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FOREWORD

This final report, entitled '"Computer Program for Crossed-
Beam Studies of Clear Air Turbulence, Program Description
(MLTCOR)," presents the results of research undertaken by IIT
Research Institute (IITRI) from 14 May 1968 to 13 August 1969.
The research was performed for National Aeronautics and Space
Administration (NASA), Marshall Space Flight Center, Alabama,
under Contract NAS8-21300 (IITRI Project J6145).
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COMPUTER PROGRAM FOR CROSSED~-BEAM STUDIES
OF CLEAR AIR TURBULENCE

PROGRAM DESCRIPTION (MLTCOR)
A. Wachowski

M. R. Phillips
IIT Research Institute

SUMMARY

The multichannel correlation program (MLTCOR) described
in this report is fairly general and was developed to calculate
statistics for aerodynamic and atmospherical turbulence based on
the crossed-beam technique.

A dynamic storage allocation scheme was used in the program
to provide maximum storage for data and to avoid the use of fixed
length data arrays. Correlations can be performed on essen-
tially infinite length records. Time series data are brought into
the computer in blocks to fill the available storage, and data
for the maximum time lag are saved from the previous block to
make correlations continuous across the core loads of data. The
program is written in FORTRAN IV usin: modular techniques and
dynamic storage allocation.

The piecewise concept was used in writing this program. A
long~time series is logically broken up into a series of smaller
pieces. Correlations, mean values, root-mean-square (RMS) values
and variances are calculated for each pniece along with their
standard statistical errors,

The program uses strong and very effective detrending and
normalization techniques (see Appendix C) developed over the
years to cope with problems encount.- od while attempting to
derive meaningful information from ‘crodynamic and atmospheric
data. The detrending and normaliz.ticon techniques employed
minimizes the effects of DC shifts and trends as well as drifting



gains which are unavoidable. Until recently, methods used were
not adequate for cxtracting meaningful information for reliable

data interprctation.

The associated errors are calculated as guidelines for
interpreting the data (see Appendix D). The parameters can be
monitored concurrently with'piecewise" averages for analyzing
data behavior. When these error parameters exceed "built-in"
confidence limits, this reflects a degree of stationarity that
would not be acceptable to the previous accumulation of pieces.

The program provides for accumulating over separate periods
of the data record with provisions for deleting individual data
pieces within the accumulation period. With this provision data
pieces can be discarded or accumulated in such a fashion that
only the stationary pieces (within certain confidence limits)
are used in the accumulation.

The mathematical formulation was developed in-house by NASA
and the programming and interfacing to MSFC facilities was ac-
complished by IITRI,

1. MATHEMATICAL FORMULATION

The purpose of the computer program is to statistically
analyze a given set of simultaneously recorded time histories
which represent the output of a group of meteorological sensors.
The desired statistical analysis is based on the mathematical
model (Ref. 1) of a stationary and infinitely long-time history.



Within this model, accurate mean values, RMS values, correlation
functions and covariance functions would be defined by the time
integrals listed in Table I. Each of the correlation calcula-
tions would be performed for several combinations of signal pairs.
One signal, xj,»is always to be taken from the group of records

j =1, 2, 3, that is to be delayed in time. The other signal, Yics
is to be taken from the remaining signals k = kl’ k2"‘kN’ for
which the need of a time delay is not anticipated.

The records of meteorological sensors are unfortunately
neither stationary nor infinitely long. The actual calculations
will therefore provide only various approximations to the mathe-
matical model. To define these mathematical approximations ade-
quately, it is necessary to define a number of terms and to
introduce the symbols used in defining the operations to be per-
formed on the input data.

A, Definition of Symbols

1. Independent Variables.-

t Observation time
T Integration time
AT Piece length
i Piece number
e Sampling period
—%— Sampling rate
b Sample reduction factor
E%— Effective sampling rate
e = be Effective sampling period

AT ' .
M= &= Number of samples per piece

T Time lag



TABLE I

MATHEMATICAL ANALYSIS OF STATIONARY,
INFINITELY LONG-TIME HISTORIES

DESTRED ;
STATISTICS TIME INTEGRATION
______.1.____ et
<x >j = 1im Tq T f x (t) dt
T —700
q ql t*qu

Mean Values

e q
<Y 7y = lim Tq- q-1 f yk(t) dt

q-1
1 Tq
<X ?] = %1mT EgiTq ! J. xi(t) dt
~T _ e o)
Mean S 4 et Tq—1
quare Values
1 T
2 T -T . 2
<Y > = %imT _51) q-1 yk(t) dt
=T _ oo
1 Tq
<oz>J = 11111 Tq'lq-l f (x.(t) -<x>,)" dt
Tq q-17>® t=T
Second Moment About q-1
Mean T
1 q
<27 - 11m TqTa-a
Kk = q q- (7 (£) =<y> )" dt
q-1
1 Tq
Correlation Function Rjk(T) = ']1jim r]".;_”q—l f (xj (t-1) yk(t) dt
- PSS! -
q q-1 t Tq—l

Covariance Function Cjk(T) = Rjk (V) - 4x>. <Y2y




max
min

AT

T -T .
+ _ -max min
L= AT
B = AT
e

J
K
X
Y

t

q

tq+l

Operators. -

Maximum time lag
Minimum time lag

Time lag increment

Number of lag points

Number of samples per lag interval
Index of delayed channel

Index of undelay:.:! channel
Delayed channel

Undelayed channcl

Accumulation start time

Accumulation end time

( ) Statistic
T = iAT
( Si = *%T jr ( )dt Piecewise mean
T = (i-1)AT
m
( ;m = —%— E: ( 51 Accumulative mean
i=1
m
AZT—T=-—-_]—“I-Z Ty~ T )m\;? Piecewise
m m o1 ! statistical error
2 T = 1 2 (G
A m m A m Accunulative
statistical error
1 + "max
1( ) = szax .[ Cdn Average over time lag
-T



3. Special Notations.- To indicate that an average has been

performed on a basic quantity, which is dependent upon a number
of variables, a special notation is used. A subscript to the
right of a symbol indicates that the subscript is variable, while
a subscript to the left of a symbol indicates an average has been
performed with respect to this subscript. Thus, the basic piece-
wise accumulative mean ( ) may be dependent on the delayed and
undelayed channels j and k, and the time lag 1. This would be
indicated as
mjkrr
The average over time lags would be indicated as
1 TTmax
=% T o -
“Tmax
This special notation is required to indicate some of the error
terms calculated in the program.

B. Basic Computations

The processing of very long records through a computer with a
limited storage capacity is possible by breaking the record into
successive pieces of length AT. A time integral over such a
single piece is then approximated by summation over the samples
n=1, 2, ... M, which are contained in the piece. Averages over
longer periods may then be established by accumulating the in-
formation from all pieces, i =1, 2, ..., m. The resultant "ac-
cumulative' mean can be averaged further by summing over all time
lags (Ref.2) ¢= -L + 1, -L+2, ..., -1, 0, 1, ... + L and over
several specially selected channels (j =1, 2, 3 and k = ki’ k2’
ky). Table II gives a list of such basic averages.

The deviations from stationarity may also be partially removed
by assigning statistical weights and ordinate shifts (Ref. 3 and
Appendix C) to each piece.



TABLE II
BASIC AVERAGES

AVERAGE SAMPLING SUMMATION
Piecewise Average t=ne . M
(Single piece) _ - ,
AT = Mg T ), ¢ )n=(1-1)M+m
m=1
Accumulative Average i=1,2,...,m ( ) = Output of accumulation
(All previous pieces) T - T = mAT subroutine, Table III
q 1
%ime Lag Average y i=1,2,...,m ?==? +L
All lags and pieces _ S | 7N
"max” “min | LUP® K ping z: €
g=-L+1
+ Ty = + Tmin4- 2Pe
— o 2
Channel Average =1,2,3 .k( ) = é ( ;?k + ;'k
(Selected channels J J 3
all pieces) k = ki; kz; k3; kN




This provides a multitude of different accumulative averages,
which differ from a straight time integral by the particular
weight, and shifts that were chosen. Four such accumulation
procedures (listed in Table III) are used since they have proved
very effective in removing temporal trends of statistical aver-
ages.

The desired statistical averages listed in Table I cannot
be calculated exactly, since any deviation from stationarity and
infinite record length will introduce statistical errors. The
standard statistical errors of the various averages listed in
Table II can be calculated by employing the deviations from the
piecewise means from the accumulative means. The associated
standard errors are listed in Table IV. These standard errors
are functionally dependent on integration time, T = Tq - Tq_1 and
allows one to indirectly determine some dominant deviations from
stationarity. Furthermore, these errors are required whenever
the confidence limits of the various averages are requested.

Each new piecewise average i, is used to continuously up-
date the accumulative averages over the previous m pieces. This
leads to two recursion formulas for updating the accumulative
averages (Ref.4) and the standard error of these averages.

The recursion relationships are as follows.

Accumulative averages:
 GEED) - _m 7====T 1 QD)
m+ 1 m+1L | m+l
Standard error of accumulative average:

o [——ﬁﬂ] - mx;l 3 [-(—Tm]

e 2
+[—n_;§_[ ( jm+1 - T jm+l]



TABLE III
ACCUMULATION PROCEDURES

e ———

TYPE ACCUMULATION SUBROUTINE, ( )

Straight Time = =--L L T,
Integration m m Z

i=1

™ T_T

. s . . =/ _ 1

Statistical Weighting w -

i1 %1 %i

m

=, -1 {5, ¢ -

Ordinate Shifts d m 1 { (T i}

l=

0 —_—
Combined Weighting T - Z ( ji (Tz) - T{ ji
and Shifting” c i— = 3

31 %ki

= 1I the plecewise means are not given as a function ¢’ time lag,

the accurilations d and ¢ are to be replaced with the substitutions

Ty =T, and Ty =T ),
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TABLE 1V
STANDARD ERRORS

TYPE SUMATION
Standard Error 21T ] = —lT— m(( ); - ) )2
of Piecewise [ m m- E: * m
Average i=1
2re===1__1 2 1 T 2
Standard Error A ( i = — A ) = To-1 C ;- C )
of Accumulative [ ] o [ m] mim 1)2;1 t .
Average
+L
=2 2 T~ 1 27—
= Tl= Gy
Standard Error 8 jk TA [ ] 2L 2: ik (Tﬂ)
of Time Lag g=-1+1
Average
Stardard Error =2 1 \J*_ 9> 2 _. 2
of Channel kTAj = 5 ‘Ajkl + ij2+ %Jk3 + éJkN

A <y ym e
averaze




The values for the first pieée are assumed to be
A? 1 =T )

and

X [ﬁl]= 0

In summary, the purpose of the program is to analyze simul-
taneously recorded time histories of meteorological data by cal-
culating an avérage of mean values, RMS values, and covariance
functions, which approximate the mathematical model of stationary
-and infinitely long-time histories to the largest practical
amount. Several averaging procedures (Table II) can be used
which provide different approximations by assigning the statis-
tical weights or ordinate shifts to each piece listed in Table III.
The success of the various averaging procedures is then established
by monitoring the associated standard errors (Table IV) as a func-
tion of integration time. A rough description of the actual de-
viations from stationary is provided by the weights and shifts
that resulted in the smallest standard errors.

2. GENERAL DESCRIPTION

The basic program structure for MLTCOR is shown in Figure 1
and consists of LINK 1 - the input link, LINK 2 - the correlation
link, and LINK 3 - the output link. Each link of the program is
relatively independent of the others allowing for separate exe-
cution of each of the links. Common information required between
links is stored on magnetic tape and read into storage when
execution of an individual link is initiated. Since each link
is relatively independent, they are executed as overlays with
each link occupying the space of the previous one, and in this
way providing for more data storage in each link.

11



c1

INPUT
OPTIONS

MAIN

N

LINK 1
(INPUT)

LINK 2 LINK 3
(CORRELATION) (OUTPUT)
1
DATA REPORT PLOT
RETRIEVAL] | SUBROUTINES| |SUBROUTINES
A
REPORT

Figure 1 Basic Program Structure




The overlay diagram for the program is shown in Figure 2.
The basic functions performed by each link are outlined in the
figure and are described in more detail in the later sections.

The main program is a small executive program which controls
the execution of the various links and provides for common stor-
age. The flow chart for this program is shown in Figure 3. The
main program allows for the execution of each link separately.

LINK 1 performs calibration of the data, Sample reduction,
and determination of a moving mean. The output from LINK 1 is
a block intermediate tape for use in LINK 2, Blocking of the
tape is used, i.e., more than one time sample per physical record,
since it decreases the length of tape required to store the data
and speeds the input/output time for reading and writing the data.
The blocking of the intermediate tape in LINK 1 and unblocking
in LINK 2 are automatically taken care of by the program.

LINK 2 is the main computational portion of the program and
was designed to accommodate multiple auto and cross correlation
requests with variable time lags. A special dynamic storage '
allocation scheme was used to provide maximum storage for data.
This scheme avoids the use of fixed length data arrays in the
program which would limit its usefulness. The dynamic storage
allocation scheme makes it possible to tradeoff between the number
of channels to be correlated, maximum time lags, and number of
correlations. In fact if the correlations specified require too
much storage, the number of correlations requested is automatic-
ally reduced until there is sufficient storage to run the problem.

The piecewise concept of analysis was used in creating the
program. A long-time series is logically broken up into a series
of smaller pieces. Correlations, mean values, RMS values and
variances are then calculated for each piece along with their
standard statistical errors. Calculations for each piece are
accumulated and periodic printouts can be used to monitor piece-
wise statistics and errors.

13
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( MLTCOR PROGRAM)

@D

TRANSLATE
MSFC RAW
DATA TAPE

READ
INTERMED.
TAPE AND

STORE

READ DATA
RETRIEVAL
TAPE AND

STORE PIECE

CALIBRATE
MSFC RAW
DATA TAPE

ACCUMULATE
PIECEWISE
STATISTICS

MODIFY

CORRELATION

TRANSLATE
ESSA RAW
DATA TAPE

ACCUMULATE
TOTAL

ACCUMULATE
PIECES

CALIBRATE
ESSA RAW
DATA TAPE

CALCULATE
STAT.
ERRORS

CALCULATE
STAT.
ERRORS

MOVING MEAN
AND/OR
SAMPLE RED.

Figure 2 Overlay Diagram

PRINT
PLOT




CALL
LINK 3

< FINISH )

Figure 3 Main Program
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Correlations can be performed in LINK 2 on essentially
infinite records. Data are continuously brought into the computer
in blocks to fill the available storage, and data for the maximum
time lag are saved from the previous block to make correlations
continuous across core loads of data. Calculating the lagged
products for the correlations is the most time consuming portion
of the program, therefore, the piecewise correlations and statis-
tics are written out on a magnetic tape called the Information
Retrieval Tape (IRT) so that the data may be retrieved in LINK 3.

The correlations formed in LINK 2 are read back in LINK 3
to form modified correlations. At this point a number of standard
operations can be performed such as normalizing, detrending, or
subtracting the product of the means to form the covariance. Any
of these operations can be performed individually or in combina-
tion to form modified correlations. The modified piecewise statis-
tics are then summed to form a new accumulation. Printouts or
plots of the original or modified correlations can be made for
each piece or for the full accumulation. Since only minor calcu-
lations are performed in LINK 3, a number of modified correlations
can be obtained without rerunning the lagged products which were
performed in LINK 2. It is expected that LINK 3 will be run more
frequently than the other links to obtain various modified cor-
relations.

3. DYNAMIC STORAGE ALLOCATION

In dealing with large systems on a computer a number of
problems arise due to the limitations of internal storage. 1In
many cases these limitations can be overcome through the use of
auxiliary memory such as magnetic tape, disc, or drum. A penalty
is paid in time for the use of these types of storage, and gen~
erally a method of more fully utilizing the high speed core
storage of the machine, at the cost of program complexity, is
well worthwhile. For many problems of a predictable nature (size

16



of arrays, flow of processing) preplanned storage allocation is
best. When the problem's flow of processing and array sizes are
data dependent and variable, dynamic storage allocation is nec-
essary.

Characteristics of dynamic storage allocation are:

e The program at run time is not directly executable,
but requires parameters to be set to allocate storage.

e It is not known in advance where in memory data arrays
will be held at execute time.

Most operating systems provide good methods of dynamic stor-
age allocation for programs through the use of overlays. Sub-
routines can be placed on links and called in at execute time
when needed as mentioned in the previous section. Unfortunately,
FORTRAN IV does not provide the same flexibility for data. For
example, an array for storing 1000 values for six channels would
require the statement: Dimension X (6,1000). This would reserve
6000 locations of high speed core storage and limit the total
number of channels to six and data points to 1000. If a problem
required only two channels of data, then 2000 memory locations
would be used and 4000 locations would be wasted. Furthermore,
it would not be possible to run a problem with eight channels and
only 700 data points per channel, even though there is sufficient
total storage in the X array. This is due to the column method
of array storage used in FORTRAN. A better method of usage is
desired which places no arbitrary size restrictions on the
problem, and utilizes high speed core memory as efficiently as
possible.

The dynamic storage allocation method used in MLTCOR is
based on the use of one large array or data pool to store all
variable data arrays. This array called U(I) is dimensioned for
20,000 locations. Storage is allocated by assigning pointers
which are fixed point numbers to indicate where an array is
stored in U(I). The storage pointers are set from data values

17



read in from cards. As used in LINK 2 of the program, U(l) to
U(KESM), is used to store time lag information, and U(KESM) to
U(KD) is used to store standard errors, accumulative sums, piece-
wise sums and correlations. The remainder of the U array is used
to store data points. This portion of the U array is treated as
a two-dimensional array with dimensions (NCH,N) where N is the
total number of data points and NCH is the number of channels.
Both N and NCH can be variable.

The data stored in the U array and space reserved for results
are used by variable dimension subroutines. The actual position
of the information is communicated to the subroutines through the
call statement. As example of a variable dimension subroutine
which was actually used in the program is:

SUBROUTINE ACCPC(S,S2,S3,DATA,N,NC)

ACCUMULATE SUM AND SUM OF SQUARES
WRITTEN BY A. WACHOWSKI

DIMENSION S(NC),S2(NC),DATA (NC,N)
DIMENSION S3(NC)
XN=N
DO 1 L=1,NC
S(L)=0.0

1 S2(L)=0.0

Q0O 00

DO 3 J=1,NC
DO 2 I=1,N
S(J)=S(J) +DATA(J,I)
2 S2(J)=S2(J)+DATA (J,I)*DATA(J,I)
S (J)=S(J) /XN
S2(J3)=S2(J) /XN
$3(J)=52(J) -8 (J)**2
3 CONTINUE
RETURN
END

18



This subroutine calculates the average, the average of the squares,
and the variance for N data points and NC channels., The arrays
$,82 and S3 are used to store the results for each channel. The
actual call statement in the main subroutine of LINK 2 would be:
CALL ACCPC(U(KMP), U(KRP), U(KPSM), U(KK), MSUB, NCH) the fixed
point numbers indicating the storage location in the U array.

This simple example illustrates how the ordinary subscripting
capability for calculations is retained with the dynamic storage
allocation scheme. The example is quite simple but shows how the
other computational modules are written.

4, LINK 1 - THE INPUT LINK

LINK 1 of the MLTCOR program reads raw data, translates,
calibrates, conditions, and writes a buffered output tape for
subsequent input to LINK 2 for multiple correlations and statis-
tical calculations. The flow chart for LINK 1 is shown in Figures
4 and 5. LINK 1 was programmed using modular techﬁiques, variable
dimensioning and dynamic storage allocation. All operations on the
raw data will be done in the DATA storage array except the buf-
fered output data. The data storage is dimensioned to 8000 words
to store the maximum number of words that might be blocked on
either of the two types of input tapes (ESSA or MSFC).

A. Input Tapes
There are two inputs to LINK 1 of the MLTCOR program:

e ESSA format which is the output of the data logging
system located at ESSA, Boulder, Colorado (Figure 6).

e MSFC format which is the output of the digitizer
located at NASA in Huntsville, Alabama (Figure 7).

19



YES

"NO

‘ LINK 1 >

SET OUPUT

BUFFERS AND

INITIALIZE
ARRAYS

DECODE
MFSC ID

1

CALCULATE
CALIBRATION
CONSTANTS

F—

READ 1
DATA RECORD

®

Figure 4 LINK 1-1
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CENTRAL
DIFFERENCE P

EOF YES @

NO
CALIBRATE T SALATE
RAW DATA POINTERS

I ' I
ACCUM. SUMS
AND SUM OF CALCULATE
SQUARES FOR RMS CENTRAL
CALCULATIONS _ DIFFERENCES

CALCULATE
STORAGE
POINTERS

CALCULATE
MOVING
MEAN

ADJUST
FINAL STOP
TIME

i
WRITE

DATA INFOR-
MATION PRINT

Figure 5 LINK 1-2
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IDENTIFICATION
(Header Record)

Contains 53 36-bit words

PRE
Calibration Minimum
Signal

PRE
Calibration Maximum
Signal

End Data

\-—jt—za—ta/

POST
Calibration Maximum Signal

POST
Calibration Maximum Signal

EOF

Record 1
Record 2
Record 3
Record N

Record N+ 1

Record N + 2

End of File Gap

Figure 6 ESSA Data Logger Output Format
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Identification (Header
Record) contains two { Record 1
36=-bit words

Calibration
either sine wave or ) Record 2
step-cal
r
End of File } End of File

Identification (Header
Record) contains two 4 Record 1
36-bit words

;Ea/ Record 2
// >
End Data Record 2 + (N-1)
.
End of File End of File

Figure 7 MSFC Digitizer Output Format
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B. Input Problem Parameters

The problem parameters that are input to LINK 1 by the user
are described here,

NBEAMS - Total number of beams in the fan system
NFLSKC - Number of files to skip for calibration data
NFLSKD -  Number of files to skip for data

MVMEAN - Number of samples in the moving span if
moving mean desired; If not MVMEAN = 0

NCENDF - Central differences NCENDF = 1 (Yes)
NCENDF = 0 (No)

NOBEAM - Total number of beams to perform moving mean
or central differences on

NWHICH -  Beam numbers being affected
TIMSAM - Rate at which data are sampled at digitizing time

VALMAX - Maximum calibration value

VALMIN - Minimum calibration value

START - Start time on input tape (Max is 5)

"STOP - Stop time on input tape (Max is 5)

NFILE - Number of files to skip on the ESSA formated tape
for the calibration file

MSFC .= MSFC format (1 = Yes, 0 = No)

IFREQ - LINK 1 output frequency; Example, IFREQ = 3;

Every third sample output to tape
LTN - Logical tape number input data is loaded on

NBLK - Number of records/block desired on LINK 1
output tape

NSTART - Number of starts and stops (Max = 5)

NBOB - Always set to 0 (used in debugging)

PLYBCK - Playback rate (the ratio of the digitizer tape

speed to the recorded data tape speed relative
to real time)

C. Central Differences

Central differences are calculated from the data by

Xy = Xa+2) " 2@
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Where

i=1,2,3,4 ....., N-2 samples
on the data record.

D. Moving Mean and Sample Reduction

Filtering is performed on the calibrated data by passing the
data through a moving mean span preselected by the user, prefer-
ably an odd integer. This is performed on the entire data record
or selected data intervals controlled by the input parametérs
(Section 7A). The data are passed through this span successively,

one sample at a time. Each data sample,)(.(K)9 where
N-1

K+ ==

1 -
X,y = =t n X (1)

2
K goes from (Eil) to Te-(gil)

where N = number of samples in the moving
span, and T = integration time

is calculated and an option is provided to retrieve from the
filtered data any sample rate for output to the intermediate tape
by incrementing K through the data at th: desired reduction rate.
This performs the sample reduction.

E. Calibration

1. Sine Wave Calibration.- A calibration signal is put on the
analog tape at some specified frequency with a peak-to-peak value
of 1.414215 volts. The peak value of the digitized raw data counts
is determined by calculating the RMS of the sine wave.

N N 1/2
RMS=[——I];‘I-'Z X2y - ZX(:) ]

i=1 =
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where X(i) = Raw data sample in digitizer

counts

and N number of samples used
The peak values are then determined by

Peakmax = RMS X 1.414215

and

f

Peak .
m

-RMS X 1.414215
in ‘

The calibration constant is then calculated by

Calmax - Calmin

¢ = Peakmax- Peakmin
Where
Calmax = Maximum engineering unit input by user
Calmin = Minimum engineering unit  input by user.

The calibrated data for the AC'signal then becomes

X' (i) = X(i)C
An option is provided to calibrate the step-cal, utilizing the
sine wave, by making the following calculations

PeakmaX = RMS

The calibration constant is then calculated for the step-cal by

c - Calmax w 0

Peakmax -0
where Calmax = Maximum engineering unit input by user
Calmin = Minimum engineering unit input by user,

The calibrated data for the DC signal then becomes

X'(1) = X(i)C



2. Step Calibration.- A calibration signal is put on the analog

tape where the 100 percent signal level is 1 volt and the 0 per-
cent level is 0 volts. This signal is then digitized where mini=-
mum raw counts are at the 0 volt level and maximum raw counts are
at the 1 volt level. The minimum and maximum values are determined

by

|
!
=
1=
b
Py
H
o
5
j$h)
x

X
max

and,

N
min N z min
=1

and the calibration constant is then calculated by

Calmax - Calmin

Xmax - Xmin

In the step calibrations for the DC signal where the slope inter-
cept is not zero, a correction is applied by calculating a bias.

BIAS = - Xmax + Calmax C

The calibrated data for the DC signal becomes

X'(i) = X(i)C + BIAS.

F. Essa Data Logger Output

The ESSA digital output tape format consists of one or more
files. Each file constitutes data for one test which is identi-
fied by a header record. The format of the header record is shown

in Figure 8.



S~ Ny

10.
11
12,

Tape Number
Organization

File count

. Date

. Time (Start)

Time (End)

Name of variable

12 Channels

Calibration value
minimum

12 Channels

. Calibration value

maximum

12 Channels
Sampling rate
Sample reduction

Anemometer information

6 Characters

6 Characters

6 Characters

3 Digits for day of year
2 Digits for year

1 Digit spare

Time in sec
6 Characters

Time in sec
6 Characters
(Greenwich Time)

6 Character names
72 Characters total

Characters/Channel
12 Characters total

Characters/Channel
12 Characters total

6 Characters sample/sec
6 Characters

6 Characters
54 Characters total

Figure 8 ESSA Header Record
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Individual data records consist of not more than 13 words
of 12 bits each. The first word is a record count or time word;
this is followed by 12 words - one for each channel. This record
constitutes one sample time. The individual data records are
grouped together in a block of some 30 records and are written as
a single physical record on magnetic tape.

The first and last physical record contains 30 calibration
records with minimum and maximum levels recorded.

G. MSFC Digitizer Output

The MSFC digital output tape format consists of calibration
and data files. The calibration file contains an identification
record and one or more data records with the calibration signal.
The identification record is two 36-bit words (Figure 9). The
calibration data record consists of a 24-bit time word and the re-
mainder of the record is filled with 1ll-bit digitizer words not
to exceed 8000 1ll-bit words. The data file is formated the same.

1. Time Scale BCI* 24 bits
2. Data Type BCI 6 bits
3. Number of Scans BCI 24 bits
4. Number of Beams BCI 12 bits

*BCI - Binary Coded Information

Figure 9 MSFC HEADER RECORD

5. LINK 2 - THE CORRELATION LINK

Flow charts for LINK 2 are shown in Figures 10 and 11. These
are first level flow charts which present the general flow of
control but not the detailed processing. Referring to Figure 10
the subroutine begins by restoring COMMON from the intermediate
tape produced by LINK 1. The problem parameters are then read
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P

SET
READ STORAGE
COMMON POINTERS

(::y________

PROBLEM
READ PARAMETERS
' SET NUMBER OF
PIECES FOR
STORAGE
AVAILABLE
ALLOCATE
STORAGE
CALL
READR _
STORAGE
EXCEEDED
CALL
PIECE
AVERAGE AND
ACCUM.
DECREASE couM
CORRELATION
SPECIFIED

CALL
WRITE DIAGNOSTIC CORRLAT

CALL
ACCUM

Figure 10 LINK 2-1
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< RETURN )

NO

ADJUST
STORAGE

G

Figure 11 LINK 2-2
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specifying piece length, print interval, time-lag range and
increment, and finally the correlations to be performed.

A large degree of flexibility has been built into the
program for the user in specifying correlations. To accommo=-
date varying input tape formats and provide for efficient storage
and processing, the correlation requests will be analyzed for the
total number of channels required and a new internal channel num-
ber will be assigned for use within the program. Thus, a typical
request may appear as:

J=2,K=5,6,4%0
J =13, K=8,4,2,3,%

where J is the delayed channel number on the input tape and the

K's are the undelayed channels. The input tape may contain up to
12 channels but the correlation requests above require only six.
The unused channels will not be stored during the computations

and a new channel number will be assigned in the program as follows:

New 0ld

AN pLNn=
oo wnN

The internal identification number simplifies handling in the
program and will never be of concern to the user since all output
is in terms of the original channel assignments on the input tape.

The typical correlation request is shown in Figure 12. A
series of tables are built up in LINK 2 which are used to simplify
processing. The first table NCHID (Figure 13) is formed from the
J's and K's specified in the correlation requests. NCHID consists
of all channels to be used, delayed or undelayed, in calculating
the correlations. The channel numbers correspond to the position
on the input data tape. The table NCRPC gives the number of
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J=2, K=5, 6; 4%0
J =3, K= 8,4,2,3%0

Figure 12 Correlation Request

NCHID NCRPC NCTBL
1) 2 1 1
2|1 5 2| 2 2 |56
31 6 3] 3 3 1842
41 3 4 4
51 8 5 5
61 4 6 6
SORT
NCHID NCRPC NCTBL NCD NACR
—_— - —_— N
1] 2 1] 2 1145 111 110
21 3 213 2 1136 2 |12 2| 2
31 4 3 3 NCRT-3 | 5
41 5 4 4 4
5] 6 5 5 5
6| 8 6 6 6

Figure 13 Tables

33




correlations requested for a particular delayed channel and the
table NCTBL gives the channel numbers of the delayed channels for

a given delayed channel.

The table NCHID is sorted to put all channels in the order of
increasing channel numbers and the tables NCRPC and NCTBL are con-
structed with the new channel numbers, which are assigned from
the order of NCHID. Thus, for the example, the original channel 2
becomes channel 1, channel 3 becomes channel 2, etc. The total
number of channels to be used is NCH.

After the channel numbers have been reassigned two new tables
are formed called NCD and NACR. The table NCD consists of the
total number of delayed channels and the new channel numbers.

The table NACR is an accumulative count of the correlations
requested.

The first location of this table is set to zero. Location 2
is set to the number of correlations for channel 1, location 3 is
the total number of correlations for channel 1 + 2, etc. In gen-
eral, the last location in the table indicates the total number
of correlations, NCRT. For the above example, NCRT = 5. The
table NACR is used to locate information on the correlations in
the data pool or U array.

Figure 14 shows the total allocation of storage in the work-
ing array U. The array is broken up into 5 basic parts. The
first part consists of miscellaneous constants, which is a series
of time lags from - T to = and velocity lags., The second

max max _
part is for storage of the standard errors of E;i X, and XZ. The

third part of the array U is devoted to the accumulations 2, X,
;5. The fourth portion of U is used to store the piecewise stat-
istics of o2, X, X2 and the correlations XY (R;e) as well as the
time lag average of the correlations (TK?). The remainder of the
U array from U(KP) 1is used to store sample points for the chan-

nels to be used, It should be noted that all the above regions

are variable in length and particularly the correlations (RJK)
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STANDARD ¢
ERRORS

ACCUMULATIVE

PIECE {

U(I)

MISC

22 (0%

X155

22 (x2)

%l

B

ol

X
X2

T G
. 4

DATA

(NTLAGS) * (NCRT+1)
NCH
NCH
NCH
NCH
NCH
NCH
NCH
NCH

NCH

NCRT * (NTLAGS+1)

Figure 14 LINK 2 Storage Allocation
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require the largest amount of storage NCRT * (NTLAGS + 1). NTLAGS
is the total number of positive and negative lags for the correla-
tions. The position pointer names and required space is shown

in Table V.

Total storage for the results is equal to:

KP = (NCRT + 1) (NTLAGS) + 9 . NCH + NCRT - (NTLAGS + 1)

Storage for data samples will be 20,000 - KP. Thus the
storage in LINK 2 is controlled by the correlation request. The
fewer the number of correlations requested the more storage can
be allocated to data samples.

Referring to the flow chart for LINK 2 (Figures 10 and 11) the
total storage requirement to run a problem is checked. This is
given by the relationship;

(NCRT + 1) (NTLAGS) + 9 * NCH
+ NCRT * (NTLAGS + 1)

+ (MSUB + MAXINC) * NCH<20000
AT
e
T

where MSUB and

i

MAXINC Lex
e

il

which provides sufficient stqrége for at least one piece. 1If the
storage is exceeded, then the correlation request is automatically
reduced until there is sufficient room td run the problem. This
is accomplished in the program simply by reducing the counter ND
which is the total number of delayed chanmels. ND is used in
determining NCRT from table NACR (Figure 13) and is also used in
controlling the computation of the correlation. Consequently,
simply reducing ND reduces the storage requirements and the compu-
tations performed. If the storage requirements are exceeded then
the specifications are reduced and a diagnostic is printed. Reduc-
tion of ND to less than one will terminate the run. If there is
sufficient storage to run the problem then the COMMON area and the
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TABLE V

PIECEWISE STATISTICS

POSITION
POINTER VARIABLE DIMENSION
1 LAG VALUES IF VELLAG # 0
(Time, Velocity) (NTLAGS) + (NCRT+1)
IF VELLAG = 0
KESM 22 (%) NT;?SS
KEAM a2 & NCH
KEASM 9_2(;(7) NCH
KASM o2 NCH
KMA X NCH
KRA ? NCH
KPSM o2 NCH
KMP X NCH
KRP X2 NCH
KTP XY NCRT* (NTLAGS+1)
XY
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various tables formed from the correlation requests are written
out onto the IRT which is used in LINK 3, and the storage pointers
are set as shown in Table V.,

Connector 2 (Figure.l0) begins the main part of the program.
A read subroutine is called to fill the working array U, starting
at KD, from the intermediate tape from LINK 1. If all channels
are not used by the program during a run, the data will not be
stored by the subroutine. Thus, if only two channels are to be
correlated, all storage will be used to store the corresponding
X and Y data points. If more than one undelayed channel is used,
then X, Yy, Y,, etc., would be stored. After the working storage
is filled, the number of pieces in core storage is set and the
actual calculations begin at comnector 1. The calculation modules
are written as variable dimension subroutines. The CALL statement
to these subroutines pass the actual storage location of data and
results stored in U. Only the piecewise correlations are per-
formed in this link and written onto the IRT. Statistical errors
are calculated for only nontime dependent averages. Periodic
printouts can be controlled by the variable IPRINT set by the user,
which gives the frequency of printout.

In general, more than one piece will be held in core storage
at one time, This depends, of course, on the number of correla-
tions requested and the total number of channels required but
generally the data portion of the U array will appear as in Fig-
ure 15a, MSUB is the number of data points for the piece length
AT. N, 1is the number of data points required for the maximum

2

time lag, <t . Thus, data storage will appear as in Figure 15a

at the begigiing of LINK 2. There will be a number of pieces of
length MSUB and enough data points, Nz , to complete the correla-
tion calculations for the last piece, When the correlation for
the last piece has been performed then the N, data points are
moved, as shown in Figure 15b, to the beginning of the data area

and sufficient data is read in to fill the entire data area again.
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MSUB

MSUB

MSUB

(a) (b)

MSUB <

(d)

Figure 15 Storage Use
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The averaging operations and corrclations are performed again.
This procedurc is continued for successive core loads as shown in
Figure 15¢. By this method, of operation correlations are kept
continuous across core loads of data since the data for the maxi-
mum time lag is saved from the previous block. In general, as
shown in Figure 15d, the channel averages for a piece represents
MSUB data points while the correlations are over MSUB + Nz data
points. As long as there is sufficient room to store one piece,
MSUB + Ng’ the correlations can be performed without the loss of
any information.

6. LINK 3 - THE OUTPUT LINK

Link 3 of the MLTCOR program performs a number of functions
other than output. It is in this link of the program that the
basic correlations formed in LINK 2 are modified to aid in deter-
mining nonstationary trends. Standard operations can be per-
formed on the correlations such as normalizing, (dividing by the
product of the standard deviations for each channel) detrending,
(which consists of subtracting the time lag average from the cor-
relations) and the covariance (formed by subtracting the product
of the means of the two channels from the correlations). Any
combination of these standard operations can be performed on the
correlations read in from the IRT.

The flow chart for LINK 3 is shown in Figures 16 and 17.
LINK 3 can be run a number of times with the same output from
LINK 2. The first operation performed by the program is reading all
COMMON variables from the IRT and the correlation control tables
which were set in LINK 2. The user is then allowed to read in
from data cards the piece numbers of pieces that are to be deleted
in forming the modified accumulations. The options for forming
the modified correlations are read on another data card. The ac~-
cumulation period, tq+l - t_ are next set from data cards. The

q
format for these data cards is described in Section 7.
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'

READ
COMMON

5

TABLES

]

///DELETED |
PIECE NOS. . MODIFY

READ CORRELATION
READ NORM ACCUMULATE
ACCUM. DETREND PIECE
PROC. /1  COVAR (RECURSION)

/// DETERMINE
READ NO, BEGIN, ERRORS
ACCUM. END (RECURSION)

SET

STORAGE
CONSTANTS

Figure 16 LINK 3-1
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FINAL
OUTPUT

RETURN

(Cromm)

| OUTPUT

SELECT
REPORT

WRITE

SELECT

| PLOT OUTPUT

FORM

WRITE

(:%) SEE LINK 3-1

Figure 17 LINK 3-2
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With the information supplied above it is possible to set
constants for the allocation of core storage. The same dynamic
storage allocation scheme that was used in LINK 2 is used in
LINK 3 except that a large block of storage is not required for
the raw data. In fact it is only necessary to store one set of
pilecewise correlations at a time. The remainder of storage is
used for modified correlations and error terms. The allocation of
storage for LINK 3 is shown in Table VI. Column 1 of Table VI
gives the name of the fixed point variable used as the storage
pointer for the U array. Column 2 defines the quantities calcula-
ted with the dimension shown in columm 3. The piecewise statis-
tics calculated in LINK 2 are also stored in LINK 3. The same
storage pointer names used in LINK 2, shown in Table V, are used
in LINK 3.

In LINK 2 the accumulative correlations, time lag averages
and the corresponding standard errors were not calculated since
in general these quantities will vary depending on the deleted
pieces. These quantities are calculated in LINK 3 for the un-
modified correlations and stored at KATP and KEXP as shown in
Figure 18, which shows the total storage allocation for LINK 3.

Referring to Figure 16 and 17 the main loop of LINK 3 begins
at connector X1. The piecewise correlations are read from the
IRT and stored as shown in Figure 18. The piece number is checked
to see if it is to be deleted. 1If it is deleted another piece
is read and checked, 1If the piece is not deleted, then the cor-
relations are accumulated and then modified. The modifications
that can be made are given by

oty |2 - F - - nd) s
°% 7 %%

depending on the following logical variables,
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TABLE VI
MOD1FIED CORRETLATIONS

POSITION POINTER VARTABLE DIMENSION
1 Nuinber of pieces selected NTP
LTLAG Time lags NTLAGS
LVLAG Velocity lags NCRT * NTLAGS
(if velocity lags requested)
=2_ =2
ICHA A= B NCD
TESM 22 (5% NCH
1EAM a2 X NCH
2,2
IEASM A% (X9) NCH
p Rp—
1IEXP A (XY) ‘
) NCRT* (NTLAGS+1)
LA XY)
LASM o2 NCH
LMA X NCH
LRA %2 NCH
LXA XY
_ NCRT* (NTLAGS+1)
TXYm
MPSM o2 NCH
MMP X NCH
MRP x2 NCH
MTP XY o
o NCRT * (NTLAGS +1)
X
KEXP n2 XY)
5 NCRT* (NTLAGS+1)
AT EY)
KATP AY NCRT* (NTLAGS+1)
XY

Lb



PIECE
NUMBERS

TLAG <

VLAG <

CHANNEL {

AVERAGES ©
(NCAV)

ERRORS $

ACCUMULATIVE <

PIECE
MODIFIED <

L Y

XY (mwdc)

XX (mwdce)

r

PIECE
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LINK 2 <
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COVAR = ,FALSE . Ej ?k =0
NORM = ,FALSE . F = 1,
o) =1,

DTREND= .FALSE., %j-Vk ~ ¥j* Yk = O
PREMLT= .FALSE. =% = 1.

If these variables are true, then the quantities take on their
respective values.

These modified correlations are then used to determine the
standard errors. The final part of the program is a test for
the different types of output and for the final accumulation.

Up to five accumulation periods may be specified by the user and
after each segment the accumulation regions must be cleared to
start a new accumulation. The output from LINK 3 is discussed
in Section 7B.

7. USAGE
A, Input

Almost all the card input to the MLTCOR is provided by use
of the NAMELIST statement except for one alphanumeric title card.
The NAMELIST statement is described in the FORTRAN IV manual,
but in general it essentially allows the user free form input of
parameters. The general form of a card group would be:

COL. 1
SNAME
X=1.0,v =2.0, ... etc.
SEND

The description which follows is taken from the IBM FORTRAN
IV manual, Form C26-6390-2, and explains the general form that

data items may take.

46



1. Variable name = constant
where variable name may be an array element name
or a simple variable name. Subscripts must be
integer constants.

2., Array name = set of constants (separated by commas)
where k¥*constant may be included to represent k
constants (k must be an unsigned integer). The
number of constants must be equal to the number
of elements in the array.

3. Subscripted variable = set of constants (separated
by commas)
where k*constant may be included to represent k
constants (k must be an unsigned integer). A data
item of this form results in the set of constants
being placed in consecutive array elements, start-
ing with the element designated by the subscripted
variable.

Constants used in the data items may take any of the
following forms:

a. integers

b. real numbers

c. double-precision numbers

d. complex numbers, which must be written in the
usual form, (Cl, C2), where Cl and C2 are
real numbers

e. logical constants, which must be written as
T or .TRUE., and F or .FALSE.

Logical and complex constants may be associated only with
logical and complex variables, respectively. The various input
variable and options are explained here.
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NAMELIST

NAME DATA SUBROUT INE
S$LINKN@ MAIN
KRUN Restart constant
Example:
KRUN = 1,2,3 runs all three links
in sequence,
KRUN = 2 will run only LINK 2,
SNAMDAT
NBEAMS Number of beams or sensors
Example:
NBEAMS= 7 indicates there are seven sensors
or seven beams on input tapé€,
NFLSKC Number of files to be skipped before reading
MSFC calibration records
Example:
NFLSKC = 3 indicates calibratiocn data are
in file 4.
NFLSKD Number of files to be skipped before reading
MSFC data records
Example:
NFLSKD = 2 indicates data are in file 3.
MVMEAN Moving mean span desired for filtering data

(preferably an odd integer)

Example:

MVMEAN = 11; the filter span to be used
will be 11 points; if MVMEAN = 0, this
option will be bypassed.
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NCENDF Central differences
Example:
NCENDT = 1; central differences are calculated; if
NCENDF = 0 this option will be bypassed.
NOBEAM The total number of beams on which to be operated
Example:
NOBEAM = 3 indicates three beams of NBEAMS on
which to be operated; if MVMEAN = O
this option is ignored.
NWHICH Which beams of the NBEAMS on which to be operated
Example:
NWHICH = 1,3,4 indicates beams 1,3, and 4 only;
if MVMEAN = 0 this option is ignored,
TIMSAM Sample rate of input data
Example:
TIMSAM = 0.1 indicates data were sampled at ten
samples per sec,
VALMAX Maximum value for calibrations
Example:
VAIMAX = 1.0, 1.0, 1.0 indicates three channels are
calibrated to maximum value of 1.0.
VAIMIN Minimum value for calibrations

Example:
VAIMIN = -1,0, -1.0, -1.0
START Start time on raw data input tape

(there can be up to five start times)

Example:

START = 1.0, 1.5, 2.0, 2.5, 6.0 indicates five
starting points on the input tape.

STOP Stop time on raw data input tape

(There can be up to five stop times)

Example:

STOP = 1.4, 2,0, 2.4, 5.9, 6.5 indicates the five stop
times for each respcctive start time in the

example above,
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NFILE

MSFC

IFREQ

LTN

NBLK

NSTART

NBOB

PLYBCK

Number of files to be skipped before reading ESSA data

Example:

NFILE = 3 indicates ESSA data are in file 4.

Flag to the program indicating MSFC formated tape

Example:

MSFC = 1 will translate MSFC formated tapes; if

MSFC = 0, program will translate ESSA formated tapes.

Desired output sample rate to intermediate tape

Example:

IFREQ = 1; every sample will be output to the inter-

mediate tape.
IFREQ = 10; every tenth sample will be output to the
intermediate tape; IFREQ must be 22 1.

Logical tape unit input tape is mounted on

Example:

LTN = 10 indicates tape unit 10 is being used for
input,

Number of records per block on ESSA output tape

This variable is used to block the output intermediate

tape and to adjust the record size of MSFC output tape.

Example:

NBLK = 30 indicates ESSA tapes are blocked 30 records
per block and the intermediate output tape
will be blocked 30 records per block.

Number of starts and stops

Example:

NSTART = 3 indicates there are three start and stop

times.
N/A; this should always be 0
Example:
NBOB = O

Slow down rate of the analog tape relative to the
digitizer tape

50



NSTEP

$ TIMES
TSTART
TIMMAX
DELTAT
IPRINT

$ DELAY
TAUMIN
TAUMAX
DELTAU
VELLAG

SEPART

$CORR
J
K

Example:
PLYBCK = 8.0 indicates the analog tape was
run at one-eighth the speed of the

- digitizer tape.

Flag for step calibrations

Example:

NSTEP = 1 indicates data are DC, but a sine
wave signal is used to calibrate.

Start time

Maximum integration time

Piece length

Print frequency

Example:

IPRINT = 10 printout every tenth piece

Minimum lag time
Maximum lag time

Lag time resolution
Velocity lag control
Example:

VELLAG

0 for no velocity lags

1 calculate velocity lags
Beam separation

Delayed channel number.

Undelayed channel numbers

(No more than six)

Example:

j =1, K =2,3,4, 3%0

This card group is repeated for as many
corrclations as required. J = 0 signals
the last correlation request thus a

minimum of two $CORR groups arc required.

51

SUDBROUTINIE

LINK 2

LINK 2

ASSIGN
LINK 2



SUBROUTINE

SDELETE LINK 3

NUMPCE Piece numbers (maximum of ten numbers
per group) This card group is repeated
as often as required.

NUMPCE = 10%0 signals the last card group
Example:
NUMPCE = 5,7,8,10,12,14, 4%0

NPRINT Print frequency for LINK 3

SMODIFY Logical variables LINK 3
DTREND If true, detrend
NORM If true, normalize
COVAR If true, form covariance
PREMLT If true, multiply by =
PLOT If true, plot on SC 4020
SACCUM LINK 3
NO Accumulation number
BEGIN Start time
END End time

Up to five accumulations may be specified;
the last group is indicated by NO = 0
Example:

NO = 1, BEGIN = 0.0, END = 1.5

The last data card for LINK 3 is a comments card which
describes the type of accumulation procedure used. This is an
alphanumeric data card with up to 72 columns available for a
comment., It differs from the other data cards in that there is
no NAMELIST associated with it and it should be the last card
of the data decks.

B. Output

The output from the MLTCOR program has been organized into
a series of standard reports that are printed out from the three
basic links. These reports were prepared with the use of a
special program called SOFT (Simple Output Format Translator).
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The SOFT program translates report specifications in a simpli-
fied form to FORTRAN IV format statements which will produce the
desired output. The SOFT program is a standard SHARE program
available from IBM,«SHARE distribution number 3379. The types
of reports that can be expected from the various links of the
program are shown in Figures 19 through 23. These output reports
are the principal form of output from the program but it is
possible to request plots of the correlations and modified cor-
relations for an SC 4020, Cathode Ray Tube Output Recorder.
These plots are requested by setting PLOT = T in the $MODIFY
namelist group of parameters. Examples of these plots are shown
in Figures 24 through 27.
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Figure 19 LINK 1 Reports
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Figure 20 LINK 2 Channel Averages
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Figure 21

Piecewise Correlations
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Figure 22 LINK 3 Modified Correlation
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APPENDIX A

MLTCOR COMPUTER PROGRAM USERS MANUAL

1. INTRODUCTION

The purpose of this manual is to establish a thorough
understanding of how to use the MLTCOR program and explain
in detail the input parameters, and some of the system
features of the IBM 7094 and the Univac 1108 EX VIII.
Restrictions and problems a user might encounter are
explained in detail. Program diagnostics are listed and
are self-explanatory. These help the user to identify
problems in jobs that have been set up.

2. INPUT PROBLEM PARAMETERS

A. LINK 1

1. KRUN Restart constant.

Example:

KRUN = 1,2,3; runs all three links in sequence.
KRUN = 2; will run only LINK 2.

2. NBEAMS Number of beams or sensors.
Example:
NBEAMS = 7; indicates there are 7 sensors or
7 beams on input tape.

3. NFLSKC Number of files to be skipped before reading
MSFC Calibration records.
Example:
NFLSKC = 3; indicates calibration data are
in file 4.

4. NFLSKD Number of files to be skipped before reading
MSFC data recordes.
Example:
NFLSKD = 2; indicates data are in file 3.
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10.

11.

12.

13.

MVMEAN

NCENDF

NOBEAM

NWHICH

TIMSAM

VALMAX

VALMIN

*START

*STOP

Moving mean spsn desired for filtering data.
(Preferably an odd integer).

Examples

MVMEAN = 11; the filter span to be used will
be 11 points. If MVMEAN = 0, this option
will be by-passed.

Central differences.

Examples:

NCENDF = 1; central differences are calculated.
NCENDF = 0; this option will be by-passed.

The total number of bzams on which to be operated.
Example:

NOBEAM = 3; indicates 3 beams of NBEAMS on which
to be operated.

If MVMEAN = 0, this option is ignored.

Which beams of the NBEAMS on which to be operated.
Example:

NWHICH = 1, 3,4; indicates beams .l,3, and 4 only.
If MVMEAN = 0O; this option is ignored.

Sample rate of input data.

Example:

TIMSAM = .1; indicates data were sampled at
10 samples per second.

Maximum value for calibrations.

Example:

VALMAX = 1.0, 1.0, 1.0; indicates three channels
are calibrated to maximum wvalue of 1.0.

Minimum value for calibrations.

Example:

VALMIN = -1.0, -1.0, -1.0; indicates three
channels are calibrated to minimum value of -1.0.

Start time on raw data input tape. (There can be
up to 5 start times).

Example:

START = 1.0, 1.5, 2.0, z.5, 6.0; indicates 5
starting points on the input tape.

Stop time on raw data inpul tape. (There can be
up to 5 stop times).

Example:

STOP = 1.4, 2.0, 2.4, 5.9, 6.5; indicates the

5 stop times for each recpoective start time in
the example above.
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14.

15.

lé6.

17.

18.

19.

20.

21.

22.

NFILE

MSFC

IFREQ

LTN

*NBLK

NSTART

*NBOB

PLYBCK

NSTEP

Number of files to be shipped before reading
ESSA data.

Example:

NFILE = 3; indicates ESSA data are in file 4.

Flag to the program indicating MSFC formated tape.
Example:

MSFC = 1; will translate MSFC formated tapes.

If MSFC = 0, program will translate ESSA formated
tapes.

Desired output sample rate to intermediate tape.
Example:

IFREQ = 1; every sample will be output to the
intermediate tape.

IFREQ = 10; every tenth sample will be output to
the intermediate tape. IFREQ must be > 1.

Logical tape unit input tape is mounted on.
Example:

LTN = 10; indicates tape unit 10 is being used
for input.

Number of records per block on ESSA output tape.
This variable is used to block the output inter-
mediate tape and to adjust the record size of
MSFC output tape.

Example:

NBLK = 30; indicates ESSA tapes are blocked 30
records per block and the intermediate output
tape will be blocked 30 records per block.

Number of starts and stops.

Example:

NSTART = 3; indicates there are 3 start and stop
times.

N/A. This should always be O.
Example:
NBOB = O.

Slow down rate of the analog tape relative to the
digitizer tape.

Example:

PLYBCK = 8.0; indicates the analog tape was run
at 1/8 the speed of the digitizer tape.

Flag for step calibrations.

Example:

MSTEP = 1; indicates data are DC, but a sine wave
signal is used to calilbrate.



23.

24.

25.

3.
4.

NDEBUG

RUN

ORGAN

COVAR

START

STOP

DELTAT

IPRINT

TAUMIN

TAUMAX

DELTAU

Intermediate printout of time series data.

Example:

NDEBUG = 0; no printout

NDEBUG = 1; ID's and calibration data printed.
NDEBUG = 2; ID's calibration and time series

data printed.

Identifies run number.
Example:
RUN = 6H 207

Identifies organization.
Example:
ORGAN = 6H MSFC

B. LINK 2

Removes the mean from each data piece. This
option is a logical operation and should be set
to true (T) or false (F)

Example: .

COVAR = T; mean for each data piece will be
removed.

Start time for LINK 2 if different from LINK 1,
or if restarting program at LINK 2. There
can be up to 5 start times.

Stop time for LINK 2. Same as above.

Data piece length.

Example:

Deltat = 450.0; piece length of each correlation
will be 450.0 seconds long.

Intermediate printout option

Example:

IPRINT = 10; every tenth piece calculated will
be printed.

Minimum lag time of correlations.

Example:

TAUMIN = 0.0; there will be no time displacement
of correlated data for the first lag point.

Same as above exrept for the maximum lag time.

Interval between lag points. This also determines
the number of lag points used.
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9. *VELLAG This should be set to "0" or "1". 1 if velocity
as a function of time lags are desired. O if not.

10. SEPART Physical separation of the correlated beams.
These should be specified in the same order as
correlations are specified.

Example:
SEPART = 128.0, 180.0; the first two beams
correlated are separated by 128.0 meters.

11. *J Undelayed channel to be correlated.
Examples
J = 5; channel 5 will be the undelayed channel.

12. K Delayed channel to be correlated. There can be
up to six undelayed channels.
Example:

K=1,2,3,4,5,6

C. LINK 3
1. NUMPCE Piece numbers to be deleted from the accumulation
of pieces.
Example:

NUMPCE = 6, 18, 19, 31; these pieces will be
deleted from the accumulations. There can be
up to ten deletions.

2. NPRINT Intermediate printout of correlations from
LINK 3. Same as IPRINT in LINK 2.

3. NORM Correlations will be normalized if this option
is set to (T). Set to (F) if correlations are
not to be normalized. This is a logical operation.
Example:
NORM = T; correlations will be normalized

4. DTREND Removes the trend in the data being correlated.
Logical operation same as above.

5. PREMLT Multiplies the correlation value by its
associated time lag. Logical operation same
as above.

6. PLOT Plots all correlations. Logical operation same
as above.

7. *NO Accumulation number

8. BEGIN Time to begin accumulation
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8. END Time to end accumulation

10. Blank card or card containing alphanumeric data explaining
the type of modifications used on the data.

3. INPUT/OUTPUT TAPES (7094)
A, System Tapes

(1) Al:(N/A); System residence containing library subroutines.
(2) A2:(5): Card input ( namelist data ).

(3) A5:(8); Program residence containing source or object
program.

(4) A6:(10); LINK 1 output.
(5) a8:(N/A); 4020 plotting output,
(6) Bl:(6): Reports output (LINK 2 and LINK 3).
(7) B3:(2); Overlay tape.
(8) B5:(9); Non-system input.
(9) B6:(11); LINK 2 output.
Input/Output Tapes (1108)
All system usage is located on mass drum storage. Users
input and output tapes are selected at run time as specified

on the 1108 run cards optional to the programer. (See job
set-up) .

4, DIAGNOSTIC
A. LINK 1

(1) End of file on input taps (B5).
(2) Irrecoverable parity error on tape (B5).

(3) System messages,
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B. LINK 2
(1) Storage exceeded.
(2) Correlations not specified correctly.
(3) Time span and piece off.
(4) Time span greater than pieces.
(5) Insufficient data in time interval.
(6) Duplicate channels.

(7) System messages,.

C. LINK 3

(1) System messages.

5. USERS RESTRICTIONS AND NOTES

A. LINK 1

(1) At digitizing time, the number of words per physical
record should not exceed 6000. This will allow enough
area in the dynamic storage for data conditioning.

(2) The logical record lengths of the intermediate tapes are
controclled by the NBLK constant. For ESSA tapes this
must be the number of records psr blocked record on the
input tape. For MSFC NBLK controls the number of records

per blocked record output. These blocked records should
not exceed 512 words. Usually NBLK = 30.

B. LINK 2

(1) To eliminate storage overflow, the following calculation
should be made:

PZSOO - INTLAGS + NCRT x NTLAGS x VELLAG + 9 x NCH

+ NCRT x (NTLAGS + 1) + MAXINC x NCH):! / (MSUB x NCH) > 1
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Wihere:

NTLAGS two times number of lags plus one

NCRT total number of correlations

VELLAG input constant

NCH total number of channels being used
MAXINC maximum time lag divided by time sampled
MSUB number of samples per piece

C. LINK 3 - None

NOTES LINK 1

(1)

(2)

(3)

(12. and 13.) Stop time will be adjusted to the last time
on input tape on termination of LINK 1, and passed on to
LINK 2 if LINK 1 and LINK 2 are run in sequence. If
LINK 2 is run as a restart it is the responsibility of
the user to get the stop time from LINK 1 output.

(18.) If NBLK is selected such that the number of words
per plocked record exceeds 512 core locations, some
constants and machine instructions are destroyed.

(20.) This constant is used to print out time, 1/square
root of time, mean and RMS values for each channel.

NOTES LINK 2

(1)

(2)

(3)

(9.) Considerable amount of storage is needed for these
values if several correlations are requested. If core
storage is marginal this should be set to "O" and the
number of correlations times the number of lags will be
saved.

(11.) There can only be one "J" for each set of "K's".
These can be repeated until there has been 12 correlations
specified.

(11.) If auto correlations are reguested then a DC trend
is calculated by removing the square of the means from the
area in under the correlation for each auto correlation,
and square rooting the value. The area in under the curve
replaces X2 in the standard error calculations.

NOTES LINK 3

(1)

(7.) There can be up to five accumulation spans and each
span number identified by number 7,8,9 can be repeated
up to five times.
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6. JOB SETUP
JOB SET-UP (7094)

$JOB NASA-JAYROE BIN 309,470960,00,11,14MCE
SEXECUTE IBJOB

$IBJOB FIOCS,MAP

SFILE ~UNITO3-, NONE

SFILE ~-UNITO8-, NONE

SFILE -UNIT13-, NONE

SFILE ~UNIT14-, NONE

SFILE ~UNIT15-, NONE

SIEDIT SYSCK1, SCHFO1

$IBFTC MLTCOR MLTCO0Q0

$DATA

SLINKNO
KRUN=1, 2,3, 4
$END

SNAMDAT
NBEAMS=2
NFLSKC=0
NFLSKD=1
MVMEAN=0
NCENDF=0
NOBEAM=2
NWHICH=1, 2
TIMSAM=.00005
VALMAX=1.0,1.0,1.0,1.0,1.0
VALMIN=-1.0,~1.0
START=0.0
STOP=.5
NFILE=0
MSFC=1
IFREQ=1

LTN=9

NBLK=40
NSTART=1
NBOB=1
PLYBCK=1.
NSTEP=0
NDEBUG=1

SEND
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$IDINFO
RUN=6H 993
ORGAN=6H MSFC
SEND
SCVARNC
COVAR=T
SEND
STIMES
STOP=. 4900
DELTAT=.012
IPRINT=0
SEND
SDELAY
TAUMIN=0.0
TAUMAX=.002
DELTAU=.00005
VELLAG=0
SEPART=.01, .02, .03, .04, .05
$END
$CORR
J=1,K=1,5%0
$END
SCORR
J=0,K=6*0
$END
$DELETE
NUMPCE=10*0
NPRINT=5
SEND
SMODIFY
NORM=F , DTREND=F , PREMLT=F, PLOT=T
$END
SACCUM
NO=1, BEGIN=0.0 , END=.444
$END
SACCUM
NO=0, BEGIN=0.0, END=0.0
SEND
NO MODIFICATION
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JOB SET-UBR (1108)

-RUN, T CSU204,470960,JAYROEBIN309,10,999
-ASG,T 9,7, 36124

-ASG,T 10,T

-ASG,T 12,T

-FOR, IS MLTCOR,MLTCOR

END
-MAP, II. MAIN,MAIN
SEG MLTCOR

IN MLTCOR, DEC002
SEG AA*; (MLTCOR)
IN DECOO03.

SEG BB*, (MLTCOR)
IN DECK 21

SEG CC*, (MLTCOR)
IN DECK3l
-XQT,D MAIN
SLINKNO
KRUN=1,2,3,4
SEND

SNAMDAT
NBEAMS=9
NFLSKC=0
NFLSKD=0
MVMEAN=0
NCENDF=0
NOBEAM=0
NWHICH=0
TIMSAM=1.0
VALMAX=1.0
VALMIN=1.0
START=0.0
STOP=180.0
NFILE=0

MSFC=0

IFREQ=1

LTN=9

NBLK=40
NSTART=1

NBOB=0
PLYBCK=1.00
NSTEP=0
NDEBUG=2

SEND
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$IDINFO
RUN=6H 100
ORGAN =6H MSFC
SEND

$CVARNC

COVAR=F

$END

$TIMES

DELTAT =40.0
IPRINT=0

$END

$DELAY
TAUMIN=0.0
TAUMAX=20.0
DELTAU=1.0
VELLAG=0

SEND

$SCORR
J=4,K=4,5%0
SEND

$CORR

J=0,K=6%0

$END

$DELETE
NUMPCE=10%*0
NPRINT=1

SEND

$MODIFY

NORM=F, DTREND=F, PREMLT=F , PLOT=T
$END

SACCUM

NO=1, BEGIN=0.0,END=120.0
SEND

SACCUM

NO=0, BEGIN=0.0,END=0.0
SEND

STRAIGHT TIME

-PMD, E
- FIN
- FIN
- FIN
- FIN
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APPENDIX B
PROGRAM LISTINGS
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sJee NASA-JAYRAS HEIN 209,47096C 400,11 41¢MCE

$EXECUTE T83en

sisJor FIGCS,rAP
$SFILE =UNETO2=yN2F
SFILE “UNTT12-,NuNT
SFILF =UNITT 2=,
$SFILF ~UNIT1l4-,NgN
SFILE —“UNIT15-,NENZ

$IBFTC MLTC2ZR

SC{l)= TAPE NUMPIR

SC(2)= ERGANIZATIGN

SC(3)= FILE CEUNT

SC{S51= START Twmk

SCl{e)= ST2P TINME

SC(6+1)= NOML 2F VARIABLF (NF

SCUEFNY = NAME ¢F NTH VARTARLE
SC{6+N#1) = MINIMUM VALLFE VARIAELE (NE

SCIA+2N)= NMINIMINM VALUEL AF NTH VARIABLE
SCUE+2N+1)= MAXINUM VALLE VARLAELE INF

SClE+3N)= MAXIMLY VALUE 3F JTH VARIABLE
SC{T+230M)= SAMPLING HATE
SC{B+2N)= SAMOLT RELUCTIUN AT REaL ([MF
WHERE A= NP ZF HEAMS R SFKS¢4S .
COMMEN START({D) ,STaRUH)oSCIHI), VALNMINILIZ) s VALMAX(L2)
L1oSLOPE(LIZ) s0IAS{12) 4L Th  NUFANS,NFLSKC NFLSKL,¥VVMFAN,
2TIMSAN cART S G IFREC  MOFC o NFILY o4 MS(1Z2)yVVEANTI2) o N2RUN) EXPNE G NEPAGE,
GAVOMIN(L2) s AVGMAY (17) yhELKe\NSTART,
ACAVT LY
DIVMENSTEN KRUN([SG)
DIMEASIEN AwHICHIL12)
NAMELLIST/ZLIANKNE/ZKRUN
NAMELIST/ILINFI/ZRUN, RGN i
NAMEL [ST/NAYDAT/NAE ARG G AFLSKC g NFLSKL ¢ MYNEAN JNCENTF G NEIEAM,NRHICH,
2TINMSAN JVALNAX VALMI L,
ISTART 3 STI0  NF LLE gMSFL y TFREC,LINNRLK NSTARY (NBBE ,PLYACK (NSTEP
2 yNDESLG
Dy 17 11
KRUNETT)
Le CENTINLE
CALL SCL2CK (LATG,TIMI,FSEC,FHA2SFC)
CANTIM=060S0C
REAN TNTLT £AxDS UNGTI NAMELIST
REAC (5,LTAKNG)
WRITE (&,LINKNR)
RIAG (5 ,NANSGAT)
WRITE {&,N2¥HAT)
[F (%SFC) 21721422
29 READ (5, IDINFD)
SC{L1)=RLA
SCI7)Y=¢%GAN
21 CZNTINLF
HRDS= (NREANMSH L) sNRLK

aNaNeoNaNeNaNoNelnNaNeaNaNaNale ool nNeNaN el

=1 r
=0

(]

/8
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TIMSAM=TIMSAM/PLYRCK
SP2T=0.0
I1=1
IF (KRUMN(T) JEQ. 1) %2 T2 1
G@& T2 4
1 I=1l+1
CALL LIAKY (NEZE8,NCENDF PLYBCK AWHICH,NEREAM NSTEP,,NUERLG,SP2T)
4 IF (KRUN(I) FQ, 2) 52 T2 2
G T2 5
2 I=1+1
CALL LINK2(KRUN,SPZT)
5 IF (KRUNI) .FC. 3) ”2 17 3
G@ Te €
3 CENTINLE
I=1+1
CALL LINK3(KRUN(I))}
6 CENTINUE
IF (KRUAN(I) LEQ. 4) G¢ Te 7
G2 1¢ &
7 CeNTINUE
8 CEZNTINUE
CALL SCLR2CK (CATE,TIME,ESEC,E63SEC)
COMTINM=(EGCSEC~-C2MTIV)IZEDLQ
WRITE (€641199) C2¢T N
1199 FARMAT (40HIC.P.U. TIME REQUIREL FER THIS 7C94 RUN=F1Z.5)
STRP
END

$IBFTC DECKCJ DECKCOCC
SUBRPZUTINE BUTLIN,EXPNZPRG4NEZTAPEZNBPACE,NLFILE,ICATE,NBRUN)
WRITE(N¢1OCD) EXONA,ZRCNETAPE,NZPACENYFILE,ICATELNGRUA
10C0 FZRMATILIEL,T4{ir+),/21H +EXPERINENT NUVM K= A6, X, 13HEIGANTZATIZN F¥ 1000
2=4A64 14H TAPE NUMBER= ,Ahy 21 +4/2H +,T72%x,K4,/2K +,6X,1ZHPAGE NuUMB FM 10C0
IER=,13917H FILE NUMBER=,A64H5FCATE= A6, 140 QUN NUMBER=,A642H +,4/1
4H L4 (1F+) )
RETURNK
END
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$ORIGIN ALPHA,SYSUT2,REW
$IBFTC LINKIL
SUBREZUTINE LIUNKI1 (NBZBNCENDF,PLYBCK NWHICK,NOBEAM,NSTEP+NCEBUG,

C

1121

253

300

302

301

400
15C

16C

151

25C

251

LSPET)

CANPEN STARTIS) ,STAP(S)oSC{S3)ovALMIN(LI2),VALMAX(12)
1oSLEPE(12) 4BIAS{12) ,LIN,NBFAMS,AFLSKCNFLSKL ,FVFEAN,
2TINSAN ANWDS, [FREC,MSFC NFILE JRME{12), VFEAN({12)sNERUN,EXPND ) NBPAGE,

GAVGMIN(L12) s AVGMAX{12) NELKoNSTART
DIMENSICN NWHICH(L)

DIMENSIEN BUFEUT(512)

DIVMENSIZN CATA(S(OS0)

DIMENSIEN VVMEAN(12),kRYS(12)

DIMENSIEN COMI(1)

EQUIVALENCE {START(1l),CiM{1)}

DATA NFLAG/D/

DATA NCEUNT/3/

INITILIZE VARTABLES FZR RMS CALCULATI2AS

FERMAT (1HL1,117H TIME CH1 Ch2

1 CHS CHé CH7? Ckg CH9
2 )

NUNCEZM=175

NT@TNE=C

NFIN=NWDS-NBEAMS

CP 253 J=1,NBEANMS

VMEAN{UJ)=0.0

VVNEAN(J)=0.0

RMS(J)=C.0

RRMS(J)=C.C

CeNTINUE

CEeNTINUE

IF (MSFC) 322,302,329

CALL TPMSFC (DATA,IERR,PLYBCK,NSTEP,NDEBUG)
G? T2 {(3C1,999,999,321+4599),1ERR
CENTINUE

CALL TPESSA (DATA,IERR,NDEBUG)
CZNTINUE

IF (NFLAC .GT. 0) G2 T2 400
WRITE(L1C) (COM(T),T=1,MLMCEV)
NFLAG=1

CENTINLE

[=0

[=1+1

D2 16C J=1,NBEANMS

I=1+1
DATA(I)=CATALI)«SLEPE(JIY+BIAS(I?
C@NTINUE

IF (I .GE. NWDS) G8 T4 151

G4 T2 15

CeNTINUE

CALCULATE MEANS AND RMS VALUES FERE
IF (1E?R FQe 2) GB& Te 4901

IF (NCEPLG .£C. N) GA Tg 4C1

[=0

I=1+1

D2 251 J=1,NBEAMS

I=1+]

RMS{JI=RN¥S{J)+DATA( ) %22

VMEAN D) =VMEAN(J)+DATALL)
CEeNTINUE

IF (1 .GE. NWDS) G# T2 152
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GB8 To8 25¢C
152 COANTINLE
NTZTINZ=NT@TNO+NWLC S
401 CENTINUE
IF (NMYMEAN) 144,141,145
C CALCULATE INTEGERS FJ” INDEXING IN MBVING MEAN SUBRECUTUNE
145 FACT2R=(MVYNMEAN/2)+]
TIMCZR=FACTR#TINSAM
NFACTR=MYMEAN®(NBEANMS +])
[TEMP=(AWDS/NFACTR) 2NFACTR+NKDS
NEWWDS=ITEVMP+NFACTR
NODLSPN=NFACTR
INDEX=NWCS+1
INDEX2=INDEX+NFACTR~1
INDEXE=(NBEAMS+1) 2 FREC
INCEX3=1TEMP-INCFX6
INDEX7=1TEMP~-NWLCS
AVERAG=NMVYMEAN
MYMEAN=-NMVYNMEAN
INDEXS=ITENMP=-(NBEAMS+1 )& (IFRFQ-1)
M=1
I1I=INDEX
144 C2ZNTINLE
1=9
II = 11~-1
IF (MVNMEAN) 140,141,142
14C T1I=11+1
’ 1=1+1
DATA(IL)=DATA(I)
142 1F (I .GT. NWRS) GE Tg 1t
IF (11 EG. NEWWDS) G2 18 143
Gd T¢ 14°C
143 CALL YNMEUVMN (CATALZITEMP,TIMCZRyNCLSPN, INCEX  AVERAG,NWHICH,NEZBEAM)
INDEX4=INDEX-ITEMP+DEXS+(NBEANMSH+L)®(IFREC~1)
INDEXS=INDEX4+NBEAMS
6C2 D@ &7C II=INDEX4,INCEXS
BUFZUT(¥)=CATA(ILI)
M=Me+]
6CC CENTIALF
IF (M LT. NWDS) GB T2 €03
IF (NCEZLUG LF. 1) G@ Tg 200C
WRITE (&,1121)
D 2011 IX=1,NBLK
IY=IX#(NFEAMS+])
IZ=1Y-NEEANS |
WRITE (€,1112) (BUFJUT(NMM) MM=]2,1Y)
2G11 CEeNTINLF
23C0 CANTINLE
WRITE(1Z) (BUFEUT [ MM) y¥M=]1 ,NWDS )
SF2T=BULFRUT(NFIN)
M=1
603 C2ZNTINUE
IF (INCEX4 .GF, INDEX3) Gg Te 6C1
INCEX4=INDEXG+INCEXSE
INCEXS=INDEX4+NBFAMS
GZ T3 6C2
601} 111=1TEME
D7 146 T1=INDEX,INDEX2
I1E=111+1
DATA(EL)=DATALIIL)
146 CeNTINUE
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II=INDEX2
Ga T@ 1a4C
141 CENTINUE
SET UP INDEXING FeR CENTRAL CIFFERENCES
IF (NCENLCF) 202,200,291
2C1 NCENL=(NBEAVS+1)e2
NCENZ2=NWLS+1
NCER3=22NWDS
NCEN4=NWCS+NCENL
NCENG=2 #NWECS+NCENL
NFIN=NCEN3-NBEA~S
NCEANCF=-NCENDF

1I=NCENZ
202 1I=0

I1=11-1
203 II=II+]

I=1+1

DATA(IL)=CATA{I)
IF (I .GT. NWDS) G2 T¢ 1
IF (II .EQC. NCENS) G TR 204
2 Te 263
204 JI=NCENZ-1
154 1I=11+1
02 2C& J=1,NQEEA¥
IV=TI+AWHICH(Y)
NCERT=IVv+NCFENL
DATA(LIV)=CATA(NCENT)-CATALIV)
20& CENTINLE
II=T1+NBEAMS
IF {1! .GF. NCEN3) G2 T2 205
GZ T9 154
205 CaNTINUE .
IF (NDEBLS JLE. 1) 58 T€ 2001
WRITE {641114)
1114 FCRMAT (20HOCFNTRAL DIFFERENCES)
WRITS (6,1121)
Dg 2012 IX=1,NBLK
IY=1X* {NREAMS+1)+NWES
IZ=1Y-NEEAVS
WRITE {651112) (DATA(IE)I1=1Z,1Y)
2012 CEeNTINUE
1115 FORMAT {(1H ,F10.5)
2CC1 CENTINLE
WRIre (10} (CATA(CII), II=RCEN2,NCEN3])
SEZT=0ATA{NFIN)
NCEN6=KCEN3
Dy 207 1I=NCENZ,NCENA
NCEN6=NCEND+ ]
DATA(I1)=DATAINCEINS)
2C7 CENTINUE
1=RCEN4
Ge TS 2C32
2CC  C2NTIAUE
I¥ (NCEBLG JLE. 1) Gz Te 2202
WRITE (€,1121)
DB 2C1C IX=1,NBLK
IY=1X#(AREAMS+])
12=1Y-NBEANMS
WRITE (&,1112) (DATA(I),I=EZs1Y)
2010 CINTINLE
202 CZNTINUE
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WRITE (1C)(DATA(I),[=1,N%CS)

SPBT=DATA(NFIN)
212 IF (NAR2B) 1,1,209
209 NCBUNT=NKCOUNT+1

IF (NCEUNT .GE. NBEZB)Y GE T2 210

63 T8 1
21C AVRAGE=NTZTNB/({NREAMS+1)

D2 211 J=1,NBEAMS

VVMEAN(J)=VMEAN(J)I/AVRAGE

RRMS{J)=SCRT{IRMS(JI/AVRAGE)=VVFEAN(J) 222 ) /SCRT{AVRAGE)
211 CaNTINUE

SQRTT=1,C/SQRT(DATA(1))

WRITE (€641112) CATA(L),SQRIT,(VVMEAN(J) 4RRES(J), S=1,N0EAMS)

NCRUNT=(C

Go 12 1
999 CENTINLUE

STAP{NSTART)=SPLT

FINISH RMS CALCULATIENS

FF (NCEBUG +ECe. J) G¥ Tg 26C3

AVRAGE=NTRTNY/ (NBEAMS +1)

D@ 2C2 J=1,NBEANMS

VMEAN(J)=VNMEAN(J) JAVRAGE

RMS{J)=SCRT({RMS{J)/AVRAGE)-YMEAN(J)aa2)
208 CENTINLE

WRITE (&41112) (VMEAN(J)+RMS(J)JI=1,NBEAMS)
2CC3 CENTINLE

KRITE (641112) (SLOPT(I)BIAS(I)sI=14NREANMS)
1112 FZRMAT (1H 12F10.6}

WRITE (£,1120) (START{I)oSTLP(I)4E=1,NSTART)
1120 FORMAT (44H START AND ST2AP TIMES £N LINK 2NE 2UTPUT ARFE, 2F12.6)

CALL QULTLI{ELEXPN2,SCI2)+SC(L) «NEPACE,SCI3),SC{4)NERUN)

CALL Z2ULT2{& ,NBEAMS,SCU9)SCIEY e AVOMIN, AVGMAX SLEPFLETAS,VALFIN,

LVALMAX)

CALL ZUTI(E,NBEAMS,SC(43),SC{#4)IFREQ,MVYNELANLNCENGF,SC(B),

LSC(5)4SCL6) yNWHICH,NZHEAM)

TIFREG=IFREQ

TINSAM=TIMSAM*TIFREC

END FILE 1C

REWINE 1€

REWINC S

RETURN

END
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$IBFTC DECKlA DECKOQJ0C

408
496S

3902

83

88
9¢

SUBRZUTINE TOESSA (CATA,IERR,NDEBUG)

COMMIN START!5) ,STAP(9)2SCUS53)VALMIN(LZ) yVALMAX(12)
1,SLEPE(12),BIAaS(12) ,LTN,NBEAMS,AFLSKC,NFLSKC ,MYNMEAN,
2TINMSANM NWOSIFRECIMSFCAFILFLRMS{12),VVEAN(12),ABRUN, EXPND,NEPAGE,

GAVGNMIN{LIZ) AVGMAYIL2) g NBLKGNSTART

EQUIVALENCE (1Z21,221)

DIMENSIZN CATA(1)

DIVMENSIZN INATA(430),INMX{(3)

SET INITIAL FLAG CUNDITIONS
DATA NFLAG/O/

CATA NFLAGL/O/

DATA NCALZO/

0&TA TSL/V/

DATA IMK/9420C0C000009,24C00C6002,24C00/
NDATA NCZM/21000C/

DATA NCZUNT/-1/

IF (NTLAG) 408,322,478

IF (NFLAGL) 1,409,55

I=9

Geg Tz 1

CENTINLE

NPAR=C

UNPAK RETURNS AN ARRAY SC CZNTAINING HEACER INFCZRMATICN
IF (NFILE) 39,9C,89

D2 8L NSKIP=1,NFILE

CALL SKRECOD(LTN,1,RL)

CALL SKFPRIN {(LTN,1,R[)

CENTINUE

CaNTIALE

CALL UNPAK

NUPER=13

NUPERL=NLPER+]

NUPERZ2=22

IF (NDEBLG .EQ. 0) G2 TZ 20€1
WRITE (6,1111)

WRIT® {6,1113) (SC(JI),dI=1,19)
WRITE (6,1112) (SCUJT)9dI=19,53)

1111 F¢RMAT (1SHIDERLG PRINTLUT)
1112 FYRNMAT (1H 12FL1C0.3)

1121

FERMAT (1HL1,117H T[v+ cHl CHZ CH3 Ché4
1 CHS CHe CHT? cLy CH9 Ck10 CH11l
2 )

1113 F2RNMAT (1H AL)
1114 FPRMAT (1H ,10F12.3)

2CC1

1¢C

Lt

CZNTINLE

DA 160 J=lal1

JJ=19+J

VALMIN(J)=SCLId)

CANTIALE

DO 11 J=ly1d

JJ=31+J

VALFMAX(J)=SC(JJ)

CENTINUE

JJ=43

SMREC2=SCLII+ L)
TIMSAM=(1.0/SC(JJ))#(SCLIJ41)+1.0)
[ERR=C

CALL RELCTPR (LTN,2, [ERR4NWsNWCS, IDATA)
NCEUNT=NCAUNT+1
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a0

IIMFAC=FLEAT(NCGUNT-NQLK)aTlMSAN
I=C
IF (Nw=AWDS) 74,6&,7
CENTINUE
CeNTINUE
GO TP (5434349543),1ERR
WRITE {(6,99)
FORMAT (27HOEND @F FILE SN INPUT TAPE
GP T 996 -
FORNAT (42HDIRRECCVIRABLE PARITY ERAGR gN TAPE
WRITE (€£:98)
NPAR=NPAR+]
IF (NPAR .GE. 10) GZ Te 999
GP T2 1
TERMINATE RQUN HERE
TRANSLATE TIME
55 I=C
5 CE2NTINLE
IF (NFLAG .EQ. C) GZ2 Tz 110
IF (CATI .LT. START({ISL}) I=1-1
11C I=I+1
40C II=][1+]
IF=7142
LWw=iF/2
IP=1F=3a(LW)
IBT=12=1P
I0A7=C
CALL FLC(IDAT,24,12,18T,I0ATA(LW]))
DATI=TCAT
DATI=CATI#TIMSAV+TINMEAC
IF (A\FLAC) 11.12,11
11 IF 10ATI +LTe START(ISL)) G2 T2 8
IF (CATD 4GT. STHP{ISL)) G2 Tg 10
G2 T¢ L2
8 [I=11+NBEAMS
IF (1] CE. NWDS) G2 Tg 1
) G2 T2 4cCC
10 IF {751 «GE. NSTART) 452 Te 4C7
ISL=ISL+]
GH T2 2
407 1ERR=Z2
Ga T2 GSS
12 CEeNTINUE
DATA{IY=CATYI
TRANSLATE CATZ2 FRZM W2RC
08 1358 J=1,N\BTANS
I=1+1
II=11+1
[F=11+2
Lw=1F/3
IP=1F-34(LKk)
IBT=1221P
IDAT=)
CALL FLD (IDAT,24,12,18T,IDATA(LK]))
221=ANCU{IMK(3),10AT)
IF (I1Z1 «EG. 0) G& T2 S5C0
IDAT=ICAT~NC2M
50C DATA(I1'=IDAT
198 CENTIANLE
IF (II-5) &21,4C02+403
402 IF (Il LC=. NWOS) G T 404

0

S0 Dw O~
- -]
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62 T2 11¢

402 IF (II .CF. NWDS) G? T¢ 405
Ge 1¢ 11¢

401 IF (I .GE=. NWCS) Gp T¢ 406

404 NFLAGL=C
4095 NFLACL=-1

406 NFLAS1=!
G2 72 L1l
11v CENTINLE
IF (NFLAG .EQ. }) G2 T2 999
IF (NCAL) 130,120,129
12C C@2NTINLE
WRITE (é,1121)
DB 2C1C IX=1.NBLK
[¥Y=IX#(ANBEAMSH])
1Z2=1Y-NBEANVS
WRITE (€.1112) (CATA(IY,I=1Z,1Y)
2010 CONTINLE
02 199 (=1,NBEAMS
AVGMAXI(J)=C.0
AVGMIN(J)=CaN
196 Ce2NVIANLE
1=0
231 I=I+1
D& 2CC J=1¢NBEAMS
I=1+1
AVGMINL{II=AVGNMINL D) +ATRLT)
2CC CaNTINUES
IF (I .GE. NWDS) G Ty 207
G2 T8 21
207 CZNTINUC
NVISZR=AWDS/{NBLAMS+])
B2 222 J=1,NBEANMS
AVGMIN(J)=AVONMIN(J) /UVISTER
202 CIZNTINUE
NCAL=1
1=C
G2 T2 1
129 C2ZNTINULE
D2 2011 IX=1,NBLK
[Y=[Xa {NEEANMS+1)
12=]VY=NBPEANS
WRITE (56,1112) (TATALL)oI=12,1Y)
2011 CONTINUE
I=Q
2C3 1=+l
DZ 204 J=1,NBEANS
[=1+1
AVGMAX (J)=AVGMAX{J)+OATALL)
2C4 CIZNTIANUE
[F (I GE. HWDS) G2 Tf 200
6@ T 227
208 C2ZNTINLE
NZ 2C5 J=1,NBEAMS
AVOMAX(J)=AVGNMAX({J) /DVISER
235 CANTINLUE
02 20& J=1,NBEANS
SLYPS(J)={VALMAX{J)=VALFINLIN)/LAVGMAXTJ)-AVGHINGY))
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BIAS(J)=VALMAX{J)-AVOHAX{ J)eSLBPELY)
206 CENTINUE
NCAL=-1
I=1
NCO2UNT=~1
DATI=~CATI
NFLAG=1
G2 T2 1
130 C2NTINUE
999 RETURN
END

$JUFTC DECK1B DECKOJ020

SUBRBUTINE UNPAK

COMPMZN START{S5) STOP(5)+SCI53)4VALMINI12),VALMAX(12)

LoySLZPELL2) yHIAS(12)yLINNBEANS NFLSKC o NFLSKE 4 MVMEAN,

2TINSAM JKWDS, IFRECIMSFLNFILELRMS(1Z),VVMEAN(12)
c REAL IC IN 85CC MECE

15RR=C

CALL RECTPR (LTN,3,1FRR,\N%,53,5()

c SC1) THRL 3C(6+4N) ART ALPHNUMERIC FIELC CATA TZ #HE

c *RITTEN 2UT A FZRMATEL

c SC{&+N THRU SC(8+3N) ARE RCUC T2 BE CONVERTEL T# FL2ATINE PRINT
N=19 .
NA=33

ne 10 l=\.r\N

CALL TRALAT(SC(I))
10 C2NTINUE

RETLRN

END

87



$IBFTC DECKIC

50

1CO

206G

201

109

L1C

SUBREL! INE TRNLAT(SC)

DIMENSIEN N{6)oNTEL(L4)NN(6)

DATA
DATA
DATA
DATA
DATA
DATA
CATA
DATA
DATA
DATA
DATA
DATA
NATA
DATA

NTEL(L)/201L/
ATHU(2)/R02/7
NTBL(3)/£03/
NT2L(4) 204/
NTELISY/ 209/
NTAL{6) /78067
NTBL(T)Y/800/
NTRL{B)/7€10/
\NTeL(9¥/¢Cl1/
NTBL(10)/BGO/
NTBLIL1)/060/
NT3L{12)/240/
NTeL(13ys820/
NTBL{14)/033/7

NFLAG=1

D2 5C [=1,6
NN(I)=C

N(I)=C
C2NTINUE

CALL FLC (NL1)
CALL FLL (N(2)
CALL FLEC (N(3)
CALL FL (N(4)
CALL FLEL (N(S)
CALL FLL (N(6)
NSCL=C

£O 1CC J=1,6
IF (NGJ} LEQ.
IF (N{J) .EQ.
C2NTINLE

IF (NSCL «GT.
TSCL=1.0C

G2 T2 2¢1
TSCL=1CweNSCL
CENTINLE

JJd=1

D3 1L1C J=1,6
DE 109 K=1,9
IF (NUJ) EG.
CeNTINLE

IF (N(J) JEN.
IF (N(J) LEQ,
IF (N(J) JEQ.
lF ('\(J’ -Elg‘o
IF (N{J) LEOQ.
JI=JJ+1
CeNTINUE
NN(2)=RN(2) =190
NN(3)=NNED ) %1 D
NN{4)=AN(4)21C
NN(S)=AN(5) =10
NN{6)=NN(6)=1C

NDUMMY=ARLL)+NN(2) +NN{IDIHNN(G)ANAN{SI+NN(E)

SC=NLUMVY
SC=(SC/TSCL)#F
RETULRN

END

y30;6.3:’).SC)
+30464924,5C)
|30'6,18'SC’
03046,12,5C)
+30y646,5C)
120464045C)

NTBL(14)) NSCL=J-1

NTBLUL2)) NFLAC==NFLAG

J) Gp Y& 290

NTBLIK)) AN(JIJ)I=K

NTRLU1D)) NN(JJ)=C

NTBLOIL)) NN(JJ)I=C
NTRL{12)) NN(JJI=C
NTRL(L13)) NN(JJI=C
NTRL{L4)Y) JJd=JJ-1

0

03s
ace
gsoo

LZAT{NFLAC)
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$IBFTC DECKID

111

102
102

104

112

11C

113

SUBRAUTINE VMRVMN (CATA,ITEMP,TIMCZR,NDLSFA, INDCEX,AVRAGE,
INWHICH ,NZBEAM) ‘ '

CAVNEN START(5),STAP(5),SCIY93 ), VALMIN(LZ)VALMAX{12)
1sSLBPE(LZ) ¢BIAS(12) yLTN,NBEAFS, NFLSKC JNFLSKL ) MVNEAN,
2TINSAM G ARDS yIFREG I MSFC,AFILE fRMS (12}, VNEANT12) '

DIMENSI2ZN NWHICK{1}

DIMENSIZN Sum(12) ’

DIMENSTEN DATALL)

LSPAN=NCLSFH-NWES

[=INCEX-1

[=1+1

CALCULATE TIME

DATA(I) =NATA(L)+TIM SR

M=1

D2 102 J=1,BEAFS

SUM({J}=C.0O

CEZNTINLE

M=M+1

D2 104 J=1,NEBEAM

MMz=M+NWFICH(J) =1

JI=NWHICH{J)

SUMJJ)=SUN(JJ) +DATA(NME)

CZNTINUE

Mz=M+NBEAMS

IF (M .GE. LSPAN) G¢ T¢ 112

Go 12 123

CENTINUE

LSPAN=LSFAN+NBEANMS+]

C2 110 J=1,N@QBEAWV

II=I+NWHICK (J)

JJI=NWHICKH(J)

DATA(IT)=SUMIJJ)/AVRAGE

CENTINLE

[=1+NBEAMS

IF (I .CE. ITEMP) GE Te 113

Ge T¢ 111

CEZNTINLE

RETURN

END
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$IBFTC DECKLE DECKGCO0C
SUBRALTINE TPMSFL (UATA,IERRPLYBCK NSTEP,NLFBRUG)
CBVNEN START(S5)4STAPI5) 4SCI53), VALMIN(12),V2LNAX(12)
L1oSLAPE(LI2) 4BTASI12) ) LTN,NBEANS,NFLSKC NFLSXC ,MVNEAN,
2TIFSAN ARDS G IFREQeMSFCAFILE yAMS( 12y VMEAR(12) 4A2RUNEXPND,NIPAGE,
4AVGEMIN(12)  AVGMAX(12) JNELKJNSTART
EQUIVALENCE {1Z21,221)
DIMENSIEN CATA(l)
DIVENSIZN IRATA(2700),INKL(3)
1112 FRPRMAT (1IH [5)
1113 FARMAT (1H F10.5)
1114 FBRMAT {1HO214)
DATA IRECFEG/D/
DATA [FLAGY I/
OATA NCAL/J/
DATA I¥K/2220200CCOI02,£€272007200,£2200/
DATA ITINMEL/D/
DATA NCYL/C/
OATA ~NCTR/C/
DATA TSL/Y/
I=1
IF {IRELFGR) 114,15,1
s IF (IFLaG) 16,111,416
11 IF (NFLSKC LEC. 2) G Tz 1
CALL SXFPIN (LTANJAFLSKCRCY
G2 7. U
16 REWINC LTIN
IF (NFLSKD .EQ. 0) G2 T2 1
CALL SKFEIN(LTNNFLSKU,RD)
G T2 1
1 JERR=D
NCEZUNT =L
CALL RECTPR (LTN,2,IERRWNW,,27IC,10474)
11=1
G2 TP (5:344,5,%),1CRR
3 ARITE (€,10) RTIME
1C FARVAT (29HOEND~LF~FIL® &N INPUT TAPE AT,Fl2.5)
IF (ACAL GF. 1)} G& T2 11¢C

G2 77 656

4 WRITE (6,12)

12 FQRMAT (42KJIRRCCAVFRABLE PARITY ERRZR ZN INPUT TAPE )
G2 T2 1

5 IFLAG=1

IF (Na—-2) 3,6,8

6 CeNTINLE

C UNPACK I RE{LZRD
NWC1=1LATAC(]L)
NWC2=I0ATA(2)
NBEAVS=C
NSCANS=C
CALL FLL (NREANS,24412,0,N0C2)
CALL FLC (NSCANS412424412,N0D2}
NBEAMS=INTBCD(NBEAMS])
NSCANS=IANTRLN (NSCANS)
NDWSI=NEBEANMS*NSIANS
NOWS=NBEAMS aNSCANSHNSCANS
NSCALC=3
CALL  FLL (NSCALE3)e6424sNKC1)
TIMSCL=! "= wNSCALF
NCAL =0
CALL FLG (NCAL 3046, 30,ND1)
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2¢Co

2010
2011

2¢c1
114
17

20¢

2C1

202
18

1CC

118

11C

IF (NCAL .EQ. O) NDATA=AWCS

IF {NCAL .CGE. 1) NDATA=\DWwS

IF (NDEBLG .EC. D) G& ~¢ 206C
WRITE (€,11123 NREAMS,NnSCANS,NOWS1,NOWS,NCAL ¢NWCSy IERR,ASCALE
CEZNTINLE .
REAC CATA

Ge Te 1

C2NTINLE

READ CATA W@RD ANC PLACE IN CATA(1) ARRAY
ITIME=C

TRANSLATE TIME

CALL FLL (ITIME;g124244C, [DATA)
IF (ITINME=ITIMEL) 2013,2911,2011
NCTR=NCTR+1

NCYL=1CCCOCO=NCTR

ITIMEL=ITINE

RTIME=ITIME4NCYL
RTIME=(RTIME/TIMSCL)/PLYBCK

IF (NDEBLG .EGC. C) G2 Tg 2001
WRITE (6511131 RTIME

CENTINUE

RTIME=RTIME-TIMSAM
RTINME=RTIME+TIMSAN

IF (IRECFG) 17,18,17

IF (RTINME oLT. START(ISL)) GR T€ 26¢
If (RTINVE .5T. STAP(ISL)) G¢ Ty 201
G? Te 18

11=IT+NBEANS
NCEUNT=NCAUNT+NEFAMS

IF (NCZUNT .GE. NCWS1) €@ T2 1
6B Tg 114

IF (ISL .GE. NSTART) G T2 202
ISL=ISL+1

G2 T2 2CC

1ERR=2

GO T8 959

DATA(1)=RTINE

I=1+1

D2 1CC J=1,NBEANS

T1=11+1

LW=11/3+1

1P=1]-3(Lh=1)

IBT=12e1F+2

INAT=0

CALL FLTC (IDAT,26,10, 18T ICATA(L®))
DATA(I)=1CAT
ZZI=ANCIMK(IP+1],1CATAL{LW))

IF (121 NC. 9) CATA(I)=-DATALI)
I=1+1

C2NTINUE

MCZUNT=ACEUNTSNREAMS

IF (I .5E. NDATA) G2 TE ll6

IF (NC7UAT .GE. NCWS1) C@ Tve 1
Ge Ty li4

IF (NCEUAT .LT. NOWSl) GO TZ 11€
IF (NCAL oGE. 1) G2 T¢ 11C
IRECEG=1 '

GO Te 1IC

1F (NCAL .GE. 1) G& T# 110
IRECFG=~1

CZNTINLF

91



IF (NCAL~1) 14,13,21
13 CALL SINCAL (CATA,NDATANSTEP, [ERR)
Gl T2 (1422422:1,422),15R%
21 CALL STPCAL (CATA,NLATA)
22 IRECFG-1
ITIMEL=C
NCTR=0
NCYL=0C
I=1
. G2 T2 18
14 CENTINLE
999 RETUKN
END

$IBFTC DSCKILF DECKOV0C
FUNCTIECN INTBCO(NCUMMY)
N1=Z
N2=2
N3=C
N4=¢
NS5=C
N6=7
CalL FLC (N1o30.6,30.htU~NY)
CALL  FLZ (N243C,6,209NTUNNMY)
CALL  FLL (N3,3C 6,415 ,XTUNMMY)
CALL  FLL (N4 ,3C,6,174ANCUNMNVY)
CALL FLL (NS ,3C 696 NLLNMNMY)
CALL FLEL (N693C,645 3 NCUMMY)
IF (N1 .EQ. 48) Nl1=¢
IF (N2 .E9. 4B) N2=0
IF (N3 JEQa 42) AN3=D
IF (N4 .EQ. 48) N4=©
IF (N5 .EC. 48) NSaq)
IF (N6 FQe 48) Ng=
N2=N2=1C
N3=N3#]1{C
N4=N4+1CCO
N5=N5=1CC0C
N6=N&#1CCCCO
N=N1+N2+N34+NLG+NS+NG
INTRCC=aN
RETLRN
FND
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122
121
141
108

1CS
11¢
103

104

ic1?
12C

<. $IBFTC DECKIiG

SUBRZLTINE SINCAL (DATANUCATA,NSTEP,IERR}

CEMMZN STARv(b),ST"P\>).§C(53).VALNYN(14)'VILMAX(IZ)
1o SLZPE(12) 41 ASIDILLTN, NBEAFS AFLSKC:NFLSKC;VVPEAN:
C2TINSAMNWDS, TTREN, M5 :C'NFILE.RN((12)QVFEA&(!2).&2RCN-EXPVQ:N¢PAGE:

4AVG"IN(12).AVGMAX(lz),NPLK.NSTAHT
DIMENSICN LATA(1)

DIMENSIZN CANST(12)- )

DZU2LE PRECISICA XMEAN(12})

DUUBLE PRECISIZN SUM(12)

DATA NT27AL/Q/

DATA NFLAG/D/

IF (NFLAG .5T. 0) G2 T2 121

028 122 1J=1.12

XMEAN(TIJ)=C.0

SUM(1J)=C.0

CENTINUE

NFLAG=1

CENTINLE

GZ TO (141,120,120,141,12C),1CERR
CeNTINUE

IF (NSTEP) 109,1C8,179
FACTCR=1,.416215

FACTR1=2.0

Ge Tg 11¢

FACTER=1.9

FACTR1=1.0

CENTINUE

i=C

f=1+]

D3 1C4 J=1,NBEANS

I=141

XMEAN{J)=XNMEAN{J)I+DATA{L)
SUM{J)=SLM(J)+DATA(]) s=2

CeNTINLE

NTZTAL=NTE2TAL+L

IF (! .GE. NDATA) Gz T2 107

G2 T2 103

CZNTINLE

RETURN

CZNTINUE

TZTAL=NTETAL

D2 195 J=1,NBEAVS
CONST(I)=(SUMIJ)/TBTAL)I-{ (XMEANLJ)/TOTAL)eez)
CZNST(JI=SCRTI(CENST{J))=FACTER 4
SLEPE(JI=(VALMAX(J)-VALMIN(JI) )/ (FACTRLaCANST(J))
BIAS(J)={~SLABPE(J)=CINST{J))+VALMAX(I)
AVGIMINLJ)==CENST(J) +RTAS{J)/SLOFELY)
AVGMAX(J)=C2NSTIJI+RIASLIIZSLEPELY)
CENTINLE

RETURN

END
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$IBFTC DECK1HK
SUBRAUTIAE STPCAL (DATA,NCATA) |
COMMEN START(5),STZP(5),SCI52),VALMINILZ) VELMAX(12)

10

11

17

30

15

5¢C

6Q

12

18

31

16

51

61

LoSLEPE(12) QIAS(12),L?
2TIMSANMARDS, IFRER, Nﬂ'C-NFlLEvRF“(l:"V”EAh(lZI.hQRUN.FXPNG:B@PAGF-
4G4AVGMIN(12) ,AVEMAY (12) ,NELKNSTARY

DIMENSIZN CATA(L)
D@ 10 J=1,NBFAMS
AVGMIN(J1=C.)
AVGMAX(J}=C.0
CeNTINUE

1=1

NCEUNT=0

NBAD=C

I=1+1
TEMP=CATA(I)
11=[+N3EAMS+]

NeNREANS G AFLSKC +NFLSKL s “VYNMEAN,

NTEST=AZS{CATA(LL)~TEMP)
IF (NTFS™ ,GT. 100) Gg T7 1S

NCEZUNT=NCRUNT+]
0e 30 J=1,NSEAMS

AVGVIN( I=AVONIN( Y +DAT2(])

I=[+1
CeNTINUE
GO T2 11

NBAD=NBAC+1

IF (NBAC .ZQ. 1C) G2
I=1+NBEAMS+]

G7 Te 17

CZNTINLE
NIVICE=ACAUNT

D2 60 J=1,\BEAMS

T? 8¢

AVGMIN(J)=AVGNIN(JY/NINIDNE

CANTINLF
NCEUNT=C
NYAC =3

[=I-1

={+1
TEMP=DATALY)
TI=14+NBEAMS+]

NTEST=ABRS(CATA(LII)=TE¥P)

IF (NTEST .GV, 1C7) 6@

NCZUNT=NCALT+1
D& 31 J=1,ANBSEAMS

12 16

AVGNAX(J)—AVGPAX(J)*DAIA(l)

=141
CUNTINUE

IF (1 .GE. NDATS) 62 TE¢ 31

G2 T2 12

NBAC=NEAC+1

IF (NBAT F0. 10) G?
I=1+NBEANS+]

G¢ Te 1€

CENTINLE
DIVIDE=NCZUNY

D2 61 J=Y,NNTAMS

T¢ 51

AVGMAX (J)=B8VGNAX(J)/DIVIDE

CANTINLE
2 62 J=14NHEAMS

SLEPELJ)={VALMAY (J)=VALVIN(J})/Z{AVGMAXTJ)-AVGMINGS D)
BIAS(J)=VALMAX(J)=AVGMARLI)SSLUFE())

94

DECKOOAQC



62 CENTINUE
RETURN
ENC

$IBFTC DECK1ti

SUBREZUTINE QUT2{N,NBFARS HETIME )ENTIME,VALMIN,VALMAX, SLEPE,

1

XINTERLENGHIN,ENGHAX)

CIMENSIEZN VALMIN(L) ,VALMAX{1),

1

SLZPE(L}oXINTFRUL) JENCMIN(L)pENCMAX(])

WRITE(A.102)) ‘

1020 FRRMATL /771H s16(1H+) ,26HCALIBRATIZAN TCENTIFICATIZN,S5S{1H+),/50H4 +
2CHANNEL+PEGIN RECERO+ENC RECEAD4MINIMUNMeVAXIMUMS 46X, L IHCALIPRATION
396Xy lH+ 36X LIMENGINECRING,6X o lHE,/17TH + NUMEER® TIMELEX,TF4  TIM

HE 34X 5 65H+

VALUE + VALUE + SL@FE + IATERCFPT & WMINIFPUM ¢ MAX

S5IMLN 4571k +ST(L1H+))
08 1 I=1.NBEA¥S
1 HRITE(N,104)) T 0ETIMELENTIMEVALVMIN( L) VALMAX(]),

1
1040 FE@RMAT 4k

14(1H+,F11,

2¢1H4+)

SL2PELT )y RINTERUTI) 4 ENGMINLIT),ENGMAXLT)
+ s 129TH ¢ vAGy6F + sB62F 92 (1HeFT.1),
5)

WRITE(N,1060)

1060 FORMAT(L*+
RETULRN
END

$IBFTC DECK1J |

SUBREUTIAE

1

+37(1k+)?

CUT3(N,NPEANMS,SAMATE,SSARED, TACREC, IV 2VVMN, ICCIFF
sCHANVR BETIME,ENTINEAWKICH  NBEEAM)

DIMENSIEN CHAAVR(1) NWtICH{1)
DIMENSIEZN MYMEAN{12) . NCENCF(12)
WRITE(N,1080}
1080 FZR¥AT( //1H ,15(1H+) ,36HMBUCIFICATIEN €F BRIGINAL TIME SERIES,31(1
2H#) . /783¢F +CHARNEL+SAMPLINCH+2RIGINAL +ALTITIENAL+MZVINGs CERTRAL ¢

3CHARNNEL #

REGIN + END +9/82H ¢+ NUMBER+ RETE <+ SAMPLE + SAMP

4LE + MEAN +CIFFERENCF+VARTABLE#FREC2PD +RECPRT 4,/2F ¢416Xy22H#REDL
SCTIEN+ RECUCTION+,6Xs 1H4,10X,He8X,17H¢ TIFE ¢ TIME /LK ,82(1

6H+) )

02 2 I=1,NEFAWMS
KCENCF{1I)=C

2 ¥VrEAN(])=0
02 3 I=1NCHEAW
J=hukICH{I)
NCENCF (J)=~ICCIFF

3 MVYMEAN(JY=—-IMZVIMA
DZ 1 I=1:NBEAVMS
i WRITE{N.21C0) I ,SAMRTE,SSARED, IACRED,FYMEAR(L],
2 NCENDF(T),

i

CFANVR(I) ,BETINME,ENTIFE

11C0O FRRMAT{4F 2 e 1204H 49FHa232H+ oFE.293H+ e16s3H +,5&,3He

201655H <

2 AGy PHE 4AGL2HE s ABg LHE)

WRITEIN112D)

1120 F2RMAT(LH
RETLRN
END

32 (1Fe))
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FM
FM
3
FM
FM

FM

FM

102¢
102¢C
1020
1020
102¢

1040
126C
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FM
FM
FH
F¥
FM
FM

FM

108¢C
108C
108¢
193¢
1983
108¢
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$BRIG
$1BFTY

OO0

00N

94CC
90C1

A0 00

(2 X2l

IN ALPHA,SYSUT2,REM
C LINK22 LIST,NZRC,DELK
SUBREBUTINE LINK2IKRUN,SFZIT)

LINK2 -CERRELATIEN LINK -

ALL BASIC SUMS ANC CZKRRELATIENS ARE PERFESW¥EL
IN THIS LINK

REGIENS F@R CHANNEL ASSIGAMENTS

INTEGER VELLAG

DIMENSIZN NCHID(12) yNEWIO(12) NCTBL(12, 6),MCRPC(12)
1yNACRIL12),NCDL2)

CINMENSIEN XASTRKI(12)

DIMENSIZN VLAG(1)

DIMENSIEN SEPART(12)

TEMFERARY STURAGE

DIMENSIRN U(12500),1U(125C0),TEFP(S512),TLAGI(L)
COVMNMEN STARTIS),STRPIS5)SCUSI),VALNMINLLI2),,VW2LPARIL12)
19SLEPE(1Z) sBIAS(L2) oL TN, NBEANS,AFLSKC NFLSKL ¢ MVFEAN,
2TIMSAM O ARDS G IFRECyMSFUGMNFILEG#MS(12) yVNEANTI2) JACRUNJEXPNE¢NOPAGE,
H4AVGMIN(L12) JAVGMAX(12) JNBLKJNSTART,

3CerTIM

LBGICAL CBVAR

DIMENSIZN CEML(1)

EQUIVALENCE (START(L),CEM(1))

EQUIVALENCE (U, IU)

FQUIVALENCE (TLAG,U)

ECUIVALENCE (UyVLAG)

EQUIVALENCE(TIMSAV,,ESMPF)

FERMAT (1H 1216)

FORMAT (1H 1OFLC.6}

NUMCZANM=1175

NBEAM=12 ,
SYSTENM PARAMETERS

NAME DESCRIPTIEN ; TYPE CIMENSIEN
MAXSTR - MAXIMUM STIZRAGE £F TAT} PefL I
MAXCHN -~ MAXINMUM NUMBER EF CHANNELS I
MAXCR - MAXIMUN CCRRELATIENS PER CHANNEL I

MAXSTR=125C0
VAXCHA=12
MAXCR = ¢

INTERMENTATE TAPE
IRT=11
ICAT=1C
NFLAG=0
NBLK=3C
NWPR=AREAY 4!

ARTBLEN TARAVETERS
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[aXskaksKal

NAME DESCRIPTIEN TYPE DIMENSIBN

NAFELIST/CVARNC/LEVAR

NAMELISY /TIMES/ START ,ST@Py CELTAT,IPRINT
NAMELIST /CELAY/ TAUMIN,TAUMAX,LELTAUVELLAC (SEPARY
REAC {IDAT) (COM(]),I=1,NUNMCEM)
ESMPP=ESHPPeFLAAT{IFREC) ) '

STAPINSTART)=SPLT

READ {5,CVA2NC)

IF (C2VAR) GB Tg 18C

G2 1¢ 1

18C NFLAG=1

2

(2 X3 Xy

O

94
91

92

[ N

3 REAC(S,TIMES)
WRITE(6,TIMES)
READ(S5,CELAY)
WRITE(6,CELAY}
HWRITE(IRT) {(CEM(T),1I=1,RUNKCEVN)

DETERMINE TIME LAGS

NLAGS={TAUMAX-TAUMIN) FJCELTAY +.%
NBETA=CELTAU/ESFPP +,5
NTLAGS=2aNLAGS+]
NY=NLAGS+}

117=NLAGS+1

MVMIT=NLACS+1
TLAGULIIT)=TAUMIN

02 2 [=2,NT

17T=11T+1-1

MIT=MMIT~141

Fi=i{~1
TLAGUIT)=TAUMIN+FI=DELTAU
TLAGIFIT)=-TLAG(IT)

DETERMINE CENSTANTS F2R STEQRACE

MAXIAC=TAUMAX/ESHMPP4.5
MSUBR=CELTAT/ESMPP¢.5

CETERMINE STZRAGF REQUIREPENTS
AND SET INDEX NUMBERS
CALL ASSIGNINBEAM MAXCR,TENP,NCHIC,NEWID,N{TBLoNCRPLNALR
L1oNCHoNT sAU, NAUTEZ s NCRT o ACD)
CALL CHZLTIND NCPID,NURFCoNCTBLNBEAM oMAXCR,NCC)
IF {VELLAG) 92,G1,92
MiSCi=1
MisSC2=1
Ga 12 3
VISCI=nCRT+1
MISC2=M]SC1
WiSC=2+MISClaNLAGS+MISC2
KP=MISC+G+NCHENCRT# (NTLAGS+1}
KUMSP=MAXSTR-XP
CHECK STEZRAGE

MAXCTA=FAXINCSNCH
NPT=(NUMEP-MAXENC2NCH) F {HSUBaNCE )
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(2 X2 Xe¥e

93

OO O

60

IF(NPT.GE.1) GB T2 &

CALL ERRER( 1,24F STIRACE EXCEECED KPoNUFSP)
NO=NC~-1

IFINC.LT.1) GR . T2 7

NCRT=NACR(ND+1)

Ge T2 54

CALL ERRER( 1,24H NPT SPECIFIE0 CBRRECTLY NCRT,KP)
CALL EXIT

CENTINLE

CALL CF2LT(NDSNCHID ,NCRPC NCTRL JNBEAM,MAXCR (NCD)
WRITE(IRT) NCHoNDgNUsNAUTZoNCRT JNCHIDJNEWIC ) NCTBL,NCRPC,NACK

CETERMINE VELBCITY LAGS

IF (VELLAG) 93,86,93
CEeNTINUE

Jiv=2aNLAGS

0@ 85 JJ=1,NCRT
TVV=1IV+Z#{NLAGS)a(JJ-1)+JJ
D@ 84 I=1,NTLAGS

Ivaivv+!

IF (I-NLAGS-1) B81,82,81
VLAG(IVI=2C.0

GO T¢ €4
VLAG(IV)I=SEPART(JJ)I/ZTLACGLI)
CeNTINLE

CEZNTINUE

CTENTYINUE

WRITE (IRT) NCH NCoNUSNAUTZoNCRT,NCFHIDoAEWIC JNCTBL NCRPC,NACRLNCD

WRITE {IRY) DELTAT,TAUMIN,TAUMAX, DELYAL.ALA(S.N!LAGSoVEtL&~
WRITE C(IRT) (U(I)eI=1,MISC)
INIIIALIIE FER LiuP
IPR=1
1P=1
KS=KP
KESV=NM]ISC+1 .
KEBAM=KESM+NCH §
KEASM=KEAM+CH
KASM=KEASM+NCH
KMA=KASNINCH
KRA=KMA+NCH
KPSV¥=KRA+NCH
KMP=KPSNV+NCH
KRP=KNE+ACH
KTP=KRP+ACH
CLEAR AREA
NST=MISC+L
Ne 30 I=NST.KS
u(ll=c.C

KK=KS+1
MAIN L22P

SET NUMBER 7F PITCES
TP=STZP(LP)-START(IP)
KNP=1

NF =TP/CELTAT +.58
NUMST=TF/ESHAPP ¢+.5
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10

12
11

90C2
2¢

21

182
181

50

185
17¢€
17

71

183

CHECK SPECIFICATIZNS

NDIF =NUNMST-NFaMSUR

IFINDIF) 10,111,122 :
CALL ERRER( 1,24k TIME SPSKR ANC PIECE £FF AUMST NLIF)
NUMST={RF=~-1)=«MSLB

Gg T2 11 ) ] .

CALL ERRZR( 1l,24H TIME SPAN GTR., PIECES RUMST,NDIF)
NUFST=NFsMSUB

CEZNTINUE

NTET={ST2P(IP}~-START{IPIIJESMPP2.S

KC=KK

NPP=NPT

NF={NT2T-MAXINC)/MSUS

IF{NF.LT.NPP) NPP=NF

NUMS=NPPaMSUB+MAX INC

IF {NF .GE. 1) G T3 2¢C

WRITE (659002} NFZsNUMS,SPEY

FORMAT (36H INSUFFICENT DATA IN TIME INTERVZEL. 9216,F10.5)
GEg T2 25

CALL REACR{UIKD) sNUMS yNCHoNCHIC, INCoIDAT AEBLKoNRPRyTENMP,START (P},
1 TENE)

KPP=1

CEeNTINLE

CALL ACCPCUUIKMP) JU(KRP)UIKPSV)I UK ) ¥SUR,NCF)

IF (NFLAG) 181,181,182

CALL RENMZVE (U{KMP) ,U(KK) MSUB,ACH)

CONTINLE

D0 17 J=1,AD

L=NCC(J)

NT=\NCREC{J)

02 170 K=1NT

KR=KTP4 (K-1+NACR(J) )= {NTLAGS+1)

NCU=NCTRL{JeK)

CALL CPRLATIULIKK) UIKK) sNLAGSTLAGINLAGS+1) ,ESMPP,L 4,NCU,NCHMSUB,
1TU{KRY)

HRITE (6:9C00) KP MISC MK KR ;NT,J:NCRPC{J)

WRITE {6,9001) LIKR}

1A=KR+NTLAGS

DO 50 T=1,NTLAGS

[I=KR+1-1

UlIA)Y=ylIa)+u{il)}

ULIA)Y=UCLTIAY/FLEAT(NTLAGSS

IF (L .ANE. NCU) G¢ T0 18%

CALL XKRAUS (UIKMP) JUIKRPI ,UIKPSF LI I8 JaXASTRY,NCH)
CANTINUE

CenTINUE

CEeNTINLE

ACCULFULATE PIECES

NT=3sNCh

CALL PCRCI (U{KASHF) JUIKFESH) AT KNP}

§FIKNPLEC, 1) G2 TP 71

CALL STLERT (UIKESM),UIRASFILUIRPSHINTKNP)

CENTINUE

TEST FERrR ZUTPUT
IF(IPRINT.FQ. O} G2 T 40
1F (IPR~-IPRINT) 31,183,183

iPR=C
TIMSFLZAT(KNP=RSUR) eESMFP
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OO0

 PCELNG=FLCAT(MSUE)#ESMPF

CALL QUTL{64EXPAZ,SCU2),5SC{1),NEPACGE,SC(3),$C(4)NERUN)
CALL BLTS {6 oNCH KNP KAP4START (1), TEMsPCELACNCHIC,UIKMP),
LUIKRP) yUIKMA) JUIKEAF) JU(KRA) JUIKEASHM))

CALL BUTSA (6 NCH,KNP,KAP, START(l)17lﬂaPCELhG.NCHIC.XAS‘RK.
LULTKPSM) ,LIKMA) ULKEAM) JUEKASN) oL IKESM))

CALL ELTliboEXPREqSC(Z)-SC(l).N!PAGEySC!3)q C(4) ¢NERUN)
NNN=2#{ALAGS+1) -

08 32 J=1,\D

NT=NCRPC (J)

D2 132 K=1,NT

NCU=NCTEBL(J,K)}

KM= (K=14+KACR(J))a{NTLAGS+1)

KR=KTP+KN

KAA=KR

KLA=KR+NTLAGS

AREA=U(KLA)

‘NN=NCD (J)

N=NCHID (NN)

NUP=NCHIC(N\NCU)

CALL QUGALE NLAGS KNP KAPLAREA) AREA,START (1), TINM N,NUP,PCELNG,TLAG
1y VLAG(NMN) yULKR),VELLAG)

NNN=NNN+2#NLAGS+1

. WRITE (649C00) JyNTKMsKRyKLA

132
32
31
40

23

24

25

10C

WRITE (&£,9021) UL(KR}

CENTINUE

CeNTINUE

IPR=1PR+]

CENTINUE

WRITE (IRT) KNP, (UINN) ¢AN=KESM¢KS)

TEST FeER END

IFIKNP.EC.NF) GE T2 25
KNP=KNP+1
IFIKPP.CE.NPP) G2 T¢ 22
KPP=KPP+1
KK=KK+MSLBaNCH

6e T2 21

NR =NKF-KAP+1
IF(NRLT.NFT) NPP=NR
NXX1=MSUreNCH

D2 24 I=1,MAXCIN
KIsXK+AXX14+]1I-1

KX=KS+1

UKXI=U{KT)
KD=KS+1+NMAXCIN
NUMS=NPPuMSUB

KK=KS+1

Gg g 2¢C

CANTINLE
IF{IP.GE.NSTART) G2Z T2 100
IPzIF+l}

G2 T8 6C
- REWIND ICAT

END FILE IRT

REWING IRT

RETURN

END
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$IBFTC DECK2A DECKO0000
SUBREUTINE ASSIGN(NBEAVMS MAXCRyKgNCHIDsNEWIT ;NCTBL4NCRPC,NACR,
1 NCHoNC AU NAUTRZ 4NCRT ,ACDY

c SUBRELTINE REACS IN CORRELATIEN SPECIFICEZTIBNS
c V JaK1sK2,ETC
¢ FERMS TABLES ANC REASSIGNS CHANKEL AUMBERS
C FE2R INTERNAL USE.
C WRITTEN BY A. WACHEWSKI
C INPUT
C NAME DESCRIPTI YN TYAE CIMENSICN
C NBEAMS= MAX. N@. 2F CHANNELS : i
C MAXCR = PAX. N3. OF CURRELATIENS/CHANNEL I
C K = TEMP STYRAGE 1 ({NSEAMS)
C BLTPLTY
C NCHIC = 2LT CHARNREL NUMBERS IN MEW ¢RDER | (NBCA¥S)
C NEWIC = hEW CHARNEL NUPBERS IN gLC PROEF | (NEFAWS)
C NCTRY = CZRRELATIEN TABLE i {NBEAMS ,MAXCR]}
C NCRPC = N2, CEZRR. PER CHANNEL i (NBEAMS)
< NACR = ACCUM. NEg., OF C2RR. i {NBEANS)
c NCH = Ml ZF CHANNELS USED 1
< ND = Np. OF CELAYFED CHANNELS i
c NU = NZ. BF UNCELAYEL CHARNELS I
C NAUTZ = NO. OF AUTO CHRRELATIZNS i
C NCRT - = TZ2TAL NEZ @F CCRRELATIZNS I

DIMENSIEN Klé) sNCTELINBEAMS ( MAXCR) »NCHIC(NREAKS)

LyNEWICINBEAMS) JNCRPCINBEAMS) s NACRINECAMS) ,NCC(NEBEANS)
NAMELIST/CERR/ JeK

C INITIALIZE
NCH=0
NAUTZ=0
De 1 I=1,NBEANS
NCHILA(I)=C
NEWILIT)=0
NCRPC(Z1=9
NACR (T1)=C
NCC{l}=C

D3 1 L=1,MAXCR
NCTBL(I,L)=D
CEeNTINLUE
READ(5,C2RR)
WRITE (6,CZRR)
IFIJ.EC.T) G T¥ 10
IFINCH.NE.L) GE T2 17
NCHID{1l})=d
NCH=1
i7? D@ 6 I=1,NCH
IFINCHIC{I).EC.J) G2 T2 7
CeNTINLE
NCH=NCH<+ 1
NCHICIACF)=J
CeNTINUE
DA 5 L=1,MAXCR
IF{K{L).EQ.D) GO T8 1%
CZNTINUE
L M=MAXCR
G3 12 2¢C
15 LM=L~-1
20 CENTIALE

D 3 M=lgLP

KT=K({WV)

IFI{KT.EC.J) NAUTCZ=NAUTZ el

LS ]

=3 &

v
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10

il

i3

12

14

D2 4 L=1,NCH
IF(KT.EC.NCHIC(L)) G& T2 3
CEeNTINLE

NCH=NCH+1

NCHID {ACF) =KT

CeNTINLE

CALL SET(K,LM,1,1)

II=1

DE 9 L=1,;LM
IF(K(LYNEK{L+LY) G2 T2 8
CALL ERRZR(1,24H OUPLICATE CHANNELS KeJdK{L})
LiM=LiM-1

Gg £ Q

NCT3L{J.11)=K(L)

[i=17+1

CeNTIXNUE

NCREC(JY=LNM '

Gg ¢ 2

CALL SZRT(NCHID,NCH,1,.1)
DZ 11 7T=1,NCH

KT=XCHIT(1)

NEWIDIKT)=]

N=1

D2 17 T=1,NBEAMS
L¥=NCRFC(T)

IF(LVM.EC.0) G2 T2 12
NCOIN)=RERINCD)

¢ 12 L=1l,LM

NC=NCT2L (T L)
NCTREIN L) =NEWICINC)
NCRPC{NI=LN

N=N+1

CENTTINUE

ND=N=1

NU=ACH=-NC

02 16 1=1,ND
NACR{I+1}=NACR{T)+NCRPC{I)
NCRT=NAZR(AD+1)

RETLRN

END
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$IBFTC DECK28

SUBRZLTINE SZRT{IARRAY,N14N2,N3)

DIMENSTIEN TARRAY(1)
LBGICAL CHECK
M={N1l-1)eN2

Ml=2aN2

CHECK=,FAL SE,

08 2 1=1,2
Ii=(I-1)aN2eN3
IF{I1.GT.M) 6Gg¥e 2
D3 & J=Il,MeMl

Ji=J+A2

IF{TARRAY(J).LELTARRAY(J1)) G& T2 &
D3 3 K=1,N2

J2=J-A3+K
J3=J24N2

ITEMP=TARRAY{J2)
LARRAY (J2)=1ARRAY(J3)
TARRAY(J2)=1TEMP
CHECK=, TRUE.

CENTINLE
CZNTINLE

IF(CHECK) G T@ )

RETURN
END
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SARTO04C
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$IBFTC DECK2C DECKO000Q
SUBRZUTINE ERRIR{ITYPE,NESS,ID1,102)

PRINTS ALL ERR@R MESS2GES

KRITTEN BY A. WACHEWSKI
NAME DESCRIPTIEN TYPE CIMENSIEN

ITYPE
MESS

FRINT PPTIBN H
ERRPGR MESSAGE 1 {NUM)

1D1
102

INFRMATEEN EN MESSAGE

[ ]

CIAOAOOOOAONNNN

DIVENSIEN MESS{4)
EQUIVALENCE (IDXyFDL1),(JIDY,FC2}
NUM=4
IDX=1D01
IDY=1C2
IF{ITYPELNE.O) G€ T2 1
C INITIALIZE CONSTANT INFERMATION FER SPECIAL
C FORMATS
RETURN
1 IF(ITYPELNE.L) G2 T4 2
WRITE(E,11) (MESS(I) I=1,NUN),IC1,IC2
11 FORMAT(4A6,215)
RETURN
2 IFLITYPELNEL2) GE T2 2
WRITZUE 12 {MESS{I)+I=1,NUVMY,FCI,FC2
12 FORVAT(4A6,2E14.7)
RETURN
3 IFUITYPELNE.3) G€ T9 4

OPEN

[ XN 2l

RETURN

4 CENTINUE
RETURN
END
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$IBFYC DECK2D
c SUBRCUTINE ACCPC(S+S2:5S2,CATAGN,NC)

1 ACCUMULATE SUM AND SU¥ ZF SCUARES
C WRITTEN BY A, WACHEWSKI
C

DIMENSIEA SINC),S2(NC),CATAINC,N}
DIMENSIEZN S3(NC)
XN=N
D2 1 L=1,NC
S(L)=C.C
1 S2(L)=0.C

NG 3 Ja1,NC
D@ 2 1=14N
$S{J¥=StJ)+CATALI 1)
2 S2{0)1=52(J)+DATA(J, [V eCATA(J, 1)
${J¥=S{J)/ %N ,
S20J)=(S2( J)I/XN)
$3(J)=521J)~StJ)ua2
3 CENTINUE C

<

4 RETURN

END

SIBFTC DECKZ2E _ DECKCOQOC
. SUBRELTIME CHBUT(ND NCHEID NCRPC,RCTEL KBEAMS sMAXCR,ANCC)

c

C EZUTPLT RQUTIANE FER INTERNAL CHANNEL

c ASSIGNMENTS.

C WRITTEN BY A. WACHRWSK{

c

DIMENSTEA NCHIDINT) sNCRFCIKDG}oNCTBLINBEAMS,¥AXCR ) ,NCDINC)
WRITE(E,1)

1 FERMAT(1IF1,10X,20K CHAKNKNEL ASSICAMENTS 7 L1X3HNEWs4Xs3+2L0 14X,
P 6HNEZ. £F 5% IHUNCELAYEC/ 12X 2HIC s5X% 2 IC 42 ¢ SHCRRR . 96X, BHCHANNELS
2/

08 2 I=1,.NC

KN=hCRPCI{I}

N=NCC(])

KC=NCHIT (N}

MRITE(E+2) 1O oKNo (NCTEL{Lod)sd=l KN

3 FERMAT(L2X,1245X902:6%9125,5X41201252X))

2 CENTINUE

RETURN
END
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$IBFTC DECKZ2F DECK 0002
SUBRZUTINE CORLAT(X,Y NLAGSoTLACoESMPPoNCCoyNCUsNCHoMSUBHR)

€ NAME CESCRIPTIEN TYPE DIMENSION

c PIECEWIST CZRRELATIEN

c WRITIEN 8Y A, WACHZWSKI]

c

¢ .

cC x ~ARRAY F@R UNDFLAYEC CHANNELS R X{(NCH,MSUB)
c v -ARRQAY FgR CELAYEL CHANNELS R Y{NCr,MSUB)
C NLAGS ~NUNMBER 2F LAGS [

€ TLAG =TIME LAG ARRAY R TLASINLAGS+1)
C ESMPP <~EFFFCTIVE SAMPLING PERIZD R

C NCD ~CELAYED CHANNEL I

€ NCU ~UNCELBYED CHANNEL 1

C NCH =NUFMBER OF CHANNELS |

¢ W~suB —~NUVMPER @F SAMPLES 1

C R ~CZRRELATIBN ARRAY R

C

OIMENSIZN  XUINCHMSURDISYINCH,MSLB) s TLAGIRKLACS)RIL)
NTL=NLAGS+1
xMSy8=M3LB
D2 2 L=1,NTL
K1=NLAGS+L
R{K1)=C.C
K2=NLAGS~L+2
RI{K2)=C.C
IIsTLAC (L) JESHPP+.5
Dg 1 1=1,m5U8
IM=] I+
R{KLI=R{KL)I+X(NCCI)aY(ACU,INM)
IF{L .EC. 1) G2 T2 1
R{K2)=R{K2)+X(NCD,IM)aY(NCU,I)
1 CeNnTINUE
R(K1)=R(K1)/XMSLE
IF(L .EC. 1) G@ T2 2
R{K2)=R(K2)/XMSLB
2 CENTINLE
RETURN
END
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$1IBFTC DECK2G

(e X2X2X2XaXaXsXsNaKz iR e Ko el s Na N 5]

11

(2 XX g

i0

SUBREUTINRE READR{UsNsNCH NCHIDs IKCoIDAT NBLRGNWPR,TEMP, STAR™

1 TEND)

SUBRBUTINE 7@ REAC A BLECKED CATA TAPE ANC SUPPLY
SELECTED CHANNELS 72 A SZRIAL [ATA ARR2Y L,
WRITTEN BY A, WACHLZWSKI

NAME DESCRIPTIEN TYPE CIM,
U -~ DATA ARRAY R {N)

N = RUMBER OF DATA SAMPLES REQUESTELD I

NCH - NUMBER @F SELECTEC CHANAELS H

NCHID — ARRAY BF CHANNEL NUMBCRS - {NCH)
1ND - ENDEX @F SAMPLE [N TFMP {

fDAT -~ CATA TAPE Nc. {

NBLK -~ AUMBER 2F RECEZRCS PER PLECK i

NWPR = AUFMBER 2ZF WZ1IT5 PER RECEFI I

TEMP = BUFFER T2 HJLD ELECKED BS(Z<25 v {1

DIMENSTEN TEMP(L) NCHICINCH)IU(1)
DATA INIT/1/

IFUINITLEQ.D) G2 V¢ 1

IND=C

INIT=0

NUPB=RBLKaRWPR

KP=Q

IF{INC.NE.C) GZ T¢Z 2

READ(ICAT) (TEMP(I)ol=1oNuwPB)

TEST FER ENC OF CATA

KTsINCaRuaPR
IF{TEXP{KT21}.LT.STARYT) GE T€ 1C
04 7 1=1,NCH

KC=NCHICII)

KB=KT+KC+1

KS=KP+1{

UIKS)=TErP{KB}
TENC=TEM¥F(KT+1)

KP=KP+NCH

IND=IND+}

IF{INC.CE.NBLK) IND=0
NI=KP/NCH

IF (NI LT. N) GE T8 11
§F {(IND .GF. NBLK} IN[T=}
RETURN

END
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$IBFTC DECK2K DECKOQO0
SUBREZUTINE PCRC1{A,X,N,AP}

THIS SUPRZUTINE FCRFERMS THE PIECEWISE
RECURSIEN FZRN¥ULA F2R ACCUNULATIVE BVCRAGES
A(RN+L)=(AIN)aR+XIN21))/ING])

OO0

DIMENSTIZA alllyx(1)
XKNP=NP
XKNP1=NP=-1
00 1 I=1,N
1 A(T)=(A(I)«XKNPL+X{]))}/XKNP
RETURN
END

$IBFTC DECK2L DECK000C
SUBREZLTINE STDERL (EsB,PsA¢NF)

THIS SUBRAUTINE PERFZQM¥S THE RECURSIEN FRRMULA
FOR TKE STANTARC E£R24P 2F THE ACCUMLULATIVE AVERACES

EIN+L)=EIN) S {N=1)/ N+ {{AIN¥L)=P(heL)=F(Nol)oo2)a(Nel)/Nos2)

OO MON

DIMENSIZN E{1),8(1),PC1)}

IFINP.EC.Y) G T2 2

XNP=NP~}

XNPMY=NE~2

XNPPL=NP

D2 1 I=1,N
1 ELI)=E(I)aXNPML/XNP+{(ACT)-P([)1ou2)eXNFPLI/ANPee2
2 RETURN

END

$IBFTC DECK2F LIST,NEDC,DECK
SUBRZUTINE REMZVE (S+LATAyNyKC)
DIMENSTEN S(NC)CATA(NCaN)
D2 4 J=1.NC
DB 5 I[=1,N

5 DATA(J,1)=DATA(J,[)~S{J}

% CEZNTINLE
RETURN
&ND
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$IBFTC DCTRNC - LIST.NECOD,UECK

SUBREUTINE KKRALS §Se52:53RXXeJoXASTRE,NC
DIFPENSIEN SINCHSZ2INCIoSIINCI XESTRK{L]}
ASTRIC=RXX=S{J}=e2
HASTRK(J)=SCRT{ARSEASTRIC))

If (ASTRIC .GE. 0.0) G2 74 9
XASTRK{J)=-XASTRK{J)

CEeNTINLE

S3{J)=ARS(52{ 4} ~RAX}

RETURN

END

$IBFTC DECK2F LIST,NZCLC,DECK

SUBRBUTIAE ZUTS (N NCH,REPCELNBACC, ACCST, ACCTIME,PCELNGNECHAN,

1 PHNVAL FRP¥S; AMNVAL o STERR L, ARMS STERRZ)

DIMENSTIER AOGCHAM{L) PMAVALLLIPRMSL{]I AFNYAL (L) ,STERRI(I)ARKS{L),
i STERR2{1}

WRITEIN,12C0) NEPCE,NZACL,ACCST,ACCTHE,FCELAG

1206 FORMAT{IE 43(L+4),29HAYIRANES WITE ZERZ TIPE CELAY44711He ) ,/2H &,

i

27X 13FPIECE NUMBER=,[5,6H +pTX56{1He 12N} e, /22F ¢ACCURMLLATIEN
3 NUMBER=,15,64H toTXea(™e PIZTERIST ¢ PIECERISE  +ACCLMULBTIVES,
412K MEAN s Z26HPACCLYULATIVESVEAN=-SCUBRED, L1hee /228 ¢ACCUMULAY
HGIEN  START=,F L. 2:3THeCRENAELY MUAN VALUE 4 REET-MEAN 4 MEAN VYALUE
5 + STANCARC + RZLT  MEAN & STANCERD 444228 ¢ACCLMLLATIZN Tiw
6E=,FR.2,9H+ NUMPER+,12X%,

T14H+SQUARE-VALUE+,12X,9F+ ERC .47, 72+ 4SCLARE VALUE® ERRER
BOHXgIHS o /2H +o TXo13HPIECE LENCTH=FO. 2, 1F 470611 12X),THe /1K 1}
91611¥4) ]

XKNP=NEPCE

D8 1 I=1,NCH

DUFI=SCRT{PRMS{1)}

DUM2=SCRT{STERRI{I)}/XKNP}

DUM3I=SCRT{ARMSL1])

CUV4=SCRT{STERRZII)}/XKAF)

WRITE(N,12203 NECHAN{I) .P¥NVALIT}I.CLYL, ARAVAL{TI) DM,

1 DLF3,0UM4

1220 FORWAT(2H ¢ 28X 3He  o12,49H o b{F12,8,1%2})

WRITEI{N:1230)

1230 FORVMATILX, 1164352 ))

RETLRM
END
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$IBFYC DECK2J . LIST,N@CC,CECH

SUBROGUTINE BUTSA(N,NCH,NOPCENBACC,ACCST,ACCTME,PCELNG,NBCHAN,

1 PENVAL o FONS o AMNVAL o STERRLGAF¥S,STERK?)

DIMENSI@ON NﬁCHAh(l)qD”\v\Lil)vPFFS(l).AﬂNVAL(!)sSTFQRI(l) ARMS{1),
1 STERRZ{ 1)

WRITE(N,12C0) RNEPCENCACLACCST ACCTME,PCELNG

12C0 FORMATILF ,43(1H4)25+-AVERAGES wITHF ZERE TIPS DELAY 540 1He) /2K ¢,

1

27Xy 13HPIECE NUKMRER=,[5,4H 4o TheO{ 1H®, 12X ) o 1He, 722k SACCUPLLATEEN
3 NUNMBER=,15,4¥ +9TXg4CH4 PIECEWISE 4 DIECERTISE SASCUMULATIVES,
412H MEAN e 26H+ACCUMULATIVES STAANCARL eib e /22F +ACCURULAT
4ICN  STAOT=,FB.2,8TH¢+CHANNEL+ C C TREARL + STANCARC ¢ MEAN VALUE
S + STANCARD + STAANDARD ERRER PolezH SACCUMYLATIEN Tip
6E=4F8.2,9H+ NUMRBRER#+,12X, .

T14H+ OEYIATION $+,12X,5F+ ERREZR4X 240+ [EVIATIZN & VARIANCE,
82Xo1lH4+ 4 /2H 4+, TXLIHPIELE LENGTH='F8-2vlF*Q7,,6(1*"l2x’vlp’nllu el
916(1H+))

XKNP=NEPCE

D@ 1 I=1,NCH

DUML=SCRT(PRMS{1)})

DUMZ2=SCRT(STERRI({I}/XKAF)

DUNM3=SERT(ARMS(I}))

DUM4=SCRT(STERR2(1)/XKNP}

WRITE(K,1220) NZ2CHAN{I),PMNVAL(I),CUM], APNVAL{I),DUMZ,

1 PUM3,0UM4

1220 FORMAT(2F +,28X,3H+ 21254% *o61F12.801H4))

" WRITE(N,1230)

1230 F2RMAT{1X,116(1H))

SIBFT

RETURN
ENO

C DECK2I

SUBRBUTIAE BUSAIN NLAG,ANGPCELNGACCARVCIR,ACACERyACCSTHALCTNE
1 TCHANLICHAN? 3 2CELNC, TEVELLILY,y

2 PCECZRLLLAG)

DIMENSIEN TD{L1}VELOLY(1),PCcC2R (1)

WRITEIN,1260) MNEPCENEACC82VCZ2 ,ACCSTALCYNE ,PCEING, ICHAN!
1, ICHAN2

1260 FORMAT(LE 25{1H+) ,24HAVFRAGES RITE TIME TZLAY, 237108 ), /9%, 1He,TX,

.
3
13€0
1

‘1310

213HPIECE NUMBER=,I5,14H  6AREA UNCS2, 13Xy 1h4e/5Xe21H+ACCUNULATION
3 NUMBER=,15,16H  +CARRELATIEN=,F1Z.6. F¢,/SX,21HeACCUMLLATIEN 57
4ART=,F8,27 LIH+CERRELATED 14X o1Ho/GX 21 F4ACCLMULATIEN  TIME=,F3.2
55 IH+CHARNELS, LOX o LH4 5 /GX o LH4 37X, 13RPTECE LENGTHz (FR.242k4 12,50 A
6ND 12414X,1P45/9%X,5511k#),/13Xo4304 TIME [FLAYA4VELACITY CELAVSS
T PIECEWISE 43/ 13X 1iity 12X e2bvtp1aXo1o=«21CCRECLATIONG /12X 421K
NTLAGS= ZuNLAG+l

02 1 I=1,NTLAGS

IF (LLAG .NE. Q) GB Tg 4

OUPPY=C.0

Ge Te 3

DUMMY=VELDLY(I?

WRITE {h,1300) TO(I),CUPMY.PCEC2RLT)

FERMAT (12X, 1H#sF11o5:6F 44  F7.3,6Xe2F00,F11.5,1He)
CeNTINUE

WRITE (N,1310)

FORMAT(LX, T4{LH®))

RETURN

END
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Fu 12C0
FK 1200
FM 1200

FH 1220
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FM 126C
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SGRIGIN ALPHA, SYSUTZ-REK

$INCLUDE SCLYHMRYY  MBDY LHRY HLAV ., ERNBO, ERIB. LBLY
$INCLUDE PLET s CHRY PRYVSTMYGRAN EHDY, LHRY 5 ERLY
$INCLUDE ERMV ERRY HLUYLERY STCY 2 STPY,FLEG
SINCLUDE MRGN s NBLK; PLTY, APLY PRV FELY, CULP,QUKRY
$INCLUDE CLEN FSCN-FATN

$IBFTC "SCK1 LESTNEOD . DECK

33 akilslstataXals)

&Y

BTSN ESEY O

SUBRBUTEINE LINKI(KRUN]
BUTPUY LIMK SF MLTCHER PREGRAR
THES LINK FERMS HMODIFIEL CERRELATIGNG Fage

SELECTEC PIECEWISE SYAYEISTICS

REGIEKRS FOR - CHANMEL ASTIGHHMENRYS

DIMENSIBN NCHID{12} ,MEWINEL2I,NCIBLILZs &),RCRPCEL2)

B sMACRIL3I,ACD{EZY

TEHPZRARY STBRAGE

COMMBN START{S) STOP{S,SCIS3,¥ALPINEEZY ,ve0LMANTL2)
1o5LEPEL12) ,BIASLZ) oL Th NBEAPSAFLIRC NFLERT (HYREAN,

C2TIMSAM RNWDS IFREQMSFCAFILERBS{ 12}, YHFEARI D2 o NORUN ERPNE o RDPAGE,

GAVCEINTIIZ2) cAVCMBRILZE (MBLE,NETARY,

3CEBHTEN

DIMENSIEN UL 80UOGI, UL ECOC

DIMENSIER CoM{L}

DIMENSICN NUMPLE{1IC},PRACDELZY

DEIMENSEIEN BEAC{S5) ,ENACESS

EQUIVALERCE (START(LILEMELY}

EQUIVALENCE (U, iU}
EQUIVALENCELVIMSAVESRPEY

LGGICAL hERH: DTREMND, IEAD, PREVLTFLEY
NAMELISY/DELEYE/MURPLE A PR INY

MARELISY JVODEIFY/ NERM,UTRENL, PREPLIFLEY
MAMELISTZACLUB/RE BECINERD

MUECEM=178
MBEAM=12
IYSTER PARAMETERS

HARE DESCRIPYVIEN TePE CIMENSIENM

HMAXSTR - #ARIPLUE STBRAGE 4F DAaAT2 PI28L i
HANCHA - MANLIFUY NUEBER  4F (HARMELS H

MAXSIR= 2400
MAACHN=L 2
MAMCR = ¢
ERT=11

INTERMEDIAYE VaRE
RERIKD iRY
REACIIRYY {(CRH{fd,f=1 RUUCEND
READ {JRT) NCH KD MUHALTRARCRY oNCHIDHERNIS HCTOLNCRPEoNACRNED
NTP=C .

i1l



[aXaXel

(g Xa X2l

42

40

41

TEND=.FALSE.
READ(S,CELETE)
WRITE{6,CELETE)

02 1 [=1410
IFINUMPCE(L).EQ.C) GO Te 3
NTP=NTP+1
IUINTP) =NUMPCE( D)

CANTINLE
Ge 1e 2
NST=NTP+1
SET TIME LAGS ANC VELZCIYY LAGS

REAC(IRI) CELTAT,TAUMIN,TAUMAX CELTAUNLAGCS NTLAGS,LLAG

NTT=NSTHATLAGS+ACRT @ (NTLAGSSLLAC}=]
REACIIRT) (U{I),I=NSTHNTT)
SET NMECIFICATIENS
READ(S,MECIFY)
WRITE(6,VMECIFY)

-INAC=0

RZAD(S,8CCUM)

WRITE(6,8CCUM)

IFINCGLEC.D) G2 T2 40

INAC=EN2CH

BEAC(INAC)=8BEGIN

ENAC{INAC)Y =ENE
STAP(INIT2RT)=STLPINSTART)=TAUMAY
IF LENACLIAAC) LT, STAPINSTERT)) €L TR 42
NNTEVD=STEP{NSTART) JHELTAY
ENAC{INAC) =FLUAT(NNTEME) o CELTAY
CeNTINLE

52 T2 4C

NAC=ENAC

REAG(5,6) PRYLC

WRITE(6,€) PREZCC
FOARMAT12A%)

STZRACE P2INTERS

LTLAG=NST

LVLAG=LTLAG+NTLAGS

ICHA=LVLAG+NCRTSNTLAGSsLLAG
CRR2PS

[ESM= [CHA+ND

1EANM=TESHeNCH

[EASM=]EAM4NCH

TEXP=1FASMINCH

ACCLNMULATIAON
LASMIEXF+ANCRT&(ATLAGS+Y)
LMASLASMANCH
LRA=LNANCH
LXA=LRA+NCH

MAICIFIED CORRELATIEAS
MPSMILXA+NCRTa(ATLAGS#L)
MMP=NPSNMENCH
MRP=PMMPEACH
MTP=VRP4+ACH

KEXP=NTPeNCRTa(NTLAGS 1)

KATP=KEXP+NCRTo{NTLAGS+1)
PIECE WIST CRRRELATEIENS (FREM LINKZ)
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(sl eXs!

(32X o ¥ ]

29

.30

]

14

31

9.4

KESM=KATPeNCRYSINTLAGSe1}
KEAVW=KESP+NCH
KEASM=KEARSNCH
KASP=RKEASMeNCH
KMA=KASkeNCH

KRA=KMA+ACH

KPSKW=KRASNCH
KMP=KPSVeNCH

KRP=K¥MPSACH

KTP=KRPSALH

KD=KES¥
KDOM2KTP+RCRTe (NTLAGSe1}~1
INAC=1]

SET NEW

ACCLUPULATION

ASTAR=REAC {INAC)

ASTeP=ENAC{EINAC)

ACCTIv=(.0

KNP T=Q

IPR=C

NTC=MAXSIR=-ICHA

CALL CLEBR{NTCLIICHAYD
GET REXY PIECE

PEACIIRT) KNP {ULI)i=KT oKWY}

Di 31 I=1,NTP ' '
IF{XAP.EC. IU{I}Y GB Y2 20
CeNTINUE

KNPT=KKNPT+1

{PR=1IPR+]

ACCTIM=ACCTIMeDELTAY

CALL MEVEIU(KPSR)I,U(¥PSB)o3eRCHY

FERM MPDIFIED CERRELATIENS.

D8 10 J=1,ND
LaRCCiJ}
NT=NCRPL{J)

D# 10 K=1,NT
KRI={X~1+NACRIJS) I INTLAGS+1)
KR=KTP+KR]
MTapdTP+KR]
KRT=KR¢NTLAGS
MRT=MFTSRTLAGS
NCU=NCTRL{JeK )
TE(NgRV) GE2 T2 11
Sx=1@0

SY¥=1.0

nT T2 14

PN Y44 16t $21
LY=¥PSM-14RNCU
SX=S5QRTILILX))
SY=sSGRTILILY))
SXSY=SXsSY
AVLAG=0.C
CAVEAG=CL0

273 15 I=1.ATLAGS
LL=KR+[~1
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o000

(2]

OO0 OO0

OO0

15

13
65C

6GC
601

651
10

61

60

PAVLAG=PAVLAG+U(LL)
CeNTINUE
UIKRT)=PAVLAG/FLAAT(NTLAGS)
IF (DTRENZ) G2 TZ 13
TR=Q.0

GO T¢ &50

TR=2L (KRT)

CeNTINLE

03 651 !=)1,NTLAGS
MMaNvT4+]=-1

LL=KR+1-1

If (PRENLT) G2 T2 400
XTAt=1,.C

G8 72 6C1

NRNN=LTLAG+ -1

XTAU=U(NNN)

COeNTINUE

UMM =(L{LL)~-TR}/SXSYaXTAY
AVLAG=AVLAG+U (MVM)

CEZNTINUE
YIMRT)=AVLAG/FLZATINTLAGS)
CeNTINUE

ACCUNULATE PIECE
NTA=NCRTA{NTLAGS+1)
CALL PCRCIU(IKATO) ,UIKTPINTA,KNPT)
CALL STCERRIUIKEXP) UIKATP) JULKTP) o ATAZKNPT)

NTT=3«NCHF+NCRT#(NTLAGS#1)
CALL PCRCUUCLASHM) qU(MPSM) 4KTTHKAPT)

DETERMINE ERRERS

CALL STCERR{UCIESM) JU(LASKF) JUIMPSM) NTTKNPT)

F2RY STATISTICAL ANC CHANNEL AVERAGES
DA 60 J=1,ND
MIC=ICHA+)~-1
Y(VMIGY=C,0
NT=NCRPLC ()
D2 61 K=1,NT .
KRI={K-1+NACR(J))E(NTLAGS*1)
KK=IEXP+KR ]
KKK=KEXP+KRI
MMM=KKK+NTLAGS
MM=KK+NTLACS
CALL AVERGE (U(MNMM) UIKKK) NTLACS)
CALL AVERGE{UIMM) 4U(KK) NTLAGS)
UMM =SCRT (UMM ZELZATLKNPT))
UMMM ) =SCRTIUIMNMY/ZFLZATIKNPT))
UIMICY=L(MTICY+LNMM) :
CRNTINLE '
UMIC)=L(MIC) /FLRAT INT)
CENYINUE

SUTPLY SFLECTICN
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(a2 ale]

IF {.NET.IEND)Y GE TO 702

Ge 18 7¢C3 _ )
702 IF (NPRINT-IPR) 704,703,724
703 CENTINUE

IPA=D

CALL BUTLIG,EXPNR,SCI2),SCHL) NRPAGE,SCI3),8C(4) NORUN)

0@ 32 J=1,;KD -

NT=NCRPC(J)

MIC=ICHA+J=~}

D2 32 K=l AT

NCU=ACTRLIJ,4K)

KRI={K=1+NACR{J)})={NTLAGS+1)

SET CZRAFLATIEN PRINTERS
PIECEWIS=

KR=KTP#KRT

KAP=KATF+KR{

KER=KEXP+KR{

MECIFTELD
MR=NMTP+KRI]
MAP=L XA+KR]
MER=TEXF+KR]

AVERAGE LAG PEINTERS

NI=NTLACS

KPAL-KR+NT

KAPAL=KAF+N]

MPAL=MR+ANI

MAPAL=¥AP+NI]

KER2=KER4N]

ARVCZR=L (KPAL)

ACACZR=L{KAPAL)

AMCC2R=L(¥FAL)

ACMCZR=L (MAPAL)

MERP=MFRsN]

NN=ANCC (Y)Y

N=ACHIDIAN)

NUP=NCFIC{NCU) ) , .

CALL EUTE (69NLAGSKNPT,INAC,ARVCRR,ACACZR, START(1);ACCTIN,
1INy NUPCELTAT ANCCORZACKHCURZUILTLAC) yUILVLAC)sU{KR)oUIFR ],
2UIKAP) ¢ UIKER) UIMAP) LIMER),LLAG)

IF (PL2Y) G2 T¢ €07

GZ Y7 68

6C7 CENTIALE

[1=KOM+] .

CALL PLETA {UILTLAGYI,UIKRILU(MR)UIKAP), U(KER) U(NMAP),U(MER),SC,
IKNP T INAC,ACCTIM N NUPL,CELTAT,NTLAGS, TIVNSAY L1} ,GIKERF ) yL(MERP))

CALL CLEAR (NTLAGS,UlI1))

6238 CENTINUS

NCa=ACAy+d:

AVTIVMSACCTIVY-START{ )

33 CALL 2UT7(6,N; NUP, INAC PRECC,ACCTIN,STARTITI}4AVTIM,ULKERP),

LUGMERPY LIRIC))

IF{.NETLIEND)Y G2 TQ 3%

MYM=  MA+NN-1

MYM=_ MFA+NCU~Y

Y=L ASMANN~]

PYR=L ASKeNCU-1

CALL 20TE(6NLASSeN: U{NMXMI4AUPUIMXRILLIMYP ) UINYR)LUILTLAG),
TUCLVUAG) JU{KAD) qU(MAD, ,LLAG)
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101

1cc

605
606

IF (KRLN NE, 4) G2 TE 701
CALL LINKA(NLAGS NTLAGSDELYAU,LELTLAG)sLIMAP)ILILL))
CENTINLE

CENTINLE

CENTINLE

CeNTINUE

AsACCTINM-ASTAR

B=ASTEP

C=ACCTINHDELTAT

If (C .GE. AST@P) 1ENE=,TRLE,
IF (A .GE. B) G2 T4 101

Gg T2 3¢

IF(INACL.EC.NAC) G2 Y2 1iCO
1END=.FALSE.

INAC=INAC+]

Ge ¢ 25

CEZNTINLE

IF (PLET) G@ T9 6CS

Gg T2 &Cé

CeNTINUE

CALL CLEAN

CEeNTINUE

REWINC IRT

RETURN

ENC

S$1BFTC DECKZ2

[aXsXaRaXel

SUBRZUTINE PCRC{AyX,NsNF)

THIS SURRELTINE PERFZRMS TWE PIECEWISC
RECURSIZN F@RMULA FER ACCUMULATIVE AVERAGES
AN L) =(AUNIN+XINSLI)Z(A®D)

DINMENSTEN AL1),X(1)

XKNP=NP

XKNP1=NP-1

0@ 1 [=1,N
ACT)=(ACT)XKNPL4X{ 1)) /XKNP
RETURN

END
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$IBFTC DECK) DECKOIO0

[aXzE2 N2 aXal

SUBREUTINE STCUERRIE,A.PyN,KP)

THIS SUBRDULTINE PERFERAMS THE RECLRSIZN FERNMULA
FOR THE STANCARD ERRIR @F THE ACCUFMLLATIVE 2VERAGES
E(N+1)=E(NI#IN-1I/ReL(A(NSL)-PIN2L)~PiN+])auZ)s{N+1)/Non2)
DIMENSIEZN E(L),A(Ll}.,P(1)
IFINP.EC.1) G2 T¢ 2
XNP=NP-1
XNPM1=NP-2
XNPPL=NF
. D@ 1 [=1,N
TE(II=R{1)aXNPNL/XNP+{{AL1)=-P () )as2)sXNFP L/ NPua2
RETURN
END
$IBFYC DECKé6 DECKOCOC
SUBRELTINE AVERCE{A;U,N)
c FZR¥ S AVERAGE VALLE 2F N VALUES @F L 2NC
¢
o STBRES AVERAGE IN A
C
[
C
‘DIMENSIZA L{L)
XN=N
A=Co°,
DB 1 I=1,N
CA=ANLLD)
" AZA/XN
RETURN
END
$18FTC DECKS DECKCOOQ
SUBRZUTINE MBVE(X,Y,4N)
c
C MEVE N LOCATIENS FREM X T2 ¥
C -

DIMENSTIEN X{1l},Y(L)
DZ 1 [=1,N

1 vi)=x(1)

RETURN
END
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$18FTC DECK4

SUBREZUTINE CLEAR{N,X)
THIS SUBROULTINC SEYS N FOSITIGNS 2F X T2 ZERE

DIMENSIEN X(1)
DE2 1 I=1N
X(1)=0.C
RETURN

END

$IBFTC DECKT

SUBREZUTINE ZUTH(NINLAG,NAPCE,NCLCCyARVEERJACACBR,ACCSTHACCTNE,

1 TCHANL  JICHANZyPTELNC, ANCCRR yACMCOR, TD, VELCLY,

2 PCECCR,FCFC2RGAC/R,STCER2AM(CAR, STOERG,LLAG)
DIMENSIZN TR(L1) 4 VELULY(]) PCECCA(1),PCNCZR1),ACCR(L),STRERI(L),

1 AACLR (1) STCERG(L)

WRITE(N 126D NEZPCEGNNACC,ARVCHER,ACACIRACCSToACCTME ICHANL, ICHANZ
1 21 PCELNG JAMDCRR4ALXCER

126C FERMAT(IF 324 (1H4) ,24HOVERAGES wITH TINME CELAY44(1F¢),/2H +4TX,13

3
13CC
1
1310

2HPIECE NLMHER=,1%,14H +AREA UATER,)14X,36H4ACCUMULATIVE AREA UNDE
IR +CERRZLATED ++,8X e h44/22F +ACCUNLLATIZN MUMBER=31Se1¢€H +CORRE
GLATIEN=F12.8,12H+CORIELATIZN=,T12.E014F+ CHANNELS ¢4,EXo1FH+,/22k
5 #ACCUNLLATIZN START=,F8,2,1LH4AREA UNEER,14X,26H+ACCUNULATIVE AR
6EA UNCER +,11Xs2H4+ 48Xy 1H+,/220 +ACCUMULATIEN TIME= FEto2p2(GHEME
TDIFIEC 16X ) 92h+ 412,5H ANC 12,2 +4,9X,1F44/2H +,7X,13FPIECE LENG
8TH= 4y FB.242{13H+CERRELATIAN=gFL12.8) 5y 1H4y 11X, 2F+4,8Xo1H44/1H 4102(1H
Q4) /12K +TIME CELAY+4YELZ2CITY CELAY++ FIECEWISE ++ PIECEWISE ++AC
ICUMLLATIVE4+STANDARC+ACCUMULLAT IVEX4STANCARD4,/2F 4, 1CX 4 2H 4, 14X, 17
25H++CORRELATION++ METUIFIED ++4CZRRELATIZN +¢ ERRJIR +¢  MACIFLED
I+t ERRCR +4/2H +9310Xg2F 444 16X 2k +44311Xo15h4¢+CRRRELATIEN+4,12X 2H+
448X, LEF#+CORRELATION 44,8X1H45/1H 41C211F¢))

NTLAGS=24NLAG+1

De 1 [=1,NTLAGS

CUMMYL=SCRT(STDERI(I)} JFLAAT(NZPLE))
DUMNMY2=SCRT(STOFRG(I}/FLZATINGPCE))

IF (LLAG oNF. O) G2 T¢ 4

DUNNY=(,

G2 10 3

DUMMY=VELCLY(I)

WRITF(N,13C0) TO(I),DUFRY, PCECY/R{I},PCMCRER{I),ACBR{I),CLMMYVL,
1 ANCUR{f) CUMNFY2Z

DECKOUIC

DECKO0009

r™
FM
FN
Fv
FM
FM
FM
F¥
FM
FM
F¥
Fy
F¥

126C
126C
126C
126¢C
1243
t12¢C
1e6g
1260
1260
1260
1267
1262
1269

FERMAT(2F #,F9,5,6H ¢4 pFTa3pbXo212He4oF1105),2(2H44,F12.542Ht+¢ FM 1300

2FB.S5)y 1F4)

CENTENUE
WRITE(N,131D)
FERMAT (1%, 102(1F+))
RETURN

END
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$IBFTC DECKS

1320

1340

13¢0

$IBFT

12€C

e
Jy
o)

e G VY]

152¢

DECKG32C

SUBRELTINE QGUTTIN,ICHANA, fCHANB,NCACC,PRECC ,ENACL, ACCST,

1 AVETME,CSTFRR, CHMSTER,CHERR)

DIMENSTIZN AVETME(L1),CSTERR(1),CNSTER{ L),CFERR{L}PR2CN(1)

WRITE(N,1320) ICHANA, ICHFANB,NCACC (PRACC(I)1=1,5),ENACC, (PRBCO(T)
Lol=6431C),ACCST,y(PRECCIIIoE=11,12) ,

FORMATL //1H 442{1H+) 2SHINTFGRATEL ERRPZR ANALYSIS,2S{1r+)+724H ¢ FM 132C
2 CZRRELATED CHANNELS=312+5F ANC ,{2:1H4,11X,13R4 MEDIFIED +,11X,2 FM 132C
39H+ACCUNMLLATIEN PROACELLPFE USED=-44X,1F4,/24k + ACCUNULATI@N NUMBLR F¥ 1320
4=, 154X, 2TH+CORRELATIZN¢CZRRELAT ISR+ CHFARNEL  +,5(A86),2c4,1F4,/24H FM 1320
5 ¢+ ENC 2F ACCUMULATIUN=,FQ,2,36F 4STATISTICALSSTATISTICAL+STATIST FM 1320
GICAL+ s5(R6) 42X 1bhe /240 +START 2F ACCUMULLATIEN=(F8.24 26F + CRREA FY 132¢C
7 + ERRZS + ER LN $,2026) 220X, 1bh4es1H S10201H)/0H L1T7(L
8H4) y L4HAVERAGING TINME,T1{1H+})

WRITE(N,1340) AVETME ,CSTERR,CMSTER,CFHERR

FORMAT(2H +315X2M% 3F5.3,5%:3(1k+,FL1o7),lb4,32X,1H4+) FM 1340

WRITE(N,13€0)

FZRMATI(IF S102(1FK+)) FM 1360

RETURN

END
£ DECKS DECKO000

SUBRZUTIAE BUTBINaNLAG, ICZRCE s XMAVAL o JCEZRCH y XRNS s YMNVAL  YRMS, TD,
IVELODLYsCE2RyMCPRHLLAGY

XRAMS=SCRT(X2MS)

YRMS=SCRT{YRMS)

WRITE(NS1380) ICERCH ; X¥AVAL ¢ XRMS , JCR2RCH,YMNVAL , YRNMS

DIMENSIZN TN({1),VELOLY(1),C22{1),MCQR(1])

FORMAT( //1H ,34(1H+),2 HFINAL TABGULATIEZN BF RESULTS,24(1H+),/39H F» 138¢C
2+4CBRRELATEL + MEAN VALUE+ RZIT MEAN 4, 11X, bR+, 10X 20 YH4,11X)}41H+, F¥ 138C
3/14H + CHARNELS 44 11X, 14b+SCUARE VALUE+,11)>,12H+ VELGCITY +,11%,1 FM 1380
43H+ MECIFIEN +,/2H +,4%,12,5Xe 2 1H44F11.7) s 49F + TIME CELAY+ FM 138C
S DELAY FCORRELATIZNGCZRRFUATIEN+,/2H +,4X 12,5X¢1F+,F11.7,2H+ ,F FM 138C
E11, 7o H L IX, 1M+, 10X, 2014, LIX) s Lb4,/1F (ES(1F+))

NTLAGS=2#NLAG+1

D8 1 [=1,NTLAGS

IF (LLAG .NE. O) GA T2 4

OUMNMY=0.C

Gz T2 3

DUNMY=VELDLY(])

WRITE(N,15CD) TUII) ,DUNMY, CeR(T}I,PCER(E)

TERVAT(2H +936Xe25+ 42(F10.6slHe),20F11.7,14)) £M 1500

SENTINUE

WRITE(N,1522)

EARMATILE (85(1F+)) FM 152C

RETURN

N
R 2
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SIBFTC PLTL PLT1000C

L0

11

12

i3

SUBRALTINE PLETA (TL,PCECRR,PCMCER,8COR,STLERI,AMCUR,STLERG,SC,
IKNPT INAC,ACCTINM A NUPPCELNG,NTLACS, TINSAM TENF,ERR]L,ERR2)
DIMENSIZN TO(L),PCECZR(1),PCFCERTIL)ACERLL)(STCER3(]1),
LAMCOR(L),STDERA (L) ,SC(1)TEMP(L)
ODIMENSIEN INF@R(S)
DIMERSIEN TITLELI(S) oTITLE2(S)TITLE2UI),TITLES(S)
CIMENSIZN ALABL(12),ZLAEL(12),2LAB2(12),2LAE23(12),BLAR4I12)
DATA NFLAG/O/

DATA TITLEL/S54H PIECCWISE CARRELATIEN

1DATz TITLE2/54H PIECEWISE MPCIFIEC CCRRELATIEN

lDAtz TITLE3/S4H ACCUMULATIVE C¢HARELATIZMN ANC STANCARD ERROR
1OATz TITLE4/54HACCUMULATIVE MECLIFIEC CERRELETICN ANC STANDARD ERRZ
lgATz ALAEi/?Zh

ITIME DELAY 7/

CATA ELARL/T2H CERRELATIBNS

1DATA gLAB2/ 72¥ ’ MUCIFIED CYORRELATIONS

1DATA BLAR3/T2H ’ CZRAELATIEN ANLC STZNDARLC ERRZR

:DATA ZLABG/T2H : FICIFIED CERRELATIEN ANC STANCARO ERROR

DATA INF2R/36H4702960 BIN 3CS 62 JAYRZE R. C0CCOU/
IF (NFLAG) 11,1C.11

CENTINLE

CALL SCLRCK (INFZR(0) yTIME,ESEC,ELCSEC)

CALL CAMRAV{S)

NFLAG=1

CeNTINUE

XKNPT=KNFT

NX=-1

CALL PLZTBL (ALABL,2LARY,TITLEL,TC,PCECZRG{NTLAGS, INAC,N,NUP,
LTIMSANM,ACCT IMyPUELNGy SCoNX, INFAR(E) (KNPTLERRL,ERR2)

NX==1

CALL PLETRY (ALARL,ZLABZ,TITLE2,TC,FCMC2R, NTLACS, INAC, N NUP,
ITIMSAM, ACCTIM ;PCELNG,SCoNX, INFZR{6),KNPT,ERFI,ERR2]

\N¥==1

CALL PLETB1 {ALABL,CLAB?,TITLE3TC,ACHR, NTLAGS, INAC,N,NUP,

ITIMSAMQACCTIV PLELNGeSCoNXg INFER{E) 9 KNPTHERF L, ERR2}
D3 12 11=1,NTLACS
TEMPIIL)=SCRT(STOER3I(ILI/XKNPT)

CENTINUE

NX=3

CALL PLZTB2 (TD,TEMP, AX)

NX=-1

CALL FLEZTBY (ALABL,OULAR4,TITLES4,TL,AMCBR, NTLAGS, INAC,N,NUP,

ITIMSAMACCTIM PCELNG, SCoNXs INFEREE) KNPT,ERR1,ERRZ)
NH 13 12=1,NTLAGS

TEMP(I2)=SERT(STCER4(I2)/XUNPT)

C2NTINUE

NX=0

CALL PLETB2 (TOD,YEMP, AX)

RETURN

END
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$IBFTC PLT2

[aXaXe!

10

SUBREUTINE PLETBI{AARRAY,CARRAY  TITLEsXCATAYDATA,NP, INAC,N NUP,
LTIMSAMACCTIM,PCELNG; SCoNXXsCATE KNPT,ERR], ERRZ)

DINMENSIZN SC(1)4AARRAY{1),QARPAY{ 1)}, TITLE(L1)XDATA(L),YCATA(L)
INTEGER TEMPX1,TEMDX2 ,TEMPY1,TENPY?

FINBC=INLC

FKNPT=KANFT

FNN=N

FNUP=NUP
N1=N+7
N2=NUP+7
NPP==NP

CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
calL
CALL
CaLL
CALL
CALL
CALL
caLt
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL

*

FRAMEV

PRINTVY (54,TITLE,345,1C17)

PRINTV (15,15HUNMAC ERRER =,2004984)
LABLV (ERRlv32:’§9984v“6v191,

PRINTY (8,8HRUN AL.=,2CC, 100C)

PRINTY {65SCL1),277,L000)

PRINTV (10,10HNEZD EFRREGR= ,200,569)
LABLY (ERR2:290+968,-641,1)

PRINTY (16, 16HTETAL PIECE NE.=,200,952)
LABLV (FKNPT4336,952:641.5)

PRINTV (11,1IHACCUM, NY.=.200,936)
LABLY (FINAC.296,53646.1:5"

PRINTVY {(21,21HCORRELATIZN LFANNELS=42C(,92C)
LABLY (FNN,344,920364145)

PRINTV (393!’"ANCO‘0CC7“;20)

LABLY {FNUP,408,92C,641+5)

PRINTV (5s5HCATE=,£00,1C38)

PRINTY (6,LATE, 549, 173C)

PRINTV (18,18HFINAL SAMELE RATE=,£C0, €84)
LABLY (TIMSAM, 757, 984,=541,41)

PRINTY (L11,11HACCLY TIME=,£€0GC, 96E8)
LABLY (ACCTINM; 6965 F685-641,1)

PRINTV (13,13HPIECE LENGTH=,6CL,952)
LABLY (PCELNG,712,952+s-€51,5)

BRINTV (13,13HARCANIZATION=,6CC,92¢)
PRINTY {(6,S5C(2)5712,93¢€)

PRINTV {183,18HCHANNEL VARIAHLES=,600,9:C)
PRINTY (6,SCINL)}, 752,922)

PRINTV (3,3KANU,B80C,92C)

PRINTV (54SCIN2), 832,92C)

ORINTV {T72,AARRAY,(,0)

AFRATY (C!"l&,721££RﬂAYg0’]OlG)

SET VMIN ANC MAX LIMITS

-3

Y =XCATA(NP)
XLU=XCATA(L)
TEMPI=YCATA(L}

J=1

Dg 1C 1=2,NP
IF (TEMPl LE. YCATA(I}) G2 T2 1C
TEMPL=YCATA(I)

J=1

CENTINUE
YB=YDATA(J)
TEVMPL=YCATA(L)

J=1

be 11

§f=2.NP

IF (TEME1 .6GE. YCATA(I)) G2 T@ 11
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TEMP1=YDATA(])

J=1

CEZNTINLE

YT=YDATA({J)

CALL SETNMIVI{24,C926,124)

CALL CXCYV (LyXLsXR.DX,AXoIXsNNX,1CaeTERR,24,124)
CALL CXCYY (2,YR YT oOYsAY IY,NNY,1Ca0, IERRG24,5124)
CALL GRIDIVI(2 ;XL X2, YD YTo0XeDY ANXoNY o IXo Y NNX,NNY,244124)
TEMPX1=KXV {XDATAT{L))

TENPYL=AYV (YDATALL))

Dg 12 J=2.Np

TEMOX2=NXV{XDATALJ))

TENMDPY2=NYY (YDATA(J))

CALL LINEV (TEMPX1,TEHPYL,TEMPXZ,TENMPY2)
TEMPX1=TEMPX2

TEMPYL1=TEMPY?

C2ZNTINUE

RETURNW

ENTRY PLETHEZ (XDATA,YCATA,NXX)

TeEmEXL=NYy (XDATALL))

TEMPYL=NYV(YCATALL))

DB 13 J=2.NP

TEMRPX2=NAV{XDATA(I))

TEMPY2=NYV{YDATA(J))

CALL LINEY (TEMPXL1,TEMPYL,TEMPX2, TEMPYZ)
TEMPXL=TEMPX2

TEMPYL=TEMPY2

CENTIRUE

RETURNM

END
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APPENDIX C
DETRENDING AND NORMALIZATION OF CORRELATION FUNCTIONS

Correlation analysis is strictly valid only for stationary
data, i.e., experiments, where the test environment is time in=-
variant. In the piecewise correlation techniques the condition
of stationarity is approximated by integrating only over a short
piece of a record of length AT since it is hoped, that in this
short integration time the environment does not change. How-
ever, corrections for DC shifts and trends as well as drifting
gains can not be avoided, if more accurate averages have to be

obtained by averaging over many pieces,

Detrending procedures and normalization are thus necessary
for each piece, to correct for the change of environment, prior

to averaging over more than one piece,.

Detrending procedures are developed by assuming, that DC
shifts and trends may be linearly approximated, over a record
piece of length AT. The recorded two signal time histories,

x and y, may then be expressed by their stationary components
xl(t) and xz(t) and the associated trends in the following way:

x(t) xl(t) + a,t +b

1 1
for (i-1) AT=<t< iAT (1)

y(t) = xz(t) + a,t + b2

The condition of stationarity means, that the mean values of
the stationary components should vanish.
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§1i - Téf'j. x,(t) dt = 0
-(i-1) AT
(2)
iAT
%, ""’Al"r“f x,(t) dt = 0
i
(i-1) AT

Furthermore the correlation function of the stationary components
iaT

Rlz(’l‘)i ="ZlT"j xl(t) X (t + 1) dt (3)
(i-1) AT

should give zero area, when averaged over the time lag range of
interest, (|t7|= Tm), otherwise the stationary components could
not be expressed by superposition of harmonic waves. This con~

dition leads to

+Tm
= 1 =
Rio = T Jr Ryp (7) d7 =0 (4)

The detrending problem may now be defined by determining, what
the corrections of the actual correlation:
iAT

R, =m | x© v

(i-1) AT

(5)

are necessary to retrieve the correlation (RlZ(T)i) of the
stationary components. Thzase corrections will now be derived.
All over bars and the subscripts, are dropped from the cor-

relation function, as a matter of convenience.
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The relation between the accessible correlation, ny(r) and
the desired correlation, Rlz(T), may be expressed as

ny('r)==(xl(t)-i-a.]_t-j-bl)(><2(t+1')-i—azt+a.2 T4~b2) ==X1(t)X2(t+T)

-+(b2-+a21) Xy (t)-l-b1 X, (t+¢)4—a2txl(t) tag tx, (t+t
iAT
1 .
+ (alt + bl) (azt + b2 + az.) dt

(i-1)AT

(6)

The first average on the right hand side is the desired correlation,
Rlz(T) for positive values of 1. The second and third averages
vanish according to equation (2). The fourth and fifth averages
may also be neglected, as may be shown, through an integration
by parts. To illustrate, we take the fourth average:
t=iAT t'st
(Ex, (©) =47 & (M) - 77 ]' (x () dt") dt  (7)

t=(i-1)AT t'=0

In this equation the first term vanishes because of equation (2).
The inner integrand of the second integral is an accumulative
mean, which approaches zero in an oscillatory manner. This term
might, therefore, also be neglected as stated above. The sixth

term in equation (6) is an integral that may be given in closed
form:

t=1AT
7%7 (alt + bl) (azt + b, + azT) dt
t=(i-1)AT (8)

= bl(b2 + ant ) + [alb2 + az(alT + bl)] j— + aja,



Substituting all these averages into equation (6) one

obtains

ATZ

- Foa AT

alAT . (9)
+ a, (—5— * by) |7 for =0

Negative values of v are introduced in the correlation
programs by switching channels

2
gy (-1 = GEFT) (O] = Ry, (-1) + ajay 53—+ (agbyta by

(10)

aZAT :
—I—blb2 4—a1(——7—— +~b2) lT' for =0

The equations (9) and (10) are now reduced to experimentally
accessible terms in two steps. The first step is to eliminate
the constant b1 and b2. This is accomplished by employing the
piecewise averages.

alAT
x(t) = xl(t)~+ a; t +‘bl = -5+ b1 (11)
and
aZAT
y(t) = Xz(t) +a, tF b2 = 5+ b2 (12)

The constant in equation (9) and (10) may then be transformed as

a;AT _ a, 4T aaT a, AT
(13)
a, /Nt -a,AT 2
— — - — N
P @B 6 Ry ey
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Substitution of equation (11) through (13) into equations (9)
and (10) gives

i

- — 1 2 —
RIZ(T) ny(T) = XYy = 75— 3a,/T" - ayx Lrl for 1=>0
(14)

and

<

- 1 2 —
Rlz(T) = ny(T) =Xy - 75 212,417 - ajy Fl for <0

(15)
Both expressions differ only with respect to the last term.
The second step, the elimination of aq and a,, is accomplished
by expressing the left hand side of equations (14) and (15) in
terms of the covariance function.

Cuy (V) = (x(t) - X) (y(t+1) = y) = x(r) y(t+r) - x y(tt7)

(16)
substituting
N —
y(t+T) = xz(t) + az(t+1) + b2 = a, (_% + T) + b2== y + a,T
(17)
gives
ny(r) = ny(w) ~ Xy - ayXT for T=0 (18)

Comparing equation (18) with equation (14) gives an expression

R.. (1) = = —= 8182 .2
12(1) = x(£) - x) (y(t+1) - y) - AT (19)

that is valid for positive and negative time delays. The last
term may be calculated by integrating equation (19) over the
time delay range and by applying ecquation (4).
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+-Tm
1 _ aa, 2
-2—;{—[;] R12 (T) dt = TCXY - 17 AT = 0 (20)

-1
m 4

This gives the final result:

R, (0 = &) - TG -] - (c)); @D

i Xy

DC shifts and trends are thus eliminated from piecewise correla-
tion functions by the following procedure:

(a) Subtract the piecewise means §i and §i prior to the
product integration.

(b) Shift the resulting correlation curve by the amount
T(CXY
curve vanishes.

); until the area under the shifted covariance

Several important conclusions follow:

(1) The usual transformation between correlation and

covariance functions

ny=ny - Xy (22)
is not valid in the presence of LC .1vifts and trends. The
translation X y must be replaced vi'. the area shift %ny and

the shape of ny

and ny may be guite different, as indicated
by the shape corrections a, x(t) in equation (18).

(2) The area shift of the autocovariance curves

+7
m

i "%? f [(x(t) ~§1.)W<x(t+r) -§1)1! ar  (23) .
m L 4

-T

~

(@]

~—
1

m i

gives a direct estimate of the DC trends.
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N
a1 T _ /3
-2 T

(Cxx)i
(24)
azAT /
2 = 3’L‘ (ny) i
which, in turn, may be used to calculate the DC shifts
bl - T 'BT(Cxx)i
(25)
by =y; - BT(ny)l

(3)‘ The amplitudes of the stationary compdnents are given
by the shifted covariance at zero time lag. The usual
practice of normalizing with the unshifted covariance
curve is incorrect. |

xq
L]
;
it
-
il

1/2
i -\/[ (CXX(T))}i (t=0) - (C.);  (26)

and

(27)

_ 12 _ ]
o, = B, —\/ [(ny(T)}] (v=0) = (Cyy);

1

(4) The accumulation over many pieces can correct for
environmental variations of the gain factors as well
as for DC shifts and trends, by normalizing with the
amplitudes of the stationary components. This gives

the accumulative normalized covariance function



——————————— e————

m

Cyn(t) = 1 Z 'ny (T)i ~ T(ny)i

12 " — (28)
i=1 x.

(e}
Iy

1

(3) The assumption of linear trends may be checked by
calculating the ratio

.VT(E;(:{-)i ; T(ry”;)i - (29)

S ——

T(ny)i

Within the assumptions made in equations (1) through (4), this
ratio should be equal to one,

(6) Additional checks are offered by the accumulative
statistical error of the RMS amplitudes. The curves
A(—-;:)m (T-l/z) and A(B—:;)m (T-llz) should be more
stationary, after removing the DC trends through
equations (26) and (27).
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APPENDIX D
EXPECTED ERROR CURVES

Let ( ) denote a statistic, i.e., a first or second order
two channel product mean value between signals X and Y. The
piecewise average of this statistic is defined as

i AT
(D= 7] O ac (1)
(i-1)AT

The expected error curves of these piecewise averages are derived
from the hypothesis that all pieces of a long record belong to
the same population of experiments, i.e., that they have been
recorded in the same environment. In this case, the accumulative
mean

m
= < ) Oy (2)
i=1

should asymptotically approach a limiting or true value, E [(—_)],
with increasing record length T = mAT. This true mean deviates
from the sample mean (==3m’ by the amount (==)m - E [(_—)]. If
the experiment could be repeated many times, each repeated run
would give a different deviation of the accumulative mean, (==)m,
from the true mean, E [(—*)]. Then the deviation should further-
more follow the y“ distribution. Knowing this distribution, one
can express the expected statistical error of the accumulative

mean by

E{t=>m-E[<“>]]= ‘“—m—l\-/-é;— (3)

The calculation of the constant A will be treated later. The
actual error might deviate from this expected error within a
confidence interval, which is also given by the X2 distribution.
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Only 10 percent of all repeated'runs will show an error, which

is smaller than the lower confidence level, subscript 0.1

Xn 1 (m)
Xo.1 A @
Vo T

for 10 percent of all runs. However, 90 percent of all repeated

>, - e[ T ]l=

runs will show errors, which are exceeded by the upper confidence
level, subscript 0.9

& -k [)]= X0.9 A

Vo VT

for 90 percent of all runs. The expected error curves might

(5)

thus be summarized as:

Xn 1 (m)
0.1 A lower confidence level.

Vo o VT

ﬁél A expected error of accumulative mean.
\/ = !

Xg. 9 (™) A
Vo VT

The functions y; ;(m) and y, g(m) are available in statistical
handbooks and are given in Table VII. The constant A has to be

upper confidence level,.

calculated from the actual error curves,

The present estimate of A is based on the observations that
the relative deviation of the statistical error,

[ - (D15 [, -2 [0

E [(=>m - E [(““)}J
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is practically independent of the number of pieces, m, that was
used in the accumulation process. For a group of i pieces, one
sample of the accumulative statistical error may be calculated
directly from the deviations between the piecewise averages
(—")k around their accumulative average (==3i

i 2
AC g = 'i‘(%_-f) é.:jl ( -y ) (6)
where i = 2,3, ... m.

The expected value of this error is given by-VGsJ)/i A/\[IEE,
and the relative deviation between the sample Af==3i and this
most probable error should be practically independent of the
accumulation number i. The constant A, is now chosen such, that
this relative deviation becomes a miuimum. Choosing only the
one combination of i pieces, that is available to a completely
sequential data processing logic, i.e., the samples given by
equation (6). The above variation principle may be expressed as:

4 : Y 2
= -1 A
o |40t VA g
2 ) r
N N o A

i=2 i~-1
~ 1 iAT )

=0 (7)

Carrying out the partial differenti:tion of equation (7) gives
an algebraic equation for A, The «:.'.tion of this equation gives
the desired computer estimate of ::

o
A = "\[ar e =T (8)

m
), EE
i=2
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TABLE VII
EXPECTED ERROR AND CONFIDENCE LEVELS*

(a) Expected error of accumulative mean

| -2 [O]] - Vit A
m

" VT

(b) Associated confidence levels

X0.1 A < l (——'—---)m - E [(——)” < X0.9 _A

Vm VT Vo VT
(¢) Confidence factors of Xz distribution
2
.1 X -l X0.1/Vm Xg.9/Vm

2 0.0158 2.71 0.707 0.09 1.16

3 0.211 4.61 0.817 0.27 1.24
4 0.584 6.25 0.866 0.382 1.25
5 1.06 7.78 0.89% 0.46 1.25
6 1.61 9.24 0.913 0.52 1.24
7 2.20 10.6 0.926 0.56 1.23
8 2.83 12.0 0.935 0.59 1.22
9 3.49 13.4 0.942 0.62 1.22
10 4.17 14,7 0.949 0.65 1,21
11 4,87 16.0 0.953 0.67 1.21
12 5.58 17.3 0.958 0.682 1.20
14 7.04 19.8 0.964 0.709 1.19
16 8.55 22.3 0.968 0.730 1.18
18 10.1 24.8 0.972 0.750 1.17
20 11.7 27.2 0.976 0.765 1.17
25 15.7 33.2 0.980 0.792 1.15
30 19.8 39.1 0.983 0.812 1.14
61 46.5 74.4 0.992 0.873 1.10
o m m 1.0 1.0 1.0

KComputer estimate of A given by equation (8) Appendix C.
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Table VII and equation (7) are being added to the programs
CORFUN and MLTCOR such that the expected error curves

X0.1 A . \,/m-l A X0.9 A
Va VT

may be added by the computer, to any accumulative error curve

A = £(r71/?y,

0i3
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