K
 
TO 

L
E
F
T
 
O
F
 
E
.
P
.

I
T
P
K
M
T
P
K
L

I
F
T
C
 
» 

0
DO 

1
2
0
 
I
V
C
*
I
T
V
C
L
,
1
3

I
T
L
R
 

« 
I
V
C

I
F
<
I
T
V
<
 I
V
C
)
.
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T
P
K
 
+
2
»
 
G
O
 
TO 

1
3
0

I
F
T
C
»
I
F
T
C
+
1

CO 
TO 

1
8
0

IF< I
F
T
C
.
G
T
.
5
)
 
G
O
 
T
O
 
1
4
0

P
P
E
C
C
L
-
 
<
2
*
I
T
V
C
L
+
I
F
T
C
-
1
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I
T
P
K
 
» 

I
T
P
K
L
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TO 

4
2
2

P
E
A
K
 
T
O
O
 
B
R
O
A
O
 
O
 
5 
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S
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»
K
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A
G
E
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G
O
O
D
 
L
I
G
H
T
E
R
 
P
E
A
K
 
TO 

R
I
G
H
T
 
?

IF( ITLR . GE . I
T
V
C
R
)
 
GO 

TO 
210

IFC I
T
V
C
R
 .LE.8) 

GO 
TO 

2
1
0

IFT 
- 

1
I
T
L
R
L
 
« 

I
T
V
C
R
-
I
T
L
R

DO 
432 

IVC 
» 

1. ITLRL
IVI 

* 
I
T
V
C
R
-
I
V
C

I
F
<
I
T
V
<
 1VI> .

G
T
.
I
T
P
K
R
+
2
)
 
GO 

TO 
4
4
2

IFT 
« 

IFT + 1
C
O
N
T
I
N
U
E

GO 
TO 

2
1
0

IFC I
F
T
.
G
T
.
5
)
 
CO 

TO 
210

P
P
E
X
R
 
« 

CIV1 + ITVCR + I
V
2

I
T
P
E
X
R
 
« 

I
T
P
K
R

GO 
TO 
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C
H
E
C
K
 
F
O
R
 
L
E
F
T
 
E
D
G
E
 
OF 
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TO 

R
I
G
H
T
 
OF 

E.P.
C
H
E
C
K
 
FOR 

F
L
A
T
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R
E
A
D
I
N
G
S
.

I
T
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K
«
I
T
P
K
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I
F
T
C
-
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DO 
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- 
I
T
V
C
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- 
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I
T
L
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» 
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IF 
(
I
V
I
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CO 
TO 
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I
F
C
I
T
V
C
 I
V
I
>
.
C
T
.
<
 ITPK 
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GO 

TO 
2
0
0

I
F
T
C
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I
F
T
C
+
l

NO 
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T
H
E
R
E
F
O
R
E
 
NO 

P
E
A
K
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I
T
P
K
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I
T
V
C
8
>

IFC I
T
V
C
8
K
G
E
.
 ITRLL >CO 

TO 
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N
I
C
C
C
K
B
A
>
»
-
3

CO 
TO 

2
2
0

N
I
C
C
C
K
B
A
 >»-4

GO 
TO 

2
2
0

IFC I
F
T
C
.
G
T
.
5
)
 
GO 

TO 
140

P
P
E
C
C
L
 
* 

C I
V
I
+
I
T
V
C
R
+
l
>
/
2

IS 
G
O
O
D
 
L
I
G
H
T
E
R
 
P
E
A
K
 
TO 

L
E
F
T
 
?
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T
V
C
L
)
 
CO 

TO 
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IFT 
» 

0
DO 

502 
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« 
I
T
V
C
L
,
I
T
L
R

I
F
C
I
T
V
C
 I
V
O
.
C
T
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C
I
T
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K
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O
N
T
I
N
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E
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E
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- 
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P
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« 

1
IF 

C
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E
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(
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B
A
)
 
* 

-
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I
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E
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-
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IF 
(
N
R
D
I
F
.
G
E
.
O
)
 
G
O
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2
4
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I
F
(
C
I
F
T
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.
E
O
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O
>
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2
3
0

I
F
«
I
F
T
C
-
4
)
.
H
E
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O
)
 
GO 

T
O
 
2
4
0

N
R
D
I
F
»
K
R
D
I
F
*
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(
1
S
T
.
E
O
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O
.
O
R
.
I
F
I
L
E
.
L
E
.
2
)
 
GO 

T
O
 
2
6
0

N
R
O
X
L
 
« 

P
P
E
X
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IF 
(
N
R
O
X
L
.
E
Q
.
O
)
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O
 
T
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2
1
5
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= 

N
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O
X
L
/
l
f
t
8
S
<
K
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O
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P

E
X
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«
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E

X
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0
0

0
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R

O
X
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" 
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E
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R
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C
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Q
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0
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2
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N
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f
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<
N
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D
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X
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(IT

P
E
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0
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R

D
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*
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I
N
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D
I
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I
A
B
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(
H
R
O
I
F
>

IF 
(
I
H
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D
I
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.
L
E
.
2
)
 
GO 
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B
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» 

K
8
A
+
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N
I
C
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(
K
B
A
)
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R
E
T
U
R
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)
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S

S
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N
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E
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«
E

S
S

( 13 ) 
* 

N
A

M
E

F
< 3 )

«
E

S
S

( 16 ) 
» 

N
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E
P

<
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«
E

S
S

( 1
7

) 
= 

N
A

M
E

P
(2

 )
«E

S
S

<
 1

8
) 

> 
N

A
M

E
P

( 3 )

C
A

L
L

 
E

X
E

C
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<
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E

S
S
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8

)
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E

T
U

R
N

E
N

D
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G
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F
T
N
4
 
C
O
M
P
I
L
E
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H
P
2
4
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(
S
E
P
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1
9
7
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0
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0013
0014
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1
7
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1
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0
0
2
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0
0
2
3

0024
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2
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0027
0028
0029
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0
3
2

0033
0
0
3
4

0
0
3
3

0036
0
0
3
7

0038
0039
0040
0041
0042
0
0
4
3

0
0
4
4

0045
0046
0047
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0
4
8

0
0
4
9

OOSO
0051
0052
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0
0
5
4

0
0
5
5
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0
5
6

0
0
5
7
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0
5
8
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0
3
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CCCCCCCCCCCCCCCCCCCCCCCCCCCCCC
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PA 
CCC

F
T

N
4

,L
,C

P
R

O
G

R
A

M
 

D
E

H
0
2
(3

.9
0
>

THE 
P
U
R
P
O
S
E
 
OF 

T
H
I
S
 
P
R
O
G
R
A
M
 

IS 
TO 

S
O
R
T
 
A 

S
P
E
C
I
F
I
E
D
 
F
I
L
E
 

AND 
C
R
E
A
T
E
 
A 

S
O
R
T
E
D
 
S
E
C
O
N
D
 
F
I
L
E
 
IN 

A
C
C
O
R
D
E
N
C
E
 
W
I
T
H
 
A 

S
P
E
C
I
F
I
E
D
 
SET 

OF 
'KEY' 

F
I
E
L
D
S
 
OR 

S
T
R
I
N
G
S
.

A 
T
H
I
R
D
 
FILE 

(
K
E
Y
F
I
L
)
 
IS 

C
R
E
A
T
E
D
 
BY 

T
H
I
S
 
P
R
O
G
R
A
M
 
AND 

T
H
E
N
 
P
U
R
G
E
D
 
AT 

T
E
R
M
I
N
A
T
I
O
N
.
 

T
H
I
S
 
F
I
L
E
 
M
I
L
L
 
BE 

T
Y
P
E
 

2 
W
I
T
H
 
I
K
Y
R
L
 
W
O
R
D
 
R
E
C
O
R
D
S
.

M
E
T
H
O
D
 
OF 

A
P
P
R
O
A
C
H
)

1. 
I
S
O
R
C
E
 
W
I
L
L
 
BE 

READ 
AND 

THE 
A
D
D
R
E
S
S
 
OF 

E
A
C
H
 

OF 
ITS 

R
E
C
O
R
D
S
 
A
L
O
H
C
 
W
I
T
H
 
THE 

KEY 
S
T
R
I
N
G
 

MILL 
BE 

S
A
V
E
D
 
IN 

K
E
Y
F
I
L
.

2. 
K
E
Y
F
I
L
 
W
I
L
L
 
BE 

S
O
R
T
E
D
 
ON 

THE 
KEY 

S
T
R
I
N
G
 
U
S
I
N
G
 

A 
 
B
U
B
B
L
E
 
S
O
R
T
'
.

3. 
THE 

A
D
D
R
E
S
S
E
S
 
S
A
V
E
D
 

IN 
K
E
Y
F
I
L
 
MILL 

THEN 
BE 

R
E
A
D
 

S
E
Q
U
E
N
T
I
A
L
L
Y
 
AND 

U
S
E
D
 
TO 

A
D
D
R
E
S
S
 
T
H
E
 
M
A
T
C
H
I
N
G
 

R
E
C
O
R
D
 
IH 

ISORCE. 
T
H
I
S
 
R
E
C
O
R
D
 
W
I
L
L
 
T
H
E
N
 

BE 
R
E
A
D
 
A
N
D
 
V
R
I
T
T
E
H
 
ON 

IOEST.

D
I
M
E
N
S
I
O
N
 
I
D
C
B
S
R
<
1
4
4
)
,
I
D
C
B
D
S
<
1
4
4
 )
,
I
D
C
B
K
Y
<
1
4
4
)
,
I
B
U
F
<
2
5
6
)
 

D
I
M
E
N
S
I
O
N
 
I
A
D
R
S
<
1
2
8
)
,
I
D
F
L
D
(
1
2
8
>
,
 I
S
O
R
C
E
C
3
)
,
I
D
E
S
T
(
3
 ) ,

I
K
E
Y
F
L
C
3
)

SET 
UP 

THE 
F
I
L
E
 
N
A
M
E
 
A
R
R
A
Y
S
 

D
A
T
A
 
IDFLD/128*0/'

< I
K
E
Y
F
L
/
2
H
K
E
,
 2HYF, 2H I L/

O
P
E
N
 
THE 

U
S
E
R
 
F
I
L
E
S
 
AND 

C
R
E
A
T
E
 
T
H
E
 
T
E
M
P
 
F
I
L
E
.

M
R
I
T
E
 
(
1
,
5
1
)

F
O
R
M
A
T
 
(
'
I
N
P
U
T
 
F
I
L
E
 
TO 

BE 
S
O
R
T
E
D
?
 
.') 

R
E
A
D
 
(
1
,
5
2
)
 
I
S
O
R
C
E
 

32 
F
O
R
M
A
T
 
(
3
A
2
>

C
A
L
L
 
O
P
E
N
C
I
D
C
B
S
R
,
I
E
R
,
I
S
O
R
C
E
,
1
>

N
O
N
-
E
X
C
L
U
S
I
V
E
 
O
P
E
N
 
FOR 

I
S
O
R
C
E
 
SO 

O
T
H
E
R
S
 
C
A
N
 
R
E
A
D
 
IT 

TOO 

IF( IERR< IER, I
S
O
R
C
E
 »
5
0
,
 60

NOW 
C
R
E
A
T
E
 
A 

D
E
S
T
I
N
A
T
I
O
N
 
F
I
L
E

60 
W
R
I
T
E
 
(
1
,
6
1
)

61 
F
O
R
M
A
T
 
(
'
I
N
P
U
T
 
S
O
R
T
E
D
 
F
I
L
E
 
TO 

BE 
C
R
E
A
T
E
D
?
 
.
"
)
 

R
E
A
D
 
(
1
,
5
2
)
 
I
D
E
S
T
 

L
E
H
1
 
« 
I
D
C
B
S
R
U
V
2
 

C
A
L
L
 
C
R
E
A
T
 
(
I
O
C
B
D
S
,
I
E
R
R
R
,
I
D
E
S
T
,
L
E
N
1
,
I
E
R
)

C
H
E
C
K
 
F
O
R
 
E
R
R
O
R
S

IF 
<
I
E
R
R
(
I
E
R
R
R
,
I
D
E
S
T
)
)
 
6
0
,
7
0
 

i 
0
0
0
2
 

D
E
M
0
2
 

F
T
N
4
 
C
O
M
P
I
L
E
R
!
 
H
P
2
4
1
7
7
 

(
S
E
P
T
.
 
1
9
7
4
)

D
E
F
I
N
E
 
THE 

S
T
R
I
N
G
 
F
I
E
L
D
S
 
TO 

BE 
S
O
R
T
E
D

C
O
o
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W
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I
T
E
 

< 1 ,
6
6
)

6
6
 
F
O
R
M
A
T
 
(
"
-
O
O
P
S
-
 
F
I
E
L
D
S
 
H
U
S
T
 
BE 

I 
TO 

2
3
0
 
C
H
A
R
A
C
T
E
R
S
 H
 I  >

7
0
 
W
R
I
T
E
 
(
1
.
7
1
)

71 
F
O
R
M
A
T
 
(
"
I
N
P
U
T
 
S
O
R
T
 
F
I
E
L
D
S
 
IN 

O
N
E
 
P
A
I
R
 
P
E
R
 
L
I
N
E
 
W
I
T
H
 
V

1 
"
F
I
R
S
T
 
C
H
A
R
A
C
T
E
R
 
P
O
S
I
T
I
O
N
 

. 
N
U
M
B
E
R
 
OF 

C
H
A
R
A
C
T
E
R
S
"
/

2 
'
T
E
R
M
I
N
A
T
E
 
W
I
T
H
 
'-I' 

A
S
 
F
I
R
S
T
 
C
H
A
R
A
C
T
E
R
 
P
O
S
I
T
I
O
N
"
/

3 
" 

(
I
.
E
.
 
'
2
,
5
'
 

M
E
A
N
S
 
S
O
R
T
 
O
N
 
C
H
A
R
A
C
T
E
R
S
 
2 

T
H
R
U
 
6
.
)
'
)

B
U
I
L
D
 
T
A
B
L
E
 
'
I
D
F
L
D
'
 
T
H
A
T
 
C
O
N
T
A
I
N
S
 
K
E
Y
 
F
I
E
L
D
 
D
E
F
I
N
I
T
I
O
N
S

J
U
S
T
 
AS 

T
H
E
Y
 
A
R
E
 
I
N
P
U
T
T
E
D
.

7
2
 
I
K
Y
C
L
 

« 
0

DO 
73 

I
N
-
1
,
1
2
8
,
2

R
E
A
D
 
(
1
,
*
)
 
I
N
I
,
 I
N
2

I
D
F
L
D
(
I
N
)
 
> 

INI
I
D
F
L
D
U
N
+
1
 > 

» 
I
N
2

IF 
(
I
N
I
 ) 

7
8
,
6
5
,
7
4

7
4
 
IF 

(
I
N
2
.
L
E
.
O
)
 
GO 

TO 
65

I
K
Y
C
L
 
« 

I
K
Y
C
L
+
I
N
2

IF 
(
I
K
Y
C
L
.
 CT. 2

5
0
)
 
G
O
 
T
O
 
6
3

7
3
 
C
O
N
T
I
N
U
E

W
R
I
T
E
 

( 1
,
7
9
)

7
9
 
F
O
R
M
A
T
 

( '
-
O
O
P
S
-
 
M
A
X
 
F
I
E
L
D
 
D
E
F
I
N
I
T
I
O
N
S
 
A
L
L
O
W
E
D
 
IS 

6
4
H
I
"
)

GO 
TO 

7
0

S
E
T
 
UP 

S
I
Z
E
 
A
R
R
A
Y
 
F
O
R
 
5
0
0
0
1
 
I
K
Y
R
L
 
W
O
R
D
 
R
E
C
O
R
D
S

7
8
 
I
K
Y
R
L
 
» 

(
I
K
Y
C
L
+
1
 >/2 

+ 
3

L
E
N
G
T
H
 
» 

(
5
0
0
0
/
1
2
8
+
i
 )
*
I
K
Y
R
L

C
R
E
A
T
E
 
K
E
Y
F
I
L

I
8
U
F
(
 1) 

» 
L
E
N
G
T
H

I
B
U
F
(
2
>
 

» 
I
K
Y
R
L

80 
C
A
L
L
 
C
R
E
A
T
d
D
C
B
K
Y
.
 IER, I

K
E
Y
F
L
.
 I
B
U
F
 . 2 >

I
F
<
I
E
R
R
(
I
E
R
,
I
K
E
Y
F
L
>
>
8
0
,
9
0

A
L
L
 
F
I
L
E
S
 
A
R
E
 
N
O
W
 
O
P
E
N

P
H
A
S
E
 
O
N
E
 
B
E
G
I
N
.

S
E
T
 
N
U
M
B
E
R
 
O
F
 
R
E
C
O
R
D
S
 
IN 

F
I
L
E
 
TO 

0

90 
N
O
R
E
C
»
0F
O
U
R
C
E
 
S
H
O
R
T
 
R
E
C
O
R
D
S
 
T
O
 
T
O
P
 
(
I
.
E
.
 
D
E
F
A
U
L
T
 
IS 

A 
Z
E
R
O
)

1
0
0
 
DO 

101 
I
N
3
-
1
.
1
2
8

1
0
1
 
I
6
U
F
(
 J
N
3
)
 

» 
0

GET 
CURRENT 

P
O
S
I
T
I
O
N

PAGE 
0003 

DENQ2 
FTN4 

COHPILERi 
HP24177 

(KEPT. 
1974)

CALL 
LQCFC J

O
C
B
S
I
M
i
R
,
 JADR6, J

A
D
R
S
C
2
>
-
l
f
l
&
R
6
<
3
»

CAUL 
1ERRC JER,1SORCE>

READ 
THI 

RECORD 
AND 

SIT 
THE 

KEY
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C
A
L
L
 
IERR( IER, I

S
O
R
C
E
 )

H
O
V
E
 
S
T
R
I
N
G
S
 
F
R
O
M
 
R
E
C
O
R
D
S
 
I
N
T
O
 
K
E
Y
F
I
L
E
 
IN 

A
C
C
O
R
D
A
N
C
E

W
I
T
H
 
P
R
E
V
I
O
U
S
 
D
E
F
I
N
I
T
I
O
N
S
 
S
E
T
 
IN 

IDFLD.

IDST 
» 

7
N 

* 
1

C
A
L
L
 
I
D
E
F
S
 

< I8UF, I
A
D
R
S
)

1
0
5
 
ISRC 

» 
I
D
F
L
D
(
N
)

INUH 
- 

I
D
F
L
D
(
N
+
1
>

IF 
(
I
S
R
C
 ) 

1
1
0
,
1
0
7

107 
C
A
L
L
 
IMDVE 

( ISRC, IDST, INUM)
IDST 

» 
I
&
S
T
+
I
N
U
M

N 
  

N + 2
GO 

TO 
105

IF 
EOF 

T
H
E
N
 
CO 

TO 
P
H
A
S
E
 
TWO.

110 
I
F
(
L
>
2
0
0
,
1
2
0

W
R
I
T
E
 
K
E
Y
F
H
 
C
N
T
R
Y

120 
C
A
L
L
 
W
R
I
T
F
U
D
C
8
K
Y
/
 IER/ I

A
D
R
8
)

CALL IERR< IER/IKEYFD
S
T
E
P
 
THE 

R
E
C
O
R
D
 
C
O
U
N
T
 
AND 

GO 
R
E
A
D
 
THE 

N
E
X
T
 
R
E
C
O
R
D

N
O
R
E
C
-
H
O
R
E
C
+
1

CO 
TO 

1
0
9

B
E
G
I
N
 
P
H
A
S
E
 
TWO 

- 
B
U
B
B
L
E
 
S
O
R
T
 
OF 

K
E
Y
F
U
 
ON

THE 
C
O
H
C
A
T
A
N
A
T
E
D
 
KEY 

S
T
R
I
N
G

F
I
R
S
T
 
RE 

O
P
E
N
 
K
E
Y
F
U
 
A
N
D
 
S
E
T
 
FOR 

U
P
D
A
T
E
.

2
0
0
 

C
A
L
L
 
OPEN( IDCBKY, I £R , I

K
E
Y
F
L
,
 2 >

C
A
L
L
 
IERR( IER, I

K
E
Y
F
L
)

S
O
R
T
 
I
N
I
T
I
A
L
I
Z
E
.
 

IBUF 
W
I
L
L
 
C
O
N
T
A
I
N

THE 
TWO 

R
E
C
O
R
D
S
 
TO 

BE 
T
E
S
T
E
D
.

I
C
U
R
 
W
I
L
L
 
P
O
I
N
T
 
AT 

THE 
C
U
R
R
E
N
T
 
W
I
N
N
E
R
 
AND

I
T
E
S
T
 
W
I
L
L
 
P
O
I
N
T
 
AT 

THE 
T
E
S
T
 
R
E
C
O
R
D
.

I
C
U
R
-
1

I
T
E
S
T
-
I
K
Y
R
L
+
i

C
A
L
L
 
I
D
E
F
S
U
B
U
F
C
I
C
U
R
)
.
 I8UF( I T

E
S
T
 »

I
S
W
C
O
 
W
I
L
L
 
BE 

SET 
HON 

Z
E
R
O
 
W
H
E
N
E
V
E
R
 
A 

R
E
C
O
R
D
 
IS

P
A
C
E
 

0
0
0
4
 

D
E
H
0
2
 

F
T
N
4
 
C
O
M
P
I
L
E
R
!
 
H
P
2
4
1
7
7
 

(
S
E
P
T
.
 
1
9
7
4
)

S
T
A
R
T
 
T
H
E
 
S
O
R
T

DO 
2
9
5
 
K
>
2
,
N
O
R
E
C

L
A
S
T
 
W
I
L
L
 
C
O
N
T
A
I
N
 
THE 

N
U
M
B
E
R
 
OF 

THE 
L
A
S
T
 
R
E
C
O
R
D

THE 
C
U
R
R
C
K
T
 
PASS.

S
W
A
P
P
E
D

FOR

L
O
o

0
1
7
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